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TYPES OF MOTION WITH EXAMPLES
- -

Curvilinear Motion

Vibratory Motion

!
Oscillatory Motion Circular Motion Rotatory Motion



> o

PERIODIC MOTION IS PERFORMED, FOR EXAMPLE, BY A ROCKING CHAIR, A BOUNCING BALL, A
VIBRATING TUNING FORK, A SWING IN MOTION, THE EARTH IN ITS ORBIT AROUND THE SUN,
AND A WATER WAVE. IN EACH CASE THE INTERVAL OF TIME FOR A REPETITION, OR CYCLE, OF

THE MOTION IS CALLED A PERIOD.
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PERIODIC FUNCTION

Y(t)=y(t+T)
T is the period of function
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OSCILLATORY MOTION

A PERIODIC TO & FRO MOTION OF A BODY ABOUT A
FIXED POINT IS CALLED AN OSCILLATORY OR VIBRATORY
MOTION.
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SHMR COscillating Spring
without dam ping

tirm =

Fest & Starting paint
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TYPES OF OSCILLATORY MOTION

1. HARMONIC OSCILLATION
1. dgaey afa

2. NON-HARMONIC OSCILLATION

2. 31X Y afa
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HARMONIC MOTION:- WHEN A BODY REPEATS ITS MOTION ABOUT A FIXED
POINT AFTER A REGULAR TIME INTERVAL IS KNOWN AS HARMONIC OSCILLATION.
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NON HARMONIC OSCILLATION:- IT IS THE COMBINATION OF TWO OR
MORE THAN TWO HARMONIC OSCILLATIONS.
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light source
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SIMPLE PENDULUM

A SIMPLE PENDULUM IS ONE WHICH CAN BE CONSIDERED TO BE A POINT MASS
SUSPENDED FROM A STRING OR ROD OF NEGLIGIBLE MASS. IT IS A RESONANT
SYSTEM WITH A SINGLE RESONANT FREQUENCY. FOR SMALL AMPLITUDES, THE
PERIOD OF SUCH A PENDULUM CAN BE APPROXIMATED BY: S
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frictionless pivot

amplitude
massless rod

bob’'s =~ - _ R
trajectory o
equilibrium
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et
B. I=2n ﬁ

C. T=2n\/j-f—a
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TYPES OF PENDULUM

1. SECOND’S PENDULUM
2, CONICAL PENDULUM
3. COMPOUND PENDULUM
4, PRYSICAL PENDULUM
9. SPRING PENDULUM
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SECOND’'S PENDULUM

A pendulum whose time period is 2 seconds is called
Second's Pendulum.
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A CONICAL PENDULUM CONSISTS OF A WEIGHT (OR BOB) FIXED ON THE END OF A
STRING OR ROD SUSPENDED FROM A PIVOT. ITS CONSTRUCTION IS SIMILAR TO AN
ORDINARY PENDULUM; HOWEVER, INSTEAD OF SWINGING BACK AND FORTH, THE
BOB OF A CONICAL PENDULUM MOVES AT A CONSTANT SPEED IN A CIRCLE WITH
THE STRING (OR ROD) TRACING OUT A CONE.
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A COMPOUND PENDULUM HAS AN EXTENDED MASS,
LIKE A SWINGING BAR, AND IS FREE TO OSCILLATE
ABOUT A HORIZONTAL AXIS.
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A RIGID BODY SO MOUNTED ON A HORIZONTAL AXIS THROUGH ITS CENTER OF SUSPENSION
THAT WHEN THE BODY IS DISPLACED IT VIBRATES FREELY ABOUT ITS POSITION OF
EQUILIBRIUM —DISTINGUISHED FROM SIMPLE PENDULUM.
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SPRING PENDULUM

IN PHYSICS AND MATHEMATICS, IN THE AREA OF DYNAMICAL SYSTEMS, AN ELASTIC
PENDULUM (ALSO CALLED SPRING PENDULUM OR SWINGING SPRING) IS A PHYSICAL SYSTEM
WHERE A PIECE OF MASS IS CONNECTED TO A SPRING SO THAT THE RESULTING MOTION
CONTAINS ELEMENTS OF BOTH A SIMPLE PENDULUM AND A ONE-DIMENSIONAL SPRING-

MASS SYSTEM.
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OSCILLATION OF A SPRING

Equations

Equation Symbol
breakdown

Ts = 2my ? T is the period

of the spring, m
is the mass, and k
s the spring
constant.
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Meaning in words

The period of a spring-mass system is

proportional to the square root of the

mass and inversely proportional to the
square root of the spring constant.
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. SERIES COMBINATION QF SPRINGS .
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WAVE

IT IS A VIBRATORY DISTURBANCE IN A MEDIUM WHICH CARRIES
ENERGY FROM ONE POINT TO ANOTHER POINT WITHOUT ANY
ACTUAL MOVEMENT OF MEDIUM.

IJg AT A &H ft 7R & oar Fd #t =a"a & [T
Tdh Sdl &1 TIMg F TH gar a1 ot & Fa7 & fafggar &

For NDA/CDS/OTA/AFCAT PHYSICS BY SAURABH SIR



‘ Springs are like Waves and Circles

The amplitude, A, of a wave is the
CREST same as the displacement ,x, of a

/ spring. Both are in meters.

amplitude

'

|=— period \/H
Period, T, is the time for one revolution or

Trough in the case of springs the time for ONE
COMPLETE oscillation (One crest and
trough). Oscillations could also be called
vibrations and cycles. In the wave above

we have 1.75 cycles or waves or
vibrations or oscillations.

ume_ _ gquilibrium Line

T.,=sec/cycle. Let's assume that
the wave crosses the equilibrium
line in one second intervals. T

=3.5 seconds/1.75 cycles. T =2
sec.
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A mechanical wave is a wave that is an oscillation of matter, and therefore transfers
energy through a medium. While waves can move over long distances, the
movement of the medium of transmission of the material is limited. Therefore,
oscillating material does not move far from its initial equilibrium position.
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Longitudinal Wave
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A TRANSVERSE WAVE IS A WAVE THAT VIBRATES
PERPENDICULAR TO THE DIRECTION OF THE WAVE OR
PATH OF PROPAGATION.
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Transverse Wave

w1 kg L)
crest f ks

spyydile
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Longitudinal Wave

Energy moves constantly to
the right while the media
moves left and right.

| - \Navelength *l
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Compression

HH“\L

Rarefaction
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AMPLITUDE
TIME PERIOD
FREQUENCY
ANGULAR FREQUENCY
WAVELENGTH
WAVE NUMBER
RELATION BETWEEN FREQUENCY & VELOCITY
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IT IS A FORM OF ENERGY WHICH PRODUCES A HEARING SENSATION.

Ug Sl &I Tk B § N T 92 YA W 3T HIdT ¢
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g Sound enterin
///// INCIDENT j o material causesi%to
/ /Sound o 153 vibrate and heat up.
/ / e Heat radiates away.
_ o
<3
§e S
S TRANSMITTED
. " A
REFLECTED -
Sound <3
ABSORBED
Sound
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tecachoo.com

Sounds
| |
! l
Audible Inaudible
Sounds which we can hear Sounds which we cannot hear
Example Example
Sounds with frequency Sounds with frequency
from 20 Hz to 20,000 Hz Less than 20 Hz
Or

More than 20,000 Hz



INERASONIC WAVES
SFPRCTFa] doH

THE TERM "INFRASONIC" APPLIED TO SOUND REFERS TO SOUND WAVES BELOW
THE FREQUENCIES OF AUDIBLE SOUND, AND NOMINALLY INCLUDES ANYTHING

UNDER 20 HZ. SOURCES OF INFRASOUND IN NATURE INCLUDE VOLCANOES,
AVALANCHES, EARTHQUAKES AND METEORITES.

"JIATCHSR" Aeq I €fel & fIT oIE] TohdT ST & S eafel el &l gof
FIAT &, o R eafey eafey fr Todaanit ¥ g & 3k R off =g
& 3Tl H fordll oY A& & 20z T AT T &1 iepfcen Famerer A
AT & Fid, Tderd, deyferdr 3R arqg A

For NDA/CDS/OTA/AFCAT PHYSICS BY SAURABH SIR



B Sonar Returning sound waves




ULTRASONIC WAVES
3oHINE TE

ULTRASONIC WAVES ARE SOUND WAVES TRANSMITTED ABOVE THE HUMAN-
DETECTABLE FREQUENCY RANGE, USUALLY ABOVE 20,000 HZ

Jeer@fae aial HIAT-GaT 1l T Hgha AT & F97 edfa a7ar &,
S IHEIR T 20,000 g2 & FI g &
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https://www.flowsurfv3.net/c.php?cu=https://www.reference.com/science/ultrasonic-waves-afe8268598463ba5&sh=www.reference.com/science/ultrasonic-waves-afe...&l=IN&po=2&u=mbeh-20201121-softmanycom-flga13&a=3100&tr=18rd292gls1&keyword=ultrasonic+waves+DEFINITION&aid=5fdb6f7a6b2cf&t=8&bc=0&rt=1608216441.9155&n=6&loc=n

ULTRA SOUND WAVES

« Utrasound is an oscillating sound pressure wave with a
frequency greater than the upper imit of the human
hearing range. Ultrasound is thus not separated from
normal’ [audible) sound by differences in physical
properties, only by the fact that humans cannot hear it.

=g
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CRARACT

ERISTIC OF SOUND

INTENSITY OF LOUDNESS

AMOUNT OF ENERGY PASSING NORMALLY PER UNIT
AREA HELD AROUND THAT POINT PER UNIT TIME. ITS SI

UNIT IS WATT/METRE.

LOUDNESS DEPENDS ON INTENSITY OF SOUND. UNIT OF

LOUDNESS IS BEL AND 1/10t OF BEL IS
DECIBEL(dB)...
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QUALITY OF SOUND(¢&afar 3 3Iroramm)

The distinguishing characteristic of a sound other than its pitch; the t|mbre It is due to the
presence with the main or fundamental sound of other minor sounds called overtones, the
fundamental note prevailing and the other ones being superimposed upon it. The human
voice is very rich in overtones, the telephone reproduces these, thus giving the personal
peculiarities of every voice.

sy R & aremar v cafr f e Mdvar zaEm IF T o8 amarst
tmmﬂﬁvc;gtmm*mt?mmmt

o A yafta # ¥ W IR e a7 o § A s st
¥ wwe woaer 8, 5T B Oor: dor W@ 8, 5W WER 5T Ivarer fy
) saftara e dar &

For NDA/CDS/OTA/AFCAT PHYSICS BY SAURABH SIR



PITCH OR FREQUENCY
O IJr sgaadr

ITIS THE CHARACTERISTIC WHICH DISTINGUISH
BETWEEN A SHRILLNESS OR GRAVENESS OF SOUND.

13t guleHIT fAfesr sfagra # v SrIrdhed IT
egfa HT HavTer 8/
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SONAR, SHORT FOR SOUND NAVIGATION AND RANGING, IS HELPFUL
FOR EXPLORING AND MAPPING THE OCEAN BECAUSE SOUND WAVES
TRAVEL FARTHER IN THE WATER THAN DO RADAR AND LIGHT WAVES.

TN, SOUND NAVIGATION 3N RANGING & falT, ISPLFUL,
EXPLORING & [olT HEGaIN & 3N OCEAN BECAUSE SOUND WAVES
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SHOCK WAVES

A BODY WITH SUPERSONIC SPEED IN AIR LEAVES BEHIND IT, A CONICAL
REGION OF DISTURBANCE, WHICH SPREADS CONTINUOUSLLY. SUCH A
DISTURBANCE IS CALLED SHOCK WAVE.
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KUNDT'S TUBE IS AN EXPERIMENTAL ACOUSTICAL APPARATUS INVENTED IN 1866
BY GERMAN PHYSICIST AUGUST KUNDT FOR THE MEASUREMENT OF THE SPEED
OF SOUND IN A GAS OR A SOLID ROD. THE EXPERIMENT IS STILL TAUGHT TODAY
DUE TO ITS ABILITY TO DEMONSTRATE LONGITUDINAL WAVES IN A GAS (WHICH

CAN OFTEN BE DIFFICULT TO VISUALISE).

KUNDT'S TUBE U GERMAN PHYSICIST GaRT 1866 H gred [&3r arar Uah
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EFFECT OF TEMPRATURE ON SPEED OF SOUND
EFFECT OF PRESSURE ON SPEED OF SOUND
EFFECT OF HUMIDITY ON SPEED OF SOUND

EFFECT OF FREQUENCY ON SPEED OF SOUND

EFFECT OF WIND ON SPEED OF SOUND
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N DIFFERENT MEDIA

In solids:

In gases:

W

b

\

\

bulk modulus

density of hiquid

Young' s modulus

density of sohd

v = pressure of gas

density of zas







Superposition of
Olo?laoemem waves
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Wave 1 Sum of waveforms
1T and 2

Wave 2




SUPERPOSITION OF SOUND WAVES

/\/\/\/
/\/\/\/

R N 4
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SUPERPOSITION RESULTS IN ADDING THE TWO WAVES TOGETHER.
CONSTRUCTIVE INTERFERENCE IS WHEN TWO WAVES SUPERIMPOSE AND THE
RESULTING WAVE HAS A HIGHER AMPLITUDE THAN THE PREVIOUS WAVES.
DESTRUCTIVE INTERFERENCE IS WHEN TWO WAVES SUPERIMPOSE AND CANCEL
EACH OTHER OUT, LEADING TO A LOWER AMPLITUDE.
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Stationary Waves

| #®Stationary waves are produced by superposition
of two progressive waves of equal amplitude and
frequency, travelling with the same speed in
opposite directions.







MNodes

v'
Antinodes
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TWO TYPES OF STATIONARY WAVE:-

A) LONGITUDINAL STATIONARY WAVE

(FreTeeH FTE)

B) TRANSVERSE STATIONARY WAVE

(aRadeefier amm)
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STANDING WAVES ARE PRODUCED ON A STRING WHEN EQUAL WAVES TRAVEL IN OPPOSITE
DIRECTIONS. THIS SEGMENT VIBRATION GIVES NO APPEARANCE OF MOTION ALONG THE
LENGTH OF THE STRING. ... THE PHENOMENON IS CALLED A STANDING WAVE OR STATIONARY
WAVE AND CORRESPONDS TO A RESONANT VIBRATION OF THE STRING

TRTEIT WAVES I OPPOSITE DECTECTIONSZET S Ueh STRING @ ofF fohaT STar g1 39
FIHAC AT I STRING I ofdlls & ITAR 1Ty T PIS ol Tl ﬁl?»l?—lT gl ..
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mode

first

second

third

fourth



Nodes

OO
\/

Antinodes

27 1\ A

- — n + —
Using k = 7 ( ; ) >
Distance between two nodes is the
same as distance between two
antinodes = K

2

When stationary waves are set up,
boundary conditions restrict the
possible wavelengths and hence
frequencies of vibrations.



ORGAN PIPES

AN ORGAN PIPE CLOSED AT ONE END CAN ALLOW STANDING

WAVES WHICH HAVE A NODE (ZERO DISPLACEMENT) AT THAT

END AND AN ANTINODE (MAXIMUM DISPLACEMENT) AT THE
OTHER. THIS IS CALLED THE 'FUNDAMENTAL'.

THh AT @ AR fhT 1T 3w F gATST AT ST FhdT
g, o 37d # 3R 3d A v AVFaw (T vede) #
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End corrections

—

end correction (d)
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___OPEN ORGAN PIPE
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CLOSED ORGAN PIPE
e,

-3




. ..
1 = —f, =v/4L
N A

A=, L

3f 3 3
‘ ‘; e :f3=3v/4L
« [ ..
L f. = Sv/4L
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BEATS

WHEN TWO SOUND WAVES OF EQUAL AMPLITUDES AND NEARLY EQUAL
FREQUENCIES ARE PRODUCED SIMULTANEOUSLY THEN THE INTENSITY OF
RESULTANT SOUND WAVE INCREASES & DECREASES WITH TIME. THIS CHANGE IN
INTENSITY OF SOUND IS CALLED PHENOMENON OF BEATS.

S Glell HATA UIteIegol 3N &1 Helal-3/eleT HlFdadHl & Gl-Aled dIsH P
3crEeT 397 Sar & S HET 3 Fry gRumET SOUND JIRE3E 3N
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uispiacement
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Resultant wave

) Note of frequency
Resultant Displacement fs% Ia
o pl™ - Time>
T‘ ',‘Tz\\ 3 "I

S Intensity has a
frequency f+ - f2




B




THE DOPPLER EFFECT (OR THE DOPPLER SHIFT) IS THE CHANGE IN FREQUENCY OF A WAVE IN
RELATION TO AN OBSERVER WHO IS MOVING RELATIVE TO THE WAVE SOURCE. ... ACOMMON
EXAMPLE OF DOPPLER SHIFT IS THE CHANGE OF PITCH HEARD WHEN A VEHICLE SOUNDING A
HORN APPROACHES AND RECEDES FROM AN OBSERVER.

39 G (T Sierw forre) 3 &t safea & gaer & gla & &adiar H gRader
EiTr &, Sl & Gia & 3HagdarR Fafed &/ ... 319ek fIFe &7 T [6EET &, Sl T ofd
TAT & vF GgIE ITHIT 3 A & 3T ET & T & 0F FarE o7 XU &
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A0urce moving foward stationary lstener,

L)
fur =Ty v v
Solurce moving away from stationary listener
[ =1 v




Condensations Wavelength  Larger Smaller

wavelength wavelangth

Truck at rest Truck mowing
(i) ()



Liztener moving toward ﬂtahnnar}f SOULCE;

V T LE
fLE - 1 V
Listener moving away from stationary source;
Vs ‘L’LD
f. =1




Both source and v -V
— + O

phserver moving f i f s(

General Case) - 'S
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THERE WILL BE NO CHANGE IN FREQUENCY IF:-
BOTH OBERVERS & SOURCE ARE AT REST

BOTH ARE MOVING WITH SAME VELOCITY IN SAME
DIRECTION

BOTH MOVING PERPENDICULAR TO EACH OTHER

VELOCITY OF OBSERVER OR SOURCE IS GREATER THAN SOUND
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THANK YOU
FOR
WATCHING
VIDEO
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