Units and dimensions
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Physics, Physical guantities
(Fundamental and derived)

A Physicds the branchof sciencewhich dealswith
the studyof natureandnaturalphenomena

A AppliedPhysicss the applicationof the Physicgo
helpinghumanbeingsand solvingtheir problem,
it Is usually considered as a bridge or a
connectionbetweenPhysics engineering

A Physical Quantities All quantities in terms of

which laws of physics can be expressedand
which can be measured are called Physical
Quantities

A Physicafjuantitiescanbe classifiedas:




A Fundamental Quantity: The quantity which are
iIndependenton eachother. In mechanicsmass,
lengthandtime are calledfundamentalguantity.

A Derived Quantity: Derived quantity is the
guantity which is derived from the fundamental
guantitiese.g. Areaisderivedquantity.

Area=Lengthx Breadth
=Lengthx Length
= (Length}
Speed=Distancd Time
=LengthY Time



Units: fundamental and derived units

A Unit: The quantity which is usedas standardfor measurementis
calledunit.

Characteristicsof Standard Unit: A unit selectedfor measuringa
physicalquantity shouldhavethe following properties

A It shouldbe well definedi.e. its conceptshouldbe clear

A It shouldnot be changewith changein its physicalcondition like
temperature,pressure& stress

A It shouldbe suitablein sizei.e. neithertoo largenor too small

A It shouldnot changewith placeof time.

A It shouldbe reproducible

A It shouldbe internationallyaccepted

A Classificatiorof Units: Unitscanbe classifiednto two categories
A Fundamental& Derived



A The units selectedfor measurementof three
fundamental physical quantities i.e. mass,
lengthandtime are calledFundamentalunits.

A Derived unit The units which canbe derived
from the fundamentalunits are calledderived
units for example Theunits of area, volume,
accelerationforce etc. arederivedunits.

Area=Lengthx Breadth
=Lengthx Length
= (Length¥}

—m?2




Systems of units: CGS, FPS, MKS, Sl

Systemof units is asetof fundamentabndderivedunits For measuremertf
physicalquantitiesthefollowing systemarecommonlyused-

A C.G.Ssystem In this systemthe units of lengthis centimetrethe unit of
massds gramandtheunit of timeis second

F.P.S system In this system the unit of lengthis foot, the unit of massis a
poundandtheunit of timeis second

M.K.S: In this systemtheunit of lengthis metre,unit of masss kg andthe
unit of time is second

S.I System This versionis an improvedand extendedversionof M.K.S
systemof units It is calledinternationakystemof unit.

With the developmentof science& technology,the three fundamental
guantitieslike mass, length & time were not sufficient as many other
guantity like electric current , heat etc came up. Therefore more
fundamentalnitsin additionto the unitsof mass)engthandtime.

A Thus,MKS systemwas modified with addition of four otherfundamental
guantitiesandtwo supplementarguantities

o o To  I»



Fundamental Quantities a’&d Units

Length meter m
Mass kilogram kg
Time second S
Electric Current ampere A
Thermodynamic Temperature kelvin K
Luminous Intensity candela cd
Amount of Substance mole mol

Table of Supplementary unit

Name Physical Unit Symbol
Quantlty

Planeangle Radian
Solidangle Steradian Sr




Advantage of S.I. system:

It Is coherent system of unit i.e. the derived units
of a physical quantity are easily obtained by
multiplication or division of fundamental units.

It Is a rational system of units I.e. it uses only one
unit for one physical quantity. i.e. It uses as unit
Joule (J) for all types of energies ( heat, light,
mechanical).

It IS metric system of units I.e. its multiples &
submultiples can be expressed in power of 10.



Definition of S| Unit

A 1 Meter: The distancetraveled by light in vacuum
duringatime of 1/299,792458 second

A 1km=1000m,1cm=1/100m,
A 1mm=1/1000m

A 1 Seconds definedin termsof anda | G 20vE A200 1 €
time taken for 9,192631,770 oscillationsof the
light emitted by a 133Csatom.

A 1 Kilogram ¢ the mass of a specific platinum-
Iridium alloy kept at International Bureau of
Weightsand Measuresnear Paris




Dimensions The dimensionsof a derived physical
guantity arethe powersto which the fundamentalnits

of mass, length anc

time are written.

Dimensional Formula: A ©

iImensionalformula 1s an

expressionalong with power of mass,length & time

which indicates how a d
depends upon fundame

erived physical quantity
ntal physical quantity

Dimensional Equation: An equation obtained by
equating the physical quantity with its dimensional

formula 1S called

dimensional equation



Physical Formula Dimension |[Name of|{Name of
Quantity S.| unit c.g.sunit

. o

2 Work

‘ Momentum
Momentof force

_ Impulse

Strain

Mass
acceleration

Force
distance
Work / time

Storedwork
Forcel/area

Mass
velocity
Force
distance
Forcex time

Change
dimension
original
dimension

X [M1L1TZ]

x [M1L2T-Z]

[M1L2T3]
[M1L?T2]
[M1L-1T2]
X [MLIT]

X [M1L2T2]
[M 1|_ 1T-1]

in [MOLOTO]
/

Newton
(N)
Joule())

Watt (W)
Joule(J)
Nm2
Kgms?

Nm

Ns
No unit

Dyne

Erg

Erg/s
Erg
Barye



WER Surfaceenergy  Energy/ area [MILOT]
FP2 surfaceTension  Force/ length [M1LOT-2]

13

- AngularVelocity

18

Co-efficient
ViScosity

Frequency
Area

Volume

of Force X [MIL-1TY

distance/ aree
X velocity

Momentof inertia Massx (radius [ML2T9)
of gyration}
Angle/time [MOLOT1]
1/Time period [MOLOT]
Length X [MOL2TY]
Breadth
Length X [MOL3TY]
breadth X
height

Mass/volume [M1L-3TO]
Distancetime [MOL1T]
Velocity/time [MOL1T?]
Forcelarea [M1L1T7]

Modulus of|Stress/ strain |[M1L-1T2] |Nm2
elasticity

Joule/nd
N/m
N/m?

Kg-m?

Radpersec
Hertz
Metre?

Metre3

Kg/m3
m/s
m/<?
N/m?



Principle of Homogeneityof Dimensions It stateghatthe
dimensionsof all the termson both sidesof an equation
must be the same According to the principle of
homogeneitythe comparisonaddition & subtractionof all
physicalquantitiesis possibleonly if they are of the same

naturei.e., theyhavethe samedimensions

Example A physicalrelationmustbe dimensionally
homogeneousj.e.,, all the terms on both sides of the

equatiormusthavethe samedimensions



In the equation, S =ut + %2 at

dimensions of various quantities in the equation are
Distance,S = [LY] Velocity, u = [LT]

Timet = [T1] Accelerationa = [L1T]

Y4 Is a constant and has no dimensions.

Thus, the dimensions of the term on L.H.S.

S = [L]]



And dimensions of terms on R.H.S are
ut+ % at = [L1TY [T + [L1T4] [T7]
= [L4] + [L1]

lere, the dimensions of all the terms on both
sides of the equation are the same. Therefore, t

equation is dimensionally homogeneous.



A Dimensional Analysis: A careful examinationof the
dimensionsof variousquantitiesinvolved in a physical
relation is called dimensionalanalysis The analysisof
the dimensionsof a physicalquantityis of greathelpto
us in a numberof ways as discussedinderthe usesof
dimensionakquations

A Uses of dimensional equation: The principle of
homogeneity& dimensionalanalysis has put to the
following uses

A Checkingthe correctnessf physicalequation

A To converta physicalquantity from one systemof units
Into another

A To deriverelationamongvariousphysicalQuantities




To check the correctness of Physical
relations:

Accordingto principle of Homogeneityof
dimensionsa physicalrelationor equation
IS correct, If the dimensionsof all the
termson both sidesof the equation are
same If the dimensionsof evenoneterm
differs from thoseof others, the equation
IS not correct



For Example : Check the correctness of the following
formulae by dimensional analysis.

(F=mv?/r

Sol. F=mV¥/r
Dimensions of the term on.H.S
Force,F = [ML1T]
Dimensions of the term on R.H.S
Mv?/ r = [MY[LITH)?/ [L]

:[|\/|1
:|:|\/|1

_2T2] [ [L]
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The dimensions of t

ne term on the L.H.S are equal to

the dimensions of the term on R.H.S. Therefore, the

relation Is correct.



Conversionof system of unit (force,
Work)

To convert from one system of unit to
another, a physical guantity is written as

Q=nu=nu,=n,u,

wheren, is the number In firstystem, uis
the unit of firstsystem, pis the number In
secondsystem, yis the unit in second
system



Example 9. Convert a force oinkwtonto dyne.

To convert the force froimks system tacgssystem,
we need the equation;

Q=nu,=n,u,  Here n=1, y=1N, u=dyne

Thus n2 :M
U,

M.LT, 2

n=n 11 1_2

I\/IZLZTZ

=)



n, = )(ZZ

gm cm

n, =y (Fo ATy 2§
gm cm S

=1(1000)(100
=10°

Thus 1N =10° Dyne



Example 10. Convert work of 1 erg into joules

Solution Here we needto convert work from cgs
system to mks system Thus Iin the equation

_ Y
U,

n,=1, u=erg (CGS unit of work) & i+ joule (S| unit
of work)

n,

M, LT,
M,L3T, 7

n, =1y



n, = (D)

_ - 9M  CMo. S.»
n, = ny( kg])( r:} (§

_ gm cm o, 3.2
e " Inl(1ooogm)( 1oam ¢ 2
n, =1(10°)(10% ¥
n,=10"'

Thus 1 erg= 10’ joules



Simple harmonic
motion



Learning outcomes

{1 define SHM and illustrate it with a variety of examples

1 describe effects of damping on free vibrations, forced vibrations
and resonance

1 interpret & use algebraic and graphical representations of SHM

1 relate SHM to circular motion

1 solve quantitative problems involving SHM



A brief history & contexts

The study of SHM started with Ga | 1 Ipendufus experiments
(1638, Two new sciences).
Huygens, Newton & others developed further analyses.

A pendulum i clocks, seismometers

A ALL vibrations and waves - sea waves, earthquakes, tides,

orbits of planets and moons, water level in a toilet on a windy
day, acoustics, AC circuits, electromagnetic waves, vibrations
molecular and structural e.g. aircraft fuselage, musical

Instruments, bridges.



Periodic Motion

A motion whichrepeatsitself after a regularinterval of time is calledperiodic

motion. Forexamplependulumof clock,handsof clock

Oscillatory Motion

Toandfro motion of an objectabouta fixed meanpositionis calledoscillatory

motion. Forexamplependulum of clock,cantileveretc.

Note: All oscillatorymotionsare periodicbut all periodicmotionsneednot be

periodic



Simple harmonic motion is a special type of
periodic motion where the restoring force Is
directly proportionalto the displacemenandacts
In the directionoppositeto thatof displacement
Ex- simple pendulum, cantilever, springmass

systemetc



Vibrations:

Theto and fro motion of a body about its mean position in periodic manneris
calledvibration. Threetypesof vibrationsare:

FreeVibrations

Forceadvibrations

Resonantibrations

FreeVibrations Whena body s setinto vibrationsandis allowedto vibrate freely
under the effect of its own elastic forces, then such vibrations are called free
vibrations For example simple pendulum, spring mass system The period of

vibrationin free vibration of simplependulumis givenby

_—
g



There are two types of free vibrations.
Damped and undamped.
Damped vibrations:

In real world, due to presence of frictional forces, vibrations must do work

against these forces. As a system loses energy, the amplitude falls. This is
called damping.

light damping

displacement




Undamped vibrations:

Free vibration in which frictional forces are not present, result
into undamped vibrations. This means total energy of the system
remains unchanged during the motion and hence the system will

vibrate with constant amplitude forever.

$1 o0
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Forced Vibrations If the vibrations are maintained by applying an external
periodicforce,then suchvibrationsare calledforcedvibrations Thefrequencyof
vibration in forced vibration is other than natural frequency of the body. For

examplea O K A dwiRd@iBirates underthe effect of externalperiodicforce.

ResonantVibrations A specialtype of forced vibration in which the frequency
of appliedforce matcheswith natural frequencyof the body. If the frequencyof
external force matches,the amplitude of vibration significantly increasesas

resonanceoccurs It canbe helpfulfor humansaswell asit cancausedisaster



Applications of resonance:

(a) Tuning of a radio set: There are many stations sending radio waves of
various frequencies causing forced oscillations in the circuit of receiver.
When the frequency of tuner(particular setting) equals that of waves from
particular broadcasting station, the resonance takes place and hence we can
hear only that station, whose amplitude of frequency has increased.

(b) Resonance can cause disaster: Soldiers are ordered to break step while
marching across bridge. If the frequency of their footsteps matches with

natural frequency of the bridge, resonance will occur and the bridge will

oscillate with a destructively large amplitude.



Three particular systems

Mass-on-spring, T = 2,(7 m
\ k

Simple pendulum, I

T =20 |—
9

Cantilever is a beam which is fixed at one end and left free to vibrate on
another end. The time period of cantilever is given by

T =20 /B
g

(for small angle oscillations)



Frequency

The frequency of a wave is the inverse of the PERIOD. That mee
that the frequency is the #cycles per sec. The commonly used ur
IS HERTZ(HZ).

seconds: 3.5s P
cycles 1.75cyc

cycles 1.75cyc
seconds 3.5sec

Period =T =

Frequency= f =

=05 % = 0.5Hz



SHM and Uniform Circular Motion

Springs and Waves behave very simi ! Jp— *_

to objects that move in circles. I

The radius of the circle is symbolic of
the displacement, x, of a spring or the e

amplitude, A, of a wave.

Xspring - A/vave - rcircle




The SHM auxiliary circle

An imaginary circular motion gives a mathematical insight into SHM. Its angular
velocity is W

WeKS O2yySOGA2Yy o0SUGsSSY {la IyR OANDd

The time period of the motion,
T = 2—,/";.
The frequency of the motion,

Displacement of the SHM,



SHM equations

Displacement Y =T Sin(t)
Att = 0, the object is released from its max displacement.
The velocity, v, (rate of change of displacement) is then given by:

_dy _

v =— = wr cos(umt
It (1t)

The acceleration, a, (rate of change of velocity) is:

a:d—V:- wAr sin(ut)
dt

Notethat @ =- W'y=- (2,01)2y



Getting a feel for SHM 1

Careful observation of a big pendulum.
There is an equilibrium (rest) position. Displacement, s, is the

distance from equilibrium.

Discuss, in pairs

1.

a M w0 D

Where is the mass moving fastest, slowest?

Where is the massos acceleration
Does the time for one complete oscillation depend on the amplitude?
What causes the mass to overshoot its equilibrium position?

What forces act on the mass? When is the unbalanced force at a
maximum value, zero? Do these predictions fit your observations

about the acceleration?

ma



Waves and Vibrations

Waves are all around us in everyday life.
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What Is a wave?

A Awaveis a disturbancethat travelsthrough a mediumfrom one location

to another

A Awaveis the motion of a disturbancein which energycanbe transferred

from onelocationto another Thewavescanbe of two types

1. Mechanical wave The waves which require a material medium for

propagationare calledmechanicalvaves Examplesoundwaves

2. Electromagneticwave The waveswhich do not require a medium for

propagation are called electromagnetic waves Light waves are

electromagnetian nature.



Antenna

Light & Radio are Electrmagnetic Waves

Electric Field (and Magnetic Field) move TRANSVERSE to
direction of propagation of energy.




A wave ¢ a wiggle in space caused by a vibration or
disturbance. Wave motion can be of two types

transverse wave direction of wave and direction of
mediumare perpendicular

longitudinal wave direction of wave and direction of
medium lie along each other (also called compression
wave)



http://www.surendranath.org/Applets/Waves/Twave01/Twave01Applet.html
http://www.surendranath.org/Applets/Waves/Twave01/Twave01Applet.html
http://www.surendranath.org/Applets/Waves/Twave01/Twave01Applet.html
http://www.mta.ca/faculty/science/physics/suren/Lwave/Lwave01.html
http://www.mta.ca/faculty/science/physics/suren/Lwave/Lwave01.html
http://www.mta.ca/faculty/science/physics/suren/Lwave/Lwave01.html

Longitudinal Wave

A The wave we see here is a longitudinal wave.

A The medium particles vibrate parallel to the motion
of the pulse.

A This is the same type of wave that we use to transfer
sound.

45



COMmMIressio raretacllan

Figure 1: Longitudinal wave

C'est

alelengrh ——

Figure 2: Transverse wave



Motion of Longitudinal Wave

a
Wavelength

O\

(b)

Density
variation

variation
1@
-

Pressure

A Pressure wave
A Oscillation of local pressure and gas density



Transverse waves

A A second type of wave is a transverse wave.

A We said in a longitudinal wave the pulse
travels in a direction parallel to the
disturbance.

A In a transverse wave the pulse travels
perpendicular to the disturbance.

48



Transverse Waves

A The differences between the two can be seen

Longitudinal wave Transverse YWave
TRMITCE TTRIVES Coalsmowe SUTCe TIRES Coalsmowe
left and nght left and nght up and dowm up and dowm

Energy Transport Inergy Transport

The subsequent direction of motion of individual particles of a medium
iz the same as the direction of vibration of the sourre of the disturbance.

49



Water waves combine motions

Complex motion:
combination of
transverse and
longitudinal motion.




Key characteristic of these waves

A Energy (in the form of motion) can be transmitted by
the wave

A The medium (the string, the air, the water) does not
move at the speed of thewaveh & S &aSy idA
LJdzi €

A The energy of the wave is transmitted through the
medium from one piece of matter to another

A Note that light waves travel without the need for a
medium at all!



T TRANSVERSE

1.

The particles of
medium vibrate in
the same direction.

They are possible in
all kinds of media.

. They consist of regions

of compression and
rarefaction.

. They cannot be
polarised.

. Sound waves in air is
an example of

longitudinal waves.

4. They

5. Vibrations

1. The particles move

at right angles to the
direction of wave
propagation.

2. They are possible

only in solids.

3. They consist of

crests and troughs.

can be

polarised.

in a
string is an example
of transverse waves.
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(a)

(b

(d)

(e}

(f}

Velocity of sound waves
in air is approximately
330 m s

Sound requires medium
for propagation and
hence can not travel
through vacuum.

Sound wave is longitudi-
nal.

Sound waves are me-
chanical waves.

Velocity of sound wave
increases  with  the
increase in density of the
medium.

Exhibit refiection, refrac-
tion diffraction and
interference properties.

(a)

(b)

(f)

Velocity of light in
air is  approximately
3x10"ms.

Light wave can travel
through vacuum.

Light waves are trans-
VErse wave,

Light wave is a type of
electromagnetic wave.
Speed of light in more
dense medium is siower
than in the less dense
medium.

Exhibit reflection, refrac-
tion, diffraction and
interference properties.




Waves are everywhere in nature

" Sound waves,

I visible light
waves,

" radio waves,
" microwaves,

I water waves,
I sine waves,

I telephone chord

waves,

I stadium waves,
| earthquake

waves,

I waves on a

string,

I slinky waves

(spring)



Anatomy of a Wave

/"

A The points A and F are called GRESTE
the wave.

A This is the point where the wave exhibits
the maximum amount of positive or
upwards displacement



Anatomy of a Wave

H
v \trough/ :

A The points D and | are called thRROUGHS
of the wave.

A These are the points where the wave
exhibits its maximum negative or
downward displacement.



Anatomy of a Wave

A The distance between the dashed line and
point A is called thdmplitude of the wave.

A This is the maximum displacement that the
wave moves away from its equilibrium.



Anatomy of a Wave

/E.: wavelength

A The distance between two consecutive similar points (in this

case two crests) is called teavelength.
A This is the length of the wave pulse.

A Between what other points is can a wavelength be measured?



Anatomy of a Wave

A What else can we determine?

A We know that things that repeat have a
frequency and a period. How could we find &
frequency and a period of a wave?




Wave Speed

A We can use what we know to determine how
fast a wave Is moving.

A What is the formula for velocity?
I velocity = distance / time

A What distance do we know about a wave
I wavelength

A and what time do we know
| period



Wave Speed

A So if we plug these in we get
I velocity = length of pulse /
time for pulse to move pass a fixed point
Tv=l /T
I we will use the symbadl to represent wavelength
Av=l /T
A but what does T equal

I T=1/f
A so we can also write
T v=fl

I velocity = frequency * wavelength



Acoustics: Acoustics is the branch of physics which deals with the generation,
Propagation and properties of sound waves .

Acoustics of buildingdt is a branch of acoustics which deals with the study of publi
halls, theatres etc to have best sound effects.

Sound is a longitudinal wave, which means that the vibration of the air is in the
direction of travel of the sound wave.

Noiseis unwantedor unpleasant sound having loud and irregular amplitude.

Musical soundoroduces pleasant effect on the listener. It has regular amplitude.

[ ——————— —— ———— — -



Reverberationis the persistenceor prolongation of original sound after the source
hasstoppedemitting sound

Reverberation time is the time for which soundpersistsin a hall after the sourcehas
stoppedemitting sound

Echois the repetition of original soundafter reflection from an obstacle Theechois
different from reverberationasan echois a distinct soundheard after at least0.1s of
originalsound

Absorption Coefficient

The absorption coefficient of a material indicatesthe proportion of soundwhich is
absorbedby the surfacecomparedto the total soundenergyincident A large, fully
open window would offer no reflection asany soundreachingit would passstraight
out and no soundwould be reflected Thiswould havean absorptioncoefficientof 1.

Thusit is measuredn units of OWU(openwindow unit).



Standardreverberation time : It is defined asthe time taken by soundintensity to
fall to its one millionth part after the sourcehasstoppedemitting sound Prof W.C
Sabinehasgiventhe formulato determinethe standardreverberationtime of a hall.

ltisknownasa | 0 Afofnu@a T - 01ev
- J as

Where V is volume of the hall, s is area of absorbingsurfaceand a is absorption

coefficient

Methodsto control reverberationtime:

1) Providinga few open windows As open windows are perfect absorbersof
incident sound, hence by adjusting the number of windows, desired
reverberationtime canbe obtained

2) Coveringhe wallsandfloor by absorbingmateriat Soundabsorbingmaterial
like fibre board, asbestossheet are usedto cover the walls The floor is

carpeted Allthesehelpin decreasinghe reverberationtime.



3) Usingheavy curtains with folds: The curtains also help in absorption of
soundandthey helpin controllingthe reverberationtime.

4) Having a good number of audience The presence of audience also
increaseghe absorptionof sound

5) Usingupholsteredseatsin the hall: Theseatsprovidethe sameabsorption
of soundwhetheran audienceis sitting in the hall or not.

6) Usingfalse ceiling The false ceilingis a suitable absorbingmaterial that

helpsin controllingthe reverberationtime.



Introduction to Ultrasonics
Propertiesof Ultrasonicwaves

Applicationsof Ultrasonics
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Theword ultrasoniccombinesthe Latinroots ultra, meaning? o S & @ny R C

sonic,or sound

The sound waveshavingfrequenciesabove the audible rangei.e. above

2000Hzare calledultrasonicwaves
Generallythesewavesare calledashighfrequencywaves

The field of ultrasonics have applications for imaging, detection and

navigation

Thebroad sectorsof societythat regularlyapply ultrasonictechnologyare

the medicalcommunity,industry,the military and private citizens



Properties of ultrasonic waves

(1) They have a high energy content.

(2) Just like ordinary sound waves, ultrasonic waves
get reflected, refracted and absorbed.

(3) They can be transmitted over large distances
with no appreciable loss of energy.

(4) Theyproduceintenseheatingeffect when passedhrougha

substance



UltrasonicsProduction

Ultrasonic waves are produced by the
following methods.
(1) Magnetostrictiongenerator or oscillator

(2) Piezeelectric generator or oscillator

69



Applications of Ultrasonic Waves in Engineering

(1)Detection of flaws in metals (Non Destructive
TestinggNDT)

Principle

A Ultrasonicwavesare usedto detect the presenceof
flaws or defects in the form of cracks, blowholes
porosityetc., in the internal structureof amaterial

A By sendingout ultrasonicbeam and by measuringthe
time interval of the reflected beam,flawsin the metal
blockcanbe determined

70




Experimental setup

It consistsof an ultrasonic frequency generatorand a cathode ray
oscilloscope (CRO),transmitting transducer(A), receiving
transducer(Bandanamplifier

l%"w"ﬂj T fromw

High — ] g c |Amplitier
Frequency
Generator

i

71




Working

A In flaws, there is a changeof medium and this produces

reflectionof u

A Thereflected
ray oscillosco

trasonicat the cavitiesor cracks
neam (echoes)is recordedby usingcathode

pe

A Thetime interval betweeninitial and flaw echoesdepends
on the rangeof flaw.

A By examiningechoeson CRO flaws can be detected and
their sizescanbe estimated

72



Features

A This method is used to detect flaws in all common
structural metals and other materials like rubber tyres
etc.

A The method is very cheap and of high speed of
operation

A It ismore accuratethan radiography

73




(2) Ultrasonic Drilling

Ultrasonicsare used for making holes in very
hard materialslike glassdiamondetc.

For this purpose, a suitable drilling tool bit is
fixed at the end of a powerful ultrasonic
generator

Some slurry (a thin paste of carborundum
powder and water) is madeto flow betweenthe
bit andthe plate in whichthe holeisto be made

Ultrasonicgeneratorcauseghe tool bit to move | s'“‘"'{
up and down very quicklyandthe slurry particles *\ - Bit

PheelopvlvaIQ.e bit just remove some material from e

Thisprocesscontinuesanda holeis drilled in the HARD MATERIAL
plate.
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(3) Ultrasonic welding

A The properties of some metals change
on heating and therefore, such metals
cannot be welded by electric or gas
welding

A In such cases,themetallic sheets are
welded together at room temperature
by usingultrasonicwaves

A
A For this purpose, a hammer H is X777

attached to a powerful ultrasonic
generatorasshownin Figure
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A Themetallicsheetsto be weldedare put together under
the tip of hammerH.

A The hammer is made to vibrate ultrasonically As a
result, it pressesthe two metal sheetsvery rapidly and
the moleculesof one metal diffuse into the moleculesof

the other.

A Thus,the two sheetsget welded without heating This
procesgs knownascoldwelding.
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(4) Ultrasonic soldering

A Metals like aluminium cannot be directly
solderedHowever it Is possibleto solder suchmetals
by ultrasonicwaves

A An ultrasonic solderingiron consistsof an ultrasonic

generator having a tip fixed at its end which can be
heatedby anelectricalheatingelement

A The tip of the soldering iron melts solder on the
aluminium and the ultrasonic vibrator removes the
aluminiumoxidelayer

A The solder thus gets fastenedto clear metal without
anydifficulty.
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(5) Ultrasonic cutting and machining

Ultrasonicwavesare usedfor cuttingandmachining

(6) Ultrasonic cleaning

It is the most cheap technique employed for cleaning
various parts of the machine, electronic assembles,
armatures, watches etc., which cannot be easily
cleaned by other methods.
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(7) SONAR

A SONARS a technique which standsfor SoundNavigation
and Ranging

A It usesultrasonicsfor the detection and identification of
underwater objects

A The method consists of sending a powerful beam of
ultrasonican the suspectedlirectionin water.

A By noting the time interval between the emission and
receipt of beamatfter reflection, the distanceof the object
canbe easilycalculated

A The changein frequency of the echo signal due to the
Doppereffect helpsto determinethe velocity of the body
andits direction.




A Measuring the time interval (t) between the transmitted

pulsesandthe r\e/g;eivedpulse,the

distance d = — betweenthe transmitter and the remote
objectis determinedusingthe formula., where v isthe velocity
of soundin seawater.

A Thesameprincipleis usedto find the depth of the sea

Applications of ultrasonics

1. Sonar is used in the location of shipwrecks and
submarines on the bottom of the sea.

2. Itis used for fish-finding application .

3. It Is used for seismic survey.



Some Other Applications of Ultrasonics

(1) Ultrasonicguidancefor the blind

A Ultrasonic waves are used for guiding the blind who
carries a walking stick containing an ultrasonic
transmitterandreceiver

A Ultrasonicsignalsreflected from any obstaclesare fed to
the head phonesthrough a suitable electronic circuit
which enablesthe blind personto detect and estimate
the distanceof the obstacle



(2)Ultrasound in research

A Scientistsoften usein research,for instantto break up

nigh molecular weight polymers, thus creating new
plasticmaterials

A

ndeed, ultrasound also makesit possibleto determine

the molecularweight of liquid polymers,andto conduct

other forms of investigationon the physicalpropertiesof
materials

A Ultrasoniccan also speedup certain chemicalreactions
Henceit hasgainedapplicationin agriculture,that seeds

subjectedto ultrasoundmay germinatemore rapidlyand
producehigheryields



OPTICS AND
OPTICAL FIBRE



TIR and optical fibres

Aims:
oo recall the meaning of critical angle ¢

oo recall and use the relationship between critical angle and refractive index: sin c
=1/n

oo describe the role of total internal reflection in transmitting information along
optical fibres and in prisms.

wlo understand the difference between analogue and digital signals.



Reflectionof light: Whena ray of light incidenton any surfaceand comesbackto

samemedium,then it is calledreflection. The plane mirror is a good exampleto

understandreflection.

Lawsof reflection:

1) Theincidentray, the reflectedray andthe normalat the point of incideng all
lie in the sameplane

2) Theangleof incidenceis equalto angleof reflection.

normal

reflected ray




Refractionof light: Whena light ray passedrom one transparentmediumto another,
it getsdeviatedfrom its original path while crossingthe interface of two media The
phenomenaof bendingof light raysfrom their original path while passingfrom one
mediumto anotheris calledrefraction.

Lawsof refraction:

incident ray narmal

1) The incident ray, the refracted ray and
medium 1

the normal all lie in the same plane.

2) The ratio of sine of angle of incidence to

interface

the sine of angle of refraction is a
constant for a given pair of media. medium 2
- - refracted ray
SiNi
siNr
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Refractiveindex:
Therefractiveindexof a mediumis definedis the ratio of velocityof light

in air to the velocityof light in that medium

= velocity of light in air
For examplethe refr4eRGRHIIEBE JladMedR index increaseswith
increasein optical density For example diamond has high refractive
indexof 2.6.




Lens formula:
The focal length f of a lens is related to object distance u and image
distance v as

u T

1 1 _ 1
\V4

Power of a lens:

Power of a lens is defined as the reciprocal of the focal length
measured in metre. The unit of power is dioptre indicated by symbol
W5 Qd

P= 1
f (metrg




Microscope: A microscopeis an optical instrument which enablesus to

seesmallobjects in a better way. Thereare two typesof microscope

1. Simplemicroscope

2. Compoundmicroscope

Uses

1.

Biologicalscientistsuse microscopeto see microorganismsand their
behavior

Forensicscienceexpertsusemicroscopeo analyzethe evidences
Jewelerauseit to seethe detailsof piecesthey are workingwith.
Environmentalistuse it to test the soil and water samples for
presenceof pollutants

Geologistuseit to test the compositionof different typesof rocks

Theyare usedin variousexperimentsin schoolsandcolleges



Telescopeas an optical instrument which is usedto seedistant objects

clearly Therearethree typesof telescopes

1. Astronomicalto seeastronomicalbobjects)

2. Terrestrial(Toseeobjectson earth)

3. Galilean(modificationof terrestrial telescope)

Usesof telescope

1. Astronomical objects are seen by using telescope by astronomers.

2. Telescope are used in laboratories to perform different experiments
and finding values of different quantitias.

3. Spectrometry uses telescope to find wavelength of light and
bandwidth etc.

4. Itis used in spy glasses and long focus camera lenses.



When light passing out of the glass

block its angle increases

EVI
control

® on
(o Wolii




No more than ninety degrees

Re{ti'agtted P As soon as the angle of
g
Waves —/ refraction reaches 90, the

r / A Air

light can no longer be

refracted

What happensto the light?
Well the light is reflected

backinsidethe material

Reflected
Light Waves
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This angle is called the critical angle (I c¢).

The angle at
which total
Internal
reflection first
occurs Is called
the critical angle!

Ii=1c¢ Ii>1 ¢

Critical case Total internal
reflection (TIR)

Different materials have different critical angles. Diamond has the lowest
at 24° , which is why it reflects so much light.




