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ULTRASONICS
Properties 

Optical laws like reflection, refraction & 
diffraction are observed with ultrasonic 
waves. 

As the frequency of ultrasonic waves is 
large, the corresponding wavelength is 
quite small. 

The energy associated with the waves is 
enormous. 

The waves can penetrate through metals 
and other materials which are opaque to 
em waves. 

They produce cavitation effect. This is 
used to in cleaning, degreasing of 
components and soldering of aluminium 
and its alloys.
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Audible Waves 

The sound waves having frequency 
between 20 Hz and 20 kHz can be 
heard by the human ear. These waves 
are called audible waves. 
Infrasonic Waves 

The sound waves having frequency 
lower than the audible range (below 20 
Hz) are called the infrasonic waves. 

Ultrasonic Waves 

The sound waves having frequency 
higher than the audible range (above 
20 Hz) are called the ultrasonic 
waves.
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ULTRASONICS
In liquids & gases, there exists no 
shear elasticity (as tangential force 
cannot be generated in them). 
Hence, only longitudinal wave 
propagation is possible. 

In solids, tangential stress is 
possible and hence longitudinal as 
well as transverse wave propagation 
is possible. 

The velocity of ultrasonic waves 
depends on the temperature of the 
medium through which they 
propagate. The velocity normally 
decreases with the increase in 
temperature with water as an 
exception.

Properties contd… 
These waves produce emulsions 
when applied at interface between 
two liquids. This property can be 
used to mix immiscible liquids. It 
helps in preparation of paints, 
cosmetics and food products. 

Ultrasonic waves of high intensity 
produce chemical changes in some 
liquids. This can be utilised for 
depolymerization. 

Ultrasonic luminescence is observed 
in liquids like water due to electrical 
discharge across the rarefied 
atmosphere of the cavitation.
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GENERATION OF ULTRASONICS
ELECTRICAL GENERATORS 

Piezoelectric Generator 
When electric potential is applied to 
certain crystals like quartz, tourmaline 
and Rochelle salt, they contract or 
expand producing sound waves in the 
ultrasonic regime. 

Magnetostriction Oscillator 
The rods of ferromagnetic materials 
like nickel, cobalt and iron exhibit a 
change of length when placed in a 
magnetic field parallel to its length. 
This is called magnetostrsiction and it 
can be utilized to produce ultrasonic 
waves. 

MECHANICAL GENERATORS 
Gas Driven 
These are simple devices to 
produce ultrasonic waves of 
frequencies upto 30 kHz. Air is 
blown into these devices such as 
Galton’s Whistle (Dog Whistle) to 
produce the waves. 

Liquid Driven 
These are transducer type devices 
which convert energy from one 
form to another. Vibrating blade 
transducer and hydrodynamic 
oscillators are some of its types.
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When an alternating voltage is 
applied across a quartz crystal slice, it 
will alternately contract and expand 
i.e. it will start vibrating. 

If the frequency of the applied 
voltage matches with the natural 
frequency of the quartz crystal i.e if 
resonance occurs, the vibrations are 
in the ultrasonic range. 

Quartz crystals are in the form of a 
hexagonal prism with hexagonal 
pyramids at both the ends. 

The axis joining the two pointed ends 
is known as the Z axis or the optical 
axis.

Piezoelectricity derives its name from the 
Greek word Piezo which means pressure. 
Piezoelectricity thus means electricity 
generated due to pressure. 
Substances like quartz, tourmaline and 
Rochelle salt have the property of 
generating voltage when pressure is 
applied to them. 
Conversely, the application of electric 
potential on these substances produce 
change of shape of these substances. This 
phenomenon is called as converse 
piezoelectric effect. 

Piezoelectricity was discovered in 1880 
by the brothers Jacques and Pierre Curie 
(the same Pierre, husband of the great 
Marie Curie).
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https://archive.hnsa.org/doc/sonar/img/fig4-3.jpg

http://www.radio-electronics.com/info/data/crystals/quartz-crystal-structure-02.gif
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The axes through the corners of the 
hexagon are known as X axes or electrical 
axes. 
The axes perpendicular to the faces of the 
crystal and the X axes are known as Y axes 
or mechanical axes. 

When quartz crystal is subjected to 
mechanical stress along Y axis, electrical 
charges appear on the faces along the X 
axis. 
Conversely if  potential is applied along the 
faces perpendicular to X axis, a mechanical 
strain and change in dimensions i.e. 
vibration is produced along the Y axis. 

The crystals if cut perpendicular to X axis 
are called X-cut crystals. Similarly, crystals 
cut perpendicular to Y axis are called Y-cut 
crystals.
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The natural frequency of the piezoelectric 
crystal is given as, 

n is the modes of vibration 

t is the thickness of the crystal 

Y is the Young’s modulus of the crystal 
ρ is the density of the material of the crystal 

The resonant frequency of the piezoelectric 
crystal has to match with the tuning 
frequency of the oscillator to produce 
maximum efficiency.  
In this case the frequency of ultrasonic 
waves is same as that of the tuning circuit. 

The output frequency is upto 500 MHz.

A Hartley’s oscillator with a LC 
tank circuit is utilized to create 
oscillations. 
The oscillation frequency of the 
oscillator is given by, 

The values of L1, L2 and C are 
chosen such that the frequency is 
in the ultrasonic range. 
This oscillator is coupled to a 
piezoelectric crystal to produce 
inverse piezoelectric effect.

PIEZOELECTRIC GENERATOR

A Textbook of Engineering Physics by Avadhanalu & Kshirsagar

f = 1
2π LC

L = L1 + L2,

f = n
2t

Y
ρ



�9

M a g n e t o s t r i c t i o n e f f e c t w a s 
discovered in 1842 by James Prescott 
Joule (the same Joule, who did 
p i o n e e r i n g w o r k i n 
Thermodynamics). 

A rod of nickel or annealed cobalt 
shows a decrease in length when the 
magnetic field increases i.e. if a 
magnetic rod is stretched, the 
magnetization decreases. 

Conversely compression of rod 
increases the magnetization. 

In an alternating magnetic field, the 
varying magnetization of the rod 
changes the dimension periodically.

When a ferromagnetic material is 
placed in a magnetic field parallel to 
its length, the dimension of the 
material changes. 

The change in length is independent 
of the polarity of the field. 

The change is dependent upon the 
nature of ferromagnetic material, its 
previous treatment, the degree of 
ear l ier magnet isa t ion and the 
temperature. 

The change in length is very small of 
the order of about 1 part in a million. 

This is called magnetostriction effect 
or Joule effect.
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T h e n a t u r a l f r e q u e n c y o f t h e 
piezoelectric crystal is given as, 

n is the modes of vibration 
L is the thickness of the rod 
Y is the Young’s modulus of the rod 

ρ is the density of the material of the rod 
An unmagnetised rod vibrates at 
frequency twice that of applied ac field.  
For a previously magnetized rod, the 
frequency of vibration is same as of the 
applied ac field. 

The output frequency is upto 3 kHz.

A Colpitt’s oscillator with a LC tank 
c i rcu i t i s u t i l i zed to c rea te 
oscillations. 
The oscillation frequency of the 
oscillator is given by, 

The values of C1, C2 and L are 
chosen such that the frequency is in 
the ultrasonic range. 

This oscillator is coupled to a coil 
which produces magnetic field on a 
magnetostrsiction rod to produce 
magnetostriction effect.

A Textbook of Engineering Physics by Avadhanalu & Kshirsagar

f = 1
2π LC

C = C1C2

C1 +C2

,

f = n
2L

Y
ρ
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Sensitive Flame Method 

A flame is moved in the medium to 
detect ultrasonic waves.  

The flame stays stationary at the 
antinodes and flickers at the nodes. 

The wavelength of the waves can be 
calculated as well. 

Quartz Crystal Method 

When one pair of faces of a quartz 
crystal is exposed to the ultrasonic 
waves, electric charges are developed 
on the other pair of faces. 
These charges constitute a current 
which is dependent on ultrasonic waves.  

Thus the ultrasonic waves are detected.

Kundt’s Tube Method 
It is used for detection of low 
frequency waves. A glass tube 
filled with lycopodium powder is 
used for this purpose. 
The powder gets blown off when 
the ultrasonic waves pass through 
the tube and is deposited at the 
nodal points. 

The distance (d)between the two 
nodes is equal to the half of 
wavelength (λ) i.e. d = λ/2. 
This method fails for wavelength 
for less than a few millimetres.

Engineering Physics by  K. Rajagopal

DETECTION OF ULTRASONICS



�13

A Callender and Griffith bridge 
(Hot wire method) is used to 
determine the resistance of 
platinum wire at the nodes. 
At the antinodes, the bridge 
circuit shows null deflection. 
The distance between the nodes 
i s u s e d t o c a l c u l a t e t h e 
wavelength of ultrasonic waves.

Thermal Detector Method 
A fine platinum wire is moved 
through the medium containing 
ultrasonic waves. 
Due to compressions and 
rarefactions, the temperature 
changes at the nodes while it 
r e m a i n s c o n s t a n t a t t h e 
antinodes. 
As the resistance of a platinum 
wire depends on the temperature, 
it changes at the node and 
remains constant at the antinode.
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Flow Measurement 

There are different ways to measure 
the f low velocity in pipe by 
measuring itself on the passage of 
ultrasonic waves transmitted and 
received at the outside of the pipe. 

Material Characterization 

Ultrasonic waves are attenuated when 
travelling through a medium. 

The velocity of the waves depend on 
the material properties. 

This is used to characterise materials 
like breaking strength of iron, quality 
of concrete and grain structure of 
steel.

Study of Structure of Matter 

Velocity of ultrasonic waves in 
liquids and gases varies with 
temperature and frequency. 

T h i s i s u t i l i z e d t o f i n d 
thermodynamical parameters like 
compressibility, inter-molecular free 
length, absorption coefficient and 
specific heat. 

Elastic Symmetries of Crystals 

Ultrasonic waves can be diffracted 
using certain crystals.  

The diffraction pattern can be used to 
find the elastic constants and hence 
the elastic symmetries.
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Ultrasonic Welding 
High frequency (15 kHz to 40 kHz) 
low amplitude vibration is used to 
create heat by way of friction between 
the materials to be welded. 
Ultrasonic Cleaning 
Dust particles can be removed from 
inaccessible places by utilising the 
energy released from the collapse of 
microscopic cavitation near the dirty 
surface. 
This is used to remove dirt from 
clothes , watches and medical 
equipments. 
This method is also used for 
dispersing fogs at airports.

Temperature of Hot Gases 

The temperature of hot gases can be 
measured by pulse t ransi t of 
ultrasonic waves through the gases 
between two probes. 

This is used to measure temperature 
of internal combustion engine. 

Detection of Cracks & Flaws 

If there is any hidden flaw or crack in 
a metal, ultrasonic waves pass 
through them. 

The measurement of the transmitted 
waves with respect to the incident 
waves is used to identify these 
defects.
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SONAR (SOund Navigation And 
Ranging) 
This acoustic equivalent of RADAR is 
used to navigate underwater. 

It is used to measure depth of water, 
locate shoals of fish, find shipwrecks, 
submarines, enemy ships etc. 

Medical Ultrasound (Sonography) 
Ultrasonic waves are used to study soft 
tissues. The part of the sound wave after 
striking the tissue is reflected back as an 
echo. The time of travel determines the 
depth of the tissue. 

It is used to detect tumours, cysts, 
disorders in pregnancy, functioning of 
heart valve and flow of blood in blood 
vessels.

Direc t ion S igna l l ing & Depth 
Sounding 
Owing to very small wavelengths, 
ultrasonic waves have small diffraction 
effects and the spread is negligible. 

It can hence be used for signalling in any 
particular direction. 

The waves are directed towards the bed 
of the water body from where the waves 
are reflected back and the echo is 
detected. 
The time interval t between the 
transmission and reflection of the waves 
is noted. 

If v is the velocity of the waves through 
the water body, the depth is given as,     
d = (v x t)/2
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