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Ultrasonic Waves

The sound waves with frequencies above the upper threshold of audible waves i.e. 20 kHz are
called ultrasonic waves.

Properties of Ultrasonic Waves

The properties of ultrasonic waves are,

a. Optical laws like reflection and refraction are observed with these waves.

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

c. The energy associated with these waves is enormous.

d. Owing to small wavelengths, these waves exhibit negligible diffraction effects.

e. These waves can penetrate through metals and other materials which are opaque to electro-
magnetic waves.

f. These waves can be focussed by lenses made from plastics and metals.

g. These waves can travel over long distances as a highly directional beam and without appre-
ciable loss of energy.

h. These waves produce cavitation effect when made to pass through certain solids. This
property is used in cleaning, degreasing of components and soldering of aluminium and its
alloys.

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

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

k. Ultrasonic luminescence is observed in liquids like water due to electrical discharge across
the rarefied atmosphere of the cavitation.

Prepared in LATEX Page 1



B.Sc Forensic Science Sem III Unit IV Ultrasonics

l. In liquids and gases, there exists no shear elasticity (as tangential force cannot be generated
in them). Hence, only longitudinal wave propagation is possible.

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

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

Generation of Ultrasonic Waves

There are mainly two broad categories of ultrasonic wave generators,

a. Mechanical Generators

i. 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.

ii. 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. These are useful in applications where homogenization and efficient mixing are
important.

b. Electromechanical Generators

i. 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.

ii. 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.

Piezoelectric Ultrasonic Wave Generator

Piezoelectric Effect

Piezoelectricity derives its name from the Greek word Piezo which means pressure. Piezoelec-
tricity thus means electricity generated due to pressure. Substances like quartz, tourma-
line 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).
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.
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(a) Axes of a Quartz crystal (b) Cuts of a Quartz crystal

Figure 1: Piezoelectric Quartz Crystal

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. The axes
through the corners of the hexagon are known as X axes or electrical axes. The axes perpen-
dicular to the faces of the crystal and the X axes are known as Y axes or mechanical axes. The
axes of a typical quartz crystal are shown in figure (1a).
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 per-
pendicular to Y axis are called Y-cut crystals. Figure (1b) shows the cuts of a quartz crystal.

Piezoelectric Generator

Figure (2) shows the schematic of a piezoelectric generator used to produce ultrasonic waves.

Figure 2: Piezoelectric Ultrasonic Wave Generator

Prepared in LATEX Page 3



B.Sc Forensic Science Sem III Unit IV Ultrasonics

A Hartley’s oscillator with a LC tank circuit is utilized to create oscillations. The transistor is
biased using the network of resistors R1, R2, R3 and RE and constitute an amplifier. The inductors
L1, L2 and capacitor C constitute the tuning (resonance) circuit. The tuning circuit is coupled to
the amplifier circuit through the coupling capacitor CT while the capacitor CF provide the positive
feedback to the amplifier.
The oscillation frequency of the oscillator is given by,

f =
1

2π
√
LC

, L = L1 + L2 (1)

The values of inductors L1, L2 and capacitor C are chosen such that the frequency is in the
ultrasonic range. This oscillator is coupled to a piezoelectric crystal (Xtal) through a coupling
capacitor CC to produce inverse piezoelectric effect.
The natural frequency of the piezoelectric crystal is given as,

f =
n

2t

√
Y

ρ
(2)

where, n is the modes of vibration, t is the thickness of the crystal, Y is the Young’s modulus of
the crystal and 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 can be varied by varying the values of the components of the tuning circuit.
The output frequency of a piezoelectric ultrasonic wave generator is upto 500 MHz.

Advantages and Limitations of Piezoelectric Generator

Advantages

a. Ultrasonic waves of high frequencies upto 500 MHz can be produced.

b. Single frequency oscillations can be produced.

c. The output is not greatly affected by environmental effects like temperature and humidity.

d. Synthetic materials can be used to lower the cost of production of ultrasonic waves.

Limitations

a. The cost of natural piezoelectric crystals is high.

b. The cutting and shaping of piezoelectric materials involve tedious mechanical processes.

Magnetostriction Ultrasonic Wave Generator

Magnetostriction Effect

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
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change is dependent upon the nature of ferromagnetic material, its previous treatment, the degree
of earlier magnetisation 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.
Magnetostriction effect was discovered in 1842 by James Prescott Joule (the same Joule, who did
pioneering work in 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. This can be used to produce longitudinal vibrations.

Magnetostriction Oscillator

Figure (3) shows the schematic of a magnetostriction oscillator used to produce ultrasonic waves.

Figure 3: Magnetostriction Ultrasonic Wave Generator

A Colpitt’s oscillator with a LC tank circuit is utilized to create oscillations. The transistor
is biased using the network of resistors R1, R2, R3 and RE and constitute an amplifier. The
capacitors C1, C2 and inductor L constitute the tuning (resonance) circuit. The tuning circuit is
coupled to the amplifier circuit through the coupling capacitor CT while the capacitor CF provide
the positive feedback to the amplifier.
The oscillation frequency of the oscillator is given by,

f =
1

2π
√
LC

, C =
C1C2

C1 + C2

(3)
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The values of capacitors C1, C2 and inductor L are chosen such that the frequency is in the
ultrasonic range. This oscillator is coupled to a coil through a coupling capacitor CC which
produces a varying periodic magnetic field on a magnetostrsiction rod to produce magnetostriction
effect.
The natural frequency of the piezoelectric crystal is given as,

f =
n

2L

√
Y

ρ
(4)

where, n is the modes of vibration, L is the length of the crystal, Y is the Young’s modulus of
the crystal and ρ is the density of the material of the crystal.
An unmagnetised rod vibrates at a frequency twice that of applied ac field i.e. the rod changes its
dimensions twice in each cycle of the applied ac field. Normally the amplitude of the vibrations is
small but at resonance the amplitude of the vibrations become considerably large. For a previously
magnetized rod using a polarizing magnetic field having magnitude greater than the applied ac field,
the frequency of vibration is same as of the applied ac field.
The output frequency of a magnetostriction ultrasonic wave generator is upto 100 kHz.

Advantages and Limitations of Magnetostriction Oscillator

Advantages

a. The construction of the oscillator is simple and inxepensive.

b. Large output power can be produced.

Limitations

a. Frequencies higher than 300 kHz cannot be produced.

b. Single frequency oscillations cannot be produced.

c. The frequency of oscilations are temperature dependent and the output is not stable at
higher temperatures.
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