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Detection of Ultrasonic Waves

As ultrasonic waves are inaudible, the presence of these waves is detected indirectly by using
phenomenon of standing waves method. In these methods, standing waves are formed in the
physical medium due to the introduction of ultrasonic waves. The methods are,

a. Kundt’s tube method:

Kundt’s tube is an acoustical ap-
paratus invented by German physi-
cist August Kundt in 1866 for the
measurement of the speed of sound
in a gas or a solid rod.
The tube is a transparent horizontal
pipe which contains a small amount
of a fine powder such as cork dust,
talc or lycopodium.

Figure 1: Kundt’s Tube
At one end of the tube is a source of sound at a single frequency (pure tone). Kundt used a
metal rod resonator that he caused to vibrate or ’ring’ by rubbing it. In modern experiments,
a signal generator producing a sound wave is attached to a loudspeaker. The other end of
the tube is blocked by a movable piston which can be used to adjust the length of the tube.
The vibrations of the source are transmitted by the disk to the air in the glass tube closed
at one end.The waves set up in the air in the glass tube have the same frequency as that of
the source.
The waves are reflected at the closed end of the tube and the air in the tube is thus acted
upon by two similar sets of waves travelling in opposite directions. When the length of the
air column is some multiple of half wavelengths, the two oppositely travelling waves produce
standing waves.
The standing waves are characterized by alternate points of maximum and minimum distur-
bance of air called antinodes and nodes respectively. The lycopodium powder gets blown off
when the ultrasonic waves pass through the tube and is deposited at the nodes and is blown
off at the antinodes.
The length of the round-trip path of the sound waves, from one end of the tube to the other
and back again, is a multiple of the wavelength λ of the sound waves. Hence, the length of
the tube is a multiple of half a wavelength. The distance between two successive heaps is
therefore one-half of the wave length of the sound in the air.
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The wavelength of the ultrasonic wave is related to the distance, d, between two heaps of
the lycopodium powder as,

d = λ/2

This method is useful to detect ultrasonic waves of relatively large wavelength and fails for
wavelength of less than a few millimetres.

b. Sensitive flame method:

Figure 2: Sensitive Flame Method

Ultrasonic waves are detected by moving a sensitive flame in the medium. The flame remains
stationary at the antinodes and flickers at the nodes.
By determining the mean distance between two consecutive nodes, the ultrasonic wavelength
can be determined as usual.

c. Thermal detector method:

Figure 3: Thermal Detector Method

Platinum wire is very sensitive to change in the temperature and the resistance changes
without any lag. A fine platinum wire probe, connected with a Callender and Griffith bridge
circuit, is moved through the medium containing ultrasonic waves.
Due to compressions and rarefactions, the temperature changes at the nodes while it remains
constant at the antinodes. As the resistance of a platinum wire depends on the temperature,
it changes at the node and remains constant at the antinode.
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 is used to calculate the wavelength of ultrasonic waves.

Prepared in LATEX Page 2



B.Sc Forensic Science Sem III Unit IV Ultrasonics

d. Piezoelectric detector method:
This is a quantitative method which
depends upon the piezoelectric ef-
fect. A quartz crystal is used as the
detector.
When one pair of faces of a quartz
crystal is exposed to the ultrasonic
waves, varying electric charges are
developed on the other pair of faces.
These charges constitute a small al-
ternating voltage which is depen-
dent on ultrasonic waves. It is am-
plified using suitable electronic cir-
cuits and the ultrasonic waves are
detected. Figure 4: Piezoelectric Detector Method

Determination of Wavelength and Velocity of Ultrasonic

Waves in Liquids

When ultrasonic waves propagate in a liquid medium,kept in a constant-temeperature bath, the
alternating compressions and rarefactions change the density of the medium layer to layer. The
liquid density and hence the refractive index is maximum at nodes and minimum at antinodes.
If a monochromatic beam of light is passed through this liquid incident at right angles to the
direction of propagation of waves and tangential to layers, the liquid behaves as a diffraction
grating. The grating behaves in the same way as a ruled transmission grating of a plane glass
plate. Such a grating is known as acoustical grating.
The diffraction pattern obtained from this method can be used to determine the wavelength and
velocity of the ultrasonic waves. The schematic of the experimental arrangement for obtaining the
diffraction pattern and subsequently used for measurement of wavelength and velocity of ultrasonic
waves is shown in figure (5).

Figure 5: Schematic for Measurement of Wavelength and Velocity of Ultrasonic Waves
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The light from a monochromatic source S of light (e.g. sodium light) of known wavelength λ is
focused on the narrow slit in the collimator by the lens L1. The light from the slit passes through
the convex lens L2 and comes out as a parallel beam. This parallel beam of light passes through
the ultrasonic cell.
The ultrasonic cell consists of a glass tank containing the liquid of known density and is transpar-
ent to light. The piezoelectric crystal which produces ultrasonic waves is dipped into the liquid
and is fixed at one of the vertical walls of the cell. It is attached to the oscillator which produces
the ultrasonic waves.
When the oscillator excites the crystal, the ultrasonic waves are produced under resonance con-
dition and travel through the liquid. The waves get reflected from the reflector placed at the
opposite end and form a stationary wave pattern in the liquid.
The density and hence refractive index of the liquid is maximum at nodes and minimum at antin-
odes. The nodes act as opaque region while antinodes act as transparent regions for light. This
acts as an acoustical grating.
Initially when the crystal is at rest, a single image of the slit is observed. When the crystal is
excited by an appropriate frequency, the intensity of the central image of the slit decreases and
number of diffracted patterns are observed on either side of the central maxima.
The angular separation θ between the direct image of the slit and the diffracted image of nth order
is measured. The wavelength of ultrasonic waves can be calculated using the theory of diffraction
grating. The grating constant d in this case is equal to half the ultrasonic wavelength d = λus/2.
For wavelength of light λ and order of maxima n, we get

d sin θn = nλ n = 1, 2, 3, . . .
λus
2

sin θn = nλ

λus =
2nλ

sin θn
(1)

This method of determining the wavelength of ultrasonic waves is known as acoustic diffraction
method.
If f is the frequency of the ultrasonic waves then the velocity of ultrasonic waves in the liquid
is calculated as,

vus = fλus (2)
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Applications of Ultrasonic Waves

Industrial Applications

a. Cleaning: Dust particles can be removed from inaccessible places by utilising the energy
released from the collapse of microscopic cavitation near the dirty surface.
The items in question are immersed in a tank of liquid (usually water) where ultrasonic
waves are introduced. The ultraonic energy causes rapid formation and collapse of minute
bubbles; a phenomenon known as cavitation. The bubbles travel at high speeds and implodes
against the surface of the items releasing the energy. This energy lifts the contamination off
the surface of the items, even from inaccessible places.
This is used to remove dirt from clothes (specially woollens and silk), watches and medical
equipments and also used for dispersing fogs at airports.

b. Welding: Practically, all metals and plastics can be welded using ultrasonic waves of suit-
able energy (15 kHz to 40 kHz). The surfaces of the materials to be welded are cleaned and
held together. Ultrasonic oscillations are subjected to the spot where the materials are to
be welded.
The ultrasonic energy converts to heat at the contact area as a result of friction arising be-
tween the surfaces. When the temperature of the surface layers exceeds the recrystallization
point, the layers melt and bond together to form a strong joint. This method doesn’t cause
stress at the spot of welding and the structure of the materials remain unchanged.
It is particularly useful in welding of metals like aluminium.

c. Drilling: Drilling using ultrasonic waves is commonly used for mechanical treatment of hard
and brittle solids such as ceramics, glasses, precious stones, semiconductors and hard alloys.
The tool motion is produced by a needle type magnetostriction acoustic concentrator. It is
a ferromagnetic material which can oscillate linearly with an amplitude of 0.01 to 0.1 mm
at frequencies 20 kHz to 30 kHz.
An aqueous suspension of a solid abrasive powder is fed at the place where the acoustic
energy is being concentrated. Abrasive particles bomabrd the surface at high velocity and
shear off small pieces of the material. This action rapidly chips away the work piece in a
pattern controlled by the tool shape and contour.

d. Measurement of temperature of hot gases: The temperature of hot gases can be
measured by pulse transit time measurement of ultrasonic waves through the gases between
two probes. This is used to measure temperature of internal combustion engine chamber
and in a plasma jet.

e. Emulsification and mixing: Immiscible liquids like water and oil can mix thoroughly and
form stable emulsions when the mixture is subjected to strong ultrasonic waves. Polishes,
paints, food products and pharmaceutical preparations are prepared by using this method.
The method is also used to mix molten metals and form alloys of uniform composition.

f. Detection of cracks and flaws in metals: If there is any hidden flaw or crack in a metal,
ultrasonic waves are made to pass through them. A flaw or a cavity in the metal produces a
change in the medium resulting in reflection of waves. This will result in a difference in the
speed of ultrasonic waves passing through the flaw/cavity and the rest of the metal.

Prepared in LATEX Page 5



B.Sc Forensic Science Sem III Unit IV Ultrasonics

The measurement of the transmitted waves with respect to the incident waves is used to
identify these defects.

g. Direction signalling and depth sounding: Owing to very small wavelengths, ultrasonic
waves have small diffraction effects and the spread is negligible. The waves also have the
ability to travel long distances in water. They can hence be used for signalling in any
particular direction and utilized in measuring depth underwater.
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 × t)/2.
A ship equipped with an echo sounder to send out short pulses of ultrasonic waves and high
frequency receiver to receive the reflected pulse is used for this purpose.

h. SONAR: SOund Navigation And Ranging is a technique in which highly directional ultra-
sonic waves are used to detection and detrmining the distance (ranging) of objects submerged
underwater. The method is equally useful for stationary as well as moving objects.
The method was first introduced by French physicist, Paul Langevin and was successfully
used in the first world war to detect enemy submarines.
This is an acoustic equivalent of RADAR where ultrasonic pulses are directed in different
directions into the water. In the absence of an obstacle, the ultrasonic pulses do not return
to the ship but on encountering an obstacle the waves are reflected and picked up by the
receiver.
The idea of the distance of the body is obtained by the time interval between the generation
of ultrasonic waves and their return after reflection. If the submerged body is moving (like
a submarine), there will be change in the frequency of the echo signal due to Doppler effect.
This method is used to measure depth of water, locate shoals of fish, find shipwrecks and
submerged icebergs, guide and locate submarines and ships.

Scientific Applications

a. Study of structure of matter: Velocity of ultrasonic waves in liquids and gases varies
with temperature and frequency. This is utilized to find thermodynamical parameters like
compressibility, inter-molecular free length, absorption coefficient and specific heat.

b. Elastic symmetries of crystals: When ultrasonic waves are applied to certain crystals,
the crystal acts like a grating and the waves are diffracted. The diffraction pattern can be
used to find the elastic constants and hence the elastic symmetries.

c. Flow measurement: There are different ways to measure the flow velocity in pipe by
measuring its effect on the passage of ultrasonic waves transmitted and received at the
outside of the pipe, without disturbing the flow by inserting anything into the pipe.

d. Material characterization: Ultrasonic waves are attenuated when travelling through a
medium. The velocity of the waves depend on the material properties. This property is used
to characterise materials like breaking strength of iron or porcelain, quality of concrete and
grain structure of steel.
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Medical Applications

a. Sonography: Ultrasonic techniques are complementary to other physical methods used in
surgery, therapy and diagnosis. Ultrasound is a non-invasive technique and provides valuable
information regarding the size, location and displacement of a given structure and hence is
widely used in imaging of internal organs or structures of the human body. This method of
imaging is also called ultrasound scanning or sonography.
The waves used for this technique are in the frequency range of 1–15 MHz. The waves are sent
as pulses towards the body and the echo is received through appropriate probes. Whenever
a pulse encounters a boundary between two tissue structures, it is partly reflected and partly
transmitted. The reflected pulse is detected by the probe as an echo. The reflection depends
upon the difference in acoustic impedance of the tissues. The acoustic impedance of the
tissue, in turn, depends upon its density and the speed of the sound through it.
The time taken for the echo to come back to the probe is used to calculate the depth of the
tissue. Greater the difference between acoustic impedances, larger is the echo. Tumours and
other regions of an organ that differ in density from the surrounding tissues can be detected
using this technique.

b. Doppler ultrasound imaging: When the object reflecting the ultrasound waves is moving,
it changes the frequency of the echoes. The frequency increases if the object is moving
towards the probe and decreases if the object recedes away from the probe. Doppler effect
is dependent upon the speed of the moving object and can be used to determine how fast
the object is moving. Continuous-wave techniques can be used in this method.
This method is useful in measuring the rate of blood flow through the heart and major
arteries.. It can also be used for monitoring of pregnant women and their fetus.

c. Ultrasound therapy: Ultrasonic waves are absorbed by most biological tissues at about
1 dB cm-1 MHz-1. Absorption occurs chiefly due to relaxation processes leading to thermal
effects in the tissues. This feature is used to produce massaging action which relieves pain
of rheumatic patients.
The waves are useful in dental cutting, neurosurgery and is routinely used in treatment of
Ménière’s disease.
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