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Ultrasonics

—(-&?{ : What is piezo-electric effect? Describe a method of producing

ultrasonic wave utilizing this phenomenon? (2011,2013,2015)(SU-2016)
Find out th fundamental frequency of a quartz crystal of 1mm, thick. For

quartz young’s modulus E = 8.55 x 10"° N/m? and density p = 2650 kg/m?

{(2001)
Discuss one method for generation of ultrasonics. (2009)
What are x-cut and y-cut pieza electric crystals. (2009)

Soi":The phenomenon of appearance of electrical charjes by applying
mechanical pressure on certain crystal plate like quartz tourmaline etc along
certain direction is called Piezo-electric effect. This effect was discovered by
J. and P. curié in 1890. The converse is also true i.e. a voltage applied across
the plane of the crystal will produce a change in the dimensions of the crystal.
Thus when an alternating potential difference is applied across the crystal, it is
set into efastic vibration. If the frequency of the electrical oscillations coincides
with one of the natural frequency of the crystal (250 to 10,000 kilohertz) a large
amplitude of vibration results. The natural quartz crystal is shown in the following
figures. '

»e FIRTd TaR & fiFked ©iel S w@eyl, THfe saaife R afe faey
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wigfae Farcs e fra A fRar war g i "

- Z-Z optic axis e
Figure : Natural Quartz Crystal ’ : #

it )
. . x‘
XX-electrical axes, YY-Mechanical axes

.The line joining the opposite ends: af the hexagonal prism or a line parallel
to it is known as optic axis or z- axis By eutting the crystalin a plane perpendicular
to the z-axis a hexagonal shape is obtained. The line joining the corners XX
(X X,, X,X,, X,X,) orline parallel to it arezcalled electrical axis and the line joining

‘the mid pOint of the arms YY (Y Y, Y, ¥, , Y Y,) are called mechanical axis.The
natural frequency of vibration is given-By - c

7
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Where g Young's Modulus , p is density and ; is the thlckness of the
crystal.

Sl g 49 ne § e &) | o aur o A B wT uaa a9
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When the frequency of the alternating potential difference is made equal to
the fundamental natural frequency of the crystal slice, it is thrown inte resonant
vibration and hence powerful ultrasonic waves are produced. Fig (2) show a
quatz plate sand-witch between two metal plate which are connecied to the
anode and grid of a triole valve. When a current of high frequency flows in
anode circuit, an alternating potential difference of the same frequency is
produced between faces of the crystal slice as resuilt. of which the crystal
executes thickness vibration By varying the capacity of the capacitor C, the
frequency of the altemating voltage can be varied when this frequency becomes
equal to the fundamental or natural frequency of the crystal resonate vibration
are excited and ultrasonic waves are produced. To prevent high frequency
current a by pass capacitor C, is used. The resistance R regu!ates the action
of grid. /

The fundamental or natural frequency of the crystal is

mmmﬁmwaﬁmaﬁ%miﬁwmﬁmawﬁaﬁ
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@ 91" F gIar 7ar | e 9 e SRS g1ed & QIS B A N @ fire
A 9T 81 i S5 Ngia ) U ORI GAls uRur # g'cll € Al Borawy
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When ;= 1 mm=1x10> m+ E=8.55x10% N/m?, f=2650 kg/m’
1 J‘B.SSx 10"

. Therefore, | 7 =

2x103 ¥ 2650
. ;r ) .. - ms \/?5‘5"
; 2x10> V2650
or, | n=05x10% x 0.0568 ;
or, n=00284 x 10° , —
n=284x10% Hz Ans.

Q. 2 What is difference between sound waves and ultrasonic waves? What
do you understand by acoustic grating. How is this grating used in finding

out the velocity of uitrasonic waves? ~ {2000)
or
Describe a method for determining the velocity of ultrasonic waves in
liquid. | (2003,2012)
or

What is acoustic grating 7 How is this grating formed. Describe with
necessary theory a method to determine the velocity of ultrasonic waves.
(2005,2014)
Sol": Sound is the term used to represent the longitidinal mechanical waves of
frequencies to which the human ear is sensitive. These are called the audible
sound waves. The longitidinal mechanical waves having frequency, above the
upper limit of audibility (20,000 sec) are called uitrasonic or supersonic waves.
This wave length in air is of the order of 1 cm. The wave length of uitrasonic
waves are small, so it is. possible to produce paraliel beam of these waves
and to focus them; because they do not diffrant like sound wave. The intensity
of ultrasonic waves are much higher than the intensity of sound waves.
ey, arRe Tifsrp a’wr &) g7 engfea uslRia &=l 2 W {6 w9y & &1+
ERT AEgd fhar St Goar & | A st eafy a3 weard! 2 | 9 R A
Wﬁwmmwﬁwﬁaﬁmmﬁwm%ﬁwm
T BET § |9y 39 a9 & O A 1 9N D eraard gt §1 g
RISt T T a9 2w wier glar € I g9 a9l BT EARR fHeer 4w

I PR GHA £ 3R SR Breg W) BR G & | grsy a9 9 daen
e <t @Y Naar Q@ HrHY 1fs S
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Determination Of Velocity Of Ultrasonic Waves in Liquid : The ultrasonie
waves are longitidinal mechanical waves, which when travei through a liquid
or a solid medium, result in compression and rarefaction. When a plane
ultrasonic wave is sefup in a liquid, the pressure varies with distanice of the
source periodically. Therefore, the density and refractive index of mmedium varies
periodically with distance from the source along. the direction of propogation
of the wave. For a stationary ultrasonic wave system in the liquid, the density of
the liquid is greater in nodal planes than in any other plane. If light passes
through the liquid at right angles to the ultrasonic wave, the liquid behaves as
a diffraction grating (or a coustic grating).

URTHRA TN P 7 G A ST BT - ORI a¥r e aifdes avr
BIH 8 SiY fb 519 &9 a1 o "regd 3 oRdY & o anaw A wue den ke
ST BY SICl & | 19 Y& Ade g-rstey ot fosit ga & g fear siar
8 <f Jremd ¥ q9, WIa D g0 D A1RT AT B § gade & | I ' a
IS (HTH BT) TN D T B e ¥ anad wa @ g § 0 & qe
IEAdl REAT B | €9 H, YT URsTed a¥nT @ foY 89 o1 99 e dolt
R &Y 3= o<l & amier 3ifdres gvar € | afe uristen a9t ¥ 90° @ BT R
~ YBTE B O A1 79 acte AT a1 yeilRes AT &) ore wger oxar

The grating element is equal to the wavelength of the ultrasonic waves (ray
Ag). If g is the angie of diffraction for the n* order maximum, then

afer w1 ARET velie w7 & sty ool & o’ Qb A S qwEN B
81Uk g N T HH BT ARNPHaH BT A Agsin€=ni
ni
sinf
If Ag is the wave length of light used , v is the velocity of ultrasonic waves
in liquid and v is the frequency of these wave then

Al Ag WHT B O’ T 7 IS a¥T BT o9 H AT L 97 » =4
TR B g & ar

or As=

v=00A
v
or Ag= PO @)
From equ (1) to egn (2) we get
A =2 = s
v sin@
’ > 2nvi
= _ sin®
Here v = Velocity of Ultrasonic wave.
n = is order of the spectrum.

v = frequency of ultrasonic wave (frequency or R.F. oscillator).
A = wavelength of monochromic light.
Now, with the help of this formula we can determine the velocity of ultrasonic wave.
The experimental setup for the determination of the velocity of ultrasonic
waves in liquid are shown in the figure -3.
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L.ight from a source is condensed by a lens L, on the slit S, of a collimator
(> so that a parallel beam of light is obtained. It is passed through a trangparent
catl filled with the experimental liquid. A quartz crystal fed by a radio-frequency
neciiator is suspended in the liquid such that the generated uitrasonic waves
are propogated in the liquid at right angles to the light beam. The ultrasonic
waves are reflected back from the wall of the cell and stationary wave system
15 setup in the liguid. The light beam passing through the equivalent grating is
diffracted. A number of diffraction iimiages on an either side of the central zero
urder are observed through the telecope.

Experimental setup for production of Ultrasonic wave
Fig-3
YIS G DY g4 H AT F(G A B YR agavern Ry 3 7 fawar
T4T B | TR 60 g9 i e & forg gwter Y o L, BT Reie 5, ue
wfaa sar sar & | a8 worw fBRvr go1 urRihffres g9 - Torar & o & urael
& | Up Falew W ST ORI 991 @ T 951 T yester fawor gor & HeRor
B TaeT & ervaay 8 ) IO o8 399 @ Sar ¥ gviafda 8 oY @ el
g ¥ ayysmY qa venfua ' unar 8
UHTER {BRoTYST W9 A 99 | TOIRT @y € 9 §9 TN ORT @B
v WY & fQads aiey o1 ot exar € gt &) sar 8 1 2oy g1
SR YR HA B ARG 95 9R Rafda geu faad < €.
l'g. 3 : Describe the method of detection, properties and use of ultranonic

waves . Find the frequncy of the first and second mode of vibration for a
guartz crystal of plezo-electric osciilation. The velocity of longitudinal waves

in quartz crystal is 0.0& meter. - {(19989) OR
Write short noteon Ulirasonic waves {2002) OR
Describe a method for predection of Ultrasonic waves. What are the ures of
ulitrasonic waves. {06,07,2015) OR
Write down the properties and applications of Ultransonic wave. (2010)
Soi": Detection of Ultrasonic Wave : (2013)

{1) Low frequency ultranonic wave in air can be detected with the help of
sensitive flame and rotating mirror, In a stationary ultrasonic waves-system,
the image of the flame in the mirror rotation present a saw teeth appearance
when placed at & node and a continuous appearance when it is placed at an
antinode. - |

{2) When ulirasonic waves fall on a quarlz plate, elastic vibrations are set .
Due to a piezo electric effect, electric charge produced on the faces of the plate
narmal to that on which the waves are falling . The potential difference so
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developed is amplified and detected by a suitable device. B
(3) A fine platinum wire probe is moved along the stationary ultrasonlg

wave system. Periodic heating and cooling at nodes take place due (@

compressions and rarefaction alternately. It produce a change in electrical

resistance which can be detected by a wheat stone bridge.

e a3t dr ferer -
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Properties of Ultrasonic waves : - é

(1) As the intensity of a wave is proportional to the square of the product oft
~ amplitude and frequency of the particle displacement, it is possible to generate;s'f

ultrdsonic wave -of much higher intensity than sound. :

(2) The wavelengths of ultrasonic waves are small so it is possible to,
produced parallel beam of these waves and to focus them, because they do
not diffract like sound waves. . 1

(3) When a plane stationary ultrasonic wave is generated in liquid, a
structure equivalent to diffraction grating is produced, which in known as
acoustic grating. . :

(4) They do not disperse in air. Except to a small extent at very high_-.{
frequencies, they travel at a fixed - speed independent of their wavelength.

(5) As the wave length decreases, the attenuation of the wave increases,
that is the dissipation of sound energy of the gas molecules increases. - i

(6) These waves of higher frequencies than 10®Hz in liquid and solids aret!‘
called microscopic wave. They produce destructive effect in both solid and :
liquids. - ’
g Al B qOT— ‘
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Uses of Ultrasonic waves :

(i} Ultrasonic waves in solids and liquids both produce destructive effect.

(ii) A focussed beam of high intensity waves can be use to drill square
holes in glass or steel.

(iii) A strong beam in liquid produce cavitation, that is, the formation, of
bubbles. It is used to scrap off material cleaning to any surface immersed in

the liquid .
(iv) In low temperature sterilizing processes as bacteria are killed by the

cavitation.
“{v) They produce a soothing massage action on affected joints and are

used widely for treatment of muscular pains.
(vi) They are useful in locating the eye tumour, brain tumour and in the

treatment of mental patients. |
(vii) it can be used in bloodless surgery, painless dental cutting.
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Chemical Effect : -

(1) Ultrasonic waves accelerate the rate of certain chemical reactions and
others retract.

(ii) When suspension of solid particles in liquids are subjected to
ultrasonics, they can be dispersed or coagulated.

(iii) Air can be washed to remove particles. This effect is used in landing the
aeroplane in the frost. %

(iv) Ultrasonic beam keeps the metals well mixed, like iron and lead. An
alloy of natrium composition is obtained.

(v) Stable emulsions of one liquid in another can be made by passing
these waves into the mixture. Photographic films are made with its help.

2 IFTSfTS UHTa:—
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(3) Ultranonic Echoer : The principle is to produce a short pulse of waves and
to measure the time interval before a.reflected pulse returns.

(i) Bats use echo techniques with ultranonic waves to locate obstacles and
small objects such as insects

(ii) Sonar, a system for measuring the depth of water below a boat, uses
the echo technique at about 40 KH,, dispiaying the cuigoing and returning.
pulse on an oscilloscope..

(iii) Ultrasonic echoes can be used to measure the thickness of materials
and to detect flows in metal objects iike railway lines

{iv) Ultrasonic rays can be propagated in the form of a fine pencil of rays to
detect the submarines, icebergs, fishes etc. in the ocean,

URTHS FH1 — THGT GG a0 B B Uew BT IeUTIT BT de TP
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in the lowest mode of vibration, the distance befween the two ends of the!
crystai (length ;7 ) will be i /2 .Therefore
A=21=2x005=01 meter.

| F o 55%x10°
l.owest frequency, 7 = — = =y =55 10 1z

or n =55x10%Hz
the Second mode, the frequency is
ny=2m =2x55x10"=11x10* iz Ans.
.4 : Whatare ultrasonic waves ? How is the method of piezo eiectric effect)
used to produce them ? Discuss the properties of ultroasonic waves and
their application in various fieid. . (GKP-2004,2607,20186) |

Soi": Ultrasonic waves : - The fongitudinal mechanical waves having
frequency above the upper limit of audibility (20,000/ Sec) are called Ultrasonic |
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or Supersonic waves. Due to high frequency, ultrasonic wave can not stimulate
our ear and hence special devices are used for their detection.

GRIEER a3a— QA e aif¥yast a3 oy Wcﬂ'*ﬁc?ﬂ'swqf:“f
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Q.5 : Write short notes on acoustic grating. (2006){(SU-2016)
Sol": Ultrasonic waves are longitudinal machanical waves, which when travel
through a liquid or a solid medium, then it produces a compression and
rarefaction. When there is a compression, the density of the medium is above
the normal value and at the place of rarefaciion the density is below the normal
vaive. In travelling wave, the position of compression and rarefaction
continuously charges. If, however a reflection is placed in the path of the
travelling ultrasonic waves then they are reflected. The reflected and the incident
waves superposed as result of which standing waves are formed. At the nodal
wave superpose as a result of which standing waves are fermed. Al the nodal
planes. The density is maximum and at antinodal plane it is minimum. The
position of nodal and antinodal planes remain fixed. Such a medium whose
density periodically varies in space is called Acoustic Grating.

if a beam of parallel monochromatic light is incident on the acoustic grating,
diffraction pattern is observed. :

Measuring the angle of duffract:on corresponding ¢ various orders of the
spectrum, the grating element’ ¢ ' can be determined from the grating equation.

esin@=nl,y

Where 5 is order of the spectrum and A, is the wavelength of the light. We
kKnow that in standing waves. The distance between the two consecutive nodal
plane is 1/2 where 2 is the wavelength of the ultrasonic wave. Therefore-

A
e=-—
2 _
from which 2, the wavelength of the ultrasonic wave is determined.
Reflector -
I order
' If order
.‘-’?‘—l’ \
a3 ] ._.—-—-3?"‘. ’ I Ordel‘
% \
(g > Zero order
|
.3’ e I order
—-...:B”\ \// 11 order
HI order
Crystal  Osdillator
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Q 6. Describe the method of finding fault inside a metallic slab with the help
of ultrasonic fransducer. (2009)
Sol". The fine internal cracks and flaws in metal act as good sound reflectors
of ultrasonics whose wavelength is smull compared with the size of the cracks
- or the flaw. Hence they can be detected and located by echosounding
techniques. A part of the surface of the metal is polished and a small ultrasonic
generator is placed on it which sends a beam into the specimen. The beam
will be reflected at the for surface and also at the crack or flaw if any. Near the
generator is placed a receiver also which picks up the reflected echoes, which
are ampltied and displayed along the time-base of a cathode- Ray-Oscillo
graph. The time-base shows a blip A in the beginning corresponding to the
signal received directly and a blip B at the end due to the signal reflected from

the far surface.

Blip fromflaw

©®)
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Any signal due to the flaw-appears between A and B. The interval between
the first and the last blip gives a length scale by which the exact location of the

flaw can be known.
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