++ Product Features

In this model of Michelson interferometer, sodium vaporlampis used as light source. Components
are assembled on 2n Optical breadboard for setting up the experiment. Both the mirror mounts
have kinematic adjustments and one of the mirror mounts is placed on a translation stage with fine
and coarse adjustments. Diode laser is used for setting up the interferometer initially and the
source is replaced by Sodium vapor lamp.

«: Getting Started

a. Quick Start
Please checkifthe following items are present while the instrument package is delivered.

Optical Bread board with Rigid Support
Diode Laser with power supply

Sodium vapor lamp with power supply
Kinematic Laser mount

Beam splitter with mount

Front coated Mirrors with mount (2no.)
Rotation stage

Glass slide

CCD with mount

LCD screen Qptional
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bb. Safety and Installation Instructions
@ Laser radiation predominantly causes injury via thermal effects;
avoid looking directly into the laser beam.
@ ltis best that students work in low light dust free atmosphere.
o Care must be taken while handling the Optfca_l components since this
experiment uses precision optical lenses and other high quality components.
- @ Please don't put your fingers on the main bptical surfaces but hold ™
components by their edge. - -
e  Always keep the equipment _i'_n_-"a mois,lt_ﬁre and,dust free atrriosphere. )
=« Fundamentals
Aim: 1. Todetermine the wavelength‘bf-mb_nochro_maiic-;.I.fght. _ _.'
2. To find out the difference in wavelength of D1 and D2 lines of sodium light.
Theory :
' © Mirror M
L1
k2 -
o o =
- 7 5
-Light Source - — . §
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 Beam Splitter  y L
o
_Screen or Delector-
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M and M: are two pl

ane mirrors silvered on the front surfaces. They are mounted vertically on two
JaPSamlcn Q*gqes p]

aced at the sides of an optical platform. Screws are provided at the back of the
nolders, Adjusting of whi

ich allcws M1 and Mz to be tilted. M1 can also be moved horizontally by a
micrometer attachedto the M1 holder.

The beam splitter, aplanarglass plate parially
silvered (50% - 50%) on one side. It is
mounted vertically at an angle 45° to the
incident light. When light from the source is
allowed to fall on the beam splitter, one portion
is transmitted through the beam splitter to Mt
and the other is reflected by beam splitter to
Mz. The reflected beams from Mi and M2
superimpose at the beam spliiter and

interference pattern can be observed on the
screen.

The two beams of a Michelson |nterferometer1nterfere constructively when the waves add in phase

and destructively when they add out of phase, producing circular interference fnnges as a result.
With Sodium source the wavelength isgivenby-:;*

R

=(2d/NjA,'

Where ‘d’is the change in position that occurs ‘N’ fringes {o pass
and A is the calibration constant of the micrometer.

The interference pattern observed with the sodium lamp contains two sets|of fringes which
disappear when the bright bands of one set are superimposed on the dark bands of the other.

The wavelength sepération of the Na D-line doublet is easily determined by observing the
successive coincidence and discordance of the two sets of fringe systems produced by the doublet
of wavelengths (X, and 2, with ), > 1,). As D is increased, the two systems gradu] ally separate and
the maximum discordance occurs when the rings of one systemn are set exactly halfway between
those of the other system. The discordance positions are most clearly seen{as minima in the

contrast of the pattern. Then the wavelength separation , - &, is given by

=END) !'F_“_ Holﬁ;a&_:_bpto Mechatmmcs Put. Ltd !
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b — = Arhal 2D
= ha =X 12D

Where 2. is the average wavelength of Sodium, D is the is the change in
position of the micrometer for two successive discordance / coincidence.

:+ ExXperimental Set-up

1. Fixthelaser mount on the bread board and place the beam splitter at 45°

2. Fixthe high precision mirror with translation stage ( M1) & mirror with coarse movement (Mz) in
equal distance from the beam splitter.

~Holmarc Opto Mechatronics P Lt | Y
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Uo o Heplaco thes scresnwith Carne ul,m;m;!hnlrm(;r:p::lh:rnnm_hff dicplay.

Procodure
To determine the wauclenaih af monochromatic 'h'ght.

1. Firstly setup the Micholson Intarferometer with laser. You willget clear circular fringes.

2. Rolato the micrometer of high procision mirror translation stage (M,) to count 20 rjos. of fringes
and nole down the distance moved for 20 fringes, This distance [s taken as 'd’,

Holmare Oplto Mechatronics Pyl Lid ! 06
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3,
We know thewaveiength oflaser ,.=650nm and N=20nos.

We have the equation, 3 =(2d/N)A
A=2/Q24dIN)

So we can find out the calibration constant of the micrometer.

Replace the laser with Sodium lamp and screen with camera. You can see the clear circular
fringes on the LCD display.

Rotate the micrometer of the high precision mirror translation stage and find the distance
moved for 20 nos. of fringes. ThIS distance is taken as ‘d". We also know N=20 nos. and A from
above calculation. s :

6. Thenwe can find outthe wavelength of sodium light by using the equation

= (2d/N)A

To determine the wavelength separation between JDl & D, lines of Sodium light. *

_ 1 Firstly setup the Mlchelson mterferometerwnh sodlum hght and getthe clear mrcular fringes.

« 2. Then rotate the mlcrometer of the m1rror translatlon stage (Mz) and you can see that the fringes

are’ ‘most clear atcertain pesmons ofthe mlcrcmeter In scme other posmcns of tl'le micrometer
_yctrcan notice that the fringes dlsappear '

3. When the SOdIle D Ilnes are 1n phase together, the fnnges are clear and sharp. When one line
“isin phase at a point but the other'is out of phase and vice versa, the fringes are washed out
and indistinct

4. Sonote the reading of the micrometer when there are no fringes.

5. Then rotate the micrometer to get the same condltlon (no fnnge) again. Note this position of the
mlcrcrneter

6. Find the difference and take this as D (change in position of the micrometer for two successive
discordance/ coincidence.)

7. Then wavelength separation Ji—kz2 =1'/2D
where Aisthe average wavelength of the sodium.

4 "~ Holmarc Opto Mechatronics Pvt. Ltd
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{.  Calibration Constant
Wavelength of laser A = (...

Loast count of the micromeler =

e —— ey

Measurements

. Fringes Micrometer reading . . |" '~ PR RO '-",:.Ca“-br?-ﬁ?n-;’f
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2. Combined wavelength of Sodium

Average wavelength A =.
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! Micrometer reading . B
: Frial | crometer reading Distance Moved . 1
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Result ;- !

Wa\'nlunglh separation of D1 and D: lines of Sodium

1. The wavelénglh separation of D1 and Dz lines of sodium is ......L.

2. Error percentage
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@) Para-magnets_c lons 1:-11-~'Gf§'?5‘=f‘-':1'-15;_
(b) Unpairzd electron in semi-conductors and organic free radicals,
(¢) Colourcentres, and radiaiion damage cenires,

(d) Ferro and anti-ferro magretic materials.

S B

ELEMENTARY MAGNETIC RESONANCE

The fundamentals of elementary magnetic resonance may be understood in terme
5@’ simple classical concepis. Suppose a particle having a magnetic moms=nt p is placed i
- uniform magnetic feld of intensity HG (Fig. | a). Then the moment }1_ will precess around

o A

with an angular Larmor frequency T

0 : - (ch] Ho {l)

g being the Landc' g-factor ( g = 1 for pure orbital momenturn and g = 2 for a free e lectron sgm,
For the case of anion in a crystal, the behaviour is modified by the enwmmnent and the & facﬁa
may differ from the Lande' g-facior. This effeciive g- factor is known as the Shrchuce

splitting factor. )

We now mi‘roduce an additional weak magnetic fi ﬁld.@nented in the xy plane
‘.bout the Z axis (m the same leBCIIOH as the "Larmar preces _Qg_ ) wi




placed in a magnetic field I_-IE (a). The spin

an; 05 c0 15 a constant of the totion. ().
In addition to Hy a week magnetic field H_[ 18 now alsa epplied. 'fvfl is rotating a :
the 7 axis with angular frequency w, and therefore’ ji precesses about H, with

: Precession of a magnetic moment y when
Precesses with angular frequency oq = v H, ; the ang

frequency wg =y Hy; 0 is not any more conserved.
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Let us Brocen g
. Proceed 1o consider the quantum picture of elementa

1

Suppose that the intrinsic angular iy

m 1 e Bt b tron .
omentum of eleetron T g give a resultant T, We know, that J + 1 magn

P the magnetic field H by equal energy difference,

Uetween adjacent sublevels, where |1, is the Bohr magneton and g is the Lande' g factor or g -

factor whose correct quantum mechanical value is

BT o SEsRn
201 +1)

g"_-_

Now, if the particle is subjected to 2 perturbation by an altemaling magnetic ﬁf@idwfxﬁ&; el
frequency v, such that the quantum hv, is exactly the same as the difference between the levels, 3&, ‘
A E and if the direction of the alternating field is perpendicular to the direction of the static ‘“ﬁ“
magnetic field, then there will be induced transitions between neighbouring sublevels according 1'5’5
to 'thé selection rules Am et I for magnetic dipolar radiation. §

Therefore, the condition for resonance is

AE=gpu,H, =hv;=hv, (2)

Where v, is the resonance frequency in cycles/sec. This requirement is identi
classical condition w4 =g,

In atomic spectroscopy, we do not observe
different m (labelled a, a and selection rules 2




T 9=Lf3
P iy
ay =37 ﬁ
F
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Fig 2=

Energy leveis of a single valence electron atom show

the fine structure, the P state is spht into a doublet
under the in

g a P state and an 8 stasa Due to

with J=23 and j = 122, Fflj:_;:_f'
fluence of an extemal magnetic field each of the 1

els as shown in the ﬁgure where account has been taken o
of the clectron. The magnetic quantum number m;
the g facior for each level. The arrows mdlcate

sublev

for cack %ubl@vel 18 aisa
the allﬂw:ad tran




$LECIRON SPIN RESONANCE |N SOLIbsS
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entof an 1salated magnetic pamsfc:._ @;-&

tance in a magnetie field will de;a&md o ik
I the diamagnetic particles. There are m

proceed from the tregime
The behaviour of 4 paramagnetic subs
the particles with one another and wit
interactions.

e

g

(a) Spin - Spin In
yod which the spin interacts with a neighbouring spin but the, el et
spin system remains constant.

P ) S i _ _ X
i (8) Spin - Lattice in which the eleciron spin interact with entire solid or liquid, transformung

Tincrgy Imm the spin system to the lattice which act as a therma} reservoir. As a matter of fact it
is the spin-lattice interaction that makes possible the observation of energy absorption from the

radio- frequency field when the resonance frelquency 15 reached.

T

b To understand this last statement, consider a paramagnetic substance ip a magnetic field
?  Hy and say the equilibrium state has been reached,, The population of individual energy jevels
will be determined by the Boltzman distribution e o™/ KT here m is the magnelic guanturk
number, It can be seen that the pop}ulation of the lower energy levels are greater than those ofthe
upper levels and, therefore when a periodic magnetic field with a resonance frequency i8
3 result the substance

T R

switched on; the number of induced radiation events will be more and as a
will absorb energy from the radio-frequency field, Thus, two opposing processes take place in o
ESR. The radio frequency ﬁeld tends to equalise tne population of various levels and the spin ;t

" pracess (provided the spin-

lattice interaction tends to resfore the 130112{113.11 distribution by conversion of the energy

absorbed from the radio-frequency field into heat.

RELAXATION AND SATURATION
we see the mechanism through which the electron return from an
or relax back to the ground state, This process in the field of

In the preceding para,

excited state to the ground stdte . eld
magnetic resonance’s (ESR, NMR NQR etc.) is know as relaxation and the time taken by the

ed the relaxation time, This complete process may be considered as two tate
spin interactions are much stmngcr than the spin-lattice inter: '
m the radio frequency magnetic. field and the ﬁth_____:j_ !
n by this process is known as the ¢

process is call

First, the energy is absorbed fro
_ established inside the spm system’. Thc time take

'ﬁmmm time and i L,
, though mtal energy is conservecl.. an




{ine and is.a measure of the rate of transfer of encrpy from the spin systen fo the lathce

10°° gec } 50 lhat"’tl-"h;g b

In optical spectroscopy of the relaxation time is ishially very short ( ~

o, e . i i i 2 ¢ X

? weasation ume does not impede the absarption rate. In radio frequency. on the other hand
typical relaxation times are in milliseconds or longer and ihe spin do not have time to relax ifithe

CACTRY is supplied at a faster rate. This situation is called the 'Saturation State'. In other words,

i AR

no additional encrgy is absorbed, if the radio- frequency field power is increased beyond ceriain

level.
!
: 2 B SCE N b » i
__ LINE WIDTH AND THE SPIN-SPIN AND SPIN-LATTICE INTERAGTIONS il
! @
s il
Fhe eifect of the Spin-spin interaction is to slightly shift the exact position of energy level :

of any individual spin in the external field. This energy shift clearly depend on the relative 41
§ orientation and distance of the spin and thus is different for each spin, resulting in app arent ,
broadening of the energy level. Another way of thinking of the spin-spin interaction is that one "E
; electron spin produce a local magnetic field at the position of another spin. Thus, the widthof
;'. \
g absorption line due to spin-spin interaction may be estimated as = where T' is spin-spin
relaxation time.
: If the spin-lattice intzractions are not weak the spin lattice relaxation time T will also be
% introduced. Let us consider the probability of a transition of an individual paramagnetic particle
g from onc magnetic level to another under the influence of thermal motion. If the probability per

- PRL : 1

second equal A , T ~ i and the absorption line width would be of the order of T In general
t (D, 1 ; ol
r' case, however, the absorption line width may be estimated as "i: :[T' 5
: Thus, we see that from the width of absorption line it is possible to measure the relaxition |
L - thie field involve tudy of relaxation phenomena wh 1ch in |
! time. In fact most of the research in this field involve the study dflr > pRerGe : :
i WAL pem e i : stions in solids and liquids
| turn provide information about internal interactions in soli 4 hiquds,

The peosition and number of lines of paramagnetic resonance absorption also depend on

TN

the internal interactions.
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2. The probability of spontaneous trarzsmon in the radio- frequenc
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determining the position of the cnergy levelsof magnetic particles. It

15
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Paramagne
1 [1L TESOITANCE 15 an mtegral par[ uf‘ sp@g{rgchwy' as 1

n with optical :spectfesaeps«‘.

Let us frsl note that the frequancies used in magnetic I't'zﬁo-ﬂance:éxpefrments .
to 10" ¢ps. These [requencies situated below the limits of the infrared part of the spectrumy,
so small that they are

allow highly accurate investigation of energy level sphitting

r B
tie pucuniar oatures of Paramagnetic resonarice in compariso

inaccessible or almost inaccessible by optical methods. R
y region 18 very small, since *
this probability is proportional to v'. Therefore, in paramagnetic resonance studies one is S
forced to deal only with induced absorption and emission.
While in the great majority of cases optical spectra srise from electric dipole transri-e.i_,ﬁn-s
vely from

between energy levels, the lines of paramagnetic resonance absorption arise exclusi
the Einstein Coefficients for induced absorptmn

maguetic dipole transitions. Consequently,
ller by roughly four orders

and emission will, in the case of paramagnetic resonance, be sma

of magnitude.

As a result, the paramagnetic resonance effect is exceedingly small; if it can be observed at >
all is due to the high sensitivity of electronic methods of detection and the enormous number o
of photons coming into pley (1 mW corresponds to 1= 1972 photons per sec at a frequency of 7
10 cps). : '_

In the optical frequency region the line width is always very small in comparison with the 3
fundamental frequency. In paramagnetic resonance the relation between these Ghmi :
becomes quite different, since the interactions causing a broadening of the lines can be of the

samme order of magnitude as the energy splitting which determines the resonance fmqueney

Because of this the width of paramagnetic resonance lines is often comparable to the
fundamental frequency and can be measured with great accuracy. This opens up mﬁe, _
possibilities for inv CStlgaUOI‘l of different types of interactions in paramagnetic substances by o
means of analysis of the shape and width of a paramagnetic resonance line and

{5

character of its dependence upon various factors.
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At [l
: ‘t'f_»ﬁi?i,lajl_.’l_y, thermal molion; the natural line widths of radio- Irc_que-'n-cy Spé
hegligible

In contrast wih optical ExXperiments, in radio-frequenc ¥ spect
hromatic that the gene
HATTOWer than the absorption line width

TISCOpY it is cuslo

radiation which is so Mmonoe rated band of freg uencies is incomp

g Persmiagnetis resonance Spectra are not studied by varying the frequency of the ingj

radiation, but by varying the characteristic frequencies of the absorbing systems, This ifs:','--‘, _,
! achieved by varying the static magnetic field. _,i
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CHAPTER 2

GENERAL CONSIDERATIONS

j{ For a [ree electron, by substituting the proper values of constants !
+
b

p =200, py=0927X

10 org / Gauss and h = 6.625 x 10 erg. sec. in equation (2), we get,

v
j —£& =2 8 MHz / Gauss

; Ho

That i1s ESR can be observed at radio frequencies in a magnetic field of few gauss or
£ otherwise in the microwave region in a magnetic field of a few kilogauss, The latier alternate has
I A %

%S many distinct advantages

(2) For each transition the absorbed energy is much larger, and thus the signal-to-noise ratio is

L3

much improved.

is used, thus providing separation between levels that are intrinsicall y

wide and would remain partially overlapped at low fields.

referred for research purpese,

F

g : ;

g (b) A high magnetic field
E

S |
g Because of these advantagss, ESR in mitrowave region is p
2

k

¢ though, itis very sophisticated and expensive. ;
& e :
The former is preferable, where simplicity, easy operafion and cost factor are the main ‘

ccnsiderations and no high resolution is required ideal for postgracuate level experiments.

;
=
§ EXPERIMENTAL TECHNIQUE
g In the radio frequency region, two types of methods are chiefly used

§ 1. The method of reaction on the generator
? 2. The method based on a detérmination of the change in a load factor of the oseifl-l&ft;;jy circuit
! !

due to paramagnetic loss.
 The latter method has been used here. The sample under investigation is placed in an i
¥ coil, wﬁich is the component of the tank cireuit of (he oscillator (generator). This
Zavoisky's technique. It is based on the fact that under certain 'c'and;i-‘tieozn-s-Ié;sfxtzh..;.a&
power from generator, the watt load ( A w ) on the generator changes s

ééﬁﬁn‘ima‘l to the change in bafse current A J, or col-tec.tgp -emﬁm A Ic '_
: _:h%t&w;&v-eﬁ holds only the power dissipated by the
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PESCRIPTION of Tig ESR SPECTROMETER

A block diagrami of {lye ESR Spectrometer is given in Fig, 3 and [y
page.

1. Basie¢ Circuit : The first stage of the ESR ¢ reuit consists of a critically adjusted {mafgzrzalj
having a frequency range of approximately 10-17 MHz. A marginzl
oscillator is required here 5o that the slightest increase in its load decreases the ampTituc
oscillation to an appreciable extent. .Th ;
which in turn, js b.l

radio frequency oscilator

&
¢ sample is kept inside the tank caﬁil’.’ of this G‘:{gﬂiﬁamﬁ _
aced in the SO Hz magnéti_c field, generated by the Helmhoitz colls, At

resonance, i.e. when the frequency of oscillation equal to the Larmer's frequency of the sample.
'[ the oscillator amplitude register:

S a dip due fo the absorption of power by the sample, Thie
; obviously, occurs periodically - four times in each comiplete cyele of the
voltage. The result is in amph

Helmboltz opils supply
tude modilated carrier (Fig. 4A) which

diode detector and amplified by a chain of three low noise, high
amplifiers of excellent stability. A sensitivity control con

the input requirement of any oscilloscops.

is then detecied usng & o
gain zudio - frequency o
trol 15 provided in the amplifier to suit =5t

. S T P ST

e
L

2. Phase Shifter : In order to make it possible to use an ordin

ary displaying type ostlioscope, tter
instead of a measuring oscilloscope whiq_h preserve the phase between X and ¥ p-lai‘gs_gi?gnﬂ\%__\a
phase shifter is provided. This can compensate the phase difference which is introduesd :

amplification stage of the ordinary osciiloscope,

The circuit diagram of the phase shifter is Shown in Fig, 4B The peimar

transformer is fed from the 230 V, 50 Hz mains and the secondary is centre ! devre

V1-0-V, (say). The operation of the circuit may b-_e,e::c-pl-aijn@d with the help of the v ctord

shown in Fig, (4B). The vectors OA and BO represent the voltage developed in the

phase and magnitude. The current flowing in the circuit ADB |

{hapresance f capacitor C and is shown in the diagram as

R, ie Vgisin phase with the current I, and the
' t. The vector sum of V. a




At B ‘g

FIG, 4(A)




Fig.: Chemical structure of DPPH (2,2-Diphenyl-
L-picrylhydrazyl, (free radical, 95%) )
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therefore, have a constant magnttude equal 10 v,

the voltage which is fed to the X-amplifict of the

and its phase, )
oseilloscope 10 carect for any phase ¢l
i e migh( have 131.(3'1 plage in the rest of the elrcuit.

} 4 “ 50 Hz current
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HD Filiied LLEST & o
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F magnetie fields, no static D.C. magnetic field is required.

(2) D.C. Power Supply : The ESR circuit requires a highly stabilised almost ripple free voltage.

g 4. Power Supplies :
E Itis obtained using an Integrated circuit regulator. The specification of the D.C. power supply are

i () D.C. Voltage SRrlace

E (1t) Load regulation 2 Ousis
(111) Line regulation ¢ 0.01%
(v)Ripple e e

(v) Long Term stabifity - 0.1% per 1000 hrs.

(b) Helmbeltz Coils Power Supply : The Helmholtz coils power supply consists of a step down
transformer (220.to 35 V AC) separate winding on the mains fransformer. a potentiometer (12

- 15 W) and a moving coil rectifier type meter. The output is taken from the two terminals
provided on the panel. _ 5‘
i

5. Helmboltz Coils :‘There are two coils exactly alike and parallel to each other. so conmected
that current passes through them in the same direction. The two coils increase the uniformity of ’;
the field near the centre. - eS¢ e

-, e

Number of turns : 500 in each coil
Diamerter of the Windings : 15.4 cm
Separationi of the coil 7.7 cm

In the centre of the coils, an attachment is provided to k@ap
minimise shocks and vibrations,




6. Test Samplé = A test sample, Diphgnyl Picryl
which itsell is in the induction coils. Thié 1‘!1(-":'&3'-’%133 sl

free radical and widely used as a standat é for ESR measuros
§ lor Bols MEAS

g | L nE _ Ahk \ ;

7. R.F. Osciliator : it 1s a transistorised fa'-id:i o frenuchil

of resonance {requency. The power (o it s provided forrs
Freguency range LS MHI -180 MHz

Accuracy - Better than 0.5%

8. Controls & Terminals : (Please refer to Fig. No. 4)
. To switch 'ON' or 'OFF" the ES R Spectrometer.

. To adjust the amplitude of the output signal.

(2) Sensitivity
(3) Phase . To adjust the phase between ¢ A e

(1) Mains

- To control current in Helmholtz coils.
| I

; (4) Current
o)) B Coils . Terminals and switch for Helmholtz cotls.
E’ (6) Frequency . To adjust the frequency of the Oscillator. .

Ty XL E- . ForX, ¥ and Earth terminals of the OSCIGICORET G

cope is nof supplies with the spectromete

9. Oscilloscope : As the Oscillos
‘the control knobs and functioning of the Os

ker is already famniliar with

the wor

question.
Any Oscilloscope, normally available in the laﬁ‘ofa:té::fy of the fo

better, will be quite suitable for the obszrvation of ESR resonance - %
o ; ; Tt =i . | e T i
Screen diameier ot i g A T

' Vertical amplifier sensitiviy 50 mV / cm

INSTALLATION

ly tested and ch

The instrument is thorough
from the list

check for all the components

Please

avjiﬁ



i A
P b

i instaflation proceed as follows

% . | eiliator through the socket:

) "Eennect the Coavial cabile of the induction coil to the Oscillator HLOH:

PR L : . s s Lt e A

2) Connect the Helmhol{z coils to the terminal marked 'H' co S
\ b \ IR seter to the X late. pe

' 3) Connect the terminal marked X, Y, and E oh the ESR Spectromel P

| e _ Ml et i o s Al o

| Input and earth of the Oscilloscope respectively and switch the Oscilloscop
e 3 I - : : - 7 7 and "W"['.Ch = O ]hE:
4) Connect the spectrometer with the AC mains 200 to 230 Volts, 50 Hz and swi

power. Ensure that the equipment is properly earthed.

OPERATION
1) Switch on

2)

'H COIL' power and adjust the current at 150 mA.
Set the front panel controls of ESR Spectrometer as follows
Freguency : Centred
Sensitivity : Fully clock-wise
Phase : Centred _
3) Observe four peaks oa the Screen of CRO. Now adjust the FREQUENCY and

SENSITIVITY knobs of the Spectrometer and Sensitivity of the CRO to obtain the best
results (1.e. sharo peaks and good signal to noise ratio).

4) Adjust the PHASE knob to coincide the

two peaks with the other two as fa- as possible.




ORIGIN OF Four PEAKS

The observed peaks are in fact absorption dips, because the sample absorb pow
the induction coil, reasons explained in Chapter |, The reason for getting peaks is due
number of amplifying stages in the circuitry.

tl

The spin precesses with Larmor's frequency ( @wg = i ) and herice varies Sa

Zme
magnitude and direction due to variation of magnetic field H, which is due to an altermating
current in the Helmholtz coils. Now if the radio frequency field, o, falls in the range of @, the
resonance occurs. The positions of the four peaks can be understood with Fig. (5).
If the X plate signal (50 Hz) and Y plate signal (ESR output) are in phase the I and II
peaks and III and IV peaks will coincide. The coincidence of peaks on the X~SC%{6 needs to be

calibrated for magnetic field measurements. The coincidence ensures that the m'agnetf'c field is

zero at the centre and has the peak values at the two ends. Complete mergm’ of thc peaks on y-
scale may not occur due to many reasons such as 50 Hz pick-ups, ripples i in the power supp ly etc.
Though, every effort has been made to minimise these factors but the large amplification (=
4000) in the circuitry make them substantial. However, any non- coincidence on the y-scale is
immaterial as neither any measurement of the y-scale is involved in the caleulation of g- factor
nor any measurement 1s made on it,

DETERMINATION OF MAGNETIC FIELD

To calibrate the X-plate of CRO in terms of magnetic field proceed as follows -

1. Adjust the X amplifier (CRO) to obtain the maximum X deflection (say 'P' divisions).

2. Read current ﬂowmg in Helmholtz coils and calculate the magnetic field.

i




Clock wi

Frequency

o
| | - )
= | , WITH 50 Hz
L \ I |
1 o
| ° | |
i ‘:_é i
£ ' }.
11 1V

Fig. § ! The radio frequency field is linear pollarised, which can be regarded as two circularly
polarised field of opposite direction (say clockwise and anti clackwise) is due to change
in direction (clockwise and anti clockwise) is due to change u direction of magnelic
field }'{T, . The resonance occurs when the iwo frequencies ( @, and w, ) becomes equal

in magnitude as well as in direction.

cillating field of frequenc




1 - a

i his 1s the root mean square (rms) field. The peak t@ peak

tepress 5 m i
sents P division of the CRO X plate, The zero lield is at the iddle P“m

3. Mecasu 0
Acasure the positions of the two peaks. These should be at equal distances fr
point (say "Q' division). The magnetic field at the resonance is thus
22 . H

Hy = 5 . Q! Baugs

R e e e s

Ml

DETERMINATION OF RESONANCE FREQUENCY

Keep the above set-up as it is. Power up the calibrated R.F. Oscillator by inserting ”33

" -9V socket " in ESR and bring it in the vicinity of the sample say at a distance of | feet. Tl

the R.F. Oscillator to obtain beats (this will be seen on the CRO very easily) and read

frequency on the Oscillator dial. This will be the desired resonance frequency. If one obser

the beats more carefully by varying the R.F. Oscillator frequercy slowly, he will obtaint b

;f frequency beats twice with a zero beat in between. The frequency corresponding to the zere b
is the exact frequency. The inaccuracy involved in. the frequency measurerment weill

exceedingly small even if the zero beat position could not be detected.

. CALCULATIONS big

From equation (2)

4
%

hv, = gy H
h vy

e af: Hg 1o

Substitute the measured values of Hy and Y
Land y, = 0927 %107 ergf gauss to get theg factor, .=

~—
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FIG.7 LINE SKETCH OF THE RESONANCE PEAKS

30

Y =14.0MHz F =100 mm

Q (mm)

. L AN oHI sy A
40 5:0 60 7.0 i
(amp')

FIG.8 GRAPH BETWEEN -}- VS Q
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Where | Ll : a4
S5 ls_ the current in amperes and other symbals h&*@éﬂmr‘
measured 1s mms the magnetic field is also rms. The peak to p Al magnetic fi ]

Bt o Ll i i

H-Pp =72 \/2 H
The Hyp corresponds to the total X - deflection on the oscilloscope with zero field at

Substituting the vaiues a: 7.7 cms. n =500, we obtain

Bhai o= L1041

HFP = 165.25 Gau‘ss./ amp

T T LT N T N

Let us take a typical observation (Fig. 7). The measured values ar€ -

vy = 14.00 MHz; T = 200 ma B = 100 mm and 2Q= 30 mm 1

Since P comesponds to Hpp, the magnetic field per mm of the X - deflection will be Hp/P

hence the magnetic field for either resonance is

s Boe, 165,257 0.2 X35 SER TS

Ll 100 ?

Substituting the values in the relation

hvy = g By

h v & 625 1097 A n0Sal e
Lo v eesX107 140010t

ol aneo7 3ot 4.96 ) &
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 The
Noscope 10
Y of (he (@S
mntﬂa] scnsth‘»
i bo frequency, el ection

pIag gl IREVINE
2. Obtain the best possible resonance paais by vary
keeping the ¢ urrent

' af 150 mA (say)-
ing throug gh the coils and I

neast
3. Keep the frequency fixed but vary the current flow
corresponding horizontal separation between the two pe

Take five to six sets of observations.

T 4 the
aks (2Q) after ¢ sdjusting

=3 17 }.rl
4. Draw a graph in 1/T Vs Q which should be 2 straight line. Calculate the g-factor usiiig

value from the graph.
5. Repeat the experiment with different frequency.

The reason for drawing graph between /T and Q with fixed is that the reasSUrermie

and Q are likely to contain some random errors.

PRECAUTIONS

1. Expeniment should be set up at a quite place free from mechanical and electrical disturk

2. Y - output from the ESR Spectrometer should be taken through shielded cable tc m
external pick-ups.

3. X and Y plates sensitivities of the Oscilloscope should be adjusted such that they shou
the lincar range only.

4. Since the Helmholtz current is unstabalised, care should be taken that it should
constant during the observation.

5. High currents { ~ 200 mA ) should not be allowed to flow through the Helmholtz co
extended period. This will unnecessary heat the coils which may ge‘k %m%_jj“_

time.
6. If the peaks do not coincide on the x- -scale, check the mnusem-g} N
voltage which may be distorted due 1o overloading of the

gadgets working on the same line.

Do not use AC Stabiliser as it is likely to istor
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= raraday observed that when a transparent medium is subjected to ap external
I — - - - - 2 :
field. the planc of” polarisation ol o plane-polarised light beam throush t};e
medium get rotated, il the dircetion of incident light is parallel to the i:ine il
L1 { of

magnetic ficld.

|
i
. ! The anglf_:lf)ﬁ_-qmtio.n ¢ isproportional to the magnetic flux density B and
] length Z of the medium through w;hi? é)]ane polarised light is transmitte:
oC
............................................................ (1)
! I as Verdet Constant and depend upon

3
;
L
i
H
i
i
i
i

| The proportionality constant V is callec
' wavelength A and refractive index ks

{ L7 S (2)
!

. _ 9

ioor V_-ZE .......................................................... (3)

From the graph at a particular wavelength, we find the slope and put in equation

¢ 473 >B —J .
P llr ki L _ ” /"i""\ /.-f‘/
- : > eall : : g E £
O W R T S I G N
' _‘ ' ‘ ' ! -Pol;u'is'{:r. : Cl'yStal .

Z

(3) to find ¥ at that wavelength.

B is the Magnetic Field.

L is the Length of isotropic material.

E is the Electric Field.

y

AL 4t b b e
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¢ SYSTEMIC ARRANGEMENTS OF ITEMS FOR DETERMINATION OF 1/

ELECTROMAGNET A i

I/\ rfl\s
__Jéz FNI =

LENS

LIGHT o= : : .
 SOURCE, o L !—‘f J ) U s
/’1 ¢ e S w2l 00 SCREEN
. ) 1 FL I\T o = 2
COLOUR CLASS :
FILTER ..  POLARISER :

ANALYSER
~Fig. 1 : Arrangements of Components in Optical Bench Using Halogen Lamp
NOTE.
1. -Lens L is not required with LASER source.

2. Colour Filter is not required for LASER source. -

OPTICAL BENCH SET-UP:

1. Arrange thie diode laser (or source) on the Optical bench accordmg to
picture.

12

Position a polarizer close to the laser on the optical bench as shown.

Mount the Flint Glass Holder into the central slot of the "U' — core.

Insert two coils of 500 turn in both arms of the 'U' -core.

W &= M

Place the pole piece on the U core in such a manner that the flint glass rod
can be placed on the holder as depicted.

6. Mount the Flint Glass into the upper platform of the Flint GlﬁS‘S‘Holder.
~ 7. Push the pole piece right up to the flint glass square but without damaging
it. ' ~
8. Use the clamps and pins to fix the bored pole piece oﬁ'"thé U-core.

Position the analyzer (another polarlzmg filter) close t6 the U-core on the s e
oplical bench.

"10.Posiiion the screen opposite to the analyzer.

Scanned by CamScanner
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. { NOTE : While doing the above steps, please cnsure that the source light passes
through the centrai portion oi all the optical components. You may need to switch
on the laser and do the nccessary adjustment of all the optical components. The

Laser light should be sharply focussed at the screen.

ELECTRICAL SETUP: | e TN
<] * 1. Cornnect the coil in-series 10 the variable power supply 30V, 10 Arﬁp at DC
socket. : Lt

2. Connect the laser to main 230V AC.

"NOTE: The maximum coil current under permanent use is 6 Amp. However
the current can be increased up to 8A 'for a few minutes without risk of

damage to the coils by averheating.

CALIBRATION OF THE MAGNETIC FIELD:

1. Remove the flint glass square.

2. Connect the digital gauss meter to main switch.

- Place the hall probe between the pole piece. Use the stand material to hold
the magnetic probe between the bored pole pieces.

Ly

‘4. Record the magnetic field B as function of the current I through the coils.

PRECAUTIONS: |
1. By sliding the lens L, along the optical bench, the face of flint glass square,

should be projected in sharp focus on translucent screen .

2. The electromagnet must be positioned such that path of pole pieces and optical

flint square are aligned with the optical axis.
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. "ROTATION OF THE POLARIZATION PLANE & AS A F:U'N-C:TI()N ()[1 |
W, B g g THE MAGNETIC FIELD '

wnliels Arrange the apparatus as mentioned in previous section.

: I 2. -Place the flint glass square (15 mm X 15 mm X 15 mm) on the support between

the drilled pole piece of electromagnet.

| 3. Switch on the light source.

| 4. Rotate the analyser so that polarisation plane is crossed in relation to that of
| -polariser. Make -the' field view of the face of flint square projected on the

‘transluscent screen appear dark. This means polariser and analyser are crossed
due to which transluscent screen image appear dark. '

*5. Switch on the current through the coils of electromagnet. Due to the magnetic
field produced the flint glass square get permeated in the direction of radiation.
The image of spot due to the rotation of plane of polarisation of: polarised light
brighten up due to the longitudinal magnetic field generated between the pole

pieces.
6. Rotate the analyser till it produces maximum extinction of light (i.e. minimum
intensity of image of spot). Note the reading (say @ ).

7. Reverse the direction of magnetic field, by changing the polarity of the coil

currenl.

8. Rotate the analyser in the opposite direction again in order to darken the
“brightness of field of view. Note the reading (say D).

9. Record the difference between (@, and @), the position of analyser in step 6

and 8. This difference is equals to the rotation 2¢ (=¢,— ¢,=0—(—0)] of

plane of polarisation of the light.

10. Vary the current and obtain different values of ( 2¢ ) for different values of
" magnetic ficld. Make the data in tabular form.

11.The magnetic field for different values of current can be found from the

calibration data / graph for the magnetic field.

12.Plot the rotation ( 2¢ ) as a function of the magnetic ficld and find the slope.
| Determine the Verdet's Constant (¥) from the slope, by using equation (3).

-
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ALITER

THE MAGNETIC FIELD

1. Arrange the apparatus as mentioned in prcvious section.

- 2. Place the flint glass square (15 mm X 15 mm X 15 mm) on thc support between |
the drilled pole piece of electromagnet. P

3. Switch on the light source.

- 4. Set the analyser to 0° position: (The pointer of the analysér will indicate 0°

|

!

i

l angle.)

o r «
5. Switch on the current through the. coils of electromagnet. Set the current to

desired value 1.

- 6. Rotate the polariser to darken the light spbt at the screen.

7. Rotate all the knobs of the power supply to bring them back to their inital
position. The current will be reduced to zero value. Switch off the power supply.

8. Interchange the leads of the power supply. Now set the current to the intital
value. (So, current will change from +I to -I). As a result, the direction of

magnetic field will change. (Magnetic field changes from +B to -B.)

9. Rotate the analyser again in order to darken the light spot at the screen. Note
down the angle as indicated by the pointer of the analyser. This angle denotes the
rotation of the plane of polarisation i.e. this angle = 2¢ due to change in the

magnetic field [+B - (-B) = 2B].
10. Vary the current and obtain different values of ( 2¢ ) for different values of
magnetic field. Make the data in tabular form.
11. The magnetic field for different values of current can be found from the
calibration data / graph for the magnetic field.
12. Plot the rotation ( 2¢ ) as a function of the magnetic field and find the slope.
Determine the Verdet's Constant (7) from the slope.

|
- ROTATION OF THE POLARIZATION PLANE 2® AS A rUNpTION 01'5 \ '
! y '-l e ._'_-

T .

i
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Lo TABLE - 1 CALIBRATION OF MAGNETIC FIELL *
I
1

At O E TR

OBSERVATIONAL TABLES

+ CURRENT, T (A)

MAGNETIC FIELD, B (GAUSS)
1.1 i

750 .

SN SN WU, .

7.0 S 3000

45C0 4

| fix)=.538.0287803412x + 218.
. (x), 412 + 2 747287ﬁii§d{4r/
35004 - B

. 3000 -
2500 4
2000 4
1500 1
1000 1

Magnetie Field, B (Gawss)

B N AT e+ ===

560+

0 1 2 3 4

th 4
=)
~
+=]

Cuirent, T (A)

- Fig. 2 : Calibration Curve for Magnetic Field [Plot of Magnetic Ficld, B as a function of
' Current, 1]

"The linear fit between 1 and B is given by, B = 538.0291 + 218.747

SN

|

|

Ve

]
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| r-l-\\-B ) ?‘._ g SRS . . ‘I = COMIITIED L EYLELLERGE
ABLE=2 : ROTATION 20 AS ATUNCTION OF THE MAGNETIC FIELD, B

2 nm ' . '

Wavelength of light used. A = 63

Room Temperature = 22° ¢

oo Current, T(A) 0 1 Magnetic Field, B | Rotation, 2¢_--(Dgg'reé):
g O ~ (Gauss) ! . .

e SO

39849

Lce
B O B W
O e o
! ! i
|
|
|
|

tovi N
8]

R R ) :
;-— . __2_1_ : |. _—m—-w - _1_3_;186 SV UNRRU | SR ___4 S ___:E
M s SR

__ f(x) = 0.0030807836Xx - 0.0649787059

10+

Rotation, 20 (Degree) N

'::E:E,._‘:ﬁ}'};ﬁix'-ib’_!tfﬂ".hﬁ:_':f'.'.'.-:l:'.--;-:.-i'.i;‘.: R T A 14N Ao et e

500 1000 1500 2000 2500 3000 3500 4000 4500
Magnetic Fielil, B (Gauss)

Fig. 3 : Plot of Rotation, 2 as a function of Current, I
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Slope of the g 30.8 E
pe of the graph  20.8 X {0 Degree / Gauss

| Verdet's Constant. ¥ =  Slope _30.8x10™ i 4 g 8 E A
S LConstant, V = HML—?J = T Degree / Gauss / cm '

= 10.3 X 10" Degree / Gauss / em for 632 nm wavelength-

- Where, / = Length of the crystal = 1.5 em

e,  APPENDIX

" CAUSE OF FARADAY EFFECT ( OSCILLATION OF ELECTRONS IN T
v ou B MAGNETIC FIELD) i E

1 The angle of rotation of plane of polarised light when passes through a istropic
. transparent material, in the direction of field,

G B
GpxL
¢=VBL

where ¥ is called as Verdet Constant which depend upon iemperature, refractive
index and wavelength of light.

This can be explained by imagining the linearly polarised light as the
superposition of two opposite components, o, and o._. When an atom is subjected

to magnetic field, the oscillating charges (i.e. electrons) acquire additional
precession frequency equal to that of Larmour frequency.

Now one component (o, ) has frequency ®, = o + o (say) and another _ = —

(DL.

' The referective index p_and p_ and phase velocities v, and v_differ and are the

measure of optical activity.

" The angle of rotation of plane of polarisation through length L, under the

-
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. T % . :
influence of magnetic field is given by

where, ® = frequency of transmitted light.

It can be proved that p depend upon A ( w=4 +;5 )

. eh du
and Verdet's constant, V =-———- |
2me d i

-For the EXTRA —DENSE FLINT GLASS, '_we can use the following

approximation,

du 2.8x107" '
T 3 Y = cosmmecrmesmnmsenysseds R ()

2 eA _2.8x107"
o V= s S a1 et eyl 7Y
. 2ine %2 7

e _28x107"
or, X R anrsssssemomsaysaseneazenses AR e (8)

2me A

The value of ;f—z derived by using the above equation after putting the values of

V as determined by Faraday Effect , agrees well with known standard value.

This justifies that natural oscillation of electrons are responsible for Faraday
effect

So in this experiment we can verify,

1. The plane of polarisation rotation ¢xB .

2.- The verdect constant decreases with increasing A as -):—2 :
ADDITIONAL EXERCISE
VALUES OF VERDECT CONSTANT FOR VARIOUS WAVELENGTHS

| By using diffetent LASERS of different wavewlengthé, equation (8) can be
verified. I
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EXPEREMENT NO.- 07

FEBRY PEROT INTERFEROMETER

Objective:  a) To estimate the air spacing ‘d’ of etalan using red laser source.

b) Determination ol wavelength of the given green laser source

using air spacing 'd’.

—
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INTRODUCTION

Tha Fatey-Perol interferomaeter dosigred In 1893 0y C Fatwy and A Peral, repressnis a
sgnificant Improvement over the Michatson intarinrameter The dilfaience tetwesn the two les
iri the fact thal the F abry- Perct design contains plane surfaces that are all partully raflecting so
that muttitde rays of lght are responsibie for creation of 're chaerced interferance patterns  The
general theory Eelung interferometry sl applios 10 the Fabry:-Forot modal, howsver, Thoso
multiple reflections reinforce e areas where constructive and destructive eflects coour imaking
the resuiting Iringes much more clearty defired This, as wil be discussed later, allows for much
more precise ieasuraments of wavelength, and free spuctral range

Strctly speaking a Fabry-Perot by defindlon consms's of two PLANAT ITirroes, but the larm
s nowadays very froquently also used for resonalors with comved mirrom From a theoretca!
viewoant. plane-plans optical resonators are special in it sense (el (her cavity modes axtend
up o the edges of the mirrses and erpenence some dififacton losses However, Fabry-Perots
are usually used with input beams of much smaller diameter, which are actually ret really
malched Io ithe cavily modes. For the usually small mirros gcacings, where diffracton wilhin o
round trip 1s rather weak, this deviation coes nol matier that much

For oplical spectrum analysis, the Fabry-Perol meeraromnior is ofen made shor
enough lo achiave a sufficently large free spoctral range; the bandwlidih of the resonances is
then the free speciral range dvided by the finesse, Due 1o e high reflectivitios, the finesss can
be rather high (wel above 1000, with supermimors even much higher) Fora gren finesse, one
can imgtov the wavelengih resolution by increasing the muror distance, but only at tho cost of
reducing the free speciral range. | e, the ranga within which unique spaciral assigriment is
passibla

Much of what wa know about the structure =!
atoms and molecules comes from a study of the speciral
nes they emit. Many decades of observations have
shown thal tha speclrums 2 alomic and mowe =ular
SYSlBmSs have an enofmous amolunt of fine sincture
which cannol easly be seen. For wxample tha most
important fealure in ihe specrum of sodium looks, In
many spectrametars, ks a single bagnt yellow line of
wavelenglh of 589 nm, Bul on finor resolution it is seen
lo be a dowubist, two dislinet lines al 589 0 nm and 588 6
nm Furthermore, d you apply a strong magnetic fleld 1o
Ine system, you will find thal same of the linea splil inlo
several diflerent wavslengths, separaled by perhaps  Concenlric ring paltern produced
0.01 nm by a Fabry-Perot etalon

In arder 1o do usshul spactroscopy on such systoems therefore, you noad a speciromeler with a
resolution of something like 0.01 nm. Ona such is Iha Fabry-Perol interferomeler

F..s""—?‘_—-.":‘: T— e ey TR - — q
¥ - (™ [ [P A et T I"'_'_“_'-""I-'. ..':'..; :,

oo e Dot Mechatranics Put Lid RECUSHIBIMEOSEE s efomesr
L R L i | A i E M r e |

¢

/
/

r;
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Properties of Fabry-Perot Interferometer

For high resolution spectroscopy where a resolution of MHz lo Ghe 15 requited, a Fabry-
Perot inlerferomater [FP)Is used. The FP consists of two plana mirrors mouniod u_tl.—lrc‘-l*:'f'r
parallel to one wnother, with an optical spacing LY between them For a given spacing L1 the
Interferomeler will transmil only centa n wavelangins b as determined by

— T‘J‘
I+ (4F* ) sin’ (2L, /1)

where 1* (<1} s the masimum passible ransmission determinad by losses in the system, and

, F. the finesse, is 8 quallty factor dependng primarily on the mirror raflectivity and falness
Equalion 1 shows that anly those wavelengths satisfying
’ ) "

L1=%p..

lor Integral values of p, will ba ransmiiled. This is llustrated below.
B : M
. . .

The flinessa F s
related to the spscing ..
batween successive
wansmitled wavelengths A A
{known as the free special
range, FSR) and the width
ol 8 glven tranamission peak
by

F=arfsr

The FP is usad os a spoctromelar by varying the spacing L1 o as to scan tha light
Imaralty al different wavelengths. Howeover il Is Immediatoly apparent thal the measured
Imansity al a given spacing 15 the sum of Me |ntensities &t all wavelengths salistying
condlion 2, An un ambigious inlerpratation of the specirum |s hus Impossitle unless i s
known @ priar {hal the spectrum al the 1igh!!i25 entiraly within 8 wavelongth spread <A A s
truethat slnca :

Ad = ;.Erz:__1

one may maka A A arbltrarlly large by decreasing L1, However dA Increases proportional 1o
A A and s0 the resoiutlon decreases. In fact equation 3 shows thal the ratio botween FSIR, A A
and the resolution di , |5 |ust the finesse F. In practice F cannol ba made much grealer than
about 100 due to limitallons an the quality of mirror substrates and coatings. The relationship

betwoan FSR and resolulion |§ thus fixed within fimits delermined by Lhe achlevable valuas
"ol F. S

— .
L by o S

.| - - = -'=':-'| £ e gl -'T_-"'_r_—.'_ ) Y
hj'lllulrhﬂrl: Qets Mochatrankes Pel Lid 8 kel sl-DFFF Mylches o0 '?I. & |
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Vibration isolation

02)

The interferomater requires a quiet, vibration free environment. The better solution Is o mounl
Ihe optical lable rigidly on the floor, bul to isclate the interferometer fram the optical table, Nm"-""'ﬂl an
enclosure is required around the interferometer to protect it from sound waves which can excite high-

Irequency resonances in the system.

Plate Flatness

Due to the multiple reflections in a Fabry-Perol interferometer, devialions in the hamogeneity

oltha reflecling surfaces are ‘mulliplied’, too,

Tliting

When the system is nol proper aligned the frin

ge will nol appear. A pointed |aser pass lhrough the

elalon appears as many spots. Adjust the lilling knobs properly all the spots comes in to the center spof
of the etalon. Insart the jense Capin o lhe |aser capsule. The diverged oulput of laser beam produce

tha fringe with observable size.

WERNIER DIIVE

TILTING KNORS %

S -~ LASER !
| | -
LY LENSE
My
\
b
LY
A
Y
b, VR _
LASER POWER SLFPLY

SCATTERING FLATE
T OBSERVE THE FRINGE

\ k|

MICROMETER DRIVE FOR
BFACE ADJUSTING

WETALLIC COATED GLASS PLATES
WITH REFLECTIVITY 50

FIG. Experimental arrangemenl for FP Intederomeler.

Note

In aclusl setup |he laser capsule contain & diverging lans this will encugh o uminala the stalon plate.

SHEGIEICLAT IS

Fabrey-Parol Etalon

Dla:25mm
Clear aparture:20mm
Thickness:Bmm
Surtace finish:3/10
Coatin to give R/T ratio 50450
Spacer Lhicknass, 0-10mm

=

Hulmi.'ll: Oplo Wee

For spirsial spplicztion use & doar oplical fussd alllen, which has
& very low Bwermal sxpansion of 055 x 10-6 per "¢, Baing highly
durnble and having good melstanca to pbveskon mokes fussd
Ellic & e choioe for applicotions that ars high Inwonr and lear,

Experimanis possible

® Ta find the wavelength of lasar (ighl,

W Ta find the air spacing 'd' of etalon

® To compare the quality of laser sorces.

B Ta find the finess:a and fres speciral range (FSR)
of etalon lrom the fringe callbralion,

Ete.
'l——'-.-hn,-ﬂ-l_“, -|—_.-—-:-:r- _— '.I-. .—“_1‘I__‘_-"' - .,.I
i . b i LR [ et el
: hatron ey Pyt Lid EEUEMIARIOEER Tnra ahis i
— R — e e e e o L LE e S~ TR 1 -

F.

e e = L
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“Fabry Perot Intarlammeior
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11

—

In tha movable mimor mount, it is mounted In a translation stage. The micromater
shaft actuates 8 lever arm which pushes the transiation stage camying lhe beam
spliter. Hera 10 micron on the thimble(one division) le equal ta 0.35 micron on the
translation stage. le'when wa move one step on tha micrometer, beam splitter is
moved to 0.35 micron, .
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From the theory
M) =2d cos0

As 0 increses , m decreases and hence the order of the ring dimnishes as their
radi increases. Then the integer neares! to 2d/4 will be the order of lhe fringe

system al the center consider the m'th ring

Mi. = 2d costl
For successive rings
- (M+1)) = 2d cosf,+1

(M+2)a = 2d l:'.uslzl'mﬂ

(M#3). = 2d cos0,,+3 .

So thal
A = 2d [cosOm - cosB,+1]
25 = 2d [cosBm - cosBm+2]
34 = 2d [cosOm - cosBm+3]
- _.111 = Fd [cosOm - cos8  +n]
‘l'l = 2df\ [cosEm -msﬂm+n‘l_
= 2d/. (An)
From the ebove expression £
An = ni2d
. “Plot n vs An, The slope of the.- - An
- siraightline graph gives A/2d
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Tan b, = 1,0
Cos20,, = 1/(1+lan?0,)

When ‘D' is large

Cos?0,, = 1[1+{y,,2/D?))

O
&
=
=
i

it

1-(x21202)

n = 2d0, [1-(2,,.220%) - (1-{3,.. 2/2D2)}

n = 2d/20% [ :r__m+n2- Imz]

1 = 02 [ Hen2- 12
P
a :@.’Dzi. .&"2]

II‘F S IrrHrn.E . Imz

{111 +(1, 202)} 12

Center of fringe banis

/ Line dmmag of Fabrey Pen fringe patem
X

Flat nVs ;.-_nz is a straight line with the slope /D%, . From which we can calculate 'd',
Knowing "d' tha order of Ihe center of the fringe can be evalualed as 2df.

Free Spectral Range

The resclution of @ Fabry-Perot
plata can be improved by
increasing the optical path
diferance balween the two
reflecting surfaces. But, doing
this, also the interfarence order
Is increased, leading o more
problems wilh overlapping
oiders. As a measure for the
useful working range [no
overlapping orders) the Free
Spectral Range of an
instrument is defined.

soe T SO00
oo M= 300
.. m=9002

1y

JER

|
¥

Then the Free Spectral Range of the Elalon s given by - FSR=c/2d

S e LR e A T oL ThE 1 Ele,
t. Ltd REQUBAIAnaLORER Tnlbtreats
chatronics '-! ;:fIL..J. gtl-'.ﬂl 1;2:';3'1"_]:_{'!!‘!"_‘:']‘"_
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0|8
Finesse

Itis costumary to define a numerical value which characterizis the widih — ar better the sharpness —of

:Eﬂpg:‘:;ml: number is called Finesse of an interferometer and defined as the 1atio of peak distance

Transmission This fiqure shows how Lhe
;3 reflectinty of the surfaces affect
the transrussion, |1 he refllectvity

Low reflectivity surfaces i= relatively low, the maxima in

,"(%‘ /ﬁ\ / \ the masima of transmission will be
e | i Mt
Al
A '
| The finesse 15 a measure of the

transrnission will be broad. On the
" other hiznd. if the reliecuvity |5 high,
““ _ High iecllvily surfaces very narrow and sharp.

" This leads to the concepl of

Wave langth A the finesse ol the intederometer.

A AN 1 N, A +AL-N,-1 imerferometer's ability 1o resolve
T “ b closely spaced spectral lines. The
linesse F Is defined by Llhe

Fabry-Perol transmission aa a function of wavelength following Equation.
= JR
= I - R R = The reflectivity of lhe surfaces.

As the reflectivity approaches unity, the finesse becomes wvery high. For high reflectivity, the
lransmission maxima ara narrow, so that the lransmission of maxima of slightly diferent wavelangths
can be easily distinguished. Because of this capability, the Fabry-Perot interferometer can be used as
a high resolution spectrometer, Infacl, the resolving power RPIs given Lhe equalion:

Wheare
RP=NF N = The ordar of the inlarference,
F = Tha finesse,

1-R)
FWHM = ,
' J R
Then
1064 1064 1064 1064
[= exzemad Transmizrsion |8 ReNacivity Umiad Tri.nlmlulun_l F i FSR oo R
finessa = FSR / bandwidlh “FWHM 1-R’

e el
anics Pvi Ll
e ———
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Contrast

Torale the suppression between maxima, Fhe Co
minimum intensily. The transmission minimum a
ContrastvaluaC of

From the eqn, Of finesse 5 =/

1-N : e

F = 7';\ U=

Then

ntraslis defined as ratio of pealchaight tothe
1§=n and at equivalent phases dafine 4

- il

C=0QR +1

As only the influence of the reflectivity on the Imlerwidlh is
considared here, often the term Reflectivily Finesse is
used to distingulsh it from ather proparties influencing the
lransfer lunction

SR ST EECPOEEIE -vmrﬂ'.sr:"w'.qu ------—-_'-—rl'-—-_-jﬁ-—--'-',_!-"ﬂ

i 5 + gt .
l;-'-'f:-”""*ilH J:I YL S ] scattering piate with measuring pointer

SCATTERING FLATE
TO OBSEAVE THE FRINGE

< el | T X Am D d = nD2y, 2
Im CHAE T n* - : -_.,__,_{mzi , W I- wils .{ml tmm}
= ! i H AT i fih Ty : :
xm+1 . T e T AR | 5 (SR L s, s e a1 .8 LRI =l
Im'i-z = .
gm+3 = il
ym+4 + |
ym+5 = '
|
Mean'd' =
. I - . e - Y - - .l_.‘n_._. - .‘-_-_.""- -pa NI "_. _:
. "ﬁ i () e =2y ‘ Holmare Opta Mechatranics Pyl L -':kauti_llbﬂﬁlrﬁF*FP Interferometer
. v R e ==
- ’
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200 e
180 = Fr——— i 3
140 | _' /,// S ey
120 —+— : /,
£ 100 — =
m # / B — ol
: ¥ ¢
1y R - R A .
40 =il
0 -— : '
0 5 10 15 20
fringe order {n}
; e = 2. 2 R= reflactivity (fraction of unity)
Plot the graph n Vs y,, We can find 'd d = nDALyy i :E"’E;m m:ﬂf vy
d = distance belween mirror surfaces
d/D?), = Vslope  (cavity gap)
c = speed of hight
d = D2\ slope A = wavelenglh
JResult .
The wavelength of laser light TR S O nm
The spcing of etalon Is e eves e mm
Finesse of the given etalon is F=

---------------------

Free Spectral Range of the Etalon Is given by
FSR=c/2d

Free Speciral Range (FSR ) = 12nd In wavenumbers
Free Spectral Range (FSR ) = c/2nd in frquency
Free Speclral Range (FSR ) = 22/2nd In wavelength

P

= ‘l"__?"_'"‘”
Lid &

S EREE b 3
{nlmarc Opio Mochatronics Pyt
S

T T N T
dut ,W%!—DE:FF_EHI!M?:;M&@;

A
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- paramagnetic substances in the form of powder or a solid. When a8 object is
| magnetic field, a magnetic moment is induced in it. Magnetic susceptibility
~ Magnefization, / (magnetic moment per unit volume) to the applied ma

b o o s

T e

* be equal to zero. The above expression then simplifies to *

. INTRODUCTION ' . Bl

y of ‘diamagnetic or
placed 1n 2
y is the ratio of t_he,
onetizing, field intensity
which involve the

The Gouy’s method is used to determine the magnetic susceptibilit

H. The magnetic moment can be: measiired “either by -force methods, whicll JOVO_
measurement of the force exerted on the sample by an inhomogeneous magpetic field or
mduction methods where the voltage induced in an electrical circuit is measured by, varymie

- magnetic moment. The Gouy’s method like the Quincke’s method belongs to the former ‘€lass..
- The force fon the sample is negative of the gradient of the change in energy density when the -
> sample is placed, : ! ey M i '

Sl

a1 1 e o
fZE[EFGI(#r_#m)Hl]zzpﬂ(zf‘za)_aHl P (1)

Here s, is permeability of _';he free space and g, and ., are respectively relative permeabﬂ'i'_ty' of

. the specimen and the air which the specimen displaces. The specimen is in the form of a long
“cylinder or strip of length /-and cross sectional atea 4. It is ‘placed such that its lower end 15

between the pole pieces of the magnet and the upper end is outside the magnetizing field. The
force acting on an e]efm'a_nt',of area 4 and l__ength-dx of the sample is fAdx, so the total force F'is

A,u'-

Al AR

where the integral is taken over the whole Sﬁéci'ﬁﬁeﬁ. This méans that A is equal to the field at the
end of the specimen between the poles of the magnet and H, is the field at the other end away
from the magnet. This force leads to an appatent change in the 'Weight of the ‘specimen. We get

Jooels

=0 e
e B Am i o N g -:.‘.: e St
: Hod (H2 ‘Hoz) _ | PARRE T  a

In actual practice gz, is negligible and can bﬂé_ 1g110r§d Iftha lcngth of the Speciméf{""is' éd’lzliﬁrge
that its npper end is outside the magnetic field created by the electromagnet, Hy may Be taken to

1 =

2g Am 0 e gt R : o
i o
0 3 : ? G Sl X o

The length of the specimen that meets this _condi‘gi;jn' is determined by exp R
measurements. Note that Am under this condition does not depend on the length I of the
specimen. The susceptibility 7 (called the volume suscepfti\:iility) can be determined from Eqs_g
or 4, It is a dimensionless quantity. This expression is in 8.1 units in Whic}} g, 4,Am and H are
measured in m/s %, m 2, kg and amp.turn/m respectively, : SR

G-f_&,!:lx'_-o'l Page 7
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| A
G.S. units, Eq.(3)is" rvn

r f

whe ¢ : -
y g, A &m‘and H are measuxed in cm/s em?,mg and gauss respecnvely

sy

BR|EF DESCRITION OF THE APPARATUS

(a) Scjentlflc Balance KSB-07

Capacity < 200 gms

Sensitivity . 1/10 mg. by vémler

Beam : Hard Bronze/ Brass

Arrestment Cu'cular, fallmg away type b

Air Damping - o Very qmck and posxtlve, beam —com

i Chginomatic Device -::° A gold plated cham is suspended from the
' ; end screwed on the rotating d

myg is taken. Thus the weight upto 100mg ¢

d1a1 dLrectly w1th a resolutlon of 0: lrng
Sample in the form of a I'ong'_rod;- o
e L RO e g
Electromagnet, Model EMU-75T / 50T ; 9 '
Electromagnet, Model EMU-75T L L A G
. Pole Pelces ; '75mm tappcrcd to 25mm 1 x
Mag. Field =~ B 17 SKG at 10mm alrgap :

Two of approx 1302 each
0-90Vde, 3A, for coils in series
0-45Vdc, 6A, for coils in parallel

Electromagnet, Model EMU-50T

. Energising Ccnls
Power i

Pole Pe1ces S _SOmm tappered to 20mm -

Mag F1eIc1 _ 2 3 SKG at 10mm airgap
Energising Coils _ - : Two of applox 352 each
Power 0-30Vdc, 4A, for coils in series

$E§ Instruments Pv. Lid.

ing t0 rest in2- 3 sec
beam with its other

rum on which a scaIe graduatad
from 0 to 100 div each division representing 1mg is installed. By

* the movement of this scale before a vernier, rea Zading upto,1/10th

& could be read from the

GMX-01 Page B




_ ) EAS)
EXPERIMEN-?I’AL SEFUP

A schematic diagram of Gouy’s set.up-is shown in Fig.1. The spe ime : o
1 cylinder or strip or filled in a long non-magnetic tubeé i's,-_suspende.d free

| sensitive balance such that its lower end'is between the pole pieces Of € 70 vigh o KeED
| without touching them. A length (about 7 — 12 cm) of the specimen 13 sufficient © e B
the upper end of the specimen well outside the field of the magnet. 5 Iing'thc i
*mmmw%mWWWWH”mmwmmwﬂW%mM?Pﬂ%mﬂﬁ

- measured for specimens of increasing lengths in steps of (say) 2 cm ._gnnl Am D it
This is then repeated for several values of H. The maximum of thése is the gpecimel -d‘usted to
gap of the electromagnet ar° adju o

¢ of the specimen due to thf; fOEce.
balance of least count of order

3 which H,= 0. The widths of the specimen and the air
£ maximize the force on the specimen The change in the weight 0
E on 3it on applying the magnetic field is measured by a sensitive
E 107 gm. e

Experimental Procedure )
1. Testand ensure that each unit (Electromagnet and Power Sup

ply) 1s functioning properly.
2. Levelthe balance with the help of leveling screws. ' ;
ce and make adjustments such that'its

Suspend the specimen from the pan of the balan
' the pole pieces of the electromagnet

lower end is centrally and symmetrically between
without touching them.

4. Note volume ¥ of the specimen and measure its weight 7.

5. Apply the magnetic field H and note its value from the calibration, which is done earlier

'as an auxiliary experiment. Note whether there is an apparent increase in weight or

decrease. It increases for paramagnetic substances while decreases for diamagnetic ones.

Again measure the weight. The difference of these two readings gives Am for the field

6. Measure the apparent change Am in weight as a function of applied field A by changing
the magnet current in small steps. Plot a graph of Am as afunction of i

(%]

Results: e ity A |
The mass SUsccptibilitj&--j;f’ is given by z/p and the molar susceptibility 2" by My
p is the density and M the molecular weight of the specimen. _

aramagnetic substance there are non-interacting permanent magnetic dipbles. The
align these pardllel to the field. Thermal effects on the other hand tend
The result is that the volume susceptibility y at any temperature T is

where

Inap
magnetizing field tends to
to destroy this alignment.
given by o

L
HO 3

Nuylots) | (6)

GMX-01 Page 10
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P ﬁAL‘C_ULATIONS

DS

2
a2

" Am (340 40 10‘3
= )x 0167x109

Ote37

=16.3%10% cm®

RESULTS .

2
HT 95-15. 0)><10 |
2x93 |
L—_._ X(Vol) oL % 1267 x10™ =01 67 1.0'6. AR}
%(mass) = 3- s 63-’7;71 _0 0 606><10 -6
Yiwton = % XMolccular we1ght of Al
—=0.606x10° %27

©

| 0.@_/

e 6_’9 %16 °x 2% 950

@i

£50)

10‘ cm’

Measurcd Value of molar susceptib
;gntemauonally accepted value of ¥ of Aluxmm

ility 2" of Alurrnmum is 16. 3 X

m:slf.s::m“cm

1) Scxentlﬁc Balance, KSB- 071’ 08
2) Aluminium Rod Sample
3) Electromagnet, Model EMU-75T/. EMU SOT

4) Constant Current Power Sup

5y Digital Gaussmeter, DGM- 102! DGM—%O

6) Users Manual

| ¢S Instruments pvi, Lid.

¢
kS
¥
i

ply, DPS- 175x DPS 50" |
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‘NDIX |

Savamd

jary Experiment

L2

t a graph of magnetic field Has a function of the magnetiiing current.

dure:

Fix t_he air gap between the pole pieces of the electromagnet to the minimum distance
required to freely suspend the sample containing tube without touching the pole pieces.

Measure the air gap. Each time the air gap changes, the graph will change.

Mount the Hall probe of the Digital Gaussmeter, DGM-102 in the wooden stand provided
and place it at the centre of the air gap such that the surface of the probe is parallel to the
pole pieces. The small black crystal in the probe is its transducer, s this part should be at
the centre of the air gap. - : o -

Connect the leads of the electromagnet to the' Pdwér Supply, bring the current
potentiometer of the Power Supply to the minimum. Switch on the Power Supply and the
Gaussmeter. ' o

Slowly raise the current in the Power Supply and note the magnetic field reading in the
Gaussmeter.

Plot the graph between the current and the magnétic field. This graph will be linear for
" small values of the current and then the slope will decrease as magnetic saturation occurs.

in the material of the pole pieces.

. A st
A gt

£

i ;

e performing the Gouy’s iexperiment, if the air gap is kept same as in the above experiment,
.an determine the magnetic field at.any specific current, just byl looking at the graph. Note
may also be some magnetic hysteresis present .and f,or. a gilven-curr.em, the field may be

tly different, depending on whether the current is Increazing or.decreasing. :

GMX-01 Page 13
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Object. Determinatio
Gowy's method. (ii) n of magneiic suscepibility ¢ a specimen by (i*
SRS o uincke's method and to study the temperatire -
Basic. Moving Cmﬁbfﬂv and infer thr results arrived afir?ﬁ diE
give rise (o magnetic roments and such

determining ma,
where it isgdcf‘mg;ge;i: I_::ll'_'::i" susceptibility of a specimen experimentally
magnetic field H, i.e,, 0 of intensity of magnetisation I to the applied
k=l
vBouy’s Method, In ek L1578}
oy g {ouy’ :
suscepubility k is determined by mlgﬁin method  the :maf';'ncbc volume

28 [ .
k =....&. ( m J |
i +:(152)
A H.'z

evel value 981 cm.
¢ force, i.e., mg is
and A = mr2 is
us. The value
oil fluxmete?
are given in

whezre gis accelc{aﬁon due to gravity at a place with sea I

_ sec™%; m is mass in gm which corresponds to. the magneti

the magnetic force in 8 magnetic field of intensity H gauss;

the e of cross-section of the Gouy tibe with r cm &8 its radi

of H is calculated by the following relation in case of mAaving ¢

. calibrated by means of a standard solenoid, the getails of which

Experiment (A. 1)

g=lnhN o 15.3)
0 A _
alated by dividing

where N is the number of turns per ¢in on primar;, and cal¢ L
the total number of turns on the primary of the solenoid by its Jength'in =m;

N is the number of tumns in the secondary ; & = ®R? is the ared of cross
effective area of

section of secondary with R as its radius in cm ; Alis k2
section of a tam

search coil and determined as the product of arca of cross-
¢m as the radius of

and the number of tums on it, ie., A'= 2 n with 1

searchcoil of turns n; and I' is the cument in amperes corresponding o

unknown field and read from a graph plotted betw:en the current through the

primary of the solenoid and deflection of the galvanomzler.
If p be the relative density of the specimen, then the mass susceptibility

K' 1s calculated by relation '
K'=k/o (15.4)
where k is given by (15.2). If M be the moleculzr weight of the specimen,
then molar susceptibility K" is given by relation
- K= KM na,
where K' is given by (154). In case of paramagnetics the produoct of
temperanure of the specimen in °K and K" is corstant and known as Curie

constant C, L.e.,
Gl ...(15.6)

However the value of Curie constant for the specimya is related with
magnetic moment [t of dipole of U specimen by :elation
=281V (K" T)=2824147C W %
where j1 is expressed in Bohr magneton jig of C.G.8. vaiue 0927 X 100
erg. gauss’!. The value of miagnedic 1oment |l as siven by (15.7) is used 1o
find the pumber of unpaired elecoons n in (¢ molecws contributisg:
magnetic moment by following quantum mechanical relation '
p=Y{n@+2) ..(15.8)
Above relations show that in Gouy's method he magretic force on the
specimen is directly measured by a sensitive chemical balince in torms ()Ifl
weight mg, If the force is attractive the speciinen 1S paramagnetic ‘umi
diamagunetic in case of repulsive force. The othe: prime delerminations un.
the determination of H [Expt. (/-1)] and relative. deisity p, However for
known values of g, A and H of the ordes of Klo-gaus, the order of .m
milli-gramme since the order of K is 109 in case o usil paramagnietic u;r::

diamagnetic substances
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is shown in Fig. (15.1). The wbe G is made of glass f
uniform bore with a central partition. It is provided wf:lhmt?orkb: mgf i miu /
1o an arm of a sensitive chemical balance, preferably a .semi.mg'g,':m 4 !
The upper ha]}r of the tube G is filled with ﬁio'npecimcn- mawrial;:i I
suspended vemca}ly such that the central partition lies exactly symmeuicall -
within the pole-pieces of an electromagnel shown as N-S. The dianielér-o:';
li}@ tube depends upon he availability of the specimen; however diameter
lies bct‘_ween 0.1 to 1 cm. The length of the tube is sufficient as to have the
magnetic field practically zero at the extremities of the tube. However tube

Fig, 15,1

Jengths between 20 10 30 cm are usval, Furiher the pole-pieces NS are
shaped by manufactures 10 provide & sharp gradient of magnetic field in the
vertical direction and they are kept a3 close as possible, BB' is 2 power pack
1o feed current to the clectromagnet coils shown as (1,2, (1. 2) with series
smmeter A and switch. The voltage of BB' is varied by & variac and measured
by the voltmeter V. However the same Power pack is-sericsed with the
primary PP of 2 standard solenoit, wpping key T and ammeter A'. The
secondary §' of solenoid is seriesed with the gearch poil s* and fuxmeter F,
g moving coil ballistic galvanomel.f. Tre circuit with standacd solenoid is
used to calibrate the deflection of  galvanometer in lerms of magnetic field.
However Hall probe fluxmeter, whish enaploys the Hall voliage developed in
magnetic field for 2 definite currer’ and & crysial of semi-conguctor, may be
used for measurement of magnetir. field. The detalls of such jmeasurements
may be seen in Expt. A-1 and Expt 14, The Gouy tube itslf is used @
determine the relative density p of the spacimen.
Experbnental Procedure. Set up the experiment 8s described above and
ensure that each part is functionivg propeely. Suspend the enipty Gouy tube
with the arm of U6 balance; weigh it and record the reading. Keep the power
pack off. Fill the half part of the tube with distilled water und weigh it, Find
the weight difference of two readings. It gives the mass M of the water
filling the half part of the tube Empty the whe, dry it, refiil it with the
specimen and weigh it. Find the mass M' of the specimes filling the half
tube. Divide M by M 10 get the relative density of the specimen, i.e.,
p=M/[M i R 4 1L
Calibration

fur the tube and rantain it. As@ firgt part calibrale (he fluxmeter coil

Experimental set up, The >xperimental sel up with Gouy's tube (&..' ot

“of fluxmeter, Adjust the separation of the pole pieces
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deflection (o give directly the value H. For this switch off key, press T

* adjust curreat [ ampere 0@ low value in A, release T and note the deflection
straight 1in

a.-Repwfmommmwmgvalumnf;mpmame) |
passing through origin, Note effective area of search coil A, number of
aurns N per cm on primary PP, number of secondary turns N', area of Cross
section of secondary turn . Record allied observarions in tabular form and

calculate constant (dx NN'ex / 10 A’) occurring in relation (15.3). Now keep
T off, swich on key, pass a known current through the coils of
clectromagnet and note its value in ammeter A, keep the search coil S”
within pole pieces centrally and with its' face' ares normal to the lines of
forces, remove it suddenly from within the pole pieces, note the deflection’ &
of the fluxmeter coil, read current I' corresponding to @ from (1 o 6 ) plot
and substituie T in place of I in relation (15.3) and calculate the value of H
Repeat for other values of current readings given by ammeter A and calculate
H for each reading of A. However a graph plotted between the readings of A
and corresponding values of H, calibrate ammeter A readings to give value of
H well within the pole-pieces for & particular separation of pole-pieces. The
calibration changes with the separation of pole-pieces. The usual separation
is about 1 cm. This also affords one to know the usual limit of H provided
by the particular magnet. However calibrated Hall probe fluxmeters are also

available.

already described, weigh the tbe, switch on key, adjust current in A to give
maximum value of H and ensure that there is no change in the balance
condition of the chemical balance. If thers is any change, it is either due to
improper setting of twbe or its asymmetrical construction. Now fill the half
part of the tube with the specimen (liquid, solution or powder). The solid
specimen ig taken in the form of a rod of uniform area of cross-section and
length nearly equal to half the tbe length (1015 ¢m) and it is suspended
to the arm of the balance wilh its lowestlend occupying s position of
central partition. Weigh the specinien, switch on. key, adjust current in

ammetér A 1o a value and note magne;ic field H corespondiig 163t from the

calibration curve, note wheiher the weight of the specimen has increased ar
decreased in the applied magnetic fizla, ~hange weights on ti.c other pan (o
get the balance and note the difference in the initial and final readigs as m,
note the area of crogs-section of the Gouy tube A as usual, labulate readings
systematically, substitute the values of g, m, A and H in proper units in
relation (15.2) and calculate the value of K in C, G, S, units in order 109, If

weight in magnetc field increases the substance in paramagnetic and

diamagnetic if there is decrease in the weight. Repeal for other values of H

and obtain mean value of K. However a graph plotied between m and H2?
gives a straight line and the value of (m/H?) may be calculated as its slope,
Note the temperature of the specimen and convert it into absolute degrees.
Express K in dynes, em2 gauss? at a particular temperature, Calculate mass
susceptibility by relation (15.4) and molar susceptibility by relation (15.5).
If the substance is paramagnetic, then caleulate Curie constant C by
selation (15.6) and subsequently magnetic moment i of the molecular
magnet of the specimen and number of unpaired electrons n by relations
(15.7) and (15.8) respectively, Tabulate readings and findings systematically
and interprel them theoreticaliy, In calculations the susceptibility of air has

been ignored.

Measurement of magnetic force. ' Suspend tlw empty tube as b




[B] Specificatiors o?;.lcu Gouy tube used :
(2) Tnner diameter of the tube = ., cm,
Radivs r =, .cm.
Area of cross-section A = 2 = ,,cm?
(3) Local value of g = t:n'u.sczﬂ:r:~22 N emI
4. [C] Specifications of standard solenold ana search coil or
( any other magnetic field measuring device.
(1) Number of primary tums premN= ...
= (2) Number of secondary tums N's, ..
() Mean diameter of secodnary =...cm
Rﬂdill'.i = ---'Cm
Area of cross-section = ,..cm?
(4) Mean area of search coil A' = ...cm2
(5) Constant C = 4xNN'o. /10A' = ... o
Note. Use tables 2 and 3 of Expt. (14) as tabies | ana 2 o record -
observations to determine magnetic field H.

Table 3, Measurement of p.

Wt of empty | WL of tube Wt. of Lpb'c . o c-a
8. No.| tbe filled with dis-{ filled with speci- _ h-a
(@) tilled water men (c)
(®) ]
@ .. 8T B
g |
' Table 4. Bieasuvement of (m =« H) and tabulation of m/HZ.
| Difference inwt., .
H H2 |- ' -
Wi in wtir, | Diffeisnce | m/R? s ok
H=0 H m
| G R ey . B e “,gmu"(}-i

Note. m is usually of order of milli gm.
Substitute values in relations used as per description and calculate K,
K', K", C, i and n. Note down their standard values and calculate emors by
using (E. 1) and (E, 3) of page 4. Now comunent on experiment and' noie
down sources of erors, precautions and findings.
Results : ,

Ma.gmu¢ L{ulma;;)« Moler | Curie i Magnetic - Nb.

S
= e ——

volume tibilisy ruscopdbility | conwant | moment | of unpaired
sscepiibility | K'=Kfp | K'=K'M | C=KT | p=28241 | clecrons
K X 107¢ X 10¢ X 104 Ve s Vo (ne2) |
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-'.-fc‘oMMir'rEn TO EKCELLENCE

OBJECTIVE: Demonstratlon of Kerr-Effect and determination of

Kerr Constant usin -
Nltrobenzene an electro-ophc substance c e

APPARATUS _
‘S.No. o Item Name Qty.
1. - + KerrCell 1
2., PrismTable 1.
3, ' Electrode Arrangement 1
4 ' Halogen lamp, 12V/ S0wW g |
5. Hatcgen lamp. housmg 1'
Al S Monochromatic filter blue. (490nm) 1
. .Lens in framef +100 mm: . 1
8. : . 'Polarlzatlon ﬁlters i,
9. -  Fixed Saddle: 5
10.. - Transverse sadd[e 1
14 b, ' . Optical Berich, 1 m - oy, 1
1R o~ " o Power Supply 2-12V. 5Ampfor Halogen Lamp 1
18, - - Power Supply 0-5kV, 2mADC. 1
14. Silicon Photodetector 1
15. | * Pair cables 100 cm, Red/Black- 1
6. ~ Pair cables 100 cm, Yellow 1.
17. - Dlgltal multlmeter . 1
18. . Pair cables 50 cm, Red/BIack 1

Note. Nltrobenzene not supplied with the setup, user to make own arrangement

App!y 3-4 kV at electrode termmals for 2 hours to prepare the nitrobenzene,
PRECAUTION :

Useafume hood.”
"+ Avoid skin and eye contaf't
Avoid inhalation or ingestion of the Ilqwd
b Keep away from heatand naked flames.
Keep away from oxidizing materials. -
‘Keep away from combustible substances.
Keepaway fromreducing agents.
Keep the containertightly sealed,
Wash handsthroughly after handllng
WARMNGI
» .- Handlethe Kerr Cell very carefully. _
y Do notincrease high voltage power supply 0- 5 V, 2mA for Kerr Cell beyond 4.5}{\.’ during
.experiment, This may damage the Kerr-Cell. : :
REMARKS : :
> We recommend to use NICE make Nitrobenzene for better result (Assay (GLC) 99% mir ,
' Wt.permlat20°C: 1.200-1.204g, Freezing Point: 5-6°C, Boiling Range (95%): 908-9120(:; ;
Water: 0. 5% max. )

©® N @'.th'.h,so,w:-‘

(1)
l’
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_FCOMMI‘I'I'ED TO EXCELLENCE

PRINCIPAL: . - - - -
Kerr Cell : ltis aglass cell, contammg two electrodes and flled with polar liquid like nltrobenzene It

is kept between two linear polarizers whose transmission axis are kept at +45° to the applied -
electric field. With zero voltage-across the plates, no light passes and the shutter is closed. The -
- application of the modulating voltage generates an electric field under which the Kerr Cell actasa

wave plate and thus opening the shutter

INTRODUCTION : ! '
JohnKerrin 1875 dlscovered that tf we place certain materlals ina strong electrlc fi eld it becomes

~doubly refracting. Such an effectis named as Kerr electro- -optic effect. Such an effectis limited toa

region of very high electric field or for certain materials placed.in small electric field. This effectis
due to the rotation and reorientation of material's lattice at molecular level. Kerr-effect also takes
place in a gas, liquid and solid state. Kerr coefficient of the material has been used to know the
extent up to which Kerr effect quantitatively. takes place. Kerr effect is used to study different
properties of a. material. The fast response of the molecular reonentatlon makes the t’err electro-

- GpttC efrectsrgmf icant for use ina qutck opticel shutter or gate

KERR ELECTRO-GPTIC EFFECT 5 e af -
The Kerr electro-optic effect; or DC Kerr effect is the specral case in whtch the electmc fieldisa
stowly varymg external fi etd for lnstance a ve[tege applled byon electrodcs across the mater al,

Under the lnﬂuence ofthe applled feld the matenal becomes bi- refnngent W[’th dlfferent mdexes

of refraction for light polanzed parallel to'and perpendmular to the spphed freld The dlﬁerenceln :

mdex of refraction, An; is gwen by )
Ne-n,=An= )\t‘{E2 L g R (1

Because normat refractwe index ef materla! without an- eleetrrc fi eld is modn‘" ed by. apptymg
electric field in the parallel oscillation direction to the extraerdinary refractive index n, and in the
perpendicular oscillation d|rect|en to the orctmaw refrectwe lndex n, The two mdtees have the -

- aboverelationship..

where Ais the weve[ength of the light, K is the Kerr constent and Eis the amplttudn of the etectnc -
field. This difference in index of refraction causes the material to act like a waveplate when lightis
incident on itin a direction perpendicular to the electric field. If the material is placed betweentwo
"crossed" (perpendicular) linear-polarizers, no light will be transmitted when the electric field is |

. turned off, while nearly all of the light will be transmitted for some optimum value of the eleclic
“field. Higher values of the Kerr constant atlow complete transmms:on to be ach!eved with a
smatler applied e!ectncf'e[d <k

Some polar liquids; such es mtrobenzene (CeHsNOz2)-and nitrotoluene (CrHrNOz) exhibit very

g !arge Kerrconstants Aglass cellfilled with one of these liquids is called aKerrcelI

Aswe setd earller when the electrlctlelu is on, the I|qu:d becomes doubly refractmg and the lightis

- restored, With {he cell oriented at 45°, the incldent plane vibrations from the polarizer are broken. -

‘up into two equal components paraliel and perpendicular to the field,. These travel with different
speeds, and hence a phase difference is introduced and the light emerges as e[hotlcslly polanzed

r light Th is phase dlfference hetween the tworaysis given by

CP— —(pa{hdﬂerence) —-—(ﬁn)x{' R (2)

| *.‘path in air = R .1 X path in medium
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_ Thatis, whenU =V, then, . Substituting; U = V .then, , in equation (4), we can obtain,

_ shutter ormodulator. .

IIVIJDJ'AW

CDMMITI'ED TO E)(CELLENCE

where tis the length of the light pathin-electro-optic substance It is basically equal to the
length of each electrode.
Combining, equations (1) and (2), we obtain,

If the voltage applied between the two plates of the electrodes is U and d is the separation
between the two plates of the electrodes;, then, substituting, this Velue forEin equetlon (), we can
obtain, -

K' ‘Ddz .........._.'.........'.-.-...(4.)
. 2nUT
Now if the two rays (parallel and perpendicular to the electric field) are separated by a path
distance of A /2, then the phased ifference between the two rays will be 11 because with the half
wave voltage. Whens the phase difference just reaohes a half wave Iength (ze @ =11 ) the kerr cell

behavellkeMZplatelepolarlsatlonplatelstumedbygo sousingeq”.4. 1o g
J::M_WL"E" b Uie,
e I R s i e 5) Aftin Emgpine
TR (5)

In thls case, the intensity of the light passmg ihrough the analvzer will be at maximum. If the light,
emerging from analyzer, illuminates a photodiode, which is kept behind the analyzer, maximum
voltage will be produced across the two terminals of the photodiode, for the above condition
(Condition of maximum illumination). Let, the voltage required for this maximum |I[ummat|en beV,

T Y W it il 6
The Voltage Vis called the half-wave voltage.

A3, v/e noted earlier, Kis the Kerr constant for the medsum The unitof Kis met erVolt'z, The values
of K depend on the medium and about 2.4x10™" meter\foltfo for nitrobenzene.

A Kerr cell with a transverse field can thus act as a switchable wave plate, rotating the plane of
polarization of a wave travelling through it. In combination with polarizer, it can be used asa

Polarizer: -
Kerr effect

Convex Lens

—<— Blue Filter
«— Analyzer

N ]

e

L A R

gl
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ERIMENTAL SET-UP PROCEDURE

1. Place the optical bench on an expetimental table and arrange the optical component as in

Flg ~2

Mount the Hélogen. Lamp, Polanzer (P1: )F’nsm 1able analyzer(Pz ) convex lens on fixed
saddle and Silicon Photodector on the transverse saddle as shown in Fig. 2.

' Connect a digital multimeter in parallel across the two terminals of the: dlgltal Photodeteetor.

Set the knob of the Multimeter at the 200 mili-Voltméterrange. .
Apply 12V D.C.tothe lamp using a pewer supply(2-12V, SAmpAC!DC)

Fix the analyzerand polarizerat0°.

‘Focus the convexlens, so that to obtain a olear and brlght spot of I:ght on'the Rin. Hole of- the, _

Silicon Photo-detector. For this step, you. might need to locate the image of the gap of the
electrode with the help: of a plane paper and ensure that the bright and focused image should -
enter the Pin-Hole of the Silicon Photo-detector. Adjust. the helght and posmon of the photo-

o detectorand transverse saddle accordingly Atso you need to adjustthe posmon of the convex

e 1

10

lens as well.
Note : Ensure the light should pass through the cenlral portion of each opticai e!ement Also

the image of the gap between the electrodes must be brought into the focus, not any other
part. Success of the experiment depends on the alignment of each and every optical
component. So try to align the central portion of each optical element along the same

horizontal axis as faras possible.,
Nowy, rotate the analyzer through 90° In this position polanzung filters P1 and P2 are croseed

sothatno lightis seen on the Photo-detector.

Remove the Electrodes from the Kerr Cell as shownin Flg 3.

Fill the Kerr Cell with Nitrobenzene so that electrodes are dipped into itas shown in Fig. 4.
Place the Kerr Cell containing Nitrobenzene as Kerr medium on the prism table and connect

o | the leads of the Kerr Ce!l toa htgh vortage power supply (0 5KV, 2mA, DC)
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. Nowlo iti ;
12, elebtricc}?;?cit,he Positive and negative plates of the electrode and note the diregtion of the
13. Slggfrﬁzhfggtéhe optical axis of polarizer at an angle +'45° with respect to the direction of the
14. Now, align the optical axis of analyzer at an angle - 45° with respect to the direction of the
electricfield. The angular scale is not printed in this direction. The alignment at-45°is made
possmle by rotating the analyzer and by observing the minimum intensity mmuitaneously'
~ This can be done by holding a plain paper over the surface of the photodiode.

15..  Now increase the voltage of the High Voltage Power Supply gradually from 0 V to 4. KVin
steps of 0.2 kV and note down the corresponding voltage obtained across the twoterminals -
of the Si-Photodetector.

Note : Rotate the knob of the High Voltage power Supply very slowly. Don't rotate it fast. If rotated
in a faster rate, the power supply would stop working. If it happens so, then minimize the
rotating knob, then press the reset button inwards and then switch off the power supply

Then again switch on the powersupply. - %
16.  Voltage at first starts to drop for 30-:60 seconds, then it wull increase with the lncrement of

the applied voltage (or Electric Field).
17.  Atasufficient high voltage (applied across the electrodes) (say U), the voltage obtained in
° the multimeter will become maximum. Beyond this high voltage (applied across the
electrodes), the voltage obtained in the multimeter (connected across the two terminals of
the Si-Photodetector) will start decreasing. This high voltage V'is the half-wave voltage U.
18. 'Caicu[a‘e the Kerr Constant from equation (5). Take | =2 cmand d =1.2 mm for the set-up.

2
A e d mean"{ 2cm
20T d=1.2mm
Obsewat:on U= 4000V01t ) _
- K= 2.2x10"mv®
VWA-VOCE QUESTIONS

- » What type of fluid should be used as d:electnc medium in this experlment‘?
» Name the liquid that should be preferred to be used as the Kerr-medium?
'+ whatdo youmean by birefringence? ,

» What is Kerr electro-optic effect?.

) Explain the phenomenon of double refraction? :

v Isthe Kerreffect limited to only very high electric field?

) Isthe Kerreffectmaterial dependent? = =

) Does the Kerr effect takes place inall mediai.e. solid, lIC‘iUld and gas?

» How d oes polarization of dielectric takes place?

» Can you perform this experiment if provided with a dzelectrlc of small dlpole moment'? '
» Does the dielectric hehaves'as a wave plate? .
Can you use polar liquids' like nltrotoluene or nntrobenzene as a dielectric medium in- your

experiment? :

» What is awave plate? '

» Does the dielectric medium behave as a quarterwave or halfwave plate?

'+ Why s hould cne prefer a dielectric material of high valua ofthe Kerr constant?

» Can youuse Kerr cell to modulate light?

+ DoPockel's cells also need a very high voltage?

» What axre the disadvantages of Kerrcell ? - :

» Can you use transparent crystal fro Kerr Modulation despite of thelrsmaller Kerr constants?
» What i s the difference between Kerr electro optic effecti.e. DC Kerr-effect and optical Kerr effert
~i.e.ACKetr-effect? . S ) o
» Cana. Kerrcell be usedas a shutteror modulator?
» Does t he value of Kerr constant depend upon he medium?
»Which has higher value of Kerr constant, water or nitrobenzene?

» What makes Kerr cell importantto be used as ashutter? . (5
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(1) IJse aximum water deﬂactif}ﬂg-_ gl o
v::'imlﬂh' ey {——~Redleetor SUCHI b ;_;ﬁnim;u:m 5
e siticn using Sensitivity Coatrol.
e ~_(2) By vero control bring t).: needle
(A Yo Jomsduee t. 5 or 7 div. from vero at the

. ™ \;‘; : F ! adl )

Lﬁnl lé’—Ct .Jminrnum readings . S

o T 1 . (17 &X2 . refers to meter Aeflection
o ¢ ST whzn reiector is moved .

This method is more accurate than making readings at maxiraa . Take such 5-7 52t of

readings, setting the reflector at 11" , 16™ inaxm. etc. v-hile moving the reflect sr
upwards, Take mean .

Find mean d and then A , and fizid ‘v’ (ecu.1). Measure density of zie liquid
by a 15¢cc. Sp.gr.bottle and then find compressibility (qu.2). Change the liquid to
different concentrations and repeat . ; i '

While making measurement with michroteter , use no. of ceziplete rotation
method or use linear scale method as is advantageous 5 you . - |
. ((Avoid backlash error. Readings for ‘d” should! be taken so cauticasly that the
. set of readings for ‘d” should not change in the second place of decimal when expressed

in mm. ) ~
ot TABLE :-

. To prepare solution of different concentration :- 5 C.

: * (Assume no limitation of vclume on mixing alco'oi -vith water ) Cq = L3

il Room temperature = ¢ ' o .} 4 )

H ]

| SLNo! -  Volume>f Initial Velume of Final 6o G \-1-'{' tt
Stock soiu-  Concentration  Wateradded ~ Contration . © %
e tion X €€ Cr1% . yicics C/=Cix/(x+y)%.

R - e I DR bra bl ool SV rE s KT PSR oAb

t— 15 130 J
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e
W
g *
i
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To determine velocity - ; b SR
Gt mm. NLE= il ,..mm. Frequency = 2x10 Hz e
i
Table :
Sl Conmc. Linear Circular Vernier “Tote) Linear Meann A=2d/n Velo-
No. ofSoln. Scale Scale  Scale Read- Shit 'd [nP) oy
%! Read Read - Rgad ing  dmaLiinEs i
- ing - ing ing mm nk
mm. s . m/s
; e e R
b o 05 14825 (14826 X 2
16
11
6
1
: (2
Table For Density :- Roam Temperature = 2
. o oG e CmElE
of empty distilled  sp.gr. o v V m/s Bs =1/pv}~
Soln.  Sp.Gr water bottle Wi—Wi i
Bottle Tlled filled Wa— Wi
Sp.Gr. with
Bottle soln
Wigm. Wagm Wagm
.0% i gl
68% 8.93 25.1506  28.7230 0.9105 1398.% 5.62x10
48.64% & : et S

7
"o DISCUSSION . Try to explaia why velocity is nonlizear with
Concentration 7 What physical proczss has been involved
To make it 50 7
Richardson  Ulircsoiics

Mesoa . - Sound
Nozdey - Use of Ultrasomics in Mod-Lhysies.
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CHAPTER 12
ULTRASONICS

u(;/lz-t. Introductory. The entire spectrum of acoustic energy
is divided into. four parts, namely, (i) infrasound or infrasonics,
(ii) audible sound or sonics, (iii) ultrasound or ultrasonics and
(iv) hypersound or hypersonics, The frequency ranges are taken
approximately as follows : i

(9 Infrasonics : Frequency fless than 10 cps.

(#7) Sonics : Frequency range 10 to 20,000 cps.
(iif) Ultrasonics : Frequency range 2.10* to 10° cps.
(iv) Hypersonics ; Frequency above 10° cps.

(Thus ultrasonics means the study of elastic waves covering the

frequency range 2.10* to 10° cnJ) The terms ‘supersonic’ and
‘subsonic’ are used now-a-days to qualify the speeds of fast moving
objects (such as projectiles, jets, aircrafts, spacecrafts, etc.), the
former meaning ‘greater than’ and the latter ‘less than’ the speed
of sound. ‘Supersonics’ mow stands for the gemeral subject
covering phenomena associated with speeds greater than that of
sound. Shock waves belong to this field.

h Infrasonic, ultrasonic or hypersonic vibration do not produce
% the sensation of sound in the ear.

Ezclier, we have stated that elastic waves may be of various
kinds, namely, longitudinal (Sec. 4-10 and 8-10), =xtensionai
iSec, 8-2), transverse or shear (Sec, 6-10 and 8-10), fiexural
(Sec, 8-6), torsional (Sec. 3-9). ZDSesides, there may be surface
waves (the so-called Rayleigh waves), which are propagated along
the surface of 2 medium. These we have not discussed.

Any mechanical system capable of vibrating within the
ul nic frequency range in any of the above manners constitutes

a source of ultrasound. When these vibrations are fransferred to-

2 suitable medium we gef ultrasonic waves in the medium. Asin
the sonic range, the production of uitrassyr’s waves in a medium
requires three agencies, mnamely, (i) a source of energy, {ii) -
system, called a transducer, which receives and transfers this
energy while vibrating in the ultrasonic range, and (i#i) the

medium to which the ultrasonic vibrations are transferred from

the transducer.
The energy supplied to the transducer may be electrical or
mechanical. !

The following are the gencrally used {ypes of transducers :

A. Electrically excited :
Piezoelectric transducers ;
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Electrostrictive transducers ;
Maguoetostrictive transducers ;
Electrodynamic transducers ;
Electrostatic transducers ;
Spark transducers.

B. Mechanically excited :

In these types, the pressure or speed of the fluid receiving the
energy is modulated at high frequency by one of the following
devices : e

Fixed mechanical elements;
Moving mechanical elements.

The most coﬁmanly used types of transducers are the
piezoelectric, electrostrictive and magnetostrictive transducers.
We shall discuss only these three types.

To avoid confusion, we may briefly note kerc the meanings
6f magnetostriction, piezoelectricity and electrostriction.

‘Magnetostriction relates to the production of various strains-

in a ferromagnetic material under the action of a magnetic field:"

These include (i) elongation or contraction of a rod when
magaetized (Joule effect), (ii) change in magnetization of a rcd
under longitudinal stress (Villari efeat G- imverse Jowis cifeet), |
{iii) twisting of a rod carrying an electric current when subjected
to 2 magnetic field (Wiedemana effect), and (iv} iendency of 2
bent ferromagnetic rod ¢ straighien :u a longitudinal magnetic
field (Guillemiu efZect). The Joule effect is comcermed in
ultrasonic generation and its inverse effect (Villari effect) in
ultrasonic detection,

Piezoelectricity and electrostriction both refer to the appeas-
ance of mechanical strain (x) under the action of an clectric
Seld (£). The relation may be written as -

Xmds + BT L seevaiancane

Piezoelectricity is the first-order efcct (x= E), and electrostriction
is the second-order effect (xE®), (Strictly speaking, piezo-
electricity includes all odd powers of E, and electrostriction all
even powers. The coefficients of the higher powers are ordinarily
nepligible). Crystals such as quartz, tourmaliae, lithium sulphate
and ammorium di-hydrogen phosphate (ADP) exhibit strong
piezoclectric behaviour. Electrostriction is strong in ferroelectric
crystals such as Rochelle salt, barum titanate (BaTiO,), etc. All
ferroelectric crystals are also piezoelectric. ;

‘When mechanical strain i3 produced on the application of an
electric field to a crystal, the phenomenon is called the inverse
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rance of electric charges on faces
of crystals subjected to mechanical stress is known as the direct
piezoelectric effect. The former is used in the generation, and

the later in the detection of ultrasonic waves.

_ In utifising electrostriction of Ferroelectric ceramic materials,
like barium titanate, the specimen is initially polarised.electrically.
a;t?hmglnn. ::Eh an ca:.lternatmgf te}::cctﬁc field to it produces an

rnating mechanical strain of the same frequency. The inverss
cffect is «utilized for detection. : ' req. o £ g.lnlf_e:_.-.*:.‘;

. 12-2.. Application of lg‘mghétoati-’iclion. When a rod or
tubs of ferromagnetic material is magnetized parallel to its length,
it undergoes-a small change in length, which is about a few pa{"t;
in a million and may be an increase or decrease depending on the
material. On the other hand, if a stress alters: the length .of a
ferromagnetic specimen, it is magnetised longitudinally.” This. is
the inverse effect. . eI

The strain (ies change in length per unit length of the
specimien) is a_ fusction of the- intensity of magnetization. For

S > flux  densities well
3 = e -below - ~saturation,
" AT the ‘strain is “practi-

cally propottional. to

wrife  strain= §LJL
“=KB*% -wheré K-is
a  constant ‘for -a
givéen material® and
B is the flux density.
" For nickel and some
i Fig- 12.1° AN *  of ‘its™alloys = (such
as invar, nichrome, .monel*), K is_large and negatiye, For
acaealed nickel, K= —1-0x 10-¢ zpto 0°5 weber, Fe and Co are
not used as K changés sign above a certain field, ‘Magnetostriction
curves for Fe, Co-.and Ni are shown in Fig. '12.1. "In mapy
applications ferrites are now replacing nickel.

In applying magnefostriction for producing high frequency
waves, a rod of nickel, ‘or scme other suitable material, is placed
in a solenoid through ‘which-a high frequency alternating current
is passed. The varying magnetization 6fthe rod causes variations
in its length with a frequency twice that of the alternating cutrent,
as the change in lepgth is. independent of the direction of
magnetization. - The fwo frequencies can be made the same by
superposing the a.c. on a sfeady current, or by polarizing the rod

"0 ™. 20- . 400 600 800 1000
MAGWETIC FIELD IN OERSTEDS

*.{un alloy of Cu, Ni and Fe.

the square of the flux

density. .'So, we may - efficiency is° high. At the
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by keeplog it in ‘a permanent magnetic field. Under given. condi-
tions t a-'%ola‘tiziﬁg‘. field has an eptimum value, . The' amplitugde
of vibration of the rod becomes a maximum when resonance
occurs, i.e, when ‘the frequency of the a.c. equals that of the
natural longitudinal ~ vibration ‘of the rod. The " vibrating rod
cxcitésllo:dgitudihal high frequency waves in the medium in whic
it is‘placed. 3 : :

L§-~=

. Frequencies upto 60 kc/sec can be attained in this way., The
length of .a nickél rod. which vibrates longitudinally in the
fundamental mode with this ' = A

frequency - when - fixed. at L

one end is gbout 2'cm,  In L s Sl
short rods, it is difficult to . ot ooty s
get the fundamental.  If B2 ;;1 o e
barmonics are used, there 2

is . considerable loss of
energy, and: the output is
small. “For . this reason,
application of - magneto- L

striction in the ultrasonic
range is limited $o about 60
kejezc. At -20-30 ko, the

fundamental frequency,.the | -

maximum . amplitude, . &5 e e

aboit 10 1 times" the length. The associated stress is very high,
being over 200 atmospheres. '

. .12-3. :Magnetdstriction oscillator. . Fig. 12.2" shows a
simple circuit for producing ultrasonic ‘vibrations . by, utilizing
magnetostriction: - A nickel rod R is clamnsd in the middle and
the ~two 'sections (L, &nd I,) of the rod are suirounded by cojls
Ci.and C, connected to the grid and anode circuits respectively.
Another coil wound round the ‘rod carries z steady current and
polarizes'the rod. 'Tuning is'effected by the variable condenser C

~_'The action is as follows. Suppose application of the anqde
voltage -causes such a current to flow through C, as would causé
the ~specimen to lengthen. This change in length causes, by
inverse effect, a- change in flux tirough C,, which induces an
emf init. - If C, is correctly connected to the grid this emf will
be in such a direction as will raise the potential of the grids This
increases the'anode current further and maintains the oscillatiens.

Magnetostriction oscillators are used extensively in industry
where high power is needed. It is superior to crystal oscillators




294 ADVANCED ACOUSTICS

(Sec. 12-6) in that large amplitudes offer mo risk of cracking.

But the frequency is low. :
lication to sonar. The high stresses that ate developed

in 'amg;xetostrictive oscillator show that such oscillators can be
used as powerful sound sources uncer water. Sound navigation
and ranging (SONAR) is the most important phase of under-

water acoustics. Its development has been made possible by the

use of magnetostriction oscillators. One such oscillator-detector

is described below.
A number of nickel tubes (N ; Fig. 12.3) attached to a plate

(P) forces the plate to oscillate by the magnetostrictive stresses
generated in the tubes when alternating

currents flow in the coils {C) around the
tubes. Each tube has a length equai to

H_- =
the frequency to be transmitted. Hun-

P  dreds of such tubes may be employed, ohe
' ‘end of each tube being free and the other
being imbedded in one side of & circular
steel plate. The plate has such dimen-
sions that the resonant frequency
M—F of the entire system is near that of
the tubes alonme. The currents through

the coils are in phase. Polarizing fislds

are commonly supplicd by permanent mag-

7 nets (M) mounted inside the watertight
housing (H) containing the tubes. The

alternating forces exerted on the plate by

the reaction to the stresses in the nickel

tubes are transmitted by the plate into the

Fig. 12.3 water with which it is in contact.

Because of the reversibility of magnetostriction effect, the same
oscillator can be used as‘'a receiver. Sound waves impinging on
the plate will set it into vibration aad correspondingly set up
stresses and strains in the tubes. As a result, the magnetizatiCu
changes and alternating voltages are set up in the surrounding coiis.
These are amplified and made to operate a meter or recorder. The
sensitivity is however limited to a parrow band of frequencics
around the resonant frequency of the plate-tube system. The
Q-value, defining sharpness of resonance, 1s about 50.

12-4. Application of piezoelectricity. When a plate Is
cut in some particular way from @ single crystal of piezoclectric
material, each as quartz, Rochelle salt, ADP, etc., it'is found
that & compression of the plate causes its faces to become charged
with opposite kinds of electricity. On stretching the plate, the
sign of the change is reversed, The conversc behaviour Is seen

when a properly cut piczoelectric cryrial is placed in an al ternating

¢ -.\-l.:.

A

_c  onc-fourth of the wavelength in nickel for
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electric field, it contracts and expands periodically and sets up
mechanical vibrations in any acoustical me£m in which it may be
placed. The frequency is in the ultrasonic range. The amplitude
of vibration is usually very small ; but if the applied frequency is
equal to on¢ of the natural frequencies of the crystal, resomance

occurs and the amplitude increased considerably. !

. Man-made ceramics of barium titanate, Jead titanate zirconate
solid solations, etc., show similar behaviour after they have been
placed initially in a strong electric field for a few minutes,

\‘{;2-5. Crystal cnts. The inverse piezoelectric effect, i.c.,
clongation and contraction of 2 crystal on application of an electric
field is wtilized forthe generation of ultrasonic waves. The direct
piezoelectric effect, i.e, generation of an electric field on the
application of mechanical stress, is utilized for the detection of
sonic and ultrasonic wgves. For maximum efficiency, it is
necessary in either case that a change of ome kind (electrical or
mechanical) be accompanied by a maximum change in the other,
Technically speaking the coupling between the electrical polariza-
tion and the mechanical strain should be the strongest possible.
This can be achieved only if the crystal is cut in some particular
way. For different kinds of crystals the cuts are different. For
the same kind of crystal there may be more than one kind of cut
for reasons other than that of strongest coupling. Some of the
more widely used cuts are discussed below. MNote that the crystals
used must be single crystals. Polycrystallide material is no good,
except where ceramics are used.

- _ Quartz crystal. A single crystal of i 1
rism (Fig. 12.4) S L
ounded by two six
sided pyramids at the

iwo ends. The long

axis of the crystal is
the optic axis and is
called the z-axis. Let

a hexagonal slice be

cutoff from the crystal

by two planes per-

pendicular to the z-

axis. A line perpendi.

cular to the z-axis,
which ~ joins  the
opposite angles of the
hexagon gives the
direction of the elec-

Iric or x-axis. Any :

axis  perpendicular Hig124

both to the x- and z-axes is the mechanical or y-axis. It will be

Ty
(0PTIC  41S)
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seen that the y-axis is perpendicular to any opposite pair of the six
faces of the crystal slab.

A quartz plate to be used for producing high frequency
ascillations may be cut from the mother crystal in various ways,
Thus the two largest
faces of the crystal may
be normal to the x-axis
or to the y-axis
(Fig. 12.5). The former
is called an X-cut crys-
fal, and the latter a Y-
cut crystal, For produc-
- tion and detection of
ultrasonic waves, the X-cut erystal is most commonly used. When
a quartz crystal is used as a frequency stabiliser with a valve
oscillator, the cuts arc more complicated, These cuts go by such
names as AT-cut, BT-cut, etc.

Frequency of ‘X-cut crystals has a small negative temperature
coefficient. ¥Y-cu? crystals have a similar positive coefficient.
Other cuts arc designed to have a practically zero temperature
coefficient at the working temperature and avoidance of undesirable
resonances between different modes of vibration.

. TYhe cuis for crystals of Rochelle salt and ADP are shown
in Figs. 12.6(a) and (b) respectively. The plates so obtained are

AZ

Y-1AXIS

X4

Fig. 12.6

called shear plates. They are used mostly in microphones and
have been further discussed under crystal microphones in

Chapter 14 [ Sec. 14-4(3)].
12-8. Generation of ultrasonic waves by gquartz. When

an X-cut quartz crystal plate is placed in an electric field parallel
to its x-axis, the plate will expand along the y-axis and contract
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along the x-axis or show the reverse behaviour according to the
direction of the field, If the electric ficld is alternating, mechanical
vibrations will be set up along the x-as well as the y-axis. The
vibrational mode along the x-axis (which is in the direction of
thickness) is called thickness vibration, and that along the y-axis,
lenght vibration. The amplitude of vibration becomes large as the
frequency of the alternating ficld approaches any of the natural
frequencies of the plate for either mode of vibration.

The natural frequency of vibration of the plate is dctcrmi'ncd
by its dimension (/) parallel to the direction of vibration. Thick-
ness vibrations have ﬁigher frequencies while length vibrations
have lower frequencies. In the fundamental mode of vibration,
the wavelength in the erystal 1=2/. The velocity of compres-

sional waves in the crystal is c= J/¥J, where Y is Young's
modulus in the direction of vibration and p the density of the

crystal. This makes the frequency about 272/ kc/s for length
vibrations and 287/l for thickness vibrations when ! is in cm.
Length vibrations in quartz (or otner piezoelectric crystals) have
been utilized for producing ultrasonic vibrations in liguids at
frequencies ranging from 50 kcfs to several hundred Ecf/s.
Thickness vibrations are suitable for frequencies in the megacycle
range. The radiating surface is considerably greater in thickness
vibrations than in length vibrations. Hence the electro-acoustic
efficiency is ealso relativelv high in thickness vibratipz. For
laboratory purposes the thickness mode is most commonly used
for generating ultrasonic waves ia gascs, liquids and solids.
Besides, the radiating area bciag large compared with the wave-
length in a thickness mode, the radiated ultrasonic beam will nave
small angular divergence.

The quariz oscillator. Eletronic circuits are used for
applying the necessary alternating voltage to a quartz crystal to
cause it to vibrate in'a natural mode. A )

thin film of metal is deposited on each o —a
face of the crystal for counnecting neb-n
elecirodes.

Electrically, vibrating quartz crys, e L
tal is equivalent to a resomant circuit limpp=
consisting of a capacitance. C, (Fig-

12.7) shunted by an LCR branch. L R
of the-branch is the electrical equivalent

of the crystal mass that is effective in
the vibration, C represents the elasticity
of the crystal and is the electrical equiva- :
lent of the effective mechanical compliance, while R is the electrical
equivalent of the resistance offered to mechanical vibration by
friction. C, is the electrostatic capacitance between the crystal

Fig. 12.9

=

v e
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electr ; i i
trodes when the crystal is not vibrating. The values of LCR The former can give a higher power output and is relatively free

depend upon the dimensions of the crystal. If I, w and ¢ respec-

tively denote the length, width and thi ;
we have the following relations : ickness of the crystal in om,

C=0.0029!w/t nuf
C, =0.40!w/t puf :
L =118¢*/lw henrys (for thickness vibration)

= 118w¢/I henrys (for width vibration).

Because the inductance of the ¢ i :
> rystal is large compare i
Tesistance, the crystal represents a high-0* tagnk circr*::ait.d}ilznlé:

crystals can be used

S instead of conventional

i tank circuits for deter-

!:.::99;, 113 mining the operating

: — frequency of an
oscillator,

The circnit of Fig.
12.7 has two resonant

—= frequencies, f, and £,
4 given by
28, 1241 .C

Fig. 128 (a) and 1/2af,C,

=2+f.L-1/247,C,
fe is the series resonance frequency of the LCR branch d
low impedance to the ex i Sy offers
e ternal terminals f, is the Parallel
the crystal system, in 5 BLOCKING CONDENSER
which the inductive reac- # —=t t
tance of the LCR branch ad i le-F"
is equal to the capacitive 72 i )
reacinnce of O .. It offess {
a high impedance 1o the - : =) or
external terminals f,>f,, P
while f.—-f, is about
1% of f..

The essential charac- '
ters of the two most Fig. 12.8 (b)
“::del;r used oscillator ;
clrouits are shown in Figs. 12.8(a) and 12.8(b). Fig. (a) is
known as the Miller cicruit and Fig. (b) as the Pierce circuit.

* 0, which is deﬁ?cd as Zv times the ratio of the energy stored in the

cricuit to the energy lost per cycle is ordinaril I
may be ten times or even greater. e en: Sl

of harmonics. For these reasons it is more advantageous for
ultrasonic work. The latter has great fre- 2
quency stability* and is more used for con-

. irolling the frequency of valve oscillators. LIQUID

The Miller circuit corresponds to a
tuned-grid tuned-plate arrangement as may
be seen by replacing the crystal by its
equivalent electrical circuit, The coupling
between the anode and grid circuits is secured
through inter-electrode capacitance. The plate )
resonant circuit is tuned to a frequency Fig. 12.9
slightly higher than the resonant frequency of the desired crystal
mode. The amplitude of oscillation is defermined by the amount
of inductive reactance in the plate sircuit.

For generating ultrasonic waves in a liquid, the crystal (C) is
placed relative to the liqguid ac shown in F_:g. _12.9. G in the
figure represents the rest of the electronic circuit. Because of
the large impedance mismatch, the face in contact with air radiates
very little energy.

When it is desired to produce a strongly directed ultrasonic
beam, the radiating area mwst he largs compared with the square
. of the radiated wave lengtn. For
guariz in thickness vibration this coa-
dition is gcnerally satisfied as t::
fregr:ncy is in the megacycle range.
Foz length vibration, it is not so as
_crystals of natural quartz cannot be
had in large enough sizes. In such a
case, a large number of individuval
quartz oscillators are mounted in a
raosaic pattern and are driven in phase.
One such design i¢ illustrated in Fig.
12.10. Thka bars @ are tbs inaividual
half-wavelength quartz vibrators. Ons
end of each is jmbedded in a rubber
backing (R) attached to the housing
(H). This design being meant for use
under water, the vibrators are imbed-

AR-4 ded in oil. Their ends in contract with
Fiz. 12.10 the oil radiate the sound. The oil is
lg. 12.1 sealed off from the adjacent water by

o e e o SRR M PR N AL

" a sound transparent window (W) made of rho-c rubber.

* The Pierce circuit is equivalent to a Colpitts circuit, which has the
best frequency stability of all basic oscillator circuits. The Pierce circuit
does not require tuning, and will opsrate when crystals of different frequencies
are substituted in the circuit.
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If D is the diameter of the radiatin
) g surface of a source of
g};‘.{rﬁs:mc sound and 2 the wavelength radiated, the beam spreads
oto a cone of semi-angle g =gin * (1*223/D). For a sound

radiation of 40 k¢ j i .
8 Wikl b5 about €. I water, 4 is about 3'5 cm. If D=30 cm,

12-7. Comparative properties of dif

mit:rrai:u. In order to be suitable for i‘llzga:: :;e'ﬁm?s?;;g
cgl:sirabﬁ:r or detector, a piczoelectric material should have some
Soip Lk llzptopertlcs. The chief JAmongst them are (i) a workable
e 3 .s'rtrlgrr‘z constant, that is, the ratio between the mechanijcal
(i e s voltage: gradient, (if) mechanical rigidity,

d osilivity of physical propertigs to changes of temperature
(vi) cost, etc. These rcquiremeus' ) ey,

) co | req nts heavily restrict our choic
which is now practically limited to quartz and Rochelle salrt am;rfg‘

naturally occurring crystals. Search for a wide i
: : r variety of useful
:;!;.tl;;lal has Jed wus 10 man-made crystals of ADP gncl lithium
nlphate and to ceramics of barium titanate, Jead titanate, lead
iw:uonate. lead niobate, etc. The search is still continuing. As
large natural crystals are rare, the crystals are now being prepared
1o a pure condition from melts or solution. As the titanates and
zmcon!ates cannot be prepared except in the form of very small
msta' S, they are 1ade into ceramics and can be given any shaps
and size, which is aa advantage: The ceramic preparation is placed:
in 2 strong electric ficld (of about 40 to 60 kv per cm) for a few
minutes. This direction marks the electrié axis. :

For longitudinal vibration, the strain constant for an X-cut
quartz crystal is 2-°3 % 107*° cm/volt. For Rochelle salt in the most
favourable cut (45° X-cut ; see Sec. 14-6) the value is  275x 16 2°
cm/volt, for ADP (45° Z-cut) it is 24 x [0-1° cm/volt, and for

barium titanate, 56 x 10 10 cm/volt. The chemical and physical ..

stability of quartz, its high mechanical rigidity, low temperature
effect and internal friction make it the Emtciial of ch%’iée as
ultrasonic generator in spite of the low value o its sirain constant.
Bar;u_m nta.nate_ is a less expensive alternative to quartz. and has
a higher acoustical output for a given electrical input, It can be

used for low frequency high power applications whe i
e y high p Pp re quartz Is

The electrical properties of Rochelle salt change rapidly with
temperature in the neighbourhood of the room temperature, Low
humidity dehydrates the crystal and high humidity dissolves it.
ADP and lithium sulphate are soluble in water. All these three
crystals require protective coatings. Lithium sulphate responds
under a uniform volume strain, which other crystals do not,
This property makes it possible to use lithium sulphate crystals

detection of sound under water (See Sec. 14-12).
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With improvement in the technique of preparation of BaTiO,
and other ferroelectric ceramics, they can now be made in necessary
sizes, large and small, and given any shape. Thsse ceramic crystals
are replacing natural or other man-made crystals and magneto-
strictive materials in many applications in the field of ultrasonics,
both in research and in industry.

12-8. Ultrasonie receivers Because of ihe reversibility of
the piezoelectric effect, a quartz oscillator will also serve as a
good detector for the frequency it radiates. It can be used over
a band of frequencies in the mneighbourhood of its resonance
frequency, particularly in water where its O value is low, being
of the order of 10. We may recall Eq. 3-18.1, which tells us that
the band width around the resonant frequency f, for which the
response is greater than 4 is f./0. So, an oscillator with f, =40
kcs can be effectively used over the range 40,000 +2,000 kes if
Q=10. By contrast, O in air is very high, being of the order
of 20,000. So in air, its use practically would be limited to the
resonant frequency but for high gain amplificss, which extend
the range considerably.

The principle of action of a piezoelectric detector is simple.
The pressure changes in the waves incident on the receiver
diaphragm throws it into vibration, which is stronpest at resonance,
The piezoelectric elements undergo alternating stresses as a result,
and slternating charges, and hencs voltages, are developed at ihe
opposite ends of the electric axis. These voltages are properly
amplified and made to operate 4 meter or recorder. Magneto-
strictive reccivers cau be used in the same way.

With the development of high gain amplifiers it has been
possible to use piezoelectric receivers at frequencies well away
from their resonant frequencies. The voltage developed across
the crystal is very small in such cases, and well away from
resonance it is practically constant for a given eXcess pressure.
Having a receiver response independent of frequency, as happens
at frequencies much lower than resomance, is in a sense an
advantage. Thus piezoelectzic rcceivers can be used over a widsz-
range of frequencies in the sonic and nltrasonic ranges with proper
amplification (Sce Sec. 14-12).

When the lateral dimensions of the receiving element are
small compared with the wavelength in the adjacent medium, the
response is practically the same for all directions of incidence, i.e..
it is non-directional. WWhen large, it becomes directional as in the
transmitter.

Analysis shows that the response of a crystal rece_ifrcr is
inversely propostional to the thickness /, of the crystal in the
z-direction. For crystals of the same sizc cut from different
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materials in the best way, sensitivity decreases in the order Rochelle
salt (45° X-cut), barium titanate, ADP, quartz,

Magnunetostrictive receivers can also be used in the same way
below the resonant frequency.

discussed wunder hydrophones (Sec. 14-12). The hot-wire
microphone (Sec. 14-8) has been used upto 100 ke/s in fluids.

12-9. Ultrasonic absorption and dispersion. Propaga-
tion of ultrasonic waves in a medium is characterised by
i absorption, which is strong in many cases, and by dispersion
: (i.e, change of velocity with wavelength). These features are
not perceptible in the sonic region. But since the pature of the

waves is the same, the same law of propagation should apply to
u both. This means that the mechanism of sound wave propagation
should aiso include appropriate wmechanisms for absorptien.
Dizpersicn follows as a consequence of absorption. :

Attempts to incorporate absorption mechanisms in the
propagation of compressional waves are old. The first attempt
was made by Stokes, who considered viscosity of the medium as
the physical property responsible for absorption. This was
S d fcliowed by Kirchhoff, who took thermal conductivity into

[} account.
The absorption coefficient o of a plane compressional wave is
defined by :

Pe=poe~®%

where p and p, are excess pressures in a plane wave at a distance
x apart. Assuming that « in a gas is made up of the absorption

o, due to viscosity and o, due to heat conduction, we get, following
- Stokes and KirchhofT,

a=oy+a;=

8a°nf* K ([, 1122°°
3pc T o\ r) et

where =~ ooeficient of viscosity, f=frequency, c¢=wave velocity,
#s = density, X =thermal conductivity, ¢, =specific heat at constant
volume, v=ratio of specific heat at constant pressure to that at
constant yolume. .7 ;

In gases, ay is about }o,, whereas in liquids o, is negligible.
Absorption estimated on the above basis is known as classical
absorption.

While the results are in fair agreement in monatomic gases,
large diff:rences are noticeable in polyatomic gases. Hence some
ther absorption mechanism must be considered. This was pro-
ided by what we now call relaxation absorption.

A cylindrical ceramic type of ultrasonic receiver has been -
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Relaxation absorption. This relates to cnergy losses due
to exchanges between internal and external- molecular degrees of
freedom. Energy takes a finite time to pass from an external
to an ‘internal degree of freedom, and vice versa. At low
frequencies this time is negligible compared with the time period

. of the sound waves. So, energy is taken from and returmed to

the sound wave with negligible phase lag. At higher frequencies,
this lag is no longer negligible. The peak pressure if therefore
reduced, and absorption occurs.

When a molecular quantity changes rapidly with time we
definc a time v, called the relaxation time, which represents the
time that some suitable quantity associated with the change takes
in falling to 1/e of its inmitial value. The corresponding frequency
is called relaxation frequency.

The absorption is a maximum around the relaxation fi'cquency.
At still higher frequencies, the emergy exchanges do not find
enough time to take place, and absorption decreases.

In the case of monatomic geses, relaxation absorption is
absent as there are no internal degrees of freedom. Experimental
results broadly agree with classical absorption.

Both classical and relaxational absorption can take place in
diatomic gases. Presence of impurities modifies the relaxation
frequency.

Polyatomic gases have more pronounced relaxational effects
and the relaxation frequencies are high. There will be a relaxation
frequency for each mode of vibration. CO, exhibils a major
absorption peak at 20 ke, which corresponds to a deformation
mode of vibration.

In most gases, equilibrium between translational and rotational

_energies is reached repidly. The vibrational modes are responsible
for relaxation absorption. - -

Absorption in liquids. Except for a few monatomic liquids
and highly viscous liquids, the absorption in liguids is much greatsr
than classical absorption. In associated liquids like water and
alcohol, the absorption is 2-4 times the classical absorption.
Structural relaxation is thought to be responsible for the excess
absorption. Many unassociated liquids has absorption 100 or 1000
times stronger than classical absorption. This has not been satis-
factorily explained.

Absorption in solids. Absorption in solids may occur from
a larger variety of causes. Some of these are }

(i) Scattering by the minute crystals (grains) which make
up the nolyerystalline solid. -
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(if) Transfer of heat across the individual grains.
(iif) Thermal conductivity.

(i) Structural properties.

(v) Ferromagnetic and ferroelectric properties.

(vi) Transfer of acoustic energy to free electrons in metals
at low temperatures.

Because of these complicating effects a general theory of
propagation of compressional waves in the matter could not be
satisfactorily derived. Effects of individual absorption mechanism
can be scparately considered and the conclusions tested against

observation where possible.

These discussions show that in wultrasonic measurements
determination of wavelength velocity and absorption are of

prime importance. A simple method for doing so is discussed
in the following section.

Apart from relaxation mechanisms which help in understand-
ing vibration processes of complex molecules even in the infra-
red region, study of ultrasonics throw great light on the elastic
properties of solids and liquids. i

Under the action of these waves a volume element is cyclically
straimed. Its mcghanical stiffness and energy loss can be
measured. Variations of these quantities can be obfained as a
function of environment and frequency. Information obtained
can then be correlated with the physical processes involved.

_12-10. Ultrasonic interferometer : Measurement of
welength, veloecity and absorption. Recent developments in

il
-

Fig. 12.11 (@)

ductipn of ult_rasonic vibration of accurately known fre-
by piczoelectric crystals and magnetostrictive rods have

ULTRASONICS

made the method of stationary waves a method of precision for

the determination of velocity of sound in gases and liquids.

The device known as the ultrasonic interferometer was first

used by Pierce (1925). He used plane waves in a cavity, usually
cylindr?cal, and the source was a vibrating quartz crystal though

*magnetostrictive rods were also used. There are two main forms,

single crystal and double crystal instruments. The former uses
the reaction of a standing wave system on the source crystal.
Standing waves are formed by a reflector at the other end of tue

_cavity opposite the source.

A single crystal instrument is represented in Fig. 12.11 (a).
A piezoelectric oscillator, such as quartz crystal (Q), with
fundamental frequency in the region where the measurement is fo
be made is mounted
in front of a smooth
reflector (R). The
two may be contained
in a wider vessel filled
with the medjum as
shown. @ is main-
tained. in vibration by
an electronic circuit,
The sound waves are ¥
practically plene. e - : T :
These are reflected by O Al &SN SRR Sl Gs
R, which must be Fig. 12.11 (&}
accurately aligned for the Purpiuse, so that stationary waves are
formed between Q and R.” R can be moved to-and-fro by-an
accurately cut screw. The reflected waves falling on O help or
oppose the vibrations of 0. This causesthe readings of the valve-
tube voltmeter (VT'VM) connected across the inductance in the
plate circuit to fluctuate in accordance with the phase of arrival

of the reflected waves. Alternatively. a milliammete
used in the plate circuit, : e

METER READING

The experiment consists in muvise R parallel to itself end
plotting the VIVM reading against the position of R. The
reading passes through maxima and minima as shown in
Fig. 12.11(b). The distance between two successive maxima or
minlma 1s /2. Under suitable conditions a few hundred maxima
or nunima can be located with precision. Thus a precision deter-
mination of i can be made. This combined with a knowledge of
the vibration frequency of the crystal, which again can be known
with a high degree of accuracy, gives the valuc of the velocity
of sound in the
be a liquid or a gas. In liquids, the minima are more sharply
defined than maxima, while in sases the reverse holds,

20

medium  between Q and R. The medium may
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When the reactive effect of the

4S5 | 2 : and the resistive effect is 4 max .

liquids, the minimum current occurs when the reactive effect iszerl:n;g]hvem
Tesorance positions and the resistive effect is smallest, At high gas
Pressures there will be a transition between the tWo cases

The difference arises from the

i > fact that the radijati
the medium, ¢, is much larger in Ij = 1ation impedance of .

quids than in gases,

Thc_re.are Beneral precautions to be taken
trasonic interferometer.

(a) The amplitude of vibration of the crystal must not be
too 1{:.!lrgez. This will produce heating of the medjum near the
crystal. i :

while uSihg ‘an

(b) A quartz crystal has many resonance frequencies, The
selected frequency must be well

A removed from neighbouring
resonant frequencies.

(¢) The crystal
paraliel. The parallel
3x10°% cm.

(d) The waves should be plane waves, This | requires that
the diameter of the crystal be large compared with the wavelength,
(e) The circuit must

1 have extreme electrical stability. Any
drift in frequency should be no more than 2 cycles in 2 megacycles
during the period of measurement.

{f) For consistent values errors caused by diffraction due to
finite size of source, excitation of

other modes of vibration of
e crystal, coherent radial reflections, and reflection of the
sary beam from the walls of the container must bé eliminated.
D low absorbing liquids measurements of wavelength at
ficies of the order of 1 Mc may be made with an accuracy
in 30,000. In high absorbing liquids it is i part in 5,000,

and reflector surfaces should be

exactly
Ism should be correct to within

about

rption.is determined by measuring ratios of maximum
um amplitudes,

hierfercmeter can be used over the range 0'3 to 80 Mc.
hnique can extend the measurements to 200 Mec. At
» reverberation method can be used down to 0-02 Me.

2-10-1. Sonic velocity from ultrasonic measurement. When
Is absorption in a2 medium, the wave velocity changes, So
' propagation in a medium exhibits dispersion in the
ourhood of an absorption region. On both sides of the
jon peak, the wave velocity reaches a limiting value which

the low frequency side (Fig, 12.12). This has been
ly confirmed, e key experiment in this regard
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being the dispersion and absorption in carbon dioxide. Small
amplitude ultrasonic velocity-at low frequencies is identifiable

..... =
N VA
— .\‘
8 s £ ‘\ é
& A ~4 3

l....:.‘ i a1 1 L - L L _: 3
R 10 100 1000 10000
FREQUENCY (Mc/s)
Fig. 12.12

with small amplitude sonic velocity as absorption xegiong are high
up the frequency scaie. :

12-11, Debye-Sears optical eifect in nliragonics. Debye.

and Sears discovered that alternate compressions and rarefa.cfiegs.__;

Rig. 132

caused by a sound wave in a liguid effectively produced a
diﬂ'ractiony grating for light. This has provided a method for
measuriug ultrasonic wavelengths, hence velocities, and also
absorption coefficients. One such method is_ illustrated in
Fig, 12.13. The sound beam is produced by a suitable transduce;
(C), usually an X-cut quartz crystal, and is generally absorbe
at the far end of the cell by some absorber (4) to eliminate
standing waves. Light from a monochromatic source passes
through a slit and then traverses the ultrasonic cell (UC) as a
parallel beam. The image of the slit is focused on a photographic
plate () along with the various diffracted orders.

. s
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- According to Raman’s theory, the diffraction angles ¢, which
can be determined experimentally, are given by

4, 8in g =ma

where 2, is the wavelength of ultrasonic waves and 2, that of light,
n being a positive integer specifying the order of diffraction.

Absorption may be measured by replacing the photographic
g}ate with a photometer and measuring the intensity of one of the
ﬁgggtcd orders as the position along the ultrasonic beam is
varied.
. When white light iz used, a colour picture of the sound field
is obtal-ncd in which areas of the same colour represent correspond-
ing regions in the liguid having the same sound intensity.

Velocities can be determined to within 0°1%. In recent years,

such optical methods have been used to study the distortion of

waves caused by very high amplitudes. Besth running and standing
waves can be used.

12-12. Some elfects and uses of ultrasonic waves.

(i) - Mechanical, chkemical and biological effects are
produced in many substances by exposure to strong beams of
ultrasonic vibration. For example, particles of colloidal material

. in liquids are shattered and form extremely fine emulsions.

lymerized molecules disintegrate and the chain of starch
olecules, splits intc seserai fragments under the action of ultra-
yaves. Smoke is coagulated, and the large particles so
not remain suspended in air. In this way smeoke und
gan be removed from air and other gases. Many
1s, and even tadpoles, can be killed by these waves.
yment using ultrasonic waves has been devised.
ed from bacteria by such equipment,

7 testing. The Decbye-Sears optical effect has been
7 i used for detecting flaws and inhomo-
geneities in solid materials. Fig. 12.14
shows an arrangement due to Sokoloff.
& is an ultiasonic guartz oscillater and
M the solid material under test, Good
transmission of energy is assured by
putting some oil betsveen the surfaces
of the two. In contact with the other
side of M is a liquid held in a con-
teiner B. A narrow beam of mono-
chromatic light passes through the
liquid at vight angles to the ultrasonic
beam. Snectra are formed on a screen
Sc. The sample is moved slowly
along.. If the material is homogene-
ous, the spectral putiern will remain

i
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unchanged. If it has flaws the intensity and sharpness of the

spectral lines will change. In this way internal defects in opaque
solids can be discovered.

Pulse method. The pulse method is, however, more
commonly used for locating flaws in solid specimens. Short
pulses of ultrasonic waves, each pulse containing an equal number
of waves, are propagated through the material at regular intervals,
and are picked up by a suitable recciver. If the frequency is
1 Mc pulses may be of 5 micro-second duration, and there may be

50 such pulses per sec.

Piezoelectric transmitters and receivers are used, Emission

of a pulse applies at the same time a signal to the Y-plafes of a
cathode ray oscilloscope.

The X plates are con-
nected to a linear time
base. As the pulse
reaches the recciver, it
induces & voltage across
the crystal receiver.
After necessary amplifi-
cation and rectification,
the voltage is applied
to the Y-plates. Thus
two vertical traces appsar
on the screen. Their
distance of separation, as
measured by the tims base,
represents the time of travel of the pulse. When the frequency of
the time base is the same as the ‘pulse repetition frequency the
pattern appears stationary.

ENNN

@L

~——1b)

— b
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Fig. 12.15

The source (S) and the receiver (R) are placed parallel to
each other at the opposite ends of the specimen (M ; Fig. 12.15a).
Figuree 12.15 b, c and d respectively represent the pattera to be
seen on the oscilloscone screen when there is no flaw present (%),
when there is a large flaw (¢j, axd whon the 8aw is small (d).

When the transmitter is also made to serve as the receiyer.
we may have only one transducer in place of two. This is prectised
in the pulse-echo method. The sound pulses are reflected back to
the transmitter, which now serves as receiver, from the far boun-
dary of the specimen or from a flaw.

(iii) Henting effcet of the waves is cons_idcrable: A r_od
dipped in a liquid through which an ultrasonic beam is passing
becomes so hot {hat it cannot be held in the hand. The heat is
caused by friction between the vibrating rod and the skin of the
fingers. The heating may provide an alternative to the present
methods of diathermy,

e g e
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