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1. Optical Bread board with Rigid Support 

2. Diode Laser with power supply 

3. Sodium vapor lamp with power supply 

4. Kinematic Laser mount 

5. Beam splitter with mount 
6. Front coated Mirrors with mount (2no.) 
7. Rotation stage 
8. Glass slide 

9. CCD with mount 
10. LCD screen . dptfonar--· 
11. Screen 
12. Thumb screws 

Please check if the following items are present while the instrument package is delivered. 

a. Quick Start 

: : Getting Started 

In this model of Michelson interferometer, sodium vapor lamp is used as light source. Components 
are assembled on an 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. 

: : Product Features 

; . 

, 
i ! 

\ r 
.<- 

--~--- ·--- - ... - -- ... _ - ~-,..-.-;,. ------- 
: ........ ---- :,..~,"": : .. :· •• ~ ;- .. 16" 

... --~--- ~. _j' l ---· 
' - .... _~..., ~ ~ 

t .- .. .,,· 

r\. 
I 

Scanned by CamScanner



---- -------~------..:... ---------- 

O') 
i c. 

... ... -· ··-· -··-·-- 

--- -- __ H~!-~~r~ ~~o~-~-~~~~t~-oni~s-P~t.-Ltd .. 
- -------·- . ··---·- ··--· 

Screen or Detector. 

i.r , 

,' ' 

Beam Splitter· 

·Light Source 

Mirror. M1 
Theory: 

_;, T 
·' . 

Aim : 1. To determine the wavelength of-monochrornatie light. 

2. To find out the difference in wavelength of 01 and 02 lines of sodium light. 

. : .... · ~- ·:: ;__. '. _--: .; = -~- 

• • Fundamentals 

.. . . . ·. { 

~ .' : , ... . /;. 

e · Always keep the equipmen] _ifi:~ moi~t·u're a~cfd.ust free atmosphere. 
. t. • • • •• . - . ~ • • • . :-·.. . . .. -', ~ 

. ' 

e Please don't put your finge_rs 'on. the main optical surfaces but hold · · 
components by their edge.' ·. ·:: · · .- · . · 

. ,· ... 

e Care must be taken while handling the Optical components since this 
experiment uses precision optical lenses andother high quality components. 

e It is best that students work in low light dust free atmosphere. 

,3 Laser radiation predominantly causes injury via thermal effects; 
avoid looking directly into the laser beam. 

b. Safety and Installation Instructions 

.. 
·' -! ' 

,_. . 
. . 
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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 f the other. 

The wavelength separation of the Na ·o:line doublet is easily determined y observing the 
successive coincidence and discordance of the two sets of fringe systems produ ed by the doublet. 
of wavelengths (>., and '-2 with ).., > "2)- As O is increased, the two systems gradlally separate and 
the maximum discordance occurs when the rings of one system are set exactl 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 A.1 - ~ is given by . . I 

i 

I 
I 
I 
I 
J 

------.......;...' --- --...,._.._;__ 

1----Hol~arc Opto Mechatronics Pvt. Ltd .. I 

Where 'd' is the change in position that occurs 'N'fringes o pass 
and ~ is the calibration constantof the micrometer. 

1 = (2d I N) ~' 

....... 

The beam splitter, a pl2narQlass plate partially 
sil~ered (50~c - 50%i) on one side. It is 
mounted vertically at an angle 45° to th~ 
incident light. When light from the source i~ 
allowed to fall on the beam splitter,_one portion 
is transmitted through the beam splitter to M1 
and the other is reflected by beam splitter to 
M2. The reflected beams from M1 and M2 
superimpose at the beam splitter and 
interference pattern can be observed on the 
screen. 

! 
i 
' . i 

The two beams of a Michelson interferometer interfere constructively when the waves add in phase 
and destructively when they add out of phase, producing circular interference fri~ges as a result. 
With Sodium source the.wavelenathls given by-::~_· . l 

I 

ivh end M::: are two I'"' n · · 
translsn • P ane mirrors silvered on the front surf aces. They are mounted vertically on two , ,a,1on Slages pl--ced t th . , h ld .. . c a I e s1aes of an optical platform. Screws are provided at the back of the 

1~ 
ers. Ao Justing of which allows M1 and tv12 to be tilted. M1 can also be moved horizontally by a 

micrometer attached to the t-. 11 holder. 

.. , .... ,,. .. - 
.,-·:.:::-,_ •, 
·:;• 
i"s-'·; .... " 11 "'1,,~ "f"' c . r- ... \\-\~\\.l , .... ,1 I l,. orn 

Scanned by CamScanner



04 -------·-- -----· 
- Holmarc Opto Mechatronics Pvt. Ltd 

2. . Fix the high pr~cision mi;o, wit~ ~ans;ation stage ( M,) & mirror with coarse movLnt (M,) in 
equal distance from the beam splitter. 

':»: 

. _· .. ; 

1. Fix the laser mount on the bread board and place the beam splitterat45° 

;; 

: : Experimental Set-up 

Where). is the average wavelength of Sodium, D is tlze is the change in 
position of the micrometer for two successive discordance I coincidence. 

) _ ! - i .:. :::: i/ I 2 D 

1 .. 1 - ).~ = 1.1 1.2 I 20 
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2. Rolnto tho mlcromotur of hloh proolnlon mirror trnnnlatlon r.tngo (M,) to count 201os. of fringes 
nntl 11010 down IIHJ dlul1.1n1:o rm.,v,,d for ?.O frlnnno. Tl1ln dlntance I. taken as 'd'. . . 

I 

1. Flrntly cot up tho Ml(:holuon lntorforometor with laeer, You will got clear circular frin es. 

To dctarmlnc the wave1on,1th of monochromatic llght. 

. . .. 

Procoduro 

7. AdJ1wt tho mirror tilt oncJ pool lion of 1110 cnmora for cioar and sharp circular fringes. 

---- ------·- - .. 
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6. Find the difference and take this as D (change in position of the micrometer for Mo successive 
discordance I coincidence.) 

7. Then wavelength separation ,.1-b = 1.2 I 20 
where), is the average wavelength of the sodium. 

4. So note the reading of the micrometer when there are no fringes. 
1, 

micrometer. 
5. Then rotate the micrometer to get the same condition (no fringe) again. Note this osition of the 

· ... ~ . .. . . ' ... , ' 

i : 

!l 
i. 
; 
J. 

:, .. 

.. 
1 

To determine the wavelength separation between P1.. & _·D2 /ines of Sodium light. ! 
. . .. _ ..... · •.· . : i 

- i 
1'. Firstly set up the Mich~l~on int_~rferometerwith sodium light and get the clear circJrarfringes. . . . . . ·- ... . -. . . . :· _; - . - - I 

'~ 2. The~ rotat~ the micrometer·of.the .. minortranslation stage (M2) and you can see ttiat the fringes 
-. ·:. aremost clear atcertain pos-itio~~~ofthe rnlcrometer, ·,ri-~ome other posltlons of ttie micrometer 

,Yotrca~_-noti:cel~9t t~_e ""?" :d;t;~~~ar. · .: .: ·--_ : . ~ ~ J 

3. ~h~fl the sodlum D l_i_n~s areln -~ft~~e toge~~-~:-' t~~- fring~s. ~re clear and _sh~rp. fhen one line 
· is inphase at a point but theother is out of pnase, and Vice versa, the fnnges are washed out 

and indistinct I 

I 
.j 

. I 
'I 

· ···· ·. · .: ' .: . :;;.-· = ·.(2d IN) A 

6·. · Then we can find out the wavelength of sodium light by using the equation 

.~. ! • 

5. Rotate the micrometer of the hig_h precision mirror translation stage and find the distance 
m~ved for 20 nos. of frinqes. This distance is taken as 'd'. We also know N=20 nos. and A from 
above calculation. 

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

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

ti = 1. I (2d I f\) 

We have the equation, 1. = (2d I N) L\ 

We know the wavelength of laser ,. = 650nm and N = 20 nos. 
3. 
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Average wavelength 1.. = nm 

4. 
3. 

2. 
1. 

l 

! Trial 
l No 

2. Combined wavelength of Sodium 

: j .... -, • 

Average Calibration Constant A = 

4. 
3. 
2. 

,. 

~-F,-i·r-,g-c-s ---tvl.-ic-ro_m_e_t_e_r_ -re-a~ng-. -. · ~--·--- ... -_. ----.-. .. -i;·/-C-al-i_b-.r-:-a_-tio..,.... n--._-.,.----, 
Moved ,------,----·-· _. ~·· . Di,s.ta.nce M9ved ..... ·.·:::·:_ -;: Constant-::;_. 

0 ,~~(N_)~~-~'-n_iti_a1~~,--F_-i_m_11_::_·~~·~.::_\~_•·_(d~)~m~m~>_· .. _·.--·~·:~·-:~·~-~~!~~~~A_:b_~ .. ~0_'·N_--~~-d~j--_--J 

W. \'t.lun~th f hsldr ,\ = ....... 
L1c~ st count f the mic: m ster = .. 

t. Callbrntlou Constant 

Measurements 
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2. Error percentage · ~ .. 
1. The wavelength separation of Di and D. lines of sodium is .. 

I 

. ' . ,. Result:· 

Average l, - }..J = nm . 

I 

\ 

. -· -- ·- -· -·· 

it l,il [___ -~'i_:_ rn '.h r ro:hiil)J Distance Moved 

I 
- ).1 - ;.::. = ).~ / 2D nm N __ i ____ 1~\i~'ll - - 1--- Fin ,1 (d) mm 

r --- .. 
I -- I 

L I 
I t- 

.. I 
. . 

.. . . .. 

o , \\f~wol~n th s 'P,lrJti n f 01 an 1 D. lines of Sodium 

1 

! : :· 

,, 

'": ·~ 
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j according to the previous argument v Ill stRri to precess (in the rotating f rarne) abo ut H1 
l 

, 

We now introduce an additional weak magnetic field oriented in the xy plane and ro t at 
about the z axis (in the same direction as the "Larmor precessing") with an angular fr equenc y . 

If the frequency w1 is different from ro0 the angle between the field HI and r he rnagn,o 

moment µ. will continuously change so that their interaction will average out to zero. 

however, w1 = (J)o the angle between µ and HI is maintained and net interactioi'l. is tffect 
(Fig. l b). If we look at the system in a reference frame that is rotating about the 7 axis with 
angular velocity w0 then the spin will appear to make an angle \j.l = 90 - fl wi tii f(.,. 

.I 
splitting factor. 

g being the Lande' g-factor ( g = 1 for pure orbital momentum and g = 2 for a free electron .p 
For the cast of anion in a crystal, the behaviour is modified by the environment and the g- far r­ 

may differ from the Lande' g-factor. This effective g- factor is known as the s pectros c-t 

(l ) wo = g (~J Ho 
2mc 

- ,1riform magnetic field cf intensity t\ (Fig. I a) Then the moment µ will preces s aroun 
with an angular Larmor frequency 

The fundament,i.ls of elementary magnetic resonance mav be understood 111 term 
1 .... i smple classical concepts. Suppose a particle having a magnetic moment p is place- 

;: ELEMENTARY MAGNETIC RESONANCE 

i 
,, ,. 

/8\'0i<:k\' In ! (),h r,l !)<'I ,11tri th{· 1•;11 Irr,.( ,ria~w./1( rc:;CJn;incc, c1.rcri11wr,r\ 111 c s, i,rJ 

obscn'l~d strong ckctru1J spin resonance absorption in several pannnagnctic salts App l.cauor 

dcriron magnetiC' spin n:so11;1ncc i 1 soli.' state physics arc of great importance. It 1; a 
~cnsitl\ e technique J,1d has been a1,1 lied ll1 many fields. The chief of these Dre : 

(a) Paramagpf't•,~ ions in CJJ: tals, 

(b i Unpaired electron in semi-conductors and organic free radicals, 

(c) Colour centres, and radia ion damage centres, 

(d) Ferro and anti-frrro magnetic materials. 

I. I,. 

.... ,•1 

. gular 

about 

. (b). 

e spm 
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Where v~ is the resonance frequency in cycles/sec. This requirement is identical \Vith the 
classical condition 001 = (J)p 

In atomic spectroscopy, we do not observe the transitions between subleveis with 

different m (labelled a, a and selection mies 6 L::.: ± I. Instead the splitti::c: 0L1 k vel is observed 
through small change in frequency of the radiation emitted in the transition b tween widely 

distant levels (Fig. 2). It is clear that, if we could directly measure the frequency corresponding 

to a transition between the sublevels of the same state, a much more precise knowledge of the 

energy splitting would be obtained. 

(2) 

Now, if the particle is subjected to a perturbation by an alternating rnap-;c~ic f ..: j ,,n t• 

frequency v1 such that the quantum hv. is exactly the same as the difference between th':' levels. ~_-, 

A E and if the direction of the alternating field is perpendicular to the direction of the static 
magnetic field, then there will be induced transitions between neighbouring sublcvels according st 
to the selection rules Li m \ ± I for magnetic dipolar radiation. 

Therefore, the condition for resonance is t.ei 

g = l + ~ ( J _+_ 1 ) + S ( S + 1 ) - L (_ L + 1 ) 
2J(J+l) 

betv..·een adjacent sub levels, where ~to is the Bohr magneton and g is the Lande' g factor c. r 2 - 
factor whose correct quantum mechanical value is 

I..•, 
'll" l l\) ,·· 

( 1ll11. 111 '] l i.! 
. I ~\. t • ii I ')fl I I i I t I I I I · " t'lt1..·1<,\ (\i 11' ' 1 ,111',1 <1 I 1< flr,1_ , "• 1 , 11:,J re , < · .' • 

. . (1;. 1' I I ! I 
rt 111 fl1 ' I ( 

l3h.Hiou ')l l\ '(. I' 11' 
I Ii( i.r . I J,I J '1· I h.u:.; 1,, ll I,"' ( l:i,'.,J(cJI; r,IUl'.',t I ;J 

. l L SU >Jl'\e'~ i\·•li 
tf ll (" , · · 1 r,i(f"t rent 1·,1 \\.',· ·., r 1iicit '.111. h tr:11!'1rl1r111s may rak c place 011ly t . r<.hat1ng treld 1·1a. . ( s a11 aiwt J ,· 

• t: I ar ,rcquency co 1 · O)o 

t.rt us proceed to · . 
S consider the quantum picture of elernentarv rnaznet.c resonance , uppose that the. intrinsic a 1 , - , t» 

' ngu ar momentum of the electron S couples with the orbital angular 
momentum of electro i -I t . . 

• 
1 

~ 
0 give a resultant J. We know, that J + J magnetic sublevels labelled 

by the magnetic field Ho by equal energy di tference, 

'."" .. 



Fig. 2 . Energy levels of a' single valence electron atom showirig a P state and an S state. Due to 

the fine structure, the P state is split into a doublet with j ~ 2/3 and j = 1/2. Further, 
under the influence of an external magnetic field each cf the three levels is split into 

.I 

sublevels as shown in the figure where account has been taken of the magnetic moment 

of the electron. The magnetic quantum number D1i for each sublcvel is also shown as is 

the g factor for each level. The arrows indicate .hc allowed transitions between the intial 
and final states, and the structure of the line is shov,m in the lower part of the figi re. 

mj == +1/2 1 
g = 2 ~ 

-1 ;-, ' 
L j 

y .c ,\ 
~~ ·I ~ 

i\ ,_ 

Li'ri, == 0 I I I I 
I t ···n 
I ! 

·i ~~ ==:t1<J I i 1 I I 
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rnj=+1/2 -: 
- '3 g ;:::::; l/. 
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In the preceding para, we see the mechanism through ~~hith the electron return from an 

excited state to the grounl state or relax back to the gr_our~d state, This process in the field of 
magnetic resonance's {ESR, ~R, NQR etc.) is know as relaxation and the time taken by t he 

process is called the relaxation time, This complete pr~cess may be considered as two state 
process (provided the spin-spin interactions are much stronger than the spin-lattice interactio u~ 
First the energy is absorbed from the radio frequency magnetic field and the equilibrium is 

' 0 established inside the 'spin system'. The time taken by this process is known as the spin-spi.n 

I 
tl ti 

1 
d 

1·s a measure ;f the rate at which magnetic energy can be distributed wit bin re axa ion rme a 1 . .... ...., ... _ 

the spin system though total energy is conserved. Secondly, an exchange of energy occurs 

REi...AXATION AND SATURATION 

(b) Spin - Lattice in whi J tl 1 . . . . . c 1 ie c ectron spin 1ntera~t with entire sol id or liquid, iransforrrung 
energy from the spin syster 1 th 1 · . · · . "'-=· 11 o e atttce which act as a thermal reservoir. As a matter of fact 1t 

IS the spin-lattice intera ti ti . . . c ion rat makes possible the observation of energy absorpt10n from the 
radio- frequency field when the resonance frequency is reached. 

_ To understand this last statement, consider a paramagnetic substance in a magnetic field 
Ho and say the equilibrium state has been reached., The population of individual energy levels 

will be determined by the Boltzman distribution e-gµoHom 
I 

kT where m is the magnetic quantum 
number; . .Ir can be seen that the population of the lower energy levels are greater than those of the 

upper levels and, therefore when a periodic magnetic field with a resonance frequency 1 s 

switched on; the number of induced radiation events will be more and as a result the suostanc e 

will absorb energy from the radio-frequency field. Thus, two opposing processes take place in 
ESR. The radio frequency field tends to equalise the population of various levels and the spin 

~ \ ' . ~ .. 

lattice interaction tends to restore the Boltzman distribution by conversion of the energy 

absorbed from the radio-frequency field into heat. 

(a) Spin - Spin In which the spir . . . . . : _ . 11 interacts with a neighbouring spin but the total energy of the 
sp,n syster» remains constant. 

I I ~· . '.. ,, t A I 
• • lJ I • ' J I 'ir. t ,. 

Tl t I 
11 dln1,·11I of, 1 1c )C laVivur nt .1 . _ .n , 1 ,,l,.jt, ,i ;11 ·,, 11, 11.,111r I, 1,, 1 11 "1• , .. 1 ,;pi,, l"···.y. 

' par 'l1'1P1wt1r •l . 
t

, . ' )L. l ,tin, c 111 1 f • I '1C patiJC'JeS with O re J li1 l)'J)('I, J,:j(l wi l l dcp- JI(\ Oil the liilCrae'.tlr II I) 

. re anot 1cr and with th d ,, . . interactions e lcdllclfllet1c partrc lcs I'hcrc arc mainly two type:, of 



th t from the width of absorption line it is possible to measure the relaxation Thus, we see a , . . 
f h , h in this field involve the study of relaxation phenomena wh ich m ti me. In fact most o t e researc . . . 

. d . c: tion about internal interactions in solids and liquids, turn prov1 e mrorrna l . 
. . b fr es of paramagnetic resonance absorption also depe nd on The posinon and num er o in c» 

the internal interactions. 

If the spin-lattice interactions are not weak the spin lattice relaxation time T wi 11 al so be 
introduced. Let us considf?r the probability of a transition of an individual paramagnetic particle 

from one magnetic level to another under the influence of thermal motion. If the probability per 

r.- d equal A . T - _!_ and the absorption line width would be of the order of __!__ . In general .. econ ..., , A T 
h . 

b . d 1 1 case, however, the absorption line width may e estimate as T + T' 

r 
L 
i 1, 

I r • 

The effect of the spin-spin mteracuon 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 
orientation and distance of the spin and thus is different fer each spin_, resulting in apparent 
broadening of the energy level. An~ther way of thinking of the spin-spin interaction is that one 
electron spin produce a local magnetic field a! the position of another spin .. Thus, the width of 

absorption line due to spin-spin interaction may be estimated as ;. , where T' is spirr-spin 

relaxation time. 

I, 
• 

LiNE VV!DTH At·JD THE SPIN-SPlr-1 AND SPIN-LAT"(ICE INTERACTIONS 

": ... t: ... tiou tr.. (~<, c: not .mp: de tlll ab n11~h·n rat- In r,1(1•0 fr~'.qW. lKV 0tl th (\thr,j 11,mrl 

tvpic al rcl,·.x.it1t)n ti1111.s arc in milli.~1.:c•mds. o: longer and the spin do not have tune to relax if the 

energy Is supµli1;cl at a faster rate. 1 his ..ituation 1:, called the 'Saturation State' In other words, 

no additional energy· i<; absorbcn, if the radio- frequency field power is increased beyond certain 
level. 

1 i ' ' ,, ·,• • ... • 1 ' '1 I I, I ' t· 

,:1 ( I ,, ..... ,, u' 1 di~ 1 r ,, ' 
,, r· . j it lt,, r ' 1 " ! I ~ o tl }i 1, ... :< ,, 



ef The most important factors determining the line width are magnetic dipole interactions, 

exchange forces, local electrical fields created by neighbouring magnetic particles, and 

character of its dependence upon various factors. 
0 

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

same order of magnitude as the energy splitting which determines the resonance frequency. 
Because of this the width of paramagnetic resonance lines is often comparable to the 
fundamental frequency a~d can be measured with great accuracy. This opens up wide 
possibilities for investigation of different types of interactions in paramagnetic substances by 

means of analysis of the shape and width of a paramagnetic resonance line and of the 

" I 

f 
i. 

;t 

forced to deal only with induced absorption and emission. 
· · · from electric dipole transi tions While m the great majority of cases optical spectra anse r: · 

between energy levels, the lines of paramagnetic resonance absorption arise exclusively from 

magnetic dipole transitions. Consequently, the Einstein Coefficients for induced absorption 
and emission will, in the case of paramagnetic resonance, be smaller by roughly four orders 

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 
of photons coming into pl~y (1 mW corresponds ton= 1020 photons per sec at a frequency of 

'0 ' 10' cps). 

3. 

} c , r ,, ' h l!L •l'fl 111 •1<1· • ; fl.: I • Ji 
I •''1 l!lf('J.'1,1' f' ·1 ,f I" ,,ro C OJ'( ,!', JI fll'J ' 

, .c: 1'111 i ' , n, i: r1r .,,- tli , I It I.'.• 111t,·rc ..;!111<.'. to r.r,r··,1r.l,-,1 
t ' ~ ' c 1 :v •1'Vt 1, of t,Jcl~ Tit t ll p.ir ttc e: r s ; 

l IL I' ,,.., c c.; •"' r1·, . . _, i . t '()$! opy ' -· - ~ 0 ,H dll1,\'1 . tic r, .sonar« t: ,11 t omparison w ill: opl!L a, :,pee 1 • J 
'I 

let us f11st l'Ole that the frcquences used i11 ni;wnet1c resonance experiments range fr<;n1 10 
' 101 Tl ., · d rt f the ··peC'f11rp 
,t\ cps .1ese frequencies situated below the limits of the infrare pa O .., · · · ' 

allow highly accurate investigation of energy level splitting so small that they are 

inaccessible or almost inaccessible by optical methods. 

2. The probability of spontaneous transition in the radio- frequency region is very small, since 
this probability is propcrtronal to v3. Therefore, in paramagnetic resonance studies one is 

~ E .lf 1.). ,.<H ' ,I•, It~· 1fr• !< 
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In the radio frequency region, two types of methods are chiefly used : 

The former is preferable, where simplicity, easy operation and cost factor are the main 
considerations and no high resolution is-required ideal for postgraduate level experiments. 

Because of these advantages, ESR in microwave region is preferred for research purpose. 
though, ;tis very sophisticated arid expensive. 

(b) A high magnetic field is used, thus providing separation between levels that arc intrinsical l y 
wide and would remain partially overlapped at low fields. 

That is FSR can be observed at radio frequencies in a magnetic field of few gauss or 
t' 
.. otherwise in the m icrowa ,,e region in a magnetic field of a few kilogauss. The latter alternate has r ' 

f, rnany distinct advantages · 
v 
f' <a) For each transition the absorbed energy is much larger, and thus the signal-to-noise ratio is r much improved. 
f. t 
Ei 
~ s 
t ti 
f. 
!-. 
'@ 
~ 
" ·L! 
!! 
Iii 
rs: 

'i,ij 
~ 
'~ I .. ~ I E)(PERIMENTAL TECHNIQUE 
~ t1 

,i,· 
i l Tl1"' method of reaction on the generator 

i.'.1· 2 .· The' met hod based on a deterrn inati on of the change in a lo ad factor of the osc i II atory circuit 
due to paramagnetic loss . 

'

i· The latter method has been used here. The sample under investigation is placed in an induction 

. coil, which is the component of the tank circuit of _tbe oscillator (generator). This is the 
-; Zavoisky's technique. It is based on the fact that under certain conditions such as absorption of 

ti t the watt load ( ti w ) on the generator changes. This change of e w is pow er rom genera or, , 
- I · h h e 1·0 base current ti I, or collector current !'!. le of the generator. The proport10na to t e c ang . , · . 

holds Only the power dissipated by the sample due to paramagnetic proportionality, however, 

v 
_ _Q = 2.8 MHz/ Gauss 
Ho 

2.UO. ~'-o - 0 9)7 x hH d frt,' ,·lPctron, bv c;uhstitutm: t!K prop: l values of 1.on<,la11ls : g 
IU • · crg . (iauss .md h : 6.625 x 1027 erg. sec in equauon (7), we f:'Ct, 
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2.· Phase Shifter : In order to make it possible tq us7 ~?- ordinary displaying type oscilloscope~ ter 

instead of a measuring oscilloscope which preserve the phase betv..-een X and Y plates sig::1.als,.a 

phase shifter is provided. This can compensate the phase difference which is introduced in the 
amplification stage of the ordinary osciiloscope. 

The circuit diagram of the phase shifter· is . shown m Fig. 4B. The p:1mary of the I Sl 
transformer is fed from the 230 V, 50 Hz mains and the secondary is centre tapped developing 

V 1-0-V1 (say). The operation of the circuit may beexplained with the help of the , ecro, di agrarn 

cto: shown in Fig. ( 4B). The vectors OA and BO represent the voltage developed in the seci!nd ary, in 

phase and magnitude. The current flowing in the circuit ADB leads the voltage vector B.t\.. ·due to 

the presence of capacitor C and is shown in the diagram as I. voltage developed across res 1 stance a ref 
R, i.e. V R is in phase with the current I, and the voltage across across capacitor V, is 90°fI ~g) out 

of phase with the current. The vector sum of Ve and VR is equal to 2V1• These are also plot:ted in 

- the diagram. It is clear from the diagram that as R is varied, V R will change and the poi~t D will 

amplifiers of excellent stability. A sensitivity control control is provided in the amp'lifier to suit est 
the input requirement of any oscilloscope. 

' 

resonance, i.e. when the frequency of osciila~ion equal to the Larmer's frequercv .of the sample 

the oscillator amplitude registers <:!_ dip .due to the absorption of power by the sample: Thi 5 

obviously, occurs periodically - four times in each complete cycle of the Heimholtz coi ls S'mD.\. 
voltage. The result is in amplitude modulated carrier (Fig. 4A) which !S then detected usm&; - 

diode detector and amplified by a chain of three lo'w · noise, .higb gain audio - frequency 

1 
· Basic Circuit : The first stage of the ESR circuit consists of a critically adjusted (marginal ; 

radio frequency oscillator having a frequency range of approximately J 0-1 7 MHz A rnargina l 

oscillator is required here so that the slightest increase in -its load decreases the amp litude o 
oscillation to an appreciable extent. .The sample is kept inside the tank c~·il of this oscillator. 
which in turn, is placed in the 50 Hz magnetic field, generated by the H.r:lmho!tz cods. At . . 

page. 

DESCR1p-,-101\.1 QC T 
I\ I HE: ESR SPECTROMETER 

A block di·H·1··.,r·1 of the ESR S · · · 3 J ' • 
"";:, ... 

1 

1::; _: pectrometcr ts zrven rn Fiv. anc line-sketch on tnc nex: 
'-' v 

.- .. , - I 

' 1 ... , 
l ,_ • " ''. 

I, .' J II 

' 
I j IJ I J J 

I , 



At 8 

FIG. 4(A) 

At A 



I 
I 
I 
i 
t 
1 

I 
I 
I 
l 

Fig.: Chemical structure of DPPH (2,2-Diphenyl- 
1-picrylhydrazyl, (free radical, 95%)) 
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5. Helmholtz Coils : -There are two coils exactly alike and parallel to each other. so connected 
that current passes through them in the same direction. The two coils increase the uniformity of 
the field near the centre. 

Number of turns 500 in each coil 

Diameter of the Windings 15.4 cm 

Separation of the coil 7.7 cm 

In the centre of the coils, an attachment is provided to keep the sample in place and to 

minimise shocks and vibrations. 

(b HclmhJ.)1tz£Qjls P-0wei:__S1.JVpJ~ : TheHelmholtz coils power supply consists of a step down 
transformer (220, to 35 V AC) separate winding on the- mains transformer, a pot,-::Dtiometer ( 12 
- 15 W) and a moving coil rectifier type meter. The output is taken from the two terminals 
provided on the panel. 

0.1 % per 1000 hrs. 

<3mV 

0.01% 

0.3% 

20V (i) D. C. Voltage 

(ii) Load regulation 

(iii) Line regulation 

(iv)Ripple 

(v) Long Term stability 

4. Po,·,er Supplies : 

(a) D.CJ'o\vcr Surw.ly: 1 lie ESl\ circuit requires a highly stabihscd almost ripple free vo ltaj;e. 
It is obtained using an Integrated circuit regulator. The specification of the D.C. power supp Iv are 

, ft' id, c' SO l J;; 1 tin cut ,. : O · Iz ~.wc,·r1 l iu it : hir modul.rur.n ,,. iih c1 [o xv frequency ma~,,, Ji 
r ! I, 1\V ( , ra lt.,C U1.'Cl1. , ,fows lhrout~li the hc1nilwlt < t oils. /v: tl«: .cs. n,~11ec in th1', ri qt•c·nr: 1 

1J1:1rn ... ·ti,' IIC!ds, !10 stau. n.c '. rnugndtl fie id ,~, required. 

I 1 . 
l • \ L 1. : I 

• l 
' I 

I I I 

:, I 'I .. ,! 1' . , 



The instrument is thoroughly tested and checked before it is despatched 
factory. Please check for all the components from the list given in the delivery chal\~11. 

It is strongly recommended to read the description of the ESR Spectl"Om 
carefully and get familiar with various knobs and terminals given in the preceding 

INSTALLATION 

Vertical amplifier sensitivity · 50 n1V I cm 

12:5 cm· ,. -. 
Screen diameter 

Any Oscilloscope, normally available in the laboratory of the fo\loWing spcciticati 

better, will be quite suitable for the observation of ESR resonance : 

i .. ~- ·.~ ' 

9. Oscilloscope : As the Oscilloscope is not sup]Jlits with the sr,ectrometer it ic nre't me 
the worker is already familiar with' tr e Control knobs and functioning of the OJ.:1\\usc 

question. 

To switch 'ON' or 'OFF' the ESR Spectrometer. 

To adjust the amplitude of the output signal. 

To adjust the phase between X and Y plates signals. 

To control current in Helmholtz ccils. 

Terminals and switch for Helmholtz coils. 

To adjust the frequency of the Oscillator. . l' 

For X, :{ and Earth tenninals of the Osei \1pscope 

( 1) Mains 

(2) Sensitivity 

(") Phase 1..-" l 

(4) Current 

(5) 'H1 Coils 

(6) Frequency 

(7) )(.Y,E· 

8. Con trots & Terminals : (Please ref er to Fig. No. 4) 

Better than O )% . iccuracy 

( 'I 11 • , ... J: .. 1 I c.. 

I . 

I II l J ' I I I ' ' ( 

! 
t 
\ 

I '! v 

J(l 111 ] r ( . "l \ 11 I I !:t I l, I' ' 1 l 1, J ii:' i I t ci ' I, ' 'I 

J 
1.1 1 11 , 11 r , 1 , i ' i I •• 'I', • I • l I'' 1 1 l 

.I \ r Ill ~l (. • I I 1 a 11 Ill -, ( f l • I . ( J i . I t • . I,, l. ' ~ ( l f 'i lJ j' I J q U '. 1 (. '( ( ) \ 11 Ii t; I 

o: rr-.-o"31Kt' ftt'OU\.' 1('\1 r11,' "' I '1 l ' 1 \. I (\\,vl': {(' 1t .'S ',· n V]<1Prl Irom fl1,.· i .. · s l' ',ru rr. I veter tt1f(JU'1h a ( -;» 

Frequc,zcv range 9 5 t-.1H /. 18 0 MH? 



·,t 

3) Observe four peaks 011 the Screen of CRO. Now adjust the FREQUENCY and 
SENSITIVITY knobs of the Spectrometer and Sensitivity of the C'RO to obtain the c.,e _ 
results (i.e. sharp peaks and good signal to noise ratio). 

4) Adjust the PHASE knob to coincide the two peaks with the other two as far as possible. 

Phase 
Fully clock-wise 

Centred 

Se11.5 ltivity 
Centred Frequency 

1) Switch on 'B COIL' power and adjust the current at 150 mA. 

2) Set the front panel controls of ESR Spectrometer as follows 

OPERATION 

. . l· '(I 'I l',, 1 I ·· i ( • m ,1..1..:l the t-l( lruholt: coil: to the f rrruna: Llci! · 1,' 

p I ;11 <'. ,t p l · 1 u '- .l {_I rj ir: x r, - LJ·- •'('I' <.]'t'<l1orncu.;, ') l Ol1!kct the terminal marked ): , Y, and c. 1111 rr. 1 ··>' ., ', · 
I l ... 'ltd the o~cii]o;:;copc mpur and earth of the Oscilloscope rcspecnve yam sv- 1 ' 

Volts, 50 Hz anc1 switch - Oil 'he 4) Connect the spe\~lromctc1 with the AC mains 2()0 to 230 - · 

power. Ensure that the cquip111c11Lis..proncrlv C3.(d1c{L 

p j . I ' t 

• 1,1 ,· 1 ·.11 t I· 
l I ! ' . ! Ti, . I 1: I 
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Where 'n' is the number of turns in each coil 

'a' is the radius of the coils 

'I' is the current (in amp) flowing through the coils. 

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

H = 32 re n rrx: . I 
JO v 125. a 

To calibrate the Xvplate 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), 
,, 

DETERMiNATrON OF MAGNETIC FIELD 

magnitude and direction due to variation of magnetic field Ho which is due to an alternating 

current in the Helmholtz coils. Now if the radio frequency field, co 1 fal1s in the range of illo 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~le needs to be 
calibrated for magnetic field measurements. The coincidence ensures that the magnetic field is 

zero at the centre and has the peak values at the two ends. Complete merger of the peaks on y­ 
scale may not occur due to many reasons such as 50 Hz pick-ups, ripples in. the power supply etc. 

Though, every effort has been made to minimise these factors but the large ampliticauorr {= 

4000) in the circuitry make them substantial. However, any non- coincidence on the y-s cale is 

immaterial as neither any measurement of the y-scale is involved in the calculation of g- factor 

nor any measurement is mad~· on it. 

) and hence vanes 'in Tl . eH0 
re spin precesses with Larrnor's frequency ( co O = 

2mc 

The ob~ervul ,w-11 ~ d .. c · 1 . 1 · l I L from 
• ' '-·· 1 in ar I. a .)St .rpuon dips, brr aus« the samp c a J .oro power I 

the induction C(~iL i casons fxplainrd in ( hapter I. ·1 he reason for getting peaks is due to odd 

number of amplifying stages 111 the circuitry. 

, PL ,-,r·. ~. 
l~I' · t•"" /"- I)" 



Fig. 6 : A linearly oscillating field of frequency is equivalent to two fields rotating in apposite 
directions with the same frequency (1J. 

A t t 

Fig. 5 . T:1c radio frequency field is linear pollarised, which can be regarded as two circularly 
polarised field of opposite direction (say clockwise and anti clock v ise) is due to change 
in direction (clockwise and anti clockwise) is due to change m direction or magnetic 

field HO The resonance occurs when the two frequencies ( u) 1 and w0 ) becomes equal 

in magnitude as well as in direction. 

c 
<[ 

i v 
v 
0 
v 

r 
I \/1 (,f r:rr, 
t -; 

: \ / w1 
- 1- --i"- .>: 

I I ..__ ~/ I c: 0 0--'i O OU L AT C. 0 
I I I WITH 50 Hz) 
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I I I l I I 
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Substitute the measured values of Ho and V1. universal constants h = 6.625 x I o" erg. Sc 

and µ0 = 0.927 x I 0·20 erg I gauss to get the g factor. 

or 

From equation (2) 

h v1 = g µ0 H 

h v, 
Ho µo 

CALCULATIONS 

Keep the above set-up as it is. Power up the calibrated R. F. Oscillator by inserting its ; 
in " -9\! socket " in ESR and bring it in the vicinity of the sample say at a distance of I feet. f 
the R.F. Oscillator to obtain beats (this will be seen on the · :RO very easily) and read 
frequency on the Oscillator dial. This will be the desired resonance frequency. If one ob ser 
the beats more carefully by varying the R.F. Osci1Iator frequer cy slowly, he will o otai r h 
frequency beats twice with a zero beat in between, The frequency corresponding to the zero h 
is the exact frequency. The inaccuracy involved in the frequency measurement \VI IJ 

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

DETERMlf,JA TION OF RESONANCE FREQUENCY 

. Q gauss 
2 ..../2 . H 

p 

I I 11 <, I ! l r, l ) {) f , . . . • k I I- I j I I I r l . ., J I I 
- • 

1 
• 1 cl, · 111,:1t· (r rns) 11..Jd. 1 lie p<'a ·· ro pr:c1r· J•',' -vJ 1 • 

r r J '' Cl • I I,• . 1 
''-, • i:, 1..ll.\'J','flll Of(/ c' (;f1() X p/i.i(<'. lhc 1,(-"JfJ ftc/d )'. ;1[ he lll!ddi1 j'OJ!ll 

J · ~·1 C' SI' ,., ( I . · j . f- ( j c I l I 
• '1 .. .u P0!:>1l1()ns of thL: two peaks. 1 hesc should bc , r equal c i stanccs rorn 1 - 

point (say ''Q' division).The marmctic field at the resonance i<.. thus 
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FIG. 7 LINE SKFTCH OF THE RESONANCE PE/0.KS 
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= 2.04 
,! 

6.625 X 10-27 14.00 X 106 = x 
', 0.927 X I 0-20 4.96 

g = 

Substituting the values in the relation 

= 4.96 Gauss I 65.25 X 0.2 X 15 
100 

Hpp 
Ho == -- . Q = p 

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

hence the magnetic field for either resonance is 

v0 = 14.00 IvfHz; I = 200 mA; P = 100 mm and 2Q = 30 mm 

Let us take a typical observation (Fig. 7). The measured values are : 

Hpp = 165.25 Gauss I amp 

The Hpp corresponds to the total X - deflection on the oscilloscope with zero field at the cer 

Substituting the vaiues a: 7.7 ems. n = 500 we obtain ' 

Hpp = 2 Y2 H 

...,? H<t _ ,~, n n io-Jr:{s-.-; · I -- Kl Gauss 

\Vhcrcl1,thcct1r··c·1t · S' thc~u1 
- 1 1 ll1 amperes and other symbols have their usual meaning. , 1 nee 1... 

measured 15 11115 the magnetic field is also rms. The peak to peak magnetic field will be· 

!V1" P tl ct i c fj C' j J , J· · at t ie <'r~nlr• · of a Helmholtz coi I is . 

PF~ NDIX 
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6. If the peaks do not coincide on the x-scale, check the sinusoidal wave form of th 

voltage which may be distorted due to overloading of the main line due to othe 

gadgets working on the same line. 

7. Do not use AC Stabiliser as it is likely to distort the sinusoidal wave form. If neces 

the variac. 

extended period. This will unnecessary heat the coils which may get damaged aft: 

time. 

5. High currents ( - 200 mA). should not be allowed to flow through the Helmholtz coil 
v ' 

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

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

the linear range only. 

l. Experiment should be set up at a quite place free from mechanical and electrical disturl 

2. Y - output from the ESR Spectrometer should be taken through shielded cab 1e to rn 
external pick-ups. 

PRECAUTiONS 

5. Repeat the experiment with different frequency. 

The reason for drawing graph between 1/T and Q with fixed is that the rn1:asureme 
and Qare likely to contain some random errors. 

• ·J 1· C 1 · late th" g-fa,·tor usrn~. 4. Draw a graph in 1 /TVs Q which should l)f a straig 1t me. a cu ' '"', ...., · ,_ 

value from the graph. 

T akc five to six sets of observations. 

11 t , " 
I ll 11 

I ' Ii<• t,i I l 
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E is the Electric Field. 

B is the Magnetic Field. 

L is the Length of isotropic material. 

;'\ ,:, 
.. • .. 

) 

I Annl:rscr 
I .. 

~ -, 

)B 
..... 

-t 
Polariser Crystal 

< L 

From the graph at a particular wavelength, we find the slope and put in equation 
(3) to find Vat that wavelength. 

V= L~ (3) 
' ! i or, 

I 
I 

. iaraday observed llwr when a tranxparcut medium is subjected to an external 
field, the pl~nc or polnris.uion nr a pl:1111.:-polariscd light beam through the 

i medium get rotated. ii· the dir~cri.(1!1 111' iucidcnt light is parallel to the line of i magnetic field. 

:· / The angle of rotation <I>. isproportional to the magnetic flux density Band 
I length L of themedium through which plane polarised light is transmitted: 

,/ The proport i ona Ii ty constant V is occ;ied ;; .. v;;;;~; . (;~~~-;~~; ~~ d . d~~~;;j -~~~~ 
/ wavelength A and refractive index ~l, 

.:. . q> = vLB (2) I 
I 

;,.,•1•1n1o 11,, ... ,'" ", ,,..,;. .. 

----·----·---··-·· 
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L 
· 1 O.Position the screen opposite to the analyzer. 

. •. 
8. Use the clamps and pins to fix the bored pole piece onthe Uvcore. 

9. Position the analyzer (another polarizing filter) close totlieUscore on the 
optical bench. 

it. 

\ . . . ' 
6. Mount the Flint Glass into the upper platform of the·Flfot Glass Holder. 

7. Push the pole piece right up to the flint glass square but without damaging 

picture. 

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

3. Mount the Flint Glass Holder into the central slot of the 'U' - core. 

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

5. 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. 

1. Arrange the diode laser ( or source) on the optical bench according to 
•• .J 

OPTICAL BENCH SET-UP: 

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

l. · Lens LI is not required with LASER source. 

NOTE~ 

Fig. 1 : Arrangements: of Com ponents in Optical Bench Using Halogen Lamp 

l·:1.1·.( TUO.\ IA(;='-J-:1' 

. . . LENS /"\! ;· 
l.IGIH, • :;}:'. :L___.A_b'._t~1:~~-i ~ Cr J o· 

. SOFR':f::i:~ .; _ _r-.....--:-v ~ __ + D- .. --·, f ·> 1 · . ; ·.. l1 .. i ·. V t 1,.:: -~· I.::.- SCREEN 
L1 ·· FU~"T . ; . ,··' . 2 

COLOtTR GLASS 
,FILTER.· POI.ARlSJ.::R. ANALYSER 

I I! SYSTEl\JIC r\RR,\NGEMENTS OF lTF.i\lS FOR DETERMINATION OF JI . 
I 
I 

I 

-·-------- .. . . ·- ··- -·· .. ·-·--·-·-··--- 

ii:"£ 
\ 
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1. By sliding the lens L2 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. 

PRECAUTIONS: 

·3_. Place the hall probe between the pole piece. Use the stand material to hold 
the magnetic probe between the bored pole pieces. 

4. Record the magnetic field Bas function of the current I through the coils. 

2. Connect the digital gauss meter to main switch. 

I. Remove the flint glass square. 

'CALiBRATJON OF THE lVIAGNETJC FTELD: 

· ·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 overheating. 

2. Connect the laser to main 230V AC. 

1. Connect the coil inseries to the variable power suppl~ 3.?Y, 1 . .0 Amp at DC 
socket. · 

ELECTRICAL SETUP: 
I• . : ..... :•,.. . ~ 

NOTE : While doing the above steps. please ensure that the source light passes 
through the central portion of all the optical components. Yott: inay need to switch 
on the laser and 'do the necessary adjusnncnt of all the optical components. The 
Laser light should be sharply focussed al the screen. 

ll+IDDSA•N 
CCJl'AMto >l\,t"01\J"W.-. 

I 
i 
: 
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I 8. Rotate the analyser i? the opposite dir~ction again in order to darken the 
·· brightness of field of view. Note the reading (say <I\)- 

/ 9. Record . the difference between ( <111 and <112), the position of analyser in step 6 .. 
and 8. This difference is equals to the rotation 2 <P { =<j>1- <1>2=<1>-(-<1>)} of 
plane of polarisation of the light. 

Io. Vary the current and obtain different values of ( 2 <I> ) 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 I graph for the magnetic field. 

12.Plot the rotation ( 2 cp ) as a function of the magnetic field and find the slope . 
. ( Determine the Verdct's Constant (V) from the slope, by using equation (3). 

I 
I 

I 
I 
L----- 

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

r------------ --------·--------- -- -- , 

I w~~~wl 
. . . ·. ROTATION OF THE POLARIZATION PLANE <I> AS'A FUNCTION OF 

11 
.. 

,: ,: i'i .·. ':. - . ·· · · - , · THE MAGNETIC Fl ELO · . · · 
.,::::·:1'·: ! 
~i!-·- . ·_. .·· · .. ,1 , L Arrange the apparatus as mentioned in previous section . 
• ,..-...;1,i 

~lit , . . ~t ... ::, .: (" 2.-PJace the flint 'glass square (15 mm X 15 mm X 15 mm) on the support between 
~L : -: ·. ·1 the drilled pole piece of electromagnet. · 
~< I 

:,~~: I 3. Switch on the light source. t i ~ 
t} . · /! · 4., R~tate the ,analys~r- so 'tha.t- ~olar}sation ?lane is ~rossed in relation to that of 
~r·· ·.- · polariser. Make -the field view of the face of flint square projected on the 
fj · · · .. ! transluscent screen appear .dark. This means polariser and analyser are crossed 
;J · · . / due to which transluscent screen image appfar dark. 

J ·1 · 5. Switch on the current through the coils 6f electromagnet Due to. the magnetic 
j · 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 .rnaxirnum extinction of light (i.e. minimum 
. :I intensity of image of spot). Note the reading (say <l> .). 

/ ·' ./r·· 
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8. Interchange· the leads of the power supply. Now set the current to the intital 
value. (So, current will change from +I to -1). 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 <t> due to change in the 
magnetic field [+B - (-B) = 2B]. 

1 O. Vary the current and obtain different values of ( 2 <t> ) 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 I graph for the magnetic field. 

12. Plot the rotation ( 2 q, ) as a function of the magnetic field and find the slope. 
Determine the Verdet's Constant ( V) from the slope. 

,, I 

·1. 
1 

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 thepower supply . 

6. Rotate the polariser to darken the light spot at the screen. 

5. Switch on the current through the. coils of electromagnet. Set the current to 
desired value I. 

3. Switch on the light source. 

2. Placethe flint glass square ( I 5 mm X 15 mm X I 5 mm) on the support between 
the drilled pole piece of electromagnet. · 

ROTATION OF THE POLARIZATION PLANE 2<1> AS A FUNCTION OF. 
THE MAGNJ;:TIC FIELD ,, . 

.J: Arrange the apparatus as mentioned in previous section. · · · 

1 ., 
~ 

' 
r-- -------------------- - - 

A LITER 

I 4. Set the analyser to 0° position: (The pointer of the analyser will indicate O? 
/ angle.) 

I 
I 
I 

•• ! I . 
I 
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I J 
.\... ... ----- 

The linear fit between I and Bis given by, B = 538.0291 + 218.747 

Current, 1 (A) 

· Fig. 2 : Calibration Curve for Magnetic Field (Plot of Magnetic Field, Bas 11 function of 
Current, l} 

8 

500 
o.-~--~--~---~--,.~-...~~r---.- . .----- 

·o .1 2 3 4 s 6 1 

1000 

.~ _, 1500 
5i 
~ 
~ 

2000 
,... 0::) 

't: --z; 
~ 

/ 

-- :r; .. 

~ ; '; ·3000 = . ... 2 2500 

. - -- . ·- lltli7DSA'N· 1 
OBSl·]~VATJONA L TABLl~S , '"'"·"·''""' '. I 

.• r- • • :\ABLE- I : CALIBRATION OF MAQNETlC FlE;L!} . ' 1 . · .' 

CURREN'!~ I (A) . MAGNETIC FIELD, B (GAUSS)_ . \ I 
l .'l ·. I 750 • '1 

... - i . . .. "" - - ... ·\ 

2.0 · 1300· . I \ 
...... - . -·- 3-_'o : ' I 800 - . ·\1 : 

. • . . • I, ·-· - •. . . .... 

. ··-.. .. .. ~:.O. .. .. _ - .,l, . .. - ·-· - .. ----- .. -~~?..? :. ·-· .. . . ---· l \ 
I I 

5.0·. ; . 3000 \ \ 
....... -··... . . . _ _ .. _._ ,· _ .. -------------··- ---~ - -·-· .. ·: 

6;Q \ ; . 360() . I \ 
... · ·-·- .. ·---- .. ·-··--·· · ,_ __ · ---· -1-- . ,, ·------ · ·--.. l , . . I 

: - .,,_., .. ----- - - .. ?.-9 ~. ·-----·--· ----. -------.!--- ... --···. --·----3~~~--- - . .. . . . . . . i' \ • 

! ; -----···--·-------,~~--~·--·-"·"--·----·-·l· ·--·-·-·-----·4_00~--- : \1 ·' . 
4500 :, · .. · .. . . .\\.i/ __ 
40·00 

.. f(x.) .=::·.538.0287803412x + 218.7472872.358 ~ 

3500 e~ 1 

I 

I 

· 1· .. 

I 

I 
.. 1· ... 

I .. 
. . ·1 ·, 

I 
! 

I 
l 
I 
I •· 

I 
I 
I 

I 
I 
i 
I 

1· 
! 

... -· ... ····-~·- -- - -··-···-- ···-·· - - - - ---·- - 

,., ., 
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·I· . . . 
Fig. 3 : -Plot of Rotation, zq) as a function of Currc~t, I 

Magnettc Flclil, B (Gauss) 

o.1----.r----r~-,----,-~-,-~,---,,~--, 
500 1000 1500 2000 2500 3000 3500 4000 4500 

2 

12 ·f(x) = 0.0030807836x - 0.0649787059 
14 

I 
\ Room Temperature= 22° C 

\ ~ ... · Current, I (A) . Magnetic Field, B \ Rotation, 2 q; (Degree) 
1 

\ .. i. . .:_ .. ,·--:· ... ----.·--·- l·· ··-······---J.9~~~.~). __ -···-··--+·· .. --:· - ·····-·---;-- -- ,, __ :..__\ 
i ·. · 8.3 i 4576.8 I 14 . t 
' . . ... ------L--. ·------···-··-· _ ...... - .. - ·_,--·- ·-·' ·--. .. . --·-------; !. -~-:- - . 7 2 1 • 3984.9 I . 12 . · ; 

'L ---··· .· I_·_·:-·-· .. -·---- -·. ··--i---·--··-·----- ··-·· -·-··--·--- 
! . 6.2 I 3500.1 : · . 1 o . ; 
[ . ·---·-- .. ·--·--· .. ······-·--,---. -- ----·-·-·----·-- 
~ - I I 2962. 7 : ' l Q '. 
L--~-- ) . .::'_ .. ------·!-. ----. ---··-·-·--·---··· , -------· ...., 
1 

· 4 1 I 2424.6 I · 8 · ·: t·--·-· ····-~·\ -----------·-t. --. 188--6~6--·-··-·-_J_, 6 ; 
i-~~· ~--··--- ·-c ;: }-·--··--- ·-t-- ----·-} 34-i•6•- --·----1--·-··-: 4 ~ ==-j 
'-··-----·· ----. -·------+-···---·-·-----··· ··---!---- I 

i 1.1 1 s10.6 I 2 ·------··· · L----- - .. ---...,-·· -- --- .. ·--- ... , ... _, ...... _ .. _ .... _ .. ~.-- --· 

- . ----·-- - . ···-- --- 
--- - ---·-------·- ·- ·-- ------ 

. J'ABLR '-- 2 :. ROTA TION_2,1, As A FIINCT,ION OF Tl m MA:~:.~~~~ I 
Wavelength or Eght used, 11. =, 632 nm : ' \ 

I 
I 
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·. The referective index µ + and µ _ and phase velocities v + and v_ ·differ and are the 

i measure of optical activity. 
I !· The· angle of rotation of plane of polarisation through length L, under the 
~ 
il 
'l 

J 
~ ;,;, 
111 

Now one component (a.+) has frequency co+= co+ COL (say) and another co_= co - 

0\. 

·. e . c.o=- B (4) 
m 

where V is called as Verdet Constant which depend upon temperature: refractive 
index and wavelength of light. 

This can be . explained by imagmmg the linearly polarised light as the 
superposition of two opposite components, a.+ and a._. When an atom is subjected 
to magnetic field, the oscillating charges (i.e. electrons) acquire additional 
precession frequency equal to that ofLarmour frequency. 

qi= VBL 

<1> «B 

; 

· ··!· · .,· · APPENDIX 
I 

.· 

1, 

. · CAUSE OF-FARADAY EFFECT ( OSCILLATION OF ELECTRONS IN . 
. · ·. · · · · MAGNETIC FIELD) . I . 

. 

11 

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

·= l 0.3 X 1 Q-4 Degree I Gauss I cm for 632 nm wavelength 

· where, I= Length of the crystal= 1.5 cm 

~() 8 X 10"4 · .{ / Degree I Gauss 

·- -··-· ------ ---~ ... -- .... 

, 1~vn~!1W.~ \ , , 
. . · \ Verdet's Constant V =c· Slope 30.8 x I o·-1 

1 

• • \ 

\. • 21 zx I.S Degree I Gauss I cm \ 

/ r r- -··----------· 
l 

· · Slope of the graph 
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. . ~ . verified. 
By using different LASERS of different wavewlengths, equation (8) can be 

ADD/110NAL EXERCISE 

VALUES OF.VERDECT CONSTANT FOR VAIUOUS WAVELENGTHS 

2.· The verdect constant decreases with increasing X as A2 

1. The plane of polarisation rotation q>ccB . 

So in this experiment we can verify, 

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

The value of .!!_ derived by using the above equation after putting the values of 
m 

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

or, V=-e-x2.8x~o·-t (S} 
2mc 11.-' 

d µ 2.8X 10-14 
d11. = /1.3 m·3 (6) 

V=~~X2.8Xl0-14 •••••••••••••••••••••••••••••••••••••••••••••••• (?)· 
2mc ,~3 

So, 

· For the EXTRA-· DENSE FLINT GLASS, we can use the following 
approximation, 

and Verdet's constant, V= e11._dµ_ 
Zrnc d ). · 

It can be proved that p depend upon 11. ( ~l= A +!i ) 
,...2 

'where, ro = frequency of transmitted light. 

(JIB ' 
(!)==·;--,. (~l~. - p_) , : .: (5) : 

- • . I 
I 

= I 
I 
I 

: I 

.. 

IIV~f!.!.~'!! :1 
! ' influence of magnetic field is given bv - . 

r------ . --·· --- -· -- --- ---- ·-- 

... .. . ! 

. . . ' 

~ •·• l 
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bl OctcrmlnAllon of WJvtlcn~lh of the given cr~~n Id SN soorce 
using air spa ting 'd'. 

Objectlllt!: •I To estim•te the air ,p;,cing 'd' of etalon using red ld~er source. 

FEBRV PEROT INTERFEROMETER 

. - , .. - 

EXPEREMENT NO.· 07 

----------------------- - - - ---- L 
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I 

In aide< lo do uselul •pedr'Ot,CIOpy on IUCh t)'l10m1 -.for,, "°" nood a si>edtometer with a 
rescMlon ot S<Jtnethi1lg Uke 0.01 nm. One IUCh 11 the F abty"'-ot rn1er1a..,,,,.,1e< 

Concentric ring pallem produced 
by a Fallly.Perct et:llon 

For optcat IPftcttum anotysls, ui.o F"obry-Pero1 n>ffe,°'""ter •s often ;·n •. kJu 1hot1 
011ough ID acni.w. • IIJllloo<,(ly Iorgo hoo IJX'Clrol ......... ll>e bnnttwtdlh e , IN! IHOn.lllCC)S Is 
lt'lon lho tr-ee 1pect,N range dMciad by the nnossa. Duo lO u • hitJ" tetlcd.Mbes. tno f1nes1M:"1 cnn 
bo rarner high l•el 1bovo 1000, w,th s.upom,l,ro,1 avo,, much "'Or.rt) r°' a g,vcn finc,so. or,e 
can'"""°"" 11 .. w,ovelt!r,gu, ,esolullon by lncroosl"911>e """Cl d"lance, but "'1ly at 11to co,1 of 
todudr,g tho free 1uectra, r:ll'IOft, I c, , the tango wlttiln ""ti.d' unique spcctml ili$1Qnmont t.11 
poo•lblo 

Much al WMt ...., ~"""' •t>out Ulo sir .Jdure ,1 
1toms and~ come~ from a stutt-1 of L..,e spec tr.ii 
fines they omit P.t.ny dftCades ·m Ob!c.-r,atlons h1.1w 
shown m,11 tM spe(.truml "1' i*'tclrnlc and mO:o":Ular 
systems nave a, ~IOffllOUS amount of fine altuclure 
whlct, cannot eas·ty be seen For 11xamp1., the most 
tmport.Jl'I teature W\ tne spectrum or ICX44Ufl\ looks, In 
mun;, spcctrome:en. tlk.e a 1.r,glt:! b',ght yatklw line of 
w111#eler,o1h ot S89 nm. aur on ftno, tcsotut1on it 1, seen 
lo boa dou!>let. lwod11Hncr lines al 589 0 n"' ond 589 6 
nm Funt,o1mtWo, rl "°"apply~ ,vo,,g magnorlc flald to 
1110 ·~"'"'· you .... ftnd 11\0I IIOO'O Ol lho 11""11 aplil lnlo 
1uvorn1 o,noronl ww,eiengths, aeparalltd by perh1pe 
0.01 nm 

-, 

Stric:Ur speak.Ing • Fa.bfy..Perot by dufi1111la11 cnn11:1:~ 01 two plannr m~. bul tTle term 
is now,.tl.1)'$ very frec,.tN\.tty also used for rosona1or..;. v.,rr, c;,,_,~ mu,o,, ~rom a theoreicnl 
Vl<tWpo nt pla~ntt op'JCI! reson.1t0f"1 ore special rn l"i<O 5-f!1'tse It-at ftTe rca·"r, modes e•~1tnct 
up to the edfJes of UlO rn'"°'5 and c•pe~ncc some diffractio'l !Os.sos ~1!ve,, Fatvy·Po,ots 
;11c usu.atty used Wl'lh Input bo;am» er mud, smano, d\itn,ie~. v.hteh are J...-tuatl1 r-et rc,1Jty 
nmtcl'!.ed 10 11.., c:avi:1:y mooes for ll'lo USU11flf smnll tnrror !;.JC.~ ""'here atftraebOn wilh,n a 
roulld mp 11 rilthe, wealic, thtseevintlon Goesnat mntlot tra1 m.teh 

INTRODUCT'°" 

Thu Fnor,-Perol ,No'1Mon1010,, doJ1gnod In 1899ll) C flll>fy•ndA Po,ot, 1ep,.,.•~ra • 
1~nltlc.D,,t lrt11,f"C",.~mv111 OV.-of 1f'e t.1,e,n.,,1~ 1"torl12r?me~trr The d tftllQOCe DtH'Ml(il\ tho MO I t,i 
•r, the ta:, Ui..'lt 11'\e Fan,y,P~ d,.$1t)n con,a!ris plane surla«~ •ruu Ma al pan,.111y ,onea1ng so 
th.DI mutt,i.:o '"')"S Ol llght ar@ re1-r,on1(bff tor cro,31,nn of 'r.e o:»crved 1nti>rftth1nc" Dal!ems Tf\O 
9enc,01 1ti«>ry ttitonu .,,et1e,°'notty ,:.11 appllo, 10 tr?e Fatwy P0t01 moocl, tw;,~ve,. u,csc 
rnulll"lo reroc1 o,,, 1et11roru "'o tuens flltlcrc ®n,tnJaiv-e aia destructive encc.ts occur 1n1'k1ng 
tho ''"'lttnO r,u...,.,s muc.n mofe cloar1y dof\r,od Thi.,, as 'Mil be Ot:Kwsed l;ilor, .1lla"" tor muc.h 
more PfM.tst! nlit!t11:i.urements Of w.1vcleng11'\, Dnd froo 11p,x.1rut ,-..ngo 
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. . 

.. ,\), • ,:212L 1 . .. 
0/18 may mal<ll A A ·1rbllrarlly I- by doanas&,g ri. Howaver dA Increases p,oportiCl'lal lo 
AA and solhe rasolullondecrea=. rnraaequat>On3 ShoWs lhat lheratlohotween FSR, AA 
and tho resolution dA, Is Jusl the nnesse F. ln praclice F cannot be made much groator than 
aboU1100due to llmllallons on lho quamy ol ,,..rm,substralennd c:oallr,gs. The relallonshlp 
belwMn FSR and .....,1uuon 11 lhus lixl>d wltl\,n r.,,,ts delennlnod by the achievable values 

'clF. .. . 

Tho FP Is uood as a gpoctromelot by varying me Spacffl9 LI so as lo 15C8rt the llghl 
lnten•lty al dlfferen.1 wove!~. However ,t Is lmme<llllloly .ll)?3nlnt lhol lhe moasured 
lntona,ry 11 a given 1pecing is lhe oum of Iha ln100$itios el all wavotongths satisfying 
condition 2. An un omblgious lnterprolnli<,n ol lha apedrum ls Ir.us Impossible unloss 11 ls 
known a priorllhol lho spectn,m cllhe light lies entlroly Mlhln a wavelonglh spreed <A>.. n Is 
11\Je thal &Ince , ' · 

.. 
... , 

The finesse F 11 
rotated 10 the 1peol~g •• 
batwocn succeaaivo 
1111nsm1t1od wavolanglhs ·i A· 
(known "" tho lreo spac1111 
r.1ng1. FSR) e')d the width &I I t l 
or a glv1n transtl)11s1on poa~ , L:.::=::::::__::::===::....L...:::':::::::::::::...:..._ 
by . ' . • 

' ·, ~ • • .. 
I 

~~ .. , . ; 

. ._ 

' 
·,. . ·; . 

tor Integral values of p, will be trllfl!imttled. This Is lluslra!Jtd below. 

... L1=.~p,. 

. 
Wh<>ro I'(< 1) Is tho mn,lmum po••ible lrnnsmlsslon dau,nn,ned t,y losses In tho sysiem, and 
F. lhe firosse, is e quality laelor depend ng prlmarly 011 lhO m,nor ronectlvlly and n.11nuss 
Equat,on I shows ll\al only those wavelenglhs salisly,ng ~. . ' 

For high resolullon spoe11011eo1iy wtioro a ,oosotuuon ol Mftz to Ch,,,, ,.,,.,1,00, a Fob<y· 
Pe<ol mlor1oromoter (FP) 11 used. Tho FP conS1>ts ol lWO pbno mln'ors 1110Unlod 11ccvm1c1v 
parole! to OM •no1hor, with an optlClll ap"°"II L, bctA,,.,., u,on1 FD< a olvon spaolno LI the 
lnterlerometor wlll trnnsm1t only c:c<10 n wa•elr!f.hsAas datetmlo,od by 

Properties of Fabry-Perot Interferometer 
' 

--------------=- -..-- - -- 
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I 
I 

Huln,1,11c Opto \hich.lt,on,c, Pit1 Lid 
FiFli\\ \, 

Etc. 

Experiments poaslble 
• To rtnd !lie .. a,elcr .g~, er tuar llflilt. 
• To And !lie •• ''"""V 'd' ar otalon 
• To eotrpant !l>o Q1"'11ty al \a19r IOICOI. 
• To find Ille Met ... end free 1pecl<1I ronga (FSRI 

of '"''°" lrom t,... lririga c:all1>111t1on. 

For 1~ '4i+ · , ..,.. • deer oc,lol tu11d 1Ulco. Which f\n 
a......,tow_ ._,.....c,10 ~ c 10-<!per 'C. BolnghlgNy 
mnb'e Ind Nft1r9 good f'ellhtal'IQI. to •br•IIW.ln m1ko1 fuHd 
•lb I QIXl(ld'lol:. b ...pplbdc.a eutl •1111 tilgn In wo11r 81'1d 1ear, Olo:25mm 

Clear oporrur~:20nvn 
Thlcknaos:8mm 

Sur1oce nntSh:l/10 
CoaUn to give R/T raliO 50/50 

Sp1eo< thickness. 0·10mm 

F ab,.y·Puot Eta Jon 

sPECI f lG.t\ 1 !C..tt lS 

Note 
In adual 101up 1he ..,.Q()SUle.con1n.in I dlv~ng '9ns INS d ~ 10 •11,m,nale thv etR!on pl.oto. 

FIG. E.cperimenlal arrangement for FP Interferometer. 

Tl.1""0 Kt'OSS 

·. 
---·i .. - WEii 

I '--·---~ 

Tiiting 

Whon tno system i• not prope, allgned 1110 fringe w111 not appear. A pointed lasur pass t11rough the 
etalon oppe;:,rs ns many spots.Adj\151 the 11111119 knobs proO<l<ly av the spolS comos In to tno center sr.,ot 
of tho otalOn toaorl lhe lense cap In to tho ln&ar c.ipsulo The a,vcrgt!d outpu, ct loser beam produce 
1110 frlr.go w,th observable sac. 

Plate Flatness 
Duo to the multiple renections in a Fabry-Perot lnterfNometer. deviations In lhe homogeneity 
ol Lhe reflecting surfaces are ·mulUplled'. loo. 

Th., ln1erle10111etor reqwcs o qulol. vlbrutlon lroo on ..trorunent Tho bettor solution I~ Ir, rnounl 
U1e optical IJlble rigidly on tho floor. but to lsulolo tho lntarlero'l1<!ter fr;,•n the opUcul tHblc. Nolu thnl 011 
enclosure 1, required around tho tnlerferotnoler 10 prated 11 lrom sound waves which con excuo high· 
hequoncy resonances In Ille system. 

Vibration Isolation 
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._. __ , .... 

In the movable mlrror'mount. It Is mounted In a lnlnslatlon stage. The micrometer 
shaft aduate11 a lever ann Which pushes the translallon stage can-ylng the beam 
spUlter. Hant 10 mlcfon oo tlie lhlmble(one division) la equal to 0.35 micron an Iha 

,translation stage. lif'wtien we: move one.step on the micrometer, beam splitter la 
nioYeil ID 0.35 mlc:ron. • 

]l 

(1'11..,t'C. Qrl,1 He6u.,f 

Ut,r,; llf'>CI 

....,., 

1'-; -. • - ··- -...., • ~.- _ 
Fabry Perot Interferometer···: 

· Topvlew ·i 
• 

Fabry Perot Interferometer Construction Details 
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t •• •' • • • 

n 
.. 
• I ... • 

· Pk?t n YS An. The slope of the.­ 
. might Urie graph gtve.s )J2d 

An= n>J2d 

From the above expreselon 

n=1,2,3 . = 2dl). (dn} 

.• · S,,k = ~d (cosom - cos9m+n) 
• 
n = 2d/). Icos9m • cosOm +n1 

.· . 

.. 
). = 2d [cosem • cosem•1) 
2). = 2d (~SOm • cos9m+2J 
3)."' 2d [cosOm - cos9m+3) 

So thal 

(M+3)). = 2d cosom +3 -, 
• 

(M+2)k = 2d cosOm +2 . 
(M+1)). = ze cos0m+1 

For successive rings 

Mk=2dcos0m 

From lhe theory 
Ml.= 2d cosO 
As O lnaeses , m decreases and hence lhe order of lhe ring dlmmshes as their 
radl increases. Then the Integer nearest to 2dn.. will be the order or the fringe 
system at the center consider the m'lh ring 
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Then the Free Spectral Rango of the Etalon Is ghlen by FSR • c/2d 

leno 

• • ffl • 9':rOO 
•. m- ')!Xlt 
.... m-trm 

Free Spectral Range 
The resolution of a Fabry-Perot 
plale can bo Improved by 
Increasing the opncat path 
d1tle1ence oolween uio two 
rcfloct,ng surfaces. But. doing 
lhls. also the Interference oroer 
Is increased. leading lo more 
problems with ovorlapplng 
otders. A:s a measure for tho l.a$er 
useful working range (no 
overlapping orders) lho Free 
Spectr:il Range of an 
lnswment Is defined. 

Plot n Vs x,, 2 is a stralghl line w,th the slope d.t>2l •. From which we can calculate 'd', 
Knowing 'd' the order of lne center of !tie fringe can be avalualed as 2df). 

Ccllll'I or lnru,: t..uul .. 

. - . 

n = 2dn. (1·(Y..m21202;. {1·h:.,,...21'2!>2)} 

n = 2dl2o2i. [ Xm+n 2 - Xm 21 
./ 

n = ciio2>. [ lm+n 2 - im 21 
/ - 

,, =~o2). ~ n 21 v 
y 2:7. 2.y __ 2 1-n -m+n Affl 

Coslom = 11(1 +(xm2/02)1 

,CosUm = {11(1 •!xn,2/02)1} -112 

• 1-(xm212021 

Tan Um= lr,/0 

Cos2om = 1/( l•lan2om) 

11\'hen ·o· :s large 
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. . . - .... !·.. . 

,r,JR =--- 1-R. 
F:. FSR 

F'IVHAf 

Then 

F\VH}.f .. :!(I - R) 
Ii 

, 

o-l-~---'--~~~~--llllllf!!:_.__;=mm.- 
1Q6oC 1064 1064 1064 

I• l....-4T,-aanba ... Je AeflMifw-~4 T,~1,n1u.1o~j 

I. 

FSR 

100 
,o 
ao 
70 

60 

50 Theoretical 
,o bandWldlh 

• 
JO Expeded 
10 bandwidth 
10 

\ . ... 
W!,e,., 
N • Tho ordor of Ille interference. 
F • The finesse. 

RP=NF 

As lhe reftoelivity approaches unity. Iha finesse becomes very high. For high rencctivrty, the 
transmission maxima are narrow, so that lho transmission of maxima of slighUy d1lferent wavelengths 
can be easily dlsCingutshed. Because of this cepobllity, the Fabfy.Perot lnlerferOO)etercan be usod as 
a high resolut,oo speciromeler. In fact, the resoMng power RP Is gr,cn lhe equation: 

lh,s 1'!)1111• ~r.ows how the 
rcilt-<:tl'll'Y ~! tha s!.!rfaoos alfects 
the trn,r<IT\iss,on. II II",! renectivity 
rs rclatm!ll low. tna maxima In 
uansmiss,oo ,,. U be broad. On the 
other hand. 1f111e rcflecw,ty Is t,,gh, 
the maoma or 11;,nsmtsslon will be 
very narrcr.•1 uni.! sharp. 

Trus reads to the concept of 
the finesse of lhe rn:erferometer. 
The finesse os a measure of the 
lnterferomete(s abohty to resolve 
closely spocee spectral lines. The 
finesse F Is defined by tho 
following Equation. 

R = Tho renectlvlty of tho surfaces. 
,r ..[ii 
I - R F• 

Fab<y,Perot b'ansmlnlon Ha function er wavetoMijth 

4 
I 

A>,·N, 

r 
,,~ t •. 

/LrM renecu·,ity surtoccs 

\,. ,0 • [\~ _ High rflcctlvlty surfw.:es 

'---JC'--~~-'-'-~~-Ll~,......-J__;~,~ t Wave lenglh t 

t ,+t.t,N,1 

Tmn5rluion 

It ls cos:umary to define a numerical value which cnaracterlzes lhe widt11-o; '>c1:rr lho sh.1rpness -ol 
lh1 e maximo. This number Is coiled Finesse of an Interferometer and defined .,s th<, 10110 ol penk distance 
o peak haltwldth. 

Finesse 

~· 
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'H, m.,rc Qp,c .,,, .. JI•,, :·. P,1 L1,1 lll!Olltalla1Jij).OF·ff'llita ... rm111~tcr' 

\ .-,~-:;.,If"' .... - . ·~----- • . _,.,.,_ '• \!_!"ff 

Mean 'd' .= 

• : i ... 

:x 'i-·x 2 x· 2 
i-, • n m+n ·•• m D d ~?,, 2 :• · :.No: • . : ~-u-- "Xn 

, .: .,,·,'.-(m2j . · (m) . {mm) . 
r'-··~~~:=,-~,_·:~·~-~-~··_:_,~·-~·-~:-_·_·~-s-~:_··-·=::_··~=!~:·~--~·~·-1~~~-·-i:~··_:~~·-1· .:..__.:___~--=~~~ 

d 
... .. UNSE LASER. 

~~~:;.~ !•' 

... 

= xm+1 
xm+2 = 
xm+3 = 
xm+4: 
xm+5 = 

= 

Etalon 

.. ' 
Scatloring plate with moasunng polnror 

As only the innuenca of the rencdlvity on lhO hnewialh Is 
cons,dorod hero. onen lho torm Ronccvvity Flncue rs 
used lo distinguish It from olhor propor1Jes mnuenong lhe 
lnlnsfer function 

C: OR •1 

r ~ .! Iii: - • ./ii 
'!\'-(H 1-1/ 

Then 

From the oqn. or finossc 

Contrast 
To rate the suppression between maxima, the Contrast ls defined as rauo of peak hoigl ,110 the 
minimum intensity. The transmission minimum at 6 = n and at equh,alent phas.:,:; define a 
Conlro5t volue C of 
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FSR = in Hz 

Free Spectral Range ( FSR ) = 1/2nd In wavenumbers 
Free Spectral Range ( FSR) = c/2nd In frquency 
Free Specir.11 Range·( FSR) ·= ,-212nd In wavelength 

FSR=c/2d 

Free Spe<:tral Range of the Etalon Is given by 

F= . Finesse of the given etalon is 

d = mm 

The wavelength of laser light 

The spclng or etalon Is 

k= nm 

R • muro< renectiv,ty (fraction of un~yJ 
N c rclractNe lnc!cx of cavity 
d = distance belw..,..n mirror surfaces 
(cavity gap} 
c = speed of llght 
A " wavelength 

br.,J 

20 

.: 
d/02k • 11s1opo 

Plot the graph n Vs 7.n, We can flnd 'd" 

15 10 
fringe ordor (n) 

5 

' 

. ' . . . 
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The length of the specimen that meets this .condi1ion is . determined by experimental 
measurements. Note that Sm under this condition· does not depend on the length l of the 
specimen. The susceptibility x (called the volume susceptibility) ~an be determined from Eqs.3 
or 4. It is a dimensionless quantity. This expressionis in S.I. units in which g,A,bm and Hare 

2 2 · · . . • ' measured in m/s , m , kg and amp.turn/m respectively. · -. 

(4) 
•1 • " 

Or 

.:.1,·· : , ..... 

X = Xa + µ2oA g ( H'~mH,') . ,: '. .. · -, ::.:~-: ··,r ,_-'.'. d). :.:.:, .. , ··::·.~' . '..' ' .. _. : rr .J ~ 

In actual practice Xa is negligible and cart ~~-'i~o;~d.,1lf't1~.i~~~ ~/the specimeri\s· k~'\ru-ge 
that its upper end is outside the magnetic field ~~e·~ted ·~y_ tI~e /1~ctromagnef, Ho may be 'take~ 10 
be equal to zero. The above expression then simplifi~s to· ' · · .. r .. _... · · ; .. ._ ., . 

: '' 1~· ·. 

F= Sm g 
.,· ., . 

where the integral is taken over the whole specimen, This nici~~·thdt'H is equal !O the field at the 
end of the specimen between the poles of the magnet and H0 is the field at the other end away 
from the magnet. Thi~ force leads to an apparent change in the··v'.,'efght ofth~·specitrien. W,e get 

(2) 

-' ~ .." 

f = ![~ µ,(µ,-µro)H' ]=iµ,(x-x.) ! H' (1) 

Here µ0 is permeability .~f the free space and. µ; and µra. are respectively relative permeabiH~y of 
the specimen and the air which the specimen· displaces. The specimen is in the form of a long 
cylinder or strip of length. Z .and. cross sectional 'area A. 1( is 'placed such that its lower end is 
between the pole pieces· of-the magnet andtlie upper end is outside the magnetizing field. The 
force acting on an elementof area A and length.dx of the· sample.is fAdx, so the total force Fis · 

Tl G , th . ibilit of .diamagnetic or 1e. ouy s me od is used to determine the magnetic suscept1 1 i ~ . 1 ed in a 
parama~netic substances in the form of powder or a solid. When an obJe~t is piec f h 
magnetic field, a magnetic moment is induced in it. Magnetic susceptibility X is the rat~o 

O 
t. e 

maan f ti J ( · · · · field intensity 
t:, e iza ion, . magnetic moment per unit volume) to the applied magnet1zi~. . 

H. The magnetic moment can ·:be, rneasured.teither by .'force methods, which Involve the 
~neasu~etnent of the force exerted on tlie sample by an inhomog.eneous magnetic field. or 
induction methods where the voltage· induced in an electrical circuit is measured by varyi~g 
magnetic moment. The Gouy's method like the Quincke's trtethod belongs to· the· former tlass.­ 
The force I on the sample is negative' of the gradient of the change' in energy density when" the ' 
sample is placed, · · (l'f;f. : . 

INTRODUCTION 
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. 50mm tapperedto 20mm 
9.5KG at \Omm airgap 
Two of approx, 30 each 
0-30Vdc, 4A, for coils in series 

Poie 'Peices . . 

Mag. ~ieI4 
Energising Coils 
Power 

Electromagnet, Model EMU-75T 
Pole Peices : · 75mm tappered to 25mm ·: .. _:_:~:~~'. ! _.._ '_:;~- - · 

#., '.t .._ . I• • \.• 

.M.a,g. Field ; · · 17.:SKG at IOmm airgap' . 
1 

• • .. •• • 

Energising Coils··:' , _Two ofappr~~· .130 ea~i/.,('. ,. ·:':. 
Power · .·· .. :-. 0:-90V de, 3A,. for coils in series 

.0-45V de, 6A, for coils in parallel 

Electromagn_et, Model EMU-SOT 

Electromagnet, Model EMU-75T / SOT 

' -~ I ~ ..., ~. ·. Aluminium Rod . ..;,. 

• • ,. :· • ::.. ., i ::- .• - 

r , •• •: -·: • 

Sample in th~_.fo;m of~ io~g·_rod; - · .. 

. . t--'· 

Sensitivity 
Beam . _ Hard· Bronze/ Brass 
Arrestment _ Circular.falling away type · . 
A4' Damping ... Very quick-and pq~itive, b~~ ~bming to rest in 2-3 sec 

· Chainomatic Device ·.::" A gold plated ch~~- is sus;e~d~d from the beam .. with its other 
· end screwed on the rotating drum on which a scale _graduated 

from Oto 100 div each division representing Img is installed. By 
the movement of this scale· 't,efore a vernier, reading uptu.I 11 O!h 
mg is taken. Thui the ~eigllt upto 1 OO~ould be read from the 
dial directly with a resolution of 0; 1 mg . 

_ ... · : . =·. :s .' ···,· .. - ' .. 

200 gms 
1/10 ~g. by vernier 

Scientific Balance, KSB-07 · 

Capacity 

z;:x +3-g'· Am . 
. a A,.. i H2 -H 2)'.r· r. (5) 

" • . . \ D J~ , • 

·:,, where g A ·ll.m and.H : '.· . ,. ·. . ': ... '2 • : _, '_ • _ . .are measured m emfs , cm 2 , mg and gauss respectively. 

:··BRIE·F· bE~CRITION\)F,THE A~PARATUS,. 
~- . . ' 

A. 
In C,G.S. units, Eq.(3) is. 
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(6) 

Results 
The mass susceptibility, i.' is given .by z] p and the molar ·s~sceptil:>iiity .X" ;by M ;( 

where p is the density and M the molecular weight of the specimen. 

In a paramagnetic substance there are non-interacting permanent magnetic dipoles. The 
magnetizing field tends to align these parallel to the field. Thermal effects on the other hand tend 
to destroy this alignment. _The result is that the volume susceptibility .x at .any temperature T is 
given by · ::- . · · · · ·' 

I Nµo(Pµsf 
z= H = 3kT 

6. Measure the apparent change Sm in weight as a function of applied field H by changing 
the magnet current in small steps. Plot a graph of Sm as afunction of H2 , .•. , 

,.., 
.J. 

2. Level the balance with the help ofleveling screws. 
Suspend the specimen from the pan of the balance and make adjustments such that' its 
lower end is centrally and symmetrically between the pole pieces of the electr.omagnet 
without touching them. 

4. Note volume Voftl1e specimen and measure its weight m: 
5. Apply the magnetic field Hand 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 Sm for the field 
H. 

' s- 
' 1 Experimental Procedure . . 

1. Test and ensure that each unit (Electromagnet and Power Supply) i~ ·functioning properly, 

,._ 
EXPERIMENTAL SET UP I . ... . . " . in the form of a _ong 
A schematic diagram of Gouy's set up is shown in Fig.1. Tl').e specnnen 1 from the pan of a 
cylinder or 'strip or filled in a long non-magnetic tube is suspended free J lectrornagnet but 
sensitive balance such that its lower end· is between the pole piec~s 0~ t ~ et enough to keep 
without touching them. A. length (about 7 - 12 cm) of the specimen is suffi~ie~ determined by 
the upper end of the specimen well outside the field of the magnet. This 

1~ 
• g the field is 

preliminary experi~ental study. In this study the change in weight Sm ~n ~p! ;;:ornes steady. 
measured for specimens of increasing lengths in steps of (say) 2 cm yntil b. . 1e·ngth for 
Th

. · h · ·· the specimen. 
IS IS t en repeated for several values of H Toe maximum of these is · di tec1 to · . · · net are a JUS 

. wluch H0 = 0. The widths of the specimen and the air gap of the electromag . .c . . . due to the 1orce 
. maximize the force on the specimen The change in the weight of the specimen . f der 

i on it on applying the magnetic field is measured by a sensitive balance of least count, 
0 

or 
10·3 gm. · 





O 1) 20 30 40 50 60 70 80 90 1)0 11) · 120 130 140 150 150 170 '160 'SO 200 21) 

Mag. Field H2 (KG2) 

38 T--,W'-+::P:i-:-.:I• ::r+r+oH:r .. _r._u,:-1T, .. rn1+"TTi1+rr.....·-rrrl-<,_.7'.._.• n.+·_...,.._r-rw,....,.., rrrrrrrrn __ -r:l-:- ...... ......:._Mi-l---n-'1- .. rr .. _-r;:ittr.+T.n .. rr:T_Tiµ...'T_I:IJ-t!,-i:i::tr .. 1P,_H"l~J.-::i;-.t~±..+~_=:..tRr::. 
36 ~--1-+H·+·t ·H---+- -:-1+ . --·:r .... :..1- -- T-ri--·· t+ ..... :µ·,~·:r_r,T---·: ···:·: 

1-.'-~f; -t-:t,-t -r::j:i·· t . . H- . - - -t"- - rt ~f- .. :: ~; t · ·.; .. T :: .. ~f: ti.-' "'.}~~- i:. : 
• I I ·H l+ ... H-·l-+l.....++l-++-H-4-h+·I-'+-_+- ....... ~·· H~· " -r : r- ~~ • - ..... ..: - +-+A----~:,( ._ .. r: 

Susceptibility Graph for Aluminium Sample 
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O,o;/ 
\ =!6.3xl0'6 cm' 

0 

S- (: 2_ 

JlESULTS ~ - ,:;--..:,;..::~:...:...~------..;.-~------------:.__--------_;_--_....------...;....----------- 
!-1-easured Value of molar susceptibil_ity z'. of Alumini\im is 16.3 x 10-6 cm' 
Internationally _accepted value of z' of AJuininiµrp. is 16.5 :x·l\1'6 cm3 l .. . . -----= . . . 

o. IJ/ 
1.£9 x -,{; I o x._ 2. x ~ -So 

c. '2... 

-· ~rom graph ,r . .· • . . . 

, ~ = (34:o.~ 4.0) x 1 o-3 _ _9 

(19 
. 6 -:-_0.16~x10 

. . 5-15.0)xlO . ,, 

~--::>-·"'(V _2x980.x0.167xl0~9 
6 

"' ol) - .· 0.167 x 10- . 
0.2 

i '· . . - ' :; ~ ·-. . _:x. . .: 1.637 x 10-6 ·, 0 606·· 1-0--6 
. "'(mass)·~ - -. . x · P 2.7· 

X~Mol> = x.' ·x Molecular weigh\ of AL 

= 0.606 x 10"6 x 27 

(6) 2g(ti.mJ X.(Vol) = -. - 
-A-' H2_ 

... 
( ..rALCULATlONS 

. . , 
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Jlt: 
e performing the Gouy's ~experim~nt, if the air gap is kept same as in the above experiment, 
.an determine the magnetic field _at any specific current, just by looking at the graph. Note 
may also be some magnetic hysteresis present and for a given · current, the field may be 

tly different, depending on whether the current is increasing or. decreasing. · . 

· . .c: 2~· . 

.dure: 
Fix the 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, so this part should be at 
the centre of the air gap. . · . · · · 
Connect the leads of the electromagnet to the Pow~r S:upply, bring the cun·ent 
potentiometer of the Power Supply to the minimum. Switch on the Power Supply and the 
Gaussmeter. · . 
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 magnetfo 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 . 
. ~~ ,..) ... .... - 

ta graph of magnetic field H as a 'function of the magnetizing current. 
t: 

iary Experiment 

:NDIX I 
)/.. 



rr 

<:'bject. DeterminaJion of . . .. 
Gouy s method. (ii) Q . x./.nagne:zc suscept.bility oj a specimen by ,;· 
variations of magneri'c su.su.:;,ub ~ n,erhoc! and to study ·Ju temperature . 

Baslc, Moving charges : ty 'Y:4 ,tifer th» rtf.J:'IJ arrived ai. - 
charges are associated with give rise to magnetic moments and sech 
microscopic magnetic all matter and responsible for macroscopic or 
determining magnetic v~:-°pertlcs of . it. However p~~ntly we aim at . 
where it is defined 88 lh ur:;~ ~ptiblllty of a specimen experimentally 
magnetic field H, i.e., e ra O of inten~ity of magnedsatlon I to the applied 

k: = I/Ii 
vG'ouy's Method. In Gouy's method tl magn~.ti~IS.~olume 

susceptibility k is detemtined by relation ie 

k =\!!... f ~) ... (15.2) 

wh:e s i.s accele:ntion due. to gravity 3t a place with sea level value 981 err:, 
sec , m is .mass ~ which corresponds tothe magnetic force, t.e., mg~ 

· the magnetic force 1I1 a magnetic field of intensity H gauss; and A = ftI'2 is 
the ai:ea :>f cross-section of tho Gouy tube with r cm as its radius. The val~· 
of His calculated by the following relation in case of m".lving coll O~me~r 
calibrated by means of a standard solenoid, the C::tails o:" which are given in 

Experiment (A. I) 

H:::: 4~ l\1N' a:. r ... (15.3) 
lOA' . 

where N is the number of turns per c.n on primary and cak:.ilated by di:idin2, 
the total number· of turns on the primary of lhe solenoid by its length m crn: 
N' is the number of turns in the secondary ; a ,= 1tR2 h7 the area of cross 
section of secondary with R as its radius in cm ; A' is tl: ~ effective area of 
search coil and determined as the product of area of croE..;-section of a Lim _. 
and the number of turns on it. i.e., A' = nt2 n with r' cm as the radius of 
search-coil of rums n .. ; and r is the current in amperes corresponding to 
unknown field and read from a graph plotted between 11e current through fae 
primary of the solenoid and deflection of the galvanometer. 

If p be the relative density of the specimen, then the mass susceptibility 
K' is calculated by relation 

K' ~ k/.O •.. (15.4) 
where k is given by (15.2). If M be the molecul-r weight of the specimen, 
then molar susceptibility K" is given by relation 

K" = K'.M ... {15.5) ' 
where K' is given by (15.4). In case of paramagnetlcs the product of 
temperature of the specimen in °K and K" is corstant and known as Curie 
constant C. t.e r 

C = K '.T. .. .(15.6) 
However the value of Curie constant for the specimen is related with 

magnetic momentµ of dipole of~··'! specimen by (elation 
µ ~ 2.8241 "'(K" T) = 2.8241 ·JC ... (15.7) 

where µ is expressed in Bohr magneton i1a of C'.G.S. vaiue 0.927 X 10-20 
erg. gauss'. The value of rnagneuc r.oment µ as ,;iven by (15.7) Ls: l · d to 
find th.e number of. unp~ electrons n in.· ie molecu;e contributl-ig 
magnetic moment by following quantum mechanic-tl relati.m 

Jt ="' ( n (n + 2) ... (15 8\ 
~bov~ retauons show that in Gouy' method .ne magi enc for" ou tt, 

specimen LS dircc tJy measured by a sensidve chemtral bal.mce ir, t I 
v.:cight mg: If tJ1r force is a!1Tactive ll~c SJX""iu, ·, i,) pa amagn -u 
diamagnetic in case of repulsiv. force. Ihe oth · j,1,111e dcteruui l' J 

the detemunauon of H [Hxpt. (l - l)J and rclativ de. liity p. rr \ 
known vflue.., n! p A and H nt 'hr or.h , of hl r t , th 
l 1! gr..u1 m ,l'l <. t.t- (1 J• l I lp I •· 

J . I l J I t Ii r t I ( ' C 

I 

!: I ,. 

I\ 



f' o.k_'n'\I <1.\ ~"fa \I = - i r. £7 
1,,Jl,.., '7,. - J ~ = ""-q 'YI e./i' - ..U.f' l, -,,... ~.,,, e,A-- 

S'N '7 P'd E= -= -l<- H (aJ:t-~.,..) 

F - ~(- ?, If') (-ftrr4'vL) 
= ~ (A-A-;,) ~-u.4,,~ ~.{o\) 

~ ft.-C;L_ F ::::: - J. u 
M 

,· · r-= fl -t~ G11~) 
t-.f\ J • 1, -.:t ~ _, ~ 1•<•r1en z~11<5vJ • (YI = y -.. V 

-S~,' c e tA-i l,i~1 !{_ = . ~ = -{; fl 

~ /IA·~ A. V}+ 
. . I+ 

.: r ~ "A~V r\ ~ 
. ~H-?) ~~1\V.~ . 

.?-- ot 
µ.uv- l- jt V "3!: = "!YIJ 

,~ o-z_ 



lengths between 20 to 30 cm are usual. Further the pole-pieces NS are 
shaped by manufactures to provide a sharp gradient of magnetic field in the 
vertical direction end they are kept as close as possible. BB' is a power pack 
to feed current to the electromagnet coils shown as (1. 2), (l', 2') with series 
ammeter A and switch. The voltage ;;,f BB' is varied by a variac and measured. 
by the voltmeter V. However the same power pack is· seriesed with the 
primary PP of a standard solenoid, tap~iing key T and ammeter A'. The 
secondary S' of sol:~noid is seriesec witl; these.arch coil S" and nuxmete.r F, 
a moving coil ballistic galvanomet!;r. Th~· circuit \.1iilh stancb.rd solenoid is 
used to calibrate the deflect.ion of a galvanome~r in' terms of mngnetlc field. 
Howevel' Hall probe fluxmeter, whi,::h employs the Hall voltage developed in 
magnetic field for a definite current and a crystal of semi-cond.uctor, may be 
used for me9.5urement of magnetic field. 'The details of such mea'iurements 
may be· seen in Expt. A-1 and E·i;pt. 14. Toe Gouy tube it'>tif is used 1.0 

deterrmoe the relative density p of the ~-dmen. 
£,cperi.r.:-iental Procedure. Set uµ the e'{periment as descnbed above and 
ensure that each part is functionir; propc;rly. Suspend the empty Gouy lube 
with the rum of u·~ balance; weig:t it and record the reading. Keep the power 
pack off. Fill the nalf part of tne tube wnn distilled water .i[)d weigh it. Find 
the weight differwce of two reddings. It gives the mass M of the water 
filling the half part of the tube Empty the tube, dry it, reflil it with the 
specimen and weigh it. Find tk mass M' of the specimen filling the half 
tube. Divide J\.f by M tn get the rdatlv~ density of the six·c:imen, i.e . 

p . M' IM ... (15 9) 
Calibration of nuxmctei·. Adjust the s,·paration u! the pole pt 

for the tube ,lnd r1,,11nw1n it A~ <1 fir&t par: (',1l11'raLe th{' t.1· in -ier toil 

Fig. LS.1 

Experimental set up. The ~xpcrin,cnt.al set 'th , 
is sho~ in Fig. (15.1). Toe tube O is made o? i:s Gouy s tu~ G 
unifonn bore with a central partition. IL is provided ?th h tube of su1i.abl~ 
to an arm of a sensitive chemical balance preferabl;1 ~ks~ suspend it 
The upper half of the tube G is filled• with the speca ~m1-m1cro b.alance. ded · · 1men material and 
s~n vertically such that the central partition lies exactly s . all 
within the pole-pieces of an electromagnet shown as N~S Th!~!11etnc ~ 
~e tube depends upon the availability of the specimen· howeve~~:~~r 
lies bet~·een 0.1 to 1 cm. The length of the tube is suffi~ient as to have the 
magneuc field practically zero at the ext.remit.ies of the tube. However tube 



deflection tu give Q,i.rectly the value H. For this ! . .witch off key, pre!:..<;. T. 
adjust curreru I ampere to a low value in A release T and note the dcf1cctwn 
8. Repeat tor othc.r increasing values of ~ and plot (I a O ) straight line 
passing' through origin. Note effective area of search coil A', numbet of 
turns N pee cm on primary PP. number of secondary l1It11S N1, area of cross . 
section of secondary turn ~ Record allied obsetvat.ions in tabular form aad 
calculate constant (41t NN~a / 10 A) occurring in relation (15.3). Now keep 
T off. switch on xey. pass a known current through the coils of 
electromagnet and note its value in ammeter A~ keep the search coll S" 
within pole pieces centrally and with ns face' ares normal to the lines of 
forces, remove it suddenly from within tho pole pieces, note the deflection'· o· 
of the fluxrneter coil, read current I' corresponding Lo 9' from (I ex e ) plot 
and substitute r in place of I in relation (15.3) and calculate the value of IL 
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 o_f A 
and corresponding values of H. calibrate ammeter A readings to give value of 
H well within the pole-pieces for a 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 JJrovided 
by the particular magnet However calibrated Hall probe fluxmeters are also 
available. · · .. 

Measurement or magnetic force. · Suspend the empty tube as\.., · 
already described, weigh the tube, switch on k¢y; 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 there is .any change. it is either due to 
improper seuing of tube or fts asymmetrical construction. Now fill the half 
part of the tube with the specimen (liquid. soludon or powder). The solid 
specimen is .taken in the form of a rod of ~iform area of cross .. section and 
length nearly equal to half ~e tube length I (lQ .. 15 cm) and it is suspended 
to the arm of the balance wh.'1 its lowest/ end ();C\tpying tlv:~ position of 
central partition. Weigh the specimen, switch on. key. adjust current in 
ammeter A to a value snd note magne.lc field H conespondiog to it from the 
calibration curve, note whether the weight of the spc"'.:imcn has increased Qr 
decreased in the applied magnetic flclc, -ihange weights on tl.e other pan to 
get the balance and note the difference in the initial and final re.adigs as rn, 
note the area of cross-section of the Gouy tube A as usual, tabulate readings 
systematically, substitute the values of g, m, A and H in proper units in 
relation (15.2) and calculate the value of Kin C. 0, S. units in order 10-0. If 
weight in magnetic · 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 ploned between m and H2 
gives a straight line and the value of (m/,H.'2) may be calculated as its slope. 
Note the temperature of the specimen and convert it into absolute degrees. 
Express K in dyncs, cm-2 gauss·2 at a particular temperature. Calculate mass 
susceptibility by relation (15.4) and molar susceptibility l)y relation (15.5). 
If the substance is paramagnetic, then calculate Curie constant C by 
seladon (15.6) and subsequently magnetic moment µ of the molecular 
magnet of the specimen and number of unpaired electrons n by relations 
(15. 7) and (15.8) respectively. Tabulate readings and fir.dings xystematically 
and interpret them theoretically. In calculations the suscepubility of air has 
been ignored. 

• "' .,,(V ~J,J""' 
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Note, Convert CGS units to Ml, S unlt , by using 
1 ().5 dync.3 c 1 Newton 
1()2 cm ::; 1 metre (J m) 
HY: '1 = , Neher I rneue' 1 W /11 i 1 

IL r ;, r« . dyn~<; cm z o 2 r ·: 12 I w '> 1 r)-s 

----, --·-- 
. ., .dyne s I 
cm •. 0-2 I ,.~ __,_ ·- 

MAS, suscep­ 
tibility 
K':::K/p 
x lo-6 

Magnetic 
volume 
ruscepdbilit 'I 
K X I<r6 

Curie 
COO\aLlt 

C::-. K'1' 

Mow 
MCcpubili.ty 
K.~ s.. K' M 
X Hrtl 

J,.1.agnetic-- .. ,· No. 
moment \ of unpaired 
fl ::: 2.8?<1 l I cle.xroos 
~ C ~! · ~n (n+2) 

f1n 

I 

'· ' 

Note. m is· usually of order of milll gm. 
Substitute values in relations used as per description and calculate K, 

K', K", C, µ and n, Note down their standard values and calculate errors by 
using (E. I) and (E. 3) of page 4. Now comment on experiment and· note 
down sources of errors. precautions and findings. . . 
Results : 

S.No. H Hl 
wt. in wt. ir, 

I H""O H 

... G2 ... gm •• ~n 

Diffen:oce in wt. 

Table 4. 1\,.rea.;:;-.i.rement or (m -::1. H) and tabulation or m.!ll2. 

c-a p= .. - 
'J - a 

Wt of tube 
filled with dis·· I 
tilled water 

(b) 
-....~-----1--------1·- 

gra ... gm. I' ... gm. i....;:::;..._.i.,._· '_;' ;;..,;__,_..J...,.. _ __;:::.._ __ ... .,;;... __. 

Wt. of empty 
S, No. tube 

(a) 

Wt. of tube 
filled with speci­ 
men (c) 

\ 

/ 

\\. 

' ' I I 
\ 
I 

Record or Obsenauons : 
[A] Spedficat~ons of the specbnen . ·d , 
(I) Name ory1e specimen...... U&. • 

. (2,) Molecular weight of the specimei 1 { 
(3). Temperature of specimen== ... oe'=· :K .. 
[B] SpecltlcatioM of the Gouy tube ~ ·• 
(l) Sentilengthofthe·tube= cm • 
(2) Inn~ diamerei: or the tu~·~ ..• ~m. 

Radius r •· , •• cm, 
Area of cross-section A= m2 = .... cmi 

(3) Local value or g = ... cm.sec·2, ·1 
· > [Cl Specifications o{ standard soleJoid and search eoil or 

any other magnetic field measuring device. 
(1) Number of primary turns per cm N c ... 
(2) Number of secondarv turns N1 = 
(3) M~ diametet of secodnary e •• :~~ 

Radius= cm 
Area of cross-section = cm'2 

(4) Mean area Of search coil A'= cm2 
(5) Constant C c 41tNN'o. /lOA' = ... 
Note. Use tables 2 and 3 of Expt, (14) as taoies , and 2 to record :: 

observations to determine magnetic field H. 
Table 3. Measurement or p. 

l 

~ .. 

., , . 

. ·l<tJi~~i;i..._..,_. 
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(1) 

. APPARATUS: . 
· S. No. Item Name Qty._ 

1. Kerr Cell . 1 · 
•-2.. PrtamTable 1 . 
3. E:leitro'ci.e Arrangement 1 
4.. H~bg~n.lamp,.12 V / 50 W . 1 
5. Halogerdamp h9u_s!ng . . 1 
6. Mo.noc'tir9'rnatic.flJt~1rbiue .. (490nm). 1 

. t. . Lens in frame { ::?+io6:.~hJ .. . . 1 
a. : P~larization. filter~·: .. ·. -: :· /.:':··.:.. . 2 
9. · Fixed. Saddle- ... '_:.: ·: .. -: :./ ,: ::. ·';:, · ~ 

19. Transverse saddle , .. · .. : ··· 1 
- 1'1: : . ·Optic~I Bench, ·1 rn . . ·.: . :-' .. :. . 1, 

12.. . Pow.er Supply·2-12V; 5'Arr1p.for Haloqen-Lamp 1' 
13. Power Supply 0~5kV; 2mA0C . ·1 
1_4·. ·silicon Photodeteotcr · 1, 
15. ·Pair· cabie~ toctcm,· R~d/Black · 1 

· ·16. Palr cablesf Ou cm,:Yeli~w. 1 
n:-. . Ojgital rnulttmeter 1 
ia . Pair cables 50 .. cm, Red/Black . 1 
Note. -Nltrobenzene.not s:upplied-.~iJh 'the setup, user to make own ar~angemen~. 

Apply: 3~4 kV at.olectrode. terminals for 2.1:,ours to prepare the nltrobenzons. 
PRECAUTION. : · . 
1, Use a fumehood;" 
2. : · . Avoid skin. ~nd.·ey~ contact. 
3.. Avolo inhalation or ingestion of the liquid. . 

· 4. Keep.away from heat and naked flames. . 
: 5~ . Keep awayfrom oxidizing materials. : 
_. ·e. ·. Keep awayfrorn cornbustlblesubstances. · 
· · 7. Keepawayfromreduclnq agents. . 

8; 1-\eep.the' container tightly sealed, . . 
. . . 9. , wa.sh hands throughly after handi'ing,. ·. 

WARNING[ : I 

> · Handle the Kerr Cell very carefully. . .. . 
·> ·. Do. notlncrease high voltage power supply 0-5kV, 2mA for Kerr Cell beyond I. .5kV durin_g 

.experirnent. This may darnaqe the Kerr-Cell. . 
REMARKS: 
~- .: ' We recom~~nd to use Nl9E·make Nltrobenzens for better resuH.(Assay (GLC) 99% llli~, 

Wt. per ml at 20°C: .1_-.200:.1.'2049, Freezing Point: 5-6°C, Boiling Range (~5%): 208-2120G-, 
Water: 0.5% rnax.) · 

. OaJ.ECTIVE: Demonstration of Kerr-Effect and. determination of Kerr Constant using 
Nitrobenzene, an electro-optic substance.. . ·. · · . . . 

) . 
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___ ..... ':"""-------::-:------------,·- (2) 

. . . 
. .. As we said.earlier, when the electric field is· on, the liquid becomes doubly refracting and the lightis 

· restored. \f\lith·the.cell oriented at 45°, the incident plane vibrations from the polarizer are broken 
up into' two equal components parallel and.perpendicular to the Iield.. These travel with different 
speeds, and hence a phase difference is Introduced and the light emerges as elliptically polarized 
ligh.t.Th is phase difference between the two rays Is given by · · 

S~rhe: polar liquids; 'SU Ch as nltrobenzene :(C6HsN02}'and nitrotoluene (C1H1N02) exhibit v~~ 
larqe Kerr constants.A glass cellfilled with one pf thesejtquids is called a Kerr cell. · : . . . . .. ' 

' 

••••••••••••••••• ; +:>>: (2·) 
.. 

~ :;:: ·zrc· (path difference] = 2n (~n )x e 
').., . . . '. ').., 

·. ;path in air·~ R . I X path in medium 

Because normal refracttve ind~x or' material without an-electric field is: rnodlfied oy. applying 
electric: field in the parallel oscillation direction to the extraordi nary refractive index n, and in: the 
perpendlcularosctllatton direction to the ordinary refractive index n, :The two indices have the ... 
above· relatlonship.. . · · · . . · · . . . . ... · · · . · . · . · · . 
where >... ls the wavelength of.the lig_ht.,·K. ls the ~err constant.and !::.is the arnpfitude of the electric· 
field. Tblsdifference in index of refraction causes the material to act like a waveplate when l:ghtis 
incident. on it in adirectlon perpendicular to the.electrlcfleld •. lfthe material is placed between.two 
"crossed': (perpendicular) llnear-polarizers, no· ligh~· Will 'be 'transmitted when -the electric field is 
turned· off; while. nearly all. of .the lig.ht will be transmitted for some optimum value of the· eiectric 
field -. HJgheryaiues of the ·Kefr constant allow complete transmission to be achieved .with a 

.. · smaller applied electric field. . · . . · :; 
. . . . . . ' .·. . . : 

KERRELEC'TRQ;.OPTIC Ef.FECT:.. . . . · , . . . . . . .. 
The. Kerr:electro-optic.effec( or D.C .Kerr effect, is th'? i~ecfal case in which the electric field is a 
slowly vary.log external field, for instance, a voltage applled.byon electrodes across the mater!al. .u~~~:.:·~·~ Influence ~fthe ~pplie~·field,·the m.at~ria; b~~pme.s bi-refri~g~·rit·, ·;ith.different i.nde~es 
of refraction for light polarized parallel toand perpendicular to the applied field. The difference in · 

.lndex of refractton.zsn. lsqiven.by . ,. .. · 
· n.:~n<!~An.=},~E2 •!i ...... _ ••• _ ..• : ••.••..••• (.1) 

PRINCIPAL: . . . 
Kerr Cell :. It is aglass cell, containlnq two electrodes and filled with polar llquldllke nltrobenzens. It 
is. kept between two linear polarizers whose transmission axis are kept at ±45° tothe applied 
electric field. With zero vonaqe-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 act as a · 
wave plate arid thus openlnq the shutter. · · · · · · · 

INTRODUCTION: .. '.. .. . . . . . . . . . . . 
John Kerr ln 187 5 dlscovered that If we place certain materials ln a strong electric fleld; it becomes 

· doubly refracting. Such an effect is named as Kerr electro-optic effect. Such an effect is.limited to a 
region of very high electric fi~I~ or forcertain materials placed. in small electrlcfleld .. Thts effect is 
due to therotation and reorientatlorrofmatertal's lattice at molecular level. Kerr-effect also takes 
place in a ga:s, liquid.and .solid state. Kerrcoefflclent of the .material has been used to know the 
extent up to which Kerr effect. qu~nt~_tativ~ly)a.k.es· place. Kerr effect is used. to study different . 
properties of a.matertal. The fast r~s_p.9.~$.~·:qf Jhe)r:iqle'6u!ar· reorientatlori ma Ices the_ Kerr electro- · 
optic effect significa_nt.for use_ ina _qyick·optic<;1lshutter or gate;· · · · · · · · ·. · . . . .· '' '. . . . . . 

}If. 
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Fig.-1 

(3) 

'- .:.. u 2 '- 
'ff: (l) -~ w N t ·c: Q) 

(l) ro t: ::, 0 ro 
(l) c Convex Lens o:i 0... ~ ~ 

The Voltage Vis called the.half-wave vpJtage. 
As, vte notedearlier, k is the Kerr constant for themedium. The unltot K is meterV01(2• The values 
of K depend on the medium and about 2.4x 10·12 metervoltto" 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, h can. be used as a 
shutter or modulator, ·. · · 

.. ; .....• · .... ,; ... ···:·· .. (6) 

Jn this case, the intensity of the light passing through the analyzer wlll 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). L_et, the voltage required forthls maximum illumination be v. 

_ That is, when U = V, then, . Substituting; U =.V, then, , in equation (4 ),we can obtain, · 

,._ 

K .. ct> d2 .. .- .- (4) 
= 2nU2t . 

Now, if the two rays (parallel and perpendicular-to the electric field) are separated by a path 
distance of J.. /2, then the phase difference. between the two rays will be .fl because with the half 
wave voltage. Whe~ the phase difference just reaches a half wave length "(ie cp = JI ). the kerr cell 
behave like J../2 plate i.e polarisation plafo is turned by 90° souslnq eq".4. ~' 1 t1 .. 1'.:_.. ~ 

. , o £. .j, E . ,....,(,i.,., 7,..,., 

$,.."""""" K= 2~\- ...... .. .... ~ · .. , ...... . .. (5) _- l\li;. r.,..,...,.,. 

If, the· voltage applied between: the t~o plates· of the electrodes is U and d is the separation 
between the two plates of the electrodes; then, substituting, this value for E in equation (3), we can 
obtain, · 

where tis the length of the light p'athin-electro-optic substance. It is basically equal to the 
length of each electrode. · · 
Combining, equations (1) and (2), y.,e_ obtain, 

- ct)= 2nKE2l .; .. · .. · · .. · ...... •· .... (3) 

( 

- .A. I 
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I (4) 
Fig.-3 

. . Fig.-2 . 
2. Mount the Helopen Lamp, Polarizer (P1 ),Prism ta.bl~ .~nalyzer(P2 )' convex lens on fixed 

saddle and Silicon Photod~ctor on the transverse saddle as shown m Fig. 2: 
3. · Connect a digital multimeter. in parallel across the tw~. terminals of the digital Photodetector, 

Set the knob of the Multimeter at the-200 mili-:Voltmeter range. 
4. Apply 12 v o.c. to the lamp using a power supply(2-1~_V, 5f..n:ipAC/DC). ::, .· 
5. Fix the analyzer and polarizer at 0°. · , . . 
6·. Focus the convexlens, so that to obtain a clear. and bright-spot of lighten.the Pin Hole of-the . 
. · Silicon Photo-detector. For this step, you.rnlqht need to locate the. irri~ge of the gap of the 

electrode with the help: of a plane paper arid ensure that t~e· bright and focused image should · 
enter the Pin· Hole of the Silicon· Photo-detector. Adju~fthe ·heighfand·position of the photo- . 
detector and transversesaddle accordingly.Also, you need to adjust tneposluon of theconvex 
lens as well. . . . . . . . . . . . . . . 

7. Note : Ensure the lig~t should pass through the central.portton of each optical element. Also 
the image ofthe gap between the yl~ctrode~ must.be bro.ught ihto 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 sarns 
horizontal axis as far as possible. . . . . · . 

8. Now, rotate the analyzer through 90°. In this position polarizing filters P1 and P2 are crossed 
so that no light is seen on the Photo-detector. . . 

9. Remove the Electrodes from the Kerr Cell as shown in fig. 3. · 
10. Fill the Kerr Cell with ~.!tro.~enze.~e ~o that electrodes aredipped into it as shown in Fig. 4. 
11. Pf ace the Kerr Ce11·cont~.111lng Nitrobenzene as Kerr medium on. the prism table and connect' 

.. the f eads of t~e Kerr (?~II to a high voltage power supply (0 :-5 kV, 2mA, DC). · · 
. . ' . . . .· . 

EXPERIMENTAL SET-UP PROCEDURE 
1. Place the optical bench on an experlmental table and·arrange the optical component as.in 
fig.2 

.:·· :··1tVDDSAW 
.COMMl'J1ED TO EXC~LLEN'CE . 
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(5) 

~­ ---:r, 
I 

mearr= t-= 2cm 
d = 1.2inm Observation : U:::: 4000Volt 

K = 2.2x 10-12 rnv" . · 

12· ~1~6t:~~~~ t_he positive a~d negative plates of the electrode and note the dire.~tiori ~f the 

13. Now, ~lign the optical axis of polarizer at an angle +· 45° with respect to the direction of the 
electric field. · . 

14. Now, ~lign the optical axis of analyzer atan angle -45° with respect to the direction of the 
electrlc field; The angular scale. is not printed in this direction, The alignment at- 45° is made 
possible by rotating the analyzer and by observing the minimum intensity simultaneously. 
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 O. V to 4· kV in 
. steps of 0.2 kV and note down the correspondlnqvoltaqe obtalned'across th~TwoTermirials 
of the Si-Photodetector. . · . .· 

Note : Rotate the knob of the High Volta_ge power Supply .very slowly. Don'trotate it fas_t. _If ~otaled 
in· a faster rate, the power supply would stop worklnq; If it happens so, then rrururnrze -the 
rotating knob, then press the·reset button inwards and then ~wit_c~ off the power s~pply. 
Then again switchon the·power supply. · . .. ·. .. . : ·. ~f 

16. Voltage at first starts to drop for ·30~6Q seconds, then it will increase with the increment of 
the applied voltage ( or Electric Field). . . . . . . . 

.17. At a sufficient high vqltage (applied acrossthe electrodes)" (say U), _the voltage obtained in 
the· ·multimeter will become maximum. Beyond this high voltage (applied across the 
electrodes), the voltage obtained in thernulttrneter (connected across the two terminals of 
the si.:Photodetector) will start decreasing. This high voltage V' is the half-wave voltage U. 

18. · Calculate the Kerr Constant'from equation (5). Take I =-2 cmand 9 =,1.2 mm for the set-up . 
. d2· 

K= 2U2t 

~ 
~ 

m 

I I kl, t~ 
~;_'I! 
~:;_::~ ·-~=~! VIVA-VOCE QUESTIONS . 
,.-.'~ . ">'°What typeof fluid shouldbe used as dielectricrnedlurn lnthls experiment? 
'..;;= > Name the liquid that should be preferred to be ~sed as the Kerr-medium? 
}] ·>what do you mean by birefringence? · 
U-3 > What is Kerr electro-optic effect?. 

l
~':J , Explain the phenomenon of double refraction? . 
=-- . • Is the.Kerr effect limited to only very high electric field? ; 

, Is the Kerreffectmaterial dependent? · . 
(J , Does the Kerr effect takes place in all media i.e. solid, liquid and gc(s·? 

1 > How does polarization of dielectric.takes place? · . . . . . 
:x§ > Can you perform this experiment if provided with a dlelectric of small dipole moment? · 
i.'.l _. Does the dielectric behavesas a wav~ plate? . · · . 
!4} ... Can you use polar liquids· like nitrotoluene. or. nitrobenzens as a .dielectric. medium in your rt experiment? . . . . . . 
\~j ~ Wh_at is a wave plate? . 
Jt,i > Dees the dlelectrlc medium behave as a quarter wave or half.wave plate? 

· > Whys hould cne prefer a dielectric material of .high value of the Kerr constant? ~j > _Ctin youuse Kerr cell to modulate light? · 
~ -,. Do Po ckel's cells also need a very high voltcme7 j > What are the disadvantages of Kerr cell? _ . 
~:@. · > Can Yau use. transparent crystal fro Kerr Modulation despite of their smaller Kerr constants? · i > ~hat is the difference between Kerr electro optic.~ffec~ Le. [?C·Kerr~effect and optical Kerr effect 

,i 1.e. AC Kerr-effect? . · · 
' >Cana. Kerr cell be usedas a shutter or. modulator? 

I?'., _· _>_D_b_e_s_"t hsvalue of Kerr constant depend upon he medium? 
> Which has higher value of Kerr constant, water or nitrobenzene? 
> What makes Kerr cell important to be used as a shutter? . . 

T\. 
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I ') 

t ,. 

................................................................. ' ~ . 

SI.No. Volume ·)f Initial Vo\ume of f jnal r C ( 
' .. Stock so .u- Concentration Water added . Contration 

• tion x cc. C1 % y c.c. · C1=C1x/(x+y)% .. 
...................... l~ ·: 
1 1,5 i JO 7 . ()8.1 
2 15 58.0 
3 15 68'1 6 48.64 
4 1s 4s·~ 9 30.4 

To prepare solution of different concentration : · 
(Assume no limitation of'vclurne on mixing alcoboi -.vi,.h water) 

Room temperature = ° C · . 

TABLE:- 

I ~/ ( 

KV\obs 

=l ~ (I) Use maximum waler dcf.!Clion, ,L , f O «, '.t:·J div. from l.ninin·.um po- 
~ ·, ·.. Re2.{ l~t. \ en siticn us.og Sensitivity Cont:::,\. 
\ .. ·: : (2) 13y .. :ero control bring tl- .. : needle 
~"--~ r~-~~cluHY t,·. 5 or 7 div. from zero at the 
' 'i~--~· C!e I\ .mirunurn readings. 

.___..--L~ ( 1 ·, &)(2 ,. refers to meter .Ieflection 
when rci'ector is moved. 

This method is more accurate than making readings a! maxir.ia . Take such 5- 7 ~.:t of 
readings, setting the reflector at 11th, t 6tti maxm, etc. v.hile moving the reflector 
upwards. Take mean . 

Find mean d and thcn ), , and fir.d 'v' ( ec;·,,..1 ). Measure density of .he liquid 
by a 15cc. Sp.gr.bottle and then find compressibility (~qu.2). 1~hange the liqnti to 
different concentrations and repeat. , ·. 

While making measurement with michrometer , use no. of c~:.iplete rotation 
method or use linear scale method as is advantageous io you . · 

( Avoid backlash error. Readings for 'd' should be taken so cautiously that the 
set of readings for 'd' should not change in the second place of decimal when expressed 
inmm.) .... 
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. - Sound 
- l lsc of ! !Jr,,,so111c:s i11 Mod-l'ivstvs. 

Meson 
Nozdev 

J. '» QISCUSSION : Try to explain why veiocity is nonlinear with 
Concentration '! What ,>hysical process bas been involved 
To make it so ? 

Richa.rd<;l>n Ultrum:1cs 

····················"'······························ ·········· . 
' .. 

5.62x10 1398.~.i 0.9105 25.1506 28.723t> 
. 0% 
68% 8.93 
48.64% 

Wigm, .............................. . 

Wt.Of Wt. Of Sp. Gr. vetocuy Compressibility 

distilled sp.gr. r ,·.- V mis ~s=l/pvY 

water bottle . \V3-W1 
:'illed filled ·w·.~-w{ 
Sp.Gr. with 
B0ttle soln, 
Wz gm . Wsgm. 

Wt.Of 
empty 

Sp.Gr. 
Bottle 

Cone. 
Of 
Soln. 

, . ., .. Ro,)m Temperature= Table For Density:- ........................................................................................................... 

0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . 

1.4825 (1482:5 ~ :2-) 8.iOS 
\ 1 zero 

6 
11 
16 
11 
6 

.......................................................................................................... 

, l . ·-·'I.. •• '.,& a 

SI. Cone. Linear Circular Vernier "otal Linear Mean >..=2d/n Velo- 

No. ofSoln. Scale Scale Scale Read- Shift 'id' (n=.?.L city 

% Read, Read Read ing 4d'mm. mm. mm. V= 

- ing. . ing. mg mm. 
M 

nun. mm. mm. 
m/s 

Table: 

b 
Frr,queney = 2x\O Hz V.C.= mm. 

~ 

To determine velocity :­ 
L. C = ......... mm. 

• J 
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Magnetostriction oscilla tors are used extensively in i~dustry 
where high power is needed. It is superior to crystal oscirlatore 

'. 
1The··'action is as follows. Suppose application of the anode 

voltage 'causes such a current to flow through C,. as would cause 
the ·'specimen· to lengthen. This change in length causes, by 
inverse effect, a change· in flux ~1irough Cu which induces an 
emf in· h: If C 1 is correctly connected to the grid this :emf W.i!l 
be in 'such a direction as will raise the potential of the grid. T.b1s 
increases theanode current further and maintains the oscillations. 

. ' J2·3. :Magnetdstr_lction oscillator. - . Fig._ 12:t· .shows a 
si'mple circuit Joi: producing ultrasonic :·vib:-atfons . bi. utiUz.ing 
mag11etostrictign~ A ·nickef rod R is clamncd in the middle and 
the ~two ·sect'ions (Lt and 'L~) of the rod' ·are surrounded by coils c \ .and c-;· conriected-to' :{he grid and anode circuits respectively. 
Anoth~f.cqil wouud round · the ··rod carries a- steady current . .and 
polariies'tlie'rod. "I'unlng iseffected by the variable 'condenserC; 

; : 
I\' 
I. 

j 
I . I 
I 

I 
r i 
'j : I 

11 
1·1 

. 
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T 

T 

C, 

~An alloy of Cu, Ni and Fe. 

~ . ' : •. ' ~.... ADVANCBD Acousnca 
-~~ .11 • . ' . 
• " piezo~lectric eJ[ect. The appea~cc of cl~ctric charges on faces 

of .~ry~tals;~'\lbJc~tcd to mechanical stress is known as the direct 
piezoelectr{C:: effect. Th~ former, is used in the generation,' and 
the latter. i}l ~e detection of ultrasonic \vaveS: 

;'In utilising electrostriction of ferroelectric .cc~mic mate~ials, 
like- ~rium-titanatc., the specimen is initially polarrsed.electrically, 
~pplication. of 'an alternating electric field to it produces an 
i.lternating mechanical strain of the same frequency. The inverse 
effect is ·utilized for detection. · · a- • 

'12-2: - Applic~ti~u' QI · main~t~et~iction. When a rod .or 
tub: _of·fcrromagnetic material Is magnetized parallel to it!; length. 
~t undc~g~s ~ -small change in, leng\l;l. whiF,h ts .. about a .few" p~ 
1n a million_-~~ may be an increase or decrease,.depending on the 
material. On the other hand, if a stress alters' the length .pf .a 
ferromagnetic specimen, it is magnetised longitudinally:.-:r)iis. is 
the inverse effect. . · . · · · · · · . 

The strain (i.~, change in length per·~unit length pf the 
specimen) is _a_ fuection of the- intensity of magnetization, For 

flux denstties well 
.below · - saturatiou, 
the' strain is ·pr~cti­ 
cally .proportionaf, to 
the square o( the..flnx . 
density. _-:s9, )V.e·may 
write . strahi ... dL/ L 
-KB\ ·Wbete K-';;:l$ 
a eonstant for· · a 

o " 200.- , 400 600 609 »'.xi given material · and 
UAGNEnC FIELD IN OERSTEOS B is the flux density. 

For nickel and some 
Fig. 12.1 _ of its~ ahoys (such 

as Invar, nichrome, monel"), · K is .. large and :g.~g!!,ti~.},. For 
annealed nickel. K~ ..: 1 ~O.x 10-, upto o:.?- weber, r.~ ll}l~ C? ·lf~e 
not used as K,changes sign above.a certa1~Jiel~. _:Magnetostnchon 
curves 'for Fe Co-and Ni are shown m F.1g. 12.1. Ill mapy 
applications fe~rites are now replacing nickel. ~ , 

In applying magnetostriction for producing high f~equency 
waves, a rod of nickel, -or -sdine. other suitable matena!, is placed 
in a solenoid through 'which' a high'.frequency alternating ~ur_rent 
is passed. The varying magnetization of the 'rod ,cause~ vanat_rons 
in its length with a frequency twice that or the alternat1_ng c!-lnent, 
as the change in length is. independent of the direction of 
magnetization. The 'f~o frequencies · can be made t.h.~ same by 
superposing the a.c. on a steady current, or by polarizing the rod 

.. · Frequencies · up~o 60 kc/sec can be attained in this way. The 
length ... of. ~ nickel -: rod which vibrates longitudinally in the 
fundtm~ntal mode with this o.c. . ' :,; 
frequency ·_ when ' fixed. at - - 
one end is about 2 'cm, In 
short rods, it is difficult to 
get the fundamental. If 
harmonics arc used, there 
is .considerable loss of 
e~er.gy. end-. the. output is 
'small, ·· For di.is reason, 
'application · of · · magneto­ 
striction in the ultrasonic 
ra~ is Jimite4. ip a}wu~-60 
kc/s.:c. At 20-30 'kc, the 

. .~mcfoncy is. }1igh. --"'~ .the 
fWla!men,?} ~~~cn.cy, .. )~e '- Pi&- 122 
IQU!mµ~ {''~ ~~1tuq~. ·;,.,.ls 
~boit. 10 . ,. times the length. The associated stress is very high, 
b.eing 9-vt~ 200-·~tm~·spb'.eres. 

by kecplnil it in i,_permanent magne!ic field. Under given cpndi· 
tions the" polatiz1ag· field has an optimum value. The· ampbtu4e 
of .vibration of the rdd becomes a maximum when resonance 
occurs, i.e , when ·the frequency of the a~. equals that or the 
naturat Iongitudlnal • vibration of the rod. The \'ibrating rod 
excftes longitudib.~1 high frequency waves in the medium in which 
it is.'f'placed. 
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(S~. 12-6) in th~t large amplitudes offer no risk of cracking. 
But the frequency rs low. 

Application to aonaT. The high stresses that. are developed 
in ·a magnetostrictive 0SC11lator show that such oscllletors ?n. be 
used as powerful sound sources under water. Sound navigatton 
and ranging (SONAR) is the most important phase. of under· 
water acoustics. Its development has been made ~oss1ble by the 
us~ 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 magn_etostrictive stres~es 

generated in the tubes when alternating 
N currents flow in the coils (C) around the 

tubes. Each tube has a length equal to c one-fourth of the wavelength in nickel for 

? 
the frequency to be transmitted. Hun· 
deeds of such tubes may be employed, one 
'end of each tube being free and the other 
being imbedded in one side of a circular 
steel plate. The plate has such dlmen­ 
sions that the resonant frequency 
of the entire system is near that of 
the tubes alone. The currents thro.ug_h 
the coils ate in phase. Polarizing~neld~. 
are commonly supplied by permanent mag­ 
nets (M) mounted inside the watertight 
housing (I/) 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 

Pia •. 12.3 water with which it is in contact. 
Because of the reversibilityofmagnetostriction efi'ect, the same 

oscillator can be used as· a receiver. Sound waves impinging on 
th~ plate wiU set it into vibration and correspondi;1gly ~et _up 
stresses and strains in the tubes. As a result, the magnetizattcu 
changes and alternating voltages are set up in the surrounding coils. 
These arc amplified and made to operate a meter or recorder. The 
sensitivity is however limited to a narrow band of frequencies 
around the resonant frequency of the plate-tube system. The 
Q-value, defining sharpness .. ~f resonance, is about SO. 

12-f. Application of pfo·zoelectrfc(ty. When a plate is 
cut in some particular way from "a single crystal of piezoelectric 
material, each as quartz, Rochelle salt, ADP, etc., it· is found 
that a 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 converse behaviour is seen 
when a properly cut piezoelectric cry.s::;al is placed in an alternating 
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electric. fiel~. it. co11;tracts and e~pands periodicaJJy and sets up 
mechanical vibratione 10. a~y acoustical medium in which it .may be 
plac~d. -pie ~requency rs JD the ultrasonic range. The amplitude 
of v1brat1on JS usuaUy very small ; but if the applied frequency is 
equal to one of the natural frequencies of the crystal resonance 
occurs and the amplitude incre!se4 considerably. ' 

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

~-5. Cr7_stal CPts. The inverse piezoelectric effect, i.e., 
elongation and contraction of a crystal on application of an electric 
field is utilized forthe generation of ultrasonic waves. The direct 
piezoelectric effect, Le , generation of an electric field on the 
application of mechanical stress, is utilized for the detection of 
sonic and ultrasonic waves. For maximum efficiency, it is 
necessary in either case that a change of one 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 ~eved . only if the ciy~tal is cut in some particular 
way. FoI different kinds of crystals the cuts me 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 ~sed cuts are discussed below., Note that the crystals 
used must be smgle.crystals. Polycrystalline material is no good, 
except where ceramics are used. 

• Quartz . crrstaJ. A liingte crystal of quartz is a hexagonal 
prrsm (Fig. 12.4} 
bounded by two six z .o 
sided pyramids at the (OPTIC l''.J(JSJ 
two ends. The long 
axis of 'the crystal is 
the optic axis and is 
called the z-axis, Let 
a hexagonal slice be 
cut off from the crystal 
by two planes per­ 
pendicular to the z­ 
axis. A line perpendiw 
cular to the z-axis 
which · joins th~ 
opposite angles of the 
hexagon gives the 
direction of the elec­ 
tric or x-axis. Any 
axis perpendicular 
both to the x- and z-axes is the mechanical or fl·OXis. It will be 

ADVANCED ACOUSTICS 294 



Ii~ 

. r I 
I . 

I; 
I i; r I I 

:1 111 
~ ' 
I I 

· 1 

J 
lj 

Ii 
I !I 
· 1 

called shear plates. They arc used mostly in microphones and 
have been further discussed under crystal microphones in 
Chapter 14 [ Sec. 14-4(3)J. 

12·6. Generation or ultrasonic waves by quartz. When 
an X-cut quartz crystal plate is placed in an electric field parallel 
to it~ x-axis, the plate will expand along the 11-axis and contract 

Fig. 12.6 

( .,,' 

X~ 
X·cuf: 

(a) 

F!cquency of 'X-cut crystals has a small negative temperature 
coeffiCient. Y-ct?• crystals have a similar positive coefficient. 
Other. cuts an, designed to have a practically zero temperature 
coefficient at the working temperature and avoidance of undesirable 
resonances between dift'ercnt modes of vibration. 
. _:rhe ;.."Uf.S for. c~s o~ Rochelle salt and ADP are shown 
m Figs. 12.6(a) and (bJ respectively. The plates so obtained are 

A.Z 

y-cur 

A quartz plate to be used for producing high frequency 
>scillations may be cut from the mother crystal in various ways. 

, Thus the two largest 
v-1AX1s 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 
tal, and the latter a Y­ 
cut crystal. For prodnc- 

• Fig. 12.S tion and detection of 
ultrasomc waves •• the X-cut ~rystal is most commonly used. When 
a quartz crystal ts used u a frequency stabiliser with a valve 
oscillator, the cuts are more complicated. These cuts go by such 
names as AT-cut, BT:..cut. etc. 

seen that the y-axis is perpendicular to any opposite pair of the six 
fates of the crystal slab. 
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along the x-axis or show the reverse behaviour according to the 
direction of the field. If the electric field is alternating, mechanical 
vibrations will be set up along the ~- as !Veil. a~ the Y·!WS·. The 
vibrational mode along the x-axis (which rs m 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 alternatin~ field approac!ies ~y of the natural 
frequencies of the plate for either mode of vibration. 

The natural frequency of vibration of the plate is determined 
by its dimension (/) parallel to the.direction of vibration •• Th!ck­ 
ness vibrations have higher frequencies while length v1.bra~ons 
have lower frequencies. In the fundamental mode of vibration, 
the wavelength in the crystal . 1""' 2/. The velocity <?f compre~­ 
sional waves in the crystal is c « JY/,, where Y rs Youngs 
modulus in the direction of vibration and p the density of the 
crystal. This makes the t"!equency ~bou! 272/1 kc/s for _length 
vibrations and 287 /I for thickness vibrations '!Vhen I ts m cm. 
Length vibrations in quartz (or othe! pi~oele~nc ~ryst:115~ have 
been utilized for producing ultrasonic vibrations 10 hgu1di1 at 
frequencies ranging from 50 kqs to several hundred kc/s.. 
Thickness vibrations are suitable for frequencies in the megacycle 
range. The radiating surface is considerably greater in thickn~s 
vibrations than in length vibrations. Hence the electro-acoustic 
efficiency is a!so relatively high in t~fokness vibration, For 
laboratory purposes the .thickness ~ode rs mo~t ~ommonly u.sed 
for generating ultrasonic waves !A gases, Iiquids and solids, 
Besides, the radiating area b~;~g large compared with the wave­ 
lengthin a thickness mode, the radiated ultrasonic beam will have 
small angular divergence. 

The quartz osellletor-, 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 ~---, 
face of the crystal for connecting - ;,...: c 
electrodes. 

Electrically, vibrating quartz crys· °L 
tal is equivalent to a resonant circuit C1T 
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 Fig. 12.7 
of the crystal and is the electrical equiva- 
lent of the effective mechanical compliance, while R ·is the electrical 
equivalent of tho resistance offered to mechanical vibration by 
friction. C1 is the electrostatic capacitance between the crystal 

1,- 
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• The Pierce circuit is equivalent to a Colpltts circuit, which has the 
best frequency stability of all basic oscillator circuits. The Pierce circuit 
does not require tuning, and will operate when crystals of different frequencies 
are substituted in the circuit. 
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The MilJer 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 F1!· 12.9 
slightly higher than the reso~ant. frequency of_ the ~es1~ed crystal 
mode. The amplitude ·of oscillation rs determined by the amount 
of inductive reactance in the plate circuit. 

For generating ultrasonic wav~s in a ~iqui~, the crystal_(C) is 
placed relative to the Iiquid as shown JD F_ig. J2.9. G m the 
figure represents the rest of the electr?ntc circuit: B~caus~ of 
the large impedance mismatch, the face m contact with air radiates 
very little energy. 
· When it is desired to produce a strongly directed ultrasonic 
beam, the radiating area must '1e Iarge ~mpared with th~ square 

of the radiated wave rengm, · For 
quartz in thickness vibration this con­ 
dition is generally satisfied as th;:. t reqc ~ncy is in the megacycle range. 
For .Iength 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 individual 
quartz oscjllators are ~ounJed in a 
111Naic pattern and are driven m phase. 
One· i,:ich design is illustrated in Fig. 
12.t<,. The bars Q are t:il.' focii:~·kh1al 
half-wavelength quartz vibrators. One 
end of each is imbedded in a rubber 
backing (R) attached to the housing 
(H). This design being meant for use 
under water, the vibrators are imbed­ 
ded in oil. Their ends in contract with 
the oil radiate the sound. The oil is 

Fig. 12, to . sealed off from the adjacent water by 
· a sound transparent window (W) made of rho-c rubber, 

The former can give a higher power output and is relatively free 
of harmonics. For these reasons it 1S more advantageous for 
ultrasonic work. The latter has great fre- 
quency stability* and is more us_ed for con- 
trolling the frequency of valve oscillators. LIQUID 
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• ~ Q, which is defiped as 2.- times the ratio of the energy stored in the 
cncuu to t~e energy Jost per Cycle is ordinarily greater then 20,000 and may be ten times or even greater. 

The essential charac- 
ters of the two most Fig. 12.8 (b) 
widely used oscillator • 
circuits 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. 

I 

_l .. 
. 

•• J. •• cjr 
: 
I . 
I 

Q 

fr is ~e series resonance frequency of the LCR branch and offers 
low impedance to the external terminals fa is the parallel resonance frequency of 
the crystal system, in ,/"BLOCKING CONDENSE!/ 
which the inductive reac­ 
tance of the LCR branch 
is equal to the capacitive 
.react~:t:.'e of C. . It offers 
a high impedance to the 
external terminals fa>/.,, 
while /« - /1 is about 
1% of/o.• 

The circuit of Fig • 
12.7 has -two resonant 

- frequencies, J~ and /0, 

given by 
2nJ~L= l/2.--iJ~C 

and 1/lnfaCJ. 
- (2ts/,,.L- J /21t/.C;, 

T . . . . __...._ 

P-·-----~---1 . 
?:A:-f9P . 

fl 
·----- ------::-----...J 

Fig. 12.8 (a) 

C1 -0.40/w/t 1,1,f 
L-118t5 /lw henrys (for thickness vibration) 

-118wt/l henrys (for width vibration). 
Because the inductance of the cryst~l is large compared to its 
resistance, the crystal represents a h1gh·Q• tank circuit. Hence 

crystals can be used 
instead of conventional 
tank circuits for deter­ 
mining the operating 
frequency of an 
oscillator • 
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elecµ-odcs when the crystal is not vibrating. The values of LCR 
d_epend upon the dimensions of the crystal. If l, w and t respec­ 
tively denote the length, width and thickness of the crystal in cm 
we have the following relations : ' 

C-0.0029/w/t µµ/ 

29& 



1%-8. UJtrnonfc reeelvers Because of the 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 neighbourhood of its resonance 
frequency, particularly in water where its Q value is low, being 
of the order of 10. We may recall Eq. 3-18.J, which tells us that 
the band width around the resonant frequency f O for which the 
response is greater than i is /<:./Q. So, an oscillator with fo - 40 
kcs can be effectively used over the range 40,000 ± 2,000 kcs if 
Q - IO. By contrast, Q 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 amplifiers, 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 strongest at resonance. 
The piezoelectric clements undergo alternating stresses as a result. 
and alternating charges, and hence voltages, arc developed at the 
opposite ends of the electric axis. These voltages are properly 
amplified and made to operate a meter or recorder. Magneto­ 
strictive receivers cau be used in the same way. 

With the development of · high gain amplifiers it has been 
possible to use piezoelectric receivers at frequencies we1l 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 resonance, is in a sense an 
advantage. Thus piezoelectrlc receivers can be used over a wide­ 
range of frequencies in the sonic -and ultrasoalc ranges with proper 
amplification (See 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 nil directions of incidence, i,e •. 
it is non-directional. When large, it becomes directional as in the 
transmitter. 

' Analysis sh~ws that the .response of a crystal receiver __ is 
inversely proportional to the thickness /~ o_f the crystal !n tac 
z-direction. For crystals of the same size cut from different 
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With improvement in the technique of preparation of BaTi01 
anl other ferroelectric ceramics, they can now be made in necessary 
sizes, large and small, and given any shape. These ceramic crystals 
are replacing natural or other man-made crystals and magncto­ 
strlctrve materials in many applications in the field of ultrasonics, 
both in research and in industry. 

ULTRASONICS' 

at t~-} C1mpadtive J>1'0pertlea or different piezoelectric 
m er a a. n or er to be suitable for use as an ultrasonic 
~!!f~rerp~r d~~toi:,Tah pie~oelectric material should have some 

1 ope res, e chief amongst them are (i) a workable 
:r~ of :!d str{t~ constant, that is~ the ra~io between the mechanical 
( ... . .. ~ e voltage gradient, (1/) mechanical rigidity 
w) 1nscns1tiv1ty of physical properties to changes of temperatur; 

an( _d) other environmental conditions, (iv} pUdty (v) availability v, cost etc These requi h ·1 ' ' whi h · • · . . . rements eav1 y restrict our choice, 
~ 1f now pr~ct1cally limited to quartz and Rochelle salt among 

na ~l Y occurrmg crystals. Search for a wider variety of useful 
materaal has led us -eo man-made crystals of A.DP and lithium 
~lphatc and to ceramics of barium titanate, lead titanate, lead 
zarconate, lead niobate, etc. The search is still continuing. As 
large natural c"¥s.tals are rare, the crystals arc now being prepared 
~ a pure cond1tton from melts or solution. As the titanates and 
zirconates cannot be pi:e.pared except in the form of very small 
~ls, they a~e -made tnto ceramics and can be given ~ny shap,: 
~ SI.Ze, which rs an advantage; The ceramic preparation is placed· 
m. a strong electric field ( of about 40 to 60 kv per cm) f~r a· few 
Dllnutes. This direction marks the electric axis. · ~ 

For longitudinal vibration, the strain constant for an X-cut 
quartz crystal is 2·3 x 10-10 cm/volt. For Rochelle salt in the most 
favourable cut (45° X-cut; see Sec. 14-6) the value is· 275 x IO 10 

cm~volt, . for ADP (45° ~t) it is 24 x 10-10 cm/volt, and for 
ban~m J1tanate, 56 x 10_·10 cm/volt. The chemical and physical .. 
stability of quartz, i.ts. high mechanical rigidity, low temperature 
effect and internal fr1ct1on make it the material of choice as 
ultrasonic generator in spite of the low value 6f its strain constant. 
Bar!um titanate. is a Jess expensive alternative to quartz. and bas 
a higher acoustical output for a given electrical input. If can be 
used . for low frequency high power applications where quartz is 
unsuitable. 

The electrical properties of Rochelle salt change rapidly with 
tem~e~ature in the neighbourhood of the room temperature. Low 
hurnldity 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 
un~er a uniform volume strain, which _other crystals do not. 
This property makes It possible to use lithium sulphate crystals 
ifor detection of sound under water (Sec Sec. 14-12). 

' l , 
' ! 
l 
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If J? is the diam.eter of the radiating surface of a source of 
ultr3:son1c sound and 1. the wavelength radiated, the beam spreads 
out. u~to a cone of semi-angle e - sin .L ( t •22A/ D). For a sound 
rad~at1on of 40 kc in water 1 is about 3·5 cm If D - 30 cm e will be about 8°. ' • ' 
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Relaxat] on abaorptlcin. This relates to energy iosses 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 returned to 
the sound wave with negligible phase Jag. At higher fr~uencies, 
this lag is no longer negligible. The peak pressure ii therefore 
reduced, and absorption occurs. 

When a molecular quantity changes rapidly with time we 
define a time i-, called the relaxation time, which represents the 
time that some suitable quantity associated with the change takes 
in falling to l /e of its initial value. The corresponding frequency 
is called relaxation frequency. 

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

In the case of monato.mic 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~ exhibits a major 
absorption peak at 20 kc, which corresponds to ~ deformation 
mode of vibration. 

In most gases, equilibrium between translational and rotational 
. energies is. reached repidly. The vibrational modes are responsible 
for relaxation absorption. ·· 

Ab11orption In liquids. Except for a few monatomic Iiquids 
and highly viscous liquids, the absorption in liquids is much greate r 
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 I 000 
times stronger than classical absorption. This has not been satis­ 
factorily explained. 

Absorption lo 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 polycrystalline solid. · 

~03 ULTRASONICS 

In gases, at, is about, io.,, whereas in liquids o1, is negligible. 
Absorption estimated on the above basis is known as classical 
absorption. 

While the results are in fair agreement in monatomic gases, 
large differences are noticeable in polyatomic gases. Hence some 
other absorption mechanism must be considered. This was pro· 

ided by what we now call relaxation absorption. 

· 8:,•,if• K ( 1)2111/• 
a-o.,+ oh- 3pca- + pC., ·l - ;- -i:.--- 

··::,. where n ... - or~.!fident of viscosity, f - frequency, c - wave velocity, 
. ,.. - density, K - thermal conductivity, (:" - specific heat at constant 

volume, >' ... ratio of specific heat at constant pressure to that at 
constant volume. 

P0Poe-~ 
where p and Po are excess pressures in' a plane wave at a distance 
x apart. Assuming that a in a gas is made up of the absorption 

~· a. due to viscosity and 011 due to heat conduction, we get, following 
· ~- Stokes and Kirchhoff, 
{" 

materials in the best way, sensitivity decreases in the order Rochelle 
salt (45• X-cut), barium titanate, ADP, quartz, 

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

A cylindrical ceramic type of ultrasonic receiver has been . 
discussed under hydrophones (Sec. 14-12). The hot-wire 
microphone (Sec. 14-8) has been used upto lCO kc/sin fluids. 

12-9. Ultrasonic absorption and dispersion. Propaga- 
tion of ultrasonic waves in a medium is. characterised by 
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 nature of the 
waves is the same, the same law of propagation should apply to 
both, This means that the mechanism of sound wave propagation 
should also include appropriate mecbanisms for absorption. 
Dispersion 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 
fellowed by Kirchhoff, who took thermal conductivity into 
account. 

The absorption coefficient a of a plane compressional wave is 
defined by 
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mado 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 
cylindrical, and the source was .a vibrating quartz crysta! though 

· magnetostrictive rods were also used. There are two mam 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 to 
be made is mounted 
in front of a smooth 
reflector (R). The 
two may be contained ~ 
in- a wider vessel filled ci 
with the medium as ~ 
shown. Q is main- ~ 
tained. in vibration by ~ 
an electronic circuit. t 
The sound waves are .,,.,,- 
practically p 1- a n c, --~--'-- 
These are reflected by O A/~ ;-.. 3N2 2J\ '5A/2 ax 7Jt.fz. 
R, which . must be Fig. 12.11 <.b) 
accurately aligned for the Purpose, ;;,.:, t.ilat stationary waves are · 
formed between Q and R. R can be moved to-and-fro by-·an 
accurately c~t sc~ew. The reflected waves falling on Q help or 
oppose the vibrations of Q. This causes the readings of the valve­ 
tube V<?ltm~ter (VTVMJ connected across the inductance in the 
~~ail circfiit t~ fluctuate in accordance with the phase of .arrival 
used ei'nrteh ect1e t ~ave~. Alternatively, a milliammeter may be 

e p ate crrcuit. 

pl tt!he ehperiment consists in mvvi~g R parallel to itself end 
O d !0g t e VTVM reading against the position of R. The 

;~ mg passes throu~h maxima and minima as shown in 
1%·. 12 •. ll(b). The distance between two successive maxima or 

mimt?~ is ')./2. Under suitable conditions a few hundred maxima 
or_ mtuma /an be located with precision. Thus a precision deter­ 
mma .10n ? A can b~ made. This combined with a knowledge of 
~h-~hvibr:~1~nlrequency of the crystal, which again can be known 
vf a if>. egree of accuracy, gives the value of the velocity 
~ sou? .rn the medium between Q and R. The medium may /fia ldiquhid or a. gas. I~ liquids, the minima are more sharply 

e ne t an maxima, while in gases the reverse holds. 
'ZO 

UL TllASONICS 

fllll'!ll~~-~~~e!:';.Producti?n of ultrasonic vibration of accurately known fre­ 
e ~y piezoelectric crystals and magnetostrictive rods have 

Fig. 12.11 (a) 

,------- 
• --!-- {t@ 

I - 

ta-ie, Ultrasonic Interferometer :: Measurement of 
elength, velocity and absorption. Recent developments in 

{fl) Transfer of heat across the individual grains. 
(Hi) 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 separately considered and the conclusions tested against 
observation where possible. 

These discussions show that in ultrasonic measurements 
determination of wavelength velocity and absorption are of 
pnme 1mpo~tancc •. A simple method for doing so is discussed 
in the following section. · 

Apart from relaxation mechanisms w.hich 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. 

Under the action of these waves a volume element is cyclically 
strained. Its m&:h~cal stiffness and energy loss can be 
measured. Variations of these quantities can be obtained as a 
function of environment and frequency. Information obtained 
can then be correlated with the physic-al processes involved. . 
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caused by a sound wave in a liquid effectively produced a 
diffraction grating for light. This has provide~ !1- method for 
measuriug ultrasonic wavelengths, hence ve!oc1~1es, and al~o 
absorption coefficients. One such method ts illustrated 10 
Fig. 12,13. The sound beam is produced by a suitable transducer 
(C), usually an X-cut quartz crystal, and is generally a~so.rbed 
at the far end of the cell by some absorbc~ (A) to eliminate 
standing waves, Light from a monochrom~tic source passes 
through a 'slit and t~en traverses t~e. ultrasonic cell (UC) as .a 
parallel beam: The image of the slit is focused on a photographic 
plate([,) along with the various diffracted orders. 

A• 

l:: i:! 
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with small amplitude sonic velocity as absorption regions arc high 
up the frequency scale. 

12-11 Debye-Sears opUeal ef1eet in. nltrnonics. ~bye. 
and Sears" discovered that alternate compressions and rarefactio~s 

10 100 1000 10.000 
FREqUENcY (Mc/s) 

Fig. 12.12 
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being the dispersion and absorption in carbon dioxide. Small 
amplitude ultrasonic velocity .. at low frequencies· is identifiable 

~-10-t. Sonic velocity from ultrasonic measurement. When 
ere is absorption in a medium, the wave velocity changes. So 

ound propagation in a medium exhibits dispersion in the 
e1_ghbourhood of an absorption region. On both sides of the 
bsorption peak, the wave vcloclty reaches a Iimitin~ value which 

3 lower on the low frequency side (Fig. 12.12). This has been 
,._""',·'··c··x;x_perimentally confirmed, the key experJmcnt in this rcca ref 

.. In a gas, tho maximum current occurs when the reactive effect of the 
1;as .is zero at ~xact resonance, and tho resistive effect is a maximum In 
hqu1ds, the m!oimum current occurs when the reactive effect is zero beh¥een 
resorance pos1tioos and the :re:.istive effect is smallest At high &as 
pressures there will be a transition between the two cases. • 

Tho difforonce arises from tho fact that the radiation impedance · or 
the medium, c, is much larger In liquids than in gases. 

There are general precautions to be taken while using an ultrasonic interferometer. 

(a) The amplitude of vibra~ion of the crystal must not be 
too large. This wdJ produce heatmg of the medium near the crystal. 

(b) A quartz crystal has many resonance frequencies. The 
selected frequency must be well removed from neighbouring resonant frequencies. 

(c) The crystal and reflector surfaces should be exactly 
parallel. The parallelism should be correct to within "'about 3 >< 10-• cm. 

(d) The waves should be plane waves. This requires that 
the diameter of the crystal be large compared wirh the wavelength. 

(e) The ci~uit must have extreme electrical stability. Any 
drift in frequency should be no more than 2 cycles in 2 megacycles 
during the period of measurement. 

(fj 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 o!' the 
· '-a;y beam from the walls of the container must be elimineated. 

low absorbing liquids measurements of wavelength at 
ies of the order of 1 Mc may be made with an accuracy 

in 30,000. In high absorbing liquids it is 1 part in s.ooo, 
rption .is determined by measurmg ratios of maximum 
um amplitudes. 

cerfercmeter can be used over the range 0·3 to 80 Mc. 
hnique can extend the measurements to 2CO Mc. At 

d, reverberation method can be used down to 0·02 Mc. 

.;,vu 
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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 s?l!d specimens. Short 
pulses of ultrasonic waves, each pulse containing an equal number 
of waves, are propagated throu~h the material at regular intervals, 
and are picked up by a suitable receiver. If the frequency is 
1 Mc pulses may be of 5 micro-second duration, and there may be 
250 such pulses per sec. 

Piezoelectric transmitters and receivers are used. Emission 
of a pulse applies at the same time a signal to the Y-plates of a 
cathode ray oscilloscope, 
The X plates are con­ 
nected to a linear time 
base. As the pulse 
reaches the receiver, it 
induces a voltage across 
the crystal receiver. 
After necessary amplifi· 
cation and rectification, 
the voltage is applied 
to the Y-plates. Thus 
two vertical traces appear 
on the screen. Their 
distance of separation, as !'it. !1.:i.!> 
measured by the time base, f ,-~ - f 
represents the time of travel of the pulse. When. ~he req uency ho 
the time base is the same as the -pulse repetition frequency t e 
pattern appears stationary. 

Tlie source (S) and the receiver (R) ~re placed :parallel t~ 
each other at the opposite ends of the specimen (M .; Fig, 1~.15a). 
Figures 12.15 b, c and d respectively repres~nt ihe pattern to. be 
seen on the oscilloscore screen when there is ~o flaw present to), 
when there is a large flaw (cj, .l~d ..,~-!::.~!\ the flaw is small (d). 

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

(iii) Heaflng E>frcc-t of the waves is considerable: A rod 
dipped in a liquid through which an ultrasonic beam is passing 
becomes so hot that it cannot be held in the hand. The. hef\~s 
caused by friction between the vibrating rod and the skin o ~ 
fingers. The heating may provide an alternative to the presen 
methods of diathermy. 
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According to Raman's theory, the diffraction angles 6, which 
can be determined experimentally, arc given by 

1, sin.e-nl 
where :., is the wavelength of ultrasonic waves and 1, that of light, 
n being a positive integer specifying the order of diffraction. 

Absorption may be measured by replacing the photographic 
plate with a photometer and measuring the intensity of one of the 
diffracted orders as the position along the ultrasonic beam is 
varied. 

When white light is used, a colour picture of the sound field 
is obtained in which areas of the same colour represent correspond­ 
ing regions in the liquid having the same sound intensity, 

Velocities can be determined to within O·t%. In recent years, 
such optical methods have been used to study the distortion of 
waves caused by very high amplitudes, Both running and standing 
waves can be used. 

1t-12. Some effects ~nd uses of ultrasonic waves. 
(0 · Mechanical, chemical 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. 

;,1>.Qlymerized molecules disintegrate and the chain of starch 
·~ '"'o]ecules. splits intc several fragments under the action o~ ultra- 

• s, Smoke is coagulated, and the large particles so 
n(# remain suspended in air. In this way smoke and c -r~n be removed from air and other gases. Many 

s, and even tadpoles, can be killed by these w~ves. 
i15inent using ultrasonic waves bas been devised. 

ecd from bacteria by such equipment. 
The Debye-Sears optical effect has been 

used for detecting flaws and inhomo­ 
geneities in solid materials. Fig. 12.14 
shows an arrangement due to Sokoloff. 
S is an ultrasonic quartz oscillator and 
M the solid material under test. Good 
transmission of energy is assured by 
putting some oil between the surfaces 
of the two. In contact with the other 
side of M is a liquid held in a con­ 
tainer B. A narrow beam of mono­ 
chromatic light passes through the 
liquid at right angles to the ultrasonic 
beam. Spectra are formed on a screen 
Sc. The sample is moved slowly 
along.. If the material is hornogene­ 
ous, the spectral pattern will remain 
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