2020-21 Onwards | MALLA REDDY ENGINEERING COLLEGE B.Tech.
(MR-20) (Autonomous) | Semester

Code: AOB12 Engineering Physics L] T|P

Credits: 4 (Common for ME, CE and M Eng.) 3 1 -

Prerequisites: Fundamentals of Physics

Course Objectives:

The main objective of this course is to provide the basic physics principles, would help
engineers to understand the tools and techniques used in the industry and provide the
necessary foundations for inculcating innovative approaches. This would create awareness
about the vital role played by science and engineering in the development of new
technologies.

Module — I: Waves and Oscillations [10 Periods]
Simple harmonic Oscillator; damped harmonic oscillator; types of damping — heavy, critical
and light damping; energy decay in a damped harmonic oscillator; relaxation time, quality
factor; Forced harmonic Oscillator; electrical and mechanical analogy for a simple oscillator.

Module — 11 [12 Periods]
Acoustics: Introduction, Reverberation and Reverberation time; Basic requirements of
acoustically good hall; Absorption coefficient, Jaeger’s method for derivation of Sabine’s
formula; factors affecting the architectural acoustics and their remedies.

Ultrasonics: Introduction, Production of Ultrasonic Waves - Piezo Electric Effect, Inverse
piezo electric effect, Piezo-Electric crystal Method, Magnetostriction effect, Magnetostriction
Method; Detection of Ultrasonic waves - Piezo Electric detector, Kundt’s tube method,
Sensitive Flame method and Thermal Detection Method; Applications of Ultrasonics -
Medical, SONAR, Ultrasonic drilling and welding,

Module — 111: LASERs and Optical Fibers [10 Periods]
LASER: Introduction, Characteristics of LASER; Absorption, spontaneous and Stimulated
emission; Einstein’s coefficients Derivation; population inversion; pumping mechanisms;
Basic components of a laser system; three and four level laser systems; Ruby LASER; He-Ne
LASER; Semiconductor diode LASER (Homo junction); Applications of LASER -
Computers, Medical, Military.

Optical Fibers: Introduction to Optical fibers, total internal reflection; Acceptance angle,
and acceptance cone; numerical aperture; types of optical fibers; Losses in optical fibers -
absorption losses, scattering losses and bending losses; Applications of optical fibers -
Communications, Level Sensor, LASER angioplasty.

Module — 1V [10 Periods]
Non-destructive Testing: Introduction; Objectives of Non-destructive testing; Types of
defects — Cracking, Spalling, Staining, Construction and Design defects, Honey combing,
Dusting, Blistering, Rain damage; Methods of Non-destructive testing — Liquid penetrant
testing, Magnetic particle testing, Ultrasonic inspection method and Radiography testing.



Module -V [10 Periods]
Dielectric Properties: Electric dipole, Dipole moment, Dielectric constant, Polarizability,
Electric Susceptibility, Displacement Vector; Determination of dielectric constant by
resonance method; Electronic, lonic and Orientation Polarizations and Calculation of
Polarizabilities - Electronic and ionic; Internal field (qualitative treatment); Clausius-mossotti
equation; Applications of Dielectric materials.

Nanomaterials: Introduction to nanomaterials, Types of nano materials; factors affecting the
properties of nano materials - surface area to volume ratio and Quantum confinement effect;
Properties of nano materials; Synthesis of nanomaterials - Sol-gel and Chemical vapour
deposition method; Applications of Nanomaterials.

Course Outcomes:
At the end of the course, student will be able to

1. Distinguish free, damped and forced vibrations.
2. Using the knowledge of acoustics in designing acoustically important buildings and

ultrasonics for designing materials.
3. Understand the concepts and applications of LASER and Optical fibers.
Apply the knowledge of Ultrasonic to understand non-destructive testing.
5. Understand the importance of dielectric and nanomaterials and their properties.

s

Text Books:
1. M N Avadhanulu, P G Kshirsagar, “A Textbook of Engineering Physics”, Revised
Edition 2014.
2. K Vijaya Kumar, S Chandralingam, “Modern Engineering Physics’’ Volume I &
1, S. Chand, 1% Edition, 2017.
3. B K Pandey and S. Chaturvedi, “Engineering Physics” Cengage Learning
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— Damped and foced Oscillations s
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fov an ifinite Hme. such vibratons ase called Aree vibratiens 5 andl

the frequenty of vibyation is called natural ffequmc_a .

In P-mc’ds?_ , & the vibarions of a f‘fﬁ(’,uj M *"'kf vibm-\inﬂ
bud_ﬂ ( such as Pendulwn oy spring) gradually diminish n cunph-}udi
ard ultimately die away “The veason being that the asdllabna system
15 Olwa.tjs SubJecteC] to 'fric-Hona\ fovces. Qwising from aid 165;5-$anced-e
auch vibyedions ave kKnown as damped vibrations - When a 5033 ls ma
o vibrate by an eatesnal peﬁodlc force (which may ov may not have
its frequency equal 10 natuval freciuencﬂ of the body) , the bodﬂ at
fisst tves 10 vibrate with its own matusal frequency but uwma]d,j ik

vibrales with dhe frequenty of applied fovce - such vibyalions ave
called ~f0162d vibvatms - “The forced vibrations | af tev vemoval OF external

peviodic force , becomes free and die out 1n due couvse of time.
When a bodj ¢ set into osdllahions blj an exteynal Pevtodlc +fovce
of he same grequency ab the natutal frequency of the bodﬂ , Hhe

. i h incseased . Such vibrations are
mp\:h&dc of the bodt, 5 veuy much increased h Vi
5. The phenomenon is called as Tesonance.

—

called as yesonant v.'bva}fo
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-y Dislinetion between Free and Fo

—_ et

[vee \ibrations

. Tree Vibnalions of a bodﬂ Lale
["‘clrc unc'\("l “Mhe in.f.|uence_ OF ib&

own elasdic forces widhout being

acted upon b'j (105 eatevnal fovee -

2 Dllo 10 r|n;|)[7,r,3 Q,Ffeci’ oF ‘fﬁ'i(‘hmdl
‘I’OI(('&, “the -{’—-ev. \t'.bwra‘HO"iS die
in cowse of {ime .

3 biations dCch\S

he frequency of Vi
U\’—“Of) “Ahe ma.asjsthe and da&\iﬁ‘y

of he h\dt’ .

. Free vibiations may occus with
any amp\i‘lude (small o7 Imrae)- in
he presence of damping forces,
“the ampliluc'e ﬂoe.s an dec:easma.

byatiens

seed N

Fovced Vikirattons

e ——

1+ The 'fo*rceA Vi

Place due 10 Hhe aclton O

\mn-h'on(, of @ hr.chJ talce

Y ‘)()';}C)(‘l'c
fovce aPFh‘ec\ eﬁewna\,h?,.

nes '0")3

Q- The forr_ul vflo1(l‘\i0n5 Pfi'j'u'f-,lj
ncls on

as the aPph'eA Pew’od.‘c‘: {orce
the boc\nd .
3.7the ‘f1e[1“‘“°ﬂ of 'fmre(\ ulbralions 18
independmk o[; mass, s\nalac rmrl elashc:‘*y
of +the loodg but is ec’ua\ {0 the frequenty
of aPPhed Pen‘od:c feace .

k. In ‘fO'rccd vibrations ,he amplﬁucle is

small gmupk in -the specml Slagas when

+esonance tokes Place-

Weo Fage : M3
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de of v bration vemains

es N aiy g oY Clnld

For an ideal havmonic ascllator, dhe amplidu

constant for an lnﬁnite time - Idhen a bodﬂ vibrak

' 3 \i fude
othey mec\ium which oﬂms vesis bance tO ;hs mo+ior) j 1he amp; w

of vibiadion c\eueases-a-f‘aduaut, and u\Hma-te.lﬂ e Ioodﬂ comes ‘*0{1
vest. This  is due to the fact that the bodd 'S 5ul{}ed€d 1o 'fT'c onal

o . known as
fovces Reeg from aiv vesistance - TThe mo¥ion of 4he bod\a} d

damped simple  harmonic otion. As an example, if we A.‘si:l.ac& a
pendulum from ks equili brium position L owill oscillate with & decvea=
Sinﬁ amPHuC‘e and finally comes {0 yest 0 equi Lbvium pos‘rhc'n-
Equation of dachA hasmenic oscllatoy s—

“The dam e & s‘tem s su,b‘ecfecl to
s J | (‘igplacement bul OFFaf'"%eLJ

5 A CcmS‘\*&nt Of— FTOPOT“'FOHG.U%

X, ms\-ormg force which is propertiona
directed - This is wriffen as —k%, wheve K
oY fevee censiant -

I‘r A {r‘.c\ional fo1ce PmPor‘icna

\9?. wnﬂm as — 7 C-ldj%— ; uJL)C(e_ T1iS {lﬁchonal *FOTCE P&T

| ‘o ve\odh? but oﬂm;r\dt} C\Hec‘led ]

“This ma,La
wn't\: VElOdk"a'
dt
Since 4fovce = MasSs X accele rabbm = ma = 'Tn-g-e,_
Thevefore “the Lcr,m:]im b{ motion of & Pa-rh‘c\z_ is awan ‘o(d
d21 da

—

'Tﬂ—d?_: —'—'K'l'—'f-g—E
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fa L X gk Kas0
_d_f'_; + m dt "

din o op BN o g m D I )
dtr qd\

ra—

wheve _ T
M =2b (m(‘ = =5

This is the le[’efen-lm\ cer]nm_‘hm of damped harmeniC motian .
Scludion of dhe equalion - .
Ecl“ (\)n IS Fa A'.r_[e-,mnhn\ v(ILm,‘iOn of Secoydd C]@aqee_- Let il solution be
i a2t oSO s ()
where A and o« ane cnl;ﬂn-nd ‘qz‘mskanl:s‘
D"f-fe-fenha“‘ma eqn (2) wort ¥, we 39,{—
ax

dZn _ 2 ot
It = Pw(eo(t Clr)cJ e Ad*=e

' have
Subs-}i'iuh‘na Ahese values in eqm 0,

Awtett+ 2b Aty wt pelt =0

R
A e“‘t ( oL 4 o bl + .,o’») =) Tu -fmc\ the TOOJfS- j
2 —b + Jbg—qﬂ(l
Aext £0 . or42butwt =0 R R
e
This awes ol = -—bj_\lbl.-w”’ a=| b=2b c=w
“The eneral S0 ludion of cf,ﬂ(l) is ai\’m —2b % |qb’~, Y
8 (-b+ pw>) t (=lo- b"—w")t' 2 A
= AI e . 1 A'_}_ € 5(3)

wLme, A| anc' /\9_ are mb‘r\-an? C.Uns{‘an\td'

Depudma m the yeladive values of b and w thvee cases ave FO&SJ‘Jth‘

L&D Pagc L)
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. -
Egit’_\__i O\fudam",‘CA motion, when b7 W

N 'H'W\S' case ‘! bi-w?> IS5 1‘eql Clnc\ \355 Ahan \"J .
. ¥ : 2.) l\
[-b+ [ _‘ and [ ==l ,rb_l——w_lj in eqn (Z) e

Thus Ahe diSP\acemm\f A comsisks of- two lermns

"l’*"“ e ";0!1\613
\ e r"";}a“we.
both rit(’m‘rj of f

ol -I]rm-ﬁ C‘-SSLown.
etPOnm-\q‘-o\\LJ Yo zevo widthoul pes-foyming ar,?} enella

“The vale deueasc of Qmpl,cludl‘ dl'SFlC‘-( emen'l' i5 -x.\f-_’v,}_

0? f i A /I 0,,7)?
aOVE1ﬂ€C‘ ba '-“-)e %'Q'!TT) L __b + _{bl_ w™> J't as (4 3 \d
other Yevm qeduces to zevo qtuckhJ velative 10

-
it ‘In this case , the bm\U once di-sPlrtceA rvedusns —> t

1o iks equibb‘oium Pes‘HOn f1ui L‘c 5\owhj wi‘ihou‘ \ x
| € Qs
Petforming any oscillation  This type of mehion 15 callec

damped of dead beal |
This -hdpa o.e mo«\im is 5\‘30100 bu o Pmclujum rnoulr;g in O '\‘hlck 0"

oY ba a dead beal mc\rina cm\ aa\vammd@_v.

ovey

Case |} :— cmdical damPlna ; LDL)QD W S
H we puk B = w in ec\n(?:),-*\hm ihis solubion dees no? 5a4is&’d +he
drerevential p_clua‘rim (1). Let us comsider ~that [~ 1s nol zero but
\ s §
! small quqrﬁ%\a h ie. (b’dw"‘- -h—>0

Abis 15 equa) to & de
duces 10

Now eqn(a) Te -
. b (-b
e( b+h) + A0

= A] t
= ehb% [ ﬁ;eht 3 A,,_'Q—h ]

wso Page:it -~ ‘§ é'j 5
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O [ A (1 bt + =) & A, (1= bt o))

-

= [ (hrrha s W (acha ]

“bLt e
= [ paqt] -
w‘whc

P= (At As) and g = h(M-A2) o
X , g Clea”
EqM(4) vepresents a Possible fovm of solution . b 19

actol
‘ e heulk WO T
eqn(w) 1ha¥6}\1 incYeases | +he fac'hn (F +¢1'H incveases b4

due
E‘bk decveases: n dhis wa.d 1he d‘SPlacaman[ 1 1_115‘\' inc*rea.Sanue N
1o the -fafﬂ“f (P-} f‘l,t') but at the same HmMe "’EVQ"SCLL 0 ccUYS ast
the Gipomn\-ia\ tevm e % and dhe d:sFlaccmcn‘\. appvoaﬁk_es zev0
increases. \b is also cleay Ahat in this case the emponent i —-bb
while in 4he 1‘-;15& case b was meoye -than -bt |, hence in this case

T N I
he Pm{fc\e tends 1o acquive s Posrhm of equhLmum much Aapi lg
Athan® in case T. such a motion is called evitical daumﬂ motion -

case W: Undex damPecl motion, when b w*

In dhis case | pw> (s tmaﬂinasdd-
et wewite (e = (o - i
whee p= Jw= B> and 1= J(1)

Eqn (2) now becomes

(-btip)t . L~b—~lp)-t

A= A€

A€
. . S8 t
= g8 [ A C‘pt-} Ay e P J

wed Pageay fgijf‘} |
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1

efbt[:A\(cQspt+-isanP*) 4 AQA(COSPi"fS“7PL)]
L (A ha) cospt 4 1 (A Az) sinpt]
P [ asing cospt + a cosgf sin pl
where o gng = (M1 h) and acosg = i(M-As)
e g a sin (pt+¢)
~act an [([we)t 48] —— > ® A ampl
This <quaticn Teimsents “the 5tmp|c hamonic mofion il J

CLe‘b\: sl Peﬂoc’
20 _ 271
H N
The amF\HuAe of -the molion s con-\vinuouslﬂ . e
the factoy Pl which s called @6 dam‘omﬂ fac e
o sin [ Jrwr-b2) t ¥ ¢ ] varies between | and -1, dheve fore

-bt — -bt.'ﬂw de of the
&mp\{hde alse vavies between ae and ae e decay F

Jude

decreasing owmf} 10
“he value

amP\ifhlde daPends upen 1he d“mP‘”j cocffio‘enf b IE 5 called undex
do.mF(c\ moim as shown in v?w‘a, in 1his
case ~he pm‘oA is si.iah‘\\ij inCyeased 0Y
frequeny decvensed because the Feﬂoci

35 Dow ﬂr/m while in Ihe abeena
of damping b woas 2w -

Moticn of @ Pmdulum in aiy i$ an cmmple
6f his hypeof moHom-

we o Pagc 1% A B g
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_—

d E.gif.,d‘ Vibrations 1 —
- DAL A AN A
A c\‘lﬁuenk si\*uaHon arises when Hhe lOOALJ {5

ﬁl"'?ﬂﬂ(,\\ "“O'fce . For e"ﬂlﬁ?\& (_Dn5|def1 1he Vib"l’ﬂ'\'On-.S

cu L{Jorlpr] 16 on
of bri(lﬂ& under dhe

\ ~ |7 wLer, oy 5
intluence of mmﬁk‘nﬁ soliders oy vibrations of a tuning for| posed

dy ik
Yo the Pewiodic force of sound waves - \n bodh -lhe cases ,the body ibrales

; ons Ore
because it is sul:deded Yo an extewal Fmochc Hfovee - Such u.'ma%l

called  Forced wibedions. " boﬁl‘d
Forced Vibiakions can be de-fmecl as the vibrations in Wl"i(-'” :J .
Vibrates with a frequency othet han its natural Arequency U7 e
action of an exlernal Feﬁoéfc ovce .
Eep“qjdon cf -forced vibrations ¢—
The -fmces acted upen the pm%’de ave
) a 'res{-on'nj force Propo-rHonal 1o 4he
awm bg —kKn wheve K 15 force constant

C\CSFIACemm‘t' bu’\ OFFasi[ety cliredecf)

' iyec d
(i) a frictional force P'ropodimal to veloubj bout opFosll'eJﬁ divected,

%Nan b:} -“f%’%., wt\me Y 5 -FriCHma[ vft'vce Fev Uni{ \Ie,louJﬂ:, and

\ii‘\) 1he en‘[emal Pcﬂodic 'fO‘JCP_)’T&PTQSM'\GA b:j F sin P‘t

whwe E s the maxrimun Va|ue 0{3 the cf—ovce ancl P/gn s ‘.l~5 ‘f1equanf7.

5o Ahe total force achng on the Pach(e i5 awef) bﬁ

d1 -
63 Nw{nn‘s second  Law Of mation +this mU-S" Y uiua,l 10 the Fro ud‘

; dZx
of mass ™ Of e paricle and iks inshn*bmaug accelevation ie) ~g= )

Hence,

LWgo P&ﬂt 519
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Tng}“ = —kn —7 ..d_l_ 4 F-Sinpt

dt* ~ dt
d2q - & :
m F{?_— + %"" g oy, = = JfﬂF{,
d’ - F

4 | )
\ ad{> % Q\b%ﬂf* T I »f AS\'nF\:X  — “)

where irﬁ—_ ob X _ w* and _T[% = &+

A (--|'iC|€ .
Ean (1) is +he diffevential Qciua'hor) of the molion of Ahe pe
16""'r)f’ll"‘lm)c’. and Phase- of Forced \/ilomhems‘.—
In 4bic case, when the s\eac\ﬂ state is set up

the frequency of app\m) force , and ot with it
The solukion of differential equation (1) must be of 4he hdpe

Ahe Par\ir\e wibiates with

¢ swn natural -f‘leq/uency.

g

x= A.SM(P\‘—B) R Y
w"\ue A s sheady ru-nP\iJru(Ie Of vibrations cmc\ O is lhe ana\e EU

which dhe disr)lncemen* A laas be hind 4he aFF\iecl {ovce FsanPJ(-

A anCl e ave \oeir)a aw\oi{warﬂ Cﬂ'{)s+an{5.

Di{fuean'aHnS eqn(2) we have

dn _ cos (pt - 6)

and ég% = —I\stin (Pt——B)

Subs’ﬁ-\u-ln'ng these values in eqn (1) we aek

150 Page t 20
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(l;\{ - 8) = _f'S-ll‘l FT!:
- fon{pt-e)ae)

— APpP* sin (p{‘— e) + 2b Ap o5 (P| 0) - wh A sin

1 3 _p) cosd& —+
A(m ~P*) sin (P{~O) + 2b Ap cos (})\~ p) = { sin (P‘ o) -
-j—CoS(FP-f") S0
ﬁ&,‘{t\*S Cf‘

'f 1his feln-h‘or\ ho\d& aoorl -rm all Vﬂlll(’s oF t+ ; the coEf ¥
e mus

>0 (pt-0) and COS(P"O) ferms on both sides of this equa )
-8
boe P-f]ual e COmpavan 1he Cn(’ﬂirr‘t’n\s of 5in(P{'—@) and CCS(F{
an bo’“-) 5l‘(42$ , e hewve
/—\(w’-hPl) = :[ cos D — (3)
- and ab Ap = Sino — (&)
Sc]uaﬂna eqn (2) and (4) and dhen oclAsz, we ae{'
A (wl_Pa_)?- 4 4 b2 A? F'z _ j-fz_

A [ (w-p™ 4 wlrpr] = %

w‘ni‘e on diw‘clms ec]nM) bt(J a_c]n(a), we have
tan® = adal - 2bp

A (W p) (w—p2)
_ - 2bp
6 = tan ( e Pl) e (6)

(P Le) Pagc Al
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] we aqel
Subs%ﬂ““”? the valw o2 A 4t e(In(Es) In_ eqv (2-) {

r—
-

i _—r 1)

g8 sin(PkrD)

J [(w?—p2)"5 np2p> ]

6) i\“: )‘\nfm.
L.d 4 vibredions lnlwilf‘ ( ‘
Eﬁn(s) aWeS the o.rrF\.?-:_zgg cf -fcrca_

¢ l'r )

_—

‘} QQSOT\anCE £ —
AL A A A

- ‘i aat "‘(ll‘\l\'}!
‘l‘ur)inﬁ -"—rﬂk ne o ana’\lqw ..\a on d 3

. 1.
lF we bsng a \J.'cfa-rmf-l -fmk,me'

y - ) PN
-fcﬁk of dhe same netural Frequency as -that of vl\m\lna {uln 9 |
| ) i “1his tnoment
fnd Ahat Sﬁ"ﬂ'f’ﬂan‘) Funing foik aleo steats vi \9m~\m9- lhis ph
kKnewn as vestmance -

‘ oilh s nodval -fw: umcj
. The Phwcmmm C'; makina a.looA.Ld VI\UT(L{E L (,

-

115

under dhe mf\uencc of ancthez ui\na"ina bodU widh the same —f»c-‘f]um(tJ 1S
called vesenance .’
Considey three spiings 51,52 and S3 Su.spenc\eol from @ {lm.‘ble rod

A8 such 4hat s, and 52 C‘u-?_ identical in all aspects and Cnﬂtj\ng xqmtl
masses ab +he ends/ u:'r,\"é 53 has c!iﬂ:exe_nt SFﬂnﬁ constani and carnes
.diffev;en)f mass - Now if S Spina is set in vibration bU P“”I'Dj doton -H)e-
ajr’roc\r)ecl mass and let ae, we ‘ch‘ thal SPngs S, and S3 also stast
xf:‘b-ra-hna-"l’ne q‘,lma%':ns‘ N Sy die oul clu.ic_k'.j while 4he vibyalions cet
in spring Sz Keeps n increasing iks ampl‘ﬂrude il it s very ne(nlj
wlua\ 1o the CLmFMUC]E ef dhe spring §) -TThe vibvadiong of SP];;U 5
have the same frequency as +hak Of 5 and are called Tesemant vibrationg

and 4his phenomencn is called vesemance .

W0 Page {9
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— Amplitude  Resomance t—

R i AAS o S A

The QmP‘f'{uc]a of ~forcecl vibiatiom

c‘~P]7|"C'~’\ foice and becomes maximum @

“This thom"-mﬂ- & known as amplijrude Jesenance -

«f—fe f‘luen Ct’ OF

¢ vavies wiih 4he
gqucnca X

t a paticula A7

¢

LOndih‘on oF amP\ihde Yesenance <

In case of -f'o-rcecl vi\ma'h‘tms) we have

A - B —> (1)
J[w=py + werp]
QnA _ taf ['_2)_9_17’__‘) - (2)
N i (wx_PL)

rhude vaﬁesr with 4he fwerl/uencd

TThe eapiession (1) shows dhat 4he ampl |
betomes mazimum:

o{.’ the Jovce p . For @ th‘anlcvr value of P , the amP\h‘ude
The P\mname_ncm 15 known as ampliiude fesmance -

The ompiihda is maximum when \ﬁwL”Fl)l* Y pt S minimuwm -

o ‘3% [(>-p>)' ybrpt) =0
ov 2 (wr-pr)lp) +u(2p)=0

on  wr— Pq‘ = 2%

oh p= J (w—2b%) — ()

Thue he .amp\}‘htde is matimum  when  freqlunty P of the imP1e55ed
fovee loecemes J(m‘;_zba») fam - This is vesomant —f1'equnnc3~"l"h;5 aivas
_F-iQC\'LLLnCH of the 585"’2’“ both in presence of damP'ma re. m

and in absence of dﬂ.mpmﬂ re W/oT .

L) €O PaxJe: 23
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e ———

c:] and the cendidion o
‘F 1he dam\ag s smal then % can e nea\ec‘{e 3

= - W
MALiMUM fl]hpuudﬁ veduces o %

Pll“ing C(q’\,d]'hm (3) n fqﬂ[l) we 3({7
1

—

Am(\; =
m’; W+ 2b)T +ubt (w- Qb"-)}
— :f - '{
J(\u&u{‘— YY) 2b J(wl—lﬁ)
§ (p

-
—_

2h \] (Fl_‘bl)
it ~educes 1o

f
Ana = — 0o

s}mwtna ihat Amar — 00

and A0 lowo clamr-qj

as b—>0

—

—> gharpaess of Resemants
ﬁama showe e vaviaion of amp\i';'u(‘e
wih e{mt-‘ng frequengy at di[{eun"' amounts

of damprna A

Ceorve (1) chows dhe amF\Hude _w\neq

“dtheve 1S5 NO damPinj {e b:(}, fn -this
case the amPleuC'e becemes infinite ab ch‘_na Frequny
p=it s This case S nevel aMained in

practice due to Jwctional vesistance .

1440 Paae 24
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s 5\'3” C\r‘uni‘»\nr'J i rulmmd_g r/wcm{ curves (2) and (3) show 4he

Eﬂ‘Q(_" 0" r.l(}n')l:lnr') Oy 4he (lml’:v‘i"l'c‘e'

all o
“The deqim .:'u\\r1-||nw'.', of Testmance mMeans the vate of §

(‘l o
QmP\"{“d@ , with fhe f'&'mr',\-’]f of forcing frequency a0 each 5i0C F

Yesemance -1"“{"“*“}
\

Cu
Fl'ame shews e vavielion of amp\JhLde o h ‘FO"'""\‘] 'quu'mJ
ak di(—‘{ment (l'rl)(-lu;"] o|‘ "(lmP‘HQ' It s dovious "FTUTT) dhe 'f'iau‘e dhat

om
the vesonance 1o hhmp when fall in C\mpl;"ude for a small Chaﬂjf 3

#esonant ~\’Nf|\wnr:, i cu(.f.'r.-m-\lﬂ Larae (ie Small deP”’Q)O”Cj .flfﬂ
when fall in ctmp\i“m"e fer asmall change {om vesmart frequeney
‘us“\/eﬂd hraacaev amall (e \mae c‘aum? )-

tlence smalled s

c'(ln)[’)‘ﬂ\f) 5 S\’I(I‘IPEY S vesmance O ta"\?'“ is
“the d(tmpm{] ) »f’\a{("a 15 vesemance . ¥
\,

— LOc]athm]c decvemenl t—
=

AT AL ) Tl o Vo, Vo

: ) [i“tlde_
)i Vhemic decrer pn'\' measures Ahe vake at whlch the amP
oqgqovihnhenm)) . n
(
diogj m,um,d. THe (nn‘;\i‘\ur\ca of c\amPec)

haa menic oscillatol 15 E{Nm b:j
bt

anﬂP\Hurlv = 0Le
at t-0, an")g\\i'hl()(’ Qg = -

2 m i = g 9‘![5 € ")'V(f
L t Q « O&j ’ b“ '”')l._’ 43 P‘I"Udes ak \lme t. i) 2‘,3![ F \ﬂ
e |; I 31

whtle I#' PC?iO(\ Of OS(‘“C\.‘“C'H . “)(ZI')

-b (11‘) - b(aT)
.

-\ _
0y = ¢ }aa—ae

4

a,= Q o

Fsem  1heése oqunliﬂnf) e ﬂel-

L1 40 Vage: b1y
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Qo Gy G, . bT

N s known as lc(rjavlhem}c c‘er R
Talk 'hq he nedural loamﬁhm [ we ﬁet

4 a

"N
-

_ Ty 28 cod P .
= loﬂﬂ- e :\O(Je a, Loch Qg

Thus \Oﬂch-\hem,‘c decvement is defmed as the naduTal ’cg&ﬁ*“m’) OF 'Tfh;

~oadio bethwen two successive amFHudes eshich are _Sepmculc"c1 o R g

L

-7 nalcany between ggcham'cal ancl Elec{vicrgl 9\5/\9%{31?_

ca il rndia o AL A A NN A

L = R

\_’AA’NT
g
E = Egsmwt

Above «ﬁa- shows the compasision bedwep eectrical oscillatoy (COns,'er;nj
of Resistance R, inductance L, capacitor C and SuPFlied with the
Po‘ren’n'al E:Eos;nwt) and mechanical oscillate! (Cons;s4in3 of mass
M suspmf'cc’ ba the stin )
Due to the aPP[;UJ Vollra?e, em-f induced in dhe LR thewl .
emF 15 defined as the elechical Fo-\en—h'a( for a source i

o circt -
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E M¥ H'\(\N(‘p(’ 1] ‘“H‘ ( ('("(l(i{(“ ( E(‘) g %i\/?ﬂ as

(1 l( {(‘

q = Cte

e 2 ———=3 (1)
\Uluw (1 16 ('l\(h« ¢ , C - (‘(1,onr;|nnre

EMF mnlucerf N 4iye indur{(,y (E-L) \S gjwen asj

- d¢ , dI
£, « 2N ¢ ©
L GE T Al
£, = | 4
L= L —> (2)

mlqow ¢ 6 the maanetic (-[’\.lu\ , T - cuvent , L- Tnducdance

—ve 5 +the divection of the ceavent qu Lernzx law .

Po'len{‘-ml aCvoss ‘\eg;‘n‘slnv (R) IS afven as
V=IR 5 (3)

Ovevall Poh’n{‘iﬂ[ n the circwit  will loe,

L 3-%««& :'/E+RT = Eosinw\' — )

we know T = %q[/

LY v Wy o Esnut —— ()

—

di> dt C
E_,Ciu,a.h‘m ""W Fo;—cq(‘ "\cnmor)lc OSC;HG.“W I‘Sl
q2n d X

COmrxxwin? e("u.a'HG’n-S (s) e (6) , We (omclude

l.di.O &a(’: 9_7
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D s

i Me chanical oscillator Electvrcal Oscillator .
i f e ——
I i G diSFl('lCemen*t‘ b q C"la'rae
. M- MassS 2. L- lnclucl%mm
®. Y- —fﬂ‘c-limq\ 'fmm Fw 3. R- R&S:?S'*ar)ce.

it veloci ke

L - Ca aa‘+an(Q
¥. K- foce cmgj[—nn'l' t s

B, dq,/dl_ _ curvent .

5 d"/dt—\/e\oc.‘hd ‘ |
e

——l
[

%'%1 Haxmonic OSC",\‘LO'LDJ'-‘
“The stmplcs’r erample  of an oscd\

connected {'ijd’ne*l In Sevies with a

cdw'nﬁ electvical civewit  consis s

of on wductoy L and (,o.Paa\'OY C
switch a5 shown below

\

Ide assume “the deal siuahon har he vesistante In dhe civeun 1S
e .

\8‘\0\{' Anis 16 ana\oaow 10 the assumplion of a mechanical Sas-ham

)

Mﬁdhom ;ﬂc Yona) forces - ln‘rh'omd ; dhe switth i epen  and he Capad‘hﬂ s
chouged o voltage V. The chaxg on the capacinl s given by 9= V. C

' ‘O\eﬂe C
Po\gde‘.zs 150 . - | 5 Capacrtance

.'r:f‘~
vy
)

Heve
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When *he switeh 186 closed -the chowge btalﬂé 1o pow 'Hwou@h s

inductor and 0 cument I plows 0 dhe civewt .

a9
= %
This & Hme - V‘“Ij‘“S cervent  and p10c\u(cs [} vo\‘xaae acvoss ~the inductey i
ven b3 drT
- L —/—
q Vi dt

We con onahase the LG chcard Lsing  Kivdopf's law | whidh states +hat
the sum of the VoH—aees oavound Hhe cirask i zevo i-ey

Ve + Vv, =0

q’ _Q_LZO
o YL at

d _
= %—-rt__a,?—o

deay Y
K dr= LC%

ds of +he
sbes how ‘he cho;rge on Q. FE;E&@- P\

; uaHon desc
o of equﬁ:ﬁm of Sth-

bt vavies i time - lbis of the same oM
- b
of +he osaillaker i gue c\'YecHJal Y

|
WS | e

capaci
“The fw;cbumcg

“dhat the charge on +he cwpcuiw

. a
on o equahan e Lc‘i/

charge 9, wjth 'feS]?Qd

ance we bhave the idial eondition

= Ane solubi
has ks maxmum value ot £=0 ,dhen

| charge on the capat
elow and 5 analo&ous 10 dhe way the

oy - “The varation of
15 the !nrh(l Chsplacemen‘\ O-F

o + iS shoun b

Page NO: 29 & |
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A mass 6n A SPrinS varies th time -

" ‘_0 .l s g
Ry fﬁgnl boy is defined o3 2T fimes the votio Of the ereg
The qualily facker 1

em 1o "he Qhe,‘{atj

Perio:’ .
S\'OTCA in the S\d.’i+
Yoved in sgsfi'?m_'_

lost pe7

energy

= 2T .
) energy lost per Fﬁ'ﬂOd
E a
- g d T is oviodic Tmé
heve P 18 Powed d‘:egi'va)rec\ an is P
o \ +Hme -
ahom
at P = __E_‘_. ; uoke'te; v 15 telon
e know th ===
27 e
_ 2 —m < =
R S

o _ lax antd -
u)::-—__'_—:"»anal‘ M t‘—l}

wkme

Pase No« 30.

Scanned with CamScanner



MODULE-II



N

R Cousticg" ONIT-N . g
. \\ _,__}\/\MF\/\, = ' 5 t
L. TREY /

The bvanch of- Pl-)\fg,‘ocg Ahad deals torth the prvce

of aer\emﬁoi\ ' m];aﬂw-‘,’oﬁ elnct "rec(-\I;tTof) of sound i

aoom . be Tt a swall wom ov an cudtkoriam e aglled

acousties. This covds any {elds and e @b*dosefj
solaged o0  Vadlous branches  ©f ?ﬂﬁﬂﬂf\"oﬂ(‘] uch. qs

(1) design of acoustical Tnstruments

() electvd ~ acousties (e brach wfq}’iﬂﬁb to the methods -of
_cound. Pmduct?oo ond 'mcmdf’ﬂg/ ¢ Mice HTHOOE’S;
m?ﬁ'ﬁ?fs . Loud speakeds ‘e4C)

(z) AvcHirectulal acousties CIeaﬁﬂ%fl with the desigm
arnd Conctructton o buﬂdﬁnjs , music halls
_Qour! -rocwd'cf\ﬂ/ foorhs D pmm"c(@ bostc auquble
amd.  tothe audfance

()  ~wufeal Tnstrurnnts .

"The Pm\cm?]ak%or_) of <ound T0Kde _a. DO
or  hall even aftey -the souvae Pwduc(’n(c] the sound
is tuwed off Ts called evehbevation

TR 5 due 1o 'rﬂulﬁ’ﬂe woflections .
from  the walls | cé’\}’na r flooy and otbes YG‘:”"“?‘”ﬁ

akeials  prosent 0 the hall -

@

Yoge o n
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ReuerbedatTontime .
r\/\-\/\/'\-/\-/:h,\- Sl e . ‘(.. _'\_;“)\‘
e seveahesation Hime ~for o yoom 157
o 4 '(1
vequied  ~for -the :_mtens"f-ud +o c!mP 4o ope mMillooth Clo )
of s 108l value ¥

Keverbedatfon -tone .can be 6(17(&@%’(2({ nteams

of ound level (inds) wathed than Tneensity e

&

Intlal ’Intens?tj 5 17, and the Hoal dntensht ¥ =
o™ 15, theo.
dg ¢ - |O|0j 17/ 4 Cstandard )
dBg = lo log 1£ /1 (standand)
der —dgg = lolog (T7[14)
dnae  T9 /Ijr - lob

der--dgg = lo log [0

~ 6Y¥1lp= 60

u"ﬂie veve) beyoxion e o be -time 'f‘ec]u!'cecl for the

’Inteng?c-j +o dmf bj 60 deci’be\sz

T+ de?ends on 1be volume \ of the o

3t also depends o0 the Qbsms?(-?or) of all pants af
-Ihe woom - Ncnl)s v fonnkade ! PQOPL? and o -fouth -
Sme  paats Thay be hfﬂhlh- absow bent + and sowe Qbsob

(an\tj Q Uﬂ(’] e

®

Scanned with CamScanner



'B(?AS'\’C %_C]LMQ{J c\{ /‘\(‘nu'c‘,.l_'\'c?,(lry ,-Gj,(\Joi Ha”

A PN e e
‘

“1he ,ﬁe\;'e'r’f)c.f\a,t?’ory of Scund TN an audfeosTum
Te 'mafﬂlj due Lo mu\(_‘:’P'e 'B’?-ﬂoct?ons a4 Vo gpus
sux{-aaee- Toekie - The  Voluwme and the Shape, of the
audfosamn  and the Sownd absox[xﬂ?m Tnstde Toflyence-

the behoouy of Sound -+ By vcoquDj the absopr“r’on

of sound Tostde -the hall . the veverbeyation e can
“be bﬂ)ujhx to OparnuUm \Value - e 'TFOHOCDIﬁﬂj aje fhe

basfe mequirements of- GCOU_S'hoCaﬂj qood hald -

(1) TIRe Volume of the aud ovurn. Fs dectded b'j the
*tgpe of progromme  to be corducked thefe end also
the mamby of Seats o be accomodated -+ -A musice]
hall ~edqudves e (d)lje Volurme wheleas a lectwtey hatl

vequires @ smalle] Volume + 0 decldfog dhe volume
of he halt . fes  hefght Plays an Importone e than
J¢S lenﬂ‘lh and keadth - The wtio between  the cxﬂi’ng
L)ijmf and byeadth should be 2:3 .

10 clec_‘fd?nj the Volume of the haal » ¢fe
'FO\‘ouﬁﬂC} JuideGres  May be Sollowed. -
() In cfoema theteds — 37T £o 4.2 ™3 pg oot |

(n) 20 lectwge haMs - 28 10 37 m3 peg seat -

(1) 0 wasteal halls - G2 to /6 ™ pegsead -

®
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should e so By

of the wall andc Ceﬂfng

to provide unform™ docrSbution  of Sound.
" hatt - TThe design of @ hall wepdes
£ Soundy o eNSAe thege

@) The shﬂ?c

*tﬁwujhmur— the
amoeoth decaj ona 3moth )
mttev?nﬂ obJects

& the hal ahould have S
o e and wWalls m™est

malls  ehpuwld have Iwe;ju[qh auwfac
mateials -

be {%ed with absovpcive

‘rﬁa‘:’n-ﬂom .
A good decign © an audXonur

(3 TR Fevevbevakion |
shytd  be OFl'T'mum ie nerehs t'noLane Moy too

smwmall . THe svedberarion  tlmwe shpwl be 1tv 2
3ecof\d5 "?OY mUS?C- aﬂd 0-5 +¥° | second ,-Fof Sixe(\hi‘

o cootw) tbe Tevehevation the sound Clhwfbl"rg woaterbals
ave to be chosen mﬂefullj

(1) e Sound heasd woust be a{FF?cfent'tj Loud "’n-emj
bt - of the hall and o echoes  stpuwhd be bresent -

(5) TThe <+otal (]unﬁtj of the SF'ZGCH and hnusfe, . enust

of Lhe

‘ o\ msfeies
be unckanjec{ e - ihe ‘Je’ahe qnle

q
goveyad  comnfon’ nt

TT)(‘ﬂN'(L'Tncck : @ ’ - @

of Q CemPIex ound  ust be

o
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'@ For the Sake of (“{0_96(1{ f.ﬁhe succedfre  syllabos

Spowen 'n;u.s{ be cleay and distiocmt
e thoe rb‘mt' he Mo eonfusion due +o @’Ve'!fq?pﬁjj
of  sylla bles .

C') e .sWd be no concentryation 04 Soubd n anj
part-of- the ball. '

@) e boundanies should be S&kff""d@nt-_fy apund  Peoef
4o exclude egbaneous Nofe.

(q) Thege SHD(LQd be no FC[)((@() offect -
()  “Thge should be no vesononce wfeh i) the bui’fd‘r’nj

Q[) He hall must be ! o+ oaudfence .

gab ne's -@o‘rmu[a :

-Acco«:\?nj o sabinels Law, the ~evsberation me

TP seconds (‘the tme taken bﬁthe 3%05‘&:7 of
sound +o fall to one willfonth 166 of T¢s Oﬁgfﬂaﬂ )

Valye oty the ousce of Sound %s Cu*‘od"f) 1s o xpreed
as

° -t ' IGV
T- 065V 6y 1 D
S as ' *A

Pwofy |4k doy we F!aj a s-feadj ~tone fova (o

+ime  Tn ouv voom the Sound 2negy ol bulfld p
and we Wil call ‘the  ¢nengy (‘lf’nsféj £ . we Sl agure

the -eg@cr, ('(’r)S?fl.’ fe conshant 'Lhwu?h. our the yrom)
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k.
E = <ound eneﬁgy densﬁif :5455 . 55'
The power befng dCetTpated 1 the walls  ofll be the aex
of the wWalls tiwes the Intenshy of the sound hieedng
the Walls .
P=AT

“Te Powe) lost to ¢he walls must— equal +he Hme
Tate of change of the enengy.

d = (Ev) =-p =—AT

Vo) copstant and the Intensfty  cquads the en:ﬂvjy
denstty times dpe speed  of svand dtfled by

We devfd by ¢ because SoOund ic 30‘?08 out-in all dieconsa
eft rf’gbr, fosoand, backwad + kle domot dRifde by 6.
Wby becquse 4 ghves & beteev answon.  Pbysfeal Reason
fo  sourd *reaﬂj not mdht—'fog N all dkectBons . Lo that
numb must be let than 6.

y dE ~AE

ge = g A
dEe - AT
a€ Ry ©

The solutfon for eq atorve

-

|

‘ ®
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Toelefore T “v log o6
AT

V= g0q Wi (o0 Velociey of cond .

ard  log b = —138

A
T': S (__‘l_gg)
A (34y) »

T- O-IGIV/

B ‘_A_ }

Facers Mfiecting the Acttectutar Acxustis a0dthels

Toe_ Reyadbeiation can be contolled by the folloestog
facsors - |

0) BY pmu‘fdfng

4 and closed o make

Widows and veotSlators  wWlhich ean ke

the value Of the tTme
opene
of .Reveberotion opLimL .

: and maps ¢
Q) becomﬁf)j the walls by Pf’c(—w;e? N 'F |

11 ustng - beavy curtafng  L¥th) -Pochc.

Gv')l. By uﬂfﬂj ‘rtbe Walla Wk absmben_f._- TakSial s
such as -f(’H' ' CC|UGP2I, fbe  botd jlaPS Nolf .
erc - P

(v) Heving £u) Cﬂfﬂdﬁf of audience

C"\’) F’"j CO\IO'L‘:’ﬂj “the -flooy edic by (‘OBTP\LQ‘S

(\4 n) 53 _ P\ji‘v%fhcj acoue fe Lﬂeg - @
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(=) loudmnest '
WTth  Ladge absasption  the efne of eV bevation
efse the chances of

WOl be smallet, - T ol WD

confusion between the d¥fefent sg’“m bles

telowy  the level of o4 [|F4THTTCY  of
9n the hall

but the ’.Iorens'r’@

of cound  way 30
heaning + sufffclenc  Lovdness ot eveny poinot

- hea¥end
e an Iﬂﬁ?:“‘tdni.— factoy  fov Saﬁg’ﬁﬂcm"‘y \J

Remec\j}_ The Loud HEA ey be Incrrased bj

(1) Usthg Lege soundfhg boadds behfnd the spaakess
cnd  facfng the audfence - Lange polfsbed Wooden
veflecting susfaces Tmmediately atove the Speakel e

alse  helpful - |
(M) tow celltngs ane aleo of geat belp in vefbetiog
the sound ©€nengy towdds the audfence .
(M) By Providfg adiftfopal sund enengy wofeh the
belp of equipments e  Loud speaksohrs. TO achfeve
uniformn dfstribarion of Tnéensfty  thoggh our the |
ball- 'Lnu;fslx'c}Bems ane tobe, Prsfeioned CGS'e-ftoﬂj.

© ®
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’E__,——-OC‘*_%’“"“?(?- | | )

Re’ﬂwﬁ’n . Concave Sunfaces cause Concedtrakbion.
of veflered sound | cmai—’mj a Cound of Ladhgey Intensicy
at +the --?oeoJ 'Po?nt—oﬂﬁose 3pots al%e  Knoedn as Sound Ao

come PointA
euch ConCentrations of Sound Ilnten%‘?f‘j lev ‘fo

\isler-
leadsg -+0 de.-f‘Yc,‘iencH, of weflecred gound at othd Po

i o ag deﬂd Spots .
“The Spote of Sound de—fi’luencz aje kKnown * P

d evesqu Tnthe hatl -

Rem&dj L for unbform d%ehdbusfon  of oun
cayed  sarfaces -+ sach swfaces ohe

() “Theie sould S5 £5 whed.  dteh abs or bent "E““ol.al'

y Shouwd be CO

pregenr , the

G)  cplMeny Sheuld betow

bOLO%O‘l TL’-”QQ.!"G& Suv
i also thfu‘
',’n Lhe ‘\aj-l .

{ace dmmjed uith the

@ A P n send‘r'ﬂj a unforrn |

ot the focus TS
sfcaBQW

Yeflered  beam of somd

o Sound Mave cOm'f’na

o 4 when dfre
° " heas | Have T’Qa(h i’)P

ang Yee vef lecred
e jM\(d o¢ about-

gchoes . An ech
~T

shl s \/4 second
Leined with @t :
by  cowttg ihe Wﬂﬂ

e o N o boos beor maderfal
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e o i S, et
Eehelon ﬁiﬁﬁ&f’ - oA hal hace a —{{Jj;ﬂ* of steps Uu\h T
: he sound Waves weflered o

e’o{uai wsd{’h, y €

. echoes wfth wegulan  phose  dffielence - Those.
consist oF - ak  mote which «?l]
e to pwauts

wieh tbe

a musfc

echoes  comoin Steoct. somd . TS T catled

be hemd alon 9

cohelon effect -
Remedfes . e way be nemedfed by haw’nj Stepe of

nequal UEEE ? absorbie
 “The steps ™Y be Covefed wWwith pwps T &

o ek_ i
noxefals ;s -fov eﬂtamrles wieh a cddp

wihich ahe

Notse. ' . C3€0€%:1"j thee de -[»_E,frv_e_ types of  Moises

ey 4rpublesome - They e (@) My — bovee rptce b)Y shructye

borne  nofse

(@) Afr-borne mofse - The mofse  which Commcmij veaches
A S

and () doside TOISe -

e hall Hom outsfde *cb*oujh, ‘apen Whndows » doors -
and veatflatore s ¥nown as afr —bom. noke - Sce

R mofee fs tana wited, “"-“WDUjh the aly » & Tz called

30 . .
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'@"h‘ ustng heq‘“j 3[‘3’99 0 doovs ) «dindops  nd ventflators |
() %'j UsTnj double dame and Wndows  wofth Sepevate.
frames and hQM‘fﬂj 105u|n1-'i’nj murexfals  betcocen them .
Q‘;-) By pwoviding double wall  construction ,—Ffpa!“"’fj floor
constvuction su.s?enol ce‘*’“‘fﬂj constuction , box type

consyniction .
(vb By avotding operings for Pipes and veotilatovs

b) Structuwe bome wofse e het Conve Ye
T A N\/_*r\rif‘:‘ '—\-RQ Noise s U.')f'r') a%e 3d

—tﬁ-m)ugh, the Stwckuwge of the bu.‘i(d}’nj e Fown as

arvactunad nolees .
fov eﬂ ' sound ase oot BH?FS , street- trafffe .

mw?nj of —Huvnitwie -
Remedy - cound 0sdation for the veduction o SHvuctwe

borne nofee ?z  dene 7o the *'S“O“otofnj WS
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(1)) soff Lloov {fa0feh .
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-P‘fm@d‘j " foll ewding methods  ade used For
of anctde Mo - | "
0) fNofce Hvee olv cond? £Poneys € to be used
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V) Any engfne Tneide +he hall should be —f7ited oD
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' AbSarption Coefffclent

e coefHftctont of absosption of a matesZal f=
def¥eed 2L -the Kotfp of-the Sound enengy absovbed bklf

o ,
e Surface to thar of the totad Sound epengy Incident
N the Suxface .

AEDSCSK?&?m Co e"H:'aCf@ﬂL— @ - Sound enengy absovbed, by surfac

Totad sound Bnergy Incident

on SU'Y]C@ ce

All sound Waves -fuﬂfnc‘r 60 an oTen Window Pak {Hvuug\'v_:
an open Windod s ¥amen o be a pedfect absorbeh  of Sound

and qbsorpé’on coef{icient of all sybstances o%e rMeacuwred.
fn teyme of open window (o.ul.v)

”'pAijﬂ(‘Pt‘?of\ coeffleient— of a susface s aleg defined
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)
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DetedmZnation  of Nso-qgtffon coeHctent

e —

detfert=—x

P—

Considy a ydom Owh and wihowt —the _Qomp\e_

of the matogal - Tf T s vevebuoldfony Hme @ out

+e S‘ample IncPde the "Doro , -then Qﬁ)(ﬁ?ﬂﬁ cabfne s ~formiela
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T l65 v/ O les V/

Now Tth the sampe Instd e the yoors . Revesbuakfon thene
Te Ts

| 2as 4a;s,

e
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From the Qbove equations.  We have .

o-les V Ts 'ﬂ '
COr) ;
O. 65V

QA ‘—“—'—'5, -

[
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Ultvasenics

!ntroduc{-ior): Sound wave s of frequencies fmv\ama from 20Hz to 20KkHz
are called Sonic waves of audible waves, as they ave Pe-.ce‘;vcd by
buman eay. Sound waves with the frequencies lesses than 20Hz
ase called Infrasonics , while those whose frequency is greatey
than 20kHz (i.e., bcﬁand the audible hm'n’() ave called Ultrasonic
waves o1 Supersonics -'ﬂwouah humanbeinas are not capable of
hem\‘n? Ultrasonic waves |, cextain animals Like doas, bats, and
mavine animals Like w%ales,shaiks) dolPLms have +he ab‘,b‘hd to
heas the hiah frequenty sounds

Bats and dolesns ave lnown O aenevate_ uftrasonic waves
and use the veglections of the aves to vfmd theiv wmd-ﬂ“&
waves adegplected from the suﬂroundmﬁ obJec{S ave P”wve(J by
Ahe bats and from dhe tme elapsed between the amﬁa-hm) and
Tegloction of the pulses, the divection and distance of "he OI?/(CLS
ave detexmined. The lmaa ears of bats ave speciabsed o detect
these sounds. _

Lia‘* iS shonahj absosbed by sea-waley and hence the vadius
of v-‘s‘.bilikd is limited. Relah‘\/ehé, ulhas.omc waves ave less abseibed
by sea-wate Thus mawne animals use ulbasonic pulses 10 localz
pish, to aveid obstacles:

In 4hic chapler we will be |Lamm8 pwduc.-Hon, detection of

Whrasonic waves « Also we will be Iemnmg +he. Propod-ies of ultrasonics
ond Yheiv applications -
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Magnelostsiction effu,’( $—
li)hen a -fummaland-ic vod such as iron,or nickel s J&ep{t Ina

magneHic field pavahe) to iks lenaih, the 10d suppers a change In
ite lema'th “This phenomenon 15 known as maﬁne’rOshic‘r;on effect.
“Thys c%an@e in \m%'t‘n dcraends on the ma.an‘ﬁude of the -field and

the natuve of the material - s eppect was discoveved bv Joule

n (B47 -

Efxglanajn‘on : The adjacm't fiqure shows
a wive wound avound the fevmmaane‘h‘c ] (Wbé]‘]

vod - When the D.c field e tuvyned on

cusvent £ lows 'thvouah the wive - Leb the

magneHc field associaled with this d-o cument ,
i of 4lne d-c fre ld s

-ﬁek’ s
f01 Q_CLCL) ht‘(lf
Ywice

nEveasEs: W ’e"’a‘Hﬁ of the vod - When “he Po)ars'y\y
veversed then lena}l«. of the 10d decreases . When an Ac.
C‘PP““J ‘*';"3&:*%6 +od elonaoles and contracks

C‘dde of the p.c. 5ianal i- e, the v0d vibrates with a frequonty

g " a a‘) lou.t
that of the A-C scanalﬂhe amPl;+u3c of vibyation 5 LLSuﬁﬂfj mall,

y i 5 atural ‘f“’—
W the —fﬂﬂumuj of the A-C Snana[ comc;de.s with the N ‘7‘“”‘1‘1

of the vod , the amPli‘}uc)e of vibyation increases due to vesomance .

e e




Uus-3




Us-z3a

f Loryo ekodlic Cm\,d}L{AMa«uJ -ufaxm"tm),

Oy, oyl U e et Jpepudare  Pien, eledouc
Cogdok . Tt has e shofe o o WWwJJU\&W
Hahed 1o eaeh end;

(2.3 ,@\buu\ o ~the
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When c-ndstals Llce @uastz oy Tourmaline

Non electified
ave subJeaed to elechic pield on the Quastz

opposite faces then ey undergo either

)
condvaction or enpansion in o pupend;culu
divection . This s knoten ac preo—.
contraction
Inverse piez0 electic effect.

¥ T
; + Ehdé’tf’f tz =
gaplanation :~

()
Fia (i) shotos c'l non- elecfhi-f.‘td quav*z
cwas’cal- As these is no eloctrical field,
s : 4 ! + Expansion
ne co actio \1.S) ] o
they contracton noy euPon.s;or) is - EltzdviFicd 4
obsesved . _ | Ruastz +
hep an eleetyic field is applied ac Giv)

shown in ﬁa\ii), a compressive force acts |
on -the cnasfal such that the uvv‘skal i& su,)odedted to coriba::m
When the electric field s veversed as shown N ‘f’a“’o’
tensile foice acts on the CV%js‘ral such thal the Cfg}ﬁfd is sukjeded
0 expansion:
Idhen an A-c. field is applied to the opposite faces of the

orvésfal, it un&evaoes contvaction and expansion a’f””ah‘"d{f by g
Pcrpmdi‘cu la¥ disection -
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Production of ulbvasonic waves &—

- Magnetostnetion Method 1 —

) i clamp
The Scmml Pﬂnﬂ]—ole invo lved in Lo < Ly
_ A (Y855 Favy) _le
amescdma ulbasonic waves js to JA)
Cause some dense matesial to vibsate ' ﬂl
(&
Vu-c(! "o'aP;dhd . The vibrationg Fwodu&c’ NP '

’ (7P'mA
lotd this matexial then cause the Qi

Sun"oundn‘nc(} the ma{e«‘,‘al) to bcam

V“/)ora-hna with 4he same fu‘iumad'

These vibyations “then SPwead oul in i ]

the form of ulbrasonie waves -

constyucton ; ¢ coils Ly % Lo -
|.F;am€ shows Hhe fevro maanch‘c vod AB would Jod +he onl i |L o
@- A vasiable capacitoy ¢, is connected parallel to the coil )
end of 4he capacitos ©))is conpected to the colector (€) of 4:1:»?
tvansistor - The othes end of 4he capactor (¢) 15 connecte

. ballery helps in
\oaﬂeﬂd Vit the mll Ammedex and the Kcﬂ Sy Seoe d i

pwviclma r\ecessamd lo?a_smﬁ-

The Coi
. holding he vod AB:
8- clamp belps in p °T""’";] a9ng &’i;\é transistor | as

\ Ly )8 whneiled

. th
t0 4he base (B) and the emiftey (B) of the
shown in the .ﬁawfeA

Ldo«kma:

Lv“)&lj “76 K S n (¥ &) C,u,”1e,’)\ is P II i Y i ’

1t and

ld arot
ceil which p'roclu,tcs a SEa.‘HDﬂavr:/ maﬁne;HC -fre ful e

kS
it mduces an emf in Lo oor] . The mdueced emf

g to the
base of +he transistes and ampli fied and agam give




UE< G

Ly coil - Due to 4he additronal emf In Y coil , e maﬁmﬁc peld

in Ly coil is Chanaecl. tn 4his way G vax'amﬁ maﬁnvhc ﬁele‘ re

P'roAu.uc\ awrotm(}, the SPae,;mm w‘krth P*roduuns mechanical vib ratems

and ae.ncra\es Likasmic waves - )f Yhe ff»u:/umcj o‘t%e osedl) akod

ervemit (which can be varied ba chanama ¢)) is eciuzd t0 4he ratinel

frequency of ne specimen , then Ik vibrates with maxtmom

ath’mde and ‘bﬂﬁ e {n—aquenues can be Yepvesan’fw’ as

\

fo—=

2Ty LC

whete 1 - hng'lh of «feWOmaaneﬁ\v‘c voc]
v —Youna’s modulus of 4he materal ef he speamen.

¢ - dens‘.lnd of the 70d

'ACJVCU) !&@&S -

- Ba Lsing Yhis method we can P'roduce ulhasomic waves of frequency

upto 300kHz -
2, Maandos’rﬁchw matextals are ea.s;LU aveslable and Inexpensive.

Disadvantages s —
—

J, F'ou?)uendes blﬁmd 200KkHz can not be 820&701&0' .

2, As he ~od dimensions ave in.F)uencecJ btd the 'fUnPefcc}uve) Pwduoﬁaf)

of constant sma\z frequeney is not passible .
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Sdisie e antre ot (Ls) By ess aew;m:dzm.
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Sewilite $lome matired.
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Whew o0 narvoe mme,{_w 5 dn O
—4}6 Nwm“‘%“fummc LoaNes, oo W/ ot eb’okui'-ﬂmt
—the  floomt somaing M&%W‘ oat,amm,é“ampl_
'33,1,«4.)(0.»5 ot e nodes . ﬁa, W@?md(gl;.nz bebucen The
W rodes, —tre value gt()[z) com bee delirumined . “Thus “"’J“"‘f’tJ
Coun L& c,wl,uul—k—tao\, %Z‘ WJM\? Tl :f,s\gqmuu,a 8"% vlfsaronic welle .
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Y"\m"“"d-' Whew /9{;[16\'\117\'7 Lu‘t'wv\ic tyallesy ane .}MMQA BYVURN-E
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Apph‘c.a-H‘ons of ulttra somic waves ¢ —

z

t

Ulbrasonic  waves have a vasiety of apphcaﬁons in diffesent

[ branches of science .G.nCJ 'technoloand.Some impostant applications ave:

! (1) communication :
a : :
')_52'\’_"22_-_7‘7& w01d SONAR Stands fov  sound naw’aaﬁon and mnama-

Th&. hfah[‘é d?vuﬁonal u(fvasonic woves Cam be wwed o

e udomenged corden Seacoctn . o, Sowar, an Ulbnaronic beam

5 diatid dn diffencit dieiew s Sen: Ty the oktente F

an obile, e Utnanemic fudrts do St nitiounts Fhe ahih TnTine preieate
f o ovtade, fulds ae ol faon e obfily oud e dushe
Nicked by e mecelien - T the Aptad o2 Uknarenst 2 o

X mj,imu ?W?jﬁ*@‘u)&ww‘a%

B L oALe 4
L)WQS))*WVMS&U J;::-m
(1) st Tome elajoed B
rnrfad i maplilid ot

i

(»){///JW ~ 2

6) Ullruronic Doiling;
__————f—_’/ ~
'Ike,wv\d}m%vm“’ mode
bt olatid feonamogeilic Pelts o
- = /,|.,MN:.(JCPJ’A

’:;;‘Jj:g .,JWMWV\MJJLM
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Lasers

Lo i P W

e The wotd LASER is an acronym fo¥ b L‘.am“ Amplification ‘Otj ghimuldled
Emission of Radiakim."

. Eignstein $n 4he et 1917 ‘Lhtmil-imlbj vagd that the process oF
stimulated emission muel exist. But cmhd in 1964 charles H. Townes o

onratw\ a microwave device fof “ Microwave \"\mPQ"T&;CﬁHm b& SHmulﬂled
Emission of Radiation (MASER) "

- \n 1960 , TH- Maiman "fl‘IS{ achicvecg lasey aC—Hm a-t OPHCQI ffetz/umoj
"n ‘TLLbld : '

* Since 1960 the daueioPmeni of lasers has beer e:xJnemeJJj TCLPiO) a"'CJ |
new applicalions are lodnﬂ found even now almost every dou.d. ;
| |

s |

éPﬂE&”ﬁL&ifjiﬂgldhd Emission of Radiaton +—

L W N i

.,Le.‘f us See whcﬁ hclppe_ns Uuhen 'Tadia‘h'or) ,',-,[-e.md_s with malttey. Fov jinbey —

action to occuy, first the energy of the inkevach‘na photon hy must match

with Qﬂ“ﬂ'\-j diFfE'ﬂ’_n(‘e between 1he 1wo Stales of the atoms involved in
the interaction.

Undey this concli%'on’ i the vadiation interacks with atoms fn 4he lowey

eneigy state E, | the atoms absoyb enera:j and 8@15 exciled to the

Y state g, bff @ p1ocesS called " s{imutatec) alosmlp‘ﬁm’.,
|ns{md if dhe vadiation interacts with atoms which ave al*readg In the

\niahd enua

encited state E, , then de- excitation of- those atoms 1o the lowey enerqy
state g4 occurs with emission of photons of energy hY This process
is callegd " stimulaled emission . Yet anothey emission procesas ml!:ml

“spontaneous emission " s alsp Possible whesein atoms im the excited

state dmp to the lowey energy stale agte ih;ﬁ have s!fnﬂd tn Jhe
encited state for a short duraHom of +Hime called Hheyy “life time’

P“ﬁe | e
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h (= E-E ) ave o, T/ =
Duting 1his process also F"no{o"’ﬁ of enerdy (= ') S ;/ 2
The absm’:'\'ion ancl emi’ssion) ,’)70(&5565 ave Slr)own bg,[ou) . _:{3;
Intial gtale £inal stake
e —w—E
N —-By
|
i s’rimulaj?-CP
| '
ctlo.smp’ﬂm)
’\/“\7’ :
—— E —E
__Q_?—EL _ EL
I r_/—7|
! SPon{'anwu.S
I
| emission
|
\llf E' - o E'
—p———Eo =2
|
! stimulated —
~—3 |I ermission I
I
n =) o e

¢ . o
Einglein coepficients :—

In o colleckion of atoms , all the Hhree Aransition processes — shimulated

absotp'\ior)' spon’raneous emission and shmulated ermnission — occwY

5|mu\’caneousla. Let N,
energy Ey and N
Let

hY = E;~E| .7Then the energy Jensi\'j

e(v)=mnhu

be the numbey of aloms per unit volume with
2 be the numbes of atoms per unit volume with energy E -

' be the number of photons per unit volume ot frequency ¥ such thal

of in’cuac%nﬁ photons ¢ cv) is awm %7
S

whesa when these Pho{nns in{'erad with a{TDMS,, both quaqcl (absowpﬁtm>

and downward (QmISSIcm) tansttions occuwr AF

vareS must be equ.(ll

equi Librium 4hese - ransiHan
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Ypward transition
stimulated absmpkor? rate deFenAs on he numbel of aloms available
N the lowes energy state o a‘osowp-lmo of hese Fho'lons as well as ‘the
energy daa&ﬂy of In‘h'sac—h‘nj radiation
i.e. schimulated a\osmp""foh vate « N,
L e (v)

= N e(v) By, n
where the constant of Frropmjn‘onah’j Big 1s the Einglein coefficien
of stimulated abSOrPHon-

Downward “transition o
Once the atoms ave eacited by stimulated a)osde'HO‘n) ihctj s’rc:a in the

excited state fora shost duration op time called the Lipe time Of the
excited state - Apter dhay lire Hime Ahey move o theiy lowed energy level
spon’caneou.slﬁ em\Hinﬁ photons . This spontaneous emission rale depmis
on the number of atomsS In 1he encited enuéw skate .

i€ Spentaneous emission aate « Ny

= Ny Ay
w‘vm the constant of- ProPm'HonaJﬂj ‘hll ts the E;ngrkm co@f-f—;c:‘en't

of spontaneos emissiom.

Befove encited atoms de-encite 10 1heiq lower enevgy states by
spontancous emission , they may Interact with photons Tesuiting iN
stimulated emijssion of PhotvnS-Tl'\ueTove. stmulated emission vate
dzpmd& on 1he numbet of atoms available in the encited stale oS
well as the energy density of Interacting photons.

ie. - stimulaled emission yote « Ny

< e(v)

= N, e(v) Bo)
whete the constant of P»,opm-h‘onah‘lg By io the Einstein coeppicient
of sh‘mulaled emisston -

- A
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S

Duwing atimulated emisston, Yhe intenldins photon called Ahe S4Imdl&i;r)‘,3"
photen and 4he Fho’mn due to stimulated emission ave in Pho..se wMh each
-’( -

other - Please note that cluﬂnﬁ stimulated absmPJn'on, 1he photon dans-’"j

decreases whereas du.fina stimulated emission - iNcreases.

- el 2%
01 A sHs{ern in ect‘lubbnunr}'-the u.PwaTO’ and dowr‘)LUO-Td transition
1ate must be eCLuaL ancl he_ncf_ we. have

Nie(vmg, = p

2 eW)By, + Ny Agy 7 (2)

Hence
ew) = Ny A-"—l

N, B — N (3)

2 Ba

o1 ew) = Ai'/B.q.,
R__—‘\-__, —.__._9
Ny Bis Uf_)

The populakion op the vavious energy levels of asasfem in thermal Q‘Vd‘l"‘”
bitum s fien bd Boltzmann distribution law (as showr belous) .

Ni = 3; No exp (- Ei/KT) —> (5)

where N; - poputation dm-si'ﬂj of E; Qne:raa level

N — population dmsrlv of a'fm.md state at temPe;n:duve T
9; - Ahe dgame-ro:{j of the ith tevel
K - Boltzmann constant (= 138 x 1o 23 doufe/K)

8 DD RN T S W b mOAR e
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*\en(‘
e Ny = oy g exp (- )
Mo = 9, No Q‘P('EJL/KT )
N
Mo o9) e"l’( Ez—":'l)
M:1 9y, KT |
—_ _Mj_ = ﬁ._ h“p
7 N, 3, axP(—KT> > (6)
Subﬂliiu'lim] eqn (6) In eqn (4)

3t B hy
[91 Bz enP(-ﬁ)—]]

from  Planck!s law of black body vadiation | the 1adiation dmsi{'(lj s awm l?j

3

P(U) - 8“ h\.? - ‘
c3 e.v\fa(h\o/,“—)_| z (8)

ComPa'n'nﬁ eq—ns (7) and (%)

2 B _

I, B,
5, Bl?_ = 99_ BQ_I — (q)
and Az _ 8mhyd

—'594 > — (10)

Eal,LmHons () and (10) are vefered to as Einstein velations .

In practice , 1he absorption and emission processes occuy S'mU'm”w“ﬁ%‘f
Let us consides <the vatio of stimulated emission vate 1o stmulated

absovPHon vate .

stimulated emission rate N, e(v) By,
Slimulated absorpHon Tate B
i Ny etv) By,
= B (as Bz =B, ignoin Aegem‘a’#)
N, | 2] a N
A'i 'U'wrmal Qqu.ng-n’ur[) _I;l_!%- Ql
|

2
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Thus at themal equilibrium stmulated absorphion predeminates SV
stimulated emission . Instead if we create o situakien that Ny > Ny, shmua,y

emission will predominates oues shmulated absevphm e stmulaed emission
F-radcm'ma{es the F‘no{*on densi

hj iNncreases and Uffht Amp‘iffcaiiﬂ'f) by
Shmulated Emission of Rad

Fa-h'm) (Lp‘gg,q) Qccu s .%L‘ref—o*r& P N Orc,e:/ '{O

achieve mose stimulated emission, population of the excited state (N,)
should be made lcnaev than e

population of the lower state (N|) and this
condition

i$ called  population inversiom - Hence
ef L‘a}d‘ lold s{:imu,ta‘led EMISSItN Yhery we must
1) create pPopulation iINversion anc)

2) Intrease Hn, o_nugﬂ dp,n,g;{-:’ of lnh’.fadw'nﬁ Yadiatien .

—_—

) IF we wish to amP[ifvﬁ a_oeam

&P&“Eﬂﬁg‘f}gz —

The P°P‘*l°~'H°” inversion corndition 'requhed oY Ughf GJ“F(‘PC"JHG” =
a. non- equilibﬁum dist butien of atoms among Ehe vaviousS eneigy levels
of the atomic sas‘h’m')- Boltzmann dishributien law spedifies what fraction of
attms ave «found n any rastculay enerqy stale or any awen eclml;\oﬁum
tempevatuve . £ Np is the numbesy of atoms in the 31ound stnte,) N; is 1he
number of atoms in 4he eacited state of energy & measured Telative
10 the 8-round state , then ( Ignoving degenevcwj)

N
No

where T- is the albsolule 'lamre.m{‘u.ve
K= 1-35 x 1622 J/k ( 8oltzmann ccnsh:m't)

Since the -sia\rﬁ hand side of the above e.ciuahcm s expomerrha[ of- O

= E‘LP(-%:'—_—> — (1)

neaa-Hve q{uah‘H'!tJ; matimum possible value attainable is |- That happens

when KT >> B} . Even then at this entveme Cimpessible ) case | N; can be

in.’d to No but it wll meved enceed No - Hence -from +his # is very
obvious that 'ho:j 'fetdfna ene;ralj f'fp_%‘u_,’yec’ ~fer EJKCF'Hhﬁ Hhe atoms 'fTOYT)

lowed energy level to the l—;iahei energy |eve,} lm‘a\ne-j energy leve] can

o
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Be 'r;mvu be made moTe PoFulaiec) than 1he lower level i-e. |03 direct
pumping population inversion 18 nol possible -

From 4he above we have wnd erstood that if wo enuafz) levels ave
invelved ,ba divect pumping the \m‘g\oc"/ enerqy level cannet be made
Mmo1e Populafed Ahan the lowey level. The restrictions "‘ﬂPOS"-C] on &
1o level scheme have been overcome in three and foul leve| schemes
"U Pump»‘na atoms in the aclive medium indhec’cla to the uppefféfﬁle

of Avansition lmo\uma move +han —wo enengy levels .

Three level scheme ;—

=
~E 0
B
& 73) N Pt dend
\ e
\ Losed
\\ g P +trans Yon
B Bzl -
(@) No pumping (b) Intense pumping

\

In ‘“ne. above f{a (a) shows the dishibution of atomic state Fopula~
tion decay obe.d:nﬁ Boltzmann low. It the wllechon of atoms is
‘m'imse‘j PumPec) - fo1 enample  widl, Yenon flash LamP —& lorge
number of atoms ave eicited "Hwouah shmulated absov,rhon 1o the hu‘gl'.eit
enegy level £ -if Hhe eneTgy level €, has W,H shovl fiesve Qj,fe.;{me)
the otoms decand .fas\.” 1o level E)- If the level £) has Yela_-h‘velj
[magvg lige ime (a state known as metastable ) otoms tend to

accumulate at €. Widh Intense pumping from E, to €, ,because of
'mP‘;A dew’j to E, s poss)]phg to b-n‘ns in .non_&lmbbﬁum distr ~
bution of atoms iz £, move PaPulaTcd +Hhan €y and laged bransition

tolces place between level E (called Upper lase level) and level &

(caled lower lasey lwe\) as shown yn 19 (b) .

A
- uﬁ

Scanned with CamScanner



of he (3—> 2_) tansition

Lowed \lased level theve

1he \owed l|ase leve"

Since. fhmmd level Eo happens Lo be the lowey lases leve| ) MOve thay,

0ne-ha|§i of he ﬂ'ﬂ:und state odoms must be PumPed 10 the up)p e shtade

10 acheive Popu{a’n'on inversion (N, 7"\10) Thesefore | thvee level Pumplnﬂ
schemes Senemﬂj Tequive vc-nd h.'(alq PUmp powers. Ig pumpin

centinues when 4he condition (N

1>No) is uarhecl, stimuldled emission
ate enceeds stimulated absoyphon sate . Th

i Immediodelj depopu[aldeg
the uppe’d laser leve) and POPULCGLQ the lowev Llasey level. -Hence itis

not pessible to con‘hnuouslﬂ Maintain +he upped laserd level move
pepulated —than +he lowey

|CLSC'T {e\le" 5U-Ch a sas‘tem -thE'Y?.'f‘OTe LLDY!QS
in pu\sed mode on\a~ The RLLLJH lasey

IS the best emample for a
1hiee leve) sas*em- mple o

foutr level scheme [

g P Laset
transition
E =
Ep %WW

>N
Population of energy levels Wa four- level SHSEem-

In fouy leve| scheme as shown above , on pumping , the atoms ave LF{Q“J
fvem the ground state to the hiahes‘f of the four levels tnvolved in

the PTOCC&S- Fom 4his Ievel, 'thtatoms d(’.Cﬂ-H to the h’)e.fasta.lole state
B2 yand the population of 4his state growss  Tapid|

-1g the lipetime
6 short and that of ‘che_j (2-1)

s lon
. ] ’
a Popula’doh iINVeTSIoN on +4he (2-51) transition can be oche;ved ?mcf
level is not the

mammmed with modetate P“’“P‘”ﬂ‘ Since 3~round
5 10 need to pump more Hhan one - halp of
1he populaHoﬂ 10 dhe hrahe'/ level.

Since N his scheme level £ is
Wt ois T&[Q{‘f\ldﬁ easled to maintain Popu(ahm

ta
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CInversion  between levelg Ey and E, ccn{%nuouslﬂ with moderale pumping
and get continuous wave (cw) oubput. Fov his to happen (11— 0)
transition must be very fast lp 4his hansitien s ve La{-ivelﬁ slow,
even fout devel lasef will work in pulsed mode (}nh(j. He - nle lasey

1S aaccc] eiamp\e for a fom{ le\/gl lase wOTklha In cw mode mh;le

N, lasey s an equ:«mp\e for a Pulsed mode of oPerah'CfT)-

_——

- Thete ave dipferent mechanisms aPP\.‘ed to pump  the aloms of

the active medium to \m‘a‘od energy states to create population
1NV T80 0 "ﬂ)ud ose

1) optical pumping
l‘:) electvical disc\')mﬂe

W) chemical veaction
l\!) .‘n\jac’d(ﬂ’) cuovent  etc.

R ————

> Lasers ave the UaH sourced havinﬁ hi

Injrensﬂwj , hia\n di'fech‘ona’th’ and h?ah daaqee OF coherence- Laser emits

puse Sine waves hcwinﬂ constant phase dip

and time . Lasers ave used in man%, -f_,-p_ldg of science and technologﬂ
\ilke optical fibes communication, satell;}e

~adio as’tronomtd, data process

ah monOchToma‘Hcihd , hu‘ah
Fevence with 7espect to space

commun) cakom , ho\oamPhy,

nqg , and In we\dmg af materials. Lasevs

have vaved applimh'ons by medicine .

N the lasey  the principle of
Fftq,uenc& Tange of 16" o 1" Hz and is

Laser principle now-—q -4 s s extended to
{\_.,wag, -Hence Gamma @Y lasers are called a5 @

The -r—.'frsi two SuC(eSful

MASER s ernp‘oﬁed N the

1ermed as opjdcal masex .

Tazevrs .

lasess deve.l.oped dwrin3 1960 were
Lasey acton hag been osbtained with
ons, Laguw

7! ! Q‘Uds; So’idsf S{CISSES ,SEmiccnéU(*ﬂS

fevent wa -
E £f ve Ienalhs, Some lasers eyt light in pulses
aS a  contl nuows waye .

5

=

Rubj laset and He _pAle lasger -
atoms molecules in qases
and plastics ot 4;
while otheis oy
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-—)Eba_&ctuis{ics OLLaser Ra&r‘a{im’\ij
The impo-rlant chavaclerislics of a lased vadiation ovel converrlional lﬂg‘n‘l’

s0uNCes ave
i) Laser 3 i by monochvomatic

ii) Losgex is hiah‘v dhec"honal.

i'l‘u) Lasey iS5 hiahlla cohevenl

i\!) The irr\cns.‘h;’ of laser s \fend Ha\n

Monockwomo:liclkg , - (Monochmmaﬁc — con%alrnng one CO[owf)

ot it vt =~

lke have assumed 1that 1he enevgy levels of the atoms ave dgscrete
and shatp. n facl it is not s0. Hence transition of an atom between
Awo entigy levels will vesult in emission (o7 absmph‘on) of Phoer) whose

frequency lies between Wand Widy . This is called Spuzﬁal bfo-adenlnﬁ-
“The thvee most lmFoﬂant mechanisms which awe Tise to the SFed-ml

-bvoac‘m%nﬁ ase Dopp‘ei braacl&nina, collision b-roa.de_mnﬁ and natural

bvoaden ng-
— Since the atoms which emit vadiation are not at vest at the

Hme of emission’ depcndm3 on +theiy velocidies and the divection of
motion, the frequency of the emi ted vadiation changes SUthﬂ and

this is called ADopp\u b‘roadaninﬁf
-\ 4he aloms unduao colision abt the +Hime Of emiﬂ'ir)&a vadiation

there will be change in the P\nase of the emitted sadration . This

eppect vesulls n “collision bmadenmaf
1h
— In .so|id ma‘\uials an e\echon of an a‘fOrr) eml’;’ﬁna anu—ga in e

jon of a photon leads to an exPon"\-en‘Hal do.mpma of the amPthude
of 1he wave . This eﬁced 5 similar to the collision b'roadenma in
,Shor\c_ninj 1he wave tain and produce byoadened SPe,c‘h‘al Line . This

P\nenomencm 15 called “natural \9"Oﬂdanrnaf
To 5Pmk mnove c‘/uan-i-Ha-Hvelﬂ on -he c)ea-ree of mMoho chrromaiHcfly

of h‘aht from some source, we make use of line mld-’rh(specha.l u.:?cHh)

of the Souve Au which s 4he -ffe.cpumucj Sp*re,ao) of a SPec,*faJ Line »

50

—
—

| ¥
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: F-ei‘tumcj SFmao' AW s 1e\a{€CJ 1o 1he wa\/etma-\]f, linﬂ{’néiyleaa'ag

AN= — (%L) NV

To aP[rseu‘ate the -;e,[o_%webj belter monoc"rromahd‘rj of a lgeser ok

us coume wCNbllna“n sFmads GF wku‘{e .L‘a\nt) Ualm\” 'frrm’) ac aomm@rda-'
c\isc%ara:b \,am[) and o laser-

Fov a uo\m‘h ljah* souvce D= 300 PM
whoe as fo aas chs'ckarra( line Al 0-0\nNM

ond for a laser A} = 0-00) Pm and u.sinra the Jcecl‘nnici/ues 1o
contol the ouipuft sHIl much navowed linewidths ave Fossilo\e—

In the case opa laser the active medium is mostly a udlfhdﬁﬂﬂl
cav‘uhj which is P\o.ccd between two TEF{QC_Hnﬁ yesonaloy minois -
Resonator miviors avé genevally coated with mu\Hla.Ue{ dielectiic mdlerials
10 veduce the absmp{a‘on loes 1N the mivvors . Moveovey these vesonoddys
acts as frequency selectors and also give vise 1o dHeC‘b‘oV\aL‘Fj to the
ou’tPqu beam.

Stimulaled Pko{nns travel back and fodh beween the mivioxs mank

tmes, amp\i-f-ainﬁ each 4ime ‘Hne:.j transeeyse the medium . 'f\hy P""O-[.On
'l'cheﬂ'mﬁ in a divection away from -the ccwihj aNS is -fG_{lac.Jred Oﬂf&fj
by the mimol& within few veflecHons and is 4hus not allowed Yo

P,opaaate fur{\')w-'mus the beam drawn from Yhe ou{-pu‘t VoY 1S
h\ahlv PO-TCL”'—‘ and dhec:Hcrnal, TThe deavu af c'm.c'l'ianalﬁ'j i enPressec?
in terms of clNUaLﬂCE- The cuvvatuse of- the mirovs Keep ﬁhcﬂaht
within the cav?Jr'j and causes Hhe beam 40 narwow douwn to a

sadius wWo | called minimum spet size as shoton below -

&
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The  beam Jivuaence ¢ is a‘w—n N terms of the minimowmn Aspot

8lze wyg aS

¢ - l-22 A
2.“30 '

The dwuamce 4ells how —mP‘rcﬂj Hhe. beam 5P1mds | when s emﬂl'ed

om the losev-
1 ar
a)

LASER

— &— 4 —

— CL;__ —
A4 and d, distances ~Prom 1he laseq wihdow) if the diame te of
‘he .sPo’ts ate measuwied 1o be q and a, T%Pachv&ﬁa , Yhen the ana[e_ of
deve;ramcc (in dL%wrew) tan be QquLSS(’_Ol oK)

.
7 ZCdz-d:)

Sohevence),
A Fre_dfcfable covre laHon OF 1he mPUM& Qm.cl P\z\.o&.se_ Cd e-*'ua me
Po\nt with arud othey Félnt 15 calid Coherence . TThere ate 4wo {Hpu, of

cohurence
T) qumPOTCL\ coherence

ﬁ) .S‘xdﬂ'a\ coheorence
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S Tem Po-ra\ cohevence

The diSF[acammt and Phase ol Gnld Po‘m{_ ‘4’ on the wave tain
ak amd instant of Hme ' s a.\rer) Ia3

4= a en( 2 (o)

where ¢ 16 the vdoa% of wave - Since the 1wo ?0"‘*5 P, and Fa

ave on 1thne same wave Ttrair) which s continuous as shewn iR fij(a)/
Ahey have covwelation. Ig the phase and ampli*ude at any ene Fvomt

is Known, we can caleculate the same for any olhey Fo\n{” on 1he same
wave tain using the wave 2qualion 4given above - This Pud;ctabl&
corvelation op the amplitude and phase between any two points

on a wave train is called \'t&rnPo'ral eoherence oy lona}fudmﬂl cohemr)(?{

\p +two points on +wo diffevent wove tvains ave chosen as in fw‘a (b),

“hen theﬂ heve no conve lation |, and ate said to be incoherent -

[\ [\ /—\ m -Fiﬁ (a) centinuous
\;/ u u P] wave
2

K\ f\/\ /\ figb) discontinuows
T O T e

% f)

In any conventional source, uah'l waves emidted ave at vandom
sinte they ove spontaneously emitted and here is absolutely no
correlation between —the Individual waves - Byt in lasers, the toaves
cstresponding to the stimulating and stimulated photons are in
phase with each othed and souper impose resulting N incease of the

waye lma'ﬂq of the wave; as shown below .

1N
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\nl 1
= ]

Since Vet l“‘fjc number of such stimulaled emissioms talkes place/
ihe efpechve Ienﬂih of the wave incienses and the maximum lmaﬂ)
of he 1e5uh‘iﬂ3 wave s called  Coherent Le,qa_{h "L, .

White _h‘ah’[ (Smd Sunliaht) hos coherent Lmaf’n of ne,afhd fewd
hundveds of nm while 1vadilional monochromatic source has a

cohevent lma{h of aboul £ tw hundveds of micrToNns .

SFCL‘\"I.[\L cohevence +—
Ml A A Ay AR

bdhen we densider the croes secHon of the outpu‘t beam OFCIJ.CLSQT}

1he matimum se_pa-raHUn betwesn any {wo Po‘mi-s on the cross secHom
of he wave frwnl s called Spatial oy trunsverse cohevence:

Dusing shimulaled emission both the stmulating and «S-Hrnu.lajw2
photns ave inpkase wﬁb each olher . Also both 'l-rave,l‘ alang 1he same
divection of SHmulcdfng photun - TThese photons have\llnﬁ in any divechon
gthey than oP’n‘c aLs ave not «e]c[eded back bnd the end miTro¥s and
1thus leave 1he achive maC{ium- Onlﬂ those which ave alma ihe opﬁc aus
stimulale furiher and’ amplify , thus malgng all the photons to be In
phase with each othef - Hence when we chosse +uwo spakial points
P and P, ¢n the cv06s Section op the output beam they are spatially
cohevent . Below -Fw‘g illustrates the d"fﬁe*ence betweor Hre—teao_albs

Spah‘aﬁﬂ cohevent and Jncoheven‘f waves .

f\/\/—\/—\dpl W\-’

VAWAUAVAWV NN

pr NAVAVAYAY,
¢a) o E f\/\/\/\_

| Cb)
Spahtw_ﬁ cohevent waves 5Paﬁruf3 Incoherent waves
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Lasms ave loﬂalrft Canl an(ense_ J-!.al')t souvces - In facir) an one m’n”:‘-—

wall  He- Ne laser )s bn'ah'lw than the Sun - This is becaunse of cohevence
ond di‘recﬁonalu“l‘td . We know than when two photons each of amplitude
‘ol ave in phase with each other ) then bU Youna'é principle of Super—
posifion  the resultant amplitude is 20 and the in*fansrkj is F'UPG‘hmal
1o (20)™ i-ey Ya®. since in lasey many no-of photons (say n) are IP paase
wih each other the amplitude of the ﬁc&ul*h‘ng wave becomes MO and
hence the ""‘fw&i{}j is proportional 1o ntar. Thus due 10 coherent
addition of amplitude and ne_ﬁlja‘:bie divergence the inlensity Intreases
enmmousla. lle ave able o divectly view o a“’“"”ﬂ 100 wale elechic

bulb bul we cannet see 1mul He- pe lasey which has 105 Himes

lessey power. A |mll He-Nle can be shown to be 106 Himes ’”“é)mm
‘than 1he sun .

Oulput powey of lasers :—

Lases 5:dsi'uns exist from milliwatt power up to tetrawett power.
Low powel lasers ase mmr)hj used o PUTPOSES such as me{mloard,
in‘cufuomdvU, etc. while hiah power lasers ave used for industrial

o.PP\icchms such as cu’rﬁng, we[dina ) dvi U,l'n_a, vemote Se.nsma app-—

ications )mechcal. apph‘cah‘cms ) Nuclear fusion etc . The ou!-puf may
be eithey continuous wave (cw) or pulsed -

Moditication of Laser, outpt o~

AAr D A

The au%Put of- 1he lasess mmd lbe cemtinuous oY Pulsecl, and ave
not alwmzl\s h?ahbj cohevent and monochvomatic - Even within @ Pulet’-, i
mcud cemsiat of la-fae no- of 5pike.s~

, rnas wke.-:e 'n
Ao in the case of vibrations of sheched s%.na

) ¥ 5{ Io‘e
addition +to +he -fundtlvne_n{(:\_\_ -f'fu}uent:j y Hea‘ou hasmonic @ve pos

L]

Scanned with CamScanner



These harmanics diff“ 0 'f'iecl,umc_t} bLJ (C/Q_L); wheve L iS"“T'QI

lena-\\n of "he ccwﬂtl and ¢ s the velo c:tnl of liah'l‘»'ﬂmﬁﬂ are cedlud
‘Longitudinal Modes” Also, not only “the qroup of phetons Lravelling
back and fovth e,lacHﬂ alma the oPJHc oxis of the laser cavu'}:j
contribute fov the oulpul ; Lut even “he photons Verg shawﬁ off the
ous by mak‘\na sufficient no-of Yrips within the c[,w;hd may also
conhibule for the oudPuT- These ave called ' Transvevse Modes. Thus

Ahe OUtPu-t consiels of Several Lomaiﬁtd)qa[ and tyansverse modes

Of Sha\'\ﬂlj di{:fcfm't mave\enﬁ‘th5-

9 sutshing -
@-swi{c\ainj 5 O 'ler_hmqvue {or ob{‘aming shott, infense bursts |
o pulses from lasers. ke know that 1o get laser action meve population
wvarsion 15 nol sugpicient: Since there are losses ; the invexsion
de.nsi’ca rmust be h:a\w enouah to produce gatn COmPensaHnS the losses .
The invevsion dena‘&g for which gain is equal to the loss s called
Ahveshold inversion dr_ns‘.bd- Ip we dalibua‘\altj inhoduce Some losses
inside dhe cav%’nd, 1he thveshold inversion de.ne‘.kv Wneveases - Hence we
can build up the invevsion dansi\nd 'to«h.‘cdh value and cowe_spmdina-lﬂ
am‘n also increases but since gain i5 less than the deli beral infroducd
less no collision takes place - Now suddmlﬂ temoving the inboduced
loss | the treshold  inversion dens;l"d switches back o its Ofia‘mal
value . Undev this condition —+ne gain is very much higher than
the loss and ntense amplification taices place and all the
available energy i em) tted as a é‘lna\c large pulse. Since in this

process dne otual:h., Q of the cavﬂv 15 switched 1o a hiah value. .

This technjque ie caled @- sw:hklna - Theve ave diffeveﬂ* methods
of /- Swi‘rchrna-
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A AN

T Lasey S%Js'\emsx‘,—-'
A

The {.ﬁsk lager was cons tructed by  Maiman in 1960 emploqmﬂ

a c-nds+al of mbU 0s The achive medium: Since -hal +ime there has

been o ﬂrapia Increase In the -hdpes of lasers and n Yhe Tange of

1a5ina matevials - Lasers ave lmoad\ﬂ Classif—‘.tol as w‘ﬂﬁ)

jurn”

. 10084 i
N Solid sicde lasers - Rubuj lasev Nd: YAG lased (:“".‘um Nu®

i, Gas lasers © He-Ne laser, Co, laser, Avam—im lased

i, L“’L“*“CI lasers . Se ocl, laser, Euvepium ¢heldle losed

v, DH*— Losers * Rhodamine e Iasew) Coumayin dUe laseq

vV Sem conductr lases ' Gia As lasel , In P lasey .

~t

nga laset {—

AL Ans A

Rubvd laser 1o a  thvee level solid state loser and was constucted
bLJ Maiman in 1960. It is o Fu‘scc‘ lasey havinﬂ ve-rxd hiah powed of hu,nclmds
of Meaa Wadt in o 5‘mala Pulse with 10 nano second duvation . IFis et

for various industyial applicatiens  like surface havdeninza, hard —faanca;
C{aAc\\ng of vavious ind wstrical Pfoduds, ete . Qe“,’n.ﬂﬂ &b [E—,S*) cloPeg]

-mbU \asers are avaibble and have hfa\oev merite han orcjn‘narﬁ chromlum(ﬁa'f)

Aopcd mb\LJ Laset -

Flesh tube
PasHal ‘hth:\m
N Y.
\ —_—
1 —> Losey
G / / // // % Ou*‘Fu't
\/ , — <7 w7 </ —=/ =
Puq’u:i: Ruloy 1od
fuetleeted T J
.,

Pewes soutce

-2
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Cordauction: -
In 1(1108 laser the active element ) puve aluminium oxide (Ng_cg) with
0-05 % of chvomium and it s shapecl into udhndet with pma\lcl ‘iTansten"

sides and veplectors al bolh ends. -hrrmna e +wo end Yeplectoss ,ane isa

Pu{ed 12.{.\9.(#01 and 0.“)“ is a thnl "‘e{»ledof'
The Alame‘lu OF the &C{‘f\!e mgd;um e aboul o6-5¢m and i"S lé‘ha"h IS

aboul few centimeters. Pu,mpmf] souwice is a Flash lamp: Chiomium atoms aie
particulaily Tesponsive o light having a wa\m]maﬁ 5600 A . Most flagh
lamps like Yenon flash lamps ase aple 1o supply energy in his u:avw_naih vange:
Flash lamP tube s spivally  twound over the cuvved surpace of '{hevukj
3od and

s oonneded ‘h) Q. Powﬂ SuPPIﬂ as skown aloove-

wmk;ns B =

&, One chvomiam atems have

Hhﬂiﬂhu e_n()‘l(jlj 51‘05

been oncited 1o an upped enexa}j

Pholons of

’ Lodv(hnd'“‘) 5¢ho A
of wcwclancd'lh 5600 A fiom he from plash hupe

level “H' btd absoibfﬂg P‘00+005 M-M;’raSFablz staki

~—~—3 PI’]O{‘U“S or_

lash lamp they Tequive 'hoo
'F P lj 1‘ wa“d&ha-‘h quanh

5lePs 10 reduin to hew ?wunc’
state ‘6. Frst slep is fiom‘H ' stab G- Givound stalt
10 melastable state ‘M’ which 15 a

sharter jemp and enevgy emifted in “his tvansilion is passed to the 61354&
lattice ac heat.

jfﬂm chromium oloms veturned t6 M level can vemain In this state fof
several milliseconds: The accumulation of excited atoms at M level increases
the population at M level and 4hen hansition 6ccurs from M 1o G level
emilling oul some photons by spontanesus emiseion inHally in @ sandom maanes .
sy Due 1o continuous wo:kana of flash lamp , the chyomium atoms are

COQHOUOU'SKH 'lafSQCl o h|ah€1 Qnefaa state H CLnd then 40 M level .

9a

=
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i, M a Pm\u‘culm 5¥afJe population of excited chromium atome ave more
at M dhan at @ . Hence there is populatlion inveision - The emifled Phoions of
wave lamJ’th 6943 A stmulale o unrJu:do dvansidion- TThis 1esulks in slimu-
lated emission of othes idenlical phelons and @ cascade bezams‘
¥, The photons  Hvavelling pavallel 1o dhe axis of dhe fru,by vod ave used fu
stimulation while he P\')o‘{'zms havelhnﬂ t ofher directions will pass out from
1he 1ubawoal- In the mean time , the photons undenao mualle veglections
from the miviote placed atb dhe ends 0f -the 'rubLJ vod and the mhmsfkj
of the lases vadialin qowe to a hiakei value and some of its buvets 1s
commaotfl '”'\*Oaah the pastial reflectoy and il sewvers as output lased bearm -
¥ The emifled Fho’mn and shimulaled pholon ave in p‘mse and have same
frequency and ate tvavelling in the same direction. Thus the laser beam has

(\iwcﬁonalihd alOna withy SFaJria' and 1em,::oml coherence

i, The oulFu’[ beam has ved wave 'en?-’rh 6943 A" and -Fvecpue_nfﬂ b.32%10 Hz .
ks power i& more than few hundied Vluaa wall .

He lium - Neon laser s a Gas lase” and is used foi continuous laser
beam. L:fj\afmc]:a-lw'ons with Ha\q coherence \nicdh divech‘onalﬁlﬂﬂ and lniah
monochromaticity can be obtained from 1t. Bul the oubpul powes 1S
acnefalbj few milliwatts . Helium - Neon lasers are very usefal i malking
ho|oamm5 and foi intesferomehic experiments In medicine , this acts
as an aiming laser which is nomally used to identify the spot
where the laser su19eny has to be perfovmed .

Construction ¢ —

The He-Ne lased sLdsh.m conslets of a qos discharge tube which 1S
the active medium.The tube is made up of ctuaztz and is filled with e
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miviure o“ l\\zon undery a [Prescuve Gl’ 0 mm 0]’ mh(mﬂ (-lﬁfl Hf"\'ll,'ll’f) 5
undey o presotne of Imm of mevcwy - The vadio of Helium - Neon minfuve
15 10v) Ve, Ihe no- Of Helium atoms ;s a-:eaiet 1han the no'of Neon

atloms TThe powey Ou'rpu[ fvom dhese lasevs dePands upon the lana‘\h of

the A;echmae tube and pressure of gas mintuse - Fuvthed electrodes at

e ends of the dischmge tube are connecled 0 a yadio pvec]uean
oscillatey 4o Pwoc’uce

electvical d)schmae N the Helium — Neon mivturye

30 a5 1o fump  the He atoms to highe_f energy states -

- G
3 2 2 :
1 1 7
5 5 - ﬁ?
Lasen
g L_J Ou'lFu]
T l"
- P“fe‘t concave veflecto 2. Aedive medium 3. Eleclvodes 4 R-F Osallater

5, Rrawsler an{(‘,le windows 6.[’01{1’(\“3 “f‘“““f] concave mivren

The end faces of the gas dischaxge ave tilted al 1he Brewsiey
ana\e a5 shown above. These ae called Baewsted O_na\e_ windowe - An emifted
unpolaxis ed Uahf wave consists of +wo cmponents called per pendicul atly
Polm—ised wave and pavalle] Polarised wave . The PeapenA.‘culm\ﬁ polavised
wave s “‘"‘P“h’lﬂ aflenuated bd the window plate while the Pamllel

Po\mised wave 15 tyansmiled bs the windeww In the Same divectom . lhe

palle] polmiscd wave s lepccdtd ‘re_fledccl b‘d {he concave miwors situdled

behind 1he Brewsler angle windows and cowesf:anci‘-nng 115 passes ”P“’a“““j
U"n y \
CUﬂlﬁ 1hﬁ ad\Ve mEf{fUm- -nmma these_ cemcave mI‘YTO‘[S)ODE 8 Pa.““a‘uj

oo
—d
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. 0,
‘}e,f\e.c-\--ing and the othey s Pufec-\h\] "G-F‘“'“‘"a‘%

Wo \41‘03 85—

Ey

II: > E
(35) N (35? \‘
3.39 pm
| Ea~ .
s —> & ' 6328 A

Transition by
Es diffusion § collisioms

'Heln’un') Neorr

Eo

<~ __]

) BLJ the electrical dischmae in {he aas {u\oa) the %wund Level(Ey)

helium atoms ave excited o h.‘?hu levels €, and E, of helium - This

Process of excitation s CaH&cl electron excitation-
2) By 1esonance collisional tsansfer method, the helium atoms at E,

awe up thei1 ewcitation e,ne:raa 1o the ca*rouncl state neon atoms.Thus

the neon atoms ave excitated 1o then hiahei m&fay level Eg - Meanuw hile

these hellum atoms are de-excied and vetuned to thei fﬂound state .

3 1 \
)s‘m)\a-ilt, the belium atoms at E Cdl‘vt wp theiv  exes tation enevafd

10 the armmd state Neon atoms and the Neon atoms ave excﬂed to

anothey h\a\w( uw;raﬂ level B, ags shown . The hehum atoms aze
de-excited and retuined o thejy ﬁmuﬂd stale.

4) since Eg and B3 of Neon atoms are metable states | PoPulocHon

invereion takes place at these levels - Any one of the sPon‘mheous\ﬁ
emifted photons wil) -hiaaef the laser acHon .

5) Thus +the stimulated emission +akes place between Es and Ey

a‘wma a laser h‘ah’f of wavelena4h 6328 A .
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@,S;m‘.\mlﬂ 1he stimulated emission belween Eg and Ey aives o,
lasex J.n‘cdh’t of wavelenﬂ\h 339 pm and  belween £y and &, @Ne& =

Lasey L.‘aht of wcwelma-th 115 .
7, The neon atoms undevao transition from E, 1o F and from Ey to
E, in 1ihe form of fast C’ewf} ff‘””ﬁ photong bj Spon‘mneous emiss)\an .

8, The neon atoms ase 1etuwined o 4he awur)d state -from E, IDH non—
vadiative dlffussion and collision process . Therefore theve 1S noO em; 581 0N

of sadiation s
. m
9, Agles aﬂivma the c(]-rounc\ slale once the=nr acdcun +he heoh &

ek
ave taised to Ey and Ej bH excited helium atoms- Thus one can g

conbnuous ou{Pu‘t from  The He -Ne laser:

JO, Some oPHccd elements placed n‘ns.‘c‘e “4he |ase# SLds)tem are Ll&e,c’

10 absotb the ‘mf';a-fecl lasei ‘—DOVﬂ-’ma‘th 3.39 pm and 115 pm -
dma%

U Hence 4he outpul of He-Ne lases contains Onbd a 5‘”@“? wo

0f ©32% A and the ou’rFud powey s about few i walls .

-_—

Carbon di-oxride Laser 5—

AL AAS AAD A AT AT AT A

In the Nd YAG laser o) He-Ne laset ,
the vaxjous encited electronic states of an atom oy an 0N -

In 0y lasers | the lased dransitions ave occuring between diffew.nt
vibiational states of the cavbon di-oxide molecule - An Indian Ena'meef,

Pa’ce\ was the -f—ifst person who desianed Coy, lasery.

Construchon :—
The below -Fiaum ehowe the schemahc diaaﬂa.m of & o

J\\rma wih Cog ,thete aze also OHToam and hellum gases

arpma}us- Ni h"ﬂ‘” hdps 10 I ovease the Popu!aﬁ‘m of the uFPei

Level of COs while helium \qus to choFulaﬁ the lowey level. This

na

_
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I' f.“ Y 't\qewmt\l-- bol; @
is achieved due to \m‘ah vekead C.OncluCl'“I‘Vl‘{"j of helium - Fuathes

helium he!ps 10 eomdudl heal o.woud to dhe walts of the dn‘schmaa tube

keeping COy co\d -

He Ng Dy
b oV
M Vacsums Vo Hal ?\:j le C‘W\ﬂ
_f l_ [ mivy
- NaVAVA Y arg
[ NN Lased
“ L J J_ ARV VAV
e
Fulhj ‘lr T Nacl
we{\ecﬁﬂa ¢ @ Prewsted
Mol Powesr SuPP\Jj i doto
and
The dfschaﬂa& fube is of 2.50m in diametes and 5m in lma’fh

dr‘SC‘na-iae is p-roduce_o' brj d.c. encitatien - Sodium clolo-ride Byewsted

windows ave used at the end . TThe partial pressuies 0f €02, N, and

He ave around 0-33 tov'rj -2 toyi and 7 toyy 1espec+ivdlj-'ﬂn-e thﬂl
pressuve values depend on the diametes op 1be tube: To 7emove
, the conbi-

the dissociation P'roducts which may contaminale the loses
nuous flow of the 906 mintuye 18 maintained in the tube:

[1Eom = 1mm hu‘ah'l of meycy column ] -

Lotking 1— Shorgy trassfd
_E% - AN =
'lhrnu.gh collis)ons
16-6pm
q-c
By
(o [/ P— Y
o 2
~
=2,
S
& 0 F2
L
g €|
Nitiogen Catbon dioxide

2
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i Mhen o discharge ts passed through the dube , the nitrogen o

molecules are excited and ave vaised to lm'al-am excited steade -

2, The excited energy of n.‘hoaen molecules |s transfered to carbon-
dioxide molecules 'thw'ou.gh collisions and coy molecules ave raised 10

Aheis excited ~ _
e encrte vlbwcdwonal éneray levef l:b— -me theiy 310und skalte .

2, The \
' energy level E5 is a metastable stale . Hence dheye 15 POPuIQHm

invession -

Y, SHmulaHna photons of wavelenaﬂh 10-¢ pm and q-6 pm induce the
Coy molecules to undevﬁo stimulated emjssion IDU laser transitions
from €5 1o By ﬁlvmﬁ las ev wavelenaih Of 10-C pm and fiom Eg to &3

8wln3 lauges wavr_}enaﬂ) of 96 pm.

:5, aince 1he lased transilion -f—-rom Es to Eq has hja‘veo amn “than

fiom Es to & , the laser uswolly oscillates at 10-& pm-

&, The co, molecules from Ey to E5 ave vetuined to the a-mund

-Lm—auah fast decay ond dipfusion:

-flow of ﬂases)‘\he_ maimam Po:.ue,-;’

N

9 when theve is lcmaihtdmal

obtained is aboul S0-60 W/m:

8, ¢ 1he aas -Flau.) is Pupe.nd.'culm to dbe dfsclnmae the ou1pui power

aboul 10 kilowalt/m TThis ‘rldpe of €Oy lased
o TEA lasev-

known
can be raised 1o e kn

a@'ﬁ&n&vmselj Emncited Mmosphevic pressure lases

3‘15 f\ow S main{-au‘necl alorna 1he ais OF the tubbe at

Thus the
in the axC .{:lows

normal a‘(mosphuic pressuie and the cuwent

at Tiaht ana\es 10 the ams Of 1he laser.

|20
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| s e

)

\ q ; “
.
o~ A ‘i“{f:.\’;f\‘lh: of lasers ¢ —

) N I A

= Laserd ln;'ushﬂ =

G U o e S NN NN A

. i cotin aacl
In m\u}t:(n:'}mintl Inn’us%v lasews ane lu*.cu, -[(71 Lnelclmﬂftu “ﬁ 1

A=

;{\}\im;‘, a“ﬁicn‘limg.

1;‘(';&!!_\ .‘E ¢
= \'(r:i h\:]

h lt‘e]ding votes are poss: ble -
- t‘s:‘si-':\i[n\ me{als can be we)derl-

- Minowelcling 16 done with 81&(0 ease -

Cuding |

wap‘.dlr:’ and pwec.‘selﬂ .

cle \lmid}] of mn‘lmu‘als ,
d cables

N
Lasers cul ‘Uhc\uah a wj

' >le et SiYES an
= toith IC‘L“F“U“ (Og lased J In5ulahoﬂ ~|"10m t.lr_Ch‘lCﬂl oY €85

e Sh"[‘id off - Hence without any dnmaﬂe 10 dhe electvical wie ihe

insula{icn can be 1emovecl .

th co, lasey .
vels, 8\:155 and alumh: 2

o l “ ‘1 OlU(’i !Q - I L&)
(A ‘l \“\

even COmpliczﬂecJ Sh{LF\‘\S cut using laseys -

d s\mpe can be cut,
'h’(’_alement-

=~ .'\nL' (‘les‘nc
N

cut -[m‘.sh used 1o be Vera smootih 1e:tuhm,3 no .‘:ﬂ,{hu

D'ﬁ“l‘n¥ .

Mest d\i\hnﬂ Eztdsiems cPerane in o Pu\saJ mode

. To Sei’ Ahe drill of

desived depth and size  no-of pulses , and enerdy of each pulse ave tobe

contvelled-
~one of the frst application of the laset was to dill diamond dies.

- Lasess Qi€ used to duill holes in 'cﬁff"cull' 1o dull! maderials such
ceyamics elc.

- HC'CS C\f mic1tN OTCJe'i can be eag‘,‘y dTi“ﬁC’ U.Sinﬂ l(\g‘@;g.

—, Laser in Medicine ¢ -
L o W, N ~ A AAAS NS

The veay {-hs* &Ppliflﬂf@ﬂ of lased tas n the -fif\d of medicine .

B Gp‘ihoma\aﬂ;gis S{m'{ed u‘gmﬂ AYao‘n lon lasev s fey Lucldihf) vetna
detachment

13
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— Lasey ave used In  cataract vemoval -

o« ®

— Us'mﬂ ulbva violet qadiation fiom  Eacimey l(\se"{’ eye lens curveduye

correchon & carried oul -

- Laser 5caple.5 are usecl -Foi bloodless .SU'\at'ﬂd.

- In dewma‘h‘loaﬂ , lasers ave used 10 vemove  freckles, acne birth
matks ond tattoo -

— lasers ave used in de,s{m%jmﬁ kic’netd stones ancl aalls\'ones-

- lasers are used in cancey dia.gnos%‘g and ‘H)eqa})td.

—> lasers in Scientific fields s—

NS A ~J AT S N N~ O

- Laseitin meifoloatj 2

Laseys in defence—

{

Lasers in nueleay &hﬂfalj‘
-~ Llosers in oP-Hu:x\ communications -

-~ Llaseys in consumet electonics Jndus-!‘wd1

3
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Liahf i Pqnput}aw [b\ulugl‘] r:,..hm! fiber cable lq? means of
@ phecomenen called Tolal Inlewnal Peglecion

'C‘omlﬂt‘! two meoba of veprachive incices (0))and b,y Let
(8) and (0,) be dhe anglec: of Inddence arsl "'f’m-’-”l"m‘ "“‘f’umd?
at the Istes-pha ln*'ﬁfaﬁ" (ie, tnaundmry) of the two medio -

From bove

Nisin ﬁ’ = '“2.3"193,,'

snellls law |,  Loe

ca se (7) '

consider the case Of“ b'?ln'f‘ owm(?‘dm?
.fvrvm yayer medium 4o densen meclum . ‘(-)

42fwac41vc fnden of mzdlumi i (m) s

lesstthan -fha‘l‘ oF medium 2_’ (nzj, 9'||
{
F-_,\_m Su\_p_ll\a 1.1»—3, e hoxte
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MODULE-IV



NON-DESTRUCTIVE TESTING

Objective
To gain experience with and understanding of the types, advantages and applications of
various NDT methods. To be able to choose the best NDT method for a given part.

Introduction

Up to this point we have learnt various testing methods that somehow destruct the test
specimens. These were, tensile testing, hardness testing, etc. In certain applications, the
evaluation of engineering materials or structures without impairing their properties is very
important, such as the quality control of the products, failure analysis or prevention of the
engineered systems in service.

This kind of evaluations can be carried out with Non destructive test (NDT) methods. It is
possible to inspect and/or measure the materials or structures without destroying their surface
texture, product integrity and future usefulness.

The field of NDT is a very broad, interdisciplinary field that plays a critical role in inspecting
that structural component and systems perform their function in a reliable fashion. Certain
standards has been also implemented to assure the reliability of the NDT tests and prevent
certain errors due to either the fault in the equipment used, the miss-application of the
methods or the skill and the knowledge of the inspectors.

Successful NDT tests allow locating and characterizing material conditions and flaws that
might otherwise cause planes to crash, reactors to fail, trains to derail, pipelines to burst, and
variety of less visible, but equally troubling events. However, these techniques generally
require considerable operator skill and interpreting test results accurately may be difficult
because the results can be subjective.

These methods can be performed on metals, plastics, ceramics, composites, cermets, and
coatings in order to detect cracks, internal voids, surface cavities, delamination, incomplete ¢
defective welds and any type of flaw that could lead to premature failure. Commonly used
NDT test methods can be seen in table 1. These are universal NDT methods; however, very
special tests have been developed for specific applications.

Table 1 Commonly used NDT techniques

Technique Capabilities Limitations
Visual Inspection Macroscopic surface flaws Small flaws are difficult to detect, no subsurface
flaws.
Microscopy Small surface flaws Not applicable to larger structures; no
subsurface flaws.
Radiography Subsurface flaws Smallest defect detectable is 2% of the

thickness; radiation protection. No subsurface
flaws not for porous materials

Dye penetrate Surface flaws No subsurface flaws not for porous materials
Ultrasonic Subsurface flaws Material must be good conductor of sound.
Magnetic Particle Surface / near surface and Limited subsurface capability, only for
layer flaws ferromagnetic materials.
Eddy Current Surface and near surface flaws | Difficult to interpret in some applications; only
for metals.

Acoustic emission Can analyze entire structure Difficult to interpret, expensive equipments.
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Figure: Sclemitic of NT¥T 1echnigues.

Visual inspection:

VI is particularly effective detecting macroscopic flaws, such as poor welds. Many welding
flaws are macroscopic: crater cracking, undercutting, slag inclusion, incomplete penetration
welds, and the like. Like wise, VI is also suitable for detecting flaws in composite structures
and piping of all types. Essentially, visual inspection should be performed the way that one



would inspect a new car prior to delivery, etc. Bad welds or joints, missing fasteners or
components, poor fits, wrong dimensions, improper surface finish, delaminations in coatings,
large cracks, cavities, dents, inadequate size, wrong parts, lack of code approval stamps and
similar proofs of testing.

Radiography:

Radiography has an advantage over some of the other processes in that the radiography
provides a permanent reference for the internal soundness of the object that is radiographed.
The x-ray emitted from a source has an ability to penetrate metals as a function of the
accelerating voltage in the x-ray emitting tube. If a void present in the object being
radiographed, more x-rays will pass in that area and the film under the part in turn will have
more exposure than in the non-void areas. The sensitivity of x-rays is nominally 2% of the
materials thickness. Thus for a piece of steel with a 25mm thickness, the smallest void that
could be detected would be 0.5mm in dimension. For this reason, parts are often radiographed
in different planes. A thin crack does not show up unless the x-rays ran parallel to the plane 0
the crack. Gamma radiography is identical to x-ray radiography in function. The difference is
the source of the penetrating electromagnetic radiation which is a radioactive material such m
Co 60. However this method is less popular because of the hazards of handling radioactive
materials.

Liquid (Dye) penetrant method:

Liquid penetrant inspection (LPI) is one of the most widely used nondestructive evaluation
(NDE) methods. Its popularity can be attributed to two main factors, which are its relative
ease of use and its flexibility. The technique is based on the ability of a liquid to be drawn into
a "clean" surface breaking flaw by capillary action. .

This method is an inexpensive and convenient technique for surface defect inspection. The
limitations of the liquid penetrant technique include the inability to inspect subsurface flaws
and a loss of resolution on porous materials. Liquid penetrant testing is largely used on
nonmagnetic materials for which magnetic particle inspection is not possible.

Materials that are commonly inspected using LPI include the following; metals (aluminum,
copper, steel, titanium, etc.), glass, many ceramic materials, rubber, plastics.

Liquid penetrant inspection is used to inspect of flaws that break the surface of the sample.
Some of these flaws are listed below; fatigue cracks, quench cracks grinding cracks, overload
and impact fractures, porosity, laps seams, pin holes in welds, lack of fusion or braising along
the edge of the bond line.

Magnetic particles:

Magnetic particle inspection is one of the simple, fast and traditional nondestructive testing
methods widely used because of its convenience and low cost. This method uses magnetic
fields and small magnetic particles, such as iron filings to detect flaws in components. The
only requirement from an inspect ability standpoint is that the component being inspected
must be made of a ferromagnetic material such iron, nickel, cobalt, or some of their alloys,
since these materials are materials that can be magnetized to a level that will allow the
inspection to be effective. On the other hand, an enormous volume of structural steels used in
engineering is magnetic. In its simplest application, an electromagnet yoke is placed on the
surface of the part to be examined, a kerosene-iron filling suspension is poured on the surface
and the electromagnet is energized. If there is a discontinuity such as a crack or a flaw on the



surface of the part, magnetic flux will be broken and a new south and north pole will form at
each edge of the discontinuity. Then just like if iron particles are scattered on a cracked
magnet, the particles will be attracted to and cluster at the pole ends of the magnet, the iron
particles will also be attracted at the edges of the crack behaving poles of the magnet. This
cluster of particles is much easier to see than the actual crack and this is the basis for magnetic
particle inspection. For the best sensitivity, the lines of magnetic force should be
perpendicular to the defect.

Eddy current testing:

Eddy currents are created through a process called electromagnetic induction. When
alternating current is applied to the conductor, such as copper wire, a magnetic field develops
in and around the conductor. This magnetic field expands as the alternating current rises to
maximum and collapses as the current is reduced to zero. If another electrical conductor is
brought into the close proximity to this changing magnetic field, current will be induced in
this second conductor. These currents are influenced by the nature of the material such as
voids, cracks, changes in grain size, as well as physical distance between coil and material.
These currents form an impedance on a second coil which is used to as a sensor. In practice a
probe is placed on the surface of the part to be inspected, and electronic equipment monitors
the eddy current in the work piece through the same probe. The sensing circuit is a part of the
sending coil.

Eddy currents can be used for crack detection, material thickness measurements, coating
thickness measurements, conductivity measurements for material identification, heat damage
detection, case depth determination, heat treatment monitoring.

Some of the advantages of eddy current inspection include; sensitivity to small cracks and
other defects, ability to detect surface and near surface defects, immediate results, portable
equipment, suitability for many different applications, minimum part preparation, no necessity
to contact the part under inspection, ability to inspect complex shapes and sizes of conductive
materials.

Some limitation of eddy current inspection; applicability just on conductive materials,
necessity for an accessible surface to the probe, skillful and trained personal, possible
interference of surface finish and roughness, necessity for reference standards for setup,
limited depth of penetration, inability to detect of the flaws lying parallel to the probe coil
winding and probe scan direction.

Ultrasonic Inspection:

Ultrasonic Testing (UT) uses a high frequency sound energy to conduct examinations and
make measurements. Ultrasonic inspection can be used for flaw detection I evaluation,
dimensional measurements, material characterization, and more. A typical UT inspection
system consists of several functional units, such as the pulser/receiver, transducer, and display
devices. A pulser/receiver is an electronic device that can produce high voltage electrical
pulse. Driven by the pulser, the transducer of various types and shapes generates high
frequency ultrasonic energy operating based on the piezoelectricity technology with using
quartz, lithium sulfate, or various ceramics. Most inspections are carried out in the frequency
rang of 1 to 25MHz. Couplants are used to transmit the ultrasonic waves from the transducer
to the test piece; typical couplants are water, oil, glycerin and grease.

The sound energy is introduced and propagates through the materials in the form of waves
and reflected from the opposing surface. An internal defect such as crack or void interrupts
the waves' propagation and reflects back a portion of the ultrasonic wave. The amplitude of



the energy and the time required for return indicate the presence and location of any flaws in
the work-piece.

The ultrasonic inspection method has high penetrating power and sensitivity. It can be used
from various directions to inspect flaws in large parts, such as rail road wheels pressure
vessels and die blocks. This method requires experienced personnel to properly conduct the
inspection and to correctly interpret the results.

As a very useful and versatile NDT method, ultrasonic inspection method has the following
advantages; sensitivity to both surface and subsurface discontinuities, superior depth of
penetration for flaw detection or measurement, ability to single-sided access for pulse-echo
technique, high accuracy in determining reflector position and estimating size and shape,
minimal part preparation, instantaneous results with electronic equipment, detailed imaging
with automated systems, possibility for other uses such as thickness measurements.

Its limitations; necessity for an accessible surface to transmit ultrasound, extensive skill and
training, requirement for a coupling medium to promote transfer of sound energy into test
specimen, limits for roughness, shape irregularity, smallness, thickness or not homogeneity,
difficulty to inspect of coarse grained materials due to low sound transmission and high signal
noise, necessity for the linear defects to be oriented parallel to the sound beam, necessity for
reference standards for both equipment calibration, and characterization of flaws.

Acoustic Method:

There are two different kind of acoustic methods: (a) acoustic emission; (b) acoustic impact
technique.

Acoustic emission:

This technique is typically performed by elastically stressing the part or structure, for
example, bending a beam, applying torque to a shaft, or pressurizing a vessel and monitoring
the acoustic responses emitted from the material. During the structural changes the material
such as plastic deformation, crack initiation, and propagation, phase transformation, abrupt
reorientation of grain boundaries, bubble formation during boiling in cavitation, friction and
wear of sliding interfaces, are the source of acoustic signals. Acoustic emissions are detected
with sensors consisting of piezoelectric ceramic elements. This method is particularly
effective for continuous surveillance of load-bearing structures.

Acoustic impact technique:

This technique consists of tapping the surface of an object and listening to and analyzing the
signals to detect discontinuities and flaws. The principle is basically the same as when one
taps walls, desktops or countertops in various locations with a finger or a hammer and listens
to the sound emitted. Vitrified grinding wheels are tested in a similar manner to detect cracks
in the wheel that may not be visible to the naked eye. This technique is easy to perform and
can be instrumented and automated. However, the results depend on the geometry and mass
of the part so a reference standard is necessary for identifying flaws.



Procedure

Liquid penetrant method:

In this method the surfaces to be inspected should be free from any coatings, paint, grease.
dirt, dust, etc., therefore, should be cleaned with an appropriate way. Special care should be
taken not to give additional damage to the surface to be inspected during the cleaning process.
Otherwise, the original nature of surface could be disturbed and the results could be erroneous
with the additional interferences of the surface features formed during the cleaning process.
Surface cleaning can be performed with alcohol. Special chemicals like cleaner-remover can
also be applied if needed. In the experiment, only cleaner-remover will be sufficient.
Subsequent to surface cleaning, the surface is let to dry for 2 minutes.

Commercially available cans of liquid penetrant dyes with different colors are used to reveal
the surface defects.

Steps used in the experiment:

1. Clean the surface with alcohol and let surface dry for 5 min.

2. Apply the liquid penetrant spray (red can) to the surface and brush for further

penetration. Then, wait for 20 min.

3. Wipe the surface with a clean textile and subsequently apply remover spray

(blue can) to remove excess residues on the surface and wait for a few min.

4. Apply the developer spray (yellow can) at a distance of about 30cm from the surface. The
developer will absorb the penetrant that infiltrated to the surface features such as cracks,
splits, etc., and then reacted with it to form a geometric shape which is the negative of the
geometry of the surface features from which the penetrant is sucked.

5. The polymerized material may be collected on a sticky paper for future

evaluation and related documentation, if needed.

Magnetic particle:

In this experiment, commercially available magnetic powder manufactured for NDT
inspection will be used. A strong U shape magnet will be used to provide the necessary
magnetic field at the inspected area.

The following steps are applied during the experiment;
1. The surface of the specimen will be roughly cleaned wiping with a piece of textile.
2. The fluorescent magnetic spray will be applied on the surface being inspected.
3. Magnetic field will be applied with a strong magnet to the location of interest.
4. The spots where the fluorescent magnetic particles accumulated will be
inspected under UV light.

Eddy current inspection:

For this experiment, Magnefest ED-51 0 type unit will be used. A pencil type prop will be
used for the inspections. The inspection is performed with 2 MHz frequency and at the related
calibration settings. The test blocks were previously prepared for this experiment. Any
coatings or paints on the surface of inspected specimens should be treated with special
procedures.



The following steps should be applied during the experiment:

1. Inspection area should be clean, smooth, free from any irregular or uneven paint,
dirt, grease, etc.

2. There shouldn't be any visible damage or discontinuity.

3. During the inspection procedure the probe will be positioned near the inspection
area, on the compensation point and lift off and zero will be adjusted if necessary.

4. The inspection will be carried out by using probe scans. The probe tip will be
always at a right angle the inspection surface.

5. Any indication with indicator deflection to the right should be evaluated. All
evaluated indications should be measured.

6. After this procedure, all evaluated indications with indicator deflections, will be
classified as cracks and be recorded.

Ultrasonic inspection:

For this experiment,USM-2 type ultrasonic unit will be used. The props used supports to work
at frequency of 5 MHz. Echo techniques will be employed to find the cracks.

Instrument will be tuned to a frequency of 5 MHz. An appropriate couplant used should not
cause corrosion or other damage. During the inspection the calibration will be done on the
reference standard, if needed. Two different test blocks will be employed in this test,
sufficient amount of couplant will be applied to the transducer scan areas on the forward and
after sides of the support fitting. The display will be monitored for crack indications. A crack
signal will be similar to the following:

The following steps should be applied during the experiment:
1. The couplant should be applied on the inspected area.
2. For the circular test specimen, the prop will be placed in the corresponding space in
the supporting fitting tool. Enough couplant should be used between the probe and
tool.
3. For the flat specimen, no tool is needed, couplant only applied between the
inspected surface and the probe.
4. Special attention should be paid on the location where possible cracks exist.
5. A discontinuity like a crack produces a peak on the screen.
6. Attention should also be given to the movement of the possible peak caused by the
cracks on the specimen.

Report:

You are supposed to prepare a test report for this experiment obeying the report preparation
rules. So your report should contain abstract, introduction, experimental procedures, results,
discussion, conclusion and references. The advantages and disadvantages of each NDT
method must be stated precisely in your reports. You should also answer the questions asked
to you at the end of the experiment installing the related parts of your report. You must return
your report on time.
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Physics of Nanomaterials

Definition of Nanotechnology: ‘“Nano Materials are the materials which have structure

components with size less than 100nm at least in one dimension”

“Nanotechnology is the understanding and control of matter at dimensions of roughly 1 to 100
nanometers, where unique phenomena enable novel applications. Encompassing nanoscale
science, engineering and technology, nanotechnology involves imaging, measuring, modeling,
and manipulating matter at this length scale.” At the nanoscale, the physical, chemical, and
biological properties of materials differ in fundamental and valuable ways from the properties of
individual atoms and molecules or bulk matter. Nanotechnology R&D is directed toward
understanding and creating improved materials, devices, and systems that exploit these new
properties.

Important:
1-Dimension : Thin films or surface coatings
2-Dimension : Nano Wires, Nano Tubes

3-Dimension : Nano Crystalline materials, Quantum Dots (Tiny Semiconducting Device)

Why the properties of nano particle are different from macroscopic particles ?

1. Surface to Volume Ratio : In the case of a spherical particle

Surface area = 4] [r?
Volume= (4/3) [
Surface area to Volume Ratio = 3/r

“Lesser the radius , Greater the ratio”

Similarly in the case of cube we have

¢

sides = 3 sides =2 sides = 1
surface = 32 x 6 = 54 surface =2 x 6 = 24 surface = 11x6=6
volume = 3 = 27 volume =2*=3 volume = 1* = 1

surface/volume 22 surface/volume <3 surface/volume =6



2. Quantum confinement in nano particles

Nano technology an emerging technology which has gained fame in every field of life from an
excellent sunscreen to an electronic chip. This emerging technology has given excellent
properties to even those elements which at one time were thought of being useless. For example
Carbon is a non metal but when considered at the nano scale the carbon nano tubes are the best
conductors .But what is the enigma beyond size if this size can make a non conductor an
insulator what is the basic physics beyond it .Well the answer is simple and that is Quantum
confinement.

When atoms are isolated energy levels are discrete. When atoms are closely packed, the energy
levels splits and bands will be formed . Nano materials represents intermediate stage. When the
materials sufficiently small in size (<10 nm), Organization of energy levels into which electrons
can change. This phenomenon results from electrons and holes being squeezed into a dimension,
called exciton Bohr radius.

The quantum confinement effect is observed when the size of the particle is too small to
be comparable to the wavelength of the electron. To understand this effect we break the words
like quantum and confinement, the word confinement means to confine the motion of randomly
moving electron to restrict its motion in specific energy levels (discreteness) and quantum
reflects the atomic realm of particles. So as the size of a particle decrease till we a reach a nano
scale the decrease in confining dimension makes the energy levels discrete and this increases or
widens up the band gap and

ultimately the band gap energy also increases. Since the band gap and wavelength are
inversely related to each other the wavelength decrease with decrease in size and the proof is the
emission of blue radiation .Comparison of a bulk material and nano particle reveals that too from
the diagram the blue wavelength and the red wavelength
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Electrical, optical and magnetic properties of nano particles:

Various properties of the materials like electrical, optical and magnetic are sensitively
depend on the size of the matter. Thus the above properties greatly vary for a material in the bulk
size to the same material in nano size.

Electrical properties:
If the material has at least one of the dimensions of the order of nano metre then it is
called Quantum well. We know the energy of the particle inside the potential box is
n2h?
~ 8ml?
Considering L = 1 cm, for electron the separation between the consecutive energy levels will be
of the order of 10" eV which is quasi — continuous. In the case of L = 100 nm, the separation
between consecutive energy levels is around 10“eV. Thus in nano scale range the energy levels
are discrete.
However, the change in electrical properties cannot be generalized. In nano ceramics and
magnetic nano composites, the electrical conductivity increases with the decrease in particle size
whereas in metals electrical conductivity decreases with the reduction in particle size.

Optical properties:

In some of the materials, energy is related to wavelength (colour). Therefore the optical
properties of the particle can be finely tuned depending on its size. Thus particles can be made to
emit or absorb specific wave lengths of light by merely controlling their size. Gold nano spheres
of 100 nm appear in Orange while 50 nm nano spheres appear in Green.

Magnetic properties:




The strength of a magnet is measured in terms of coercivity and saturation of
magnetization. These values increase, with the decrease in the grain size and an increase in the
specific surface area of the grain. Thus nano particles possess good magnetic properties.

Synthesis of Nanomaterials:

1). Physical Method
2). Chemical method

Physical Method:

Synthesis of Nanomaterials by Laser Ablation:

Since the discovery of laser decades ago, laser has been intensively used and studied for various
applications including laser ablation. Even though the first experimental paper about laser
ablation was reported as early as 1963, laser ablation was not employed for synthesizing
nanomaterials with the purpose for gas sensing until mid 1990s.

Laser ablation means the removal of material from a surface by means of laser irradiation. The
term “laser ablation” is used to emphasize the nonequilibrium vapor/plasma conditions created at
the surface by intense laser pulse, to distinguish from “laser evaporation,” which is heating and
evaporation of material in condition of thermodynamic equilibrium. A typical schematic diagram
of laser ablation is shown in the following figure. Briefly, there are two essential parts in the
laser ablation device, a pulsed laser (CO: laser, Nd-YAG laser etc) and an ablation chamber. The
high power of the laser beam induces large light absorption on the surface of target, which makes
temperature of the absorbing material increase rapidly. As a result, the material on the surface of
target vaporizes into laser plume. In some cases, the vaporized materials condensate into cluster
and particle without any chemical reaction. In some other cases, the vaporized material reacts
with introduced reactants to form new materials. The condensed particle will be either deposited
on a substrate or collected through a filter system consisting of a glass fiber mesh. Then, the
collected nanoparticle can be coated on a substrate through drop-coating or screen-printing
process.
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BALL MILLING: Ball milling is a method of production of nano materials by the process of a
mechanical crushing. The mills are equipped with grinding media composed of wolfram carbide
or steel. Small balls inside a drum-like cavity are rotated at high speeds and by gravity actions,
they settle on a solid layer where they crushed into nanocrystals.

\y, ﬁgii f‘?

The following are the various types of ball mills:

1) Attrition ball mill

2) Planetary ball mill

3) Vibrating ball mill

4) Low and high energy ball mills

The significant advantage of this method is that it can be readily implemented
commercially. Ball milling can be used to make carbon nanotubes and boron nitride
nanotubes. It is a preferred method for preparing metal oxide nano crystals like Cerium
(Ce02) and Zinc Oxide (Zn0O).

Chemical method:



Chemical VVapour Deposition Method:

1.The vapour of the heated precursor is carried into the reaction chamber by the carrier
gas (inert gases like Argon Neon).

2. The atoms in the vapour are relatively hotter when they enter into chamber.

3. They agglomerate around the relatively cooler atoms present in the reaction chamber
forming nano clusters.

4. Once the required size dusters are formed they are sent on to the scraper and collected
in particle collector.

5. In a different kind of arrangement, a substrate will be present in the reaction chamber
and the hot atoms in the vapour get accumulated on the substrate. They involve in a chemical
reaction either with the substrate or with a second kind of atoms taking the substrate as the
platform.Thus atoms will be deposited layer by layer and the substrate is taken out once the thin
film of required thickness is ready.
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Sol-Gel Method:

Colloid suspended in a liquid is called Sol. A suspension that keeps it shape is called Gel.
Steps Involved in Sol-Gel Method:

Step-1: Formation of different stable solutions of alkoxide or solvated metal

precursors.(a precursor is a compound that participates in the chemical reaction that produces

another compound)

Step 2: By Dehydration reaction ,we can form a Gel which results dramatic increase in viscosity
of the solution.

step 3: Drying the gel, when water and other volatile liquids are removed from gel network.



The resulting monolith is termed a ‘Xerogel’.

step 4: In Dehydration,the surface bound M-OH groups are removed by calcining at a
temparature upto 800° C.

Step-5: Densification and decomposition of Gels at high temparatures (T>800° C).The pores of
Gel network will collapse.
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Carbon nanotubes (CNTS):

Carbon nanotubes (CNTSs) are allotropes of carbon with a cylindrical nanostructure. Nanotubes
have been constructed with length-to-diameter ratio of up to 132,000,000:1, significantly larger
than for any other material. These cylindrical carbon molecules have unusual properties, which
are valuable for nanotechnology, electronics, optics and other fields of materials science and
technology. In particular, owing to their extraordinary thermal conductivity and mechanical
and electrical properties, carbon nanotubes find applications as additives to various structural
materials.

Nanotubes are members of the fullerene structural family. Their name is derived from their long,
hollow structure with the walls formed by one-atom-thick sheets of carbon, called graphene.
These sheets are rolled at specific and discrete (“chiral™) angles, and the combination of the
rolling angle and radius decides the nanotube properties; for example, whether the individual
nanotube shell is a metal or semiconductor. Nanotubes are categorized assingle-walled
nanotubes (SWNTSs) and multi-walled nanotubes (MWNTS).


https://en.wikipedia.org/wiki/Chirality

Most single-walled nanotubes (SWNTSs) have a diameter of close to 1 nanometer, and can be
many millions of times longer. The structure of a SWNT can be conceptualized by wrapping a
one-atom-thick layer of graphite called graphene into a seamless cylinder. SWNTSs are an
important variety of carbon nanotube because most of their properties change significantly. In
particular, their band gap can vary from zero to about 2 eV and their electrical conductivity can
show metallic or semiconducting behavior. Single-walled nanotubes are likely candidates for
miniaturizing electronics. The most basic building block of these systems is the electric wire, and
SWNTs with diameters of an order of a nanometer can be excellent conductors.

Multi-walled nanotubes (MWNTS) consist of multiple rolled layers (concentric tubes) of
graphene. There are two models that can be used to describe the structures of multi-walled
nanotubes. The interlayer distance in multi-walled nanotubes is close to the distance between
graphene layers in graphite, approximately 3.4 A.

Carbon Nanotubes Properties and Applications

There are numerous carbon nanotubes applications which take full advantage of CNTs unique
properties of aspect ratio, mechanical strength, electrical and thermal conductivity. We’ve
compiled the list below for you.

Properties:

CNTs have High Electrical Conductivity

CNTs have Very High Tensile Strength

CNTs are Highly Flexible- can be bent considerably without damage
CNTs are Very Elastic ~18% elongation to failure

CNTs have High Thermal Conductivity

CNTs have a Low Thermal Expansion Coefficient

CNTs are Good Electron Field Emitters

CNTs Aspect Ratio

Applications:
CNTs Thermal Conductivity
CNTs Field Emission
CNTs Conductive Properties
CNTs Energy Storage
CNTs Conductive Adhesive
Molecular Electronics based on CNTs
CNTs Thermal Materials
CNTs Structural Applications
CNTs Fibers & Fabrics
CNTs Catalyst Supports
CNTs Biomedical Applications
CNTs Air & Water Filtration


https://en.wikipedia.org/wiki/Band_gap
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Electrical%20Conductivity
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Strength%20and%20Elasticity
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Strength%20and%20Elasticity
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Strength%20and%20Elasticity
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Thermal%20Conductivity%20and%20Expansion
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Thermal%20Conductivity%20and%20Expansion
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Field%20Emission
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Thermal%20Conductivity
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Field%20Emission%20Applications
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Conductive%20Plastics
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Energy%20Storage
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Conductive%20Adhesives%20and%20Connectors
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Molecular%20Electronics
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Molecular%20Electronics
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Thermal%20Materials
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Structural%20Composites
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Fibers%20and%20Fabrics
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNT%20Catalyst%20Supports
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Biomedical%20Applications
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Air%20and%20Water%20Filtration

e Other CNT Applications


https://www.cheaptubes.com/carbon-nanotubes-applications/#Other%20CNT%20Applications
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