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Simple cubic ( p ) Body- centred cubic ( I ) Face - centred cubic ( F) 

C 
C • 

a a 
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Simple tetragonal ( P ) Body - centred tetragonal ( I ) 

• 
b 

Simple Body - centred 
orthorhombic ( P ) orthorhombic ( I ) 

Simple rhombohedral ( R ) 

• 

C C 

• 

C 

b 
a • 

End - centred 
orthqrhombic ( C ) 

Simple hexagonal ( P ) 

a b 

• 

• 
• 

b 
• 

Face _.,...centred 
orthorhombic ( F ) 

Simple monoclinic ( p ) End - ~e~tred Simple triclinic ( P ) · monochrnc ( P ) 
Fig. I. I I. The Bravais lattices in three dimensions 



T
A

B
L

E
 1

.2
. 

C
ry

st
al

 s
ys

te
m

s 
an

d 
B

ra
va

is
 l

at
ti

ce
s 

in
 t

hr
ee

 d
im

en
si

on
s 

. 
~
 

v.
'-

;,
 

:r
ra

va
is

 l
at

ti
ce

 
· i

v
co

m
m

o
n

 
~
 

S.
 

C
ry

st
al

 
'L

at
ti

ce
 

L
at

ti
ce

 
E

xa
m

pl
es

 
N

o.
 

sy
st

em
, 

pa
ra

m
et

er
s 

ab
br

ev
ia

ti
on

 
sy

m
bo

l 
I 

1 
C

u
b

ic
 

a
=

b
=

c
 

S
im

pl
e

· 
SC

 
p 

C
u,

 A
g,

 F
e,

 

a
=

~
=

y
=

9
0

0
 

B
od

y-
ce

nt
re

d 
be

e 
I 

N
a,

 N
a

a
, 

· 
F

ac
e-

ce
nt

re
d 

fe
e 

F 
C

sC
l 

2 
T

et
ra

go
na

l 
a

=
b

:,
:c

 
S

im
pl

e 
. 

st
 

p 
~

-S
n,

 
a
=

P
=

y
=

9
0

0
 

B
od

y-
ce

nt
re

d 
b

et
 

I 
T

i0
2 

l 
O

rt
ho

rh
om

bi
c 

a 
:I:

 b
 :,

: 
c 

S
im

pl
e 

so
 

p 
~
 

a
=

J
3

=
y

=
9

0
0

 
B

od
y-

c_e
nt

re
d 

bc
o 

I 
F

e 3C
 

E
nd

-c
en

tr
ed

 
ec

o 
C

 
( c

em
en

ti
te

) 
F

ac
e-

ce
nt

re
d 

. 
fc

o 
F 

4 
R

ho
m

bo
he

dr
al

 
a

=
b

=
c
 

S
im

pl
e 

-
p 

A
s,

 S
b,

 B
i 

o
r 

T
ri

go
na

l 
a

=
f3

=
y
:l

:9
0

° 
(o

r 
R

) 

5 
H

ex
ag

on
al

 
a 

=
 b

 :,
: c

 
.S

im
pl

e 
-

p 
M

g,
 Z

n,
 C

d
, 

a
=

~
=

 9
0°

, 
N

iA
s 

y 
=

 1
20

0 

6 
M

on
oc

lin
ic

 
a 

:I:
 b

 * 
c 

S
im

pl
e 

-
p 

C
aS

O
_.

. 
~

O
 

a 
=

 y
 =

 9
00

 * 
~ 

E
nd

-c
en

tr
ed

 
-

C
 

(g
yp

su
m

) 

7 
T

ri
 cl

in
ic

 
a

=
,;

b
:,

:c
 

S
im

pl
e 

-
p 

~
C

r2
0

7
 

\ 
' a

*
~

*
Y

*
9

0
0

 





















































aJ S Lad in koeiprocod Latlice; - 

The Bnag9's difrastim cmdi him obtau'nea emlien by 

Considering eflechn frem panalle! lallice plane s ued to 

gcomehi cad elalinship betweon he veofons inhe expreana 

recpnen latiee 

Reflechng
Plane g Magnified Ewdod 

Cons toueim Pelaing FigEwald Conshouchm in 
the neeiprocal lakhce. ecpnoCal latie vefo» 

to the w ave vestrs ot 
he tneiodent and refluctad 
nodi ah m. 

Aeepro cal lati ce is Shom n he above Agune. A veetor 

beam Ao of Long/h /in ha dineehm of ineident Y-ry beam 
S orawn tnem a Lati ee of veeipnid whi es fenminaes
at O. Taking A eotre Sphere of radi'ua OA s 

oan hich intons eet some point 8 f e teapnn 
lot ce. 
crawn 

Lel, co onoli male of 6 posint is Ch,KI) ih my lave 

the ightnt commm fnetan n i, he co ondi' nalls are of e 

penh, nk, n?) . s he reeipraal lalree Veehan. 



7henefoe mormad to he plana Ch' K'1) en (h k A) have have 

m/dh longth egund to d' on n/de 
6 = dhes 

EAO = ® is he angle between 

bhave 

incidonf poy amd he 

em mal. 7hen frm 4A0B, we 

2sin0 0 0B = 2 oE = 2 oASinD = 

Now, mom aquakim 0 and QD 

2 Sine 

dhKf 

Th's is Bragg s laud and is he onden af eflekim. 

or, 2dh Sint = mna 

Heve, we om nekiee hat, a edmmom faekom n fE 
he re coorolinalë (nh,k, nd) nepresemts mth moler 

mefechm from te lane (h * 1). . 

he 

Ewald Constuehon-
ha Brogg's Cmdikm is sakiafel f a 2iven 

waneleng% n provided the Sumface moelius h 

drawn about the ambitam point(A) and intensee 

t nec' pmo Cod Latie. 7hs ype f point 
qeomatr'ol ens ruchm 3 Calef Ewald ons truohi n. 

Modhed fom of Broa 9's Law -
To obtoin he moaifiea fonm f Bnag91s Law in SLaw in 

heeproenl ladi ee, we nednavd he veefms A, 0B 
amd 48 Sueh hnt eash Agnii eol by a Canstant 
fa elon of 277. 



Lel he e ve ebrs ame 4o, oA and 1 'B 

A'o= 271 (40) K 

A'o=R w here wave Vecton 

o'B=G he eei pmocod lolti ce veeton 

From Ve elr algcb ra, A'B'=k+G 

be m he Nen, difmach m he point e' muof 

SPhere, ie, 

A'e' = |Ao' 

R+61)= K? 

K+2 k. GG+ G=k 

07,2 kG +4=o| 
Th's is he veetom fovm of G099 s aw ó2 
the ne eipnocod labi ce 

Note: 
7Tha vecm A'é' = k'= The dlineckim of ne liche The 
0r sented beam o X-nay. 

wh'eh ires K= 4 

The above equniens indi eles hot scadeirg doea 

R-R R-G amd 

doea 
not ehomg the magnitude of wave vettn K, buf 
ony di re ckim hammps 

e scaleneel awave dilfens rom he tneiclent ome by 
G. 



ZA8nlouln Zones 
Prom the Ewald ems houelim we have leamnt h a he k 
values forn whish he heeipro col laltice polnks ntensee 

he Ewald sphene are Grng9 nefleeted. 

Defimali on - ri llouin 2one is he loeuA o/ all he 

K - valiuws In he neeipnnnl lalioe which ame inc29 

wefleeteol. 
he 

BiLouin Zone fon a Simple Squame Loldiee 

LeBs eonsiden a simplo Bquare lalliee of sid a. The 

pnimiive manlatianal veebrs of this latiee ave 

a- a and 3= 4 

he correapomding hanslahimal vecors ef he veeipnic 

lobhi ce are- 
a= and b=2 

kipnoal letiee vesfer, - 2(h? 3) 
awhere h. k ane nigern amd K= ki +y 

No rom he 6nogg's Loa f eeigrecnd lalbie 

2 

2k-6t G =0 

4Tki ty i). (h?, k3)] + 47 (**) = o a 

hka t k ky = -2(*K)| 0r 

The k-values uwhieh are vagg refkeled are obtaind 
by eoncideni va al pasible eembinahoms ofh and K, 

evFan h= t/| and K =o, kz = 2 ana ky =ambik 
Fn h=o and k = t/, y= and = anbiart 



271 For h -t1 amdt= t, kx Ky =2 
K 

y 

K 

Kt 
27 

Kx- 2 

Kx Ky = Kx-Ky=/ 

Eig Brilbu'n Zore ofa sguame laltice Finst enilleuin Zone 
in ts reeipocal loki ee. 

C1 Seeend Eri louin Zone 

Eins Briloun Zone -

Kx =a and ky = , , ou linea 

are ploh es in he figuume taking igin af o. 4 he k 

hom the eguaims, 

vecfons oom 0 to he Lnes wiM produee Bm99 eflkehm. 

he square bomded by hee fov Lieais callea finsF The squame 

i lloru'n 2on2. lath 'ce alao 
So finst &nillouin 20ne f a suume 

Squame 



-

Seeond rillol» Zone
From he aahin, kx a we geta set ef 

ene ine are alao pkotes or he ure 
Theve 

Fom 

foum nes 

The addihmod amea bowndeA oy htre oU ivya s 

Se eome Gni lovcin Zone. 

npontanee of Bnilouin Zone Df 13E amd 2nd onain. 

The boundormies of he Grillouun 2enes eprepenA he 

oeus o k- valiues hat ame neg9 vefle efed and 
hOnee may beemsilemed a he efleehing plames. 

Hhe 

(it) epeoemt he The boumdoie of he hinsf 2ore 

orden reflechn. Peflehn9 plame Jen He hhst 

Simi Simi lamy, fr he tu oe comd 2ome nepreremt the the 

eflehin plane fv md onden vef/leim. 

AK-veetrn does mof enminati af a Zone boumday 

Can not pmoduee 6rog9 eflehn. 

he 

nillouin 20nea ef a Simple lbie Lowltiee -

rrom he above s9ure laltiee diseuooion 

Z0ne a Simple eubie latice can be Boillovwn 

Construcle by the generali zef Cakotim 

h kn + k ky + kz = 

G)Fizst Zone wbe hovi n Siolegal to 2. 
(i) Seeemd Zore fommel by aclor9 Pyamds is 

to each face of e ebe (Anst 2one) aa 
he gune Iangles ame attachod to 
. 

the say 



7he Von Laue eatment of X-y Difraction 

Von Laue reated he phemo me no of ifnasthm in a mon 

9enora any by Cmsidering he scnlloming af-nas ron 

individulad aoms 'n he enyatal. he dfrach m mmxima 

oppea u specihe direeh ms only by he eeombimbm 

seattened x -nay rom healms in he onyztal 
by 

A 28 

Ineilent -nay 
Beam 

Fig Seakningf Y-nay rom two idenkend sestening 

eentres sepanafad by . 

Le. the seattenirg an idenhia ineidint team 

seatenir9 enresA and e pla ced ata distane n. and 

ane the wnit estons n he direehn f meident and seattered 

two idenhend 

ane the 
beams 7opeek vely. he amgle between, and , s 29. 5 

and AL ame pempendi eulams awn to he din eghim f neider 

Omd seatered beams 
Palh difanenea = t4- BL = »., - ». , 

. - ) 

Led. N- 

T 

Sine 

afloirg Ple - N 28in 

A 

9 eomario relahimshie betweon the tneidonk, seo~iered Fig 
beam, reflehng Plane wih nonmat. 



o Phase dilfomen ec behweem he ray Deatened 

fem ahd6 

= N) 
The seattered x-nay beam nadiafions from and wiM 

ntenfone cmshruchively if isn tregod maltipe f 27, 

Due o penisdi ei hy of emyotod m 

coineiole wih ay he hmee enyatollogrophe te 
aP amd '. 

many 

wih any 
we 

22naxr So m he dirachm 
et he hllowing mee emdi Hms 

) = 2Th = Th h 

(3 = 3T K'= 27Tn K 

N) ) = 2T = 2 7T 2n 

where, h',K'amd f ane integen and Mlen noli eo 

he me(hkI) have a eommm faefon n. 

Lel, 3 andY be he amg lea betweem Ke scaltering 

Womo N amd enyatallognaphic are a,4 amd e preh uly 

aN= 2N os = 2asin 9 o.S 

Simiony N2b Sin e eos3 L N= 25in t 

N = 2e Sin e Cos Y 

Sore m e9unts He equatim 

a N= 2a Sing eos = nh) 
2b Sin Co ss = n k? 
2e Sn cosy 



he guati ms no. 6) ame known an ae eguakns amd 

repvoent the Cmli im f diffra ehon o oe eurn, 

ZWe amandy knaw, fr a arlhegomal 3yata m Cns'dt ais+atY-1 . 

If the value of h, k.f and n ame kno wn, he eghakims 

detommine wmone value of 0 md N which deine a 

Sealleir9 Aivectim. 

Bnag9's Law Fnem Laue's Eguains : 

rom Laue equai ms, We Aind hot fw a fred value 

he dinechim eaSine of SCaltig 
norme ame 

he 

prepen hmod to a, k and e 

Ako, he dnechm cosines of he momal to any nbltary Ake, 
k/ hla plane (hkI) ame propmimo o a, K/ amd e 

he hwo sfoltmn, we eam cmeluda Has 
From above 

scatt ovirg nopmdisYs he savnne 

he plame (kl) 

he 

Lf he nenplamr Spocng between 

adje cont plarne Jamibg (hk1) henm 
AKI 

s = s 

Pulhing hore valu in lauos Eguaim (5) Me u Pulhr 
2in = n 

which 1s Bnag s 2ow 

















Vibnafon of One Dimemsionad Diatomie Latice- 

2n+2 2n 2n+1 2-2 20-1 2-3 

Stale ef equiliknium 2a a 

m 

U2n t2 gn-3 an-2 2n-1 
Stal of Displa.eement 

Fig- Liner Datomie lhiee in egui bium Fig in 

Le, a ome dimemsimal labi ce2 wih baais Consistny ef 

and di'shen beel stallo . 

two aoms ma00 maro ea mand 4 (m&4) ame pla eed 

altennaively alsny x axis oiin an ntemahnie distamee a. 
In he tate ef uilboi'uum the ame posibm ane shown 

in he Ague n hei9ue ana he dhispla eemon fabms are aloo 

Shoon at any nstantduning Vbnatmy mehm of afom 

Eguntim mohm Jrn he ighton atm 

Uan- 

mm m- 

2) 2m+ 

simi oly. fm hewiem am 

(zn+2 + -24n) 
olt 

Le. the pemiodie tmial soluti'm ef he above eguohm 
2n=A e i(wt 2Kna) 

eLut-an+ykaJ Ugn+ = e 

n+2 = 
Aellwf- (2n+)ka ) 
BeiuÍ - (27-1) Ka7 

Similmly 

U2n-1 



Now, 
ott 

-wAew- 
K2 ha7 

dU2h+ 
- w e 'lut-k(n+)a7 

No SubsH huhing allo the valuea n equati n 0 Je qpl 
No 

t-kn- -wAm elwt-k2na 
e 

24 e 
'Tut -K2na 1 

on,- mwAe [B (e +e-ka) 2A 
mwA = [A 28 ska 

" (2/- mu) A - (2s Cas Ka) B =Fo 

Similanby, pm egunt n a we gef. -

-(2- M)B -(2Cas ka) A = o 

to'viat soluhion s equnn amd, 
the diten mi'nant ef coeffeient matnlx muot be 

For, 

Vamiehe 

23- mw -2/8 Cos ka 

2 Cas Ka - wM 2 

2s- -mu) ( 28 - Mu) - 48"oska =o 

on 4 Mm w- 26 (M+)w 48 cosKa =o 
Or 

or Mm w7 - 2s (H*m) w 4Sn Ka =o 



2 28 (H+m) t9*(M *m) - 4. Mm 445inka 

2A( ) 4 ( )- %a5/hKa 
2 Mm 

Mm 
2 

) : N(h ) Mm 3inKa 

valuts fr . whoa hvo valuto an eaeh giveo again two 
Wow emsidening mly posiive val 

)- SinKa Mm 

-

Thooe are he dispensim nelakm Ar a kneam diaommeThone are 

lai ee 

Dispensive umve -
then, u4= maxi mium= W+ may 1. When K=o, Sin Ka = 0, 

- 24 () Wtmax. 
wmin= o 

o, the Cmdihm is- 60 Sinka =o 

0r Sin Ka = Si» (2. ) 

whore, )=0, +1, #2 
= , t27 

, + , + 
2 

2 

2. When, 
Stnka=, 

, fhen, W+ amad h = maxínmuy =miumimn 

24 max VM amd min = 



Candihm- Sin' Ka =I 
, nka = Sin (2n +) D 

whe, M =0, t, I2' 

31T 
24 2a 

Sum may- 

w* max = ( * w nin v m 

24 
M -mAX 

w min w- max M>m a 

when, 
= max O- = mi 

K = , = 7min., O = ma. 

w+ max 

optionl 
|braneh 

|wt min 

Forbiddehh. regeney and 

| W-mar 
2/M 

Acouahid 

Onanth 
W-min 

3TT 4T 
-2t 

20 2a 2a 
4T 

2 
2a 

F-bi persim relotims fm line Diabmit Lobthee. 



ELE MEN TARY LATTICE DYNA MICS 

A cnyatal ladtice is reganoled as a veqularo arangement ef 
atoms whieh are joine toge h ern by elashie springs. So moion 

of amy sngle afom s shaned by al he aloms. So he motim 

brate fpeelg 

Si ng e 

ofthe afoms are dopled. The lalhia may 
due to its ternmal energy he vibrouhhons yield nformathim
about thenmal pmopeni ea of solt'd, ouch a speeifc heat and 
thonmal emduciviy. 

due to s 

Vibnahm o Lineam monoa/omie chain of Aoms -

m2 n-2 -1 
M W AA m@AANMn@AAANmn@ Statl of equill mium 

a stali of 
olisplaeem ent 

Unt2 Un2 Wn- n Un 
9- 1-D mmootomic Lcubhiee in quillibamun and eretdstle, 

Le, a one dimontimat chain f afoms d ma m are Lel, a 

angeel periodiclly albng X aris. The ams ame athcha 

af a 
Space 

distane a tn eguilli bri uun stale. eut when they are 

to amotho by maooleo prirgs and s paeca 

they are 

Hei'r exiefeol, ahms eeutt periodie mohm about hein 

equill bnium pos H om. 

Let a any mstan he, displa eementaf nth am. 
is Un. Similanly. oipla ee menf oryte 
(nr)h, (n-1) h and (n-)h aloms are 

Untl, Unt2, Un- am Un-2 reepetivey Un 



16Suning meameo/ meighboun ntenasBim and elaotie 
Assumi ng 

m s Pnphmol to he displacamant, f u be 

he displa eenent a png 

wih Sping emstanf 

inay ma afm 

rree ex ented ey 

F 8 
acing om he mlh afom 1s Net free 

=(un U)-( un - tz-1) 
on Fn = (Un+ +, Un-i 2u») --0 -+O 

Veing Neutom s 2n Luw he eauakm ef mofn 

( tU-- 2 U) 
-- Lel, he pemiodie mial soluton ef ihe eguabim is 

=u, eilw#- Kna) 

whore, K = 

Ln 

awe vectrr 

na= X - Co ondinate of nth atm 

amgulam goneyef tha 

uaNe. 

Similanay f ) h and (m-1) h ams 
n= u. e' wt- K(na1) a7 

--® h = U, eiL f - k (-). a7 

No pultng he vau ef and h 
epuahon 

e obtai'n 



+eijut-k{ryaz 
- Ena 

o m m (ts) e lut-na) ueifud- k(nri) a 

2 u, e cuf 

PRa 

-2] 
ao, e /a-tna) 

m w le 'ka 07, 
+e 

mu = 2 - (e ka +e-ita )7 
mw 2 2 &s ka 7 

or mw 

2 Sin TKa ) 
mu=4s Sin (K) 

OT 
St() 

Snce he angulam fegueney is nod mego've 

Dis pensin Relaion -
Lef. c = omgi hudi'nal shifreoo = a 

P= 9mn pen uniF kongh = mla 
hem equalim O beeomeo 

whore, Vs- V = mstant fra zien altiee. 
veloey of sound waNee 
Selid 

w and R ane nelafed ty equntin G and he 
egunhim s Calles depensi'm velakm. 



Dispemsi'm CUmve- 

w-4/S/n V m 

whn, Sin K = I hon w= Wmax= y 

= wmox Sin ke 
niim fr marima, 

o = t1 = Sia (2*1) 

6, k= (27 +) , wher, n-0,t) t2- 
maxi mum, whm, 

mi uu when K -0, 2 

max 

A 
- 4T 

a 
-2 2TT 3T 

Ist B2 2nd 2 nd 
2 B2 

Coio un 2ones 1s4 8i lown 2ore £K £Z 
2md en lo uin 2oneo K £- aned 

8ni llouin 2preo - 3 k< -
3rd 

amg + 2 K £ 



VDiseupoi ns 
()A Low frequOney- 

A veny b» fregueny. 
DIspensim helatim w= / $77 

or, W 

(a) Phone veloei tiy. y: = Vs = GmskanY. 
Gyoup Velbery 

he phaoe amo moup velveihy are equal am indpenenk 
behaveo like 

owawelenglh. TKen he solid melum behavto Lite 

Tha 

a n8m spmJive medi wn 
Fm long wawe long/h on kw regun e he ahmie malüne ef Solios is of Lle inpan tan ee a 

ire 
nponan ee a ar aa he dynamr on propenheo is m erne Tisi's oue to he tnsen sahveneps lhe disenet micleum 

eom eern ea. is 

to he wovo of Long twave leng. 
G) A high freguen ey;- 

high frequemey, K> damge. 

w / Sin 
2Vs Sin ka 

s e | 
(6) Boh amd are fumetiom o g unney 



ic nefens he phenomema dspemsi'nm ama he mes 

is ealed he disponsive melium. 

17) 4narimium fequeney om shonteof wovelengh; 
Hhe wkieh epreoent he W uW max 2 V m 

may imum angulan regumey vibrntim. 

wmaX , 

(a) K 

(b 
2 mstant 

dR 

C) mari m requney, vefers here i's 
mansfer of sigma m enengy.Henee e wave 

behave like aStnolirg wave 

So hom he above aseuoi on, We eam Cm eluse ho7, 
the vibratim reguemey w 4 
Cam Phopagoil through he ati ce. So the lalh c 
be howe Like a 

nby if he equeney ie betwen zero ane 2, 

eam Cm elue had, 
he 

On 
he labr e So 

-pan hlFen wh'e tran mils 

a 



Diseuoi0ms 
(e alow ed fpeg ueney ang poopagabm is pli hto 

two boamehe. he ppem bnameh is called opieal kmam eh 
amd he boer me is allea acouahical braneh.

(4 Fonbidden Frequeney Bamd 
The freguen ey he fre9ueney »amgg behoeem he top of he aCouahen bnameh and he 6obom of ha optieal bnaneh is frbioldeu 6and. 1/ s nof possiblet exote vinafm a 

th's 
Aar e af a meguemey whi eh ea nsiole hu's bamd. 

he widh ef he fmbidolen bane dep oncla n he 
moukio M/m . =7, 
bnam ahe eaneiole af k =t and forbiddlen gop 

mapo 

he opheal amd ecvuoh c the 

disoppeams 
6and oidh frbidden freguony P 

Wmin W- max 

(-) 
() Aeouahiaa_eranch () 

The vibrahi ms of he aeDuahi co bnanch Can be exeited 
ye mee whieh onakeo the afms in Chyptod move 

mhe same dineehm. This pe of feet may be 

pro duecd, f exampe by di'veeti'naa beam 

yoto o. 
Sound woves cm he Sunfa ee of a 

he vibnoui on i nown a acoua hica braneh vibrahm. Hono afpmie enyatal reapong p such vibrofion. 

at k= O, = Wmy =o Foom aispemsive ewmve 

r aeoueh'ea ram Ch.) 



We 00/m e wnite eguatim 

(28 mw) 4- 28 Cos Ka ) B =0 

Now, af k = o u =tW- mn = 0 

23 A-2 

9m ems thaf he thoo ahms difanent mao e Th's 
meves he Same di'neeti n ih he same apli' hude, 

Theme is amovement hein eontre f manoea ao uwel. 

Tha'sfenhune of acouoHtnl bram Aolgs fr ohn t 
valurn too 

m 

-0- O M 

Aeouohiol onode diafomie atms 

( Opha Bnaneh -

The ibrouhi ms e he ophcod brameh ean be exe'ted 
y a nee wkieh makeg he hwo neighbourng a/ams 
move hepposite dineetioms pheal 200liofions 
muee tis hype of vbrotims enyptals . 6o 
heoe vi broi m ame enlea opicn vbrating. 

lonie onyptoks ewmprising to pe of. opposie 
Chamgpa 0ns epon b sueh brovtHms 

Foam dis pensive eumve (ophcl bnameh) 
ah K=o, w = wt max = V24(%) 



tpoly thee valuto eguntim -

(8mw) A ( 28 tusKa) E- o 
m.p T)A 2AB =o 

or, ( -8 - 2 )A = 24 E 

Or, 
-B 

n opposite Thni's indicts haf the two atoms 

di'neehone anof hei amplihudes me invemsoby preparhmal 

to lhei'vo maooea so that he comtne of 

move 

mnn 

wnit eell vemains unchamgad. 

M= m, -
move 

ooe are equo ho atoms aluJay 

epposiTi dineehiens in 

O- 

The enengy f an electmomogrekic wve 1s uamtzed and 

Fg Ophicol modk of Vbrotim 

Phonns 

hoi's quanhun of enerzy called phatm Similanby, he 

enengy fa altice vibnothin an eloahe wave 1S 
gho quomkieat aane a Mtum of lhs e gy 
Enon ao phonm Thermo brafims ame exees 

ph0nms, Soum wre ame aeowoitot phonans ana opho 



exeitahims fophi col braneh genonatto oph cod phonms. 

Eney ef a phonm is grven by, E= t Eneny 
moole 

0 angulam 7regueney I2 

vibrotiom 

wkere, 

If is he phonms a pamhudam Um 6en 

maole vibrahn he tofrl enongy of ha 
mode 

mole 

E nhw 

2ero m a parih ve 

phorons may change wih teparalureof The 
The Naro92 phon si a vbrnimal umb em 

moole 

k= Bal2mam Cmstam 

T asolui teporatre. T 
Phonms are hdi'singuishable paniole. So Base- ane 

doo eni e thein distoi bufim The allbwe ennyy 

Ehste'n distoi bubim fmetims reguire to 

stoale of he Dyatem 

Due o panh cle name of phmm They hferaet 

r l4 olh phonm eleemm. 7's hkrmastm 

Semsilon eod a a seattoin calli h'om berwemn 
penielea. 


