
IrIOI|NAN PIIYSICS
8.5c. , PHYSICS, 3'o Year: Paper - lV

Lesson writer

Dr. E.Subha Rao M.s.., phD

Reader, Dept. Of Physics
V.S.R. & N.V.R., College
Tenali.

Lecturer, Dept, Of Physics
Andhra Jt€eya kalasala
Machilipatanam.

Lesson Writer & Associate Editor:
Dr,N.Purnachandra Rao M.sc., M.phit., ph.D.,

Reader & Head, Department of physics,

V.SR. & N.V.R College
Tenali

Lesson Writer & Editor:
Prof. 5. Sreehari Sastry rvr,sc., M.phit., ph.D.,

Department of physics,

Acharya Nagrjuna University.

Director
Dr. l.lagaraju Battu

MBA., MHRM., LLM., M.Sc. (Psy)., MA (Soc)., M.Ed., M.Phit., Ph.D
Deoartment of HRM

CENTRE FOR DTSTANCE EDUCATION
ACHARAYA NAGARJUNA UNIVERSTTY

NAGARJUNA NAGAR - 522 51O

Ph: 08672293299,2293356,,Ce1t:98182 8551t
086J-23d6259 (Stu dy Mateliat)
Web s ite : ww*. a n u cd e- c o m

e- ma i I : a n u c ded i rec to r@ mai !. co m

Sri. M.Radhakrishna Nanchara Rao u.s".,r*.pxr Sr. C. Nageswara Rao M.sc., M.phit.,

Dr.V.V€nkata Rao M.sc., M.pbit., phD

{Rtd} Reader, P.c, Department ol phvsics

JMJ College for Women
Tenali,

Head, Department of physics

Govt. College for Women
Guntur.



tcf

B.Sc., Physics, 3rd Yesr Papcr - lV:

Ftd Ah : 80
'8.cotd.Bftn : ^ ZO$

ItadP{lt : a)|e

Nx lmgerdom:2121

t{odood6:11.021

Dr.llqonlu B.ul
Dtrsffu
Gonbs b DHenoe Educatturn,
Ac*trye Nagajuna Unhersfu

Mrtulat:
Srf SehrdhPrl*crr
Vijayawada

,ff* lof f .Utr|tcfy npnrt h tre u8. of *ldrrtr oa B.ec, qrrar*ltrv
ofi ff fntsrEdt|c'Adr*F llrerilra lJ1|naty'rittiitt'bft n*if tr

ft[ddcliltnoly.



FOREWORD

Since its establishment in 1976, Acharya Nagarjuna University has been forging

ahead in the path of progress and dynamism, offering a variety of courses and research

contributions. I am extremely happy that by gaining a B* (80-85) grade from the NAAC
in the year 2003, the Acharya Nagarjuna University is offering educational opportunities

at the UG PG levels apart from research degrees to students from over 285 afliliated
colleges spread over the three districts of Guntur, Krishna and Prakasam.

The University has also started the Centre for Distance Education with the aim to

bring higher education within reach of all. The centre will be a great help to those who

carmot join in colleges, those who cannot afford the exorbitant fees as regular students,

and even housewives desirous ofpursuing higher studies. With the goal ofbrining education

to the doorstep of all such people, Acharya Nagarjuna University has started offering 8.A.,
and B.Com courses at the Degree level and M.A., M.Com., M.Sc., M.B.A., and L.L.M.,
courses at the PC level from the academic year 2003-20O4 onwards.

To facilitale easier understanding by students studying through the distance mode,

these self-instruction materials have been prepared by eminent and experienced teachers.

The lessons have been drafted with great care and expertise in the stipulated time by these

teachers. Constructive ideas and scholarly suggestions are welcome from students and

teachers involved respectively. Such ideas will be incorporated for the greater efficacy of
this distance mode of education. For clarification of doubts and feedback, weekly classes

and contact classes will be arranged at the UG and PG levels respectively.

It is my aim that students getting higher education through the centre for Distance
Education should improve their qualification, have better employment opportunities and

in tum facilitate the country's progress. It is my fond desire that in the years to come, the
Cenhe for Distance Education will go fiom strength to strength in the form ofnew courses

and by catering to larger number ofpeople. My congratulations to al I the Directors, Academic
Coordinators, Editors and Lesson-writers of the Centre who have helped in these

endeavours.

Prof. P. Rajasekhar
Vice - Chancellor, FAC

Acharya Nagaquna University





ACHARYA NAGARJUNA UNIVERSITY
CENTRE FOR DISTANCE EDUCATION

B.Sc., Physics lll Y€ar
Paper - lV : (ilodcm Phyrlcr) For Hathe Combination

ul,ilT - |
1. Atomic Phyrica .nd llolecular Physlca
Spectra of Hydrogen, deuteron and alkali atoms spectral terms. doublet find
struclure, screening constant for alkali spectra for s,p,d a-nd- f states, selection
rules,

Singlet and kiplet fine struclure in alkaline earth spectra, L-S and J-J Couplings.

Week spectra : Continuous X-Ray spectrum and ils dependonce on voltage,
L\r,enc.e .,rnd Hrrnt's law. Characterisitics X-rays. Moselsy's law, doublet
slruclure of X-Ray spectra, X-Ray absorption spectra.

Molecular Physics . Discrete sel of electronic energies of molecules, quantisation
of vibrational and rotational energies, determination of internuclear distance, pure
rotational and rotation vibration spectra. Dissociation timit tor the ground other
electronic 6tates. transition ruleo {or pure vhration and electronic vibration-
spectra. Raman effect, Stoker and anti-$tokes lines. Complimentary character
of Raman and infrared spectra, experimental anangements for Raman
spectroscopy_

Spectroscrpic techniques : Sourceg of excitation, prism and grating
spectrographs for visible, UV and lR, absorption spectroscopy, doubb beam
instruments. different recording systems.

2. Quantum mechanics
Phcisc:octric, qrE .cnnbinalion nrinciote in soecira, stability of an atom planck,s
radiation law, Einstein's explanation of photoelectric effect. Brogtie's quantrsatton
of angular momentum and its applications to hydrogen atom, limitations of Bohr's
theory.

Wave-particle duality uncertainty principle : de Broglie's hypothesis for rnatter
waves, the concept of wave and group velocities,' evidence for diffraction and
interference of 'particles', experimental demonstration of matter wayes.

Consequence of de Broglie's concepts; quantisation in hydrogen atom, energies
of a particle in a box, wave packets, Heisenb€rg's uncertainty relation for p and x,
ils extension to energy ard time. Consequence of uncertainty relation gahma
ray microscope, diffraction at a slit, particle in a box, position of eleclron in a Eohr
orbit.

Quantum Mechanics : Schrodinger's equation. Postulatory basis o{ quanfum
rnechantcs. operators, expectation values. transition probabilities, applications to
particie ur a oi-le- aiid ihiee dinl:nsirnal boxes, harmonie. oscillator. relection at a
slep poibntial, transmission across a potential barrier.
3. Nuclear Physics :
Inleraction of charged parttcles and neutrons with matter, working of nuctgar

- detGclors, (G-M counter, proportional counter and scrntillation counter cldud
charnbers, spark chamber, emulsions.

Cofid.



r 9truclqre ol nuclei, basac prop€rtics 0, h, O and binding energy), deuteron
binding energy. p? arid n? scatbfing and gen€rat concepts of nuclear forces.
Beta decay, range of alpha particle, Geiger - Nuttal law. bamow's explanation
ot beta clecay, alpha decay and continuous and diecrete spectra,
Nuclear reactions, chann€ls, eompound nudeus, dirsct reaction (concepts)
Shell model : thuid drop modd, fisaion and fusion (concepts), energy production
in star6 by p-F and carbon cycbs (concepts).

4. 6olld -8t to Plryrlcr
CrysAline nature of netbr, crystat systems, Bravais lattices, miller indices _
diffncipn or X+ays. Laue rxethod, powd€i d:frractio;t nethcd .. siintte cr.,.,stal
8tructures {NaCl. CsCl and Diamond) - Types of bonding in crysiats,
cheraclorbtic€ of crystals with diflerenl bondings - lattice energy of iontc crystats
- mdqlunS constant - Bom potential calculation of repulsivi axponent, 

'Born-

Habet cycb - magnetic properlbs of ntaterials - Dia, para and Feno magnetic
metedals, Weiss th€ory of fenomagnetism - id€as of magnetic domains. anh
ferromagnetism and feni magnetiqm - super condrrctivity - Zero resastance,

Rcionnce books :
1. Introductory of Atromic Specira- H.F. Whrte
2. Spechoscopy
3, Ouantum Mechaniqs

Straughen and Walker
Mathaws and Venkatesan

4. Inlroduction to Quantum Mechanics Pauling and Wilson
5.' Physics of Atom \ /her and Richards
6 lntroduction to Solid state physics Kittel
7. i\iucie.rr Ptrysiur Tayal
8. Elomerns ol modern Physics PaUl
'9. lntroduction to Modern Physics H.S. Manr and G.K. Mehta
10. Prospective of Modern Physics A. Beiser
1 1 . Atomic and Nuclear Physics T.A, Littlefield and N. Thoriey

B.Sc.. lllrd Year - Paper - lV
1. e/m of an eleciron by Thomson method.
2. Energy gap of an inlrinsic semiconductor.
3. Energy gap of semi conduc.tor using a iunction diode
4. Tempefature charact€risitics of .thermistor
5. .R.C. Coupled amplifier
6. Logic aates AND, OR NOT, X-OR gates.
7. Verificaiion of truth table$ for half and full adders.
I Phase shift Oscillator
f. iiy':;telesrs uu;,re ,.'i ir':.r;rgfoiiner ccre
10. Determinatior r of Planck's constant (photocell)
11. Study of spectra of hy/rogen sp€ctrurn (Ryclberg constant)
12. Study of absopt,on of u, and 0 rays
13. Hall -probe method for measurement of maEnetic field
t4.Absorption specrum of iodine vapour
15.Study of alkaline eerth specira using a concave grating
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UNIT- I
LESSON - t

SPECTRA OF ALKALI AI\[D

ALI(ALINE ELEMENTS
OB|ECTIVES:

Affer complcting tt* sttdy of this lcsson the ltudcnt will bc rble to

l) Know about sgoctra types of spoctra and spoctra of hydrogsm

2) Undcrltrrd tl|c stcotra of elkdi and dlolinc spccfrr.

3) Udcr:ond thc sdicnt fe.turcs of .*di sp€ctra.

4) Obtrin oxpnssftms forbpcca:rl forms ofdkati spocrr.

t Know the solcction rules,

6) UndeFt nd the coupling schcmes.

STRUCTI.IRE:

l.l lntrcduction

|.2 Typcs ofspoctra

1.3 Sp€ctrr ofhydrogen

L4 Alkdi rtoms sp€ca.l tcmg

l-5 Doublct finc stnrcture

1.6 Screning constants for rlkali spccra

l.E Singlct and tripla fine sructue in atkali eanh spcctn.

1.9 Coupling schcrncs

l.l0 Sommary

l.l I Key words

l. | 2 Sclf-asscssmcnt quetions

l.l3 Refcrcncc books



r.T INTRODUCTION:
ln this chapter we discuss the typcs of spectra rrd spcctra of hydrogen. L,atcr we discuss about lhc
spactra ofalkali and alkalinc elcmonts

The gcneral spectnrm is dcfined as ordcrly anangrco ofcolours. Hcac wc conccrncd with thc light
spcctrum: When I bqam of compositc light or whitc light is passcd ttrcugh a prisn or grating $c light
splis into its componont eolours. The spcctra msyh dividcd into two princifl classcsn namcly,
( I ) emissioin spectra, (2) absoprtion spectra.

Both the amission and absorption spc€trt rtt suMividcd into lhrce typos, nancly, (l) continuous
speetrq (2) band specha, (3) line spocm.

Thc stomic spcctra conrists ofa large numbcr ofdiscrstc panllcl lincs. Thc sirnplcst atomic spccrrr
is that of hydrogon. After hydrogcn, thc ncxt simplet spoctr arc of monovalcnt atoms of rllrli
netrls Lirhium (Li), Sodium (Na), Potersium (K), Rubidlun (Rb), Ccsium (Cs) tic. Th€y bclong !o
first group ofperiodic table. The outcrmost shcll contrin r singlc chctoo and hcncc tftoir rycctn a|t
chlrEcteristic ofsingle valcnce eloctron likc hydtogcn eton.

The etkaline carth cleme s are Bcryllium (Bc), Ma$"siun (Mg), Calcium (Cr), Strontium (Sr),

Barium (Ba) and Mercury (Hg). Thcy have t*o elcctons in thcir orncrmct ehcll, Tho spocNtN of
alkalinc carth elemcnts res€mble thc spcctra of hclium Etom. Thc apcch of elkdinc cesths cottsists

ofa very large num ber of lines and cach spcctrum consi$s oftwo types ofspcctral lincs, shglas rnd.
triplcts.

I.2. TYPES OF SPECTRA :

Spccirum : The regular arragncment of colours is known as spectra.

When a bcarn of composite light or while light is passad lhrough a pism or grrring the light splits into

its component colours and produce thc regular arrangmcnt ofcolours on screcn.

. The specra may bc dividcd inlo two classcs, namely :

l. Emission spectra

2. Absorption spoctra

r.3. SPECTRA OF HYDROGEN:

When the hydrogcn otom is subjscted to external encrgr, the clcctron jumps fron lowcr incrgl *atc
to a higher energr state i.e., the hydrogon atom is excitcd. Thc €xcitcd state is rlot strblc,hc{rcc the

el6ctron rctums to its ground statc in about lO{ scconds. The cxccss ofcncrgr is now ndietcd h thc

from of radiations of diffircnt wavelengths. Thesc difrdrenl $,8v€lcng$s consri[$c a hydtogat

spocrum.

Spcctra of hydrogcn is the simplest atomic spoc8a.The difhrsnt wavcbng*rs constitutc spoccel

series which are characteristics ofthc aiom cmitling thcnr,

Thc wavelcngths ofthe difforcnt members of tlrc series cen bccalcuhe from tbe following Rydbcrg

rclations



_ r- _ f t llu=;=l(Hl ---' _ ., I

^ Lm- n-l

whsre m and n rre in&g€6. 6 is the wavc nombcr, By giving diffcrcnt values of m and n, w€ can
oboin diffoat regions of hydogen spccrrum. R" is ealled, thc Rjdbcrg constant ( I .097 x .l0t m-r ).

l)Lym$ Scikc : This series consists of all wavclcngths which are amittcd wber in elcct on jumps from
an out€r orbit to th€ first orbit i.e. thc olcctronjumps to K orbit givc rise to Lyman serieg.

f r llo=R"l;--l n = 2,3 ...........oLl' n'I
il) Bdoor rerlcr : This sorics consists of all wavclcngths which are cmitrcd when 8n elootion jumps

ftom rn outcr orbit to thc socond orbit i.c., tle olegton jumps to L orbit givo riss !o Belmcr s.rics.

f r r'l
o=R*l --;l n = 3, 4, 5 ........... oL2' n'J

iii) fuchcn rerhr : Tbis scries consists of all wavcbngths which rrc emitbd when an olectron jumps
from an outer orbit to the third orbit i.e. the elcctron jumps to M orbit givc rise to Pascheo sories.

o = R"l * -; I n = 4, 5, 6........... o"13' n',J

iv) BrrcLn tarlcr I This scrics consisb of all Mvclsngths *'hich ar. amitrcd when an clcctron jumps
from outcr orbit to the founh orbit i.e. thc clectron jumps to N orbit give rise ao Brrckett serics.

- -lr r'l .

o=Rxl ;--l n = 5, 6, 7........... oL4' n'J

v) Pfrnd rrier : This serics coosists ofall wrveleng$s $,hioh arr emi$cd when an cloctron jumps fiom
outer orbit o the fifth orbit i.c. thc clcctron jumps to O orbit givcs rise to Pfund series.

tt llo=*"LF-iJ 
" 

=.6, 7, t""" ""o

Balmcr scrks falls in visiblc ngion, Lyman serics falls in ultraviolet, Paschen and Bncke{ scrics falls
in infn rcd scries.



m D.Sc-XEY$CS PAPDR-{ 1.4 STRUCN'RE OF ilUCUE

Dirgremmatic represcntatlon of serics spectrum of hydrogen rtom;
Figure(I.3.I) shows the o$it l diagram ofspecltal.series ofhydrogen atom.

FIO l3.l
Figun{ 1.3.2) shows rhc cncgr level diagram of spcctral serics of hydrogctl tom.
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FIG IJ.2

I.4ALI(ALI ATOMS SPECTRAL TERMS:

ln alkali atoms thc valenqc clectron rs under the influencc ofthe nct cfrcctivc ficld ofthc nuclcus and

thc cor€ electron, Becausc of this the atom reduees to a hydrogen like alom with a nucleus ofchargc
(Z - a)e, u,h€r€ c l! t$e screening effcct of the core. For a large valuc ofn. tlc valuc of(Z - o)

Lfrr€r,
S6.h!



rppmlahor unity lrd thc clrcrgv lorcle ofihc tlhli ibm will bc rrrrcr to tbco of hydrogtNr .. rh.

As thc chcho,r comoc cblrle m thc nrrlsr$, it Frffit ittlotlc *qnic tn nk ud conrcqrrntly thc
ffiliw hr€. on thc chas,on rho clr|r|tp3. Tns Dsrlfdb of o$its b *olyn in frgur{ 1.,1.I ).

t.

Fl,r.4.l

Tho con nluo for dlrli ronr ir cxprtscd s

-Rlr = -T-
nin

Th. rpocrrl lcrm can so bo crprvrsal rs

_Rlr = -----;(m +p)'

s'hc|! m ir ctt'rcotly clrtcd to n but not cqurl to n lnd p b crllcd qrrurtum cf&cl.

Tho linol in tr ryoctmm of o rllrli .ton c.n bc goupod im foor roria in viriblc rogior md
oonwrSp io r somrnon limit.

Thc *rw nunbcn of ttrco rcrio inlormr of tlcb romr vrllc rn qpsrcd u
Prhclpd rcdcl : The seria rriscs from thc mnritiont bclrwrn vdons P-lcwls md lort$ $lcvd.
Thc lorcst $level has the lorrcst porsiblc vrluc for thc srcrgr. Thi: rtFcsart thc alund nrA of
dom.

Thc tean vah*r for S-$al6 is

-Rl. = --.--=- (l +Fr)'

wtcrc R ir Ryftcq comanl rrrd q ir th dsr*ddc couilrnl h. dto rhrp $ricr.

Tho lino vrluor for P.icie i!



T^=-o (r *,.0)'

whcrc 15 is ttc ohencteristic comrt of Fircipal scries, it is an intogor: 2 and T" , Te.

ltc *avc numbcr ofprincipal scdcs is givcn b1r

u- =1- - 1- =-R R'n " '' ft+l\F-am-+t;T Br(m>2)---(l)

2. $irrp $crta: This scrics rrises from tnnritions t'rom $lcvels to the lowest P-lercls.

Thc waw nunber of sharp series is givcn by

RR
"'=it;u )t-(r".t,i 6t(ru:2,'--'(2)

whoc p. is ghu*teristic constant of slarp series.

t. Dltftrc S.dcr : This scrics orircs frorn ransitions b.(wccn the various ransitions bcawccn D-lcvcls

and kiwcst P-lcvcls.

Thc wlc nur'er of diffusc rcrics is given by'

rro
!t (m> J) -"-- (3)VD=

(2+t r)t (m+lro)t

whcrc po ir chanctcristic constant of Diffusc scri*

LFundemcltrt Scrler : This scries rrises fiom transitioos fronr various F-levels to lol'cst D'lctcls.

Thc wavc numbcr offundanpntal seriol is iivon by

RR
vi=-----' (3+P,) (;.1'J st(ml4) *- (4)

whcrr t+ is chltactcrastic constant of fundamcnFl scrics.

1.5. D,, ret Fine Structurc in Alhrli bp"tre t

Tlrc lirrc: of opical spoctrr of rlkali uoms shorv . fiDG ltruclur3 splining. This spliting-is snelt for

lidttor rtoot dd incrcascr rapidly with i ctBsingslomic numbCr. All linor ofthc shatp $rics r|rclosc

ffi;H;; rin. of pri,r.tp.r scries isatsoidoublct,'tlrclirrsofdiffuscand fundilnoarulscrics

Jo.* r thrcc cotpon€nl hne structure which rrc callcd as compound doublcrs'



In alkeli spccrri, $levcls h singlc while B D. F..,.lcvelr srt doublct lqvcls. The spl itting olthc levels is
drre to thc spin ofelcctron.

Thc spin magoctic momcnt of opticrlly activc clectroo in&racls with thc ;nl€rml mrynctic {icld .tteu{
by moting cle.fion tbrcugh nuclor clcctric flcld, Thc plranomsur is known rr spin orbil intrctioo.
Due ro i eractior. orbital rngulrr monghtum i ofthc opticel clcctron is couplcd with spin angular

monlcnom S to form rcsultint j .

The qtuntum numbcrj values are

j=/ +s

= l+%

The splining ofcrch encrgr lcvel inlo two hvcls due to

j = | * ttt lndj - r- !{ t'alues.

For S.tsvcl / = 0 thcrr therc is an cxpcctrtion for S.hvcl bcnvccn two splittd levcl j = r 7, an6

j='n.
Tbp table-t,5 slows thc complelr mtrtion of tic lcttls.
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Thc figtlr(|.5.!) rcfcrcnt s. tplittbofelfl] larrcb ?, tD mdrF ftr I ginco rvrh:.
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1.6 SCTEENING CONSTANTS fOR ALKALI SPECTRA:

Thc efrcot of clcctront in thc inncr shells rlra scrccn thc inncr dnrge is celH scrccning cfocl or
inrcrnaf scrocning effccl.

tt is supposcd that thc L elccrron3 (n * 2) moys in .$ rpproxitnedy coulomb ticld whcn the t*o K
clcctrons (n = l) bdrave as tlnugh lhcy had colcsccd with thc ntrchur, thcn by rduciltg iltE Bital
nuclear charge by 2c. Thc cffcctivo nuclear chargc is (Z - 2)e. Conrcqucntly SF tpccttd t tD latt
modifiod as

r=RZ;_KZ_bf tl-o n, ii)

wh€rc .b' is ealled thc rclcening constrnt .nd the crfect k crlLd internel scrccning cffcct. TIl. valuo

of b'is rptroximrtcly 2 for screning b5t K cloctmns.

Similerly M eletrons rre scr€cncd by tic L and K clcctrons from the nuclc'us rnd again thc spcctnl
tGnn gpts suitably modified.

In rddition !o intsnd screening cffcct thec is rlso cxtsrnal scrcaning offcct. Thc oulcr shcll ofN-
clocaoos with ohrrgc Ne can be rtgarH rs surfrcc ofrrdius r- The poEoti.l ctrrry U ofan clcctotl
of.chargc c with in thc outer shcll ofcharge Nc. Thcn

-- Nc?
u =-_

Whcn both thc offoctr rrc considcrpd tbe totrl scr€sint constrat is takeo s o.

It€ 3pcc|rrl t rrn ig now consiH as

T.TSELECTTON RULES :
Thc transitior rules in spcctrascopy are lnown rs schction rules.

Sclection nrlcs ec thc principlos which do not atlov rl[trenritions tom onc e!Gr$/ $ilc io t ('tttct'
cNrclF/ st!!g !o occur.

Thc trrnrition ruhs for alkdi spoctni rre

I . The orbitd quannrm numbq cen chaap !y :l .

Ar= +l



Thc roloction principh for spn qilonrn mrnbcr S ir givo ny AS - 0.2. Thc roloction principh for spn 
-qilonrm 

mrnbcr S ir givo ny AS - O

ItSe.thdtl6lursition bct*un drc towlrlrrvingdiftrannliplicl*tcanC*.Dhpc,
3. Thc rclcctlm prhcile fortotd gurnnnr numbaj isthr ir lry notrlr undugld c f nryclnSoby

unty.

. ThG !]rritiom aE alloucd for Aj - 0 or jt .

r.t SINGLET AIYD TRIPLET FINE SIRUCTI'RE IN ALI(ALIIIIE EARII
SPECTRA

Thc rpcue of dlolinc crrt$ clcncnb r!3!'nbh thc spccirr of hcliun aon. Ib b tro chcboa In
o0Gn ,oat rhdl, tho spectrt of rftrlinc crr$ cqtris3 of vcrt bS! amb!. of lln nl aoctln
conrfutr of two typ.s of spectral linoc, singktr ud triploc. Tho lin r of Gs[ tlp3 ortt b.lpopi! 16
four sorios, rrlrrcly, princiapol, shrrp, diftpc sd fin&martal.

ln thG grcund 3a!? of two vd$ca clocron ryctlrn.
' n- l, , * 0 utd r = % br eh oloctron.

For lwo olccirons ;lntccr

L- \+ h-a
ad S-sr+q'0ott

Brn Peuli's cxctrxirm principlc docr not dlov S = t tbE Thcn &. Erra A/'ilbol i! rSc llrne da
gtourd ffi of.ftdirrc cardr anly dlow *alcf rturc.

Whcn thc abctrcn is oxoits4 it cornos !o hiShor 310.|' ThGn in fird rxpird to (P de}
L=lr+/:-l
SEsl +s2=0or I

a) Wtih S = 0, J = L + S = | we gst cinglci ttrt€ lPr.

b) Widr S - 1, J = 2, l' 0 t(l + l), l, (l - t )t wc ga rPr'P,, rPo' Thir ir tripkt re&'

Lrt ur now consida thc sccond o(git d stdo (D!ie). InthiscrrcL-XS=0orl'

i). l|tth L=2, S'0 |nd J-2, th. stds is I Dr 
. 
Thb is oingln rffi'

ii). with L=2, SF I tod J= (32,1), Itlc !|!e |Il tDr tD" tDr Tfib it r ttbh *e'

ln dngh sab tbc rpins arc orri prrrlbl grd in ripla m tho rpfurr rrc pnllcl'

ln fiao stnrcm of riPl4
i). rtl rnorbon of sbrrp sorics arc compocod of thrco lincg {rd rpfo.0tr rt{pht linit

ii). rll nrornbcrsofprincipal srfh3r€cqmf,oFdofthtlc linrwhhdcmlrgrcpl'dictlchrvo
aringlc limit.



ii) dl mcrnbcn of diffusc and fudmcntrl rcrb conqin six lin r, firoc rtong lin r rd ftlr
rrellitcs widr uiplc limit

r.9 COUPLING SCHEMES:

An rton co*rins a lergc nunborofohcoonr wih difku4 oltit rd rph rnguhr mrlrcnE" Tho to0l
angtrhr moncrfirm J is thc vcclor sum of thcsc individgrl moncntr. Tho rndnd of combhrlio
dcponds on thc coupling bctwccn thc orbital rnd spin rogdrr rnornaur.

ThsG I! two typ6 of coupling nencly

| . LS coupling or Rurscll - Srunkr conlin3

2. ijotpliq
.) bS Coupling or Ru$cl - Seundcn Couplirg :

Thb tyF ofcoupling occurs mort frcqueily rrd harc it ir lao*r u rnnnrl ooupling

tn this coupling rtl tho otbitll tngulrr momontum r,ac!o6 I oftftc olcctonr ud rcedUnr vocror L spin
angulrr momcntum vcc.tors r and rc$ltmt vcctor S..

ThG totrl rngular nomcnturn oftho aom ig Sivar b
J*L'+S

whcrp L-1, +lr+;ra.-...

S-st+1+sr+..-.-

nG. t.9.t

Figurc ( | ,9. I ) showc thc lrs cotrpling.

Lbdrrys.n int gcr 0, 1,2,3,.,.....&.

S ir dcpar& upon tho nunbcr of cbctloos rd dircct'ro o,f thir.rpb r.r&cr



ln casc of tnr chctrcns rystcr&

S = | whcn thc rp tns are ponllcl

S = 0 whcn the spins are anti parsllel

In case of thrcc eloctsd$ sysleft,

S = 3/2 when thc sginr rrc paratlcl

S = l/2 whcn thc spins arc anti parallol

Tablc - I .9 Shows the spin values of elcctrons.

Thcrt

baE-
-r-

baFa

lf "t t'
aa.i llr.rt I

ir
ll
f.. fir' fl fr

5'l I llle lla

Tablc - 1.9

J = intcgpr (0, I, 2, 3 .......€&) whcn S is intcger fu evcn clcctmn qrsccr.

J * half intcgpr (l n,312, 5n .......e,) wicn S is hdf intogcr for odd clcoron rystcn.

J is always positive and nevcr negltiw. ln tnoat of crs$ L-S couling is cffaive.

b) j-j Coupling:
ln conain cas€s the intorrction bct*9on thc spin and orbital vectors in each clectron is strong$ than
the interactive between spin vcclors <r the orbibl vcctors of diflcrcnt electrons. In such cascc j-j
coupling is more suiabb than L-S corpling

ln j-j coupling, each clecaon is considcred scpanrcly and its angrlar rnonranom j ir giwn by
j=l+s.
Thc tdal angular momentum J of 0rc etom woold bc vcctor sum ofj voctors ofclcctrqr.

Thanj,=/'+st

i7= l'+ s'

j3=lr+3,



t -jr +Jr +jr + .....

-li

tt;. r.tr
FitF (1.9:) Jtilr j - j conplbt

r.l0 $UIIMARYT
t. nr nnnrnnUnrerr of eohrn lr cdhd ?6tt
A Abnh rpdr ooodr of r b1r lrdc of diso tn0d lir.
3. Spoore of hydngm ir dre rhplc* ronrlc $ocrr
,1. Ar tic nlc ofn incx, rtrmar l.|!bof.Ltl DbbprAo s rftrdffop led.'

J. Tsrr nluofellrli rpoca 6 I -
f
a

TcrnntrrofS-arbbTr-db

TrlnlusfP-aorir Tr'-L
1ar r p;)t

frEnrrtrofprhdFlricrir v, .Tr-Tt

RR'iilp-6;3



E-
R,R

Wevc nunbcr of rlurp rcr'rcr ir t = Er.rit -i,n ipf,

RR
$lrcnumbcrof diffusc scrirs ir vo'1ffi (trt_tr

IR
\i/hrc n|||'DGf of frld!,|nrs.l r.rhr b vr 'i!frnl-ifrffi

7. flrc tmdtioo ruhr for rlkrti rpccrn irAl -!I. Ai-oagl.

L ln L-S coupliog: toul engul* rnomrtrn of&tnJ . L + S.

rrhcre L-4 *{*l.r }..........

S-1,+1*st*---,-
9. ln.ij coufl ing totd mgulrr rnomruun olmt,'J I 

+ jr + jr +'-."...

-Ej



r&lrj, rl +r,,[.! +roJ, -l, + 3r.

$'Sl+3'+gt+"""""
9. hi.oorylhg. ual rryubmncfrn t -;,+1, +Jr r ----.

.Ij
rrirrjr.lr trr lr-{ *t j;.!+1-----*-

t.|l rDy YIORDS:

St€!r!, tpa.d Fr* Ddlt ht rtrff,Sqrlcoinl coorNDltr. Scloclim nh Sfurdc d
rbtrhrnnrc. Coq$ry*tc. I'SscCh;.jjco$he
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X-RAY SPECTRA
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2: $prof Xrry4octr

23 Drrn.rdHdlb
2I ClsrdoofX.rryr
25 Mmhy'rlw
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2,7 lbbh rnraum of X*rY arcr
2.1 XrrydoOdrnncan

2.9 Sdndcupll
2.10 Sunrnrry

2.ll l(lyx'!rt
2.12 Sdf-A*rutqrdms
2.ll kfquc Bootr



2,1 NTRODUCTION:

Roneent in I E95 discover€d X'rays when he was studying the phenomenon ofdischarge ofelecrricrry
rnrough rareficld gases. Aftcr performing a serics of exper.inrens Rontgen concludis thar when a
boarn offrsr moving clectons stikc a solid targct, an invisiblc high pcnetraring radiation is produced.
Bccausc oftheir unknowi nmrre Rontgcn csllcd thcac rays as X-rays These rays are eleclromagoetic
waves of very short wavelength.

x'rap arc produoad duc to lw of kinaic encrgr whon high vclocity clectrons strike the $rger materal
of high atomic number. High penctruing x-rays tcrmod as hard X-rays white low penetratlng X-rays
torrned ,s soft X-rays

Thrre are rwo types of X-my obcs to pnoduce X-rays, nomely

- D thc gas fillcd or Roneon X-ray tube ii) the modem cootidge tube or Hot filamont rubc
X*ey spccba may bo dividod into two rypcs.fhcy art

D Characteristic of tinc spcctra or Wcak spccfa ii) Continuous spectra.

Moseley orrricd out 8 gystcflutic study ofcharacteristic X-ray spectra ofvarious metallic elements. A
Bragg's spcctrometer is u3ed for this purpose and statod Moseley's law.

tn th6 X-lay sbsorptibn spcctra, the odg6 aro ohsracteristics ofthe absorbed element. X-ray absorption
spcctra is not r selcotivc white the opirxl spectra is sclective.

TYPES OT X-RAY SPEICIRA :

a) Wmk Spectra or Chracteristic Linc Spectra :

Thc X-rey spccra consist of,sharp lines and is tlro chancteristic of arget material is said to be weak
spccta or charactcristic sp€ctr8'Few ofthc fast moving electrons may penctrste the surface atoms of
ths la{gct tnat€rial and knockout ofthc tightly bound electrons even from the inner-most shelts tike K,
L shclls Gtc. of thc atom. Thcn rie vapancics so croetcd inay bc filled by the electrons from highei
shclls. Thus elecronic fansitions iike placc. The energr difiercnce is radiated in the form of X-iays
of very small but of dcfinite wa1$rsttr. The waebnfus dcpcnd upon rarget materiar. The X-ray
spectrr consists ofsharp lines and is tle characlcristic of target marerial. The clraracteristic X-rays
arc soner than thc ptimary (continuous) X-rays. Thus the characteristic X-ray spectra is referred as
wcak spcctra

2.2

rIG 2.2.r



figurc (2,2.1) shows the hst moving clcctron knocks offone slcctron fiom K-sholl and dr vacancy

isfilbdby clocuon from L*hcll rnd producc K,. line of K-scrios. Similarly thc vacancy Etaybc fillod

by cloctom fton note outer o.bits.

Ibc fiquorny of K. linc is givon by t|r rclrtion.

(Ea- Q= ttu,

lf thc ar4pr of incidot olecoo|| k sr@iortl to romove ebctron fron Lsholl thon thc vacl|cy filcd

by oloctor frun r&*roll and prroducc L. liri in !*cries. Thc K, L' M 
' 
olc' scrhs co.l$inxc thc x-

ny lirc spcctra. Spocrnl s.rkts src shown in figurc (2.2.2)

_i
FIG.2.2J

lFortlrmo Spcctn :

Thc X-ny spcctra ooosisB ofcontinuors nngc offrcqucncias upto mt(imum frcquoncy or min imum

wavchngth is said to bc contimus spcctrum

Fc\| oftho fret moving dccoonr nuy penctrd. into ths intcrior ofthe *oms ofrargct maerial end at!

rffrcod by thc atfactivc forco ofttrcir nuclci. Duc to thccc forcos the clectrons are dcccleratcd qnd

tit gi*ih. los of oncrpr. This loes of cnctgr.during.rcterdation lt ttY11.:i-,tle form of

.f*i"*"grafr .aiadons &vrrying wavclongth. 'ihc continu*s X-rays lre also called as whitc X'



t.

lsr
nc.2r3

Fig; (22.3) rhows thc libcntion ofX.nys ofcortinlous spootum.

L.t drc whaity of clcclrron of mrrs m dtrnF frorft v b vl duc to rtordrtion, tbco the arcryl of
cni|&d pfoon ic

hl,=;#-*m"i

whcn clcctmn movcs vcy cbac to tltr nuclqrs, it loec a grc*or rrnount of ancr8r and rclcrsc r
plroton of lrigh fi oquarcy.

wbclr tho cbotron is borryht lo rur b dtc forcca, &cn fF frcquonryof libcr*cd photon is mrximrsn.

...|,* =r,'- -fr
kn V bc rhc rccolonting potartlrl, c'bo {& cirr& of cloorrron drar

jmt' =cv
- 

(3)

Floncqrdiors(2).nd(3) fL="UAlo

." minimum wavcftnsh = tr 0" = *

or mrximum i,oqs@r/ rrn:s -* *__* n,
Thb iscapirirrl lrw of Duno lrd Hw.
Equrtion (4) drorrs thu thc ff,oo,arcy or uavctongo ofcontinuous spccaa dopurds or accclantingrclrgo,

- 
(t)

-- (21



23 DUANE AND HIJIIT'S LA\il :

lr stat€s that thc min imum wavelorglb limit (lr,,,n) ofihe continuous X-rays is inverscly proportional to
the applicd accelcrating voltage tV) or the maximum frequency (u,,.,) ofthe continuous X.rays is
diroctly proportional to the tpplird .ccclcrrting voltagc (V).

lai V be ttc aocolcrding voltsgs .nd c bc thc clurgc of clectron, tlcn

I -,r ch
Kinetic eneryg KE = tmv- = nu,-' = flJ-

or KE =cV

ch
' hrr = :--=ev

l,rln

maxi$um frequenrY ,,*" = *

miniraun wawlcng, f-. =$

Gr substituting thc valucs of c = 3 x ldm/s,h=6.62 x lO-34J'sand?= 1.602 x l0-reC,weger

, - lxl0sx6.o2xl0-s =!3.!0-1,n"* =fryh4'"m - V[t.6o2xt0-re] V L V J

It sho*,s thot \"h doesnot depend uporr lhc trget ma(eri8l,

Flgutt 2.3. l(a) $rows the graph of nrarim.lm frequcncy ( u."* ) ofcontinuous x-rays agEinstdre corrcspoding

vo-hage.Figure 2.3. | (b) shows rhe variarion of intcnsity as i function ofwavelength for d ifferant accelcnring

poaentials.

t

9rtvd.rBnh A +_

FIC. 23.1(e) (b)
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2.{ CEARACTERISTICS OF X-RAYS :

l. Tbcy erc clocaomagcnlic wrvcs of vcry rhon navclcngdr"

2. Thoy traval in *nigftt lincs with thc vdocity of light

3. Undcr ruilrblc conditions, X-nys rrc pflactcd end rcftrt dlik ordimry laght

a. Thoy oxhibit thc propcrg of intcrftrcnca diftrotion ud pdrrirrrio l*c ordirty tiglt

5. Thcy rrc not &flctcd by cloctric ud rugentic ficldr.

6. Thcy celrc fluoracsncc in muy rubaamcs lilrc blriult ca&niurn, zinc olphi&.

7. Thyo cln ioaisc rhc gas through wiich thcy pres,

8. Whcn X-nyr frll on horvy noulr $cy podnco codrry X-nyr,

9. X.ryrhavc &uctivo cfroct on living risuc.

10, Wbar X-nys fsll on ccrlrin nct ls, lhry libcrqL pholoclc.Nroot

2.5 MOSDLEY'S LAW r

It ldos tlru {rc frcqucncy of a spcc.tnl linc in r chrrrotcristic X-ny lgoormr vrric dircrly r thc

rqult of rlomic nunbcr (Z) of thc clcrncnl cnining it.

Morcby c.rrild otr| r iystnnric sfi$ ofchrnctcristh X-rry s?ccn ofvrrious mclrllic clsncilg rr
uq'E in X-nys tubc,

Fil fl.5. | ) *orvr dro Moaclcy's dirgrrn for K" ad KO tim otiiircd ry pboitg ./6 wnor Z of
difurnt clcncar. Tbc gnph ir r lhlror.

nG. r.3t



Mrthmaricrlll'. thc rcletion bctwccn frcqueEy Itd atdtic oumbrt ir 8iY.n by

uc{Z - a):

(r u=b(Z-a)r 
- 

(l)

whcrt u is fregrcocy of charecteitrb rrdltion

b is constrnl rvticfi is difforcnt for dlflacnt sorics

a is con*rnr, known !s scrocning aofflitt ltd i! diFeranca for diftfinr :cti6.

Rclrtion (l ) is tnorm a Mosclcy's lrw or Mocot? cqu.tiolt.

For K,, - lino

Coostrnt b - 3R14 whcrc R is Rydbctg'oonlrrnt

!= I

drcn uro =8(z- t)2

llE Gxrr fo.m of Me@'c lu ir

r-rl
nl 

":J
f -ru2-or'

- 
(t)

whcrc o i3 cotltcitn ftckr, n1 md nl rrc pincipl qrnmm m&rofthoaup lcttoh

2.6 IMPORTANCE OF MOSELEY'S LAW :

l . Acrofding to Mscley's law. $omic numbci daprmincr tho phyricrl rod charhrl propcticr of rn
elsnrnt.

t. This law pmvirdos ilr gui&linc thn clcmarts mu* bc mJrgcd In porkdh tablc roorilnq,lo lhtit
oomic numbcrg md oot lhoii $onic wttltb.

3 . This law has bccn uled to dcicrrritE thc rtomh numbcn of nt! cmi olsngrtr ad *o fttitg otcir

positixrs in ptriodic trtilc'

4. Thb bw ll.d to thc dircovcry of sonr now clcmsnb li|!. lufnium (72I rdhnillm (4llolc.

5. Thir tes hln bGGn uscd o phcc dand h fhc& popor rq|Fncc in lfic Fdodlc t$L itt cqoh
quc$kxnbh c.33!.



2.7 IX)UBLE STRUCTTJRE OF X.RAY SPECTRA

tt osolcy nrado e ryslandic *tdy of tlx clraracrirtic of K-r.di|tioi sld fomd thu K-ndirtior
cqrsi*s of two dirtincr linc6 lq d Kl. Lrrcr inrrostigarirn rhourcd rtr* in troav'rc clcnrom, crdr tin
consists of tr,vo lincs such as Koline cdnsiscs K.rand- Ko..Similrty Kn lirr onrios Ko, rnd \r, Thi
is called as doubler structur!. of X-ny rpoctra. For rhcJ lincs MeS's hw hol& gfid.

u*qz-t*
. 3Rc

ForKo lines, o=-T and a= I

For KO lincs, where R is Rydbcrgb oonsant.

llfi5 tr||rla, -.+

FrG.2.7.l

Fig(2.7.I ) dtou/s dtc dorbkt structutc of K lincs.

The similar kind offinc structure is obccrvcd in L, M rnd N scrics slso.

In doublct structurc, the K-serics consiscs of singlo group, l.soric co$ists of thrcc rub group, IV

serios consisb offivc rub groupe rnd so on, All thos€ lincs obcy Mocclcy's law.

TIE doubla fine structurrl of X-ray *pectn ie shown in fig (2,7.2)

l|---_...___

, 8RcD=-
9

WG.2J2



2.E X-RAY ABSORPTION SPECTM :

The X-rry spcctrum in which a continuous rcgion of absorption bounded by shrp cdgc in thc positior

ofthe limit ofthc emission seriesis called X-ray absorption speotrum.

The sharp edges in the absorsion spectrum are charscteristics of the absorbed clcments. Thcse

cdgcs arc callcd absocgion cdgcs. Thc frcquency ofthe absorption edge in a serics is called rbsotptim
limit. Frcquencies highu' chan abeorgion limit arc strongly absorbcd while the lowcr ftrqucncic lrc
sightly abeofted.

FIG.2.8.l

Figurc (2.t.1) shows the K-absorption limit (u*) in X-ray absorption spacta-

X-ray absorption spcctra is not s€lective while the optical spcctra is selective. Wbcn light pass thtough
sodium vapour in hot sratc emits two D-lincs while in cooler $atc produca two darl lincs at ssme

wevelcngtis. The casc is reversc in X-ray absorption spcctn.

The K-abeorption edge obscrved in X.ray spectsa ofelemcnts corrcsponds to phcocloc.tric cjection of
an electron from fie K-shell of thrt clement. lts frequency u* exactly giva rhe rcquircd onerg W*.

Esch clenrent givcs only ono K-absorption edge. This showl that K-shell hrs only a singlc cnerg'
level.

Lct p is dddsity cfthe malcrial and p is its absorption cocfficicnt then

Mass rbsorption cocfficic{tt - ,y'p

The X*ry absotptioo for lerd is shown in figure (2.8.2). In thc ryec8um there is a continuum ir L
region. This continuum consists of thrcc absopfiion edges L,, L,, and Lrt' These edgcs dit*tly giw
three cne.g/ lcvels. Simitarly absorptirm ddges are five with M. seven with N. ninc with O and so o
can bc obgcrvcd in otier cascs. Thos the absorption edges provide a dircct mcthod of determining )
ray cncrgt hvcts ofelcmcnts. The wavelenglhs ofabsorption bcing discontinuous is the charsctcrist

of the chemical element.



FrG.2A'

SOLVEDEXAMPLES:

X-ny trbc oF]rtcd rt .|}KV.-ltt r ootilloul X-rly rprctrun with I rhort wryd.|lti
lh|t 0Jf0l Cdcrfric rb Pbrct'r coslr tC - 3 :< ld n/r e - 1.5 x ltrrt Cl.

(Au : 6.51 x l0's Jodcncc)

,|: Oivcn tbat rr'ottrgc V - 40 KV = 40 x 103 volts

Minimum wavelcngdr lr, = 0.310A

Vclocity of light c = 3 x l0t n/s

Chaqe ofclectrcn c = 1.6 x | ()-le ooulomb

Fomllr : Minimu. m"otcngt, \;n = *

ievl^
plancks cor$rnt h _ l=Fntntcl

I
I

L |.rro'ro'"

I

t
I
a
P

i
I

,9

l.

I.6110-'ex40xld
3x 10r .

- 6.61 x l0"t Joulo,rcc.

2. Fird tlc opctrtt!8 yofirgc of X-ny rube to enlt dcctmr fror crtlodc lo tlvc .r X-rry of
wrveNon3li lAo rftcr *rikirg rhr r.rlcr ? lc - f.6 x lo-r'C, €' 3 x ld d! end'

t - a, x lF Jorlc-!.cl (Au: 123t0 voltl



Wrvclongth

Plurcks constrt

Ch{gG ofBlccgon

Velcig rcflight

Operating voltage

t=lAo-t'lfr0m
h - 6.6 x l(fr Joulo-src

o=1.6'lFleC

C=3 x ld n/s

V=?

Fotmde: Erugr of cloctron

Openting volugo V- Uc ...8 - cV

19.8x t0-16
= ffiF-lz]8o volt

3. If I(! - ndbdor of Mo @ - 42) b r rrvrNrngll ot0.?541 cilclhit tro corqcnlhl
wrv-icrgrlof ndhrio.coorl.Soll olCo(L=l7), (Ai-1.Sf,)

SoL Giwntha

Alomic numbcr of Mo is Zr o = 12

Atomic numbor of Co is Zci = 27

Wavelcogth of Ka - ndietion - \" - 0.fS lo

= 0.75 x lFlo m

Wavctength of Ko - ndiation = L. = f

Formrb: Mosolcy's law u c (Z -l)2

.bce=N=T

6.6x10-rx3xlOt

(or) **,t-t,' '.&"=fz*-Ll'
r.uo Lzo-tJ

.'.}er=f z* -r1'
llto lzc.-t l



LEgI[Y8[C!| rADl&a zt2 x-naY ipEc

6-uffi

frr 12
= o.zs ' tr'o lxJ = l.t6 Ao

{. Dcdrcl tlr relrchqtl of \ Ie ftr u rbr oI?- - 9tr [f - t.l x ld co-tl.
@r:Ofr|&lAo)

8r& Givcr thl
AlmhombcrZ*92

. l)/dbot! c.ltfrtt R = Ll x lot'on-l

\thdoa$of Ko titc=\t=?
Fon&: trloaoby'r lrwu =Xz-af

(x l=Xz-e)2I
For Ko - lfutc, b = 3R/4 md r * |

...= 
t =1! 1z-11,rr" 1-

= 
"+r,{ 

t92- tF = 
3xr'tx!o'[erl2

4d|a| l& *a;J;6DF-0.t464x l0rcm -0.l,l5rlA

5. mrr b O. d&rr wrrdrjtl efX'ny crlfra by il X-:|t trDG opcnthi rt 120

(Al.:0.1033 A)



Sol: Givcn that. Ogcrating voitage V = 120 KV' 120 x ldvoll

Minimum wevclcnSttt X.* = ?

Formulrr:

Minimumwavctcnghr. =|ry]^
I rzcoo l,=Ll2fiot1^ =o'r033 A

6. Ir Urlrirn @ - nl tbe K lb.orytb! edg. b 0.10?A rd lQ lioc ir 0'125A. Dcr.rutrc tb
wrvclcrrytt of L ebrorpdon cdge. (Au : 0.70|t A)

Sol: Givcn that

Wavclcngth in K-abrorptioo cdge l* = 0. I 07A

i{ avetength ofK,,lirr \t=O,lZOl
Wavelcngth in L-abcorption cdgc \ = ?

ch lraloorvl
Forrnutr: Encrgy E = \" =11*.in..f-J

ch
rnd Er-E* = ii

.'. bu =98'4+Er

= 98.4 - l 15.9 . -17.5 KcV

ch -12,400oV. 'r = 0.709 A" ^L - E. -17'5 Kcv

- ft##l=-,,5eKev

Iraam"vl fraloo"vl
=L t'," t"f,j=L otr6I--J * et4 KcV



,2.r0 SIJMMARY: '

I . Rontgar in t E95 dircovorud X*ryr.

2. X.ray a$ca !o p oducc X.rrys lc (i) grs fillod X<ry ntL, (i0 Coolide ntc,

3. Clu*tcri*ic of lirlr rp.chr o. r€k spcctr.

Tlrr froryarcy of K. lhc b ginn by thc rcbioo. (Q - E") - hu,

.4. Curtinudus ryoctn Minirpun ruvchngdr L. - cilcV

5. Du.nc and Hunt's lew:

Mor,imurn fnqurcy l,* - cV/h

Minimum rraclarglh Xr,,, - cfr/eV

- fr:eshLVJ
6. Molcrybhw

Frcqrrcocl u = Xz-af

3Rv*" =7(z- tI

E .*r rorm or Morchy'r r* i | = n{z-"t t+-*]
?. Durblc srrucrup of X*ry rpoccrun 9 - {z - rl2

For lQ lino b = 3Rc/4 ud r - |

For Ku ltnos b - tlcl4

.- rbrcorimcofiodr
t. Mrrr $ronFior cooftciartof = f" t = ---=ffiil-

2.TI KEYIilORDS:
X-ryr, X-rry spoor!, lilaat tpoofl' Cdlinuour Scotn, Itooalcy'r lrr, Ihsrc a|d iftnt hq
Abcrptior rpccn



2.I2SELF ASSESSMENT QUESTTONS

t. What are X-rays and strG their prop€rties ?

2. Explain weak spoctrum and mntinuous spoctum of X-reys

3 . Explain the mnin fcatures of Xaey absorption caoctrr.

4, Stato and explsin Moselcy's law.

5. Explain Duno and Hunt's law.

6. Explain doublc structurc of X-ray spcctra.

EXERCISES:

l. If Oc minimum wrvcleogtb rtcoded In X-rey lpcctrrum of SOKV tube is 0.26A, deGrmin
tlc Pleuc|('t corrt rt. (Anr : 6.56 x ltrJ4 J-S)

liHlnt : Maximum encrry of emined X-ray = hun", = hc(,"

2. Ertinrte lhc vdnc of vrvelcngtt of lQ llac of rilvcr & = 47). Givc R = 19ff73? cm-r.
(Anr : 0.574)

i. :K = ev .r. 6 = 
cVl"E- 

=Aroin -' C

I

I Hint : For Ko lin", f *"

=eV

1.6xl0-tex5Oxl0lx0.26xl0-lo - - ,

-J-JJ

3xlou

= 4tr-'r =3"tY37 gt -11,4' 4

4
h = __=--; cm I^q 3 x t@737(46)' '

3.x-ray tube k operetod et l8KV. crlculetc thc mirimum vctocity of el€ctrcn bombrrdlig I rncrthodc. (Anr:8 x 107 m/3)

.l -
I Hint : Kinetic cncrgy of clectron KE = 

j-mv' 
= cV

2xl.6xl0-re x l8xld
9.lxlf3l



.WLt Gt rGDt hrr I(,. liac of rrvclcrgth .f .7EJA ? For K,, thc r - I' b = 3CT/a .rd

[Xint ; For Ko - linc, V*o = {z -a)2

u.":*=?=rz-'r

f =fr,-'r

(Al : 2? cetch)

KE,,."o=%-E* |

R - 1.091 x let r-r ?

44
..ts-,, -;;-;--rr( ^x. 3x1.097x 107 x l.78Jx l0-ro

z_ | _26.1

Tlc Ko erd I$ of x-rryr of nolybdcluu hro wrvolelgjl 0.714 ud 0J3A rcrpccttvcly, trrd
tc relctclgtfot rrt.rbl tA$ : 5.$ A)

- c'h =-ILM =-trusxro. cV'[Hht: Errergr Ex. =-^* 
0.?l

- ch 
'-11&=-l'968xlo'cVEnergr Exo =-4.' 

0.63

EncrryrorLorinc 

l;,.}l:lr; t* td' =4t.222x rdcv

wrwrangrhoflo,,* 
^" 

=-H =#t
rettrid of K-rbrorptior 4. b 0.f5l b irrrdirrcd drl X-r.yr of 0.t01 Wtrt b tlc rrrirrr
Hlaic crcrgr of pborodoctron tlrl a|! crlttco film K.alcll

(Au: ll3 KoV)

CH
f trbt: InK*bcltE-= f -ff*+ -82'1rk"

rerry of incident pho.n t, = * = ##fl = tM riav



?.lf K, L .rd lrl GN.E lacb ol plrtlrrm rrt !0J801| cV, t5,000 cV rrd 3,100 cV rugcctlvcly,
crhrbta lbe rrrvchqtb of tQ lrd \ rrdldor rcrpoctivcly rlcr frtirro lr ord io !!tt
tlorc rdhlb..

(Anl ! Gtglr,l',0.t?9 A)

2.13 REFERENCE BOOKS:

l. Procpctivc of Modcrn Phyrics

2. Indsctior to Modom Phyri$
3. Elancntr of Modom Phyeics

4. Modcrn Physicr

I Hat I buxo =(80,ffi-t5,0il))eV=6t0$cY=trC/I;.

.'.t. = K 
=n" 65,ilD cV

6.62 x t O-la x 3x ld
65.000x1,6x l0-re

a1d hu1, =($,000*3100)cV - 76,900 cV * l(Jli.rc

.'.1. = ffi 
=^i ?6.900cV

6.62x l0-3 x3xld
75.900x l.6x l0-re

A.Eciscr

M.S. Mi'i, G.K. Mchta

hil
S.L. GUF*, S.Gupt



LESSON- 3

MOLECULAR PI{YSICS
O&IECTIVES:

AOcr completing thc shrdy ofdrb lcason thc sudc$s wiu be ablc to

l. Undorstrnd ebout noleculrr spcctre

2. Qrentizdion of rctrtiorul encrgies

3. Know thc sclection rutes

4, Undontand tho vibrltiofl-rotltion spgctra

5 . itlcrminc the intcr-nuolcar disbnce,l
5. Know diut Rgmrn cffect and ib chsractcristica

7, Undontmd thc qu:rntlm thory of Rrtrun cftct

E. Know the difiqlooc b*rvoen Rryloight rceriog rnd Rmrn scscring

STRUCTTJR.E:

3.1 Infodnction

3.2 Mohcular spoctrnnr

3,3 Discreio sci ofcloctronic cncrgics ofmolcculcs

3.4 Quantizrtior of rctatftmal arcrght

3,5 Tilrsition roles fon purc mirtiand rpoctn

3.6 Vibrarion - Rotation sp€ctis

3.7 Determination of inter-nuchar distsncc.

3"t Raman cffoct



3.9

Ll0

3.1I

3.12

3.r3

3. t4

3.r5

3.r6

).t I

3. rE

3.1

Characteristics of Raman effact

Applications of Raman eflcct

Experimental study of Raman effect

Quantum Thcory of Raman cffect

Differcnce betwcen Raylcigh scanering rnd Raman scattcring

Solvcd Examples

Summaqr

Key words

Sel f-Asscssment Questions

Reference books

INTRODUCTION:

Thc spcctra emitted by a olcnrcnt in its molocular state is called rs moleculir spectra. lt rdi6 hom
rotation ofa molecu le as a wholc, vibrations of its constitucnt rtoms rahtive to onc lnoll|cr as wcll as
from change in its elecronic configur*ion; Molccular spccfe gcncrally hll in thrce rqgbns, narncly"
(i) Microwavc and far infrarod rgion, (ii) t{carlnfrucd reSion, (iii) Visiblc or ullra viola n:gi0n.

The intcnral cnergr of a moleculs bcsidls rrttsldiond is of thrtc kinds, nar*ly, cloclonk; vibrrtknd
and robtional, Each enorgr ir quntised. Thc totd cn€rg/ of a molcculo is suma of thcec cncrgios.

Thc vibrationel ercrgr arisc duc to nrrclci vibnrion along rhe intcr nuclcar rxis and rotdkrral crrcrg/
arisc drrc to the systcm ss a wholc rctates sbout thc ccntrc of mass ad tlrcn gives various mtatioml
cnergr levols which givcs a spoctrum,Thc tnnSitions bchv€clr mnionsl encrgy statos arc posiblc by
obcy the seloclion rules AJ = t I .

Raylcigh observed that the changc in intensity ofscattcrcd light b,ut therc is no chango in uarrelongdr
or frequency. c.v Raman observed thal thc spocrum ofscrttold light consisB of frrquenc ica crcaLr
and smallcr than the incidcnt bcam frcqucncy. This is known es Ranan cffect.

MOLECULAR SPf,CTRA I

Thc spectra emitted by clcqelt in ic molccutrr sratc is krpwn as band or molcculrr spccfr.

Moleculr spectn arisc from thc mtrtiot ofurolcculc, vibrrtlxu of itl rroms 8nd changcs in its clcttronic
configuntion.

Molccular spcctrr f.U in thr€g dininct rcgigns, nanrcty,

3.2



l Mlcronvc rld frr Infrrrcd R4ion : Thc spcctrum in this rcgion is called as pure rotational
spectrum. lt consists of meny equally spaced llnes.

2. Ncrr hfrrrcd Regiou : Tho spcctrum in tbis rcgion is called as vibrational rotational spectrum. lt
consis8 of large number ofbands and cach band consists ofcloscly spaced tines.

3. Vbibh or Ultn-violet Region l The spectrum in this region is galled as elecronic spectnrm. lt
consists of bands end each bsnd consists ofsevcral bands,

3.3 DISCRETE SET OF ELECTROMC ENERGIES OF MOLECULES :

Tho total energr of a molcculc consists ofcloctonic energ G."), vibruional enorry (Ey) aod rdtional
cnerg (E"). Thc vibrational cnergy arir duc !o nuslei vibration along the inter nuclear axis and
rotetionat incrp ariso duc to the;ystsn Ns a whole rototes about tho centr€ of mass. The circrgy
lovels conpsponding to thesc encrgics of molequles are discrcte. The total ener6r ofa molecule is the

sum ofthfec engrgics.

E=E +En+Ev

!: I -._.--.-_

".rffi | _Jra
Vb||ldlrl 

-_ 

J. Ir* 

-j;frtc. 3J,r 
Fc't'lL'*

Fig3.3.1showsthcclectronic,vibrationalandrotationalenergylovelsinadiatomicmolecule.

In thc molccular spectra

l, A molccule has a numbcr ofdiscrcte ener5/ levels. A transhion between two clectronic lcvels
rsulb in a radiation which fall in ultraviolct r€gion.

2, Widr each olcctronic tevel. a numbcr ofvibrational energy levels are asociated.

A tansition betwecn two vibrational levels rcsuhs in a radiation which fall in near infrared rcgion.

Wrtr each vibraional l€vcl a set ofvibrational level is associrred. A trinsirion betweefl two vibratcd
levcls resulu in a radiation which fall in far infrarcd or microwave region.

When thi moleculc suffers s transhion from highcr enerry ststc (E) to a lower energr statc (Er).
thc diFfercncc of energy



AE=E-Er

is cm ined is radiatioo of frcquency

AE E_E'v=-=-hh where h is Planck's constrot.

3.4 QUAI{TTZ$rcN OF ROTATIONAL EI{ERGIES :

A pur! rdeion l spcctrr ariscs duc to thc tinnsitio{r bctweon vrrio{ls rct tidrdc||crs/ hvob. Whal
microwavc radiation is incident on a molcculc, $o moleculc rtaorb tto oncrp rotrtcs about its cent!
of mass and thcn gives vrrious mtrtional grrgr lcvcls, it gives . cpccrum,

Enc45t lcvcb of r dLtomic mohcelc r Thc simplcst molcculc is a diaromic moloculc, l,et iwo
uoms of mess m, and m, arc seprrad by a distancc R ard boundcd 5y anrrctivc forccs. This
dirlornfti molccule behavcs as a rigkl rc{ator. It rotrbs lbout an txi3 possingthlougi iB ancra ofnrass

C ard pcrpcndciualrto thc line joining th€ atoms as slpwn in figurc (3'4.1)

Conba
Ards

I

FtG 3.4.1

The momcnt of incrtia of diAomic moleculc about rn rxis possing throrglt its centrc of mrss is givon

ry

1*p,r'2+mrrr2 -- (t)

As the system is brlanccd about its centrc ofgravity

-- (2)

-* (3)

mlrt = m2t2

ButR*rr+rt

From equations (2), (3 ),

/\
,, =l t' ln

\ml +m2l

l+---------.n ----------{



(^\
-d "=l#JR
Subtit ting the vrlues in cquation (l ). lrc gu.

f , '1 f --2 'l t- 1

,= | ,, 4ti ., ['"1-:Ut-= ft' - | m'nr 
l*z' l(m,++)rJ Unt'+q)'J Im' +m2J

s l=pRP ,-(4)

lflrllre
*trc* S=iI;[- is roducod mars ofrhc molccuto.

Thc rngulrr momentum of mobcule ir givon $r

Lr-to
wluo o is rrtErlar velocity.

Thc mglllrr roomantum of roUring rnohcrb lr gurntizod wilb rnlucc

L,= Ut(rT:rl - 
(5)

whec 2 = p2a 16 J is rot tiooll $||ntur nombr. J hrs rnlucs sf 0, l, 2. 3, .,....

ln chgsicd mochanics, thc cl€r1g/ of rotatio of! nolGotlh is

E=%tG

llarcc thc oncary lcrcls of rotuing rnolcub is givar by

r,=!n, =*rtr, * (6)

,* ffir,tr*u

**tt'*" * (7)

_ J(J+tItr

Thc solnion of Schrodingr wrvo oqdcr 91, + 4. EV = O Cvcs 6c vrl6 of cocr1pr 3



w|hc J = Q l, 2, 3 ..;........ lt givcs e seric of disocrc crrcrp hvclr with arrgicls 0:
6 h?tr2t, t2 h2l8dt,.....

3

2

1

0

Figrrrc(1.4.2)shows|hotot|tionr|cnergllcvebofdiomic$o|ccu|Gsndthespcdrum.

Thc frcquoncy of tranrition bcrvvecn lcvels of enerpr E1, ud El2 $aros isgivcn by

Er, -Er, AE
rr=-...1_J=_-hh

= *ffi ',u, 
+ rl-$1rt', .'r] = ftU'<'1 

+ r) - J2(J2 + r)l

Fordiftrtrrtva|rrcsofJ,andJowcgctdiFcrcnt|incsinthc4ccmmoftftGmolccutc.fiissctoflirrcs
fonn thc fxe roOtiqul sFtrum of thc molccole'

3.5'IRANSINON RULE'S TORTURE ROTATTONAL SPECTRA :

Thc transitions rtr possiblc by obcy thc followinS' sclection rulc

.._ (t)

AJ-+ | for rbor!*ion AJ=-l for crn3sskn * (l)



u, = Ebf& : fftr.trgJa 
n' #F]

= fito'*',

Similarly the frequency ofabosrbed radiation due to transitions between energy revels 8,. , and $*-is given by

E.,*r-E,u tl U +Z)(l+rn, (,t +l\U+zl hrlu'=-r,=iL---ffi ---Gii-)

: !141+z;J8n'I' '

The frequency difference is given

a,r=rr-,r, = 1$ ------------ (4)

Equation (4) is independcnt ofJ. Thisshows thc lincs in the spec!rum arc equafly sprced.

}.6 VIBRATION - ROTATION SPECTRA :

Wlrcn a molccule absorbs mort enagr,th€ molecul€ rot{e rapidly. As a result the cennifi€al force
incrcases and pulls the atoms away from tlre centre ofgravity. Now thc atoms ofmolecufi vibrate
about their mean position. The absorption is also inorcases thc vibrational energy ofmol"cule alrd
gives rise to tlrc vibrational speclra"

Thedungeinvibmtiornrencrryofnnlec'bchargedinrchtimderqgrofmolorleTtrqectun
withthecomtinationofrotatirxralardvibraionaleffecrsiscatlodasmritionat-vih"d;-;*-.

Vibretion of Ilietomlc Molecule :

The simplest molecure is a diatomic molec'rb. I-a two atoms of mass m, ard m, are separaod b1
a cqulibrium distance r and bounded by atrrrctive forcc. The vibrating diato.;J-"u1rc ca, ucorsider a rinear harmonic osciltaror. Ifthe bond is clunged from ir, 

"q,ririu.i.- 
r*g*r! oioi

length r.

Tlre frquency ofobserved radiation due to transition bctweolr energr levcls E, and Er* , is given by

(2)

--- (3)



TbrdiqgfrGo cdmctrdimicnoloadcrc giwaty

t'#=-K('-"1

* t,#=-K(r-r.)

whcre K is tnown as forcc onmaaf, r, od rr arc poritions of arins iel*ivc io ccntrc of mrsE

Itl rlTbr "-ffi;
lllrf

-d "-ffi; -- (3)

thrbcihlctbrnlrrofr, incgrtkn(lI utc ga

f-u-jq'i =-K(r-r.)
Im, +mr,/dt'

Ii l r. = coo*am thcn &/dt - 0

drr dr(r 7 r.)
" dtr dt'

Ftm csdiont(4} (5)

[-r,rt lattt;t l =-K(r-L) _ (6)
Lmr'+ rlr J

u#=-*'

rS+rr=o

$*!, =od'p

*rt r r=ffiradt'r-rr

- 
(l)

--- (2'

--- (4)

- 
(5)

6cn



or $+o'*=o
whcro oP* Klfi

- 
(?)

Eqntkn (7) ig ltpcrsnt tho cqrntirn ofsinrph hrnmdc motion.

- (r)

Thc ftoqucncy ofvib.rtion is givco by

rlr
u" ='o{F

Enctgr levelri \abrrimt sradca of molccuh r,r $r.fitiad. Tbc so&rion of sdrmcdi4cr

crruioo vlv + $!l Ery - 0 gircs drc cnc4gr rnhrc ofe rilar hrrmonic occiilercc Tbri

", 
=[".*]'"'

- 
(e)

W.hon u ir vibnrimd qoarrum ffistbrard haviq t}c rnlrr,0, 1,2, j. ........
Eqrnbn ($cgr rlso bo rnrltqr r

E,-L*ilt ' - 
(t0)

-.;(il)

whr.c o ir drc vibrafrnrl fitqrcrry ofvibnirg d'romic morocurc cqprcsrcd io mrc rnmbcr

I
lf p r 6, E, =;hco2

It ir clorrthc rhc minimun ancar ofqdflhr b ncrcr ao ory:o I rboluc ao. Thir lr lcn*n rr
z:ro poinr cncrgr.

.'.zclopoimcrreg= jrrcc



v-1
r-3
vz2

aul
-7t2

t Slil

Aa Er.3l2

rrr0

FIG,3.GI

Tirnrltloa rulcr for vlbntion :

Thc sclocior nrlc for hErnonic oscillrtot undcrg6ing vibraionrl dtiltgc i:

Au=+ I

f dr vibration invclves I change in dipolenrofrnnt of thc molcctllcr lhc dltl8c in vibnrioml cncqor

givca rtr obs.gblo ip.ctrum. Thur vibnrioml spcccr b obicrvcd only in hccoorrclou didoltlic
molccuh likc HF, HCl, HBr etc.

l/lbntiof,d - Rot 60r tp.ctE. of nohcrL :

Ercrp lcvob : Consid€r a dirtomic molcoub can oroqne nntirn ud vibnrknr lndcpcnOCy

without intcnctions beteben rotational rnd vibntiond morykr.

Thc totrl cnorry due to vibiation 8nd .o{rtion ir givcn by

E,'r =Eu+ E.

=1".i]'".ti#
SFctnrl! :Thc scloclion rulc for transition bchrccn vibrrtirmat $|s3 it Au - !l .,t6 61 = 1l fur

rulbod srras. ffrc rnnritirn co,rcryonding'for AJ - 0 b frrbiddrlr.

Figwc (3.6.2) shows the J,=0, l.2.3,4lcvotgofdiaomic rpbcrrh frur'O ud Jl '0' l'2'3'4
lcvcls for u , = 0 and thc .lbwcd rtrnsitions.
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I

f ,t2
a

3-.
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l

l':,t.- * -lo'+-

, r t'l | | r , .pBtrh ,t8ltr.i '

Ftc.3.62

3.7 DETANMINAIION OT TNTDR.NUCT.EAR DI$TANCE :

FItrfd f*ofrtiddilbric |rrolccobffiinof.quidissicrofli|cr. wtardEmbodcir nircd fironr J ro J + |, thc rbcorprioo ir cpttsoa Uy---

ae " $rrl*t) (J+2)-J(J+r)l

;2
=;p;tar*e1

Thc *rvc numkof ndbior b 3irm by

AE
v 4 -7--

,E

* $at*tl
=28g+ l)

h
wficru B - ffi -".orr.rt



ll*, thc spocing bGt*rcn lincr ir 28.

Fmm rotational spcctra B qn bc dctanrincd. By lmwn thc vhuc of B, momd of incrth and

bond longht or internuclos distlrcc can bc calculled.

Enmplc:

In the rotatbnal spcctra ofCO gas. the spacing oftootionrl lines is 3.E44lcm thcn

29 - 3.t14 Icm

"'=1:Y=t'e22cm-l

h
Momont of lnertia l= ffi=l.J,'ssxla41k8-m2

Bui r - Pfo:

Wboc r, = bond hngh or intcmuchor distlrcc

lntcmuclear distlrcc ro

I r. .. ..^..|1 |

= l'*'t{t!"." | = l'l3r l0-'om = 0.1 l3 nm
I t.l4xl0-" 1

t.t RANTAI\I EFFECT ;

Thcspcc-trrrrrrofscattcredligbtcorrsi*sofftequcrrcics-gcaerd'dsrnsllcrtlnndcimidcdb.e|
t firy i. tno*r, r, nuriii 

"m",. 
T}c spdmm of scarcr,cd ligbt c.lld r Ramrn spcctrutn'

ilt"*iito in t 
" 

ryccur'nn is kmwn as RT nan lLEs'

Figue(3.8'1)stnwsthc RmmltuFsinsp'clnm'

rltlll
Sb*.3
limr

I
I

I
F.qrEl
ol lndtlont

tlll
Ar*|bl(a

InEr^4. Il-.- Rr|run &rc 
-FlG3S.r



Alfi.|tro&c thct : Thc lin6 of g&.!6 fuqo.ocy orst of thc incilsn bcarn nlquqrcy in Rrmrn
lincs is callcd rs anti-stolcs lincs.

Stols llncr r Thc lines of smallcr fiequency thrn oftlre incidsnt bcam frcqucncy in Rangn lincs is
called ss sokcs lines-

Tlre displaccment ofthe lincs are indepsdcnt of f.!$!.ncy ofincidatt ligftt bot erc fimerirrr oftftc
scst ring subsoncc. Thus thc dirpkcrrnts sc diftrcnf for diftrcm sceficring suktrrEcs. So
Runan disphcarrcns ars chanct*igths of rrtcring ubsrcc.

3.9CHARACTRISTICS OT RAMAN E,FFEICT :

I . The ftqrrtcies ofRaran linos depad on the frcgara ofihc imidrrrt light

2,'Ihedisplaccment olRaromlinos&omodginal hdepaodoltthcnadrcofffig$$ecc.

3. ThcdisploccmcofRarnnlimisindcpcodcnoftbfugaryofiriktigt&

4. Thelinesofgraner@unc,ythanofthcfurcidc*bcan*eqrmyuecallcdasui*okeslis.

5. Thc lhes of smaller Qwmy tban of6c incid.nt bo.o! froryory arc callcd ls sio&cr lims;

6. Thc mtational or vibrcirxul scae oftbc molccule ischmgoddr! oscatr€rirgoflight by it
7. Rman efrect is puely amoleorlarplsmE tqr.

L Raman digbcnrents e characeristics of scarering n$calrcc.

9. RsrlanlinesErsynrmicallysituaaedonei6sddcofbpuatlirr*L*nolroocespcdiryto
tbecnarac-tedsb fr'equencyofmolode.

Rdtioaal R nanl;nesare obtaircd xitt gasg,

Vikational Rsnrn lines arr oboimd widr l{uids rnd rolkt

3.IO APPLICATTONS OF RAMAN EFFECT :

To study thc molccuhr structuc ofcrysals and conpounds.

To know thc numbcr ofatons in N trrolecule, ticir chtiv€ rrirnganfi! Fhrirc rnrsscs ad {snicel
bonds bctwccn thcm.

To !&|dy thc compositioo in pdrticr, mirtuns Gb.

To decide about singlc, doublc or trible bond.

To study thc rpin and sutistios ofnuclci.

10.

ll.

t.

4.

{



6. 'to stirdy thc binding forcas bawccn thc atons or goups of rtoms in erystals'

7. To study the vibrational End rotational anergr lcvcls ofhomo nuclcar molccules likc nitrogen' oxyga

etc.

3.1I EXPERIMENTAL STUDY OF RAMAN EFFECT:

The expcrimental arsngement for Rrrnrn efeit is ghown in figurl (3.1 l.l ). lt consiets of l. Somc

2. Rsman tube 3. SPcctrograPh

'dto^, 
,

( .::::l:--:-=-j_-: ..

r *.-... '.-- ,"

,? r .4r:ztiitrt.rie|. :

-*- t 

-t-

t g.-

t lrrtrrar:vllhler.-.

R trrou!.

AD.rfnsnlrl -tin$ t WBtr..

-----
|l Fakctot

nGE.U.r

S is rnercury arc larnp as a sorcc of light TIE light is pssed thmugh a filtcr F to ot[ain nolochmnur
, ,am. .Ilciight from source pass rhiugh an ofoning in a n€trllic refl€ctor is allourcd to incident c

Rn:,n tubc.-Thc Reman tubc is a glrsi tlbc of l0 to l5cm long and I o' 2 cm diamlter' ScttLr€

,:a. ,,.-. , ,Lr1ough a flat glass sirface at one snd of tubc. Thc otha end of tubc is made rs hon

shaps.l, '..-'-:nidoutsidifoprovktcblackbackgtoundandthctubcissunoundcdbywe6fjack

witi culd ' 'arer :rrculation.

The exper,,. ' rta| sample is placcd inside Raman lubc rnd thc scancrcd bcam emcrges from flat or

of,tsbe is examr,, ' spcctrogtagh.

lntheRamantlbcassamplcisenc|oscdataprcssu'coffewcmofmcrcuryorso|idsarnp|cind
form of powder mixcd with liquid paraffin or solvcnt'

.I2 QUANTUM TXEORY OF RAMAN EFFECT :

On the basis ofquantum thcory Ptof. Snrokal io 1929 cxplained the Raman cffect'

When a photon or lighi quantr ofencrgy huo hits r molocule'Then

l.ThemoleculedoesnotahorbcnerSlfromphotonbutdcviatcit.Thcntherewi||beunmodi|
line in scanered beam.



'I'Wtrorptmfilrrnrohclls"thc rmhcub givo soino of ib.n sA/ to photot.Ttrar tlreracrgr rnolcoulcof
docrcoros.

Lci Et lnd E bc h innial erd filrll crErghs of mloculs tficn

dcmrc in ac6r of rmbcrb - q - Ez

,'.ctorg/ of photdr-der hit I molecoh -.huo + (e - E2)

Thtl thc ficquoocy ofrcraorod radigfurn is givar by

, _ hrb +(Er -Ez)'rr h

=uo * 
(Fr :Ez)

Thir rbwr tbat tto frcqu.lcy of scafreJ€d ndi4ion ir ineicrsd.

Thc ftoquoncy u., ccr!'ponds to fuqucncy of rnti-srokcs linG in Rmar spcc0um of tlrs molocuh,

3. ThG nohaJh nuy lirsorb cornc arrrry fr,oln phoroo.

' tat tbo cncrry gf molccuh irrcrtrrcg fi,orr E2 !o E, dFr1
ptoon srorOr on rrboorpthn - h\ -{Er - E)
Tlu tlrc frcquarcy of scauctpd radi*ion is givcn by

= 
}rlo-(q -E2)

h

- uu - 
(Er':!t-l

1l'i! 3hoft 
^drt 

d'. froqgrcy of scrrcrod .dhtion is dccrcrrcd. Tlro frrquarcy u, corlcpdn&fo$msy of lfobs lino in Rrraril cpectum of tho rnolccula

U,

- 
(t)

- 
(2)

An0.ebr3!I
l'<l

nrlfdo
r'.1

FtG 3.r2.r

8lb.l|.r
l,rl



Figrtrli (3.12.t) drouc drc rhrlc difftr!.rt rirrniocs.

Synrttry. of Rnen Lincr :

R1nun Incs rrc slinn&icdly riurod on Cfthcr sidc of lhc p.Fnt lin€ rr irn l.als comspotding !o
dr durcsich freq ncyofthc mol*uh.

lf q rlrC E bo tlf, i*rlnsic oncryht of nrolcculo bofoo tnd riff drc pltoto{r hh it' lhcn

E,-$-nhu,
whorc n = l, 2, 3, .....,Gb.

u", = chanctcristic frequarcy of moleculc

From cquarios (l) tnd (Z) wc 8!t { n= I

urr=90tu.
rnd u. = uo - 11",

.'. Cltrr*rMic fi€qrcncy of nolocuh Do = u$ - uo or u!l=uo-u!

lhocc lhc Rrn o lincs .'c ryruneicrlly ritdod or citlror 3i.h o'fftG p'Fnt l"rc'

not$iood Rmun lioos rp dtrlnod witi grc'

Vibai<xd Rrnrn lirs src or,'gicl *iO tiq[i& Jtd sotitts'

t.I3 DIFFERENCB BETWSNN RAYLEIGS. SCATTNN.ING.ANI)
RAMAN SCATTEXING:

R|r|. s..tt dl8

l. In thir tcging thc fttqucmi:r grcrtor and

' smdhr thlr of thc incklcnr beam frcquarcy

incit|cnt nYs

2'|nrhics€n.fiagthcrcisrchr4cin|hc2.|n$issceirgrhcrnti.gtokglin6''!*t|kc'

intarsity of scetrrd ligh lftt'l sloltos littcr'

14 SOLVf,D PROBLEMS:

t. Tlc rorort of lr.dl etGO roL.BL b L'6 r lfa X3nt' CrFrfa tb crry- ir cV rrd

rrgrlr r#ty h brs ;fr.d;'gl'lovol ef CO r'lccds F = C6z x td &Sl

- 
(3)

nr$dgi Sb.n rllg

l. ln thic scdtcrirlg lftc ftGquotloy of

scruc ld light ie elunYr oqull in

(ln t 237 x t0r' cV, ?Jl x l0ll rrditrrc)



Sol: Givcn that

Momcnt of incrtia I - 1.46 x l0-{5 kg.m2

Phnck'r consrant h = 6,62 x l0-tr ,.g

ln thc loncs rotrtional cncrgr lcvcl J = |

Rotttionil onors/ E=?
Angular velocity o) * ?

Foraob:

lAr : 2.0{ x l0rl Hcrrzr &{f x 161 .y;
So[0ircntha

Forcc cons0rt K = lt? Nlm

Rcduccd mass p = l.t4 x l6x6t
Plenck's constent h = 6.6t x l0-31J-S

Frcqucncy of vibmtion u * ?

Spocing betwccn lcvsls AE - ?

Rot tionsncrs/E - $tnr*,,

t6.52x le-r1lztto + t)l
- 8x(3.1{)2 x(t.46x tO{)

=23? x ldeV.

autq: |Iro' orro= W
ll t

f 2"2.3?* l0* * l.6xl0-le I
...Anglarvclooity CI = L-1..6, 10<6- l* r.r, 

, l0rr nd/scc.

2. Crhubtc tlc frcqrcac5r of vlbntlol df CO molecrle rd rpacirg belrveo! i6 vibrrrionrl
crrrgr lweh. Glvcl ttet forrG colrtalt K of boad In co ir lgl N/m lnd reduccd mrls ol
CO molgcrh p b f.l.t x f0-r I(8, L - G6S x lg-r J-S.



Fonrb:

Frtquclcy of vibration \

Sprc.ing bxwccn vibntionsl crtcrs/ lcvelt is

AE = 4,*r - Frr'huu

- 6.63 r ltrr x 2.04 x l0r3 Joub

= !.ff x lf2 3!.

3. Tlc crclttog lLc lr u crpcrlrcrt b tllC A rrd
rrnc|ctgt of rrtirtolc lirc.

$eftGivsr that

llhvchngth of cxclthg lin. 4 - {a50A

= 5160 x l0rr crn

Wevclengdr of stoltcs lirr \ - 522q1

s 5220 x lort C!!l

Wavelcogdr of otio&cs lirtoLr:?

Fotaulr :

Wrvc nun$cr of dirplsmcnt in Ranrrn cfta is

au = uo - u. fc !to[.s lim

= uer - uo for rnti'eb*cr linc

I l 
=18315cm-rthcnuo= \ =5460rt6=t

ll-. - - = 

--.--=- 

= l8t 16 cm-r,.- f,r 5229x l0-"

.'.Au = uo - Dr = lt3l5 - ltlt6'l99cm-l

tl3 rbL. lirc b rt 55il4. nrd
IArt: t.or Al

rlF
= Iitl*

r fln-- r.xH{r.jffi'
s 2.04 x loi! hatz

tf.



Forui-not* llnc, or3 FAU+uo

- 199+ lt3l5= ll514cm-r

.'.\lhrolcrgh ofurrinokortit L- *
t.

' ;57=S'tolxlo-'on = 54914

ISSTJMMARY:

l. Tho rpocrn cmiod by r olmrt in its nda{b $rE ir odlcd .3 mohcuhr rpccrnrn

2. Thc bul orcqg/ of e rnolcculo E * Eo + :; + E,

3. Enc8t qnfd in r rnnsitiqr AE - E - Et - hu.

4. Frcquilcy cmitlod rrdirakh,r=€ =E- 
d 

.

5. AagubriotrFntrn ofarddirgmlcerlo@zrn

. L. =rrFiiTil

5. Eoc6r lacbofdringnohqrrc q- lr*' =I(I|U- - -!|1,' 2 21 8r'l-

7. Fruqrncyofvibruion uo -*rF

t Trrndion ruhr forvib.Iidt AD=tl
9. Totanr1yd!. b vibrdo od dtin h

(J + l)l

qd-q,+E =['-}]*,.ry'
Fs*}c lino ur =Do -un

Forrmi ds llno u|J *u6 +u,.



3J6 KEY WORDS :
ttdoleuhr sp.cara rcttionrl +ocar, rcloaion ruhq vibntion sgcctr* iner nucloer dirtucc, Raltm
effscq srokes linc, anti-stokcc lino.

3.I7 SELF.ASSESSMEITTT QUESITIONS :

l. Givo t|lo clclnorrnty drory of m8ional *octnofdirtqnic moleulc,

2. Givc thc thcory of origin of vikuiond spo.iilm of r mloculc.

3. Exphin tlre vibration-rotation spoctrr.

4. Explain thc transition rulcs for vibrdion and mtalioa spc(tt!,

5. Explein lrqw the inFr-nuclcar disirnc. in a moloc{h c]| bc cgtirticc.

6. What is R.mNn cffcct end rtere iu epplkatlnr

7. Give an clemcnury tlrcory of Rarnrn cffost ud cxFrimcnrrrl qudy of Rlrnan cffccr

EXCERCISES:

l. An experincatrl t.oplc rva. .ri.tcd bt al6tl I[o cf rorl|& A R .r lrc r.. ob$nild
I glfl Cdcrbc tlc Beo.l |llft-b cr-r. (Ar : 160 cr-r)

[Hior :

Ramrn shift = D-Ddr

tl
ri"

l_1,
= ;t58xlo- - 4{47xtorr

Ar uLt w.v.lcf,O rolld tlc tbtolc lh..DD.||| b tlc Rrlrr tP:It' ol tc r|np|t
;;;i;;;e; ry€ssA ud r Rranr [rc rr oDrorrcd t a'rtL { r''tn Al

t 
=_ 

| , =46ncrn-t
43!Ex l0* 417 tlo-o

l.r _il^l

lHint :Rlnun shift Au - u - urorrr -
l_ |
ll.

=Au+u=rt60i2.295t10/



3.rs RETcRENCti BOOI(S :

l. PtJ/tio. of .bm

2. SF@.copy

3. Itrbo&rcrion of Abrth Frlli.{r
4, Elm!*r of frodcrrl Pl[,!icr.

Wtrndnidrrdr
grtqhGoed[tftF

fl.F.mir
H

t.l.l! I



UNIT.I
LESSON- 4

SPECTROSCOPTC TECHNTQUES

OBIECTIVES:

After completing the study of this lesson thc stldlrtt will bc able to

l. Know about thc different spocrrophotomc&F'

2. Understand the sources ofexcibtion ofultnviolet' visible and lR radialion.

3. K.row aboul filtcrc and monochromators.

4. Understand thc differnct recording systerns or daecors.

STRUCTURE:

4. I lntroductbn

4.2 SpcctrophotorEter

4.3 Sourccs of excitation ofultraviolst rrdietion

4.4 Sourc€s ofexcitation ofvisible rrdiltion

4.5 Sourccs ofexcitation for infrared radiation

4.6 Prism and grating spectrograghs for vislble' ultra violet and infrartd regions'

4.7 Single bearn and doublc beatn ilsttutFnts for abcorptioo sP€ctra'

4,8 Recording systcms or det€ctots.

4.9 Ultnviolet and vhible radidion d.tsctors'

4.10 Infrarcd dctcotors



4.l2 Kcy words

{.13 Sclf-Asscssmatt Qlestiq|s

4.l4 Refer,ence Books

4.I INTRODUCTION:

A sPectmphotograph is an insuument us€d to strdy th3 wavclongth with distribution ofradiation.
Th€ instruments which arc used to sr|dy the absorprion or cmission of etectrornagaetic radiationinensity as a function ofuravclangtt rrc called spcclonracr or spcctrophotometcrsl

Sources ofexcitrtion Itr n6ces$D/ io omit tfie radietians fof utbrviol€t radiation arc hydrogien dis{$arg3
tubc, Dcutcrium ramp, mercuryarc hmp, xclroa dischargc r",np, 

'.d 
hmgsor d;ilrd**"

tungstan fihnrcnl ldmp is a source for visible tadirirn. Sourccs of cxcitation for tR radiakn ars
incmdcsccnt lunp, Nemst Glower, Globar sourcc and Mcrcury arc.

An imirumcnt which rccords thc veriairn of inansity of olcctr,omagnaic radiation as a firnction ofwavelcngth is known ss d@ctor. A &tocror abeab rio ororry orui ptrotom tl"t * ..li -o ,rr*convert this enerry into measurabb qrnntity, ln gioncral tlto deEctors &crate crecricol signr wni"rraclivat.s the rscorders-

Photosensitive divices to detect thc rrdiaion arc (ij photo tubcs (ii) phoovoluic ccrt.
lnfrarcd detectors suitablc for absrrpfion spectroocopy crin be ctrssificd ino rwo broad grurps, nmety,(i) &amal detsctor, (ii) photoo daocton

4.2 SPECTROPHOTOMETER :

The instrumcnt usod to study.thc aboorption or omissior of oloc'onngncic ndiltior intfisity rs rfunction of wavel"ngfh ar" caltod spcctrophord--" -'

The esscntrlet compooatts of a spctrophotomcbr !G
l. Sourccofcxcitarirxr

2. Collimating and Focusing slaun
3. Wavelengttrsclcdirm

4. TranspaEnt conaircr to hold tho srnplc
5 . Radiation dctctor
6. Recordcr



4,3 SOURCUS OF EXCITATION FOR rnTRA VIOLET RAIXArrtrrI

r) f,ydrogcr dbchrrgc bapr : lt covcn thc wavclongth rurec 3500 A to 1200 A'

?his is r good sourcc of UV-rrdiation. Whar clcetric disclrge is posrod ormugh tty&olon P." 
i" t*

h;: ,tJ;ydr"gr" molcculcs are ercitod to hig;a cncrg strto 11rd rctur'' !o drck cigind 3t.3o by

emiain8 UV ndirtion'

Thcsc lamps givc two tyF3 of spactrum. nrrnoly' (i) Lim spcctrun' (ii) Continrrcur a brqd band

sFdrum.

b) Dcrtrrirn ImPc :

|ntlrccc|rmps&utcriumisorr|gscdinadisohrrgctubc'|tsintensityis3to5tirnocth!'ftrtof
hydogcn lenP.

h is urcd to pmducc high intqtcity'

c) MorrarY erc lrnP :

Thcy uc two tYPcs.

0 t tv prr|rIlt EcltarJ ars : lt co{tain nrcrcury doplas rnd e d\tun of incrt gro (hotisu

tLo& !r8dl).

h correr thc wrvclargth rrngo I t00A to I 0'fi)0 A'

ltcy erc uscful for calibntioo end in liquid ctrornetognpll'

iil glll pnar.urc lrcrcrry r.r : rt coo3ists rtrcrcurt vrporr !t . prc$urr of 80 dmorphorc'
-'' 

glinii, aUf,..go excilc thc morcury oms in thc lenp'

TtrY Prcduco shrrP lincs or buds'

rt) )&ml dirclrric brF : lt conrisa of of xaron grs fillcd o$c 1t pcsstlrc of lS]0 rtnocphse

JOr ,*o,-s$tritccoo0cr scprnoa by t mm'

Thcsc tunp pmrfuc. ultssviolct light with mut intondty thu hydognn lrmp'

c)ftr1$../S.loapltugr:Tlrosclampcuocalhdt3$[rtzlhtlogetlhltrps'ltcotlsistsof
lodino with qurtz cnvGloPG'

tlrc lib timc ofquertzl hdoglrl htnp ifdoubb tha of ordiilry ttngsco lrtrtp'

Thcro tgrnOl uo uccd in nodcnr spdoscoph inrrmsra duc !ot:(et&d wrvolQgh nnge grcatcr

intcrsitY rd blgrlifa



'T.4 SOURCES OT EXCrIATION FOR YISIBLE RADIAIONS

Its w$/cbtgtft nngc liee in bstrrycon {fit0A to tOX} A.

hc.[d*'. ong''n filuncnt ramp is a comrmr so,rco of visibrc radirtions.

It consis8.ofungstcn wire sealed in a bulb.

crrbon arc ir anodrcr sourcc of visiblc r.diltion and it is uscd rg more intonse sourcc for visiblc
rcgi.ro.

4.SS0I R('}: (}r CXCITATION FOR INFRARED RADIATION :
r; lm.rrrh.rcclt |rDp : A tungstcn lamp wirh silicr cnvelopc , is uscd for near lR.
A coil of nichnrmc wirc is E odlcr sonrcG for tR radiatix. This coil is raiscd ro incrodcsccnt byhceting upo I l0dt. lr provklc long scrvice and mce reliability.
D) Ntrltt Glow'r I tl consiso of ftsod mixfurc of oxidc of zirconiurq yitsirrn rnd rhodum in thc

ffil[|t;ffi.:r-3 rnm diarncoea.2-&m in r*O. r*,rdiil;;;il *,p.,*,"

ffito1cr 
r cutrically herted to a rangc of tempcraturc | 00d ro I t00sc !o pwidc lR ndirtfrrn of

c) Gbhlr rorrcc : rt is a rod ofsinrcred siricon carbide of 50 mm in rength and 4mm inrdion,.t.r.
It crnit thc rdiations in tR rcgion, when thc rod is hcated bct*een l300oc ro l70dc. ltqnit maximum.rid ioo of 5-200 crn-r.

d) Mcrcrry rrc : lt is a high prcssurt morcury arc with an extis quartzjockct ot reducc thennat loss.
Ir gir$ ;ntcnsc ndiation for tR rcgion.

At shoftcr wqvclengths" thc h.a&d qu"ra envcrope emib the radiation.
Ar longer wrvclGng*s" ttc ,trcrcury ptavnr providos radirtion thmugh quarrz

,f.6 pt tsM AND C.SrlLG _SpEcrRocRApH roR vrsrBLEUUTRAvIoLET ANI} INTRARii'Rdidxs,

ffffirffj3tr:ilf for wovclcngttr cloctron. The sctoeioo of wavercn8tr cm bc donc by

t Filt ,: ii) Monochromator
l'iltcn : Fihcrs are oftwo types



rorpEiliGCffil
eJ Aboorption liltcr : lt works on the pringiplc of absorption. Thcy transmit r limibd wrvolorgdr
region and absorb the othcr waveleng$s.

It transmit a baodwidth of wavclcngths from 20nm to 50 nm.

b) Irterfcrencc Filt€r r lt wo*t ot, the prirciplc of ixcrfcrcnoc. Thcy lrt r$d f(}f @ior
measurments,

Figure (4.6.1) shows the intcrferehcs filter

BellscttU FilmJ
t--\\,- ct ss -l*_tN-odG$ic
t-I Guss I

FIG 4.6.r

A glass plat is coltcd with reflccting rnrtat-fi!m. Iltin film of diclcctric md.t lik€ q0.fao|' M8f2

coated on top of rcnccting mct r;imlfr. diotocgic taycr is colted with tllm of rllccting motrl rnd

ptaced a glass platc on layer for protection'

Whcnabcamoflighrisincid€ntnormallyonthls|iltor,treramitsebandoford.rnd*]/!|t||gthL'

Thes€ sre us€d in UY visiblc regions 
'rd 

upto 14 pm wavclclgth in tR tcgion'

They doesnot absorb energt and hcncc thcy rrc fue from ovcr hcrting

c) Morochromttor : Priern and goting form thc componalts of monochromrior' lt s'D'rs odt I
nanoo, ranBe of spcctrum for intcnsity mcasuncments ln spocrta'

Figure (4.6.2) shows the different Parts of monochromator'

FlG.'1'6'2

lonochromator conists of follorring pans :



l) Eotnnce alit : lt admits a nanow gart of Polychromatic radiation from thg souroe .

ii) Colliufing dcflica : lt.tfldc?s the Ucrrl prnttct by using a lens or mirror.

iia) Dbpcrti4 dcvlce : lt r€sotvet the ndiation into componcnt wavclengths by using a prism or grating.

b) Focurieg lrcu or nirtrr I lt focussas thc difforutt wavoleng&s ar differcnt placcs.

v) f,xlt rlit I lt allows a nanow band ofwavclength.

Figure (4.5.3) shows two monochro$ator using Liipow arrengoment,

Co*n*tg
rd

tooratlra
tlrr!

nG.4.7.r

Ltlr ,
rniaaot

FrG. 4.6.3

ln this monochromalor, thc collinetion.6nd focussing ar donc by a fmnt-silvored concrye mlnor. This
can bc usod for visible with glass prism, for ulrrviolea with quanz prism and for far lR wr.t6 prisrn of
NrCl or KCI or KBr crc.

It insasses the disptrsion of r.didion to double, In this monochromrror, the prism and minor is on a
single platfonn which may bc turn by r dnim and scr€v ro chqrige the mear I ofexit beam.

4.7 SINGLtr BEAM AND ITOUBLE BEAM INSTRUMENTS FOR AESORPTTON
$PECTRA:

l' Si4lc bcen rpectroplotonctr : Tlrc block dicgram of arrnagement os€d !o observ. absorption
spcctra is shown ia figurc 4.?.l -

S.melc
C.ll



ln ttis sysrom r$e ndiuion cmined by sourrc cnters $! filicl or rnonochromatorto isolarc a parirulrr
nanow band of wavclengh. ln monochronator, the radiation is disperscd by prism or gratinij. Whan
pism or grating is rctated, various rcsolved bands of rad iations are focussed u thc exist slit. Thcn tfic
radiation psss€s through thc samplc cell and entor the dctector. The dct€ctot maybc thomopilcr,
voltnreters. Thc detcctor mcasures lhc intemity of rsd irtion. By measuring thc degrcc ofabsorptioo at
a givea wavelcngth, thc ebcorptioa spoctrurn of samplc can be recordcd witt a recordcr.

Dbednotrger of riogle bc.m rpccttodrlcr :

I . The intensity ofcrnission ofradirtiof from tho source vstics dtlc to variation in power supply and

rhen thc rosulting speotrum is disturbed.

This can be avoided by using a contrnt pow.r supply sourc. ofhigh dcgtc stabiliz{ion.

l. Tlp bands ofsolvent also appcar in thc spoctrum of liquid sample,

3. The spectnrm is not rcadily adaptrble to.recording becausc of ncccsiity of celibrltiorl st eeh
wavclcnglb.

2, Dorblc bcrm rpectrophotomet r:
l he block diagram ofarrangements used to obscrve cbsorption spectra i9 shown in figurc'

FIG 4.72

ln thb syst m two equivahnr bcems by rrcans of minors ar€ dircctod to two dclcctors (photo c€lls)

drrough a samplo and re ference sample" The n thc two bcams recombined in a diffcrcntial amplifrcr. lf
the iiant powcrs of two bcams aftcr passing lhe sanplG arc s!mc, thcn thcre is no outpl sigml' lf
the rNdimt powcrs of two boams affcr passin! the samplcs are different, then therc is a ouqut sigml

which activates a sprvo motor. This dtives the potgntiometric record in the rccordcr.

Advrntrga of Double bcem Spectmmetcr :

L Any enor due to variation in fhe intcnsity ofsourcc and fluctuetions in tho detCctor is minimizcd'

NI
TA
Racordat



2, Thc oalibttion a each warachng$ ir nol nccessrry as in clsc of singh borm spGctoplro!fiNdcr.

3. Ttis sy*an lcnds itself to rapid scenoirg ovor I widc warthng$ rogioo.

4.I REOOru)trlG SYSTEMS OR DETECTORSI :

Dcrclcr : An in*umqrt which rccord or mt ttc vrrhthn of ftnonciry qfcfmfrrtio rrdilior
of iilrfiity of ohcfomrgnclic radirtirn I firaaior of rvndorrgft ir lnown r dacctr.

A dcicclorrbsorb3 thc encrg3r phons thd nri|r it ThE deccon 3arcrlc rn clohd lbnrl to.ctiv16
rccordcr.

flporhrl rtqllrurertr foi &lccto[ I

i) high rsmitivity widr low noiso bvcl.

ii) gononed olocticel signal canbe ouily anplified for rccorder.

ii) hng tlrm $bility to cnsurc queliffivc rrsponsc.

4,9 ULTRAVIOLET ANII V$IBLE RAI'IATIONIIETBCIO*II :

Tho clcorric cunsrt gencnted in caso of phoroclgio ofha onbrorptkn of ghoton ! anknaAmr ir
deGcly empodmll !o l|lo rNdbnr porrrcr of.brortod ptrfrnr. ThG dcaioc urcd ft? tllt pgpooo rc cllod
phooohctric dctocb|s,

r* prrosrcr*cococras rrr twotypc6, n mcly (D phob trrb6, Cilmrkmduor ptolodmr(pho
.toltrk €cll).

r) Plot llbc. : lr cmgists of lhr!! p|rb.

D An cvst&d ghss onvclopc haang ! qurtz yirdowto dlory tb ulhvadci ndi{io|L
i| A scmi'cylindrical cethode whosc inncr surfecc is coatcd with rtkrli and alkalinc orrrh orido.

-) A cerrrl wirc servcc a arrcdc.

IIG-+9.t



Figurc (4.9.1) shows thc photo tubo circuit. The radirtion enters thrcugh quariz rnd srikc the
photoernissivc surfr,cc. Thc clocoons escapcd frrom thc surface rrB collcctod by rnode lhen r cuncrit
(i) flows in thc circuit.

At r givcn radiant powcr, ploto curcnt incrceses with appliod voltrgc. At e Frticulrr volasg. ttr
curcnt is nriximum. The meximom voltago is callcd as sduistior voltagc,

PhCo trbc cunsrrc rrc gnali and rcquirt emplificdion. A high csistancc conncctcd in circuit rnd P.D

dcvclofcd acroes R is conncctcd to ampl ifier circuit and tlten to r rccoder.

2. Ecmicondcutor plotodctcclor (Pbotovoltaic ccll) :

It is used for dctcction and measurement ofradiation in visible region.

ln solar cclls the generated electrical voltage is pfoportional to lhe int€nsity of incidcnt light Henco

they ars crlled photovolaic crlls.

Construction : Fig. 4.9.2 shows the constrrctioo of Photo voltaic ccll.

Oder rno

'-Juncl|on

FIG {.9J

Thp cells consiss of P-N jurction diodo, A rdal ring in co$r€t \rith P typ€ mrt€rial scrves ts positivc

tcrmiml and a mc{al ring in corrtrcf wifh N- type marcriat scrves rs negrlive tcrmiml of ccll.

Working:
Whan a photur coltirtcs widr valoocc oloctrureithcr in P*ypc material or Ntype matcrial, slecfrons

erc cj*icd nottt trlt€sc doms af a rcsult frec alecu,ons and holes are gencrated on cithcr side of

lunction. Thcn thc dcplaion rcgion potcntisl csuses thc photo cun€nl rcnoss the external lod.

Opcn-Circuit outPut voltage cbargcteristic :

Figun{4,9.3a) drows ttp opcn circuit ouput voltage Voc chsret ristic of a typical dlotovoltric ccll.TlF

gridn (l.C,f Ul1r*t rtnt the ccll is nrore snsitive for low intensity light lcvcls th.n hiSlt irrttnsity liSit
lowls.



oeffi
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FrG {.gJ(eXb)

Output curnent - chffrcterbti$ ;

Figurc(4.g.4) shows thc oupul chstect ristics ofatypkat pbotovolah cell for vrrious lord resiscmcc.

FIG ,f.9.4

Tlrc gnph shows tha thc ouFut cunrnt ofcc[ incn:a'os witrr increasc in righ inrcnsity.

..T O II{NRARED DETECTOR :

lR dct ctors rrc suinble for abcotption sFcboscorry,

Tlrcy arc chssifrod into trro broad groups. '

i) Tlornd d.t cto' : Thcy dopcnd on intcgrarai cnerry of numbcr of photons ro produce
mcrsurrblo hcating €ffccts, Thu.c arc usod inmudre ard frr infiared rsgion.
Er : Bolomcter, thsrmocouplc ctc.

I
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il) Phoror &tcctorr : In thcsc delocton thc incidrnt lR ndiation photon trrnsfu an clccron fronr
valcnc. b.nd to conduction b.rd to contribote to cleclricrl cooductivit)..

Er r Photocorductive cell. semiconductor dctector etc.

Thermocouple:

It is bascd on Scebcck cJfcct. When two di*similar rnetals arc fixed togcther and thcirjunctions rrc at
difrorcnt tompcreturcs, an elec.tric curr€nt flowr through the circuit. The sFcngth of tho surenl in
circuit isa mcausr€ of intemity of rsdiation fallingon thehotjunction.

Bbck botty
hot jundlon

Cold iuoction

Infiarircl
.l.dolbn

FIG. 4.10.r

Fi$rr (4.10.1) 3hows rhc thcrmocouplc. The thcrmocouplc is enclosed in m evrcudcd stccl c|!.
providcd with KBr to CSi witdow ro allo$' lR rtdistion'

Photoconductive Cell :

Figur{4,10.2)showsthephotoconductivccel|'|tconsistsofceramicsobstancscortedwidl
ptiloconauctit" mrretial. mctellic elecrrode, suitable enclosurc and windorv'

/

FlG.a,r0.2



Tlrc nccassrry cnerg for valoncc clcctrons !o bccome free cunent carriers is varies frorn 0.2 to 3 cV
This is basis for the operation of photo sondrrctivc ccll. The decrcase in the rcsistancc of hycr of
photoconduuive material is proportional to the intcnsity oflight r€guired. Extornal field is noccssrry for
clcclrons flow through the dotcctor and cxtcmal circuit.

4.II STJMMARY:

l. Spccttophotometer is used to study rho absorption or emissbn of clectrpmagnctic radi6tion imensity rs
a function of wavelength.

2.. Hydrogon discharge hmps, dcuerium lamq mercury aro lamps, xcnon discharge lamps, tungston lanrps
ate sourccs ofexcitation for ultrN violet ndiation.

3. lnorndasccnt tungstan fitament lrmp is a enmmon source of excitation for visible rdistion.

4. Incendcsccnt lamp, Ncrnst Glowcr, Globar sdurcc ard Mercury arc are sourpw of excitrtion for
infiarcd radierioo.

5. Singlc bcam and doublc beam instrurrrcnts,

6. Ultraviolet and visible radistkm detectors : I ) Photo tubcs, 2) Photovoltaic cell

7. lnfnrcd detcctors : I ) Thermocouple, 2) Photoconductive cell.

4.I2 KEY WORDS:

spectromctcrc, spectrophotometer, excilation sourcos, prism .nd gnting spccrogrlghs" singlc and
dotblc bsm insfumantr" dctlclors,

4.13 SELF-ASSESSMENT QUBSTTONS :

I .. Describc in detail the diffcrent sources ofexcianion in ultaviolct, visible and inftard ragions.

2. What is monochn*nalor ? Exphin tfr working of prism monochromator.

3. Doscribc single b€am spestrophotomder ard give its disadvantages.

4. Describc doublc bcam cpcctrophotomctcr and gives it advanragcs.

5. Doscribe and explsin $e ultraviolet and visiblc rsdiation det€ctors.

6. Describc and cxplain two infrarcd detecaors.

4.I4 REFERENCE BOOKS :
l. Spcctroscopy
2. Physie ofAlonr
3. Modem Physics
4. lnaoduotion to Atomic Spoctn

Straughq and Walker
Whcr and Richards
S.L. Gupta, Sanjeev Gupta
H.F White



UNIT-2

LESSON-5

oRrGrN oF QUANTUM MECHAI\IICS
AND PHOTOETECTRIC EFFECT

OEIECTIVES:

After the oomplaion of this lesson ths sfidca! $iI bG ablc to

1) Un&rstandtheBohr'sAtomModel'

2) Undcrsb$d rhc Bohr's theory ofhydrogcn aom and arrgl lcvcls'

3) Undcrstand lhe limitationsof Bohr's thcory.

4) Understand the photoelectric cffcct and laws ofphotoolcctric cmirsion'

5) Undcr*and the Einste ins's photoclcctric equstion rnd Miltikrn'r cxpq .irnarUt vcrificticn'

STRUCTURD:

5.1 lntroducrio{l

:5.2 Bohr's thmrY of hYdrogcn storn

5.3 Spectral Series ofhydtogcn atom

5.4 Limiations of Bohr3 Theory

5.5 EJfect ofnuclear motion on atornic sPcctra'

5.6 Ritzcombination prirciplc in atotnic spofa'

51 Photoclectrlceffect

5.E Fundamental laws of photoelccuonic cmissiol

5.9 Experimcntal study of photo Gloctric cffoot and Chrractristicr of'Mclcotronc

5.10 Einstein's phorotlectricequstion

5.1| Solvcd Problcrns

5.12 SummarY

5.13 Kcy Words

5.14 Sdf-Assessrnent Queslions

5.15 Rcference Books



INTRODUCTION:

s2

To ovcrcomc the instability of Ruthcrfiord's modcl ofsn aaom, Bohr proposod &o new revolutionary
kta tlatan elccuon revolving in an orbit do€s ngt r.diae errcrg and its anjular nromantum is q;irrd.
So its orbit will be srstionary and stabre. Furthcr. to explain the line sp-ctrum orhyarog;a;: he
postulared that 8n eleciron absorbs or cmits radiation only when it moves from one statiJna.y oiit o
L:y_.-:1li"""ty orbit' using these quantum concepts, Bohr successfufly exprained the stauiiity of
hydKrgen alom and its linc apectrum.

The classical conccpts sEnno! be^applitd m atomic flroaornenm ard it is failod to exphin the rtabitity
ofthc atom.. Thc cla$sioal theory failed to explain thc spactrum ofhydrog.n u,o11. rnu. ,t u-"t".!i."t
mcchanics does not hold in thc rcgion ofabmic dimemions.

_ 
ln oder to cxplain the shape of brack body radiation curvcs, Ml* plank in r9@ proposcd qumtum

{gr' egoqing to this theory, manor is composed of a large numb* of oscillating particl"r *r,i"r,
vibrarc wirh different frequecies. Plonck concluded tlrat the cmission absorption offrefi ui".g, i,
not a continuous process but it takcc placc in dicrcte arnounts. The phenomenon of prrotoe-t&ic
cffect was discovercd by Herrz Millikan investigatod this effcct with a number ofalkaii mcrals over
r wide rrngc of light frequencies.

BOHR'S TIIEORY OF HYDROGBN ATOM:
Eohr cxptained rhs atomic struciutr ofatom on the basis of quantum theory.

Elodron rtvolves round the nuclcus in a circular orbit the electrosratic force ofattraction between the
nuclars and i givcs neccssary ccnripctal forcc i.e.,

mvt I ze.e

; = o* ';:- (neglecting - ve sign)

t.

mv2 = --------r (D

Tho ogular momcntum of I in a stationary orbit is quartiscd snd is equal to integrar murripa of {

L=mvr=
nh

nh

I zez

4teo r

Similruy,



3.what i jumps fiom ooc orbit to anodror orbit thc cncrs/ is Flcascd or ebrcrbod end is cqual to

diftrcncc ba*cn thc acrgfos of lhc two ottrig i.".,

E, -E' =ftY 
--e 

(D

Bohr rpplied thcte postult&s lo dlc hydtoga dsr kr which z' | '

dRrdiur of tlc Bohr orbit (or) Fint orHt :

Srtcttling tlc cq (3) in cq ( I ) lve gEi'

oh)' I e2

-l=+ra-

2nw) 4neo r

f n'tt ) | cr
tft ----.:--:--:- | ==-.-\2r'm'r',/ 4rt 6! r

For nrorbit, r=ro.

.". 1n'!' -------+o
are-

r.ffir
- tl5 x t0-" x (6.62 x t0-")t._nr _0.53 " | firoor

" 
- 

3.t4 t 9.1 t lot'x(1.6t lo-'")'

= 0.i3nr.l,

'tf n = l, rrdius of Bolr o$i! r, 10.53 x It Ao:a rr - 0'53Ao

rr=0.t3 x 2:Ao

rrD0'53x32A4

Ir:12:L

n-2,

n=3,

= 1 : 2/32:



b) Vchcity of the clcctnor :

Subaiutingoq @in lDre g:t,

mv2

mv:

I l.c2

=.'s';[:. 2anv

I mvct- 2er' 
"h

t#*
By rubctitrting all tho vatus.

2J75x l0'v- --,- -- rru-' , Oll

c) Enerry of the elec{r6r :

rhcKEofrhc J,r.e- irr' = i # *
lcr

...K.8* s_%.;:_ro
wb know thrr poartiat cnergr p.E,- wqh donc in bringing $G ; tom ob &c orbit ofndiur r.

!'

P.E:!Fd, ='ti * = *'P -&HL
c! [-r. rl-4r€r[;';J

. ,r=*+ 
--+rD

.'.Tocrl.eroqpr of thc ;, E - p.E + K,E



E

le:le:
=--.-+-!-4r€o r lr€o r

'l 
ct

=- st a" 
-;

ie'
Fcn'horbit,{ =-gr"r';

E"

Using tho oquation (5)

lc'
--s"""'ru[ff]

I ottr' J

- mct I
E=_.-_-_En -t41''nt

By subctit{ting dl thcre vrluos

_136
E" = --*;-GV

El

E,

n-3,

rO

-*rO
=-13.6o

- -ls=-Llw
4

Fo.6. fitgorbit' n - I,

2torbit,o=2,

3d ortit = :!l{=-1.51-
9E,

tr= rD, ,.'#=o
Iolbrtlor EncrEt :

tt ir tic rmourt of co3 g/ $4pli.d !o rod an | ftun fu ottit b infmity it crllod inirairn coair'

Sor tftc lu&otcn rtofii, irnir*bn cncrnr E - E-- E,



... E = 0 - (-13.6) = l3.6ev

Accoding to Bo$r's 3d postulrtc, c jump6 from n: to n, orbit, thodiffercnce of energr lwers
radiabd in thc form of light of ftoqrtency v

i.e',8n,-En,=hv

-me. I /-me. t)
n"= G hr.;l_larr.aj

ne, f I tl
h,= GFEIA_4J

ttc ,rc. lt llf cj
7= t4',-L;l -;l jL-"=;J

t n"'f t ll
r. selhrclnf ij

t-i't-v'wav'numberard

mel

f-{i[;= U nvAbc.gconst nt. lts valua is 1.09677.x t0?mn

"=*f+-+llni n:J

R is thc Rydberg conscam for hldmgen wften nucleus mlss is not consi&rcd

53 SPECIRAL SERIES OF HYDROGEN ATOM:

slrb Stlics rt & Nftnb
sFtrrtn

Uh,Elqh

I Lynrr I 2,3,4 .. -.. *. Uhavidet

2 ehrrr 7 3,4,5..-.. c VisiHerqict 6,fi4]E3,gtL
3 ->2* -+2

3 PEdEr 3 4, 5,6 .. -. .c hfa rad
4 kdd 4 167..-,- a ttfia rod
5 Pfud 5 _6 Z 8..-..c ffia r€d



LIMIT/TTIONS OF BOHR'S THEORY:5.4 LIMIIATIONS OF BOHR'S TIIEORY:
l. lt codd not oxphin thc conrplkrtod :{tesr6 of sloms cxocd hydrog6.

2. lt could not onplaiu thc r,olativc hrtorr'dties ofgDccEel tineg.

3. This thcory could nc cxplain the r-ccnnn & gtr oficpt

4. lfcorH tntcf,pbin thc chcmical bonding

5. lfcouH not cxplain the distribution ol s inthsrlom

5.5 EFtrECT OF NUCLEAR MOTION ON ATOMIC SPDCTRA:

By trking thc rnrs of ttc nrrchu into accolrt ihc *rno n-rU { = + = d;
p is.calhd rcduccd mast

M|n
ir., r!=tl;

M= mrss of thc Nuchous

m= mr$ of tho cloGlton

. Mt.ata.

n=*=E#1,1, E]

{ I M mc'[l ll
'" = r" =illm f;r;l;;-;;J
tMl
h= M+^ t*

- M+m.
7x =--tr-.tw

b=M*^ rlLM

t+ +l



xr, L.
fhcwnotcrry$ !$ddry grGt$crlrhcwrwlrrgtcccrpodingto infnhdyhGrr.y auclanrta, ftl
rFctnl lirca dritu low.d! fi. higbr rurc@$ ridc.

5.6 RII?- COMSINATION PRTNCIPI,E:

By mbimtio of tlnrtr thd oc$r iD Brftnor fr nrb, odr nhlm ca bo obtdnd whiilr sho3
nsry lfurcr ud ncw situ. Frcm tlp Bdrnc rcrios for H.lim n, - 2, arr - 3

{ =-[i-i,]-,
For thp socond mernbcr i.c., for H, linc n, = 2. n, - 4

- Fr rl
% =tf -rJ-'-)o

rb*acq@ iomcq {D n-O=-[i-*]- o

Sinilrfu & finc, n, * 2, n, = 5

*:,,-i={+-i]_.-,

=", ;={*-i,]

*'r,-i,={* *]

4={i-}]-*'o

subtnc't oq O $un oqO

Thb sakr wrr lu dfucovorcd by prrctur.nd it ir hoso rr lclFn gh3

For Hr liiq, n, * 2, q'6

s$rrrt aq O e,un cq O

subinct cq (D from cq O

l-arcr 6ir sorics xas dirconcrcd by Bnc*cn in lR rcgion md mncd ls Brrlcn scrhs



suhrroteq@ froareq @ ;r-i which is thc first linc of pfuod serica

5.7 PHOTOELECTRIC EI,.FECN

Whcn light of sufficient enerp incidont on photoscnsitive meial (allali mool)"such as lq Zn, Lib N.'
Mg otc. I emitted Fom the mctal surfoco .These i are callod photo elccnons and thc phenotacnot is '
callcd photo ohctric effect. The metrl used is called photo mctal

ltallawrck first invenled this cflcct ard Hcrtz conductd numbcr of expcrinonts oo dtis efrect

Photo metal 
FrG 5.7.1

5.E LAWS OF PHOTOELECTRIE EFFECT:
'L ThG st$nglh of phoso cl€ctric curreni is pmpottional to inrcnsity of incidert tight

2- Thc K.E of emitcd eteohons is directly proporrional to the fuquency of incidgrt radhtion

3. Ths K,E. of ernittcd ; is indepcndent on inlauity of inci&nt light

4. Thcre exise a critical frcquency vocalled thrcshold frequcncy abovc which onlyl liboratcd from

tho mo'tal surfacc. This frcquancy varies from metal to mstal.

5. Tlrcrc is no time lag bctwcen tfte incidcnt photon atd emittcd clcctron

6. Thc ratc of enission of photo I is indcpondent on rais. oftcmpcraturc

5.9 EXPERIMENTAL STUDY OF PTIOTOELECTRIC EFFBCT ANI'
CHARACTERISTICS Or PHOTOELECTRONS:

=-t+ *l



It consists ofan cvscuatcd ghss tube mrdc ofglass containing photo scnsitivc mctrl platc C(cdrodc.
.nd snothcr me'tal plate A (Anodo) as shown in figund5.9. | ). The window w allows the UV ndi*irx
through it and th€n incident on the plat€ c.The phoro 

" 
arc omirod by cathodc and collcqod by drc

plete A c.lled coltector. The P.D bawecn A and c can bs veried wittr the help of fico6'* ih ud !m
be measued by voltrneter.Thc potentisl of C relative to A c8n be vrriod with conrnut|tor tfi€n
micnomeier rt€asures the photo clectris current.

tbt
r.6rrrrN,

nG s.9.r

The experiracntgl findings can be classificd as follows.

1, f,,fcct of intomiqy of inctrrlcat |Elt on photo clcctrlc curreat:

By adjusting thc distancc bstwc$ the soqc. rnd thc emittcr the intcnsity ofittcidcrt light crn bc
changed. Then {re photo elcctric current changes lincarly with intonsity oflight. The numbcr of
photo J (photo curr€nt) emitted per xcond dcpends on rhc intensity of incidart light es shown in

thefiepr{s.9.2).

2.Effect ol rnode polcrti.l (vottr3c) lor dlflcrc irludtbr of |lcldcr Qlf
ol pboto currad :

As the frequency of incident light remainr samc at differnt intcnsiticr.croor thc diftrw rol
of em.ner as sbown in figun(5.9.3).lt is found thrf thc reopping poart;tl V, r€ri.ini s||||a b.dif

+*-"* -r-tl'-
t :::



futt ndths i.o:, thc-sgpiog, potqtdd doca nu dcpcnds on intcrsity of incid€nt light.

FrG s.9.3

3.Effecf of fnqrclcy of lrc[cnt li3!t oa pboto clelric current:

l. From thc gngh(5.9.4) h is noted thet thc photo curcnt is samc for different ftcqucncics of incidcnt
light whcn thc intorsity ofincftlenr ligln bcing sarne.

. As thc fiequcncy of incidcnt light incrca:cs tbr $opping poLntirl rlso imruscs i.c., thc K.E. of
photo I dopcnds in frequcncy of incident light.

gj&,y^lr-' Cuwa.f

s3 -'$l-t6l l.'o& votlAc

FIC 5.9.4

,l.f,ffoct of lrcqucncy of Incld.lt lLht o||,topptn3 potcnti|l:

From the graph(5.9.5) it is obscrvcd thrt diffelent moals have differcnt wo* functions i.e., difTorcnt
thrcshold frcqucncics which shown in thc followiog greph



\b,
q

\>b,

5.9.s

S.r0 EINSTEIN'S PEOTOEI.ECIRIC f,QUATIO!{r

Thc hws of p$oto clcctric cftct cxpl.incd by Eit8lcin ol thc bir of qnnnrm drory'

Aoordiag !o qu$rum $oory drs rrdilion consi$r of drcrs of plrolar rnd cech phoon b arctxlr
h v . Whrn SOn cotlidc tlro rbst in I rncarl nrfrcg tic acrp ir oooplcal rbcor0cd by cindc

i. Tbir anorgy i3 utilErd irb tro 1Yq6.

l . A pdr of a..A/ is udlird !o lib.r!l3 lhc ; fiilt Oc nrft6 of lb nal. Thb caorgr ir cdld
wort finction W.

I
2; The nnnirlingod.{F( t t W h gin to.tb.libcr6d: l r K.E ( ; mt')

... ftcrh tftc .borc two hws,

he-v -|mvz

hv -w+ lrnr3 ---+ o
a

This Gqustioo i3 c.llcd Ehooin'r dolo olmb oqrdion.

Wot* fircdoa trl :-lt is $c minimum cnoqpr rcquird o libcrdc dtc; fronr thc trom 0rc rurftpe

ofmctal i.c.,

FIG



W-hvo

whore vo is crllcd threshold frequcncy, lt changcs from mctal to m€ttl

frorndo = hv=hvo *|tt' -, o

h(v-vo)= jmv' ----+ O

'.. hvo'bconre$t trv*|mv'

kinotic cnorgr of I proportional to ficquonoy ofincidcnt photon.

Stopf,4 Polrrttd V..: lt is thc minimum -ve volbgc givcn to the collcctor srrch thet thc pboto

cur$t is z.ro. lf Vo is the stopping poefiirl, lhe K.E. of the I

--;@

rO

'l lrew ..x"ficd from of photo chc|ric equation.

ropbrt!3Frd(5.10,1) barrcon Acquqcy of cpootrl line sd stoppirg potatid *€ gd a sfilight

h
line withinte,.. ' r r - exis (thrcshold fiequcncy). Thc slope of the gnph = -, Thcnh=slopexc

Basirg on th$€quabn tit jllikan o<perin enblry *!or, €d thatth€ va.UeoEh - 6.52s' ltrxJ'S wltich is

exaccly ooinoi<lc with thc vducs from odrcr vorious mcdrods. Hcncc Einstcin's photo elcectric oqution
was provcd.

SbP.= : Stopping vo

Potentiak 

I

l^u'ovo

.'. cq {D = h(v-vr)--sl/.

t.,, -ttv' c lb '
.. a

----+ v frcqucncy

FIG 5.r0.r

Yo=Lp-41

Thrashold



i.II SOLVEI' PROBLEMS:

LTto nvc lorytb of H, lhr ir itfl ,11 nf,& grd!"t cdqt lAul,Of7xl0'ffrl
ol : For I{ line in Brlmor soricq n, = 2, n, *4

Givcn t;=a$li =4t51 x ltrron

- I t,_tl
*rlnowthc *=-=Rl :*o ,2' 1'J

t fr r'l trl
,*ir,=ti_ij=til
l6x l0roR'l;ffi= l'o!l7xlo'n-l

2. Tlc nvdcrytl of fint lirc of Prsfcl rcd.f b \drpr rydnn b l.&75 x l0{n FM
the Rydberg onstanL tens:1,{)l)?l4x lO n{.1

Scl I For I r lim of hchcn scrios ' 4='3, q = 4

l= Lt75 x t06m

- l ^f r rl
But v= i= Kl _T_= 

|" L-r qj

r t-r rl-fr il' : =Rl -It75x to-" L3r-C j= 1;- t6J

| ,=Rf t l
l.t75xl0-' l9x16 I

9x 16
*= tllm6t = 1.09?l4xl0' m'r.

3. Tlc rrvdcrgtl of Finl lirc ol hhcr rcrlr b 65fO i . Cdflb 6c lnrclorgg of !.o.d
lhc I AuraS6li I

Sol : Fotdtc firg lineofthe Belncrserics n, =2, nr= 3,

For H.linc, l' = 6563 i . 6553 x lOitn,



I
V. -i* = -l+-+ =-t*l

r5R
6563x l0-rc 36

n - Tllo'l = r.(Dtx to'm.-- 5563x5

For tho rccond rsnbor n, r 2, q: 4

; - q= -{+=+]=.[i.]

l--l.lD?rldx3
r, 16

eloctrn volt

8ol: lbrtfucdoY. hvr3!

Girrn tlmdroH *rvolctglt f. -6S110 i - 6t00x l0-tn

wlooi1y of lifh c r lx l$ 6:t
Plmt's emo* h - 6.6ilxl(P J-S

h 6.62x10'x x3xld
w- t=-?6x-lo-"-

W E 2.91xlOrtJ

&l lcv - l.6r ttrreJ

I...tJ=;;10i;ov

2"9 | x l0'rt

'= l;;6*-
U- LtltcV

'Ai*l.tlt cVl

L=- 16 ..4$r)
' 3x1.0!lllxl0'

a.frc lirrlell nUrfO br l{r lrerl L atoAr. Cdcrho O. rcrt fbrcdor ol Nr rrld lr



5. Crlc.lrb rlc rort {bacdol fc Nr f,ctd ?l.a rlEbold lhqrolcy

hc
$ol: Worlt funcrion W*hv,,= f

Givar thrcshcild @ucncy v0 = 4.39 x l0r'Hz

Plrnokt consoot h - 6.62x IO{FS

W - hv * 5.62 x l(|r x4.39x [0r.

- 39.06 x l0r0J

DI)6,. "'-'w = dffi - 18.162 xlOrev

- l.El62 oV

Cdcrt a tc rorl furctlor of phob eNoctdc rurlrcc il
dor to Grdt i fior rtl rurficc b d000 a?

From thc givon problcrn, tlntnhoH mrasbtgdt \= 6000 i
t=6000xlodqn=6x10'h

- 4J9 xl0'Ilz

Am:l.ElE eVl

wllch loagat wrvdenth of redir'

I Anr:2.0915 cVl

I

a.

Sol:

C 1: ld
Thnrhold frcqucncy %= L - 

-:::+-s Osx 1g't

vo' 5xl0r{{z

W = hvo- 6.625x l(P)i5x l0r.

= 33.125x l0-'J

...w= 
33'!25119 

"v

33.1?.1:rl0r' 
t*ll-2.0eti "v.



7. lrdlldor ol rrvdcqtl 4e00A' frlb or r utficc wlm tort fbrrdon b 2cV Crlclhb
llc ruhum vcloclty of clocted I .

&l : Fmm the givcr problem,

rrc*firrutionW = 2 eV = 2x l.6xl&ttJ

= 3.2r ltrreJ

I Au:6'22t2xl$ nrrl

Pl.oot's coostmr, h - 6.62x lo-xJ*S

f -4000i */|00(}x tcrh€4x

C 3xl0l
"=i=ffi=0.?5xtdtrrz

Mare of thc i,m * 9.t x l0r*g

I
hv- W + imV'

I
;mV, = hv- W

I t?tn

Pld'sconsrt|r 1= 6.62 x 16irj-g

elquctEy = 3xlortH:

mdlm-9.lxl&trkg

v, =1hv-w)
m

V=

9.1 x l0-t'
- 62282x1d msi

t. Thc pholo GLctric .urfro! of tlo sor& lhacliol b ,hv. wlrt b tlc nuinrr vdoclty of
ploao c rdrld by tlc ftlt of frrqlacl3 r l0rEr I Au:l.7l9t x l(r rr/31

Scl : Wo|t firnction W-4cV=4 x l.6x l&rrJ

z(hv-w)
v2 = _:---3

m



2 r[ 6.62 x t}-t r 3 x10" -64 x t0-re

9l x l0-tr

= t.7l9t x 106 m/s

l.Crbrblr rlo rorl {bmtiol of r lctd |ll cV rloa fu tbrsloH firquency h 4,4 x l0( Hr

Sol: Oirrcn vo - 4.4 x l0r'llz I Anll,E205 eVl

W*hvo

= 6.62 x lFax 4.4 x l0r.

- t9.r2t x1s'r; =,2:!3!:l.o;' "y
= 1t.205 x ltrrcV

= Lt205 cV

t0. Igrof rrvdongtt Seli rd?Oi ircid6t or r rctrl rurfrcc lr fouad to enh pboto J.
tCf, lt cV rd f.5 cV n p.cdvcly. Flld ihc pLtck'r o.rLd I An:6.625x lOsJ'Sl

Sol : Siaoc norl fimotion ig sarnc in tlro cascs.

Accoding io Einstcin's Photo olcctric lgudion

ln cuc (i)

hv,=W+KE,

c
hf-w+KE,

rt ffi =w+l.lxl.6x l{freJ'tO rr ffi -w+4.5x1.6x lo-reJ'.O

-h # [i - i]=t.u"",,(4.5-r.r)

In casc (ii)

hv,=W+KEz

c
h t-w+KE,

Subnrr cq O fi,onr oq @



3.I2 STJMMARY:

l.Boh. poolrla!.s sirl3 fi.t

clccooo cylow lornd thc nuclncs in circuhr orbit

mv' I
ccotrip.ial fo.co = ; = 1r*"

I zez
o'*= 4o".;

b.a';;- (neloctine - vo sien)

--------r (D

tn a setiouy orbi! tb6 oftittt mgllbr rmrncsrtun of ohcfar k oquel o rn inrognl multiph of 9
z1

L= mw- 0b

2r

nh
r - :- ----.r @

ztamv

Whar i jumps ftotn me orbit to urotlrceoibil drc cfEN8/ b rclcr|ld c diorbod rnd bogd o
bervccn thc enagies of the rwo orbiti ir,,

Er-8,=fiY 
-' 

O

2.Radius oftho Bohr orbit : r" - 
q n'f' 

>O
&lle-

r; 0.53n:i

3.vorocityorthct,t - (*) *
2.t 75 x tfv=-ms' __* @

n

lot
4. Energof thc J : .1K. E= G;.; ------+O

I -c2... PE-;;:;.; *-_-+o

difinnoc



-nic' I I f'
E, =CEhr.;r 

-='o
.Bynrbctitrtingallthcrcvalucs E- 1F- rO

t--[+ *]5, Wrvo rurnbcr:

I
6" Birunoin'r photo chctric equation: h v : lil + ; rnv'

I
h(v-vo;=:6Y'

7.Uorhfinc-timW:-ttisthcminimumarcqrrquindotiber,rlclhcffr,onftcfiotnlhcs.irccofmt
W=hv"

& Stoegi||g Fo.q|ttrt Vo: lt fs thc minfunrnn -w voltrgr giy€n lrr thc colloctc ruch dutdc photo antct

ao. lf !o is thc stoping potcntial tho K.E. ofthc I

!r*'="vo and h(v -vul.= st'o2"

ro=!1u-vo)
e

5.I3 KEY WORDS:

Atom. hydtogtrtslorr,. Bohr's&eorySomic specra"sp, rralscries'l*lve lqt$b Rydbdg

oo@4 Phdodoctbcmd€ilsUntcqgim,Ireshnd fuqtncy' Liniuingrvot @1h

3.r3 SEI.F-ASSESSMENT QIIESTIONS: .

I . Ugirg Bohr's thcory, obtain thc erpnescioo 6r rrdirs rr I orbit, vclocig ofclccton il a otit
corryr dfclcuon in any ortrit

2.Strte{rdexplain{re furdalsrtalposnilgof$oln! rlroryofhy&ogatl|omaodderive
ortrrsoions forrraioushydrogo rycctol lirs.

3, ltfut is Photoctcctic efioa.Dcscribe an o<perinrantrr | ,-ct up with which dr Photoclecric

cft ct has bcco int Esigd.d.



4. State ftdancntal laws of Pho,toclcctric cmissiorl

5. lviention the limiations ofBhor'e theory

6. Explaintre following tcrms.

a) stopping porcnrial b) Threshord froqrrrcy c) wbrr fimimd) Lmgwnrc rcogrh [mit
7. What is 0lc etrect of nucler motion on atoeic spocua"

8. E:rplain Ria combiaation pdnciplc in spocta-

9. State and explain Einstcin,s photoelectric equrtion

EXERCISE:

l.Crhubu thc.lhgr:rcy of t ir Bohr orbll ol fydrqicr

Ilht I For Bohr orbit n = l, radius = r, * 0.S3n, I
=0.53 x loFh

from thc Bohr sccond postuht , .", = S

IAD:CS3a x lorEr I

=2.175 x
u=n h 

=1.
ZXmr

V=ra*V=r2tw

l0n

But .. Y Z.l7Jxld
zts 2x3.14x0.53x10-ro I

.celculetc the rtopping potootier for photo i cntttcd by goH crt[oda lftrcwrvdaglr of
incidcnt rrdirtion ir 2.5 x l0-tm rnd wor*funetion t.g cv. tA!r: 0.r6fi5 vort I

lint : Given work fiurction W = h% = 4.8 eV *4.t x l.d x lGreJ

E: hv = 
hc - 6.62 x-t9+-r i x l0r - 7.9jxt'rrJI 2-5 x IO

6:62 x l0-Y



I
K.E imv':= 

c\ Vo=?

... From Einstcin's phot(r ctccttic oquation hv - W + cVo

cV^ =hv-W=E-W-?.95 < lo-re- 7.68 xlorrt -0.27x l0rre

...1.6 rl(fr"x Vo r 027xltre

v"-ffi$t

lElrr :Mrxinun energy of tte x - nys mittod is lw = 7

= m.xinum qleity of l' enittcd tonr the x - ray firbc = cV

3. If tt nldnun wrvclergtb Ecoldcd or

CrLrlib tL Pbrck'l couhrt

' *="v
A

5.T4 RSFERDNCE BOOKS:

L lntodrgory ofAtomic SPcotrr

2. SperoEcopy

3. Phyrics ofaton
4. Prospcc,tivc of Modern PhYsics

5. Quantum Mechanios

6. Inboduction to Qrnntr.rm Meqhanics

7. Unifi ed Phyrics Vol-lv

tlc r-ay rp.cttrr olSOKV rrbc b Ot57i

lAu:5J7 x let'J$

hc

eV l.6xl0-tex50xl000x0.25xl0-t0 .n=;T'

H.F. WhiE

Stnnghcn and Walkcr

Whcr and Richards

A.Bcisct

tvlafbaws atrd V€nkdcsar

PNdingand Wilton

JaiPrakdh&Co



UNIT'
LESSON-6

MATTER WAVES

AND de- BROGLIE'S I{YPOTIIESIS

OBIECIIVES:
After tbc complaion of this lesson the sudcot will be able to

I ) Undcr*rnd tlp & Broglie's conccp of mattcr waves

2\ Undcncad thc exfcssiors for de Broglio wave length

3) Undcrstand thc Davisson ad Gwnet's electmn diftactlm experimant.

4) Undc*sond sro GP. Thourson Expcrirnent ' Electon dif&action

5) Unds*and thc Plrasc vclocity or Wave velocity (V) ud Group velociy (V)

STRUCTURE:

6.1 Inoodnction

6.2 dc Brcglic'scotto€ptofmalcr ruavcs and er<pcssion forwave longlh

6-3 hvisson rnd Crcrrncr's cbcffir difinction e'xpccirnent-

6.4 G,P. IhomsqrExperimcnt- ElecuutdifFacrion

6.5 Ptrasc vetocity or'tfbvc rclocity (V) ad Gmq velocity (V)

6.6 Conccqucctccs of dc Btoglic's comept

6.7 Solved Poblcms

6.t Summary

6.9 Kcy Words

6.10 Sclf-AssessmcntQucstions

6.1 t Rcfdtrrce Books



5.T INTRODUCTION:

Particlc is spccified by its mass,velocity, fiomentum and cnerry. A wave is spccificd by is frqucncy,
wavclcngth,phase ofwave velocity, amplitude and intensity.Radiation some times b€havc as r way€
and rt some other tim€ as ! padicle, i,e., it hos o wave pcrticle duality. But thc radiation can not ex,hibh
its particlc and wave properties simultancously.Light has a dual mture.

tnuis de-Broglie in 1924 extended the wave particle duality ofoptics to all fundamental particles such

as elcctrio[, protons, neutrons8bms and moleculcs. He $rggested that like radiatiotl mettar dso h|s a
dual charactcristic.A moving particlc has alweys got a wave associated with it. and the peniclo is
controlled by the wave in a manner similar to the photon is controllcd by thc wavc. a wavc associrtod

widr a moving particle is known as de-Broglie wave.

6.2 de BROGLIE'S CONCEPT OF MATTDR WAYES AND EXPRESSION
FOR THE dC BROGLIE WAVEf,ENGTH:

Radiation including u ltra violet, infia rcd, visible tight ac. bchavca as waves from exPcments bos€d on

interf€rence, diffraction, polarisation etc, Thus we ccnclude that radiation bchavcs as wrv€s.

According to photo electric efoct, comption effsct, radiation behaves as particlcs called dolon's'
Thus somctimes radiation behrves as waves and some other times radiatioo behsvca 8s particlcs i'e.'

redialion haS dual prope4y. But th€ rsdiation cannot exhibit dual nature simultaneously'

de Broglic cxtcnded this phenomenon to ell material particles srrch * J, n"ug,on, proton. ato|ns,

molecules etc. he ooncludod that mattor also exhibits the dual chanctqistic property like radialion,

A moving prticle also associated a wave ard thc wavelcngth is callcd de Broglie wavelcngdr'

Expression for deBroglie wsvelength

l. For radiadon :

According to Einstein's mass encrgt rclation,

E=mc2 

-+@
From Planck'squsntum theory E = hv -----+ @

From O &@ mc:=hv

mc2 =
hc

I ..'g = vlr



r"= r
... trF ir lhG rffin.tt|t|t ofdrc ahorn p.

h;.P-r

... doBoglicwrlhngd, ^=*
2. For mtffirl jnrticlc :

Conrllc r prtiolc of nre 'm' noving rith e rcbciry v, ib mm.ratun p - my

.h h
,'. *rwlagh rrocirbd with tio nrnhle ^ 

= ;= o"

l(Eofthcprnhb ,- **- S - *
C'AnP

P=.m

h

J2nE
I=

^htr
... dc Broglb rrwelondfi " = ; = ;m'

3. For Elrctrer :

Conr&lcr en i of nusg rn rna clrryo 'o' is rcochrrod by r potcr*id V rolr fi,ont tr t !o rclalty t
tbcn urcrtdoeon J.

W - chrngo in K.E

w= lr*2



.p' .v-,;
Pa - 2meV

P=€-rnc\

.'. ds Protlic *evchngth acsooied witi.n

'.'KE=!,nn: -Jl'22m

e,

r=, =--!--P 42r.*Y

i=-L,I
J2w ,lv

Sinoch-6.62 x l0-xJ.rcgm-9.1 x ttlrkg I.l.6x l0-recol.

... By rtctfuiting $csc valucs,

r=-u'ez,.g_.==._.Ji-ry)
J2x9.txlf'xl.6xl0-r Jv 4v

lf V- l$volt, ,=wi=ffit= wi_,,*L
4. dc Broglie wrvcloogth urocletcd with mrtcrhl particle (noleule)

witb t![pcr|turc:
whar a mrtrrial perticlo (nohculo) is in tlrcnnrl oquilibriun d bnDcrrtut! T thcn thc K.E. - E =

1

i ff u*rc f is aounrurl omsrra | 3t x lOoJ/K.

& Broglio werchnglh rcsocircd wi$ puticlo,

*L-J-t"t 
l^ten



6.3 DAVISSON AND GERMER'S ELECTRON DIFFRACTION

EXPERIMENT:

!i:r Lc'. 
1rr..

f.lrgrrl-

eb'r,g*

rlc 63.1

Thc I waves are expcrimcntally dclcrmincd by Davission and Germer. lt is prwcd that thc intcnsity of
rcflosud cleotrons varics bctwccn max & min, irom Ni targct,Thus tlney concludc that tha clccfons

difttctd likc x rays i.e., c posscs wavc nlture, The expcrmental arrangonenl is as sbwn in thc

figurc. The rppararus consists of3 steps.

l. Dhctron Gol : lt is r tungslsa filqment 'f hraled to dull red, clcctlons cmitd duc o thcrmionic
qnirsion.

2. A vrrhblc eloctrcns ficld ofknown p.d is appllcd to accclcrdc clecrons.

3. Thc olcctrcns collirnarcd by twoslitss, and q produccs finc bcam, this finc beam of J i frttondrcNi

r€J

I

rl {r rr'l

I
I

:



qy!0d. Ttrc tlndGd ; ifrom ttre rtons of thc crystd crn bc dctcctod b, frndry oylind.r. ThG

cylirdcr c caa bc moved on . circuLr $dc, so drt thc rsfLctod J i crn be collcctod at ltttfcr 29 A
90c. This cylindcr is connoctod to ssnsitivc gElvrnomolct G. Thc cntin rygrnl is onclord in.r
cr?|cuabd clrar.ircr.

Tto cylirdcr is moved !o varioul poritions oo lhc circular scb end thc gflvffi ttfrcctio||3 &
loOd-in cach position. Thc obscrvatioE arc trken ts culcti (pohr Snpl6) for dificrcrt volqo|
rhown altovc.

ll is soorr $rt this spur (bunp) bcgins to rppcir A 44V, Th. ttLrim|||n. d|olop.ltslt of rFrr b
otrrinoO a coUtituOc I = 5(P atd P@ttid * 54V. i.c- ltb rpn givcr tk infonnaim rbout tlp *rrc
ru1rrc of i . Atfbis potitio tho rcflGciod I fot Uto;o.it phnos hrrfrrc cm*uotivlt AaootdinS

to & Broglio thc wavclcngh of 
- 

et 54v is givon by

. 1226 12.26 .r=17=;ff A

r- l.65ti

Pr:dictiol of wa clcngth of Jfrom Bngg's bw.

Thc wwohnglh of i cen bc dc'tcnnincd by Bngg's law ic., 2d sir€ = nl

-0s90-a,d-int rpLn tdi3t ncc

2d rin (90 - cr) = 6,
... n= l, i.c., forfint irdcr 2.o cosc=l ('.'rin (90 - c) - 0m)

rlc 63J

J

sq



d
from figure{6.3.2) -,.d = Dcosa CoSA = -D

2D sinc cosa = l,

=Dsin2o=L

For Ni crysul O = 2.15 ji and0= 500

...1 = 2.t5 sin 50 = l.6a7i .

As th€ tr|io values are nearly equal it shows lhat the beam of ; deffracted from the surface of the Ni
crystal posses wavelengh characteristics.

Hence de Broglie concept is verified from Davisson and Germer experiment.

6.4 G.P. THOMSON EXPERIMENT- ELECTRON DIFFRACTION:

FIG 6.4.r

G.P Thomsoo experimcnolly showed that ; ere difhacted whcn passed through thin metal foils. ln tbis

experiment, the diffraclion panem of ! is similar to that of x - ray pattern. 
" 

beam with high bncrgr
produced by cathode is made to pass through narrow slit S. a fine pencil beam is obtained as shown in
figun{6.4. I ). This fine beam is exeited by potenti&l from 10,000 to 50,000 volt- This accelerated fine

beam of I fallon the thin film (gold) having thickness of l0{m. The photogaph of beam is rccorded

on the photographic platc. After developing lhe plrte a symmetrical pattem consisting ofconcontric
rings is obtained. Thas panern is similar to that ofx - ray pattern. To make sure that this pattem is due

to I , Ttomson applied magnctic field beyond the foil G parpendicular to the beam. lt was observed

that the entire pattem is shifted to other place. Tlnrc by it is conclud€d that d|9 pattem is duc to the

wlves but not due to the particles. In this way to Thomson experimenully proved that the ; bcdm

behaves as waves.

Determination of the waveletrgtb of the i
In poly crystalline film (gold film) there will be certain crystals set at conect angle 0 to give

Bragg's reflection.

As a result series ofrings fiormed on the photographic plate. lrt AB be the insidcnt bcam

',.^\

ii,Gil\g'
t t1*fk d*



wlrftdr orftrcd Bngg's rcflocdoo in tic tilm.

LetOP = R, ndius oft$c riag and /pBO =20
According to Brrgg's law 2d sit€ = nl

... 0 is vory small, sin 0 
^r 

0 tnd for first oldcr n = I

.'.2d.0 - | .1,

I=2d.0 rO

frorn thc figu{6,4.2),rxr20*?3 =

-0=
R
2L

R

L

-4@

20=

.R
ftomO&O |,=2.d.7

l, = RIVL FIG 64J

By knowingall tbo torms, wevclcnglh of thc f.can bc calculricd Lc., iom this cxpcrimcnt,I whr is

foord th.t t .669A0. lt is complacty agSrcd with ttc ttrcorctical veluc I .56A0.

...lt givas t lc infomstion for t$e wave ruturt of 
" 

.

Uses of ! diffraction :

I . Thc t diftrtiorl is ueod to dorcrminc tlc iaternal *nrcorp of thc mlttcr roch a: lhc nrfs iauc-
turcof the thin film.

2. The diffraction prttcrn oberined with ; ir stro.rpr ttrn $at obtainod wifi x :- iays rnd tlrcro by it
rcquirts lcss cxposurc timc.

6.5 PHASE VELOCITY or wAvE VELOCITY {VJ AND

GROUP VELOCTTY (V) :
Thc s@ at which the wnvefunt of tlre wrvc tnwb is callod phrse vclocity or wave velocity,

R

L



erglrlrfrlqrFtcyof*lr *aw ,=f- *

Pmprggirm cqrurr o, fVro nurbc" k - *

;Picc rclocity c {hve votocty Vr - i =

.'. Pt s vdocity - Wrw volocity

Erptlcioa for tlc ple* ve.hcity of dc Bruglh Wrvc

Wc know tlur dc Broglh wavclcngl 1 = 
J!- 

-' 
O

E=tnd=hv-"=nf'
h

Angrlarfrcqrnrcjw -Z*=Z1,$l

ftrom thory of clrrivity mars n = -=%
,ll -v2 lct

2nn^ cr...qo==ffi';----,

2t
l_
2x,

I

I
T

---+ (D

o

.28 2fi
lbvenumbcr k= 7 =f=

mv

2m" v...k-m.t

?.,rtrl

o
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.'.nurrclociEV - f -

c?
is,, vo > c

Phasc vclocity is greator $rn wbiry of light. But it is inporrible.

Group valocity (v.) : rhc vcrocity wirh whish rhc grolp of wave or wavcprckcr tnvcrs ir
cdlod group volocity.

fss)
...co'pwrocityv"=# -f#=* o

Difiution cq O wi$ rcspcct to V

( ao\ 2,so^c, -t_( t_*)-"'f_4.)le"/= n '2, c.) \ c,/
/oo) Znn^v
l- l=- v

td_J-lr_{l- -' 
o

\ c"/
Diftrction cq @ citfr rrryoct to v

s = +["i-i(, -5)-'(#)].(, = 5)',",j

= 4!"f,-{l-'of "' f, - "' )-' -,.1- h (-aJ. Le|.,-aJ 
-'J



.l 2,n.o

"'.J = h

Zmto I
| / t\r/." f, v-I

I r - --t I\ c-l
Substirurc cq (D &cqO ineqO

;2*?ilii
rf r-"'Idat "f' ct J= \ / =v-t dk' 2tm, I

h '(. 
"'')"'ll--= |

V=V 
\ c'l

I

... Group vclocity = Particlc vclocity. Thus tho dc Brogalie wrvc gnrup sssocid.d widr
moving particle trivels with thc sanrc vclocity rs dtet of ftc pnrricla

Wave'packet :

A localisod wavc function is called wavc pccket or wavc group. lt consists ofgroup ofwavas ofslight

ditrcrent wrvclcng$s witfr diff€tc$i phses ud ampliMcs, in which d*y inCrfcrc conshmivcly
over a smatl rcgion of spacc and destruotivcly elsc wbero.

6.6 CONSEQUENCES OF dc BROGLIE CONCEPT:

t. do Broglic explained tho qrnntisation of angulir nomcnnrm bcing takcs placc intcms of wlvc tuhrc

ofmoving ; around the nuclcus.

From ncutson diffrection thc wavo naturc is uscd to invcstigltc dre rtructurr of mratgr end rmngc'

mof ' t,lcleus.

dc B|,oglic conccpt l€rds to unc.raiarg priacipel. A rnercriel pcrticlc cxhibits wavc lilc tlurc but

thcse two natulcs cannot be exhibited simultaneoushy.

,e hypothcsis cxplains tho Bolrr's principle of complcmonarity'

2rao
..-,of "' *, - 

u'

'-5j ltd
f r,'

, "')-'ol Jr--; I | --'-'ic', l- v'
' lt--,'LC-

dK
dr ----{ O

3.



l.Fird tle dcBroglie urvelcngth of rn ! iccelentcd by tlo p.D of 6{00V.

Sol l Plancl's con$rn! h = 6.62 x lfrlJ

Givcn p.d, V = 6400 voits

Mrscof I, m - 9.1 x 10.3'kg

chrrgc of i, c - 1.6 x l0r" col

l=

de Brcglic rvavclcngth associstcd wlth ;, I = #

6.62 x l0'r_::
{2 x 9.1 x l0'" x 1.6 x l0-'" J64{X)

_ l224xle-'o
80

0

1.53A

IO

r= 0. ts3 i
2.&lc&tc thc dc - Bruglic wrvchrgl rnchtcd by rlc i

Ert nrlr ctcrn/ E" = 0.51 McV.

Sol : According to Einsein! theory of rclativity.

Total Encrgr E = Rc$ mrss cncr5l + K.E

E =0.5t MeV+0.1512McV

E =066t2McV.{.65t2McV

'.' I McV = l.6x lor'tj

E =0.6612 x t.6xt0.t1
.,. E = mc,

m x (3x I S)2= 0.56t2x l.6x l}rt

lAns: 0. 153 i I

hlviry ilc I(E. of 0.l5l2McV end

[Ans: 0.006 i I



0.6612x l.6xl0-t3
- 3.6x lOilkg

moF
=fi' tn

4"-eic' m'

=v=

v=2.9x l0ms{

-h
.'. wavelcngth associatcd wilh I is 

^ 
= ;;

6.62 x l0-rl
= 16"to:i;t;lo;
= g.g06xg6,h = 9.006i

3.Fild the dc Broglb wrvclc4tl of ocrtron baviq tic IGE of 2EJ McY ud Dr.r of ocrtnr L

m - l.67xl0{tlg

Sot : Givcnm= 1.67x l0tt8

l.=?

E-26.tMcVrl$.1 x l-S x lf"J

[Ans: 0.0000533 i I

de-Bmglic navolcngth associared witfi nouron X = #

h

a/2mE



6.62xt0-r

Jix 1.6?'10-t x28.tx l-6x l04r

5.33 x t0-,,m = i.}l ' l(}ti - O.OOfuSll i
4.

Sol

Fhd trG dc Brcgllc mvdc4tf of stru fryha tl X-E of l2.t MeV & urrr of rrtror

.bBroglb s/l|rchogth rssoeicd vitft irutsod f = :E;E'

, 6.62x10'a
=:

{2x l.67xlo'2t x 12.8x1.6x lo{t

6.62x10-t
t.270x l0-r

= t.(n x lo'tm:.0.0000s i
s.crlr'b t mrckrtt..odr.d rdtt r prrldr of r! Itl Dvtry rib ldocry of tftd

. h 6.62 x l0-xuol:A =; = r,.tor-rooo =3.31 xlo''tn

I =3.31 x10-:.i

6. fhd rlo ccrgr of rcutnn lr cV rlcc dc Brtg[. ,.re hrlll b I i
$ol : M$s of nc[hon m = l.62 x t0-rtkg tAns: 0.g eVJ

PLnck's constrng-h * 6.62 x l0l J-S

1-li =txlOPnL E=?

h
dc Broglic rnvctongh. I = ;6f'

h

b j[- rJJ xr0-tl*

: Girrrn rn.- l.67xl&rrlg

E'.. t2.t McV = l2.8xl.6xlf'r,

tAff:0.00003 iI

[Anr:331 x l0*it

I

6.62 x lO-s

.EnE * '



2xl.6ilxl0''E

(o'oz'to-" )'
2x t.6t x lot x E= [-l-t015-J

=(f.62 x l(r$

._ 43.82x10:r 
= 13.l2xlfrr'J- 3.34x10-''

l-
E=,mvi

.283v'=-
m

t.Cdc.LL tc t vdt{tt "ro'i'lql 
ri|b u I ruloicctcd

' SiI : V - lr5 :< t0volt :a 1250 r&lt

= 6.62 x 1(}"

f34 x

6,62 x l0-s
I x l0-E

'6.52 x lYzt

(6.52x lf")':Itr2tE

E

Btn lsV

E

lol : I
.jf2stE

7. Detar[hc O. vclo.ity rrd l(f of rclffi brvlg dG-stottc wrvclc40 of r i

+ ,*=$

1.6 x t8'eJ = lJ =

l3.lxl0'2rw
1.6:: tO-R

0.8 cV

= l3,l x lO"J

**o.t "n

lAnsr 3963 n/el

- 3.9639 x lf nds - 3963 m/s

o p.d of frs Kv

tAns:03a il

w1;
2"13.12*10-''



t= 0

A

12.24x10-fo l1.24xl1-to
Jl2s0 - 35.35

= 0.34 x lor'on = 034 i
g.Celcirb0c thc do,'Bngl|r wevclcrgll.rrocited wtth pntor Ewint ritt r vclocity cqud to

12.24

r/v

I
;5th vcloclty of ldlt

Sol : Give,nvclocityofp.tooV= frC

:*'r""

= $ "ot"-'
m= t.6?x l0*tkg

h = 6.62 x l0s J-S

6.62 x l0-r
= 1.6? x lo-o * -1 * lO' =2'64 x l(}r'm = 2.6a x l0{l

lLWhdwouH bcttewevehngth oftt€$DrtoD of ndimt cnorgr ctflncd.Ifu t fenmirfod

lnto ndietba rod convertcd into I qurnlum.

Sok.leodingOPlanck'e enagcoooidodwith l qumrn

E=n=EI
whcn the cnerp of ; trrnsmified into radiation

lll:0.t}245il

"h
mv

hcp=mc,= T
h 6.62 x to-"

ttlc 9.lxl0-rlx3xl0'

[e,ns: 2.6a x l{Fl I

= o.o245i



6.t SI'MMARY:

l.Padiclc is specified by its mass,velocity, momentum and cnerp. A wave is specified by its frcqrcncy,
wavclcngth,phasc of wave velocity, amplitude and inteosiry.

2.Radiation some times behave as a wave md at $ome other tamc esa p.rticle, i.e., it has anave perticle

duality.Light has adual naturc.

3. Radiatiofl can not cxbibit its porticlc and wave Fopenics simuitsneously,

4. tnuis dc-Broglic in 1924 extcndcd the wavc particle du.lity ofoptics to all fundancnal porticles such

as electron, protons, neutrons,atoms and molecules,

5. Louis de-Broglie in 1924 extended thc wavc particle duality ofoptics to all fundamcntal particlcs srrch

rs clGctron, protons, ncutrons"rtoms and molcdules.

6. Exprcssions for doBroglie wavelenglh

For radiation : do Broilic wavelength

For Elcctron : de Broglie wavelength

velocity.

l= Dsin2cr

...1 - 2.15 t;n 59 = 1.547 |

"h
p

For matcrial paniclc :dc Broglic wavelcngth 
^ 

= l = #
^h h
A=-=--t

P {2meV

with temperdure :de Broglie wavelcnglh

7. Wavelength of e from Bragg's law:

For Ni crystal D=2.15i and{=5go

8. G.P. Thomson Experimcnt - Electron Diffracrion:

^h,!=--

I = Rd/L
9. phesc velocity or Wave velocity (VJ:The sp€ed at which the wavefront of the wave frevcls is callcd

c:
phase vclocity or wavc velocity. .'. Phasc velocity V" = i

10. Group velocity (Vr) : The velocity with which the group of wavcs or wavepacket ttrvels is called goup

.da
,.. Gmup vclocity V, = A

6.9 KEY WORDS:

Wave particlc durlity, Radiation, de BrogJie's concep! Wavclengdl Momennrm, Bottzrnann's consant,

Bragg's law, Elecuoru Ditrracrion, Phase velocity' Cttoup vclocity.



6. IO SELF-ASSESSMENT QUESTIONS:

l, Dcscribe thc cxperimcnt of Drvicson rnd Gcrmcr to demonslrr& drc wevc chlt ctcr of clccbons.

Wh.t ar! thc important conclusionr that could be drawn from it.

2. Doscribc C.P.Thomson's exporiment on cl€c,tmn diffraction and ctplein thc imtmrtenl concl.rl'mnr.

3. Dcscribc thc dc Broglle thory of m*rcr wavcs.

4. Wh* is de Brogf ic hlaothcris. Obain an cxpression for the wavelcn$h associat€d with mattcr wevos..

5. Write short notos on | ) natter wavcs 2) propenios of .nrtlr' *avcr 3) wrvc vclocity lnd gmuP vclocity

6. Show tbet thc phase vclocity of de Broglic wave is groater thsn rhe vehcity of liSht

7, Show thrt the groop volocity of dc Broglic wrve is cqual ro the velocity of tho pltticlc rvith whidr thc

wwss ,nl rssociatcd.

EXERCISE:

l. An ! irrcceleretedbypdofS0volt.C.k{lrlcthcvelocityof irndde'hoglhrrvclc4&
lAnr: 4.371 x l0nrs-r l

t2.24 L[Hbf: : lilbvclengrhassocidwith;, l.' = ;7
l2.u Ir =F^

_ha=-=
mv

and r =1.667i

652 x lo-xh

mA 9.lxl0-r'x1.66?xlo'rc I =4.371 X lfms-l

2. Thc cncrgr of r lrutrcr rt .holutc rcnpcnturc 7 b KT tboo .lind ttc rrvcb4t taci-
abedbythethermarneutronsatzltc(Mmsofncutroa-1.67xlO-ttlrg)rldEollrornt
conrtrnl K = t.6 x l0-t cV ? lAlr: t.78A'|

[IIiot:
-hlilavdcngb,r = ffi

energy of th€ neirrron E = KT



K=8.6 x l&'x 1.6"1fr'eJ/S4( T=27+273-100'f,

E = KT = t.6 x 1,6 x 1tr2.x300

m = 1.67 x l(}rtkg h =6.62 x lfxJ-s

i,=

Wavclcngth associatcd wilh ncutron I = #

6.62 x l0'x

J2 
" 

1.67 r l0-t x.86 x 1.6 x 300 x l0-!

l, = l.?8x10-'om l

3.Find thc wrvelcng& rssociated witb thc clcptron trrvclllog will r vclocity oqul lo 0.01

tincc the vclocity of light llnr: 253? i I

[Hinfi Velocity oflhe clectron, v = 0.01c € l.l0x3xl0 =3x10'msl

m=9.1 x l0t'kg h =6.62x l(rxJ-S

[ (.f) I l0'x o

...wavelangthassociatcdwithelcctron,^ =* = r,,ffi l*253? I
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UNIT -2

LESSON-7

UNCERTAINTY PRINCIPLE
ANI} QUANTIZATION

OBJECI'IVES:

Affrr the completion ofthis lcsson the sfid€ot wi[ bc able to

l) UnderrtudtlrcHeisa$erg'sunc€rtrintypifurciphaodqurtizttioo

2) Know$oilth€timeocrgtucqtaintypinciple.

3) Understend tlrc Csrnma tay microscopc

4) Undcrstand fte dcrormination ofclectron in Bohr orbit usirg unccrtrinly principlc.

5) Und€rshnd $e difraction of elecuon at a slit

STRUCTUR"B:

7.1 Introduction

72 Heisenberg'suncertaintypircipleadqrmtbation

7.3 Extersion ofirertainty principlcto timc arcry.

7,4 Gamma ny microscopc.

7.5 Dctcrminrtion ofclcctron in Bohr orbit using unccrteinty principh,

7.6 Diftction ofelecton de sllt

7,7 Using unccrtainty principlc to show thrt slectron crn not cxirtl incida thc nuch$.

7.8 Solvcd Prcblems

7.9 Summrry

7.10 Kcy Words

7.ll Sclf-AssessmenlQuestions

7.11 Rcfcrence Books



1,1 INTRODUCTION:
dc Broglic comept lcads to uncenaint prineiplc,Tho rnaterial tsrticlo exhibits pttticlo mnna u nroll u

w.v€ nature,ln 1927 lleigorburg uncedrinty principb *hich is a dirtcl conscquone ofthc durl n&nt
of matter. ln classical rncchanics r moving panicle uany instant bas a fi:cd posirion in spacc end a

finite momenlurn.ln wave rrechanics tlre penicle is decribed in tcrms of r waw pcrkct.Accohdh3 tq
Bohr probability int€rpt€trtion, thc particlc mry bc found rnywhcro wioin thc wrYc p$kct.Whc'n th{
wave packet is small. rhe positbn of paniclo mry bc firod but vclocity bccOmcs indctcrmimtc.Whd

the wave packe r is large, the velocity of particlc mey bc fixod but poshion bccomB fud.tanintc.ln ttir
way unccrtaintl- in position or monrcn&lm,

7.2 IIEISENBERG'S .PRINCIPLE AND QUANTIZATION

According to uncenl irrry principle. "it is impossiblc for both positim rnd rncnartun of pirtidc cil bG

mcasured siruulltrlouslv a! any desircd degree of accurecy",

ln gcnenl this principal srat€s rhat the poducrof nrgnitu&s of uncertrinity b cqd to Prlnclb cfi-
3trnt h.

i.e.. AP x Ax ; h

whcrc dP = urocenanit! in finding the momentum ofthe particlc.

&nd Ax * urcerrarrity in finding thc position ofthe particlc. This re lation also hold good fot c*rgr
rnd tine

i.e-. \F x Ar : h

wherr: AE = uncertsnity in dclermining thc cnergl of thc prrticb in tic i,torval At.

Thi! rclrtion rlso hold good for angulrr momentum and rngulardisphcmcnt.

i.e.,AJxA0=h

Difrercnt forms ofunccrtrinty principls rs follows

APxAx 0.527 x l0-s J-S

(or) 4P",1\>i 1.054 x l0i' J-S

h,t?;*;

horfr



T3EXTENSION OF TJNCERfAINTY PruNCIPI,E TO TtrUD-ENSRGY!

Considgr r ftrc particlo of rort nru mo novil3 rlong x- uir rrith vcloctt1r V.t, rte k.E

,p2
E-fqvx'= fr - 

o

lf AP. rnd AE bc fu unccrtainitb in dcgminltg $. ar*A/ d ncrrotnr of rhc prritJc.

dafcmti.lG Gg O AE
ZP. r i.

2no

P.AP.

mc
AE

m"xAEaP.-=-o
Sincc p = moV,

oq {D bccomes ae. - t'if - f --t'J. -Ia- o

h|r v,

wtrorea'r isrhc ureoinity indcminir6dr.podri''offi.F.dch4r,'ir ied ar

6E

IET _ae'a,
\ at/ at(

Ar(

dr

.'. oqO +

AE X At:
AE x At= h ... APx&: h

AP.

APrx&

This is tlF urccrtrinty in Gmq0/.rrd iimc



7.4 GAI}TMA R/TT IIICR(NIC{)PE:

Gamrm ray mkxoscopc is u6cd to locde thc podition of thc portich ( ! ) morc accuracly. To obsln/c

thc pocition ofthe I allcas one phoon mst stikc the i il thc *afaer in the 6cld of vicw of
microiopc. Then thc t position can be obscrod.

f-
I

I

I
I

L I

)i- aLx l*

f.*.1'.li.l-

FIG 7.,1'l

... raolving pourcr of gmrna ray nicrscopc is

t
AX ='----'-: --t 

(D
' 2sin0

ivk - l = tarchnglh of rho liglrt usod ud 0 is dro scmi V&knl anglc of conc of tight

h
lnitial monPnt or vhoton P = ;

Aftat scttlaring orrlcr.rr tho ficld of viow pf mkrcccopc' rhc molimwh vicwing angh by ttrc conc of

rryt" Oa Atri f g. nro uncatlinty in rnasrircrmljt of x - comPoncnt of morncnum'

Ap, = Prid-(*P3h0)
AP, = 2P sinO



AP.
'2h

; sin0

^h,,=-
P

-----r@ - h'.'r=-
?l

L

'in 
o' ifr6=hO & O AP,'A1

AP,xAx=h

lf rcprcscnc rhc Hciscnbcrg unccrtainity priciplc.

75 DATI,RMINAilON OF POSITION OT'ELTCTRON IN BOHR OR-
BI1' USING UNCERTAINTY CONDITION(for hydrogcD rron):
trt E bc thc total encrg ofdrc ;, ufien an ; in hy&og€nalom revolves in tlre firgt.orbit i.c,, Bohr

odit, toal cnergl of f , E - PI + K.E

E=K.E. +P.E

=P'- 
l.t' , rr

hn 4neo r

From unccrtainity priciplq AP x Ax = i '

** *= ,l
h

aP= ;ffi ------+ o

Byprnring AP* P, Ax=rndiusoforbit

h
.'. cq (2) - P = 2nr ---+ O

hz lcl
SubctibrtingO in O :+ E=.fr;fry- 4re,.;

b2 c2
o.- Srltnr' 4n eo r ..----.-r 

.q

*.
:-



Forthcrmst st bb oo arcrSr of j is alnocr coosant diftrnti*c cq O

'=*[-+]-*[-*.]='
-21' . -c2

. -----=--:df = -------_8r'm' tk e, r'

ht 
="',l|nr €o

,= h'1.osri
tt|E'

Thir ir qpr:scin fof drc rdhr of Bolr Ortil.

TSDIIIFRACTION OF EI,EICTRONATA SLIT- VERIIICATION IJN CE.
TATNW PRINCIPLE:

FtG 7.6.1

'4 * crgrgr incidom or dr.dit of wirfh Ay. Thc slit widdr Ay is dr

l|3 Po|itkn of6a i in y.ditr'*i"'. c:--- ^ 
!' '1

\

frl
I
I

I

I

Cmiderb

uncctt n[yn",....



According to diffiaction condition nl = d sin0 for the fint order n = l. d * Ay

... I r l"=-Aysin0

t
sin0= t]laty

Since0isverysmall,singl,o =* --------, o

Drclothe wwe partble duality dre ; arc considccdas $aves and prducing diffiaction pattem on
the scrpen while passing tlnurgh the slit. ARer diftaction Afu be the uncertainity in dctermining rhe

momcntum ofthc ! along y - axis.

APv-

Px

APyx!y=trP,=1- 
!

APyxay= ! P

APyx6y=1t

Which is Heisenborg's uncerrainty principal

7.7 USING UNCERTAINTY PRIIYCIPE TO SHOW THAT ELECTRON
CAN NOT EXIST INSIDE THE NUCLEUS;

The diamacr of the nucleus is | O-r'm

' lf ! lics insi& the nucleus ttrc uncenainity in thc position of ; = Ax = diameter ofthe nucleus.

i.e., Ax = l&''m

Then, the uncertainity in morpntum will be legst.

i.e.. AP"; P

From unccrtainity principle, AP x Ax * Ir

... la$ 0 
^r0

fromO & @

^ryP"

6y

@ (.,. {istheinitialmomentumof |)

l- ^ r,l
l'.'A=-- IL&j



T"ISOLVDD PROBLEIVTS:

l.wbt polotdd rr.t bc.pplid b ttc cloctror ohrucoF'to Pmduc. dcctf!. of wrv.lccStl
Ot Ar [Ans:234.(D rr'ols]

Sol : Civcn wlvalength of cmittcd elcctsonl * 0'E - O.Ex lonom

' v = ?, h = 6,.62 x lo-r.J-s

I = wavclcngth of clcctron .rltn A = Si{v

12.24 x l0-ro

r llZlxl0aor/v=f

u = fqi.l' = (rs.rl =234.0e vorts(8/
bc rpplkd to d.ctrc! dcrwpc to prodrc.alcctrol of rrvcblgtl

tAns:599.2 Vl

h=6.62 x ltr"hs

2. Whrr voltrgc rl3t
05Ar

Sol : l=0.5Ao= 0.5xl0ron,V=?,

JV=

v

v

^ 12.24 9 t2.24x10-ro

^ = Jv-^ =T-.

= (#l=(24.4rv

= 599.2Y

12.24xll-to



mo
t ILlt tL ftnrh rn - JEmi (rhcrc n i t ]r.r nrre ot rlc Fnich, Slor ttrr &c

rdodf of tr Frlld. b CTUI drcl rf. vdodg of ||ft (C) rfcr $G dc.Bng[. r.rlo-
lqt b.qrd to co|lDior r.v.lqtl.

: do - Srqlic wawlcagdr usocicd wid| |hc pcrticb I

l=

L- hJi]"-ht
hov ,o

r@

fiun dro fivclt ptoblcm, & - Bogli. wrwlcogtt * coltqlon rawlcqdt
l.=1.

[Ans:0.70? Q

sc
h

mv

,h
owrvrr€lstgh,r.- .""

offi_n.
flev ttl.c

,ffi=:
.v] h2
l-_;-=--i-c- c-

r{=r.r "'*l=f=*ct2c.l2

u*#=#-0.?o7c



a. Wlrt voltrgo tlurt bc rpplicd lo r-. oLclm! .!hro!@p3 fo
G{AI.

Sof : 1.-0.4A0= 0.4 xlo rom.V = ?, ' 
h=6.62 r IO!.J-S

prrdrcc dactror ef wrrd.rit
[An*936J6 Volr]

t= 12.24 9 12.24x l0-Io

^ = _-:f_,

*aveleoglr asrxiatcd by thc clcotron l, +

ti; 12,24x10-to
V V = -----------.ri:--' 0.4x l0-"

sino= *=
I *6241

A

Angle of&vietion produced by clcctrcn bcrm 6 = 20

.. t,tz.z't\'v = r--.---r -130.6): =936.36Volts\0.4/
S.r0 KV elecEon pasEcl thlough thjn filn of n etal &r Lhi$ planc pacing is 5sxltrrrn.

Whrt is ahc rlgle of devirtlor of tbG lhlt ordcr dllfncdon ol udnr. [Am: | 2! 48r]

Sol : Given p.d = l0 kV = 1000V

phnc spacing d - 5.5 x l0-rr m

for the first o.dcr n - I

t224 I
a/V

=A.t22a

2dSin0-nt

t224 t224
Jt0000 100

lxO.l224xl0-"'
=0.lll52x55xl0-"

=2xffi4t - l/481



{t

r'3,6tlx l0?n8-l

6. A nlcarcopc b r;.d !o focr0! tlc .Lctmr [ .. .tn rll b I dlellor of 0JA.. Crlcrnte
thc r.c.rfr|!|ty h 6c velodty of d.catf,? [Ans: 3.6,4x lo?nrr[

Sol : Unccrtainity in drc porition ofcloctnorl Ax = 02 i
-02'xl0tqn

Mrrs of tho clcctron, m = 9. t x l0trkg

h = 6.62 x I fxJ.scc.

lJncortainity in thc vclocity ofclccoon, Av - ?

Frcm unccrrainity prirciple Ax xAP = [
Ar( xA(mv) - h

Ax xmAv = h =4"= -*mxLrx

5.62x10-r
9.lxl0-rrx0.2xl0ro

?. Il ltc iroortrhity ia tlc locrtioo of rlc prttch b Gqorl b.dc - B|lglie wlvelogo Slor
fb rrccrirbiry ir i|l radcityb oqrd lo rclocfty of tr prdda [Ans: Av = v]

$ol : Girqr uroereinity in the position of F thlc,

Al - dc - BrWlic wavclcngth I
ha(- -lnv

Ftm uncorbinity Finoipki Ax xAP 
= h

-x(&nv)-hMY

-.!-.a" - t
mv

!-r
Av*v



&Compac tLc llccrtririthr il ttc relocify of prctor d dccd codlt d h o.c rrrot t r

(Ax).= (Ax)o= lQa m

from urcorbinig principlg forehctlon

fqFoon

Ax. x6P. = 1t

&t xm.6". - It

.ll

'nA%* ;; r O

lxDxaP,=tt
h

moAvo= Jf ----e @

h

{@ = rn. AV"=+
eq@ rn" Avo h

Ax,

.0p
m.

Av:
a"u

).Fld tbc nh urcGrtrhlty b |l. poddo. olclcctroa wlct lt b rovlry wlth r wlody ol
6 x lOt nrt . [Ans: 0.121215 x ll]'on]

lol : lfttr uncertrinity in pcition ofclectron is minimum, tic umertainity in thc momartur will bo
mrximum ft,om unccrlinity priciplc" (Ax)".r (Ap)-,,!., = h

(Ax)"",x tn(AY)* = h

txx, [Ans: lt3fl
Sol: Botlr thc elcctron md proon arc takon in nmomctcr box, the unocrrainity ia tioir positioo baingcqud.

4&-
An,

h
(ax),- " ilav[ -

_ lt37m.
nl.

= lt37

6.62 x l0-r
9.[xlO-!tx6xt07

0.121245 t 1g-to*



7.9 SUMMARY:
L dc Brpglic concopt lcads lo unccrtainty principlc.Tho nat{ial F ticlo €xhibib paiticlo ntturc ag well r

warre nr0trc,

2. In l9? Hcigonburg unccrAinty principle vlrich is a diroA conspqucmc of the dual !|.A|tc of mrttcr.

3. Acoording to uncenainity pirciplc, 'it is imFesiblc for boh gcitin and monatmt of prrticlc cn b
. m6md simulungoudy at rq/doaircd d.gtc of stnry".

4. AP )( Ax s h wherc AP = uacatairy in fnding tha nrorentm of tlr prtiolo.

urd Ax = unccrtainity in finding thc positkm ofdrc pcrt'tclo.

5..AExA:rsh
whclt AE - uncortdniry in dctonnining tfic cncrg oftho porricle in drc interval'

5.AJ*A0=h
?. .Ditrcrtot fonas of unoeftrinity pcincipls rs folbwr

APx6x>t

0,527 x l(r! J-S

1.054 x lo-x J-.S

T.IOKEYWORDS:

dc Broglb concspt, utlccfisinity principL, apourgcy, g!'mt ray mistcopc" hydrogm arom' difrrction'

7.II SELF-ASSENESSMENT QUESTIONS:

I . srrb Hciscnbory'r unccctainty grinciplc frr i) pocition rnd molrrcfium end ii) arcrgy rnd timc.

2. Exphin thc conscquomics of uncortainty principlc with rward to difrrakn .t a Slit with Egetd !o Fftielc
in a box.

3. Exphin tlro conscquencies of uncatainly rcldion t||d thc grmmr try miotsoopc cxpefim.t*.

4. Staning from dc Broglie unvo coroop( obarin llcisonb.rsb unccrtrinty principlc

5. Explain thc concoquenoics of unc.rbinty principlo and its ittportanc!'

6. Explain thopcirbn ofclocrron in Bohr'l orbit rs r conrc$rncios of uncctointy Fitloiplc

APxax=**l

h*fr(or)



f.Ar d.clfar fr r q|..a of a x tg rl0 L lh rsrrcy of 0.01%. ftfcrbrc tlc rlc.fiirty Ir
llo Fdtbr ol deinr? tAnsr l.8l85xl-, ml

lt|* Uocatrhty at thc vllocaty Av - 9Q!,1 
4 t 16

tm

Av - rl0 mrl

r lor x 40 kt mfr

0.005
lHfc uttccti.ift9 in vclocity Av - m- r 6{Xl

Ap_m(Av) - 9.1 x

APxAX=h

AP-n(Av) -9,1

APxAr.-h

7.I2 RDTDNDNCT B(X)I(S:

l.Ph!/dcsofAlon

2" Etcorcar of iriodcrn Plrydcs

3. UnifcdPttdcr \bl-IV

a.Qmnl{chnicr

5.tmislnoQmnMeicg

WhcrradRichds

ndl

tri Pratach &Co

Matbawsnrd r/ca*rcsar

PrulingedMlst

- 662 x l0-xax';;5;15:r I

t Ar ebcfn: of r;o.d of JOad ff er anrcy ol0.llF%. Crdrtcttc lrc.drbfy ir
t dor; [Ans:24.249 ' lftnJ

= 0.030 ms-l

l0tr x 0.030 kg msl

6.62 x t0-rAx-
9.lxl0-t'x0IIX)



UNIT.2
LESSON4

OBIECTIVES:

Aftertlr c@lctionofthislcssmthc shdcd will bcablcto

I ) l(nor about thc Schroodingcr's timc indcpcn&nt & dopadcnt w've oqurJons.

2) Know aboa $e significoce of V ,Chrractoriseics ofa wavcfunctix & lbeil&r ofQurntust flpha$ct

3) Know tlrc enorgy lovels of psrticle eoclosod in orc dimomional potontiel *cll of infinlte height & thrc.
dirrnskxul box

4, Undcntand thc dcscrrtc €nerry bvcls of Quantum Hrrmonic Oscillatr.

5) . Know thc Refleciion at ttp $cp potsrtisl.

STRUCTURE:
t. I Inooducliqr

t.2 Sduocdingor's timc indrpadent waveoquatkm

t.3 Schrocdinga's tirre d@rnd.nt wrvc cquadon

t.4 Significarcc of qr

t.5 Chrmtcristics bf a wavcfunotirm

t.6 Postulrtcs of Qurntum mochrnics

t.7 Typcs ofopcruoc

8.8 Panicle in one dimensional box or cnagr lcvcls of prrticb.rrcloscd in ono dimansiornl pota*id rcll of
infinia hcight

8.9 Particlc in threc dinonsional box

8.10 Quantum harmonic oscillator

8.1 | Rcflcction at thc singlc stcp brnier (or) rcflctbn at stcp potontial

8.12 Solvod Problcms

8.13 Sumnsy

8.t4 Kery Words

E,l 5 Self-Asscssmont Qucstions

c l( Rcftrncc Bools

SCHROEDINGAR WAVE MECIIAMCS



8.I INTRODUCTION:

Sound wavog wavcs in strings arc describcd by oquations of Ncwtonian mcchanios,Thc'clrrsiriet
mochanics providcs the corr€gt explanation fior thc bchaviour of macrcscopic systGm.Light wrv6 arG

describcd by thc Maxwell's cquaions.ln atomic systomr , the clasrical mochanic hils to cxpldn thc
microscopic sysrcm of paniclcs duc to unccrt inty principlc.Bohr's modcl failcd to give a complcx
explanation of the behaviour of atomic system. A mathematioal rcformation using a uravc functbn
associated with mater wavGs wrs dcvclopcd by Schrcdingcr. Sohlodinger dcscribod thc amplinrdc of
m&tter wavcs by a complcx quantity'tf ( ,Cy,4t) known as wavc fitnctio|r. Thor€ lrt two typc of
wlvc cquations namcly,

|. Time indcpcndent wave €qustion

2. Tinre dependent wave equation

To dcscribc the wavc nafrrc of the Frricle, r mathemlticsl wevc oqurtions rgquircd callcd wevc
fuDctio'l q,

8.2 SCHROEDINGER TIME INDEPENDENT WAVE EQUAIIOI*

According to dc-Bmglie, a parricle of mass m always associsted with r wave of wevclelrg6 t=]itl'
lf the psrticle have wave propenics, it is expeoted that there must bc somc sort of rvrw cqucin
wlrich dcscribes rhe bchavio.rr ofthc particlc.

Lct ry be thc wave displacement for the do.Bmglie wavc at rny instrnt t, thc differcntial equrtinn for
simple harmonic wave is reprcscntcd rs .

O"l' "'f{{l';F = v'( axr J(alon8 x - axis)

In $rce dimengionel spocc

o-(t
Ot2

I O'y , a'y . a'yf
= v'LAilF'artl

*= u'*o

rO

It can be wridon as

The solution ofeq" @ isgiven by

y= ryosin ot

where {y 
o is thc emplitude

-----r @

,o



AV
a

a_
&'

u_
A2

3 4tyocq3 Ot

= -r|'vostno,

- _v?Y

Y

1'
vl:c v = :)L

o

4p-*v :. 2rT (';v'

:- # - -(oil,

# -++"
-o

-4dv'Frun9 &O,dt'\,'T'V

w*$+1 -; o

h
r.d+Erodic rrvt|rrpr f - ;- d-v

1*.mYo ) v'v*[3] 'o' \rrv,,
'I.

4r'm rvr
vry + ffV =0 ---+ @

;Tnt a:rDr ofdr Prriolc B'PE+.KE



I
E =V+, mvz

I

tlnvz=S-V , O

mv2'2 (E V) => nrV = 2m(F-V)

Subsrituring o in o 3v2v+ 4trr2T(E - v).q, 
= 0

@ :r V:V +
(p-v)v2m

NT
t2")

=0

vrv+ ff{e-rlr =o 
--a 

rD

l'or froc prrticlc in rprcct V = 0

2m-v:v+ f, EV-o ____--+ o

ThisismodificdfoDofschrcediryc'stirrhdependownrecq-t"o.Tbeqqtirneecellod
strdy slric schroedinger's equrions, i.e., thc garc ofa systcm docmot cluge with ttrc. Hcncc
thse art elled tirrc irdcpcodcot wa\re eqrntion

Mulriprying cq.(10) by *= *r', t(e -rly =o

v2v+ 
q#-" j=o__--+ o

'fhir 
is schrocdinge.r's tinro indcpcndcnt wsvc c$rllion

t,r ,trrnntrm moch i"" i = *'

(*,'-,\,+EY =o



(!1_", _rl _ r,
\2n I

(**-rlP=Ev, --+ e

- rt2 ^., *o' +V = ll Hamiltonion opcreror

cquatisrel bcorFs ar HV =EV

*horc E is the rcal oncrg of drc syreanr, and crrcrgt oporrlor is H. Hcncc ly is cdlcd wrw ftnstit L
E is cdlcd cigar valrr of enc4gt, H is cellcd cigm opedm

33 SCHROEDINGER TIME DEP,ENDDNT II'AVE EQUATION:

Timc @ndcnt wrvo cq' is ulcd for dcaoribing tho pro0pssivc ravcs aDpliorblc to thc m<rtion of frcc

Ftiohc

y,=V&-il whole r is thc pocltioo coordinato Erd t is tho titrlo Gordin'tc

difrGrcnting oqultion O with res@ to t

Av
e'= '&)vtoc

Y-= -iav
at

9!-=-n*rnt, .......---. @a

7tu .^ E
---:- = -, Zt - Aah'
OvE
;=-1( v

lzr)

'- a= 2*v

'..E = hy

E

"= h



.E
=-tTV

.Ea{ :l
rD

E=iv

0V
a

0V
a

0V
a

Ev ={+'l\al
0r dre ilaoadaw.vo.f,

v'r*F (E-v)v -o

t7*# Gv-vy)-o _-1 tD

i no r", "'".#("{*)-"r)-o

"'.#['(*)-"')-o

S"'="($)-."
-{v,v*vv-tif

(*".'f -"(*) --+ o

Thir ir rchrccdiagrl timc @odat *r!'qu.tkn

aO



/r'2\l-" v'tv+v l- fr, ru-itonti*opcrffir[2' )

a^
ii 

f=E,cnegrvrtue

e(fO=Hv=Ev

S.{ SIGNIflCANCE OF v:
l) In quantum ncchmhs, ovcry physical ltrt of d$ E^ttdn mu$ bc dcccrib.d wi& r ntd ntdod

oqrnion. fiis orbilrry nrd*mrhd oqrnion ig cdlsd rrucfirnction V of ftc ry$ctt|.

2) V hrs no dinct physicd mcaning According !o nrx born, thc prdclc &.ity v V * = lVf

('.. V is imsginrry, tt *x+iy, t{ r-x-ly, V V '= x2 + )f)

which giver the pmopability in fnding thc puthb in in unit vdurnc

.., Thc pop.bility itt finding pa.tisb h thc volurc

rtx dY dz - V {, rdx dY dz

' tf thc pgthlo ir sonrewlrcrc in rnc ryaoc, drc propability in findiag thc pt'*b is unity.

i.a lllvu'a" =t i.,r lvlk=r

This is callcd nonnrlising coditirn

t5 CHARACTBRISTICS OF WAVE FUNCfiON:

I ) rl, must bc finitc for all values oftt, y, z ofthc tcgion.

2) V must bc singlc valuod rt rny indrrt

l.e, v (x, y, z) must hlvc only otlc vduc.t Ptnicul$ in!il.nL

3) V musl bc continuous eveqnrlrco

0y0y0Y. ..
4) Tho first derivAive of thc rrevc fiirrtion wir.t sF.3 i.G, A' a ' a fuld rho bc co,ninuoos !|d

singlc valuc.



5) Thc wavc function ty nu$ bc normelizrble

i,qx y, z--t, 16e,thcny=0

E.6 Postuletcs of Quantun mechanica :

r) $reoftrcqab r Any phlnical sy*an isoqnpktely dffiibed by mdunatical umfdion
- called V . The wavc function v shorld bc continuous. finite and sigle valued.

The wavefunction must vanish whcrc the potential V(.r. y, z) is infinitc

2) Og.r.tor| :- lt is a meth.tndical opcrrtion (differ€nti.tion, intcgrition cts) rpplicd to t function (r)
or y whan chenges onc function into mother functioo i.e.6 f(r) = g(r). hcrc i is thc opcntor.

3) Elga! vrlnr of opontor :- Whcn an opc,ator opsratcs rn vavc functim V n€ can got rcal physical

veluc* i.c, 6 V =!V

Hcrc $ is an cigcn operrtor. y is cigen function. a is cigen value.

d'd
Er :- O (sin :) = 6 cos r = -sin .r

d:

f;(sin.r) = (-l) sin r

6 (sin x) = 6 r1n r .,.a * -l cigen value

_dr
o = dr! - Ergcn opefttor

4) Proplblirric ouac![c of ucrrurrnenc :

lfG is the physicel guantity or opcrator, then its cxccptrtion vilue

'irl'GVdt
t;-{>= -; lvv.a,

i..-..-. ,,-
lVv - ur =l = <G> = tv'cvar

&T llper of opcnton : Ir is a mathenutical operation appliod to a ftDc{ion flx) or v which chargpg

he firetion irfo atdrr fiurction g(.r)



f)Dr.r1y0D.rlbr :rSchcdingerbrinciodcpa&rtunve cqudim I -!-v' +v 
V = Ev 

-1 
o

H y = E V utlrrc tlrc opcr*r corcsponding to tic anorgr is cellcd Hamiftonion opcnlor H.

l|2 \
i.c"H- l-n*.', r @

rim dcps'da* wrw cquri<n ({r -")r, = nS

+HY =(rl#)

EnocgrogcrlorH= A= fl$ -----e O

b) M.n-hr Opcrrtor p: K.Eopcraor - {W

*e= fiv--{vv
F=_r2V,

*=*o'
t=iv_o
ta

=--t&

=ho F, =tt
-t

c) Vdoctty oFrr16;- P=fV

h9
iq,

P

F

n tu =l*



.o=1o
I

i=3-9
ml

t.8 Perticle in one dimenilonel bor or cnetg/ levels of plrtich
cnclosed in one dimencional potential well of infinitc hcight :-

Condidcr a porticle of mrss m moving bctuccn wo rigid wrllr of onc dimcnrirnrl box of infinite
hcight Due to thc collision bawccn the wdlg thc fortc on thc paniclc chrngee.

TheP.E.assumcdtobczcrobctweonthelimiBo&LandxgOudx20 Thc sitrrodinger's cqurtion
for thc ponicle along x - axis

$*$rc'u * =o

. #.3"n -o r o

From O &@ -----; (D

It is the difftrenthl equation ofthc prrrhlc cxccuting SHM. Thc solution of @ is

V = A sin kx+ B 906 kx 
---+ 

O

whcr! A & B are boundrry constants

Frcm bourdrry conditiong ar x = Q, V=0 -----+ @e

atx*[-, V=0 _:_-_r Ob

Subctitutc Oa in cq'@ +0 = A sin {o)+ B cos k (o)

A(o)+B(l)

I
I
I

For e ftcc particlc V=0

x=o
8rr2m

Put -;l-E=K.'

dry
;i+ x'v=O

o



subd)bth€$valre h @ :9 V - A sin kx

Substitntc @b in lD =0=A sin kL

'; A *0SinftL=0

lr2h2

""* ffi7: *---e @

q=

--4 
lD

.nt
kL = nr= k7 ----, @

whcrpn=1,2,3__

atfr
.'. oqu$i{rn @ = v=A3in T-x _-___1 rD

Subnituacsuaion OinO= #t =#

8mf

t2h2E"-;;gn' -----1 o

lfnrl,E, =#r=,

,(,o'h'\
rf n --2, E, = .[.zm; = oe

lfn =3, Er = 9E =

Ercr3dcnd D|egrrr : In onc dinrcnsional box, thc ancrghs of a porrhlc is in ratio l:4:9 i.c, thc arergicc
arc quentisod and oncr15t levcls rre shown below.

r6E

9E

4E

E

n=4 
.

n=3

n-2
n-l



Frun t'rc cqu.tior O. +v *,q gin 9xL,

This oquation icpcconts thc *awfrrnctioo of tlrc Fnlcle in{inctly dGcp potentid rcll

By rpplilrg narndiring,conditioo.lhc vduc ofAorn t*calcuhod. i.c f p("1'* *t

f l'sin'3lrd=r

+tzsin'!tL, e=l

{[f,'-*'ry*]-'

f[,*)-ol='
A,
2 &)=l

tzn_..Jl

6nn
... cqrntkrnO v = {; sin f x

... Ttrc wrvctuncri- * = /f s" f t

f;[f'*-f"*T"*]='

"'=!



8.9 PARTICLE IN IHREE DIMDNSIONAL BOX:

Considcr a particlc of mass m errlocod in r rcct]rguhr box of ridc e, b, c rcsFtivcly Frflhl O rq
y, z oxis as shown in thc figutt.

Thc particle crn move ftocly widr tfi. r.gio! ir<x<r" o^<y$,'6a3<a i.o trc pciclc cm mow ftccly'
insidc thc box.

...Thcpotcntia|V=0inri&rhobox'tbcrchrocdingB'scqurtionforrprrtictcbgivcttby

Ozttr dzv 02v 2mF._O - O-F*T* ai *-F fo

','V(*Y,z)'X(x),Y(Y).42)=xyz e) @

wherp X(x), Y(y), Z(z) are firnctions ofllrcir rccpoctive coordiotfi!6 
'tonc'

Fmm oquarion o aua o, $ r*"*ft ,6 zv $6vzt*ffv = o

( .'. rY = xyz)

I Ozx I
Dividc by xYz >A* * y

vz# +* #!.o #.ryxYz=o

O2z 2mE

E+T -A
o'y I

8*Z

D
B

bl
.m



lO'x | 0'y I dz
h,t x Ar =K,, V 6r =K, Z A,=u.z

Jrd E- E +E +Er

Subcibrr oqurtion O in

Alongx-axi**, =#t,

2m
K. +;rq=o

I dx 2nEx
X;''+J'--x*o ----+ @

Sirnihrfyahrqys.i *#-prl=o ---r o

sirnitrfryahngz *", ft -ffi =o

TIE solutior for dF eq. O is ottrincd by

x=Asin(Bx+C) ------r O

lilFrt A B rld C lc boun&y corfintr.

No*, thc bondrry conditkms rrc et x = 0, x =.0 
--+

Itx=l,x =0 r

Agplyhg cqultion tDato oquaftntO

0=A dn {8(0)+cI
0=ArhC

A *q i.c. sin C * 0 :+ C=0

cqdoO:+ x= AeinBx ---r O 
.

@-K,+K,+K,+{* tt *r,*"J -----, o

------r O

Oe

ob



Applying boutdry cordiakn Obb drc.bwc oq:iqtob

0=ArinBa

...A*o,rin Br=0

gs=6 eg= ![I
516 thc* rrlc in cqukn 6 rvt ga

0t
r= Arin lx --r 

e

AcoodingoEonrrffoxinnion,drptlp$ilityh fildirUthcprrhlodongr-rxbrltrypohihXxlr

8y agtyingdrc rundiriq conditin

r^ -,

lxxl'a-rt

i,rhio'![*lr.t
d8

{i6;,,'![s,,=12i r

... cfOa

Sddy

*[i{'-.-*'}"]-, tl'yttr'a]-r

fn-*=l=rfr=l
lf . n"
{;* T'
F.n
lb*bY

xc

Ar= la A.I

Yi -----..rG



12 nn
Z=,1= sin -zlc c

Th corphc *rvc fimcion is ohinod by

v=xYZ-fff t'" T'.rn fr.sin 
s. ,

2- nrt rbt nt'.
v= JE sin ;xsin J-y.sin;z -______+@

$bcincrhc nlucofr ofoql8ioo€we gpt

d2x 2rnE.

Ar*7t *o(fiom@)

-(+)'['F*T4.T.=,

-(T)'".#,=o

2mE. |.*t"l
Jr-"=l " J.

_ r2i2 , rth, hr ,*= ffi n: = strmr n; = Iffiro;

h2 h'stuihdy er= *pn/ rrrd er-*foal -----€



Adding

Incofsimplccubqa=!=6

g= * (n'+n'+n') --+0

Dl3*ncf I Whcatlrcrt isonly m *rvcnldioo (Ei8lo Mm)oolrcrpoodhgoI
patblr dgco tlalu, thl krrd irlnowrc nmdcaqrrb"

&r&aercnnbcrofnilcfgi(mornrfoiagtosirylc.is!ltnhF'& lad bbrnl
C4l'aac.

Fcnondqwatelcvels

.., Ibcncrry levclsoftwocrrrofpcrticb inq$icalbox is*ownintb ftgun{t.t.l)

3ort}g,t N'ea3)
P*6OAtXe3,D{r3.2)

Gtuxtatx2,tt)

3(3,r,rXr3,lXl,lJ)

3gLl)0,2,lxlrn
l(l,l,t)

&10 QUANTUM IIARIITONIC (XrcrLU$(}n:

whcnrbody(orcillaor) [le&ofm|0snbs innmioor$jcged oE*hgecF

.$.$]E-E.+E,+8.= *lS

"=*ls.s.sl

n,-\=q*1or2c3......@

nG&9.1



thm F cx

F=-Kx

Thcn thc P.E ofihc osillmor = rvo*donc in dirylacing fiom 0 O x lr givcn by

v(x)- - lrd.=-!-u*00

lxr Iv(x)= l-= tK*
t

V(x)= tK:C -a O

If'a' btbashdeofthoccrloc ttimtrciin'dr.rofrtEcdltrbruyrnll, |ioordrllr
aas||ncd to porrcswlrcropcttics, ptomtbernrcnochmica, Sffi8;tcsld;ftrec
hrudc occitl4or b gtrohy

I

ff*ff{c-rlr-o ---.+ @

SubCiuecqrution@ in O

thc foquqrcy ofthc hannob orilhor o =

hordel ro golvc tlr equaion O, Tske a rcw dimoiool vrrlr$c y -
Sub tbc valu in O and solviag rrt gs,

#.#('-iru')v.o --..+ (}

o

#.[#-n)'=' --a 
(D

*#*
--a 

O



A2'r- / -\:-++fa -Y4l+, Eo ---) ;ay

ftb ir geocf.lbrd diMid u/|vc oqulioe of lnrmrb coilhor rd sbo it as in rhc frm of
. Ci$irndnt oqutlm of HcfiiE pob4nnhl t{(})

Thc goluot'ron ofihc cqu*ion @ ir givcn by

rf , * A" 
"r2n 

HJy) ---+ O

firolrtho*rvdlnrdoo v.contrpoodiqFhilU|lsadlbtfrr.borddylb&vocotdtin
for thc veluos

cc-2n+| -+O *lnttl'0' 1.2-

'F...Funcf Oodo,fr -2n+ |

to
E- T -zn+ t

. tto)
,.. E-E e E.*T -(2n+l) .-.4o

+-{!< 'n
q-$rrn*u

q =rry trr!)

Thocnorgr lodroflrrnnobcilbr Lthm bdot'

l- hv
rfn_0,4= rtuni

rrn- r. Er - i** *
lfn-2,4.= itt* *

-4G



Thc difftrcnoe barren any rwo soccssivc cncrlc/ lcvers is Jfo- i* = rr -t,

I
.. E, = i f. is thc Gncrg/ rt thc lorlest rrrr which is crlled zcro point cnerry. Thc arcr6r hvels of

hrrmonic rscillalorlt diffcrrnr rrercs of rq rvc ga discrctc ralucs ofarcrg urd cqll o odd oultiplcr
trl

of(f) x ; t(0 or3 xt ho t Vhv

ltcrt by thc crrcrgr lcvcls a|c. slid to bG quntiscd ind drown in Rgund8.9. ! )

--. .. _____l: r. , ,1, r*
_- __ .- ._* _-_...r.. tt.,

FIG E.IO.I

Acn
|rchtiett.fltr.

Ftc&t0.2

Ttc poprbiliry donrity of rhc perthlc (orcil htor) fordrc sr&e n = I is slwr in figurc(t,9.2).

o

. 'l tr':



In crrcof$naonoccillrtor,rlro pbprnitigdoiay hrf it mb*rbnlddh r,ilLfuti
clslcalccillu, tho proprbility bmininnnrlfu middlir. htlilrelir rdl P.q-ilfyordn
ttrc elrrrc,el rcgion for thc quaneln nirelutkd lumoob occillor.

E.12. REFLECTION AT TEE STNGLE STEP BARRER (OR)
Nf,TLESIION AT STEP IOTENTIAL3

!!t-'t ftr)

Sarrt g.

n[-a

rqn Id
Fc.tr& 14. v.b

rlc&tal
Thc @ pocntht ltmction crn bc dcllrtcd .t

rcgion l, v(x)- 0 ttx<0

rcgitn ll V(x) * v. rt x 20

Whcn thc bcam of poticlcc irving cncrgr E.pccc ftun qicr I b rdkn ll llut till lG

Crcc (0 :- Whcr G!cl15l of llc lncilolt p'rffcht 3rrler trn pocrfbl b'?rhtr

of befht % te.' E>V. .
tf E>v^ looordinr to clarsical moclunicr dl dtc F ehl cru tfic bmior bor sdtf bagttn
;tJ;:il;ot *r"onaur.o'fp.riiotca,*.o13str. Fdd.rr3fb{drtfto6li.rrbof
th! stop Pdenti.l.

,.. Applying Soh.ocdirycrb rrrrc ogtlion'lo $. lhrtrd *ood qiou'

b ngbr I:- ffi*ffvro



rut ri =ff

--.-'r'O
Thc mlutioo of cqurtioo O L fivcn br

v t= Acir,' + 8c-. rr r _-_+ o
wtlc A & B rrc borndJy ootffi.
Firrr gm rcptsonrr inci<taot prrtir:bq ,.cond Ern ,r?ctqrtr dtc ,rfLctad pJdcb,

Rcsbl II: tonginu, #-#n*v) v,=o

2m
Att p (e -vJ= ki

dv,
;f+l(2qr2 E0 _+ O

Thc rolrrin ofog @ir ghcn by

Vt= ga*r: * gt-'r. ----+ O

A, u. . ..{r rl locbd slrw in rqgi.rn Il, thc $asd bro, i3 ,rogb6d.

... {, r- Ca,trr -___-+ O

Byrpplyhga - .v cooditkns, rdp rlrrnoe ofsp poodhl

(v,).- = (v,).*
---r 

(Dr

S*riv, =o

(%l -(9tL)[or 1,.-t a* /,- ---r ob

Subcritrrc cquebo Or in @ & O:+ agrr0l *Br:rrl.t -Cc-.r(q

---+ (9A+g-g



Frurhccqnioob+ (*) =Q
(u'\ =e\ or /,a

fr[^.* *oi'l. -$h.*L,

Wrt""n-rl&"L -hcoq'

\A-ftsrrlqC:o\(A+)-qe
LA-B"f

u\4.[*]

"=[#,]^
.

A+3*C

A+Bitft]^

"=[ft-']^

ffwlhG!$doo radO ::'

e&.dei"o9td@O bO+
-; 

O

A+B=C
2A - cll+5



'-[i+], --+o
ufim B dC .r! rrylludc. of rfrod nd lr|lmbd }|vq rt|d A irttormplindc ofdrc inolbnt

h apriorO, str : t ,, ngrrdorr tho incidm *rr
Gs'. - y r rlpttrrrn !r nflocrod lrvo

.1 &lg.balilydr.ftyoat|r. hcida. Frdab F,l'Iv,,- Grup vdocityofircidaperrirlcg

... Flq,oficl|carpr*hr S,- lV1{V,,

Sic;,i-AcfB

q "A'v.

i'll t, l-
n

I

Jv,i'l - 1y,i y,i!'- lrtrbntl* er

It-_=:_21 Vzm a
2s1 ilt-T'2.=ffi

tro .l''o' lz,-!r,,i'

a-{f,=e,r-
.htu':f

_+o



Rcoccrcdrus,- t{"" - ffi^,S
s. = [*tuJ'o *-.-.+ @

sinilrtytrararnitao rlux,s, - F lV,'

Addingg &

s,+q=S, *-r O

lf E >Ec Sdr|c Flticlcg art oflcctcd md rcnrdning ut tt&slbitbl

( ,.. m rcflcood porriohs in thc ngi'm ll)

V 2= Cclrt

Adyiqboutdrycqtdilm, Y, rtx*0; vtdtr0
AEP+BC'Cd

A+B-C __+ (D

.o.o-[(l*)'.#b],

q*q= ll".k'mh.*&l'

s,+q=*#o

o =#fln'(*)



- fgz.l =(|:gitfrn red bqdrv uduo!'',te- j_ - te-J,.
4&P,-qBd-\@
&,(r-S)=!c

k,-(A-B)- *:L 
-+ 

(D

A + BstC

k,
SSO icO = [(A+B)

\(A-B)'k"A+qg
. qA-i\B-\^+rp

i\A- ry' = if,t + qg
(ik,-QA=(\ +fv1

(ft:f)^ --, o

o.*,n "=(t'*,h=* o

n*.orimiryE 'Fl'v

s = l+,+1"r,' lt,+ktl . 

--

Tranh{hrdryq-Htv

I z*- t'q- ffive'



lvIlgnind. of .raflccod flu
RoJtocrkn cooffioi-r R - @ -

I't, -t, )'- tt-tr.1

simirrrry tnnrnisrbn oo.fFciont T- ffi

HI:
s,

Rr

"- #?r ---r@
+ R+T 5l

This is chlreGlth qurntrln m.clu licel cffcct'

crre (ll) :wbcr Gtertcr of.ircldcnt portich ls then potcndrl blrrier (E vJ

nG.&r2.2

Aocairlim O clrrsl tn€d|r|io3, if E<t dt th' Fiiclce rhouH bc rcfbcd i@ d|e |!gkn l' Bu

X;il;d,r,-i-i*t"S*foaingp;'swrrco$-iminttrofintneionir

I--lk!..l

L'FI'



d'y .2nE
E -1, 7-0

Tho olutlon oftlo rborc of y a l3rl,'+ Eo*,. -----r O

Thc Sclrocdangpr'r o4rior in th. Fod rlgtoo

o'!, , z-e '-'
Az 'flVo-EPz=9'

Ttcnhrrbobiirerby vr- 6br,, +0

By.pelyig lstdry ocdaioor A+B{
itlA-itlB=lt2C

(ih-tz\.
s.ht"sB- |..rt,*trf

*(f*),
s,= 4ll'

s.= 44* r(#*)'rrr

/;1. - e. \r
s'- el i:'-# | s, .

\raytr\
i.c. tftom ir no condal rtd.ekrr of prtiolca t*6 phca

i.o , Evcdg;l E<f, rhcro h rom proprbility in ftdir; pacrraicn

t ir tu ryplieihr of hrmll{.fiF.
&T3 SOLVED PROBLEIIII:

llfftq.rt"c |rrnrlbrcdr*a #. tha ft dj31 lrhrcf e hrGi.. y- Gl

lA!:/tl



Hv =Ev

*= #' ty= cP

0.6019tx10-r' - -
4= -;;;5:ia-rcv

IlJ-;;i6;Mcv

'...,$<*r-*,*
=q(e)

$"r =,*r

Hv =Ev
; Eign vdrr of ttc firnaim is E = a

t&d rlo l...t clrjr of |tG; r.vlry b ac dhcd|rt lrfr.ry $f Fi.trt !a .f ttldt
1I. liu rr of tlc J, u - 9.1 x lOdrt3 [Arr4.,fl]J5 x l(F mv I

Sel: Oimm=9.I x lfltlg
h=6.6i2xltrxJ-s*
1.cr[6oftltowidtL- tAo- lx ll]rtn

Fr thc finl lovcl, n = I

.r In o*dirmttkxul prodrl wdl tho oncry

nthr
...1cV = 1.6 xllPJ

t'?x{6.62xtoe

Exg.lxlO3tx(lE-m=

E" - 0,37623 x l(F Mor

2. Cdcrbcrrgrofu i rwh3holodLcubul bfiffcpoddrclofwldt.flAO

Sol : Givcnm -9.1 x l0-tt kg

h=6.62 x lO{:Scc



Lcngbofthc wittth L = 2Ao

.'a 6rst lewl n= I

= 2 x lorton

trk.Oz,.to-")
= t.50[9 x lc'rt- ntht

"'= Snrlt

ia b h lt .t$. ettarr crtgr.

Sol :Givcn brg$ofip.borl 
: :::;,_

L = l01n

6x= lQlo = l0 x lo-ren = l04m

1.414

lAr$rl

n= |wavcfiuction of plticlc anctpsed in r box, = rFtt(f)"

='f"'"(*#)9

*='Fi ta
l ton

V=-fdT=l.4l4xl$

1.5049x10-r?
a= 1;;;6i-
E = 9.$55 x l0{ Mcv

3. I partbb i3n ovirg one dir srsbnalrreLof hfhjb h€ittt of x$th 1o0Ar. Cdsrhc t|.
proprffty of bdrg |l Fdd! l&f b |lo l&rrrl ef llAt rt llG slrl rf tlc h rb

trt Lfr

= sot\t

'- 5l;r'

Progability in fiding tho particlc in thc rcgio{t 10Ao



= |.'f.

P -[#;".'

P

1Ct3 cor0rd io Dov. rfo4 |lr ctc ol
[tur:2.OS lvlcr I

5.

8ol

= 1ft-xto'-o:

4.Wld b flr lolor r!.rjr of rcclr orE lfil :
n llirho bcrof Lr1ll f0a r

8d : Givurm- t.67 x tOdlt

L= ltrr'm

h -6J2 x l0x I-c
. Fc lwrtauit n - |

ntht
sil

E. - i2w2x tlFnJ' ffilv- -2'05Mov

Arr{c|rLrovirr|r*dhrtru|Fbt|l.Iorbb|cldlliclrs|2!tA|.gdcrtc
ifl er"e.Uny 1. frOrg 31. D..d.f. d11 ir ' btrnrl of SAt et tDc ccrtn of rlc bor rla
r f'n Lc aL of h..l rcr3t [4rr32'05 Mcc I

: L .25Ao - 25 x l(F hr

Ar- 5|o- 5 x lftrtn

n- I

w.l.t rrrvefinctiot of r prtiolo arclorod

f x(e.oato'
t0nx8xl.6?x(ld'



Faliorprr&binSGr V-0

2m-9rV+ FtsV-O

-h -

;iv' + v - H' lbtr'horior opc""lot

4. Schodt5rl fu: dopda *rrr.qurifi

[*t,.').'',{*)
f.J\,

l*"1*'J' F,t-,lmiorcponor irr9=E,o'crn,'rrrro

l. h t||ntm nr*bob' crrcry pftj/*d rto of |||. ty!8n fnur bc dc*ribod with r nrdcnrrrhd o4.
ftL oftfry ndorcicrl o6 ir crlhd wrvrfirmim v of thc ry*orn.

6, V b o diu pbnicrl mdng. Accoding b nrrx bo.q drc Frisb dllrity y v.= hrf

-ltK.EoforJor- toir.
orc6ropcrorH- r= n*

^ ItUmQarP - +Vt'

I
lbttrcrfy qctr tr-:3

nl

?. Slqrxdrcrnrfinciooftft.p.rrisb infirGltydrqpoootirt wolr V -ff m f,

t. lnbrldffrddtnlrqrdoaofbrnpdccitbr $*ft -y')y -O
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LESSOIt-9

STRUCTURE :

INTERACTION OF CHARGED PARTICLES

AND NEUTRONS WITH MATTER

AilID NUCLEAR PETECTORS
CsJECTIVES :

Afr€r corndcting th. tudyotthh hrson thc rtudent wlil b..bbto
1. Undentrn<l lhc mcf|clioa dcn.rgad p.rthb! with m.iJ.
2. Un<le'ttrnd thc ir*cocdon of 1- nap with mrtbr.

3. Undcaland the intrredim of nrutfqmwlth ftrtt r.

4" Urd.'d'nd trc rorrd'n. d nqdrsr fibc{on. i." g.q. corfi.f. ptoportinrr 6'ns,soi.ttifiauons cdrnbq Wllro., _ cqru ch$,,6aF, 3plil tfi$nb*
5. Undsnbnd !h€ photognphic am-drionr end rhgir a(hn th0es .nd dl!.(h.rfi!tl^

9.1 Intso<trcdon

9.2 Interection of drerecd partidae wlth mdt r
9.3 Intsrectioil ot noLttroo! wilh mrfilr
9.4 Nudo.r ddoctor3
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9.1 r .'i.CDUGTION:

Nuclear reactions ar€ acrompanied by the om,$ion of charged partblea likac- Particles,
protons, eleclrons and radiations like y - rays. The hstruments used lo count thoc€ pstiicles
are known as nuclear detectors. To urderstand the furrtion of these detectors. it is mccagary
to understaod the inleraction of charged parlicles and neutrons with matter.

In conneclion wilh the interadion ol radir''rn , ,r.il mafier, it is necessdy todefire the follorving
terms,

'i)

Average lonieation Energy (l| : - lt is defirled a6 tho avBrage energy used to ca.F6
excitation or ionisation of an srom of the m€cf,um through whil:lr the radirtions paEses.

Itlean Range (R| :- lt is equal to the distancr travoled by pailicle though the medium trom
its source to a point at which iti kinetic energy is zoro.

Stopping Fowcr tS) r- ll is dofaned as th€ amount of energy loBt per unat length of the
medir:m by the incident partbb in th€ given medium.

lf depends an the initial velocity of the particle, lhickness, alomic weight and density of
abso.bing material.

9,2 INTER.ACTION OF CHARGED PARNCLES WITH MATTER:

(ai inloi action of heavy charged partacles wilh matbr :

A heavy charged particle (like proton, cc -Particle etc..... hae a considerable momenhrm. The
particl€ !o6es energy due to {i) excitalion of the atoms in lhe medium in whidr it b travelng
and (ii) lonisatbn of lhe atoms on lhe medium in ils path. The pertlte comes to r€€ll afrlt
losing its energy cornpletely.

(b) lnteraction of electrons with matter . Electrqne intsact with matter thrugir corXonrb ecahering
from atomic eledrons inside the matter. The interad&rn of elecircng wfi mrtier b rHcf to
lhe interaclion of charged particles with mattor. vcry cn€rgetic eloctroG (>l tr& ? lo.. en
apprecaable amount of ensrgy in producir€ continuour X{e}3.

Inleraction of y - reyg with f,atter :- Gamma rays ar€ highty penetrating ard unclrarged
quanta of energy and hence lhdr interadion with maner i3 very mucfr difierFnt frcm |hg
inhraction of charged partid€3 with matt6r.

There are three processos which are mainly responrible ior the *mrption of 1 - rrys (0. 1 lle
Vlo25 MeV)



(alPhotg electric eblorpoon :- The energy of the incidant photon i. complel€ly abcofte<f by
tho oloctron ot ihs atom during the inbr.dirn. Ae a rolult the oloc.lron ie ejected ort. Tlr
ejcded clec{ron may either escap. or{ ot th€ matlcr or reab€orH due to tha colliaion. Thc
klnelio energy of the elcclnon T b givcn by the erpreceion.

T = hv_ Wo

hv -+ €nergy of the incident pholon

Wo -+ Work funciion

(b) Compton $stbrlng :- A I - ray phot$ intorecls wilh an .tom if tow a(omic numb.r ln
strfi a uay thst lhe y - ray is scatlered by or|g of the fre€ elocirons. This re$db tb Grni3C.rl
of ebctron. Th€ lcatter€d phdon lo6es ssn€ onergy and rno€ with l€ss €nergy in e d.octim
different lmm incidcnt dircction.

(cI PslrProduc8on :- Whon a 7 +ay photon of high on€rgy rnovlng in the eledrocletb lleld of
nucleon, tran3fotm8 into eleciron, positron pair. This transformalion is h aocordanc. u,lt!
Eimteim's mass enorgy relation.

!-.

(t -ghoton) clec{ron positron.

9.3 INTERACTION OF NEUTRONS WITH MATTER :

l,l€utmns expcrbnog a kind of iorcc when they comc \rory dose loward tho nuclils. Thb ii
callsd 'short.aOgE intereclion'. The intorsction may bo rcgaded as a o{iaion. The collirirn
may be either €lastic ot inclastic.

ll Elardc colliaion : In an elastic cofiisiofl, the n6utrons are 3cetls€d by folloring the larv of
con$wation ot ongrgy and momontum. A part of the energy of thc etrlkiqg narbon ia
bar!frtrtd to th. ltruck nudeus. Lighter ig the nudqro, the grealcr being the cnaqy impaftod
to it. Therefors, liglrt elements ars us€d to slory down the fast n€ulrons and th6so src called
as modeftrtoB.

fil hrLsdc collbloo : ln inclastic collbions, thb lawe of conscrvdion of encrgy atrd mom.ttlrt
are not follourod. Thos€ collisions are subdiv'ldsd into tht folfqving fvro categotbs"

rl Prrti.l ane|.rffc collirione : In this type of cdlisaon, the noltron b sceue'gd etd lhc arud(
ntlclgus undorgoes intemel chang6 in energy and is rais€d to ao axcited tlsle of highcr

en€rgy.

+e'



!t Tod h.bilc col$rlonr : In thb typ€ of coffbion, tho ttcut'qt b capm$ bV $c nudal- 
Ttrb tcrdt to a rld tramfoonation. The irapnle pfocacs bk3s placa ufien thc GnoEy ot the
nalnon correrponds to th€ cfl€rgy of an excibd lte|e of Ote nudctts. Tlte paplurc proc6
dry! an impodent 1016 in transmutatbns produccd by n6utrons. lt ls important to mention
t€r! fia! O|9 crTtuts p|ocass is also kno\.nr e8 naEonance cadure bccau* thc nqrbon and
nrlom arc h tune wllh gt€h other.

gJ IIIUCLEAR DETECTORS : Th€ instrumonte which aro usad for tho dotcdion of nuderr
radiations are called nuclear deloctors.

9.{l Gciger-tullerGounbr :

Thb is a particle detactor. lt counta the numb€r of c-Par0& omatted by F radbocdYc
substsnae. This conlist8 ot a hollow melal cylind* oncloted in e thin glals t$c, A fnc {tlrc
(of tung8ion) iE placod along the axis of tho metal cylinder. The wire b inat ltt€d fiom th.
cylindor. The cylinder b cathodo and thc win is anode. The tube conteht a mLfim of 9096
d Arpn Et 10 crn of pressun and 10%.oth, aloohol vapour at lcrn gellur- Difbrcd
mixtrreg .r€ u!6d br different dceigns. At ono ond of tho fiJbc, a wirdou, cqj!rud wi& $in
n$eahoctforthsontryof radietiorc. AD.C potondalof ebod 120OVie epplirdbdnoarthc
whs .Qd caf|odc. Thie voltage ie loeg than the voltage to aaulr tie diechergo in th€ tube. A
high rlsist rc. R is conrected in gar'pc witr thc bat$y as ohoilt ln Fig.g.4.t.f .

Cl||lra.lMo.rrffir
--*.}'

DmFf|r

rfh(h

Ftc g.a.r.t

r'\lhan a cfierg€d partbr€ Dass'r- 
tpuorr ure counter, it.onq thc g8r mobqib!. rhoorccton. movs torffir thewirs.:r*r th. ;*il,*il ;;'t",-nrs the cyrin.nr. Thh ceucerfiffi "'".d"ffiiiififfid"S et! produccd. Duc ro tho pr63an€ a brg" nunH-" 

largc nwnber of tocortd.ry
pnEaftn along thc rrio the n

',nb.ror-ff ,y-rururuF;"1ffi;ffi Hff ffiffi ffi1'*. Inca evdand! of alccton,



qd*ly reach tho anode causing the ionisation cunenf, Bul lh
ffihx,Hffi""".3,n arouno 

"n 
Lt ;.,ffi ffitrJH"tr Htsrufeof cuneni;;;il;*ry |ow vatue. Ft€rloo ths ionisaron qrnent stom. 6o a rnrf

*#T1trF:'H,ff;",ffi:.':rffiff 3 Ltrdi*ffi ffi pput6e tho number d trcoming

1000 t2Q t5s
lrolrif, _-

Ftc 9.a.r.2

Dep"'*hg on ote appried rortage the cour{€f works. considcr the greph bet^a€n the appri.r,voltage and cor'tirp rate. The cowning rate increases-wii votrage up to r2oo wfts, gelnondthb vdtsgs the number of impurses ;r;'";;;i# 
" 

,g,on cared prat€su. In uri$rogion &s magnitu& of thc impurses is ino"p"nJ*iliii" .rr*r.t or o.iginal ionisatiqn, ltdepedsonthe potentter, natureoi.gao, re,listincec",Jg"*t i."r.o.r.riuo*of apparar's.lf t'e voltags is increesed beyord the region a continuori oischarge wifi take pL;'--
Quenching : wnen a pooiiive ion redr &e calhorte they produ€ so@ndary ere{drons trom
cethode. Tlxeo electwg moir6 torvards arcdo ard produce fresh avalanctres. Norv the corrnar
is kept in a stete it conlinuqlr avalanctring. At this state tlre countirg b resulted by the
oolinuouc avalrnching end due to fres:r incoming particle. To have ideal counting the
61rtinuc{.€ a€lttcntu1g is h be avoidgd. thb is done by lhe Quenchirg process. The queldring
process b of two : !, 'es, salf quendling and extemal quenciing. A querrching agcnt like alcohol
yspow b introdrced in th€ tube. Alcohol is ot low ionisation potent al than argon. Th€ argon
ione neutralize fu ab: orting electrons from alcohol molesJbs. The alcohol ione are nanttdized
by oacfiing oahode These molecruleg siill posseee some ene(ty. But they do nol pro&ra
soco.dary €lecfo{rs, becauso this energy ft utilbed in dissociation into .}cohol aloms. Thug

the codinuou! ayalanchhg is avokled by,dmecting a larg€ t€8isdance in sofies with counling

cteft- Ihis troducec a larye vdatage drop acloss R. This lo$e's the pdolilid avddktg the

furlher ionisation. Intonal qu€ncfiing technigue is gsn€rally us€d.

Tho Cormting rate ie oorrtrolled by paralyse timg. The po8itiv3 bns teka 'l0O mkro seoond3 to

r""cfr m o*ioO", frie is ttre Ocai time. The tfbe tak€8 t 0O mbro s€con& to oome lo otigtnal

,-r.itu *noiu*". This i3 called dclay time. The sum of daad time and re@very tifto i.



cefed paralyso lime. So.dor ttis time only it counls the second incoming partide. So a
padiire b comted fw ercry 2!E iliut ercord3. Thus 500 p€rli*s can or*y be mecurcd.

Adv.nt gt.r : t) lt it widely u*d to dstoct and oount .ach infiridral particb $parat ly 2) lt
can dsbcl lrr ir.ilL€ of a .nd p pfiides 3) This ir rcry s|n ll in 8izo and handy 4) ft can
abo be ueed in coamic rayg fsssardr ard minoral erplgratiofl sho.

DbrrlrnntaS : 1) lt cannot specify tho enorgy ot the p€rticb 2) lt countB the number of
pailldea, but c.nnot givg any olher infonnation eucNr as d|a ge, rpmention, enorgry, range
etc. 3) lt has no len3rumity an th€ time inbmal of 400 Fs range.

9.4.2 PROPORTIONAL COUNTER :

The poporiional @unt€r consbtB of e cl4tndrical metal chamber with a thin wire situeted
aloog its axb and ineulaled tom it. The wiro b connected to the poeitive pob of high teneion
bettery and sewes aB collsding eleclrode. The negative of high ternion balbry is connected
lo th6 cfiamb€r ae shqnn in Fig. (9.4.2.1) A hQh reeistance R is connectod in the battery
circrit. The wire in tum is connectsd to pr.llse amplifier and counting circuit. The rylindrical
tube b abo prwided wilh a mica window so, that cfiargEd pa.ticl$ and krnizing radbtions
can enter into it. The ct€mbor b filled with a gas like mdhane a.gon, carbon dioxide or a
mixture of suitable gasee for a parlicular purpo$ at suitable stmospheric preosure. The

. proporlional c@nter function8 sdisfactorly at voftages 500 to 800 volts or above at pressure
d sboul one atrnosph€re.

FtG 9.4.2.1

ytrsn,"Jttaq$ particle entens tn md.[k chambor. ionieatiori of gas takes ptace rearting
lrn pair formation. Th€ poitivs ions mow to the chamber wtrite theiega$w iins terearonsl

lF
Poportonel oouder



move toveardE the central wire. Now an extrEmely shori elec{ric llow or pube passes through
high rEistance. R wtrich da,glopo a voltage cross it. When the applied voltrge is low, many
bns recombne before reacfiing the cantral wire and hence tho cunent ia Emall- Bul wtr€n
the ro[age's increased, mo.€ and more ions, rerch the cenlralwitg and the cunent incoggcs.
Whan a[ tt|e krns are colloded by the central el€ct]ode, thc cun3nl Gaches the srturalbn
valrJe as shown in Fig. (2) by region (ii). When the voftage is furthcr increed, ihe ione fain
sum€bnt kinetic energy to prduce s€condary electrons by collisions with the atoms of the
g*, In thb case, the cwretrl would b€ vory large. For a giyen appli€d voltagc, tho etrtqf is
proportbnal to the number of pdmary ion pairs produced by incoming ltldg.d padhbt.

I
E
!!
I

FlG9.1.2.2

rhs count€. now rcrks a3 proportional countsr. This is shown by region (lll) in fig: (9.a.2.2).

Every incomirq charsod partido produces ons voltiag,€ puls€ acro63 the r€sistanco wtlk* i3

ampfineO Oy tti amplmer and passed to the counter. Th€ numbor of particles entering th€

tubs in a given tirne cen thus be counted. As a-partrcle or a Fparlicke or lray produccr

diffemnt nirmber ot primary ion-psks, the volt€€ pulse dar€loped 8cr953 R will be diffErnt
in these casas. Thus difierent incoming partides may bo digtinguished f.om each oth€r' This

counter can, b€ us€d to detect neutrons'

Afrrentrg€s : 1) The proportional counter is aapable distinguishing betueen a, F and t'
partides. 2) lt can atso detect unc-harged n€utrons'

Disrdyantagg! : The proportionality tactor d€pends on the applied voltagc and henoo the

applled rclhg€ should be mairilained at a constant value

g.4J Scin$htion counbr :- The particles are detected by the sointillations produoed by thsn,

*tren they are incident on fluofesoent sub,stances like zinc sulphlde. ll the. acinslalloru a|€ to

bevisusfiyob6€rved,thepartic'lesmusthawhighon€€ysothatiheyproduSfetUtepnaone
r*.n they strike the nulresoent material. ttrls energy range is same that meaau€d in

.E

Esg

ldk..p*d (volbr.---



ionizatbn chambers. However very eensitive scintillation technQue is used in the photo

muttiptier tube.

When a cfiarged particle or radiation passes through a phosphor (the scintilleting material)

some of ib atoms are sxcited. A.8 thcse atoms teturn to the ground stab photons are

emitted. Th€ photons entor the photo multiplier tube and strike a photo cathod€. Photo

eleclrons are emitted out. A numbelr of anodes called dynodes are anenged in tho tub€ at
incrsasing positive potential. These dynodes havo specially preparcd surface (coating ot
CS-S!, or Ag-Mg) oo as to have hiOh secondary emission.

At n{dunl
casi |!

Ptld||'Cifn'
SchttlLrtlol euotcr

FlG 9.'f.3.'l

The eloctron from photo cathode is accelerated towards th6 first dynode D,Secondary
€loctrons are emitted and lhey are accalerated towardg the second dynode Drwhich is at
higher positive potential. Secondary emission takes place from D, and the €ledrons are
accelerated towarde Q. This process continues up to last but one diode, resulting in a largp
multiplication of lhe elodrons. The last dynode acts as colleclor of electrons. The resultirg
eurrent puls€ producss a vottage pulso ecross the load resietance. This voltage pulee is
amplified electronically and recorded by an electronic countel

The eledrical pulses are usually proFrtional to thE energy of the incident gamma rays. so
with this arrangement besides deteoting the gamma rays, iheir enorgy is aEo measured. ln
mee$ring the garnrna rays energy the instrumer must initially be cdibrated using the gamma
raya of knonrn energy.

The intensity of the light flash produced in the phosphor depends on the energy given up by
the chaqed pa.ticl€. caesium iodkte in cry3tafline form is very often used for the detoaion of
protons end a-partioles sodium iodide is used for the d€tections of gamma rays. A sma||
impurity like Thallium is added !o the scintillator to achieve optimum scintiltafirn counter.

l,lvantag€s-: lt ha many advantagee over other detEctorg. They ar€ (i) high eficir:rrcy (iri)
Short time.i of rise and recovery (iii) targe tif6 of usage.



9.4.4Wilson - Cloud Chamber :

In 1911, C.T.R. Wilson dovised an instrument known as cloud chamber by which it it polribb
to det6c't and rscord the paths of charged partides (o and p rays), sttdying the behaviour of
individual atoms etc..

Princlple :The basic principle of wilson cloud chamber is bassd on the principle that super
cooled vapouf condensed only on charged particles and if the charged particles are not
present they remain in vapour phase i.e_, they do not condens€.

The apparatus consists of a sealgd chamber A. This contains dusl free air saturated with
water vapour. Directly below a thEre is a pislon P. This can be moved up and down causing
the adiabatic expansion of the ait above it. This produces coolirp effect ard super saturation.
Ebonite bloc*s B and B are kept under the piston, to ctange the free space and there by
conlrolling the expansion ratio. The piston is connect€d to a partially evacuated glass bulb
through the value V 8y oponing the vafue the air rr6he8 to G and causss the suddon aeanskxl
of air above P Water gt the bottom of the apparatug keeps the air saturatsd in the chamb€r.
An electrical field is maintained in A to su,E€p oul the spontaneously produced ions. Othemis€
a diffuse fog is produced A powerful light illuminates the particles.

FIG 9.4.4.t

worklng : when value V is opened, the air under the pbton rushes into lhe vaqlum

auddenty. Thlre by adiabatic expansion takes plac€ in the chamber A. Due to this sudden

expansion causes cooling and a result the vapor inside A gets super saturated. At this stage

the ionizing cherged partlcle or radiations are allor^,sd into the chamber lhfough the side



windolr. Thi6 produces ionization of air inside A. The water vapoer condena€s and forms
droplets in the ions. These doplets appear as a linear cloud abng the path of irE*rent panhbs' 'or radialions., l/l/hen the chamber is fuorinaled with light, lhe tracks of the ionizttg partidbe
or radations eppears as a vrhite line of fog on a black back ground. The trafks can be
photographed by means of cameras C and C.

The cfiamber ia cleared off the ions by means of sneefirB electric field applied acroos gre
chamber. The piston P is tetumed to the oilgrinal position so that tfie chamber is once again
resdy to study the track of another ionizing particle.

AdvNntsges : 1) Using doud cttamber, the,oniang partides can easity be identifredthulgh
their pathr 2) By counting drope in doud trad<, the 3peciftc ionization can be determined. 3)
By appfying a magnetic lield on the moving particl€ the sign of the charge, it$ momentum and
energy c€n also be det€rmin€d.

Diredvantages ; 1) tf the range of a particle exceeds the dimensions of the chamber.
enlire track cannot be photognpled. 2) This cannot direcfly ocord the tack qf eMricalty
houtial perticl€s like neutron. 3) one cannot be ahmye sure dgn direction of the track
photograph6d.

9.45€part chamlrer ; The spark chamber consiste ot a large no. of thin paraltsl meial plates
of aluminum spaced about 1 cm apan inside a chamber med srith neon gas at atrnoqpfreric
pTg?ure: one set of altemate plat$ are grounded (oonnecied to earh) and the dher 3et to
a ttigh volt D'C pulse gene.ator. (Each pulsegenerators a high potentiat in short hrBts of the
ofder of microsecond.) The_ visible and audible sparke ptodued by tho ionizing par{cle are
recorded by two cameras (at right angles to one another). A smil sucep fiid i. 

"ppn 
o

continuously in a direction opposite to lhe high vollage spart fiold Bo as to ctear out ihe ion
pairs produced in the chamber.

tAa.! rir.itra (k(uta

FIG 9.4,5 r



Worting : The high voltage D.C pulse applied produc€s a high clcclric ftcld ht$,sn the
plates lasUng per one micosebod eadr. B€causa oftho ions {produced in tha gc due to
bnization by qharged partides), sparks will be produced betrcen the dat€s. lt hcn e\retihe
ionizing particle enters into the ctramber, ion pairs are produed alorq its palh. AE e t€8ult,

titre traiedory of an ionizing padide b observed as a series of sparks. This track is pholographed

and aialysed. By placing the chamber in an exlemal magnetic field, wB can dotcrnine tho

mornerium, siln of charge and energy of the particle.

Advantage : 1) The process of triggering and removal of ions using .sweep ara

comFralively small. 2) The inclividual event produced by one prtide among tlre msny

particles passing through the chamber at a rate of million per sgcond can be studEd.

Dieadvantagos : 1) Tha interaction afier incoming partide is not resbicled in the spark

chamber. 2) The coordinates of the lracks and points of int€F€ction are obserwd with less

accuracy than in other kinds of dlambers.

g.4.0: photo Graphic Emulsiona : When an ionizing padide travels thmugh a phdographic

plate emulsion, it leaves a tract in the emulsion wtrictr appcaG when ttrc plab I developcd'

spacial photographic emulsions are prepared for this. purpose. They 4.9 called nuclear

emulsions. Ttey ire coated on photograitric plates. The thickness of the coating is more

and have a largi size and dersity of silver bromide grains than an ordinary optical emulsion.

inu trrot. *rtti*t are teft by the ionizing parlides passing throgh these emqleion are shqt.

The lracks a measure ol tho number oi particles €ntering the omulsion and the slu(ly of the

strudur€ of t€ck gives information about the ma3s. chatge and energy of the par&ie' This

giree lhe permanent record of the events. These tracks resembh those obtained from cloud

ctramber or bubb|e chamber'

1.

2.

3.

4.

Advantagoo:

Th6 emulsion is relatively laght and cheap. they can be sent in balbons, space slips for high

attitude cosmic ray exPerments.

Emulsiotx wero widely used in cosmic ray studies bd to the discovery of n and k mesons'

t,nstablghighgnsrgypartidesareboughttore$intheemu|sionandlheirdecaypocedures

"rJ 
rdJi"dl 'rhe itbpping power of eiulsion is thousand times that ot standard air'

The e*nulion i3 continuously sensitive unlike the cloud chamber

Disaventsgos :

l.Thesensitiveandthicknessareafiecledbytempefalure'humidity'ageolltpemulsiong
befor develoPment.
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2. lt i8 difficult to ddermine t!|3 sign of the dtsrl. er|d tho mdngntum of a psticb fon
obesruaticns of the cwvature of the pEth in e stsong mrlndic fcld. Bccau:e lhc afirel pe[
in thc €mulsion is smell cornpeGd to that in a cbud cfiember.

9.5 SOLVED EXAI,IPLES :

{. An urdm.miunS 6 -p.rid6 ot,llE I.V L plrcrd rnrlondondit|trat']rn
lhrtonly t0 prntcb. perlacond onbrtho ch.mbr. Cdcuhbllr cur|lntp|!duoa(
Givon tlut I loa prlr rquirur .o.rgy qf !5.v .nd I rs t.orl}|tc.

lAnr:l..0*.l0{Al

Sot Glirenthat

Chrge of clecbon e = 1.6 r 1Or*

I ion pair roquisg Energy = 35ev

Encrgy emitted by 6 - padicle = 4.'l 8 lrev'B 4, 18 r l0ev

P.rlids €rilgr/s.€o(d = 10

lfumber of ion pairc praduoed by one 6 - pctcb.N g {'18: 106

35

. = 1.lg ri$prirr
Nur$or of lon - paire prodond pcr.eccond

.- 1.19xlfr1F1.igrl(). irn - pai]r a€c

Currunt i = (Nurnbgr ot ion pair prods6d, rostd) cf,.rge on mcb irn
= (1.19r1P)(1.6110.'1 = 1.9041|ftr%

e A Goforr - ilurhr countlr wr' corbctr td orrcoro.r prr drrcft*pr. flnrr b ur.vrngo c{r!.nt in ciroult wfl'' thc coun0ng nb r aio countrlifirrbil "
lect.srttF rGl lr,r,i.di,rd;liref

Sol:Gitrenthat

elcc&ons colloded by wire /dischergc =,1(t

Cornting rate - 50o counk/minrle

...tgLl numbr of ebdmns ollectcd in orF minuta b
n - 5OOrlOr = 5rlo'o



Charyc / minuld € no = (5rl0r1 (1.6r19tr) Couumin

(5x l0rox1.6x l0{r)
Chatgdsec = ----A-- =1.33x10r0amp

Clangclrec ' avartga cl,'tent a 1.33:1trs amg

9.6 SUtilARf :

t. Anmgp lonizdinn energy (l) is delined as the average energy ns€d€d to causa ionization of atl
alom ot medhrm lhrough s'tliclt th? radiafion pa$es.

2. The mean ranoc b cqud to the oistance ttev€lod by panide throqh ths medium from ilr
$ou€o to a point C whlrl i'b kin€[ic on€tgy is zero'

3. S@pirg ponar (s) d€6Bd a! tp amdlnt of 8nergy bot per unit leqilh of tho medium by the in

fdcut pattido in the given met&m

4. .ft€ 
Etopdng porr dQcndt u0on the inlthl y€lodty of partidc, thac*ng3t domic $obht and

&nery ot abooffin materiel.

5. E|ecilons intcract with mdtcr through coutomb scattering from aiomic electrorxs inside the

mdff

6. lt peir produciion I- photon +ebcbon (s) + posbon (e')

7..1h9eM'ptiono|ncd.onEbym'tier.t3dualostrortrangeinteractincwislmattef.

8,Thghgtrumcntwfrk$areuaedforttredetectkrnofnrrdearradiationafrrcal|ednuc|ear- 
iixiririi* s"*ra d€oedo|l l,33 tho pfopcfty of ionizdion to dsted lhe radiation.

9. The proceos of Ptur€nling tte contnuous avalandlirq b knoi'n ao qwndtrtg'

l0.Thecoud|norabofGucounbr.aabout500par&resP€r6gcordarB.tdep6nd6uponded
time. rocowry time. paralysi! timo'

9.7 KEYWORDS:

lban rs€8, stopfitlg poror, ioniz'tion ene$y' Intsradbn' absotption' defedofg' dlambera'

€mubbn.



9.8 SELF - ASSESSilENT QUESTIONS
1. Exf,ain the interaclion of y - rays with matter.

2. Expalin lhe interaciio.r ot neutrons r|itrt matter.

3. Doscribe the corporation and s,gtein limitadons.

4. Explain the corporation and working ot

(a) Wilson doud cfiember (b) Proportkrnd cosr*er

5. Expain thc principle and wo|king of epoke chamber6.Wrib drort no0es on

(a) pholographb emulflion(b) Stopping polver

(c) lonization energy and mean range

8. Desqibe the Corctn c{ion and working of scintillations counter.

Exercisg:
'1. G. t coonbr sirc colloc'ta lo electrons I dischergr. ufhon 8ro cotrntin0 rab ir 1000

countsrminut , whrt b tlre averagc currcnt in the circul0 [An :e66 xilFrr 1tryt

lHint: Countrate/sconC= ff =SOS

Numbor of eledrons colhdedsecond =
fso)
1-; xro

charg€/second = (f) 'r""r.axl6,h evcreg€ cgnwrtl

er - panhlc of onergy 5 rev pse rftrough an iooizrdon chmbor.t the rab of l0 per
socond. celculale tha cun€nt produoed whon 36ov ir rcqulnd !o ploduce ton prtr
[a = 1.5 xl ]'acl [Am:2.2E7r1]o |tnpl
[Hht: Energy of o - Fartide = SxlOeV

Energy reguircd to produce ion paii = 3feV
... Number of ion pairs pro&rced = 5:r i (FES = 1 -429r I tr

Number ot ion pairs producad / sec = No. of pairr xcr - partidas /gec = (l.rt2gx 1e)xi0
... ctriont= ion prirs prgdred x chargB onone ion = l(1.{2S x 1trtx19;1.6,1o.tu
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UNIT.3

LESSOT{- t0

STRUCTURE OF NUCLIE

OBJECTIVES:

Afier cornpbtirXg Or study of thb brson tie sttdont will be abb to

1. Understand tho nr.rclear constilu€nts

2. ltpwebod.thag nerd properties dNuclrus

3. Urd€Ftandthe terrr Bindirg enaqyandolfah Deuteron Qiorling enegy

4. UnderSand tho protonfr.oton and n€utron - protm s€attoring

5. Undorstand th€ gerleral concepts of nudegr forces

6. thd€r.t nd the p - &cay and Gamonrc explanation

7. Un6rrtmd the a - drcay, rarga d or -ggrtir;bs erd Grrnow's thory

STRUCTURE:

10.1 lnbodnctiosr

1O-2 Gencrdpropedfxofnudeus

10.3 Dcr.o.ron Elirding enGrgy

10.4 Prlaon-proton!€attarhg

10.5 l.loufon - Foton scatterirE

10.6 Genoml conccpis of nudcgr foraeE

1O.7 B€t &c.y

tO.8 Rergc of c jailider



10.9 Colgpr- Nuttal law

10.10 Gamods cxplanatbn ot beta d€cey

10.11 Gamou/'s theory of c decay

t 0. t 2 p - ray continmus .nd d$r€€ specfutn

10.13 Solved examp|es

10.14 Summail

10.15 l(6y Wqdg

10.t0 Sef-aaseecrner{ qu.stions

10.17 Rsfercnce Books

10.1 INTRODUCTION:

Ruthcrlod conduded thsl storn oo€ists of cenbal core call.d rudeus.The nudcG oonists

eledront revoMno amund iL The nucleus conti!00 of nueloona (p$qtEt' lautroni)' The

number of FotonJ in 1*6 is calbd atomic numbor and swn of prctons and rpulrom i3

called maog numbaf. The staulity oil nuclcul dcpcn<b upon rehiw nunbcr d gotcs ad
nsutrons. Artiticial radioadivity shows that many particb like c perticles, ptdons' n€utrons.

poeitrong, ti-partichs etc. edsi into the consult tion of tho nucleus. Cosmic ra, $sdi€s bod3

[tr trc exiiience of mcaons. Nudcar forcae a]e shoti range forcos and attraclive in rxrt t€'

ke6p tio nudot s togiother in the nud€us.

IO.2 CENERAL PROPERTIES OF I{UCLEUS:

Sorne of lhe impottant proPerties of atomie nudeG ant gi\6n behv'

ll tlucb.? rnes: The maas of the nudeLF b thg eum of th€ mersac of the neutrong and

ploions Ota'rnco in it. This is usualty exprested in term! el stomb mase ur*t (dnu).

I amu = 1.ffix 10{7k9.

. : .Cr2 ntrbus has a maes of 12 amu. So that 18 mass numbcr A = 12'

tila$ ol &e nucleus o hr* Nmn.

rvtE e m,gnd m.are the messes of protons and neubofia re$edn dy. lletr l'a b the numbar

of nedrcmr.



ii) l{uclear cherue : The charge on th6 nuclcirr is duc to prctollssril.inod in il. Th, cf|lrgton eactr poton is r .6 ' r rl 9iltomb *tdfi i! cquat in niagrrfru& b tugd;';&'".
Taking the iharse of a proton as one unit ttre totd'arargB dme ntd;;;il;ri;.&r,n
to the number of protons.

" A hydrogen nuclous caniee a 3ir€b unit charg€.

iii) iluclear rediur : The size of the nudon b eetim.td by lhc !fury of proton .nd na.fioo
scattering exp€riment'.Th€ radius ot 

"" "tomi"'nuJoi. t"r,,ir"oiplraoi""--._rj Jn uo
detefrnanod from the eqrirbal rehting

r = roA6.

udtee rois a linear w'stant and hae an arerage vrhre of .r .4 r I crlrn = | .4 bmi.
A is mass numb€r of the nuchrjs.

. : For carbon (A:12), radius of an atomtc nucjcrlr | = 1.4 t104cr1t2yo

3 3.21 r 10'rh

iv),ltqelear drnrity : The density Of thO nucleug can be calg,rleted ae follorc.

\tolune of th€ nucbug = 1o'
3

where 'r' is the radiLils of the nudeus, r = 1.4 x 10-t6AtB mete.

4
Y: 1r (1.4 r10r$)a = 14.15 x te{AflPWe have volume of lhe nuclerd

l|ass of nucleue =Ar Massof pfotons= 1.673x 10{Akg.

Dcnsrryotthenuclous'= ffiffi '*r*
= 1.18 r lortkgfmr

v) t{ucbar spln : Ld<e thc elechorr, rh€ p|otgn nd nd.rnon €r.fi hlF a lpil {€uE mffir||
1...^. _

= 1{tr2'.). Each contriMc e spin to the nuoleqt .nd aortinc to lhn it. epr, .r,$d.r
rngm€ntum. Duo to ths spln the nudeus pooceceer a magmlic momert



yil Ar€slar moiatntum rnd tn.gnaltc monant : The nucl€u3 mo\r€ in difioterd o$ilB and

they ha,a sdn. Tte tolal angdar morGntum b the som of the's[in ard ort*t angulrr tnom€nta

of the nudeons.

The nudeons with e\ren A and even z haw zelo ar€ul8f momentum and zgro magneilic

moment.

Ewn A and odd z nudei have integral angular monrenla and tnegngtic moment.

odrl A ard odd Z nuclei have half ir*egral angular momer$a and msgnetic motnent.

The angular momenta of protons and neutrons Gomponaate scparately-

vii) Eleo:tric quadruple and rhape of nucleuc : The shape of the nude$ is suppo*d to be
spherical. But the nucleus has eledric quadruple mom€Itt, ThF sholt's that the ihape of the
rudans is non-spherical. Depending upon the direclioo of the qu8&qre momefd the nLrcbtF

may be oblat€ ellipsoid or prolete ellipooid.

10.3 DEUTEROT{ BINDING ENERGY:

The deuterium atom is approximately twic. as maseiw ai the hydrogen atom. lt cofEiste o{
one proion and ong neutron in the nud€us.

Mass of proton

Mass of neutron

Adusl ma33 of deuteron

.'. Mass dsfect

Eincling energy

10.4 PROTON.PROTON

= 1.007825 amu.

= 1.008665 amu

= 2.016490 amu

= 2,0141O{ amu

Am = (f018490 - 2.0'141{X) amu

e 0,002386 amu

= 0.002386 x 931= 2.23 MeV.

SCATTERING[p-p scattering]:

... Total mass of proton and neutron: {1.fi}7825 + 1.008666) amu

The p - p scattering is the only urey to get di'€d widcncr on proton-proton interaciion force

inside the nucleus. p-tr scanetiry is caui€d not only by ttF nldg.r torcoc bui alao by lho



coulomb force. Ths uraro ft*lcild1 &!crl&|g tha nuo pr$il rild dt ngp Cgrron the
inbrcfienge of the tvo p${ides. fbmc r rynmdio flo. wrv. funcniofi (s.D riata clc. ,
= Q, 1--__ etc) dt on0 besrotjebd rilr .|l aili lymmafic Gtryld) rpin wave
frmc{ion, whale a a errunefrb (bipld) qinvnoincdon l pquird ioran rnti - rymnreoic
spaornvelfmdion. Forinddcntproeone otqtrlulalow 10lfrv mlytpg{t.tc rCIrgion
is of any impoirncc in tie rcattcring, llaca p.sm ln hlghcr dtftal e'|glk mofirnun
!fiba day r psf| from oacfi othor bgyond fr n'{o of tha nud!|r forc., E,9di.nontal ltrdy
of P - P scattering is more accr.rnb tran n - p rcmdng dr to thc brovli,lp rrsons.

Prolo|s e'l ea.ily avaitable ovtrrwlch rryEc drl|ila.
hom can be o* morp mono qtcrgcdc

Protons oan bc produc.d ,n tFil colllmetld bafn

Prrolonc can ba eaJly dete&d bythrkirnizing prop.rlir..

i0,5 XEUTRONfROTOil SCATTERtitc{n.p Bc&ring} :

Sire-nerfrono-hawroctreoc,t ryrpunlcllrcbdbry0por*tmbttcldrnrlorcnscfrrlrg
uil drectly refuc| the operaton of trc nu$rr hrcca.

rrrw,c-e. -riahredion rnsy bt anvohrgd.thry ar" 1) rcrfi!|tnc trd 2) ndbtlt,r capiiu'rg. In
gcrsd protons.rs bqnrd in moled5. lhrahrnbd F {hg dF.luof p|en h anroteeie
is Sout 0.1 eV. Thr,s fpr nedron erutgior b 16. lian te mil mry th. s|odrbd S w.ye
o,slapsdh f€ nudrerpot€ntialaffl rffi. t}'pr|l6rE drp.n6d| ddf"!0frr
o*"ddionr of lhe ncutmn end tha poto(r. n-p lo&fine ir rho efiecbd by tr cfiemlcel
bandino.

10.6 GEIIERAL COT'ICEPTS OF I{T,CLEAR FORCES:

Gravit t'ronsl a,ad €l€cffom{nctic toEos obay O|o imrurc rqne hrr b|t tt|c n & fu€al
aro corpf,cated in ndr.f," and do nd obey gry dmCe lew. Ths rcr[ering c|Doriment3 ttew
revuabd the iolloning cfEra€toristic propertic of iho rudear ,org.
il $b.r toGrE.rr charyp l|rdcpoo&nt: Thc nrdcar forc. bctnron s ncufqr and e
fo0on b ftbntcal ln befirecn hrc fobnr or tm ruiurt 1.c., tlr nrcbar Srce h bnnen
tr|o proms or beirirccn tio rsrlons or bfimt e fion erld e nal'on ryp ths ranp. So
tlty am nonelecfic in nafure and a'r indapcxlcot ol |hc chalp on tlro nud$ns. ln Fotong,
lhere b il el€ct|odaucforce olnry.*slon uudl$!cltl odySUt 1* d$o nuclogrbrce.
At a cristance of about 1.9 r l(Ftn t{r ?€pubivc ftlp 5 rycn h|! trd| 196 of thc rucbar
forco betrrcen them and hqtco tfic elodroat tic lbrE b qdb rqilFblo afi thls drLnc..

Nucbar torcc! ... lhort .rnge forcc : lt maq lhd nudcar iorcaa oparate only et
rlstNncss bgtu,s€n thc nudouo lhet afo compqr& to da dthe nudcoo. Oua dbtrncos

1.

z
3.

4.

z



ars call€d the aclion anlii w nrpe R of the nudear torces. The range of nuCasr fom. iB

gercrclly taken ar 1.5 r 1&r5 m whor€ ib m.gir$lud. drops off to ebout { of fts rn*munr
J

value. Al a distance of about 4.2 r 1&'tn the nudear force is zdro. On the offEr hend the
gravitational and olec{romagneiic forces are long range forcoe.

lluclser fOrcer rhow tatttatlon prbpsdol : This mean3 thd cacfi nuCbon itcracls Only

witlr its imm€diate neighboure, Ethbr lhen wilh all other nudcons in th€ ilrdqls.

NucL.. totces anr forcer of &rcdon : The nudear force b gsneraily a[ractivg' Affnt$
it is strongly atlraclii'e at a distance of 1(rr5m, it beoomes hQhly repulsive et a dl*3nae of 0.4
r10{tn. lf il mre not so, under thc a€tk o of strong attradiw forcr, the nudoqt3 rodd
come very dose together and the wtrob nudac vuor.dd coll8p6e to a ab equivCed to- the
range of nuclear forceg. In such a case, the size of tre nuclous bccomes in@lan<ladof ttn
nuriber of nuclaons in it wlricfi i8 co.ltrary to osr ob€a|-ed r98ultg. Th€ dittanCp of0.4 11&
r1n is knorvn as 'hatd.core'. Howewr this does not imply that nucbar to.€6! at€ t€pulgis'
6qr tre wtroh ttrey ge alrvaye *adive. Gfaribtbnal t9r6Ito efursy! dhaclhrg' olccbo€talic

fofces between two ciarges may be altrac-tave or repulsivc dcpending on the nat'ra of lhe

ct|argpc. But nudear force a,s b.,th attretiw or repubiw @endafig on tlB &enoo botltlc.l
two nucleons.

10.7 BETA DECAY:

pdecay is rhe prooess of omission of aledrons trotn ru/dcar.

thF €'eclron emission takes placo in lh€ follonring two processes.

i) spr'r, ,. -'r. , ' conveGion of a neutron into a proton by ei€dil8 ri - molon.

1i) The r' '^son oecayt a|rnet instantly itdo an ehcircn {.) ""C 
*t *,.,tm $

nl p+x -+ p+e- +v-

In th€ caee of Beta dec.y the product nucleus wiil be h.vir|g lhe samo ma38 numbcr a8 the
parent nucbus but lhe atofiiic tr.mber wiil €harue.

tn positive beta decay (p'ombsion) The atornic number will decrBasc by ona wtrele as in
n€gative bela d€cay (p- emission) the atofitic rumber will inoease by one-

10.8 RANGE oF o - PARTICLES:

The Distanc€ through ufi&*l an cgarticla travel6 in a sub€tane before comirg to tlEt b
cellsd the range (R) of the parlicle in thet substence.



lhe rango of cr - pedid€ dQpcrds upon tha tofiowing factoru (i) Initial velocily of o-panide (ii)
l{ature o{ emifting radiractive element (iii) Nature and pr*suse of the gas oin"rur" ot
absorber.

Thc nerpeof anoaarlidecen bem0asc€.d trrlng (i) lrtiloon_ dordchffib€r(ii) Bycountirg
$c number of ions produaed along tho gath (3) by scintillations produced on l-tiu*xont
Sctlcn.

IO.9 GEIGER{UTTAL LAIIY:

Gt$er and Nuttd .neasur€d the range of c-particlee ematlcd by 3ercral tadioacti\re elem.nts
ard gQerve{ tet ttrers exirts a rdatiomt ip belweer, $,e rar€os and half |i16 oran ehment.

The elatbrnhip is

logl=A+BlogR.

Wroe A and I *e constsntr for a giwn radkrac{ive series, t is the cssintegratbn const nt
of the rource and R is itr nnge.

]he eranh berccn logarithmed rang6 atd ttn disintcgration constant b a strabht line. Thefgurg(10.9-r)stblflE0rgraphforthreendn radioaciviserio. in"i 
",e 

sr",gr,t'il;*'s*,
lo ooe atloth€r' This itrli€tes lhat A iB different for dfferent series $iil.r B b came ior atl
8eris6

I
ato

Log fl--r

Ftc 10.9.1

tO.'O GATOW'S EXPLANANOil OF BETA DECAY:

Fo. $8 b€ta bat|lilion3 to ocqrr, cetti.ln d€finib rdeti{rns connsc{ing th€ initial and final atgbs
of thc nud€us must be fonoursd. Thes6 are celled th€ s€bdion ruh8. According to Gamow
ard Telhf tF s€ledion rde6 to be follorred in the case of beta rfecay are

. S) T.iE p*itr'c tts txrd€tr3'ternakt unahrng€d
'AP=o



(it {h. a.Eubr m(|r|.|tFol d th. nudts cttangs by onc or 
'€|ry*t 

tl|e sane.

61 = 11 or 0.

.tf .bofron and nd,tim |'! snil.d u0r Ot lr splt|t p.r.Iol (tiplet d.0e), Al may be + 1 , o,

or-1.

.Ex: Ffo+ Li3 + c- + f, . .

]f obctron s*l mubho l9 qtrru.d wi0r ht*x$c apins, .nti p.rsllcl (singLt t{ab), tt6 ch.r!.
h n d.rt 3ph. al murt bc *icdY:ero

l0.ll ALPHA DECAY: {Gemw'r theory of elpha 4,c:'.

Aooodog to w.yc nrccrnnicr, tho mdion 6l thc c+er{cle is doscribsd by a weve function I
wfricfr obefr Scfirccdlngo"r cquatbn'

1. . An c-particlc mry d .| rr cnllty within t hsavy nudcua.

2. a+erliclc b h enrtni motion md bongr bd< rrd totth irc,ri thc banier wallg

3. In clcfr @hbn wiltr rv.llr dlatr L f rtcf?rib probrbifity thrt thc prrtft:b wil teek through the

poi.tfubilbr.

Lst v be ths froquoncl wil.l whfo$ the a - pe]tide collirjer with ths walle in odcrto cscspo

ftom thc nud.|r. 'P' i! ura P.lbabiey of brngmi$ion in ctcfi colfisitn. Then ole cbcay

probaballtf per mit tinc (dbirfOnlbn ooililt{ r) b glvcn by

l=vp............(1)

lf ttcru b€ only o,!a ol c - perticbin th. rudeua nrlric{r mor€s bck atd fonh abng the

nuclcar diamcter, then

v,=6 .............. {21

rtt rc V i. th. vtlocity ol tr - prrfrcb rnd ro bc llre nudeer redius-

^ ( v\, ^=lqy .. ............... (3)

fbue(f 0.11.1 ) lrerclct{r qdtfit cly rppmrhe torm otpobtiltd tn .syof cartdca
a fuadion of ile dbirncc fu|| thc rudan Tfu poleitra$f .td$6 arouttd ths nudilt b



lnAr -". potontial rvell. In the figur€ 9a = - Vo i! potcnftn cncqy of c-partide wtren it is
insido the nucl6us. cD is cqual to V", the eLcf6static potenflal energy of c,-particte when it
i3 iust outsido the range.

In quantum mecfianics a moving pq|flcle is ttrobd ar I ryllrc md thare b a dcftnitc probability
to led( through r|e banirr. The a{arthb lrac a firilte rooauev ot belng able tocross lhe
potential hill.ln quantum mgctlanics a movir0 padhNo b UaanO ae a rivp anO thenr is a
definite p.obability to leak through the baricr. The o-partde ha! a ffnite probabllig ot oeing
abl€ to cross lhe potential hill.

nc r0.u.r
The probattlity P can bo cslculaiod bythe folloai4 fwnrrde.

'*"=-;J ...................... (4)

wlrere m is thc mase otrhe perticl€ a* t =*
J o-2

FurthbrV(r) = tr ........(5)

is the. €tednostatic potential enorpy of a-prtk{e at a dirtencc r from the nucleus of clrarge
Ze. The c-turge on craarlicle ie 2e.**=|\ffif* (6)

At r = r' E c ?zd I (4*"tr)

i4

...ogr=;J
")l



d .'. tos.r = f,(zme)" {(t-t)"'* .......;......... (r)

Ld lJ3 lolve the integral

z r l/2

[[.?-'J "
l-c |r q,betlub r = rr co3€ and r; rrcalg.

.'. f = -2r,co€0 8in0 cP

e ( ., .\"'
= I' hfit' e 

-tJ (-2r'coao gino de)

= -zr, f (r - 
"os' 

0)"' .in€do = -2', fiin'eoo

= -zr I f ( -*,' zele = -zn[]e.i#l

=rrlieo *f rinzen]= r,[go -rinoocooo

As Coa2 0c

v-\
= 

&lr"rr"" t" ="*t{fJ

sinoo = rF,

(+-,) " a,=,, [* {$ {"T{g]
F om.quatbtB (7) and (E)' lte gct

roe" r = -f; tzmr,"'n["*-' rm t[*].fql
Bocaulc thc potantial banier b Glefwsly wide (rtrJ' h€'!ce

.o''[r)''=;-[l)"' s-, ('-t)"='

(8)

(e)



Subsfitfing th6s wluce in cq. (9), vtt C€t

roa r = - f rzmel"4f* -[9']"' -["]"'l'12 t'ij l',/ J

= -|{zrrn),, r rr{: - rili 
t 

}
27*2HorE t -tm

.. roe. r = f rzmrr,#[l-r.(gp)"']

or ,*r=f[9)"'z,o,ou, c (*)"'n",, ......... (10)

Subcfhntup thc vahrca of vsirrug 6r[tsnt! in eq. (10), uja baw

b4p =2.972vr6t" -3.9szE-,t? .....r._.......(11)

tbrc E ' tin€th energy in llcV, rr= nudeer rediw in brmi (1 fenni = ltrrtn) an<l z 3 stomic
number of nudeue * alpha Frtide

The docaycongtant ie given by

^=*=(#y
( v\ ( v\

.. b& r = b&[A 
)+ 

to* p 
= Wl;, 

)* 
Z.et zv2 ro,'2 - 3.9s28,, ........... (1 2,

Eq. (t2) Igpre.antB tho a - d€csy.

Vff|e t ba!6 of tosis ctranSsdto bss6, r+? hrve

r*. , = *r[*) +t.zezt,zru,,2 ..t.722t4,, .....lt3,



Exprcssion (13) is regard€d as th€orotbal form of Geiger-Nuttal taw. This €quation tells thst ihe
decay contant veries exponentially with th6 cnsrgy of o - particle.

10.12 BETA RAY CONTII{UOUS A}IO DISCRETE SPECTRUM:

trlG l0'12.1

By using a G.M.counter the number of electrms pef unit time with differenl velocities is count€d.

n gr"p-h b tl€n plotted b€t\i,e6n number of ebctrons and their energy. Tho graph is.shown in

fig-ur;( f O. f Z.l),Tne graptr as extensive conlinuum upon which a few sharp lines are

sJperpos€d.The graph sho\ rs that p-pafticl€s emittsd by radioactive 3ubaiance. po$es6 a

conlinuous range-ol energies, i.€., B- ray spe€fum is continuors. Aphotographic dEil€ b usod

and afier dwelfoing the plate witn suitabl€ oxp6ur€ , a photogtaph is o6ained with a dark bad(

g;und *ilf, .""eraiOtaci. tiles. Th€ back ground 3hows the presence of p.- particl€s having a

iide rangre of velocitiss and the liner signifies the groupe with definite and disclrole velocities

and hence energies

Charactorislics of P- rty 3pcctr.:

i). continuour spGctrumr The g-particl€s have a continuou3 distribution of energy' The

conllnuous spectrum errrgy rangirg lrorn 0 to a cerlain maximum value.The upp€r value is

called tho end point energy and is a charac-t€ti$tic of the emitt€t'

10. Dl.c|€to sp€ctrurn: some radloactiw substances can €mit beta particles wt ch produce

rine speara( D i;c,tr6ie spectra) supenmposed on^the continuous taint hckground. These ar€

called secondary specra. oiicroio specbum: some radioacliw substances can emit b€ta

p.rtl"e";i* iroiuce rine spec{ra( DisciGte spectra) superimposed on the continuous faint

background. These are called secondary sp€ctra'

10.13 SOLVED EXAIIPLES:

Lg.lcutrt! thc totat m.ra of perlicler In Lit mrcbur. traes of pfoton ig 1.6725 x l-tkg

.r!d mr$ of noutron is 1.87'l8rl-u tg lAn.:11.7{67:{0? kgl



sot:Gh,on tiat M.ss of prolon mp = 't.6725 rio'dkg

Mass of neuhon mn = 1 .6749 x 1 .0{rkgTotar macs of nudeous = 2mg + (A *z) mr

= {311.67!5 xl(}{') + (7t) (1.6t4&10-*)

= 5.0175x10-tt + 6"8902x10t =1,t.716711@ kg

2.uYhet lr lhe mers nurnber A ol r nucbur *rholc redlu r = 2.?l icml I ro : ,l.3rl(Frh{

[Anr:9 t
Sof : Giwn that radug of nudeeug r = 2]1 femti

.:2.71 rlOttm
ro = 1.3 x 1erln

Formula r = rd*
then At!= 14

A = (r/rJ,

f z.zr * rs'")' ( z.lt\'
= ll3x lo* / -t * .] 

3 (2.08)3 ! e

3. Tho rdlut ot elomrl{ HOrr l, 2.73.1 fiornL fnd Ora ndluc o, Hd
8ol : Given thai A. = 16b

[Anr:2.23Efemil

4=4
and rt = 7'731 1"'.

tormula r = toAra

[r/r,1 . IA1A, l'"
r, = r,[Ar/A, f6 = 7,73114t l6ilv'= 2.23g femri

4.E*['.!o {'" dcn"|ty ot nucbu" of ndl.,. r r l.3Aoftnnl tAnr:f .Sxl(|lrkS/|n1
Sol: Girrentbat r = l.3At6&rmi lrdass of nucleus lvl- A amuo Axl.66xl0{rkg

' Volume of nucleus V = 4/3 z rs

Density O=Unf = Mt4f3 rf-3|g4xtt
e l3xAx1.€6xllay 14x3.14x(1.3A,o F I

= [ 3{x1.66x1t}a}14x3.14x(i:3f A]= l.gxtOtrrtiymr



5.Calculated the trinding energy ol deutron.ua$ of ptoton.l.007825 emu,. mr!3 ot
rputron. {,008685 amu, I amu-931 llov.nd ecttal m.!s*2.0t '1104}

IAnr:2.23IoV I
Sol: Given that Mass of proton mp. = 1.007825 amu

Mass of neutron mn = 1.008665 amu

actual mass of deutron' 2.0141(X amu

masg of nudeus = 111p + 61 :!.@7825 + 1.008665= 2.018490 amu

Mass defect am = mass of nucbons - actual mass

= 2.016490'2.0141O4 = 0.0023E6 amu

Binding energy = 0.002386 amu * 0'002386 x 931 ileV = 2 23 i/leV

6, A neutron breal€ lnto a proton and olectron. Celculato tho onotgy producod 
-ln 

tov
t L=siic"tg.mp-r.sr2iftF'is,mn=r.ezrzrtcstg,rpecdofllghtc-lt:-i^0.rn'{

lAm:073ilbv1
Sol: Given that me=9x10.3rk9

mp=1.6725x10{1kg
mn= 1.6747x1o{tkg

sPeed of light c= 3xl$m/s
Formula: mass oetla Am = mass of nucleus ' (me +mp)

= [1.6747x1O{tkg - ( 9x10{!+1'6725x10{1)l
= 0.0013xi&'z?kg

Energy released E= AmC = 0.0013x 16-ar1tx{0e)'z

= 1.17x1G13J = i.17x10"/1 '6t19ta;6y = $.73MeV

10.14. SUiliiARY:
1. Ruthertord conclr-lded that atom conEists of central cors called nucleua'The nudeus cof$is0S

elec,fons revolving around it.

2. Tho nucleus conslsts ot ;udons (protons, n6utrons)' Ths numb€r of Protono in nud€us is

celled atomic nutOu, 
"nd "* oi protons and neutrons b called r9a$ number'

3. Nuclear mass: The."".-ot in" nu"Lus is the gum of lh€ maaEes of the neuhone and pfdor

obtained in it. This ts uiually expressed in teons of alornic ma63 unit (amu).

4. 1 amu = 1.66 x 1&27 kg
s. ttuctear ctrarge : The iharge on th€ nud€us !s-qf b proton:^gntained in it'

6. radius of an atoma nucleis r s 1.4 x l0-t5:(12)6- 3'21 x t&rsm

jfl*# ks/m3 =1'18 1 lgrftsrms
Density of the nudeus =!

8. Tfre p - p scattering is lhe only way to get direct evi&tl@ m proton-ptoton

imide the nucleus-

interadknfore



9. nudear forcec sr3 comdicat€d in natuF ad do no( oboy any simpte law.
r0, pdccay is the proceos of emisrion of eleotrong lrom nuda6r.
11. The tlctErrcc through wtrir*r an a-pertide bawb in a subatance bofore comiu to r€€t b

cdlad the range (R) of tho padiclc in th* subdance.
12. Conthuous Spactum:.The.9*paifit6,hnp a coriliroous digfibr.{lrn of energy.Ihe contiru-

ous sp.drum energy ranging fto|rt 0 to a ccrtdn marimum lreluc.The.iFpcr valuo is calted
thc end point energy and is a cha.adoriEth ol the emitbr.

13. Q{3cr€te Spodrum: Some radioactivc anbtanc6 ca.t cmit beta pertdea uAich prcduce
line spodra( D isclreto spoctra) euperimpoaed on the cortinuous fair{ beckground" Theea
are callcd secordary spedra.

rO.I5 KEY WORDS:
Nudeom, mass, cfiarile, density, angr.dar momentum, radius, spin, magnefic dipote moment,
birding eneqy, scattering, range.

t0.t6. SELF4SSESSTENT QUESTIONS:
1. Eplain binding energy ard cahulate the linding energy of deuteron.
2. lll/hite a ehoil nole on size, m.$,dercity, radius of nucbu6
3. Exdain pIotm-p|oton scattcrhg
4. Explain n6ufron-p.oton scattering.
5. Explein nucloar forces.
6. Write a note on aiphe perticle range.
7. Write a nolo on GebJ- Nuttal law.
8. t isar$s in deteil Gqmo{ds thory of dpha tbcay.
9. Wfite a nots on beta decay.

EXCERCTSE:
l. A rrcbur of E.!s lts hlr ndlnc 6 fcrui.Fild thc ndlw of nuclcu lavlrg msc nombcr 64.

[Am:4.E feruil
I I$Dt3 tormula r - roArB

lr/r,l= {NA,l,"
rr: rr[ArlA, }6 I

2.Crkrhtctlc bindiagencrgoflithiun(Adlr3,.Mrrsoflittiun M=7.0161106,mp=l.fitt2Tl,
un= 1.fl)8665)

lxiri: formuta Mass dafect Am: [Z mp+ ftl 61]:[l
= [ 3xt.a07277 + 4xt.00E665]

Birding energy Er Arnci l

[Anr:37.7McVl
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NUCLEAR REACTIONS

O&IECTIVES :

Atcr tho comp&rlirn of thi! l6.on fF studdrt wi[ b. auc to

l) und€rEtrand the nudear reacdon! ard itnpoftinco of nudeer .eeciiry|3 cquafronr

2) Knorabodf|ccfiennob

3) Urdersbnd the cornpound nudous

4) Undeotrnd thc dirlct rcectionr

STRUGTURE:

11:1 lnhodudion

11.2 Nudoa. reactionE

11.3 Cftannob

11.4 Compound tfudeue

1'1.5 Drect |€ectioris

11.6 Sohcrt Examples

11.7 Summary

11.8 lGy words

l'1,0 SclhAr*ramont Gl^prilonr

11.l0 Ref$cncc booka



INTRODUCTION:I1.I INTRODUCTION:

The procass in which lhe characteri3tic of incident nuclear particle undengoes a change in
ihe bombardment ot a nucleus as called a nudear reaction. They are produced by exposir€
lhe target nuclear with fast moving nuclear particles like c - particles, prolon, n€utrons, 1 -
rays, etc. In case of nuclear reactions, (i) The aiomic number of reactions must be equal to

toial atomic number of pmduct padicles. (ii) The total sum of atomic mass numbers on bolh

sides ot the equation must be equal.

The nuclear reactions or useful to discover and identify the new isotopes and provade lhe

experimontal verification of Einstein's €quation E = mc2.

I1.2 NUCLEAR REACTIONS :

A nuclear reaction is the procsss of strgng inferacfion of an atomic nucleus t vith an

elementary particle resulting in the formation of a new nucleus and one or more now.particles-

A nuclear roaction can be represented as X + a4Y + b

wtrere ,X', i€ the inilial nucl€us, a is the initial particle, Y in the fnal nucleus and b ie the final

parlic€.

During nuobaf reaciion the following physical quantities af3 consumed a) charge b) Number

of nuiteus c) Total ene,gy d) Lineaimomentum e) Angular mornentum 0 Parity g) Spin

Different types of nucls.r reaction3 :

The following are some of the mechanisms'

(l) Elagtic acattering : In this case the incidont particle strikes the target nucl€us and l6ar,e3
'rvith 

oul loss of er,ergy, but its direction mdy change'

Examplo: Scattering of o' particle frorh the thin gold foil'

,He' + ?"Auro? 
-+7cAllto? + ,He'

The target nucleus rerfiains unaffecled, Here there is no chenge in intemal erergy of the

nucl€us.

(ii) lne|etic acattering : |n the case, the incident pariic|e loses a part o' itg energy in excitif€

the target nudeus ro a higher allo,Yed energy.level. The excited nudeus latet deeeys to th6

'-',,,istate, radiating the excess energy in the form of 1 - ray photon'



Exampb : ,Ht + rLi? +(3Li1'+ rHr [(rLi]'is in excibd sutej

(3lit)'tsLit +T-ray

(lll| Redloactlve C.pture: In 
'ris 

cas€ lh6 incjdont partido i6 caphrrad by the targol nucleus and
new nudeus is formed. In gdlcrd thg.nsw nudeus has a considerable excess energy and it
decays with the emission of dre or rnot€ l - ray phojong.

Exemplc : rHt +.Crz *lrNtT + ,Nt3 + y

(excited state compound nucbus)

Ardrcr cxempl€ for'radialiw capfrru la

,,Hr + ,,. Mgt +(,. Al{*.r,rAFr + 1

(lvl Dltlottgtrton : flcre the lndbnt panide b abeorted by the taqet nuctane and the ejected
perlide b a difie6nt from ons. Tha corpoiition ot ttre proOua nusl€us b el$o diffqrent lrom the
pa.€nt nuclgus.

Eram$c : The disintegration of beryilfum by a - partir€ prodrrcing neutron.

,He. + .B€o ,oC!, + .nr

(y) Phob.lirioberdoo : Tha 1 - rays are abeoitcd by rra b.gGt nucEus, ae a r€odt, lhe nudeus
h ero'ted to higl|gr quantum stsle. Thie excilsd nudgus goes to graund state by emitting one or
more p€.dclcs.

Example: rlf +7 -+'Hi+ont

(vl) Spffinoour decry : The ptronorneoor of nsturd redioscii\rity clurine which cr , p and 7 -
rays aie anith<l may aho be comilend as s nridoar Facilion.

lvll) Sprfthtloorroton: On captuo of an incidarifliartirse, a heavy nudeus has sufftcient erErgy
lor thi ejectlon df rcwral partidos. Suc*r a nbabn b known aorps$alion roaction.

Er.dtpb : Ths nudeer fssion ln wtricfi tnarryrrlttrs Eplit3 maihly into gp 666;.

,116 + onr -&P *. rrTetn * 2 onr

(vllD Scrvy bn rwlionr : In ttrcsc r€aciion flc l|lgat nudeus b bombeded by priedil..
heavier then 9 - p.,thlcs. v{*inur typcs of poducts m.y be Fodrrood. The reaaio'm usrnlty
takq p*Ncc et fairly high cnc|ges (rewmt hundred ltleV) of the projsciilo.

;9t * .ot" {flNat'+ 2Hd



Another exampb for heew in reaction i3

?N1' + rrPbddrlrlt: + r.Pbl6

I1.3 CHA}INELS :

A channel is e possibb pair of product nuclsus and outgrciqg panide, each in I dsfinib
quanfum 6tat€.

In the reaciion a + x {[ecl -]Y + b

I and x ere call€d as irrcilent channd 6,d Y and b a€ fnd clnmd with lgfut€nce to oofiipound

nudeue c.

when E given prolGctil€ bombarde a giwn tatg€t morB thsn ono rcadion mey ocqr. Tho

bfowinglrethe piaon ina,,rceOreactiona end neutron indrced naciionr'

(Al Ptdon inducad ta.cliolr:

(i) ( p, c) reaciions sLrch as

I 17 + ,Ht +tBefl -*zl{€l + 2He'

(ii) (p, n) reac-tions such as

p". ,Hr {LFicl JeFr + onr

(iD F, d) reac{iona suc$ ag (h€re d stands for deuteron ,}f

.Ber + rHt 'tlsBlol J.BeP +rH'

(iv) (p. y) reac{iofts suci 6

,yqrr + lHr a[!.Si{ -r,.Sia + 7

(B) tlcuboo Induccd ro cfrofr:

(i).(n, a) reactiott such as

,il,t * oni tlrrAltl+fiNd' + 
2He1

(ii) (n, p) teaciion such as

"i,ltt 
* oNt +[frlt{-rPr' + ,Hi
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(iii) (n, r) rtadion such as

,"Alt + ont+1.3:1r1y{a + y

(iv) (n, 2n) roa.lion luch es

,#zt + 
ont 

r[r/Al1l-rtAp * ont + flt

'1.4 
COIIPOUilD T{UCLEUS :

ln 1936 Eohr propoeed the thsory of compound nucleus. According to Bohr's th€ory the
.xJdear reec{ion teke8 placo in hvo 8tcps.

L Tho incidont p.ttid. it ablorbed by the initial or targ€t nudeus to torm a cofirpould nucbus.

Incirent perticle + initlal nudeus {C.ampound nud€us .......(1)

2. The compound nudeus di.integrsteg by ejeding a partlde or a 1 - ray baving tho ffnal or
ptoduct nucleu6.

Compound nucleus rPrcduci nudcug + Odgoing particle ..........(2)

The cborro tun 6tBps ar9 takon as irdepon&nt stcpa. The mode of disintcgration of the
compound nucleus depend8 only all its ensrgy, angulsr momsntum and parity. The mode of
disint€gration do€e nol depend on the spedfc way in wii$ tfis compound nudeus is formcd.
This is according to Bohr's aewmplion and is found velid.

The cornportrxl nudeus is a many body 3Ftem of lhongly inbracfing Partida. lt E torm€d by
tho amalgamstion of an incidsnt particle B with targot nucbur A.

A+B+C'

Th6 ircident particb ceptur€d by a nudo6 gir/6 up it! cn rgy to fsw nt*o'13 in lhe nucbus.
Dlr€ to intcradion of thass nucloors with all lha ottrsB, thc energy ie quickly dishihited
among all the nucleons of the compound nucbus. Tho ncw nuclqj! thos tormed is in cxcitcd
siet€.

A compound nuclgus onoo formed can decay in a numbor of ditrcront t eayt eecfi rYith its
inuimbprobobillty.

Eramplc: Th€ bombardmgnt of 
'Nadwith 

o - partide or by olhcr msthods. A compomd
nudeus !3A1fl b formed. Thqn compourd nucleue decaye 8t l€ast in tollo${ng ways.

AFz -rN8a " o; l#' -rMg27 + d



Af7 _rMg! + p. AF +AF + n

AP-rAt1+1_ray

The compound nrrderrs hc a lih tims wttlch F long (tox to leit) compet€.! to the titn
tak€n by th€ nr.dcon to trgwr!€ a nudcuS (10{to1(}as). Thb finite lifl time is bec.ulc
here can alweya bo a sletFtictl 0uctuation h ttn cnergy diefbdirn whadt ooncenffie €ndrgfl

' ons€y on a nucbu! allow to 6cape.' . '

II.5 DIRECT REACTION :

A direcl r€adion b ona wilch prcr€ed3 rith ottt the iomdion of a compound nrdous. ln
Sfe t€edion tha Inc*red panicb ittorscrs wior terqpi nucbur for a t ety mufi shotbr limo
(-104r) than the life time of a compound nude$t (-'l0Frt). At low eneqies compourd
omaions mectranFm e.d d high eneqies died oaciirn ncchanirm ntif prenil. The

torm dl1gd .leclkrn is usod ,or a variety of nrrdear processr3 indudhg inaslic collbbnr or
scanrfittg, !fiipping and ila irvcne, the pi(i< W ]€acfbn.

(l) In 8n itr€la3fc *attcrirB the in<irfsn[ nlJcbon, on ent€ting th€ motion, it may rfrila.no0u
.nucleon in thc anrfae rcaion, bs€ lotre enorgy and comos out udh a rcduccd enagy' Tlre

ofitire proaeas occrrrt in timee of the order of

v lt|e vrilocity of the inci{tBnt pattido-

(ii) ln stipping reactin lhe inoornirB compound partide onaieting of norc than ooo nrdedr
. .dru in to trrc tagmcntr, o?c of whidl ie abcorletl by Otc targst nucleur 8nd lhe d|cr

conlinuea rnorc o. lcss undbtufied

(iii) ln 6ir:kup reaciion inciJent perticle n$novsi one or hio rudeons trom thc targ€t rilrcbus.

(p, oI (p, t), (p, l|c), {d, t) and {d, }ld) arc ths enmpbs for dd( up rcaction.

1r.6 SOLVEP E)(AilPLES:

t. Crlcubb tlro cneryy gcnentld in KUIH, whan-Cf Kg of tllt b conwrlad Inlo .Hcr by
pobn bombrfirenl LUt r 7.0t!3 amu, ,lld +I*OOIO ernu, ,Hr r l.00Elrnul

lAm:8J7t rdh/hl
3o[ M.ss dcfect Am = (rut +''Hr)-il$ld)

D:: - 1(Fts whcre R is tho nucbgr radus .nd

= (7.0183 + 1.ml) - 2(4.m40) = 0.01E1 rmu



Eneqy releascd Q in ihc teaction !Li7 + rHt +2(rHc.) + O i3

Q= 0.01&4 + 931 Mev = 27.408x10r!joub. ...... . (1)

Mass of ,Li? *7.183amu= 1.176r 1grrqg.....--... (2)

l'feat generated by rLi? = 1.176 x lOOx 24|09 | 1O!3= 27.40E r l (f|3J

2- Flnd tho .mount of onorgy rrl.r..d when all the nuclG.r In I Ko otd.ub]ium lt|.e bvth. ro.c1tl,on. 6 !Hi{2(rHd) + 2g+ 2n + €foy.(Atornac m.tt dt Oeuorium - Z.U{ttmu, Fn6|21.113, to||f,ou

sot: Numberof atoms in 1kg or.n'= 6m! l9']ilm--r" zot47&

Orr nudeas of ,H2 produca enereV = f mav

... energyinducedby'l kgof rH2 = 
g##g x14'21.413x 1O6t6eV

1I.7 SUTTARY :

1. A process in whk1r tllc characteristic of incident nucbar partfrdc undergoes a cfrange in the
bomberdment of a nudei is calfed a nuclear readion

2. In nudeer reaciiorr (i) lhe atofliic nrJmber of r€ac{ioG must b€ equat to total atomh a,mber
ol product padicles (ii) the total sum of atomic masg enc mber on both sklee of be equation
muet bo €qual.

3. The unclear rsactione are uscfulfor cxpedmental verifioation of eruption's equaiion E : mcr

4. ln elastic scattering lhe directbn of incidcnt parlicle cfianges hJt targpt nucleus remains
unaftcted.

5. In the inelaetic scattering th€ change in direction and lor of energy for incident pariide and
also lhe tlarg€t nudeus excited.

6. A channel is a possible pair of producl nude$ and outgoing particle, each in a definitc
nuurm 8l€te.

7. A dirEcl reaclion is one which procesds ryithout formatinn of a compound nudeus.



'1.8 
KEYWORDS:

ituch{ r€adkx|, scetterit. di.l|bgrdlon. chamtb, cqnmnd rudqp, dtucl trectkn.

1.I.9 SELF.ASSESSTENT QUESTIONS:

t. lr\th.t b nuclGor te&tbn

2. Erplain thr corrc pt of nudsar rc*lign chrtmol

3. Eplain thc conccd of comPound rruclors

{, E,qftsn the concapl of tte diGct r€actiong

5. libntion bridy the kindl of nudea t€edont witrr cxsmpba

6. Write an €$ay on Eotrtheory dcompoud nudcus
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12.5 Nudearfusion

12.6 Eoeqy Produdim in etars
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12.1 INTRODUGTION :

To account for the aspeds of nucl6ar properties and behaviou( various nue{ear mod€ls

have been proposed. Such models ba€gd on thg macroscopic propettios and electron shell

of an alom. The conesponding models are called liquid drop model, shell model etc. The

liquid drop model was proposed by Bohr. This mod€l is based on cartain a3sumptions but

fails to explain the magic numb€B. In shell model, the nucleus consists of series of proton's

and neutrons plaoed in shellg just like elec{rons in describe shellr df atom.ln shell model, the

nucleus consists of series of proton's and neutrons placed in ihells iust like electrons in

describe shells of dtom.

The discovery of Nuclear fission statad from the attempts of Fermi in 1934, to produce

transuranic eiernents. ln 1939 Otto Hahn and Strassman dis@ver that when Uranium-92

was bombarded with neutrons, it split into barium and krypton. Bohr and wheeler explained

the process of nuclear fissionusing the liquid drop modsl'

ln nuclesr fusion process, the lightor nuctei are fused together lo form a heavier and stable

nucleus with release of large amount of cnergy. lt is a thormonuclear reaction. Hydrogen

bomb is based an this process. Beihe suggeoted that lhe production of stellar energy is by

thermonuclear reactions in which protons ire transformed into helium nucl€i According to

Bethe the nuclear fusion takes place u.der proton-proton cycle and carbon - nitrogen cycle'

12.2 LIQUID DROP II'ODEL

Thrs model is proposed by Bohr. According io this modsl, the nucleus is similar to a small

electrically charged tiquid drop. The nucleons move within this encloses like molecules in

liquid drop. The nucleons always romain a constant distant apart and share among them the

toiat eneigy of the nucleus. The nucleong deep inside the nucleans are attrac{ed from all

sidesbyneighbon|ngnuc|euswhi|ethoseonthesurfaceareaftractedhomoneskJeonty.

Thespherica|surfacewhichenc|olesthenucleusmaybaregardedasanalogouslosurface
tension which holds a water drop io the evaporation of particbs from a liquid surface.

The following analogies between atomic nucleus and a small drop of liquid support lhe liquid

drop model of the nucleus.

l.ThesmallliquiddropFspherica|becauseofsurfa@tensioneffodsandthcatomicnuchus
is assumed to be spherical.

2.Thedensityofaspherica||iquiddropisindeperdentofitsVolume.Thisisa|sotruefor
atomic nucleus.



6.

The molecules in liquid drop interact over short ranges as compared{o th€ diameter of the
drop. Similarly the nucl€ar in a nucleus interact with their immediate neighbors.

The surface tension forco acting at the surface of the drop are analogous to the potential
banier effects at the surface.

lf a liquid drop is made to oscil[ate, it tends to separate into twg parts of equal size. Similarly
heavy nuclei break into lighter fragrnents efter capturing neutrons (nuclear fission).

The moleqrles in the drop movo over shori distances with thermal velocities. lf lhe temp€ratur€
is increased due to the incr€ase of thermal agitation, the evaporation of molecules takes
place.

similarly the nucleus possess definite khetic energu within the nucl€us. tf the energy is given
to the nucleus by the bombardment of light particles a compound is formed, which emits
nucleus almost immediately,

ttlerib:

It has been successfully applied in describing nudear reaction and explaining fission.

The calculation of atomic masses and binding energy can be done with good accuracy.

However the model fails to explain other properties in particular magic numbers.

12.3 THE SHELL MODEL:

Thg nucleus revolves round the center of mass of the nucleus, like the electrons round lhe
nucleus. In addition to orbital motion they have spin. They from closed shells and sub shells
similar to those of the electrons of an atom.

Each nucleus moves independently of ond another in a polential (negative due to attractive
force) which represents the all raged effect of its interaction with otheinucleus. Each nuctear
is sunounded by the same number of nearest neohbor6, so that the potential conslant. As
vee proceed towards the surface the number of neighbors is less and so the pot€ntial w€lltho
energies of the individual nucleus are determined. There exists a discrete sel of allowed
energy nucleus.

S+arate energy levels exist for protons and neutrons. So protons and neutrons have separate
shells and sub shells.

The lo'vgst energy level is fs,o The angular momenters fors is equalto zero. As j is equalto
__ l. I I(1 i t ), j an take two values + ; and -; . so two nuclears can be accomodated in this shell.

4.

{

2.



h 2Hd the proton lewls and nevtron bvdeare fflbd asligining stattlity to ?Hd.

The next t$gher level (cecond levcl) b 1P sh€fi. Tho o.bitel engular mondnt ic nor equal io

zero, Ther6in-orbitcouptingelTe€tthbbr6l. lnthislewt torp, l= 1 andi = 1,-t.

Soqrrentid o.def of lhe energy lcwb of e nudoef in a squara wet ie shorrn h O€ Fi912.2.1.

Tho aft ddc of ttc frgrrs givGs the erprgy lat€le without epin - odtit intcndion: thc tidil eida

frog the brrels with spin ortit interadbn. The leve|r indhate the energy of eacfi ehell when

.ll the shclb bolo\r it ara fellsd ard all 3h€lb ebol€ are emdy. The numbcF on the far ri$il
96/c the a.rmulathc number of nudoatr rlquirtd to fi[ thc ahelb.

...j can t ke tt€ v.luss of

1
m, takcc (2j + 1) velu€s for I * i thee are 4 values, so 4 nucl€ons oxist in that lewl.

t-- t- nn

l-t :::: ,i:R ''

i*o*

l- 7/z

a
t- rW

t-rll
t- 5/2
6

; .€ r-!r'l
i*t'n

t 

-Fw
FtG72.Lr



Fq. I 2.2. 1 sho|s the numbor of ene0y lowls and number of rrudeons in sacfi shall. For l =

; there are 2 values for m,. So 2 nucleoneexisl inthal levcl in tdal, ,lp csn accornmodatc 42l
+2*6nucleons

Fgrnorl t s lerct is lillad with lrro nrcleonc and lp l6.l,cl i9 llled uilh s nucloor|!. The proton
shc]ls are filled wilh I protons and ttre ncr^*ron bt,rb a.! lllled w|rh g neutrorE 

"t*rn 
g

stelility lo Ptt. To fill all the nrsq l€veb g nudaon€ eithor of prolon or rpur,on b|aE ars
rgqui,ed.

Thc n€xt highcr levcl (3i lernt) contrine id an<l 2-e *rbl*olr 2€ lovd csn socommodab
two nrJdaons.

For ld levsl I = 2 end j has two brcb s/z .nd 32. thc'r oofii €dlt (4 + i) n rclG.rs with i 35/2. Thbcom* to 6 nrdcus.

Fori = 32 ** tour oudcolus can exhrt. so in totrl thig lad sr accommodab io nucle..s.

To fill dl the f|rBs bveb 20 nrdeom eithcr prdo'tt o'rsrrbonE are,rstf€d.
Thus fhc forth level contains fine subbvelr . Ttroc a'' 1.lrt:2pn, 1!n, broand l$o.
Altogather (8 + 4 + 6 + 2 +.10) 30 nudearc arq accomodatrd. USo to.r Lr€b it GqulrBs E0rudearr to fitt all four shells. 

Th"_T.ffh L*l contslns 1:gtu,Zdcr,2{",Sc_, ftr,_ Jil. ffrc
number of nuchars required for fiiling the thdt b (S +-d? I iZ * i2 = tii. rrjh ail irre nne
ehells it requires 82 nudconE:

coGidersrr'" . Tha so protons fill tho four prdon l€ugb s|d r.o rgdraining gz nadronr ffl at

thc fne neutron bvel asrening the otabltity ro Sn$2

lrfion z or (A-z) bke ths vah.Fs 2,E,20,2g,s0,8a,t2g thc r|{ldojs b stabr.. Th€la *t cdrcdmagic numbera.

llcrrb : Thc ahsil rnodor has besn luccatsrul to accor,rnr for the maoic numboE e'd abo||'e obsennd flrgurar mom6nb, magnctic mornort! erd .tedric qufonpor, n-rran t" cnudei and aleo for the distihrtion of nudear igomcre.

tldn rltr.: lt frib to 
",prain 

end accoud for tho rergc nr.ldcar qudapore mom€,{. andsphcrcdalsh.pes of many nucbi



12.t1ilUCLEAR FISSION :

Tho prose of brcaking up of the nudeus of a hcany atom lnto two, moru or lecs cqual

fragmcnts with lhe release ot a large amount of energy it knom as nuclear fsaion.

For srampb when urfliium y"'ie 
. 
bombarded wih a dow neutron nf , Urenium nucl€u3

cerrca the slorr narrcn and focm an unridbb conpound;tu€bJ3. Tha @mpound tudcut
cpiib into n€aay aqual pnrtr. Sorne ncutrqna arc also rdessd in Up proocrs.

Tho abore nuclear fiesion can be wriacn ag io[om

Uo'* n' -[$-] -{c''' . *'* ]t' + stlsTgY

Botr 6nd whoeler explainod nuclaar fission drenom€non lucce$ftdly on the bads of tt|c

lhr*l drop model of tire nudeus. This tyle d toection td."s d.oo in atom boclbs.

12.5 NUCLEAR FUSION :

NirdcT fulion is a procoss in whiclr tuo or more lighter nucleue comtine toereo|ef to lotm a

ingle heavy nucbuE.

Forexempbwt|eniourhydrogenrucbidsiis€d|ogethor'ahdiumnw|eusigiorm6d.

4rHr -t2lle'+ 2reo' + 2v +'26'7 ttjb.V

The ft.Fbo of two nuclel b mors difhcr,rlt to aclrieve as compared to fiseion of heany nudeu!'

fhi!i! bccg.6aorcirong-"fipf€fiiic ttpsbiot! bofrresn tup positivdy€ttsgednuolelwt{le

Or,.,g*g n"r 
".w 

cfoae-so that sltort rar€p nuclear force b dereloped betwasn lhem. to frt
lreGe nuclci. Hydrogien botnb is a davbe $ftich makes uss of the principle of nudsarfusion'

te6ENERGYPRoDUcT|ottlNsTARs(PRoToN-PRoToNAtt|D
GARBON -.I{ITROGEN CYCLE) :

Thgtempcratu'€ofctsB.rovoryftDaI6thoyred.alegnormouserrrorrtofcrrcrgy'The
un b radating cncrgy et $tc rdaot s'8 I lF Joules gf-en€rey oecfi s€T1| ltE :9c l:: r
]it;;lfftt* qiiot"tt i"tta 

"nut 
is the sourcs of this dcllar en€rgv? The oftin of this

;;"6t ; 
""ither 

cf,irnilxr n- g,""natronal fne tyion of protona is suppccd to b origin of

emrgy dsur end aner oo. [ccOlng b B€th6, trre frrsbnbbfing place rnd€rthehfiowirtr

hro dfiorent c?dct

(i) Prdon - proton cydc (i0 Catbon - nitrogcn cydc



0.t

(l) Probo - Prcton cycb : In proton - ptufon cyde, fie nr3t @ invotrrce the fusion of ito
protonloto'rm e deuGrgn nrdgue r€besing a @tron andqrergy. Tho rgection is gircn by

tHr + iHt .rrlF + id + e,

Thed.|,|bron ttrn comt*ra *ilh andrerprcbn andio.m tt*nn []br). lho conlsponding
r€adion is giwn below

, rHz + lHr .r,lF + 7

Thc trvo helium 2 nudei fuee to prodrce hclfum (2Flcl) nudci. rhe coneepondirB .Badion is
gircn below

rlls + .Hel = ,He. + 2rHr+ Q'

So thatrys have

l4rHt1- .Hd = 2_ree+ e

Thc proton - prcton cv '
'l ixl

Ftc t2.6.t

c.rton - nnroocn cycle : In frb cycb the eynthoei. of hyrtrogon nucl€i wilh carbon takes
dace. The carbon nudei aborbr tho protorlB h arccpssion ina unirnaety <liecharg€ c -
parfide becoming ca6on nuclei again

Thc rgactione ar€ given belorv.

,Cl2 + rHl +?Nl3 +Q,

Whore Q$ tho energy r€b.sed

Thc radioac.tive nitrog€n 13 d6cay! .s

,Nta +p|3 + .reP

Now etaHe oct3 nucreus reac{s with another proton, r?t€roby nberasng rno'' cnorgy



rot3 + rHr *rNtt * q

Wheo Q, is dditional energy relessod during nu&ar rcadion

The rtable ,Nl'again combines vtith a p|lton to form oxygen (.Or1 wittt tle |lleeco ol mote

cneryy Q. thus

7Nr' + !H! -rott + q

Novv or<ygen (pt5) decaY as

Ots-rrNts .reP

Nlhogen (,Ntt)th€n agah caFtjre a prAon to tocome cerbon (C!) rilr thq n.!oc da'
Fdd.qHd)

,Nl5 + rHr -rpl2 + ,Hc'

FIG {2.8.2

4tHr { ?Hd = 2.;eo+ 27MeV

The €ntirs corbon nltrogon cycle is ehottn in fquru(12'6'2)

12.7 SOLVED EI(AMPLES :

1. ,l 7.29 of utenium L
obtrlnod?

gol: M=7.2g=7,2x10tkg

c = vtlocity of tbht = 3 x 1O m/g

compl€toly com.ibd Into rlrqy -h9t 11U-Sf--ltftu b
lAn !l!0 rlOKnHt



Enotgy rdeasg =E=mcP

= 7.2 r lgrr(3rlQrf

- 72 x l'"t:9:r l0'' 
KllyH = lfl) rrdr(wfr

36 x l0'

z In S"'ftnron 200 rev rvcngo oncrgy ! rrl..|.d. crblb thr nrnrbrof firdom
p.r |.cot|d b produqr onc kllo w.fi of pomr?

8ok Ths energy dee|.d per&sbF 2OO liov = 20}()xt$EV

I Am:31.2t I to''l

c lQQr'l Sr l.Sr tGr.J = 3.2 r 10"trJ

&

.'.lfnmbe d fiaskng pcr r€oond = ffi- ;iih = !1.!! r l!'

c.buld ttt anount of rru.gy nlcarcd In Jouhl wh.n f$n of ui.nlum t d un(b,g|o.t tr do3|. (Avogtrdtol numbrr a O.02! r l0D, emnep ore'.gy |tL.a.d e- bnn
'' 200 trV) ttur:i.Z, 19'.gi

Thenumberof Uruof atomin lgmof sub3te;""= !91alF xl=2.563rl6nratom!

... Filshn energy nleased= 2.563 r .loE x 2001/bV

= 2.563 |. 10n | 200 | 10q. 1.8 r l!r3J c e.f r 1gro.1

Th" llrtln r{+-,t|' .r!d + cncllt b pmpcod to b. or.d fu pmdocgon o,pourr, rhc o!fichrcy otprocenorn lot Fino rrilmschle otoi.urrn wli bccomumcd In r drynorrn or(xnot!0.ooolqr.(I|la olrH, ! eot?! anu ena rn..e of,HC'a003E8rnu) [Anr;2.3te r l0{kgl
Thc mat difrnnce Arn r (2.01478 r 2) - a.@98

s0.02568arnu .

Thc eneryy rub.lrd in o.ch lll3ion = 0.0256E x g31 : 23.g1 tbv

8ol:

8ol:

I
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TheoutFicnergy = #.ta.rt =7.173M6V

Outputpercachdevtenumatom = 1!:7=3.587ll€V

No' of (bugiutn ato,nr asquirud = . r== , r5-^9T r r == = g.f l! r lQo3587*ldxl.6xl0-'

Equevalent mais of d€uterium p6r s€@nd' 8.712 r 10f r ffi " z.sr6 r l(} kg rt

Consumption of d€uterium per d.F 2.916 r l(}7 r24 x6 r 60=2.5'19 x l(rtkg

5. C.rt ln .t r. ob,tdn p.n of thclr cnergy by thc furlon of tlttr c ' prr0chc b ftoor e .or
nuchr!. ilw much ongtly d3.| orch ruch nrcdon {dud? lh. n || of Halhml
.!on |s 4.tF26O .mu wlrile th. mt.! of oMon L 0.00066 ln|r. tl|c rna of .Ctt lr 12

r1u. lAnr:?:6 IrYl

9ol: lrllaee of ,l'leralom = 4,00260 emu

. .., ll*s of Heluo r 4.0026 - ms8 of two eFcrronr

= 4.0O26 - 2 ,. Oq)055 = 4.m150 etnu

Simulady, thg masg of 
"Cr2 

nudeuc

= 12.00fl)-6 x 0.00055= 11.99670amu

Whcn 3cr - partide fuee a pt2 nrrlcul is formed' Honoe tF mact loEs h givln by

3 r 4.00150 - 11.906?0 = 0.00780 .mu

Errrgy evohod ; 0'007E0 r 931 = 7.23 iltv

I2.8 SUM]SARY:

1. To icogm forrhc aspece ofnwlear propcrtier and bchaviou, vrirxs nElcar nodds lnrc ba
proposcd. Such rlodsls basod on drc rucroscopic propqtics md cbctqr rhell ofa! ltdtl Tbc

coneseonatns modds se callcd liquid drop mo&l' shcll nodel eic'

2. Tt€liquid&,opmodelwsptoposodbyBob. Thbmodelisbccdmcetuinassu4imshneilsb
otplain thc mrvb rurnbcn.



3.' In $ell modcl the nrcle.rs oonsists ofsies offolonb and mfions pbed in shellsju* likc clcm
4; Thc dircovery of Nuolear freeion strartd fum the attempB of Fermi in 1934, to produca

traneuranic elements. In 1939 Otro Hshn 3nd Slressman discorrer that wlren Uranium-92
rvee borfibeded with ncutrons, tt split inlo berium end krypton,

5. Thc proccss of breaking up oftk arrleur ofa hcavy atom into two, morc or lcss eqrul &agmats with
the release ofa large arnormt ofcncrgr is lsrown as nuctcar fssion,

6. Nuclear frxion is a pnocess in wbicb two or norc lighter nucleus combine together to form a Eir€h
lreavy nwlers.

7. Thc fusion ofprotons is supposed to be origin ofcnergr ofsun and otlFr stars.

I2.9 KEY WORDS:

Proton - proton cycle, Carbon - ni&.ogen cyole.

1 2.I O.SELF-ASSESSTENT QUESTIOI{S:

1: Dirc{jss lhe liquid drcp modcl of the nudcus.

2. What are the various nuclear modola. Gi\rcbri€,lliy U|€ thuit drop mod€l of the nudcus.

3. Erplain hott, the sh3ll mod€l of nuclous a@qlnt3 for thc exiltance of magic numb€|!.

' 4. what b moant by nud€ar fusion.Explain how cneqy releelcd ir more in fusbn than in firsion.

5. tMtat ic moant by nudear fi$bn.

6. E:plain Proton - p.oton cycle, Ca6on - nihogcn c!,cle in nuclear fuaion.

7. Wdte a short note on €ngrgy p|odrrc{gn in stars.



rixenclsss:
l. Cdclhts tlc rnpunt of oeicrgt nlcucd by firsioing orc gnrn of crnium ip Joulr. During fisiononly
q,ls of n!6r b cqrvcrFd io o cocrnr. t I rnu- 1.65x l0nke t.931 ltlcv Mrce of urenium = 235

{nul Anr:8'97x1O?J
Z. Cailort& to 8ro$nt of cncqiy rclcard by firsfuU two dc*riurn luct i into h.lium nuclcus.

{I|lrol,}f r2.1r4?Erns||dm[.oilUr.l.oo$.|nu} Au:20McV
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l3.l Introduction:
Usually it is rcgild€d rhilrnrncrcxirrs h rlulc dEtcs-solid. liquid rnd gs. Li1uL* lrd rrs og!e(

ars rcfenod to rs tluidr; propcrty of flow boing connnon for tlsc. two 9do$. Rigktity in tho fqm or rhrpc b tttc
criterion tlradisingrrishos solids frqn lluids. In modcnr rpprordr m*r is clusificd into condascd ntrrad
gssoorrs sr 0s Irking "&fi4itc volume" rs fic critcrion. Solidsand liquids conc urd€r thc'clrrs of condonrd
nu[€r.

Matter in solid strta can bc dividcd into two cb3$s.

i) Crystrllinc ard (ii) non crystdlirr or anorphous.Crysralline manor, is furthcr suMividod into ringlo
:ryaal ad polprystellino typcs.

3.2 Dirtiaguirhing Crystrlline end Amor1hour nrtcrirb:
Crystallinc and Amotplrous nreuidc arc distinguishs rs follows :

Amoryhous Solkls

l$ tlE rtoor or moloculol or lns gt
rrrlrged in r rrn&m tunncr.

Ttosc alt iroroPic

Thoc is no long r:nge otdct (prtctictlly
no order, or srid lo havc vcty $oc nngc
ordGr)

Molting occun ova a rurgc of lcnpcrtur
i.c. slrrb st orc tcmPct{utc rd cffiPkes
d anolhcr t€npa'|nl|€'

Crancrelly cooling curvc for ttcc solitls

is smoothr urd cqrtinuous.

Garcnlly, thesc solkls hrvo low
&nsitics.

Thcsc will noa hevc &finiG hcrt of ftskn.

No clov4a grtccr.

Tlrcsc arc considcrrcd as pccudo solkls'

C4ddlimSoli&

l. ln theso dons or mol*ulos or ions

. rre arrangod in r rcgulr mrnrcr.

2. Thcsc rrc anisotropic (havo diffcrut
vabs for physical paranetcrs likc
dblcc+ic consont in diffcrcot ditcctkms).

3. thc otdcr (i.c. .tnngoncnt) is of long

rtntp.

4. . ir .vtli havc r sharP melting point . .
(mclt -- . ';:':s at s &fioitc tomFrrtlrr)

5. Thccooling' ' "'rr thls solids hs r
brtok.

6, Thesc solids have gPnonllY high

densitics.

7. Tlrcsc will havc dofinite ncrt of firsiors.

8. . These hevo clcvage srfaces.

9. Tbese are considcred rs truc solids.



I3.3 Cryrtds - Ordering :
ln Ciy*allioc materials, atons or molocules or ions re strcked in a rcgular anay in drrce dirnensions

rnd nrch r rcgrrlar rnmgomant is not tlrrc in amorphors rnelodds. -Thc rcpitition a nguhn inisrvrls in ttrlc .

dinurriom thrt ocours in crystals rcsults in rn cnvimnmlrt rl onc hadion !o bc idcntical in dl rcspects ar
modror point inside lhc mrterhl periodicrlly.

The rfiucore ofall cqstals in which pcriodicity is thcrc can be dcscribcd in tcflns of'htticc".

lrttbc : It is a mathemat ical (imagirury) oonccp rnd is rlcfincd asaf infinilc number of points with a property
that thc arrrngcmcnt about ari point is sanrc or idantical widr ihar about eny drcr point. lf all thc points are
confincd to r sirElc plrnc it is called two dimongional lrrica. lf thc points arc distributed in thrcc dimcnsional
sprca, dre ootraEpooding httico is cdlcd a spacc latbo,

An *om o. croup ccatom, idortical in oompocitirn ad orirntrtim ir called tsasis or 'motitl. Atehd
o orch luicc print, lr 6ivcs the echd crystal stucurc. Thus

'atioc+Brsis=Crystrl
13.4 Symmetry Congideretions :

As cryrlats have rorne roguhr orderod arrrngemcnt and periodicity, frey pocsgss sornc typos of symme,
!y. 'Ihcy crn bc dcscribori. by c€rt in opcratioB. Thg "synmcries" arc callcd syrnm*y clancertr ld thc
oporaio'|q for dosoribing thoso are callod symmc&y operations,

l3.,f.l Syrnrtry chocls end opcntiono :
Following arc the exampl€s of sfrmctry €lemcnts.
l. Trrnslaion 2. Roteaion 3. Rcflcctio,n
A i:mmdry opcration is one ihat lcavoc tlc cry*rl rnd thc enl ]tonmont inwrirnt"

13.a.2 llrELdord Vcctor :

. In odat to r€prcsc lenice points in spac€, a coodinrto system is required. All the latice points can bc
gcnento0 Uy tnnslrring rhrce non coplanar iirilvectorftflfiEcltircctions. Thc thrEc non cophnlr dirocrions
constiMe a coordinate system. The three coordinsle Nxcs constitut€ thc frre crystallognphic rxes.

l,et !,b,c be tlrc unit vccton in thrce dinrasions along the crystallognphic axcs. 8y choosing any orc
hnicc point rs origin drcn thc location ofatry othcr llnicc point can bc dcfincd (w.r.to origin) by.

T = n,a + qb + gc whec n,, n" q 8rc artitrrry intcgr.s.

T is crlled translational vector.

As Bxis or motif is dtbcrd to erch lanicc point in crystals, basis repcas ibclf in alt dirrctions by
mcans ofs translation operation T.

Rotitbr : Lct us imagine a linc (axis) prssig through the centrc of thc cube. lf th€ c|lbe is rc&rcd through
.r/4' ad is left invariang tlrcn tho culc is said tohavc fourfold sy.rnmetry and thc axis is called symmedry rxis
(Fig 13.l).

Fi! l3.l



&Oocfu : Lg us inrryine r rcfkcfory plrnc or phno minor is rho position PQRS. Th€ F t ASRDEPQH thc
cube ir jurt I thc irns! (SBCRPFGQ) projcclsd by nimr pl&.d |t PQRS (Figt 3.2(a)). llarcc rle cubc is
||il!o lnw |gfio.tho rlrmna.ry,Tto o$r t*o crrol cu bc undcrgod rfuniHy.

th rdlsction c$rrod ry PQRS krpctro ouf,ltlirhn,. Hooc. it h$ tGflcctioo symtrtry snd PQRS

is cdld nirrr plrm c tmnrotry ploo,

13.5' UrltC-oll I
It bconvhknt to $6dividc thocyruri snrcnrt jr{o $ull d!t'r\ 'tt"l. by rePftffiort in thtodimensions

dce6ib. ttc cryNol s a whole. Sch orrtiliy can bc cutidond c r building blucl for thc crysbl ld is cetlcd

rnhcctl. \lb *rrdy oorridcrcC tbt cry*rl :tructurr can bc dcecribod wi0t thc help ofo lasice. Hcnc. conccra

of gnitccllcar bo rndcntooi aho'r,irt ltspci to lhe bnioc. Thc choicc of "Unit Ccll' is nA uriqrn. Thc Fiil
I 3.3 (a) t (b) slrow r$c diftmrt ,ny, .rr" *bcling tho lnit oolb in r phnc (tl/o ditncmionl) hbc.

GI{bt

^[ 'lu
tl

cr----L

(a) 
Fig 13.3 (b)

A unh ocll widr o|tly ono hnicc point rnrchod to it iscrllod primitivc (unir) ocll. hirnicivc coll is rhc $n llrstunt

cclL
In Fig I 3.3{r) ABCD & EFGH er: $c primicivc colls.

h Fi t 3.3(b) ABCD ir mn prirniuivt Init cclt (two lrtticc Poina |'! |!rcM to it)

ln Rg 13.3(b) EFGH rnd K)RS rrc prtuniuivccolls.



Norc: InrhccrrccofABcD&EttiHofFigl3.3(r)nd-EFQglrQnso,fFitFigt3.3(r?),rtchnic€

poincatdtacq!.r."*lhr"*ly:j of irudrlc funpobtfd1caraqirr. c,hobconribuh 
{,O 

- ].= t]\ 4)
onlyorchricepoint. InFig13.3(b)iacrscof^A8cDrhforbnkopointsrr*rut 

[a-]Iconbibuteonc
hnbc point rnd furthr il hrs qro htricc point insklc. Thur two Inir:o point! art ro.chcd\o it rnj 6ru, it i, 

" 
non-pimitivcccll.

. ln ($rcc dincnsional)spe ilaho it irconviniuo mridcprntblogipcd ar a uritcell. Thc unitcctlnry bc dofined es rhc srneflesr vorue naich whcn repcrod in rll db;odo,,, dttd, ,h;;;i. 
-" -

f 3.6 Envrb trnirrr :

As Brauis in lgt iduodrcd fu*ilo,coaccpt of ldic. b dcssibc thc pgiodhity in cryrtrls, dreschtbcs alt cellsd Bnvrie letticcs. In3crcnl inrnru nirm*rJritiaol rrs polgible bccrusc lfrgr is no reslric-tion or ftc lcngtb ofinit vccroo ir tlc dfurc{iom of ory*dhgrqdriq rI!3 .

13.6.1 Bnrrb h|dcrl lr t?o dircrlo., 3

Lct e & b bc tho unit vocur in tho diroctior ofcyudlognpbic rrlr od e bc thc rngte bctwn $cc.Thc po€siblc typas in trro dirrcnrions rrc s follow :

a*b
Q *90

't(},v+l+
fvJ.

0)

.t+..5
b

tL.

aa

(ID a= b
Q=so

?

ta

t

a

(llD a=b
Q* 120

Fig 13.4

-a

l.\'

(t v, r* o V=yu (v) a * b Q=90



O Obliquo lattice : This hnicc hrs rctrtionol synCIofy. Tb lChc lr iovaricnt only undcr e rcnatirln of
trl3 where n = I or 2. This is a gencral lattice.
n

The other four types arc of special typcs.

(||) Hcrea=bandQ=90. lt is ca||cd squarc lanicc. Rotioltll s},nd.rry rrnooa,otrtionof 1f 1

(gr) r* b ande= r20. Hexagonal lanio€. lt hrs .1.tiontt syttntctry rmder a roarion of(f)
(lV) r *b Q=90 Rectatgslar Lalticc

(v) a* b Q=90 Ceotcrcd rcconguh,r L*icc

S.No, l"atticc Type Convmtlml Axee and anglcs

l.
7

t-
4.

5.

Oblique

&uare
Hexsggnrl

himitive
rectan$rlar

Centrod
rectangulsr

unllLoll
Pantlologrul
Squr'!
Rhofltb{ts

Rcctrnglc

Rccr8nglc

a *b Q *9d
r=b Q=9d
a= b Q- l2f
r* b a=9d

rab a=9d

t3.6.2 Brrvrir lrtticcs in thrcc dimemions :

ln three dim€nsions therE all only fourteen ways ofananging points in sPscc lattic€s such that nll the

point have exactly the same environment (which is e condition for gy*ellino oder)'
' 

Tlese fourtecn lanicc types are conventiondly groupod inlo scven crystJ systems accotding to slvcn

typos of convcntional unit cclls.

13.7 Crystrl systems :

The Scvcn erystBl sYstems rr€
l. Regular or cubic sYrtem

2. Trigonal ot rtunbohodnl sY$om

3. Hcxagonal sYstern

4. 'T€trrgoml systsn
5. Orltrodnrrtbic sYs'em

6. Mor*rlinic or Monosymmctric qrbrt
7. Triolinic or AsYm;rctric sYstcm

Thcrc may bc no. of laniccs bclonging to onc cyrsd syscm. tet !,bp bt th€ axes and c' p, 1.bc tttc

anglcs bctrrecn thi dircctions of cryrtrllogpphic axcs in thosc l*ticcs'



l) Rcgulrr or cubic ryrtoo :Fig 13.5
ln the cubic syrtcm thcrc rro three tlpcs of ltices dcpcnding upon the composition of unit cell.

Thcy are
a) Simplc Cubic : In rimplc cubic, partiche rrc

onty at the corncrs ofcube.Fig 13.5(a)

b) Body ccniercd : In body ccnton4 tho
particlcs ara !t rhc oorncrs rc wEll is at
lh. ccnfr ofth€ cube.Fig 13.5(b)

c) Facc Contemd : ln thcsg pcrticl€s rr€ at
the cqrncrs as wll as at thc cenba of crch
oftlc faccs ofcube.Fig 13.5(c)

Fig 13.5
(b) (c)

.r----71(.1:*1i
l.{r ILry

Body{srfarsd
cutric 0l

Frccontmd
cubic {Fl

Ex: Examples ofoubic crystal arc dienond, zinc sulphide ac.
In thcsc crysbls, a = b = c and o = p = 1, = 90

2. Trfonrl or Rtoa}otcdnl qucn:Fig 13.6
ln this systsn, a#c ud cl = p = 7 * 90
i.e. the crystals arc mrdc up of throo oqu.l !xcs.
Ex : Examples of &is systcm ,r€ quartz lrrd cahib.

3. Hcrrgomt ryrtcm:Fig 13.7
The Hexegonal sy*cm hrs ciglrt frce. Thc tro equilatral rxes

' rrc oqual ( a=b) and intorapct at |n anglc of 1 = 12g. ttro verticat rxis tus
difierent length (c * a or b) ard is at rigbt rngho to thc cquihCnt rxos,
a-p=90.

Ex: Zincitc (Zno), tce (H,0) crc.

Fig 13.6

Hsrgoml tltt dldt
(P)

Fig 13.7
4, Tetflgood ryrtoa :Fig 13.8

ln this system, thc threc axcs arc right urglcs to cach odrcr i.o,
a = p = ? = 90 ard tho two tatcral anot arl lxlul ic. a - b * c
^ Thc crptal is shuct€riscd by a four fold or tctrgond rxis

of qymmctry.

ThG two sub ryp€s in drcse arc as Sown in Fig t3.g

ffi
l/:++

Sirrpb_tr'trqto.trr gory-c.l|aarld
rn telralmla itt

Fig 13.8

9:in o a.!rc



tx : Exanrphs for this syoln ut ordinny wlrir rin' llrdiun ora.

3. orthortoablc rFtco : Fig 13.9

ln thir sy&n cyrlllognphio rrcr n unoqul i,a r * b * c erd droy rl3 rigltt angbr !o G.ch otber i.c.

a=p=1=90' 
ilro venical exis i3 ooc ofthc aulo foU or diegorel synmctry only'

The dificrqt tyF of lrtlccs in lbie syncm rrs 
's 

rhown bclow'

.,1
. -. I

!-. __a 
I

'I

:' .'' i

r!- I a'
i'r'p{

irth4F,or,'rr-^{,1

Fig 139

Ex Examplcs of th* sy$Gm rra cGhsaitrc (SnSo), Olivirc (M&SioJ' CrrndliE (Kcl' Mgclt ' 5$O) ac'

a, Motocliric or Mo...yra.lrlc rt||c! :

h tnk typc ofca:rcrlr crgellognphic rxos r|l una4al

(a f b * o) rtrd mc rxis ir porpcndhuhr to ito odtcr svo |x.f

i.c.o=t=90, 9*90
ihc aifo-rr typo of hfiiod in lhb ryacrn ars rs slro n hir!'

8x : Borox (NrrB.O; l0rLO)' Cryolie {NrrAlFJ dc' tr€

dr cxxnplcs for dtis sYslcm

t. Ittdhh or Aryrnclric tyr&! : Fig 13'10

In drie rriclinic sy$crn ofcrystrla cryshllogrrphh axcs rro uncqut (' * b re c) llso thc thrcc onghs erc

rncraal (a * p rr 1I nonc ofthc rnShs is rigit rngh'

Ex Pott3tiun dblrorn t (KrCrP)
Srssolito (HrBor) otc. lre th. suttpbt
for $i3 sy$cm

JffiiiiI tlT&
3o&ccil3tl
cdFdE ilr.

{B}

Lr+tfr

ru
Fo.crld
o,l|aic{|uo

tF)

ffi
H
0odt€dq4d
dfidEmDh

(l)

,l ,4
i ::*i i
; lD I i

i#ri!'
SlrrPr"'

nnediru {Pr

ffi
il tl
tw
Enqtlfoo
nnrdt*:lS

fii.f*! dtpL
(Pl

Fio t i.l I



Thc trotions uscd in the difiorcnt typcs of luiocs giwr
abovc ars rcfrntd to rs

P - Prinritive
C - Baso centcrrcd
I - Body C€{rtcild
F - Feoc Ccntcrcd

All thc 14 typcs of Bnvais hfricce belonghg to 7 crptrl s!r!ctr3 cxpbinod rrc tahrlacd 15 bctow.

Cubic

Trigoal

Otfio rftonrbio

ti,lhic

I{cxagoml

lllonclinb

?tngm.l

l3.E Inder slnaem

3 l. Simplc
2. Body ccrpmd
3. Faco €alcrcd

l. I. Sinple

4 l. Simplc

2. B'3s ccntcrd
3, Body oc*ad
4. Frcc ccntstd

I l. Simplc

I LSftrplc

2 Lsimph p

2. Basc ccntcrcd C

2 l. Simplc

2. Body ccnGrcd

Syrteu No" of llttig Dnnb lrtdc.r
h ryrlcr

Ll&c-ayibl Nrbrc of rrir ccll
(drtblltl&

Irtcnrld rryhr)

P ld-
I cr=f .f,"po
F

P a=t*c
s=p=1*90

P

C a#b*c
I c-p=y=eO

P r* b *c
a*p *y*90

P a= b*c
o=p=90&1= 120

a* b *c
c.-y=90&p*9rn

a= b *c
d=B=?=90

P

I

Ncd : for rndertending thc structro-and vrri<n8 phyrdol piopodeq rrc havc to know thc pocitirru ofditrecnt6or. ir tto uoil ocn ar wll rs rhc orkrntrtion: orniiour jurc in rbc cqtrtrl, Ffi eis ;;fi6s., itrd.r( 3J n rlk u!od.

.. -Thc 
cionuioos of a crystrl.phnc ir dcorminod I tlro poina in tho phno, prcvidod thcy arc not col-lincrr. If crch poim hy on a difrceart cry*rl rxiq d'c pbni -r,ri bc 9."ir-i uy st".rg tl" dnti'r* ormpoints (thc in6ccptr on tbe rxis),



points (the interc€ptt on th€ axis).

The equation oflhc plenc can be written as

xvz-
- +i-+-= Ipq I Where p,q,r arc tfte intcrccpts ol g y, z r.:es'

l3.E.l Millcr ildices :

Millcr usod this equrtion to dcv"lop an inds sysrem. Thus t}e indiccs rre oJled "Millcr indiccs".

The stcp in the dccrmination of Miller irdiccsbfe sct of pcnllcl phncs along axes cal be illustraud as

...fu|lows:

i) Determine the intorcepts ofthe plane along thc thrce ctystEllogrsphb rxcs.

ii) lnvert the intercsplsi i.c., wriie thc numbcrs rs thcir reciprocals' '

iD lf fractions result, multiply tlrenr by lowest commol| dcnominrtor'

Thc rcsulting intege.r a.r 
""tt"O 

t,tilhr indicc ofa plaro lnd .r€ writt o irl s parcnthcsb (Brrkcts).

Thcse are rePrcsentcdbY (h' lq l)
The meaning of thcsc i*kes is that a s€t of pellllcl pbncs (h,k,l) cuts thc x-axis into h P.rts' lh. y-.xas

into k prrt! $d thc e-axis into 'l' patts.

F,r If 2,3,6 tr. the intcrcrpts along th(?o 8xqs.

lll
Reciprccals of interc€Pts tts t, t';
Multiplying the rwiprocrls by L.C.M' ofthcir denominaors' 3'2' I

Hence the Miller indicas will be 3'2"1. 
.

Note : lfa pllurc cuts an axis on lhc nogativc side oforigin, 6cn a bar is put ovcr the concspondiag Millor ftdex'

Ex: (12,3)
. Cubic planes having dificcent Miller indicos (scc Fig l3' 12)

ffi&[;-,,-*=,,-6-
|,=7 trcrlr lrtol ltlil

\* t.- .i lz\ .c:, <i> +; xB{ I rx
,-r<-$LJ', ,--L#

Fig t3.12



33J. Irlc4lur dltucc of httic pbrcr :

Carider I pimph unir cell of cubic in which thc ooordinrlc axcs are orthogon4. Now we canc|r&3ln cditrdS facehuhing inlcrplnrr sping.

In tic fig, origin ,o is trlen an any htti* *,rr. Tt |l,'liA ozare oitogomt axos. a,bp arc primitive
vcc3o6, Cm|ilcr rny sa of crystel plancs wlrosc miller irdicca rrt (hJql). wrrcn Orc rcfsence plrne passes
llroryh thc aigin tnd thc ncrt phnc c.uts dre inen pt3 r/tr, bft ard c/l on r{, y and z axes rcspcolJ"h Or, 'a'gitrcs thc inbrphnnar distanoc.

Dnw e nonnel oN onto thc plencc lBc from origin. The i*erplanar distance is nothing but the
discrncc d bcuoqr thc nonnrl fron origin to thc plane.

Frun figurt C*o= ON

OA

cog8= oN.oB
^oNUorSl=-'oc

Whcr cr , p, 7 rrc thc angJes medc by normal ON with ,q y, z rxcs r€spectively.' Accordingto hw ofdirecrion cosincg

Cos, c+ Cos: p+ Cod ]- I

sub. rlrc vrlues ofCos q Cos F, Cosl in rbovcoqurtion,

[Hi.(:*)'.(H)'='
. / o )',f d \'.f d ),_, ,,[h,,k,.1'l ,-l'/hj.{.0,*J *l.,oj =t - c'f ;*;r+;f=r



*_.=[$.$.5]

Thi| r|.lirn ir aplkrbb to primirivc ltth.s in odhortombic, cubic and tetngonal bocruse wc eccucd

ordnfonl rxoc,
For tctngond cryrtrl, e-b

Ttror Fc cubh cysrm. r = b = c
. [h2 +kt tt lt"

nrc" d=L-;-+AJ

tdo of dr fa difbront Plrnc :
conrirl;r gimph cubic hnir:o. [,gt (l,0,0), (1,1,0), (t,l,l)bcdrc nrillor indic€s of my thrco plrnce h I

cubc.

m.&b(l,t,t)plrno, d'r{l + I + t)''2 =a/J3

frr(l,l,O) plnlo' d r {l + 1+ 9; ua =67t[

ftr(1,0,0)phoe d -r(l + I +0)-'a =r

.'. Trliry llr rab of dr for difrrsnt Plrnor in crro of cubc

| | | 
-P_ . :-:l:_=_=l :./2:r/3

- dr! dr|o drl

Snlrt-v:
A Idh. b r md.ndfod colrc.9t ard h b Jr infinir anry of ptin8 il ttrr* dincnrios in whkh cvcry

poful hl ra idat'rol anvirorunont es uy othor point in arry'
irmo.!!orpof.b.||r, id.dcd inconr0ocitior on ciffiim iredlcdb6is
Ldioc + Bds = CD/|trl dtoctF
Ot'nb p* ry61r36', Gloiln6 rnd dt opotJinr dccoribod 6c ao cdlod sytntnary op.'r

I

a=l:
I

6

3.9

L

L
3.
1.



Tnnrldon, mofthcryr|tffiyoPldm!.

l{

ifrrtr"i,*sT- nr*-&b+riDxfrrlr.bprt fiounitvociorsrlong$Gq.!*.llo6 .phbrrrc6lnd
nr, n2 lnd r!.t€.tbiT.ry,$.I.

7.
t.
9.

ll.. D.uto & gg rsru-, .--

I unit cctt i rhc uuiHing bloek by th rc,pititioo ofufrbh in 3- dirrcnsions, e cq6rrt is built rp,
A unit colt is thc only orc lrtioc poidech.d b h ie oallcd pimittivc cll.
Bravaic first inrroducod ldco' b *rsc orpcioatry h cryrtrls ud thocc bnb drus crlled
Bnvais ldtticci.

10. nredirnonrlioo.l Bnveis bicos
Throc dimcnsiona| lrticcs

ll' tn thc dimcntional case ty onsidcring tho rcsbictioos on r6ica trNnddkroq .,\" .od .L,F, lr,rgrcsrvc ge[ only 7 classcs ofcryrtrls.
l2' cryst'l sy$cms : cubic, T.trNSoNtd, Orthorhomic, Monoolhic, Tridinic Triogonrl (c Rhoidrorhcl) ardHexagoorl

13.10 Kcy words :

ffi,il,rff;Tnnstarimalvector,Synm*ycldnarb,uniicell,primifiivoccll,cDrstds]d.ms,tn&x

l3.lt Worked €ramples :

I ' Find tbc Miller indices of a set of para[cl phms udrich msk3 intsccpb in thc ratio 3r : lb on ne x !d- y axos rnd arc prnnct to Z-rxb,;;" #;;;tt[nn or*o rmu.Anr: pr: qb: rc -3a;4b; ccp:q:r=3:4'o

*,:,1= l,],I=r.r.opqr 34a
Thus &o Millq indiccs of thc planc rrc (4J,0)

' llj,;'lte 
cubic crysrd find rhc rarb ofrhe inbrccpcofdr

Ans lofrlrnprc"uudtatricca=b=c ctttcucsbyaphrwioMi,lrcrtndicor

.'. pr: qb: rg = p: q: r

h,i,t=f:l.t 
= 1.1..1p g I p's.;

l:2:t=-l;l.l
pqr



p:q:r=l:

= 6:1 :2

Thus interccprs of( r'2'3) plane on rhe trrrre Exis ofa simprc curic le[ice arc in thc narb6:3 :2

3. lf unit cells have following characteristics

lt
2'3

(t a= 10.8A

c=4lo

(ii) a=b= 10.73A.

b=e.a7A
9=8lo

c = l43A

c = 5.21

1= 930

4. The Orimitivesof acrystirla'9 t.ZA t.fAAZAahngwhosc^Milbritdiccs(2J'l)qttinsoGo' l2A

rfartt -*lr. *nrt t'itt ue ttrc IagOrs of in&rccpts along y & z axcs?

o=9=90and T=120P

identifu to which crystrl system do thesc unit cells bclong?

(i) Since a * b * c & cr * p rc T re 90 . This shows thst the thrcc primitircs ait umqud ttd 6crt i3

a compcte lack of symmetry. Tbis is a charrlsristb of Triclinic sauaurc-

Hence the unit ccll beloogs to t Triclinic systom.

{iii ln rhis casc $c given data rcvcols that a= bt4c, a=F =90 end T- l20p

This is the characteristic of hcxogonal structu|ls. Hence the unit cell belorgs to r hcxrgnl ryrlao'

Give[ thtt
h: k: I =2:3:l

{c hSve

!,!,!=5,k,1=2t3 tt
pqr

.'. n'r,,=|'|,|=r,t,,

Now pa:qb:rc :*l'L;1;'''t-'

'JYll i:'Ytli)$' 
6rprce$s on x' ) and z axes respectivclv' trrcn

!i*"" t'= Pl
,un* 

'r 
=#*12/.=l'2A



p= 9r12.4=4n
3-6

Thus thc leng$ of inrclcoprs along y & z a:rosge I .2 A and 4A rcspcctivcty.

13.12 Sclf-assccrrnctrt quectiotrr :
| . Explain the concqs of latric€, brsis and crystal structuc?

2. Dininqyish btwecn Crystallinc and Amorpiou, mrdrids
3. Explein vrrious Errvais lgtticcs in trpo and firrc dirrensions.
{. 

_Expldn 
tmsl$onat v.ector, 3ymmcfy ol?|ncnts trd rymrnctry oper*ions?

5- Explain Millcr irdicos rnd rtprcsent rorne planos widr corrupondin "l*iill", indiccs?
6. Dcscribc t[c Seven cryrul rystcme wi$ di6gnms?
7. Doscribc thc Crysal sructurps of l) ).lrCl t)C€l 3) Diamond

13.13 Ererdscc :

A phnc. in 
"n 

orrhorhombic cryeial (a:b;c - 2:3:4) mrkcs intcrceprs of4A, 3A, & 2A on its coorcinatc
rxoe. Fid the Millsr indices of the plaE.

In a ceysal whocc prinitivcs e* 1.2A, r.gA and 2A" r prane (2,3,1) hr an intcrccpt of r,2A on dre Xaxis. Find drc intorccds on y and z rxis.

(l'.2:1.2:l)

Dc*nninc tho Mirrcr indiccs ofa prarc thot nerces intercepts of2A r.A, cA on d'e coodinarc rxes ofan othortoobic crystal with a : b : c = 4 : 3 : 2 . .-

(4Al)

Ano horhombic cryetar hes primifiivo tnnshtions r = l.2rA, b = r.E4A rnd c = r.97 if a prenc withMilhr indicos {2,3 't) cuts 
'' 

intcr*nt of |,2rA eloog thc x-rxig find dro rcngdr of interccp& on y & z

Ang: (lA4l

2.

AnN:

3.

Ar$

4.

Alts: l* 1.2t, L-3'era lr = r'c4

5. Fitrd &c Miflcr indiccs ofr prrno ,lrt mrtcs int.ncpts or r,b,c axis equd !o 3r4, 4A & 3A in a anrago

nal crystal widr 9= I .5.-a

Ans: (4JO



i. Ttrcorrhoftonbic cqnalhasaxhl rmlts h thc nrio of0.,12{ : l:0.367. Find 6c Milkrindicc.ofecrprl
f*c whocc inerccp rrc in lhc rsio 0212 : | :0.1t3

{ls; (?-t2,

l3.l4Rcference Books :

I . lnuoductktn !o Solid Shtc Ptryri:r. Ch.rl6 Kittol. Joln Wilcy & Sors.

2: Solid Strc Plryrics S.O. PilLi' N3w A8p lnlc]ndiocd

3. SolilsbaPtrpics AJ. Htar' Mc'Milhn'lndh

4' sotid stt!. Pby'ics h' s'L' cuptr dtDt' V' Kurnrr'K' Nrth & co' llcrrr'
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Itl.l. INTRODUCTION:

Tle goneral symmetry of crystals can b€ 3tudaod by lh€ nrcsuremcntg on the extornal

eurtaocs ind O|c knorlcdge of tho hik p|op€.So8 lks oor|G|uctMu and ebtb condmls. For

knowir€ the completo detaile of the struct r€ likt the pooitbns of thc aloms ineide and thc

disLnces betrtl thom, diiractbn m€Oto(b arc tjsed.

structural dotermination of cry3tals is often done by the diffraction of photons (x{ays)

and n€ubons and rarely by the diffrac{ion of elecirons.

The diffrac{ion elfecte lrom a family of ptanes in a ctFtal cannot b€ obcrved for any

arub J inddence. Even udren a monocfironatic beam of X-raye is used a t6latioft behreih

d(tcrplanar specing) , I the wEvelength of x<eys and o , th€ angle of incllence has to be

sdigfied. Bragg dcriwd that relation.

I4.2 BRAGG'S I.AIIU :

Eraggs law wae pres€nt€d by W.fl.Bragg and WL' Bragg in 1913'

The qr<Itiqrs hr dtractitn in cqfiiab b convenbn0y systemalbed by Bragg' He t€duc'd

ttre nomcnOature ol diffraaion to sfuubr refiection of the ctystal pt1ne1, !3u{tf erygeo

;,y"i", d;;;ay be indicated oy tines in tti,o dirn€nsionat darc(fq r4.1). Th6.e llEt
beoome plenes in thr€e dameneions.

'/.

Fig' t'l't

B?reg't bw in om dlrmnrion :

Eraggsrpu,sdthatanydi'frsctedraycsnbeco.'gidergdasthcrayr€fuctedby6ydd



ddt it st fte by a mlnor, paralld to plan6. Ihe difracte<l beans arr 0dnrd onlt uh€.l
rcff€dcd lrcams from perallel planee ot atoms interfero construciively. The vrarolehgth of
Photon clo€s not ch.nge by refeclion ac it ic congk elpd to involvc the Elagtic Scattadm.

The given wave can bc reffccied only whcn it setisfiee the equation.

nl=2d sin e

Where n - integer

I = uravgleng[h of the radietion

d = dietane between adjacent planes and g = graaing aqfe of the irrirlort reffiion.

Ilorhnton of Bregrg,r oquaton :

ConsiJer a scrb6 of parallel rows in wirictr the atonrs are rnmged in a given planc of
crystal. A paralGl beam of x-rays is incHent on the crFlal plene making I glencing sngl€
0 with tho sutfaco' Thon sach atom acis e canbra of disfurbancq. Since the X.{ays ets rnors
perutratirB, then wo comider the rayr reficded ftom soy€ral lay€r8.

Let us consider tsa panfd raye l"llN and PQR rifiicfi are refocted by hf,o atoms M and
Q in djaccnt layerg as showt h the figurs.

From the frg. 14.2, path difference b AQ + QB = n L

FIomfE,AQ=BQ=dsin 0

.'.2d3h 0.'. = tl l"

This is kndYn as Bragg's law.

Thus'6 = 3;n-t
/ nxlt-l\u)

For a gh'en set of plenes with knourn values of 'n' and g has uneue value. wareg nrith
givon wavolength muEt b€ inci.:lent elong a 'lirec{ion which lies in I qon€. ma*cs a ddniie
angle with the cryital plane6.

tf a ditfractd wave is oboervcd, it may be crncluded that the crystal pGsess€s a sot of
planee wilh a normal which bisacis the angle hehecn incidcnt and diffracted uEvgs. Bragg

'3llccdon 
can &cur onty for wat€length 1 2 2d a, r:l skr 0 can not be greatgr then .1 ,.

For n = i, 1= alno.zeo(... 
sino<t)

o

i.ei X-{ays wilh wave length less than ZAo are most us€fu| in studying cry3tels.

Ernrgy of X-ray photon ls gi1|9n by,

e
Fq14.2



e=hs=b a 124 
=tto{7 Eb*tv

tt a
." E in e.v = i::x lOm tlhOn 1= 2 4o

=U"*
3 6.2 kov

Encrgy i! to bs about 6.2 kev.

Thur, X-+ayr of energy in 10 to 50 k€v range are us€d'

ra.3-tllrE IETHOO:

Thb ta|e m€ftod wrs tho fillt mt&od wtlkh ptoduced X-try photQraph o{ crFfab.

An X-raF boo,n d con{fuuou! rangs o0wavebnsr b pro<luced by an X+ay t&e opcrded
by .bdn 66 lry wtrk$ mekca U3e of a tungeton anticarhod€. This potential is inguffcbnt to
pmoue arraaorar X-+xlidion and hen6 at okls the confi8ion. Tt|€ avaihbb rravebnglhs
ars trrom 0.2 to 1Ao .

Ths expctim€ntal atrangom€nt tor Lau€ rnothod b as 3honn in the fBure.14.3

*:kb

rl"'"ffi:
ffi*rnar'd

Flg. 14.3

In thlr mCilrod, first ths cfffd iE hgld stationary in the beam of X-rays. First of all, X{ayE .re
Fnibd lo e fitp pcttcil by e slit syst€m. Hefe, smallor the diarneter of fin hole' Sharp€r i8 the

inlcrlsr€ncg. Thi! beam iS matle tO fall on a $mall crystal. The diffr. cted rrys aro r€co.ded

on a photognpnic pl8te, kspt nesr by about ferv cml ttom the crygtal. ;hc crystal b kept in

i*t o"u



a holder and can be rotaled to ctrango its orientation. For each ori€ntatior("et ot pten rl e,
the radiation ot sppropdate waglffih is got oeteded from th€ continuous range tb satbfy
th€ cordition for cliffrac{ion, n l, = 2d s1* . .

lf tte incident ny makes an angle 0 wilh the zone axie then the reflecied ray will make
tho r.mc angh with it and at lhe crystal is rotated, rye g6t a set of points that lie on an e[tFe.
All thc poirrc nat fi6 on en ellipse conespond to the sama zone i.6, planes wttich aro parallet
to zone axis. lf lhe incident ray make an angle with zone axis then lh€ reffecied ray makes the
samo a,€le witfi it and so tt€y lie gn a @nq,of sgmivertical anglo ,0,aboul the ione axis.

- Wher a L€ue phot€raph i8 taken with ttte rays paranel lo an important axis of the crystat,the circular area at the centre of it is free of spots.-As the inclindibn or tne uttil pnne orrellectiil js decreased, both eand t decrease inaccordanco to nl = 2d sin 0until a point is
react!€d where r b te€s than the shorr wave-rimit of the tncident continuous x*rays. Thenofredion is not dossiuc. onry a rough osrimste of the spacing between rhe bttice points canbo made.

:)
ir'

t

- fig 14.4

oflygtary: obtaining the crystar $tructure from Laue photograph is cornpricared. as rheint€rEities of 8po0s of nhaograph oo not &pend ;struc;ture alone. since the incident radiatbnof soverarwavef€ngths is^d6dcone;p"ilidil;t?"rent orders then,they may superpose- on a .ingre spot. Dtre to thie, the detorminationit G 
"ry.t"t 

et uc{ure is diflicuh.
Advantego: practicarty this. mothod iE neirof us€d but Lauo patem can ba .oed to o.bnt thect]'shls for $oli&tate experimenls. The r-ap fttein ootainod in tlis ca6e st]o*6 the fourrdd8ymmetry.lig.14.4

14.4 POWDER ilIETHOD:

This i8 the onry metl?d useg 
{or a rarge crass of substances which can not be obrained

:trH:H r;f of sinste cryst"r. or ,"q"i,.. 
"i". rhis method was devised by oebye

ln thb method, O*r]f:r-I 
rystats.having random or chaotic oiientatbns as usedinetead of singre crystar, and a monoctrronratic X-riy Larn is used . Th€ diff action dependson the fact that in a fine oowder, t"gr"r" .r. 

""r,ig; in a chaotic manner some of themwilr be in a poGition to 
'"rira ne raci"iion ;";; ;;;"nt ser or planes. iil ii.r"c -v"



qtdcs an angle 0with the b€am 3atisfying the Bragg €quatbn.

Since all orientations of tln hagmeot normal lo the ptare .re oquatly likely, the re0ected

rays will form a con€, @noentric with the original beam wlioss semi-\r€ttical at€|e b 2 0 . Fof

eEch 6et of d8no3, a cons d dltkectod'ray8 foms. Tho con6e intercepl the film in a sarieg of

concentric circular afcE. t sing the radii of'ttere circular a.ca angte 0 and &€ spaca of tE
plenes can be d€duced.

The formation ot por&r photograph is as shou'n ln ligure 14'5'

-4:JF
..-#-

xlnt

le:

Flg. l/t 5

ThgrdiationBmademorroc|roroma|ic!ilhrehg|pof.f|b'atsho,vninfg14.5(a).H€[e
p is the porrrder anO 

,o' le B,s dil-",.","-ito Of"a icam t avc to ctruck thc film' Point A on

ths film conespond at wtricn a lpcJirm *n dancing atglo O is fomed' The mg ryry
la€ on conel. lf a photograprric;l;q Pqttt"! 1|re-!t:* 

b""t' concentric cide ale

r€gbter€d upon it as strom in [ii'qul' rhuy 
"pe""t 

ar arcs of the circlcc ae in the flm ic

ii-tt-r"- & 
"n.dri6t 

shaPe a! shown in fig 14'5{c} '

From Flg,14'5(c), it is obeerved lfial vvhen rays ars diftract€d lho{rgh amC angbs' tttoy

make arc8 atout'td tre ce'*'or&ti;ffi;#ff11!ig 9tr' conag beconcffat and atc

;;;;dttiilirir". wrtn 
"-"tqt 

i* lgo' tt"e"sre neatlvcirtrter'

Nortr from fig 14.5(a), OA=l measured on the film and R is the radius of camera lhsn

0=rzR.

AdYantage:Thiemethodisvrryu36fulinfindingt?reBtruciwesotsim$cryetalelike

i-l+,

LJr,uItirili{s}ffii{]
fr; - .ir- ,' #*



cubic syetem. In these cryslals, the spacing of all planes parallel to faces of thc same rorm(h K /) are equal and produce spec{ra at the-same angre. rn genoiaiwlpre h, t,J"r. um"r"r,t,
there are 4s faces in the form and 24 sets of pranes tr-aung Lme sp"<ing. it ;se ar, proouce
one line on film.

An inl.resting feature wtrich is shown best by.the porrder photograph is that the ,resoMng
pan€r'becomes very high when angb is 1g0. lf.dvarbs in theeq., nl32dsin 0,*ehave

d d. sin 6+6.cos0. A 0= 0

A0 -Tan0 'AA

aa 
= a (lf 6=990, ;i uecomesverygreag.

Disadvantage : crystals other than cubicals in which axes are not at right angl€s, this mothod
b€comeg complicated.

14.5: Some simple crystal structures:

Let us stdy aboul the strudurcs of the simple crystals such as NaCl CsCl and diarnond.

14.5.{ $odium chloride:

- In sodium chroride, both Na and c, are ions of opposite cfiarge. Due to er€firostatic
forces between these two' they attract each othor. But because oirepulsion due to outer
most erectrons, they cann't approach each other, whefl attraction and repulsion babnce,
equilibrium is obtained,

i) Bravais lattic is a face centered cube.

ii) ln each unit cell, there are four Formula units ok NaC/.

iii) Basis consists of Na atom and C/ atom

av) coordination number = 6 since each ion is sunounded 6 nearst neighbours of the opposite
kind.

v) Positionsof NaandCtin aunitcell are(Fig. 14.6)

Na-(1/2, 1n, u2), (0,0, 1/2), (0, 1p, o), (1/2,0, o)

c,- (0, 0, or, (1t2,1n,0), (1/2, 0, n) p,112,1t21

vi) Separation beteen Na and Cl, d = at2

,=fru]"'=fru)"'
\np/ \tlp/

Fig. 14.6



..d=t-(y\''
2\Np )

Others having similar strucluro are

KCl,KBr,{vl@AgBr etc.

lrl.5.2: Gesium chlPride :

i)The space lattice is simple cubic

ii) The pdmitive cell has one formula unit'

iii) Each ion is at the centre of a cube of ions of opposite kard. so, coordinaiion number b

6igti.

iv) Basis contains two atoms of oppoeite ohargee Cs ard C'-

v) The positions of Cs and Cl ara

Cr - (0, 0, 0)

s -(n,1t2,1nI
vi) This is not body center€d and it is a sirnde cube'

vii) lattice Parameter = 4. ti Ao

viii) Unit cell has I formula unit

ix) Unit oell b Primitive c8ll.

Cesium chlonirte structure can be determined

Ex: RbCl, LiHg.

14.5.3: DlAtlOttlD CUBIC STRUGTURE:

0oq
0-d

. F'lg. 14.7

from alllhe abow points (Fig. 14'7)'

Th6 diamond tattice can be consid€r€d to be fonned by interpenetnliB two foc

latlirEs along ttre Oooy oireonai Uy tffnot *Ue e€P' The bsic diamond btbe and the

atomic pcitions in tre cudc cell ot olaroru rojected on a cube fsce a|B as shown in fg

l4.8.lt has the following leatures.

/ a)2 | r)' a2

i) Fromthefts, tt,v)'= [+J 
=[.;J =;



^2 _2 3r2(xzY=$yY+ UzY- T.fu=t
But z = 2r.

.,
.'-Or\2 ={t6

.,. l,|earest neighbour didanca, 2r.

Fbr ta8

{"
4

=?'-'.[*j' =*

iD La0ice constent. a = #
ii0 Basls consists two etom3 of Fafi|c typo

iv) Coorclination number = 4

Y) No. ot atoms in unii cel or 8

o one.utfailice has lts orighdrhepoint (0,0,0)and dr.rd atrtrgw{*aorebody
dbgpnal (ar4, al4, al4).

vii) The fiac{ionr denote helght abod thc brr tn unb of a cdge.

Thc point at 0 end i/2 a'l on thefcc bflicc, f|,t lr.l end 94 aru one a cimflcr tgoccdbdac.d among ihc body diagpoeb by ir4 ot tho qbc €dge.

viii) Prcking factor =
v
r

'r 0.!f or3t!6

Thus it b e looely packed etrucfrrc.
Ex Ca6on, silicon and g|tmadLun cryluila in li6 !0|rc0lr".

Th€ rllring all tp above poirk, Dkmond !fiuctrrr c.n b. nffi



SUTTARY:14.6 SUTMARY:

l. For struciural determination of crystab, rn€thods involving the diffraction of X-rays, neutrons

and rarely el€c,trons can be used.

2. Diffractbn effects of X-fays (monochromatic) can be observed only by satisfying a relatiOn

called Bragg's Law i.e., 2d sin 6 = n 1 .

3. In Lai,e method X-fays of continuous wavebngths (non-monochromatic) is us€d and th€

material under sludy is taken in the form o{ sirEle crystal.

4. In poxrder method, the sampb under study is a porvder (cnnsisting of saveral sman cryStats

randomly orbnted) and d monochromatic beam of X{ays is used'

5. Pouder method has an advanlage in the sense that it can b€ used for a latge class of

materials which cannol be obtained in the form of single crFtals of required size.

14.7 Key Words:

Braggio Law, powder method, Lauo mothod.

tr[.8 tilorked ExamPles:

l. Bragg rellectlon of escond ordar occurod, whon x-raye of wavoloneth 0.'12 nm waa

incirlent on a .et of planec of a ctystrl .t a grazing angb 0 = 28p. Find the Inbtplemr

apacing of ttroto r''eflocting plane

Solulion.

2d sin6= nl (Bragg's Law)

o= t*k givenn=2,

2x0.l2x l0-e
d = J-';n 280

),= 0.12 rl0{m and 0= 2ff

(because sin 2S = 0.4695)

= 2.56 nm

zTheintorp|.narrpacing.otprinclpalphnoto'N.c,cryste||c2.82A'.hb'oundthat- u," titli,itaer aragg r"g;i;n oi"uit 
"r "n 

ang[a of lo' Ftnd tho wavolength of tln
used X-raYa.

Accordfing to Bragg's Law 2d sin g *61

- 2dsinO..I=---'- asn=1
I

Given n = 1,6-2.82 rlotom ancl g'100



2x 2.82 x l0-lo sin l0oI=
I

t.0.979340

shce (ein10 = 0.1736)

3. A bearo of X-rayr of wavohng$ 0.ll A. unrlrqo[ Bngg,r r€frocdon d(fio) flanol
of rocl salt with lattlco constrntll.2E nm. Find rhe grincing angb ror icoid orucr
diffrrcdon

2d sing= n X (Bragg'e law)

given n = 2, I = 0.71x10'r0m, a = 0.28110. m

cl =
0.2E x l0-ej-;:---- = -------F-_ = 0,i99 rl(FVh'+k'+l' J2

nl. 2x0.7txlO-to 0.071
s'n o = 

2d 
=r;JE;,a = oJF= o'ssso

therqforasino =0.35ff1

6 = 219'

4 Gelculato thc lorgod wavebngrttr 0rrt cen bc rnalyrcd by r rock relt cryrtrl of lgacine
d o 2.82 Ao in ths tlrgt order. ,

2d sin 0 = o l, (Braggs larv equation)

given that n = 1 and d = 2.82x1oitn

when wavelength is to be iongest sin g =1

^ 2dsin0 2x2.82x10-roxt
... 1= 

-
nl

I max : 5.6440

5.A beam of x-ray! b incadont on . il.c, crystal wilh r letdce aprlng of 2.g2 Ao. calcuble
the wsvalength of thatx-ray ray boem if.the llrrt or&r Br{g rcflecton takcc plrco
et I gl.nclng sngle of 8' 35r. Abo calculate thc porctble.maxlrnum order of difhaction

2d .sin 9 =n 1 1g*gs lary equation)

given 9: 8P 35t, n : 1 and d = 2.82 xl(ftm

.'. sin 6= 9.1499

. _ 2dsin0 2x2.82x tO-lo x0.l49O
nl



According to Braggs law 2d sin g = n 1

case 1: 8l = 600 0r = 3oo and nr = 1

cale 2: 0, = 600 and n2 = 3 and given dr = dr 12 * 0.97A0

n,]',, n,?r'
) - --!---!- = ----t---=-

'rr - 2sinOr 2sin 02

I x l,' 3 x 0.9? x l0;lo m
" 

2 x sin 3oo 2xsin600

Ir = l'6tAo

?, In l-rry anrty.l. of . cty.trt, u.lng X-r.t3 9! "lY:Fngth 
0'68Ar Bn0O3."I'GF-' 

.,i-Otit,,.O-witt gtancing rngbt;t D 6:450i1) g.l5c end lll) l3c. Flnd thc IntcfPLn"

: lp.Glngf.

2dlin6=nr (Br{g'tlar)

.9= r
' ' n 2sin0

; I d l5s I
1. Whonq=6.450conesponding 

I =2.568 [';=ri"64fj

2. \lVhen q = 9.150 corresponding

3. Wien q = 13o conesponding
q
n

g
n = 1.817

1.28E

A

TakingeguatronsI and3,wecanfindth.t 9 of cqu*ion(2)iealmod(1)'tlence6'45and

,| 30 are gancing angEs corrasponding to 
'iBt 

an&.3gcond o'dir brags re||6c|ion8 on thc

samc nel of pt nes ano tnug ttiiir intir,ptanar rpadng c.n bc obtained ry putting n = I i8

equation (1) or n ' 2 in olquation (3) i e

d = 2.658A0.

3x 0,97 x l0-lo x2x sin 300



Th€ s€cond equdion conesponds to another st of plance and the cofielpond[ng anootcr
qgt ot danG and the conerponcling inter ptanar specing is obtaiFd ar

(d/1; = 1.3tt -d = 1.8170

ti -*lroctuomeUc 
Xlayr of wevclengti l,!A. r]t Indk o|| O|. nrc. of e cryrtel ulgr r

ret ot phngo of Inter ptrn r sp|clng o l .cA.. Flnd ttr rrrrlo||. ordrc d Srrcr noccdoortl||tbto plrco.

2d sin q:1 | (Brl,g'e hw|

t*ingoqrutionr land3,wccan6ndu.r I oroqurn*(2)isahircttwiocrh(l). Hce6.4s
and I 39 are galncing mgles oorrcsponding o first ard eccond ordcr Bmgg rcllcctirns on tbc sarm
sct ofdsnca ad thur thcir inerptnTar rprcing can be obtaincd by ptifr n = 1 in equarion f U or
n = 2 in cquation (3) i.c. d = 2.5684

'. Thc mdoqrdiotrcorrcspondsto anorhersaofpraresond fu coilesponairg inrcrprorspocang
hobtairrcd as

.l

Mondnqmic --,* "r*d= i.ll -l#i * * *" "o*, wirh a se orflans orinreelamraecingof 1.6A. Fitd{hcvriorsordcrsofBragg,srin€dionstr"rt,i"Jd--'
2dsinO=nf (Br4g:slaw)

""e= $p*n=tsino,=!
sirnitrtyn=2 *,= {*)*,i*,= r(*)
sirO, : dfr : sinO, is grr as l :2:3 and oon

sino, =!=;l'5- =o.ul68 .'.or -28o' 2d 2xt.6

sin0, = I x rlfg = 0.93t and g, = f!042
sinO, = 3 x 0.46t is greatcr than I anf rhrs 0 > 900
Thus rrr now tlut trfud order is not pdcsitdc nraxinrm pocdHc osdlr b 2-

14.9. Self tE Gsnent Qucstions :

l) Daivc Braggislaw for X-raydiffiaction in cr5cals.

2) Describe lhe poqdcr mctod foranalyisofcryrtrl stnmlc. Mcntkm theadvmtrges oftSis
dbod.



3)

4)

5)

6)

Descdbe l^avCs mcdrod for x-raydiftaction in crygls

belain rhc stncturc of NaCl

Fxplainthc structutt of CsCl

ExpLin ttr srtrtrrlt of Dimnd

14.10 Ercnciccs :

l. x aysofw aveloglh 0 36r[ aE diffGcbd irule fltstoder't{t dtgb of l 
'0 

ir hg !pdad*'
Find ttre intcrploar ryacing of atomic layrs in rhat cr5r*al tAn$ 2' I 5Al

2.Findtheglalrcingarg|esatwtrichfirsandsccondordcrdifracllnnnximocrnuftanxrrysof
x = t .S2i are incia"nt on a 

"afcit" 
crystal surfrce wilh inbr Phmr $8ciog d = 3.Ol9A [Anr : 0r

=lEo3ol, o, * 3*orl

3, Tlre spacing betwecn successive (100) planes inNacl is 2.E20A. x nys iooident on thc crysal

gutface cause Bragg teflecrion maximum at a glancing angle of C35.1' Calculalc

i)thcwavelargthofthcx.raysudii)tbcurglearvticlrsccff'dotderBraggrcffoaiodcsphoe

{Ans:l= O.f!t2A'I'l*l2tl

4. When a niclel targ* is usod in rr x'ray nrUe, tuo shortu/avcb€ts8! ctrdrd ad fu oNiLr Brg
rcflection occ'rs wiilr those uavelengths at nngles 15.10 and t?.10 Fspc.riwly' FMttcbwarc'

. tergths asswning interplanar spacing to e 2'8 I A

lAns: lr = t.46tA l,= l'65241

5. At what Bragg anglcs x-rays with l' 
'- 

lA bG incidcot on a ftnily of paallcl plrm with

d = 2.5A so as to result diftaction hten$ty rnaxrlL

[Ans:e, =11.520.0i=23.600,0.=36'900,0,=53'10'e;=gdconespordington=l23JJ'
i ttt o ttigt 

". 
otd.liike n = 6 d more ar€ notpossiblcl

6. calculde rhcwavelorgthofurx-raybcarnincktedEt l2of6fusrsoi&rcfoaknnoqrrcdcie

cry$al,iftFerringcongantoftlrcqmalis3.035A. Fiodrtrmriru,mordapocsibhdethrx'
rav beam.

l&rs : l' = 5.6aA. Only first order ispossiblel

2xd -
Flint: n.a= x-J
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Unit4
'Lesson-l5

INTER ATOIWIC FORCES

Oblectives :

,After studying this lcsson thc atudcnt is rblc to know abol

t. N.tur. ofabmic forccs and bording in crystallinc solidl'

2. Ditbrent types of bonding

3. t attice cnergt cohcsive cocrP.

4. Bom's thcory and celculatioo of rcpubive cxponat'

5. Bom-llaber cYclc.

Structure:

I 5.l hroduclirxr

15 2 Classifrcetion at soli& basing on tho botding

l5.2.1 lonicbording

15.22 Coval€ntbonding

15.23 Mctalticbonding

15 .2.4 Molcculrr bonding

15.2.5 HY&ogPnbonding'

15.3 Potential energt ofa sSntem oftwdetoms

| 5.3.1 Cohcsivc cncrgt

15.4 Bom's ttcorY

15.4.1 Madclungconstant
I
15.42 hnicc cncrgr 'Nrcl

15.5 Calculationofrcpulsivccxponont

lJ.6 Bom'Habor cyclc



15.7 Wor*od cxlnrphc

| 5.8 Summery

15.9 Kcpords

15.10, Sclf ass€ssmcnt qu.stions

l5.l I Exerciscs.

15,12 Rofcrsrcc bookr

l5.l Introductiou:
It is ktown thst mdcrial in solid sto is rigid, lt indks fti ttsr n url bo rr8iw fqcc bcrrsr

the coosiurtarr unig ofihc rolid body rd frrrtGr 6clr rf,irt rqubin frrcc rho iri& dE body b
ensurc deflnin sizc. wc rccdl tt||t roll& car bc clsiflod re cryollho Jd oorylnn cDrrdlino
malorials can & clasgificd in diftnnt rvqa Tlro bd frr cbifcrin nry bo blco trtrr
whM is dcaft with in drc prwixr efuFcr. Clardfrcahn rnry bc M on tftrru4 clcoclcd lrd
mNgtlctic propctticr. Ttc molt oonvonbnt br'b for ehtrificdion cu bc thc dnr*6 h irf
rmnic bonding in tbc crystdlinc nucrialr.

l5.2Chsritication of Solidr :

Thc forccr which bird rhc abms in r nrolcsulc urd nrohollc ln r colid pby m inponrnt tolc in thc
rudy of rolid sano physicdt is ob*rvod rhar thcrc forcc rc ohcmciaic in nrrun. Th.$ fctcs
depcnd on ftc distribution of vdcnec clccuons in difhst l!om3. Ths3 art vsioo3 tnct ofdi{.i.
butions in difforcnt crystrls. B8rpd on thc pocirtnr of nhnao clcctu|t, diftort !D; of bottdiq
t*c pl|cc.

Brscd on the bonding bctnoar rtoms, rolids tc divklod into diftrurt glloup. Ttcy lr
1. lotric crystNls

2. Covalent crysals

3. h,tctallic crysrats

4. Molccularcynols

5. Hydrogen-bondcdcrystrls.

152.1 Ionic Crystels :

cqrtls in which kxic bording is uscd r,E known.s irnh coflrlcJn rhb tyF ofrolib, cri a rmc
olccrons of orc uom att tfrrufcrcd !o uodrer oorn. This tr|UlB in thG i.irrmkn of pcdriw ioo
and ncgrrive ion.

Thc ions whicb arc eblc to girrc clccrmor arc cdtcd clccto poritiw ionr. Nr, K, ca rnd m drcr
m.trls s'c clcctsopositiw krrr. Thc rory wtrich rcquiro cloetrmsrrr cellol ctocrronog*ir,! im1 F,
Cl O and non-mcntls rsrg cldsoroNtcgativc iot|s.



Sodium chloride is the best example fortlrc one with ionic bonding. The valcncc ofNr is + | i.c. it h.g
one elcctron in ils outer most orbit which can easily lose and Na becomes a posilive ion. The vrlcncc of
Cl is -l , i.e. for stable electronic configsrationit rcquires onc elcctton.

Due to the coulornbian attraction b€tween oppositely charged ions. ionic bond is dcveloped bc-
tween Na and Cl by transfering one elertron fronr Na to Cl.

The coulombian force ofattraction between two different atoms provides the cohessive energr which
bindsthem rogether. lt is called bindingenergr. The magnitu& ofthccohesive or binding enctxtrr pcr
molecule in ionic solids is generally about 5 to l0 ev. In case ofNaCl it is 7.8 ev.

The arrangement of all the ions (+vc & -ve) will be such that the attraetion betwecn ions ofdiffertnt
naturc is more than the repulsion between the similar typc of ions.

Chencteristics of ionic cyrrtrlr :

Generally ionic bondod crystals will havc thc following ptopcrties.

i) The ionic bond is very strong.

ii) The ionic crystals lrove high meltingand boilingpoints.

iii) These are poor electical conductors at oormal temperrture becausc thc valencc oloctmns at€ boidod

tightly to the nucleus. Al high temperature, ions themsolves bcSin to move giving property ofconduc-

tiviry.

iv) These are transparent to atl frequencies upto fundamental absorpiion frequency. ARer this, thcy arc

opaquc.

r,) Thcsc are solublb iu ionizing solvents such as waler. Solution is dissociatcd into free ions.

.i) Tl:e electronic structure of ions is'same as n€arest incrt gls atoms cxc€pt that tttcsc arc clcctriaally

vii) Thcse .:,';,lly crystalized in relatively closed packed structure. Actual structurc depends on the

ratio oi radi, i.'f two ions

viii) Charge o'-. i^ 'irion t'. ions is spherierlly symmefic.

ix) Thisbond isnon- .,i:nal but it hao direction in some special cases'

x) Most ofthe insul.tors are ionic cyrstals. Alt Alkyl halides, Alkyl oxidcs are ionic bondod.

15.2.2 Covalent CrYstals :

Crystals in which covalent bond takes place are called cov.l€nl crystsls.ln thls bonding tlrc vrlcncc

"lcct 
ons of the two ncighbouring atoms xro sharcd but not t.snsfcred.In case of diamond each

carbon atom shareS info four valence electrons with its four neorcst ncighbours. Chlorine atom hAS ?

electrons in its outemost otbit. The spins of six eleetrons rrc plircd and that of seventh clcctmn is

unpaircd. This unpaired elecrrons of two chlofine atQms rtr prircd up and so, the spins rt€ antita.rl-

lel, The covalcnt bonding between chlorine atoms is as shown bebw



Clrrrc&rbticr of crvdcnt crastrb :

Thc covalent crystals have the following properties.

i) €ovelcnt crystals ere usually hard, brittle materials with high binding cnergr. So, thcsc arc having high
mcltingand boiling poins.

ii) Thcsc are srrongly directional in naturc and has property ofsaturation.

iii) The conductivity ofcovalent crystals varies over a wide range.

Er : - Tin - good conductor, Ge - Semi conducor, Diamond - Insulator

iv) Thesc arc rransprrent to long wave-length radiatiol but opaque ro shorter wavelengths.

v) lt has C,p.,h momcnt. When bonds rrc distributed symmetrically, even thouglr a mohoule contrins dipoles,
it n'y have na zcro dipole momcnt. ln this case individual dipoles cancel each other. Such a molccule is
'callcd non-pnlar molecule.

Ex : Carbon dioxidc md carbon t€tn chloride art non-polar motecules.

vi) Thc bond length and bond energSr varics according ro the no. of shated electmns.

15.23 Metallic Crastals :

Tlrese crystals are bo{ded by electrostatic attraction between r.,.,ice of ion cores tnd the free elocrmn
gas. ln these vale[ce clectrons move fieely throughout the whole tnetal, nat bound to any nucleus lnd
ccnsidercd rs electron gas.

The bonding is due to the sttrsction bchlccn the clechon grs and the positive nuclei. ln mctallic crystals,
the valence electrons have high degree of mobility and the cohessive energr is provided by the coulomb
intenction bctween the positive ions and the ncgative smeared out charge ofconduction electrons.

Thc classicrl theory fails to cxplein tlrc meallic character of solids on the basis of number of valenc:
€locbons' Accotding to this, as dte valence electmns number increases, fte metallic mtrtrp of elemonr
dccrc.s6. Metrllic bond can be cxpalained on thc basis of quantum mechanics. According lo this, 6
netrllic bond is rcgarrded as en unsatura&d covalent bond.

Comi&r Na stoms ( z = ll). Each N. rtom has one unpaired 3s etectron. When thc spins of drese
unpaircd electrons are of opposite kind, a bond'is formed duc to anraction between them. trt r third
sodium ltom which has also one unpaired Js elecuon approache th€ bonded prir. Sirce both the 3s
quattum stl6s are occupicd, thisatom experience repulsion occording to Pauli's exclusion principle. But
drc energies of unoccupied 3p-states is nearly same as the energy of3s_elcctronl $ird elcctron crn enter
into 3Fs&te. Now it can also form an electron-pair bond with eilher of the valcnce electmns of prcvious
psn,

ln this wry very large number ofaloms can be sunounded by a single sodium atom. The cenrsl Ntorn hss
o|E unlraircd electton which can form by tums elecaron-pair bords with unpaired electrons of neighbouring
aoms. Tlrus it forms less lhan a wholc electron pat bond widr each ncighbooring atom. Solicl Jdrun hr



this tlpc of bondin& l! hlr b.c.c. ttrlclrrt and or u rvonge, cadr rodiun aron forms onc.cightlr of
rn clcctlon-.pair bod with irs nciglrbors. Such typc of boads rrc callcd rs unsaturrtcd oowlcir
bonds.

Chllr&;rffcr of Mctrlllc crtil.b :

Mctallic crystals havo tftc following chmclcri*ics.

They luvc high elcstricll .rd tlrcnml conductivity'

Mctals arc oprquc to all clocfornrgocdc ndi*iOr\ Aursprtcnt O dro middle ulhrviola. Maals hire
higb optical rcfloctiot ud rbcorptbn cooftknt

Thcr rn heving low rncltiry nd boiling poinrs.

Thc similarity bCnpon t]1o m6.llb rd cotrilsnt bond is thc sharing of clccnons. ,:fbrmci is in

mctrtlic bond. thc obctto$ b.tong !o mol|l r3 ! whob nol to rny prrticul.r atom whic" ';rppcns in

casc ofcovrlcnt bond.

The binding cncryics aro low for sodiun I . | 3cv ld for Alluminium 3 '23 ov

Tbse harr higlr drnility rnd mlbibility

Examphs ut Cu Si, Agrnd Al'

15J.4 Moleculrr C4lrtrl' :

Thccc crystrls lc boodod by wcet vm der rl/.rfs forccs. tn cs'c of inncrt grses, such rs rgon' thc

!!oms or-molccule hevc r tcndcnca to givo up or dDrc clccrons eidt dhar $om3. In liquid ad sollt

grtq tho forccs of aturctioo arc cdld dispcniot fottc'

Thc combination of nrcving rrcgrrivc clcc.trons md tlrc nuchur of rn dom mry be conridcrtd rs a

fltrct[ting dipole. T}c inirrtioo bctwosr thorc dipolcs widr thos€ of induced oncs give risc !o o

ralrtivoly wcrt binding folcc cdlod vrn dcr wrd's fdca

Tlr binding is rololy duo o dipolr forc6. lt hrs no pEnrancnt dipolcrnorncnt. Molcculrr bond hes

l-*io;"f1r.nrdliabofcmorncnr lhb irutntrroui dipolarsrt inrfrroctanrancnt inthcnclgbbor

.torn. Tbir iolsflctioo bctrrlc{t h5 dipohmoncnt rd inalcld diPolo rnomcot crusos s litth sffrtk'n
bctncon thcm. Doe m dlir nrton vrn dcr w!d's &mol ri$'

Chrr*0lrlldcr of admbr berd :

I Molcculu cry*elg hrvo rmrll bittding onotgt'

iD llrcy hvo bw molring ad boiling poinr'

tr) ThcV rrc poor clcctrical condlcbrs'

iv) Thoy rrc uurlly bJlaFllot to ahctlom{naic rdirtionr down o drc \|Gty 3hott ulrsviobt'

D

iD

i[)

tv)

v)

vi)

vii)



15.2.5 Hydrogen-bonded crystals :

Thcsc cry*ali rre bonded by hydrogen bonds..

Er : lce, rcnrc flouridcs etc.

A hydrogen atom oan be anrocted simtltrneously by two differGnt stoms snd thus scrvg !s a bridge
betwocn the two spccics. lt is considcrcd ri r brsis ofr knd bcwtcen Jhc t*o aror.. rni. i,
hydrogcn bond.

Hydrogen bond is Inrgcly ionic in charrctcr. Sincc hydrogcn has ooe clectron. it can loosc it to cither
of its adlrining ions rcsurting a probabirity of findingitrcclooron on cithcr ion.

ThG positive hydrogen ion tcnda to dnw thc two anions more clocoly tog:etrcr than thcir normal
seprration in rhc crystal, Thus hydrogon bond connccc only two tomJ.

. This bcnd is much w€alcr thrn a coiralont boad. Thc hydrcgpn bond nay bc imrgincd to be forlned
by a process ofthis type.

x-H+Y X-H... Y

wher€ X snd Y con be thc same or diffomct atoms. Thus the hydmgcn atorn is bondcd to X and y
simultrncously.

15.3 lnter ttomic forceg and p.E. of a systcm of two rtoms :
Here wc discus about thc forccs that hold ogcthcr thc rtoms or mobcuhs or ions in thc solid. In tlris
considention, r crsual thilking iColf lcads to the following gcrcrd conctusions.

i) Thcre musr bc a(ractive forces bctween the atoms or molecurcs in a sotid to kecp them iogethcr.

ii) Thcrc must bc rep0lsive forccs acting bctwocn thc itoms since lrrge cxrcrnrl pressurcs rre nccdcd tocornpress I solid to any apprceiablc cxGnt.

Without thcse two forccs drc atoms cel nat stry togothcr to form ! soli.r.

To undctstrnd the importance ofthcre trro forccs, let ur considor a simplcst systern consisti[g oft*odoms sep.rat€d by I distmce '/ rnd which forms r stablc cncrnicai coNrpound. tf * two uons
A and B arc separated by an inifinilo diorncc,rhen &o @fiiat cnorgr of the system l, ,... wr*oriey are brought croscr to a finite scpardio'r,.inere wiit bc a potcntiar encrgy for sy*cm. Ifs sig'dcpends ont he magnirudes ofthe attractivi dd repulsivc forces.

The potcotial cners/ ofetti'ction is negagivc and is invcrsry proportionar to some power ofr(say n)

Er: He, Nc, Ar, Kr, Xe' 02, H2 etc., Nr! molccutar bon&d rtoars.

A-F -----+ @i.a, U attractive :



Wh€{€ A is rcncrion conrtur.

Tlro pourtial crrcrg of rrprlrion is poeiiw Jrd it b inwtly proportional o somc pqro' of r (sry n)

B
i.o. U rcpulsive= -; r O

Wlrorc B ir npolskn con*anr.

Thir rioakm it docribcd by 0rc poartid cocrgv dlqrrrn er rhoum in tho figtttc l5'l '

Thc lotrl P.E" ir givar bY,

aL€r.rlr.ivc r"c t J,.l

---^->
AttrccfvC

an rtj
Fig l5.l

9\
no /6

U-., lU. *U..

AB_i-i r (D

Thc cooctints A, B, m rnd n arc chanc&rr of a rmlccdc

Tho forcc bcovcal tho rfoms cs bo writfn r*

c-<u--df-A*sl
'=ld,- =61-F-FJ

ll. B"l
= -LF-?trJ

. E - Aqr^lg _.'o-F=-F';



frfa

Frorn$.$ovGftg.' irccrt r.ytaficarrw(3)ilrminimum.p,E ar-r.wtrrct ir*ocquhitrtLpaidan

i.a, wlFn drc Een ir in ceilihim

(#)-.=,

h*It -o:o- An|

F
* At=h

f't ri't

= 49= t'-'Ba :.

* $.;.,;'.
Now rool P,E. I r., is 3ivur by

U = -A *B' ri-t
A'-F

--#F-i *J
Fnoroq. 

",f- 
=*.*

'".d'**,fi]

---r O
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.' ^ rr1uc to''c

. Fig. t 5'2

' 
This is thc goncnlircd cxproseion for totsl P'E' of sysl€m which is minimum at r = ro

If wc plot a gnph for varirtion of force with distance' it is as shown in the figure | 5'2'

Whanthcdirtrnccofscpcfrtiottislarge.thesignific.ntforcristhcneg.tivoittractiveforcc.Thic
con|Gs fmm clcctmdtetic forccs'

Asthcindrto|t|ic!@t|tioldGctgs€s'th€m4nitudcofrcpu|siveforccsincreasos.Thisisevidcnt
in thc nontornFcssible propcrty ofsolids'

At r = ro, due to equilibrium' F - 0 and has minimum P'E U''

Thc magnitudo of minimum P'E' is callcd rhc bond energr' This is possible only if n >> m

153.1 Cohe$ive energr :

Ttrc arcrgr nccdcd to brtrk thc cryttal into individud roms ir callcd cohessivc cne{gy'

l5.4Born'c TheorY :

Thccrhu|etionofbindingenetglofscrysta]isthcfundamcnta|probleminthet}rcoryofsolids.Ionic
crysals are thc simplest typc ofcrystals'

Arruoptlor : In l9t0 Born ald Madelung gavc a thcory for cohcsive encrS/ or lsttice cncrs/ or

bindingst tl5/.

ThG dt6ty 'ls bG.d on ttrc following rssumptions'

l. Crysalr erc bullt up of pocitivc ud ncg ive iot$'

=+['-r]f,L nl

I
0 l-

I
I
I
I



ll. Thc chrrgo on thc ions is spherically symmaiic, Thc forcc b"t*eon t o ions is dcpcndcnt oo thc
.distincc b€hrcen thc ions and is indcpcndent ofdircction,

lf thcrc is only attractive forpe betr,veen the tr,vo ions, thcy have fina y cooteccod. But duc to the
ebcoon clotds of two ions' a r€pulsive forcc acts bctrun it-rr. rfte reputrio foJ ii"r-s a ttr.di*rnce decrcases. At a ccrtain disance of scpcntion tte two forccs blance cactr o*er atd ttrcttic P.E. is minimum rc tlut thc solid is strble.

15.4.1 Madelung constrtrt

The coulomb encrgl of attnction betrrcn trvo ions scps'tod by a dialanco 'r, is givgn by

U: - 
AC,

or

whcn 'e' is the chrrge on each ion, same for a{ ionr and A is ca[ed as Maderung con*ar, t s vd*
depends on the cryst l structur€.

TI'. two ions crn not continuousry approach oach other un&r oouromb asrr",ion. gut wt€o thcy aro8r r $mlr disrrnce of separation, $ey bogin to reg€ oach otirc, *o ,.dtrt;;;il; 
".ryrrpidly wirh decrcase in disrance Bom,s oxpercsion for rcplri"" 

"*rd:; 
i;;; t; 

'"-'*

Whcre B is e repulsive constaat and ,n' 
is a nlmbcr.

Thc totd on€$/ is given by,

Ur=U.+U,

=r U=-Ae'+8
?r'

Ar aqilibrium, P.E.is minimum rt r = ro

I
u"= F

**(#L -'

_.| (D

*f*[3 fJJ.. ='

-nB AE2:t .*;+---=0:+

ubetituting dn value ofB in cq. ( I ),

F.# *"= * , r"'



u:-**"t'i
,={'-*(:)"]

At eguilibrium, r = r.

u.=_4{h_Il > @r"L nJ

.. 'Ac' f z-ll
='.=t"."61 " I 

inioulsinSlslstcm

-A€ [ n-lll_ pv
4reo\ L n J

This equilibrium enerry U. is callcd thc latico energl'

15.4.2 Lattice energy :

This is &fined as ttre cnergy released in tho procoss when thc constitueot ions arc placcd in thcir

rcpective poaitions in the crfsal latticc ( for N;Cl 6is i$ cqual to the errcrgr needcd to bresk arc NaCl

crysal into Na' and Cl ions)

This is lhe amont ofencrgl whioh is spont 1o scparrte thc sotid ionic orystal into the eonstit{ent ions'

tt is experimcntally measurcd from thc Bom'!{abor cycle data'

Letliice onergr of NeCl :

For NaCl, we know , r is th€ distanco bctwecn neighbour atoms, 2r is the sidc of tlc cubc'(Fig l5'3)

A sodium stom ir surrounded by 6cl rtoms al closest distancc 'y', 12 Na atoms at .[ r' t cl- ios at

J! r as shown figure I 5.3 and another 6 Na+ ions at a distancc 2r and so on'

The sttractive Potential encrgY ;

-@'
l. bctwecn Na'and 6Ct ions at a distancc

-8e2
2. betw€cn Na'ind tCl- ions at a distanoc fJ r = 6

t-

,/-
/

I77,
Fig. 15.3

The rcprlsivc Potcntial cncrgt



3. bct*rcn Na'rnd l2Na- ionr r '-' - l2e'
lr I drstmce J2t= E

4. bctrren Nr'lrd 6N.- ions d " &2'r omrnoc 2r = E
Thc coubmb oaorry ofttic im in &G fiold ofrll ortcr iong ig,

u. =-9{-gi *$*.&'r {3r .l2r 2t

=n=-*f*-#.+-*. I

So, thc ccfficint of { is a hrrc nurnbcr

.. u. = - ni *r'""c A - *-#.*-*-....
=t.7456

Ifac. Madolung oonrtant for Nrt = l..T17Si. r @

In sodium crystd, thc cquilibciurn distrncc boturccn Sc ions i$ r0 = 2.tl
A - |.7{t. Now rp have to find outrfio vrlrrof .1,.

l5.5Cdculetion of repulcive erpotrctrt rtr' :

o

A rnd Madolung ooutrnr

Bom obtrhcd drc nlrrc of h' ftom thc comprsribi[ty naornmcot of crystrl.
Thc comprcesibitiry k ofr solid b giwn by

A;mdhg ro I hw of rlrcrndjnrmiq

dQ=du + dw

=du - dQ-rdv (...dw =pdv)

o



Srtnos&a dQ-C"df.

At rb.oho e trrp, C, ir nogligiblc

:.dt-jdv

dtu -dp-;F=6 f ar I
r (D ['a" =-sJ

Urilfcqr O mdO-

Cmnn*riuliga rbcolutcao it givon by,

,. - I fd")
"=;[dpj

I rde\ d'u
-r;=voG;r=vo';F

I dro=1;=*.F ___-_; G

& dt&
Wbhat! 6*e';;

d'u du dtr . dtu(dr)t
=]f,=?.;;r+-[fJ -_--__+ o

H.q,rifeUi t, r- r..na S = O

t,a'u) /o'u) fdtY
'le7j,* =l;FJ,*\;;J,*

For l{rcl cryrtrl, V - 2Nf u rcc N ig total no' ofmolcoulcs a 'l is thc intcr ionic dirtanoc

.'.*=*r=(*)'=#tr

At oquilib.iultt, ltFilfin r - ro



. /ar\' r"l.6J-" =5NrT

&rb. 7r in 6a

(#),." =(#)_(#r-)

dru dtu I=d7=eF'ffir
Sub.lhb hoq. O,

I , /a'u) l /a'u\ |
r" =%[d"t=I-%.(E'-/ffiT __-_1 @

uc lnow thrt potsntial cmcrgr 'u' for N rttolGcuhs iq

, - _xe.,[r_lfl).,.|
r L r\r/ J.

-NAcr NAcr ri-r=-.'--._tnr.

du NAcr - 'Fl=rf =_itr/Ac..fr
furindifi. w..r,t ?,

....7r

-2NAc'

_+o

*#=-Yt+NAd,,"{P
Al oquilihitn, r - rn

[#]..=

(#J".=
... ubrhbinoq. O,

*(q+lD{Ac:T _-Zftec, . (n+tNAc,r;" --T----?--



I NAc':(r-l) I

Ko 6 36N'r;

But for Nacl, Vo = 2 Nro3, whcrc N is thc lotrl no.of moleculcs rnd ro b tlrs na!t!3t diltmao b6{roGo tvo
iom.

... I =2Nr:-Ntu'!n-t),.1.= ,''Ku--"0' rj fXr61

I Acr(n-l)>-=-Ko l8ro'

:tn -l=
186'

en

- "=,*'$ __-_4 o

Wcbevcthewluesofto grdAforNrClc'ry'Jtrlc2'sl Aoa t'+ztlrctrls'a2)' sobysbdr'
ing thcse values in the following equuior alongwi$ n'

'.=+('-*)
We can get the value for latticc encrgr uo

This is the Bom,s thcory for calculating th€ l8lico 4rc|t0/ for sinrplo cryrtrls lib NtCl' C! Cl - Gb'

l5.5Born - Ilaber cYcle

Ladicc encrgr may bc defincd es thq anount of work to bc dor o dirpcro r cr5rutrl inno r wi&ly

scparate ions

Ir lcsds to the follwirt cordubnr

I . lt can not bc comprrcd with any directly and rtadily moasrnblc qurntity'

2 . lt is not 3aE& as thc hcst of fomltioo which is cqurl o tb arcrSr ncccrsrry ro dbPGnG thc Gfystrl

into molcculsr gts.

3, lt is not thc ohcmicel hoat of formerion which is thc arorry rclorscd whcn cryrtrl is foflttcd frcm

merrl atoms tttd di.tomac hdogcn niolacul€s'



is done in tcmls of cyslic proe,css involving certian sleps called Bom- Haber cycle. For NaCl it is
shown in fi3 15.4. Ttrc formtbn of NrCl mey bc regarded rs e proccss involvini somr rrcp and in
cach step, c'l3qy is cithor rcleescd or rb8orbod.

Encgr tMcd is tekcn as positirac rnd ttar relcascd is oonsiderod ncgrtivc

Itc cydc nry bc ndcrrtood re follou :

Nasplid , Na

- GF)

tontcrSsgs otergies arc dotormin€d dircctly, in majodty oasos an

Na.

t.

2.

3.

4.

Fig 15.4
In tho fa *4o rolirtiun rad cblorino rmbcuhr rrc diasaired into oonstituon[rlome. Solid sodiumll vryci$c by emtyingrn cocrgr oquivetent to its sbrindioo cncrg (s), whire chhrire *orour" i,di&ied b to ruppry of cncrg5r oquar ro $o diss.cirti- *.rgrini m"r" oD rr;i;;; F'chlo.itro rbn.
Tht! is to tacood argo glscollc sodium nd chlorin rtdns arc lonisod. This proocss rcguires ionisationoutlr I lo rroovc th! oulrr no6t abcoon fiorn Nr atom. Wlren this cloctiort is aaita to Ct arom,cnorgr cquivrlcor to tho (E) elcotrron rftlnity.is rclcarcd

ln thc third *rgr, tlrc two ftrne, Nr ' 
'rd 

cr; in gctting errangcd in trc lattioc, cncrry ir rctcascd (UJ.
Itt tho fourth strgo' fu hEice Spts W.|| into solid Nr and Cl molecules Nnd firs reaohcs the srarting
point rbsorbiry rrd oncrp *nom as heat ofdissociation dH.
Accoding !o thc law of thermodynamics, ve write.

S + (Drz) + I - E - Uo+ 6H ;0, bcacusc in cyclic process total energr is cqual to zcro.

.'.Uo-S+(D/2)lt-E+AH

In thir oqrrltbn ell thc quntitk on thc right hend side cen bc cxpcrirncntelly determened md hcncelmicc anagr can bc fouDd.



Dr : For NrL dctails arc rs follows

S = 10t.8 x l0] l0lKmol

D=2.42.tx ldKJ/Kmol

I = 494.0 x l0 Kf/Kmol

E=?5a2 x l(P KJ/Kmol

AII - 410.2 x l0' KJ/Krnol

Srficrioting rhc abovc mcntir:ncd vrlucs wc obtain

uo = ( 108.t + t2 1.4 + 494.0 - 3542 + 4 t 0.2) i l0 KJ/K mol

Uo=770.2 ' I O'KJ/K mol

15.7 Worlred crrmplcs :

t. cdcnlrtcd tbc findir3 crcqg fo Nrcl lor wbich rhc r..|l.|t ldslborr dblrrc. L 03ta
rrlonctrcr medclm3 co$lrrt br Nrcl 1.7'18 lrd r - 95

Sohtlor :

Acr fn-llu" o*r"l;llouta
c = 1.6 x lo-re cotlomb q = t.ts x l0-r2 formi m-l

i=0.32i1 * l0-m n-9.5 A= 1.74t

.. t.74{t.6 x to-,e)r 8^5

-o 835 x lO-'2 x 4e x 0324 x l0-' 95

- -t.z4t.o'to-")' ,.!{ -6.9cv
4n385 x l0'r! x 0324 x lO'e 95

2. Mdclug cortbll of Kct = 1.75. Itt ...rc.t !.LlboT lqrntlor b 03li remrntra
Celculatc-tlc cohalvc cnrlf/. r = 5.7?, I - l'l erv rrd D- 3'5 cry

Solitior :



Poomial encrsr per pair of ions is givcn by uo= 4fr-l*]
c= 1,6 x l0-rtcoulomb n * 5.77

S= t.t5 x l0-r:Fm-r,ro=3.14xl(llm' , A- 1.75

r.75"{r.ox ro-,',)'! ( 4.77\
"o - 4n{8.85* l0-r')x03ldxI0-' \5.77,/

= -t.06 'to,T = -6.6rev

-653Potatial ocrg pcr ion - --;- =-3.315 (l)

Thc arcrry requircd ,o forrn .n-io(f ', Cl-) frorn r pir of K rnd Cl ems is cqud to thc ioni*tion
onargy of K rton|s rninus elcotron rftity of Cl atom

Each rton drccfotc contribute $I -O.ZSo'121

Thus colorivc cnagr pcalom*(l) + (2)

r5.t
t.

= - 3.3t5 + 0.25 + -3.065 ev

Srmnery:
Brsing oo lb. chr.ctcr of intor rtonh binding fol lows in crysirlr thac aro clercifiod u l) moleculrr
cryrtda 2) covdcnt crystrls 3) zonic crysrrh, 4) rnallic cryarlrad 5) hydrogil boNrdod cry$rh

2. Bcilg on thc ercngth bonds arc classificd u prinrry bods atd sccotdry bonds.

Er : br prhrrly boldr : covduq melrltic md ioniobqds

Er. for rcodrry bordr : Hydrogcn bond

3. Bom's thcory givcs thc exprcssion for oquilikirum veluc of thc cnorgy (crllod.leticl onoreOr)

u= f('-*)
\lhcrc A ig callod M.dclung conltrnl od h' ir thc rtprlsivc cxponatt

Loie ornrg of rn ionic crysl is dEfincd ag tic cnorg rphercd in thc proccsr ufron tho con*ltuont
ioor rrc phccd in tho rcspoctivc positions in the c4n6l latticc.

Cohcsivc cncrXy is thc cncrg nedod to brc.k fic crystal into irdivklud (nutunl) rbnc.

6. Rcpulrivo cxponcnt b' is givcn by n = t.;ffi



l5.ll Ercercicet :

| . Mrdclung consrut forCs Cl is I .763 , Tho ncareri nlghbur sepntiotr b 3 .36 i . Rcprlriw crponoot n

= 10,5. the bisjion of Cs in 3.E9 cv rnd clc*an cxffivity of Cl is - 3.51 cv. Fittd tfio oomcivo cncqy
prr rtom. (Ans : '3.085 cl)

2. Thc potofiionl cnergl of a system of tulo etoms is Sivcn by thc opnsion

.AB
U= F.;

A stablc nplcculo is formod with a rclcrse of t.0 cv of of arorry whcn thc intcvdonac disancc is 2.t i .

C.htheothc ooorbnts A rnd B. DaonnirrdF forco mdod !o dirsocic thk molcculo rnd tho ft{umni:
distdtcc { which dissciation trlcs placc.

-dv -ZA l0B
lHint:r- ?-=T-*F

F = 0 a cquilibrium posiloon r= ro

5B
ThusI= F

Asro=2.3 f . WecanshowA= 1.32 x l0t?8.

.A B A[. BI
u'- T"T=t'1'-oo'l

5B
WcknowA= T
Uaingthir rch&rn

4A
UO=T r
Uo ie givan s t.ct,

...A = 1.255 x l0n,H

.'.8 = 9.52 xl(lr[Jm2

For rrquird to digsociac thc molcclb rt s critical dircrnco r.bocomcs minimum'

...ffi..=o



Thir $s r. - 3.30 r lglqn

$trinttftgthb h tlr cqndm ftr F

U/b.g* P-- S-O xl0{N I

15. Rcfqrrcc bookr

ldtod$tin to SolH S0C Ft!/dc*

SomS06Plrlrric!

SolldbPfijpic.

Solidb?!tyr&rt

Clt d.r Kibl, rob !,ilry& Sanr

s.O.til.i NaApffiml
AJ.D&r,r&.Mllhhdb

lh. SJ- Gol.r & IL. v. KurJc t{d a Co, Mmr.
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II{AGNETISM AND SI,'PERCONDUCTIWTY

Obindvor:

Aftcr studying this lcrson thc studcnt is ablc to know about

l. Thc mrgnctic propaty of mrrcrids

2. Tbc clesrific*ion of thc nrrgnaic mrtcrbls into dia. pr,r and lbrm magnctic n1arhls.

J. cornparitivc sudy of thcsc thrco gpcs of nlrgnaic mdctirls'

4, Wbiss thcorY of Fcrmm.gn {arrrt'

5. Fanorngnab &mdts.

6. Arti-&nonugnctism and Forrimagnetisn

7. Rudimcnts of SuPcrcoductivity'

E. Pr.ops'rie rnd Application of Srrcncondlctivity mrlctiab'

Structurc:

16. I lntrodrctiolt

162 Diimrgnctism

16.3 Panmagnctism

16.{ Fcnunrgrtism
t6,4.1 Thc distincrion bctrryoon tlrc thrcc typcs of magnctisms'

| 6.5 Wciss thorY of Fcflomrgnclism

16.6 Anti FcaomrgtnctBm

15.7 Fccrimegn€tisn

l6.t $4crtotductivitY

16.9 Prcpertics of Suporoonducting nlcrials'

16.t0. Applbaions ofSupcrcordrrtingnrdorials'

16.l I SummarY

I 6. I 2 KeY Words

16.13 Selfassossrncntqucaions

16.14 Rcfcnence books



16.l Intrcduc{lon:

Y.gnctism wrs onc of cerliest recognisod scicnrific phc'|omcnon. This phanomcoon, omugh in c.rly
dsyr socrncd to be indspendant of elecfkxl phcnorncnon, larcr the inscprrablc tinr uetwcar rtc two
ghanomanr wre rcalircd.Now it is egrbrish.d that rhc magnctic ptopertirs of maacr |m duo to s|c
orbial and spin motkm of electrors of aorns widr which rhe manor is compoecd.

Dir, hn trd Fcrroor;nc{hm :

With rcfercncc to thc magnctic. p?operty. gubstances ssn be classificd into lhrgc typor
I' Di&nagnGaic, 2. Ps'mssrrtic rnd 3. Faromagnctic. on rhc b*b of oloofon nco"y of mrgni'ism
thc nmrc ofabovlffue groupc can bo a<phincd.

Wl*n no fteld

whcn ficld is prcscnt

Figl6.l

Thc field is inro trc pW

Electsoo-B

.T" 
*J

"t-" J
I___-_--_r_

a-o
{hr n

,lr &
lrr
+af l.

In tbc cose'of erecrron a ,rhictr ;s mo"in-gilill"L *,* o,r*rion, the rorce duc ro mrgmtie ficHon it is rway from rhc centcr. Thc force o"-3t*q" g, ir"y.tu in-"'iJdwrsc oirection) due ro ragnsrhfield is towards the center Thus rhe angular.vcrocitG ore'-a-a-;; th^ their mrgnatic,Domfibctnnge. Th€ rcsultant change in rhe mignaicrno."ni i, iap frii.io:1.

16.2Dirmegnetism :
ln diungncric substurces thcrc arc no unpaircd erecuons. The two cloctons in a pair po*esr cqud
but opp*itc mrgn.fic mcmoncti and- hence they csnc€l each othcr rlsuhing i" ; ;ry'oh ;;nsrt.. Thus thc magnaic momcnr of ! pair of Lhct'oru duc to orbitsr morion is ."-. l;'Gcffccrive mrgnaic moment in a dianagnetic subsunoe is zero (Fi& I ;.2. I )

whcn the subst nc€ is subjected to an entrn.r magn tic ficld of induaion !, 0ren trrc on ercctur

F = "&til 
wterc f is the vcrocity of rhe ctesrron. As lhe verocities of two elcctons ofin pcirere

in oppositc directions, tho' fqccs due to cr.cmat magnaic ficld on thos€ awo elecbons .. in opposiEdi'G.rions crusing chu4cs in thcir magnetic monJnts and thus ind'ced *" ,*rrt .i'ffii"moncnt. le* rhe megnaric field ! bc inro rfie plane ofthe papor,



16.3 Paramagnetism :

ln case of paramagnetic substances the atom inhercntly pmsess€s sonrc rsultant magnetic moment

even in thi absenJe of extemal ficld. This is duo to the naturc of the orbital and spin motions of the

elcotrons in that atom. Thesc atomic msgn€tic dipolcs ar€ weak ad rlndoiltly oricnled due to thcrmal

agiutions. The thcrmal agitations increase with increase oftempcrrhre'

When an extemal magnetic field is applied the magnAicdipolos in thc subst{cc tend to rotat' 8nd into

the direction of thc external field. OuC to tqmatfut8tion completc alignncnt is not possible' As the

extornal field is made strongcr morc dipotes align with thc dircction of extcmal magnctic field'

At a certain temperature, if thc field is sifiicicntty sttonger complcte alignmenTl-q:!"-HT:y qrol'
;ril-";;;h;; il.aiion 

"uiu. 
l. ,"ohed forintensi! of magnctisation. lntensit} of maSnaisation

is inversly proportional ab6otute temperature and directly proportionsl to magnetrstng,ltclo.

| -_H
l61 H and tci orl= C=where C is called curie constant'

C
write I = 1.
Hence$scePtibi|ityofpanmagreticsubstanceisirrverselypfop$tion.|torbeo|utet'mperNtDrc.
This is cslled coric's law.

I

- is called susc€Ptibility 1, we can
tt

16.4Ferromagnetism :

The stom ofa ferromagnetic substance Poss$s a rcsultanr magnaic moment even in the absonce of

an extemal field. Due to qrantumiJi"'ni""ieffe"t, "*rca 
excf,ance intcraction an unpairod clcctron

in one atom intera.r. 
""ry 

s.ngiy-*itl ttre unpairei etcctron of aid atom in its immediate neighbor-

hood. As a resutr of this inreractiJn'ity lpr;F;;it;tisn rhemse lvcs in a compon dircction ovcr

a smallvolume called "domain.. Tlrese ddmains are of very smell size nearlv l0-rrcm' Erh domain

contains very large magnerrc orp"[i-"A":;il il; ;iporr.li 
" 

aor"in are in'samc direction, it Ettains

sahrration.

Though all the dipobs in a domarn allign in a direction' rhe domains are rurdomly oricntcd such dut dtc

i".uirTni tn"gn.tl" moment ofthe su5stsnce as a whole is zcro'

When an extemal field is applicd on a ferromagnelic subsun:e-',each domain 
'otatcs 

into $e direction

of cxternal mEgnetic field and nui rtre iulsuice. it 
"t"Sl"li1{:. 

When the fcrromagnctic substancc

is heated the domains are Ororcn'iia-ternperature but thdindividual atomic magnctic dipolcs rre tnerc

and th€ substance u."onl", po"ri"b,-a'i5]n"i putti"ui"t t mpcoturc at which fcrrornEgnet'c matc

rial convefis into prramagnetic is callcd curic tcmpcdure'

The susceptibility ofa ferromagnctic $bstancc above thc curic tarnDenhlr€ ie inversely proportiorel

to the excess of tempsrituro above a, particular tempcraturc ceilod curie temp.raturc'Thus th€

susceptability offenomagnctic substance is given by

c
11TT

when C is curie constrnt, T is tcmpcraurrc of the subsoncc and 0 is curio temp€ratule'
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15.5Weiss theory of Ferromagnetism :

Weiss modified his theory of internal molecular field (for porrnagnaism) by proporingthc dottoqt of

'domains'..This theory of fcromagrctism hclpc us to undentmd not only the lctud |.c|rtim bctnE ||

para and ferromagretics but also feromagnetics in Potticulrr'

Heptdicedtbatanyfertornagreticmatcriat,arrnycmperetrrrcbc|orcuricpointL!firredmrji
naiLlly to a valu" up.p.iot t *,at tcmperanfic wcn whcn thc applid n:!a ir 1.. Arthoud0 s.
substance is evcrywhere magnctically, scif sr.'r6q it is diwded in1o small rcgims c.ll€d domit*

The mrgnctbstion yectofs oith*e dlmians are ori.,::tcd in diffecanr dirctionspSl$5n the rusuhot

intensity of mrgnetisation is zpro. The sizes of thc domeinr arc from lf5 c.c' lo lft c.c. and iho

numbcr of molcculcs pof domaih is from l0rl to l0rr mohculcs in thc dornrin' Duc othc mmd

frictkn, the molocutes arign oermet'a paralle| to onc rnothe and attain saluretion for tlrc dmnh.

Whcn an external field is a[plied some of ths domrins roate ud aligrrwith the dir""tion oftlc {icld and

rs a rrhole, rhe mareri"t Jil;-;;gr"ric property. But evcn in the ebcenoc of thc fiokl the indivllul

domains, due to the intemal molecrihr fieid are magneticrlly s$uratQd, This is cellcd as spontrncous

magnetisation'

Thcfielddrretot}redonuinqasinthcpanmrgnaticcaseistrkarrspl,Thcsporroncarsmegrtir*kn
ofdomins accurs when p is positive'

Theconditkmforastabl€sPontaneousmasnetisrtionofthcdomainscanbcoheincdrrfflel:

Conskleronegnmmoleofthcsubsbnce.lptitsmolooularweightbcM,&n3|typ'n'tg't.iicrrffi
o , its saturation ""rr" 

oo' it'o" fetmmagnaic domaing obey thc pstunaglrelic cdtdititnr' So' wr

ol
crn write ; = (coth a -- ), where a =

Wlen the aPPlied field is zero, H = 0'

S, *"="*p,

'H =91"c'
. FPI.rtd "= ?i

We havc I =
op
M

oo

Nltandp-

"' a= N.KTM

RTM

-A
"' 

o = ooFP

o RTM-
-_=-4cro oo'Fp

orbP -oofo?
RTM

)o



o
But 

=
-Cothr-

I

;
o

Ttc two cqu*irxs for ; can bc shown or tbo rrrnc grrph

Thc two gnphr intc€{ st two poht, O .nd A. Thrr nrcss, the ,afrrcs of f whidrsdrf botr
.thc cqwtions are O .nd AN.

Since the rpontrnoous rn gncaisdo is rletmGd ftr dming Sro rclrcublc vrhb fc * " 
*O

AN rd not O. Whcn thc h' vahc ir gudr thr dro vrhro lor f i, .to* 
^X, 

1t 
" 

rtn ..r,ed by
B), the cff.cct of motecular field dccrcascc u* trr urc mqnJinon i! brougttr b.ct to thc cquilib-
rium oordition. SiniLalS whar C b julr ndc drn 86, tbc molerlr fud inds€. ad Gm.gtft an crtIs so rs to bcirlg !o O[ oquilibrln pcfio" Hcoe, arlj A rpscrr dE !e$h
raluc of sponurcous mrgnctisotion,

RTM.
Thc stope of thc linc.(2) is ffi 

P, which dcpcnds on tgnpcrrure- Atr pdir.uhrratpcrrtulrtc 
.

shpc bocomcs cqrul to that of thc trngcnt dronrn to tho kngevin qlnc. Abovo thst gnpcfsn|rlr
tlc ow qrncs will not fu'teicsocc So, tlxn is no rEe of lponEFdus mgrrtigion. tirncc di
condition for spoma-rcous megnaisarior b drc acmpcrdrc, vfiidr mrsr bc 3rdr rhrt # . *

-r.4fu wcknowthrt ffi =4.,*6ng

... The condition is T <0,

-Hcncc 
bclow curie poinq evan in tho abccncc of thc rppliod frcl4 dp domgins rn nrynaicrlly

.crnnrod' Hcnoc ihc condition for spoirfir€ous megncrilrtion fo dqt inr b rtut 0r un*tse of
th. m.trri.l n|u3c bc lccs than thc oric point. Abow curb poirt, u." seoilancor,s rnsn;isrion fo

' thc domeins is lost ond 0r fcrronrgn{{icl hiomc prnrngnaics snd obcry curic --wi!$ lrw,

I 6.6 Anti fcrromrgnctbm l
Tlrdt le sorne subsancG in $,hidr thc na spin mqnaic moma* is zcro duc o thc ftc thrt thc
rmiprallcl spin megnah rmncns src cqcd. llncc gc crllod urti ftronngnaic m.bhb, Thqc
suhhnccs hsy€ rn irnporhnt characrlr dra is *ccpability vry with tanrperom srd drir,' r
nraximun al I Frriculor rempq*nc rrd docrcascs widt tr Tcnhrtt a! shou/n il thc figud 6.4.
Thc.la[pcrrbE 8t which drc susccptrlritity maftu nrrximm ntuc is crlbd Nocl tcrnecnnrrc, rrr
smrll r.8lue ofru$c.pt bility lt oeK HDp iE duco posible pcr&c dignmort of nronrarb $rt rc
rntiparalal. As tcmFcraturc inc' n6 ahe disor& in thc nndom bdravion for dignnart of sph
momcnrs incrcaeca and FsulB in s hithor nct rnrgnah mogrom in tho pocrcncc ofthc *rtomrl frcrd,



ftoonagGicrnrtttdalssovcthecritical EipcdttEs'

16.7 Ferrinqnetbm:
InaeoffcnirutrFtic n&.id tlE {t|r3 ofdifc|t||l $o.ri of icrs linc up|tfripnllcl hnthcy donor

wl ch ootcr urlt trcm is t tri motrE'|t Bclow Nccl t rnp.rt$||g thc FcrhmgDetic mrteriNl

bd|lvc$ likc a Farror6gnctb rnetsrial r||d above g" it is pora magnaic. The qoruncous nagrctisariot

in drcsc rmcriek it du. to diprnllcl but ocqual gins

Brrium rnd stronrium ftrritcs arc gerrntly uscd in rhc prcpcratkx ofpowcrful magrcts'

Thc fcrrit cfJfsfel stnrcturc can bc thorqght of as a composif *nrctnc oftwo pcnetnling subletticcs

lnntrn rnd tlt: srthctem.e hchev;l as o&ntgnaic.
.t
:.

A-,.\// .\
\

*lN:

Fig 16.4
Fig 165I --'-

F[165rcprcscr8tFwis_tionof ;vcrccsT. ItstrountcconpcisqobctweeoPra'Fam'andAnti
2

.!. .,. *c*i#*li a -:
atat,,,rttl

oi
Fig 16.7

iril!rr
lct

F,rg;16.6rtDr€s.tilrrfrvaiaOm of I wi&tcmprmrc'

Rg; 15.7$ows z vanc$T a)Forfcnonag$ictnd€{ials

b) For Anti ferro rnagrrtic rmuials

c) For ftni magreth mdcdrls.

a

I
r,t

Fig 16.6 t



l5.t Sopcr conductivity :

In lgll Karnerting ornca rNt3 figsl|tiriL drc elecricrl rrsi*ivity of maary m low rrrnp€rsruB. Hc
obscntcd tha rhc clcctricd rccirrivity of prr! maony noppod sbnFdy toaro st rborrt 4,29( (boiling' poirt of Heliun). Hc ccrchdcd tlnt 4 sldr low unpcr*ue ncrcury cnterrd into r nctr stab ,rd
called as $pcoooductins sbtc. Th. ph€tlomcroNr is now relixrcd io es supoconduclivlity. Ar rtsis.
taoe is 2.f,0 in sudt 8 sole (rirnc||l crn oontinc.

Thc Fniculat tcmprflnr'l bclorr vtidr a nrarrirl looc.s ils tpsisarce is cstlcd tic citicsl &ntp€.a-
{ur€ (TJ or supcf€nducth frnddon icmpcrturc.

l6.9Proponics of srpcrcotdrctlng nrtGr.hk !

Soorc of rhe propcnicr of srycrolrdrcing l|&bb uc girtn bclor.
t" ln casc of olcmclrts *3rt diftlsrt iroopca, drc trunition &npcgturs \ dc*treee wirt i*rordng

6nricwcig}ll.

2. Thc pqcrty of srpet cotlercrivisy of rn olomanr is not loct by *dding impuririG but drc €riri€et tan-prdsr b found !o dcqrsa
3, T}o ttramal acpansioo ard chstis propcetLs do not chargc in rl|c trrnsitlon.

4. Thc cr),s{rl ssrrtrc as studicd by x*ey diftrcion rns lbund !o lnre m chmgc due to tariti.rn sd
Ons supqosductivity may bc nnrc courocrcd tvidr coqductioo ckctaonf than witb rfoms as a wlolc,

5. AU thcrmoclcctic cffcas dic$ca h &ry.r cq*rc.tg lirto,
6' Bdon Tc' dp $rp6,€41qing esoe.rty b d!.o,q/€d by rhc .p,plitnkn of r srrong nagnaic f€ld. At

.'ry brycra{,rc (bcbw TJ O|Gt! it ! oorFrponding critic.l vrhrc ofnrgnaic fnld whi:h can dcrsoy
e,tprrcordlivhy.

7' A supcrcorducto. p4rhcs o||t thc *qnetic ficld so Od nttgncic irduction B is cqult to Zoro irFidc
thc oorductor, ll is oallod Mciw ofiaa.

t.

2.

t.

I 6.10 Applhido! of rrpcrqondrctlng nr&rirh
uri|u $Frcoardrrcirs vcry soong mrgnah rr|c ndc
ThcUat uecd in Medk l ficld

flxy ar used in Elccrtrical switdring cquipmctrr

supcrpo.ductoB stE usctl f,or wfudings in r fdtfofl|r(f, ard porc] frcnrissio.| tincs

srrpcrcondustors, bec.t,rsa of lcvit$ioo ctrect! cc ueed in frictiontcsE bcarings ad highrpcd uains,
srpcrlondrc0ors s! r6cd in sQUlDs (supGr co.rduotrira qnilum tnrrfcrcnco Dcviccs! Jscrph
sot dcviccs Bolomclcrs rrd Elcqonngneic sbi.ldtng.

ltcy arc uscd in scrniconrtuclor-srpcrconducor hylridx optoclccroric dcvig lrd dso in rctivc
super conducling dcvioes like (FETS)

4:

5.

6.



l6.ll Summery

l. Magoctic and clcctricrl phqromenr have a close 8nd inscponbh link.

2. Magnctism is clrsificd as, Diamrguism, Para rnagnetistrl Fertqrqgn€tistl

3. Antiferornrgnaism

4. Ferimsgnetisio

5. In casc of paramagnetic substrnce some resultant magnetic mornent is found even in thc abscncc

of external magnetic ficld.

6. In Diamgnetic substances thcre Er€ no un paired eloctrons. Thc two electrons in r prir giv€ Gqurl

magnctlc qromcnts in oppocitc dircction and hencs thc rtsuttant nugnaic npment is &ro in thc

absencc of external fietd. When such metcrial is subjocted to external field thcrc arc changcs in

npgn ilic rnonrcnts of thc pcirtd etcctrons causl by cxarnel field. Tha rcsults in a ncc inducod

magnctic moment.

7. ln Fonoqgnctic malcrialism thcre ar€ certain srnlll rtgions, collcd domains in which ell thc mrg-

nctic dipoics are spottaveously aligned in a dircction and gives ssturation value to magnetic mo-

mcnr in $at rsgion. This mrgnctisatio occuring in a domain is rcferrcd to as spontancfls rmgnc
tizdion.

8. In the absence ofexrernal field various donaius ofa fenomapuctic matcrial ut randomly orierlcd

such that the resuhant magnitization is Zero.

9. Aboyc a criticsl t€Nnpcratut" tlrc sponlaneous nagnotisation is lost rnd then the fcrmmrgnaic

mabrial bccomes paranEgnetic. That rcmperature is callcd curie romperature'

10. In Antiferromagnetb materials th€ na spin magnetic monrent is ao duc io tbe fact tha andpenllel

spin mrgnctic momenB irc cqual.. The.fundamcntal charactcr of thsse materials -ig that $e'
rcs".ptiUlity 

"COos" 
matcrials varics with tcmFrrurc aod ettains a maximun rnd thcn dccrcascs

with incrcase of tcmPenture.

ll. In easc of Ferrimagnetic matcrials the spins ofdifrcrent atorns or ions al ign rntipanllcl but do not

cancel oach othsr and the spontancous magnetisation in thes€ substancd is duc to mtiparEllcl but

uncqual spins. They can bc thought of as a conPo8itc strushlr€ of two pcttcir.ting sbldhc*
Abovo Necl tempcraturc Forrimrgrotic matorial bocomos puamagnctic'

12. At low tdnpcraturcs ccrtlin malcrials aro found to looso comptctely the olectrical tasktrnct rnd

then thc macrirls is said to bc "Supcrcsrducting'. This phcnomc*on ofa substrnc€ bocoaing

suporconducting is calbd Sup€rconductivity'

16.12Key Words

Dir, Para , Ferio, Antifeno rnd fcrrimagnctism, Fonitcs, curic temperature Ncet t mpcfatuc'

Super conductiv itY Meisncr cffcct
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AA.r1ll Nrgrriunr Univcrt' ' Ccntrs fer llttracc Edrcthr

ExpiNo:l

AIM : To de&nninc thc ryocift charg! i.c tbc nfio of cbgs and no of an clcctron by
JJ.Thomson rctlpd-using crossed elcctric ard nagncth fel&.
AP?ARATUS : Thomson's dischargc tubc, indrrtion coil,D.C.srpply of 100 to 220 volt&tw long
nsgnetolretars'

scalc ard piece ofchalk.

eX: -= -;;7 emry'gmn.

Here X-the inrcnsity of clecric fietd

TONMUI,/\

H-Magnctic field intcnsity to nullig rhc &flcaion of elcctrron drc to ehcric fidd.
r-radius of crrvature of circulrr pth in the magnetic ficld.

X =v.ld ld@u
Hcrc V-potential difrercnce b€twocn Xl&)Q plars.

ddistance bcturcar plafes

,, 4ttnlf' =;_oersed
wherc n - no of turns in tbc soldoid

I-current in thc solcmid
TIID0RY : A chargcd Friticle likc an elccuoo gcrs &{lecr.d ia prrabolic porh in Trangrato
clcctric ficld and gets deflectcd in circulr prffr ia tuuweriF magnaic ficld wtrcn both 113 rgplied at
oncc rnd tb deflection is made zeno tbcn

electic forcc = Ee = Bev (mag.forcc)
v=E/B

' :.''.,1.

/ e.q.'"c",.

In Transvenc magnaic field alons it bcnds in circular prth so
Ccntripetal force = mv2 Bcv

c/m = v/rB
Hcre we cordder v er E/B so

eE"€
m rB?

In C,G.S. Systeor ne bave talco B as I{ and the clccrric inmity ar X o
eX* = __"_.:-
m rJI' '.



ItI B.Sc.' PHYSICS PAPER-4 2 e/m of rn clcc-,tron-Thounn rcalod

' nxPiruPrBnt:
iiop t" .aftoa. ray rube along tbc magncticmcridlan Givc D.C. rcltagp !o elcctrodce'

2.Whcncunentitp*oUrtttrgtt-then$ethoelcctronbcmisproducdaditgivesluminousspot
' on lhe sclr:en. Rcad rhe potcntial ap'plicc wfth tbc hctp of rolt metcr'

3.Using solenoid circuit the rpot on ttt" scrcen is agin brurgfu to odgiosl position The qrrm I

passing through rhe solenoid is notcd'

i.Widout aistrrting the solenoid circuit th spot non gcts deg€otod upd3" lbc infl.encc of thc

rnagnetic field alorc.

MEASUREMENT OF RADIUS:

-'t
tl'
I

\1'

r*e=#=+

MN
. t''-60

oBSERVATIQI.S. AII{D CALCULATION$:
' l: voltage applicd across thc maer in cathodc ray tubc=V

2. Distance between tlrc plates Xr&X, = d

i. (:uft€nt thilugh the solenoid =l
4. Noof tums in the solaniod per unit length - x

5^ Radius of circular path r = MN ltartO

R"DSU|JT: I'he value of e/m=l '76 x l0rrcoloumbs/kg'

VTVAQUESTIONS:
l.what is tre principle in the cxperiment?

ANS: Srudy of motion or 
"h".g.ii "rousd 

electric and rnagrnic fields whioh esushihes an clccu'on

has particle
natur€.
2.what is thc significance of the cxperiment?

ANS:An electron is a common constitucnt of dl matter'

3.ls e/m dependent on naturc of g*' takcn in ttrs dischargs tube?

ANSNo.lt is same for all gases'

i,un at is *re rctation.between units of clrarge in emu and sI syslems?

'ANS:lcol- 
l0-'emu of charge'

5.Wbat is Oe use of keepingdisctrargau* *9'nq $3 rygretic 
meridist?

ANS: To r€move thc effecr oiJt-r*groic deld on thc motion of clodpn..B€cause

F = e(v x 8) =0. wtren v ard B are sarne dircctbn'

{.

rfr
'. ! lrF.

:
i:.
i. l
I



A'chrf ttrglrrlrt Urlicnfty

Erpt No:2

hrtrhnl*

AIM : To dctonuirc thc tanprarurc coc&im of r tblrmbor witl&c bdpofrqarr
chrractcristicks.

APPAMTUS : Tbcrrrirtor,tcnrprenc td ic.,e coppcr rerd uith r grdd ulca b r u
urbc,tiemom&,conncctirg wfCn{ine.

FORMULA: t0g,u.R*109,0'+0J34!j And

a --b= ?t-
uAcrc R is thc nrirnoco

T isftc rhohs.hprlrnG
a and b rc Thrrnhor com@an fnpl)

TnEoIrY : A 8r.ph is dr$n t*iat 6c v.lv"' ofn$rc R d enpc,tt in td* rcde
n&ich is ssho*n in thG fi$!.

slopc 911,16 # **O.qnI roo..,t3,t3

Tlrc inncrccpt on Y-qis iG., .O,{ 
3ivcr $" a

ExpElSlNt:Thc givco 6rr',ets t.pr itr tc oil bd rtu oreia tb ,in, b fu ildti-ncar wiien is rnqgpd b iEri,c rfu of rhc rrsu&nor.T!. ffid 
-;ry;m 

er l* tgn tu.lly io.r."&d end for arcry 5 c mp, dp ocrc+oodiar rdtu b;;d.it6.a, l,
incrlcod upro 100 c}..Inw tlrtlb qooriry.sab fu rcdeercc facray j c b Dotd.
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Figurc.

nnecSlrncf.Eor!{*.

rL.n -'6

t rtl

t.lntR

G&ap

Thc avcragc valve is t &.o 8s R for thc tcnp r CNow nca*lc log l0 R md dnw tho grqph bctn a
log l0 R ard l/T from ufrich thc mnffi a rd b sc dacrminod uring thc oqudion (D 6! vrlw
of tempcrmrc coefficicrt of thc tctmi*or can bc dctcnnincd.Anothcr graph wi0r arnp od rcsi&.

trc can bc dnwl whi,ch is as shown in the figurc.

h:

TAIULAR i.P.ITM TOR OESBRVAIIONS:

S.N0. Tempcraturc I
T

valve ofR rtsi*anc R bSro i

t"c lt+-rtrj Temp ircrcasing Tanp inacaosittg

u



AetuylNrjrrlinurhcrdty 3 Ccuer fs Ilthlcr Educrtiou'

CAJ.CUTATIONSANDRDSUT,N 
:

'I

(l)ortb i.- bg"r gephlhcsligbtline obaincdiseqalpolardbqcknrardsrohh6octy-qxis

atA

OA_ hgof a=-*__-_
(2)elopc of rtc gnph =lllvl/Uvl=0.a3a3b

bF 
--J

(3) 4=i
and tle vrh,o of a crn bc dcterirnd rt 2 or 3 tcnpr6$rE.

PRECAUTIONS:

{lllc,oecrsrc &€ to be dctcnninod withour ,'tfug dr. rrqnonctq ouside tbc oir barh.
(2)Dont opcraa tc hc.dng proaodura bclrood l0O C.

(3)Rcimrrnee in drc nultinucr dnuld be carcfulty adjuscd.

vIvA-vocE:

(t) Yhot b s tcrei!fior?
Ar, A thnirbr is a scositivc semicondnor having large tanp cocffciint of rcsistarce.
(2) lhw rc dcruiltor nrdc?

. An: Wilh er hdp of mixare ofoxides likc NiO2,Mn2O2 and Co2O3(cobalt oxidc)
(3) Whot is el resisaaoc rangc of a tbcrmisor?
Ans: l$ohrto.l0Mohms.
(f) How lho @.rc sftcts rbc resi$.ooe of a rolid like cood,ctoqccaicordrr.tc and atbys?Ax: Rcsigutccs irrcltagcs with LfiEaso of lenp in conducton rnd dcpcasca in s€firicondrcto$ aod
Gmriasdnc same saurc in dloys likc l,t{Unin Ld Conssnhn.
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EXlM)!t

aUf,
ToCnrrbcfusruyrlpoccurcrndrbotomrcthsvoerfe grinfu ath${ry

R.C CopLdrdinci

AI?AIATT'S: ..
NPNildr.'(BCl|t}rlFt!frel(20!o20,0001|z)ro$,c{rcitot!,n|di:..:..t.''
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AdctaNagrjtmUniwcity GmeforDidarrccE&rdm
THEOI(f:

lhe positive tcnninal of I 2v bomry voc is cmmed b{babetlccd€hough the load rcsisancc
E)4K.thcn€gdive tcnnind isconnectodto&ccmiscrtt[owh RE{E mrbinition.Therudioft]e-
$wysignslfrorne sigmlgeneruoriseplidbcfirqthcb6earddFeminerrhorahttrecoqplcing
capciior c I of lfi) f and a resistor rl of 50k ad R2 of 22 k wingas potentilt aiviaa. nrf nrrange-
ncot providcs thc propcr biasing to tl|c €rnittcr ad tr tosc. Tb capacitor c2 is also of 100 fas c | . Aftcr
all conncctions are nada the fi,cqrrrry oscillalor is firu kep at l(Xthz and the amplitrde ofdrc inprt srgnat
isadjusradobcvi=20mv Thisshoutd bekcproons&r ti*gr,rt theo$crimcnti./hil..f,-gingrf,c
frequny.Usingmullinncrviand vOsermd

EXPERIMENT:
Changing the freqrcncy as 200h2, 300h2*_-_-*upto l@kha Thc valuesof v0 aretmnd feA&g vi as consrarn

TIABULARXIORM:

Frequcmyof
input sigrsl

inFfi volt ge

vi=confuit
orlF
rolqc

vollagegain

Vo/Yi

PRECAUIIONS:
l.Ttr input voltagevi sbould be kcpoonsht,
2.&ainerj'rctior is ks in 6rnad bias and mrkcrorjurrtio ir in rircrs bias.
Ans: tlrey pmvi& forward bias to the slitE'bascjt&ticr jrst by furningapde'tiar divider
withvcc.

RESULT :

A siirgle sage R.c coupled amprifier is congred. its vortagc gnin iscatcurdcd at diffcrcnt
input freqrrrrcies. Tlre fiequerry rcsponse curve is dnrn.

VIVA -VOCE:
LWhatcarc shoutd bctakcn whilc Amplification ?
Ans:Tlrc sigrul should m,t be di*orred wbilcgariqg A mflifcd or ailagd.
2.what purpose does the couplirg capacitor cc crrve?
Ans: Itcouplesrhe Tputsigul to theinpdof&Ampifier.
3. What is the use of Rl and R2 trrnsistors?
Ans: thcy pmvide for$/ad bias to rhe enisEr bqcj.ncrion jut by fonniqg a pdq,tiar divid€r
with Voc.
4.What is the advantage of R{ corptcd Amplifd
ADslthas uniform volage &nplifcdin U Ocrc wln tc m diJoilior in,t e oqr.
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ExpNo;4

Air: To veri$ DE morgan's tbeorenrs in Boolim Atgebra

D7+B=iE
2l tt=7+E

Applntw: OR gate , AND gate, NOT g$e, battcris, bread boar4 connecting wires,

D.Cvol&teEr.

Forurb : I . The complcment of sum of two or more variables is equal to ihe prod-

us't ofthe complement of the variables.

7*B=fu
2.Thc cornplemcnt of prodtrot of trvo or morc variablcs is equal to the

sum of the complernent of the variables'

fr=2+n

Clrcsit for vcrifretior of I'rt Llw:
L'H's' 

i---'-- "---' '-* ' t
:A g f,+B A+Br

I |'-'|' v'=f,r!='fi.

R.H.S.

A [t- Yri'*s-n' t--t--lll-

i0
I .i
!{ i!i
If ilr i

0

I

0

I

rs.(e)

FE (b)
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Clrruit for vcrllhrtlor of 2'ld llw:
L.H.S.

Vcrillcetton of Donoryde_

-J )-t\" -. r.: - l\*^*o*
-L-' V -''Yr-r'B* L F---*

rE (c)

R.H.S.
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Erpcrimcot:
For I rt Lrw: .l- 

ionsiderL.I{.Si.c. Irirdincre2-irydORtccfollourdtyoNOTgethaisaNORgnec
*ffififii-i.i"i"*.tr"iluor"lsiritrtytrtccilcnrrsottbctlrorecrvhicltiroqualt
ag.lhiscq'Jatbnfudic*lhfutmilpt|EAildlrrciwcrtodbcforgtheylwht'cA].IDgatca

sfrow in FigO). rrrt n *t.;;.t tttbtrsbr"g G)falhisci'Uuit Thcrcforc.thc compcisott

oftretndrr.bleofrig.(alrrlt'ilnljld"riigrur*arfidthcs.twocoquival4thccittilits
.irig.t"l ttta rU,OigecquinrHo. rhccthetrqtrnirpovcd'

For thc 2rd l,rr:

Lrft hand sidp of rhc thcd.nr $6nm is a 2-inprn Al.lD grlc follou,ed by a Nor gdc i'c' I NAI'ID gatc

havingtbcoircuit{rdt drt$b;*,ol*ir,rtgtol.rncrlghbrtd'idcoflbeq'eionr6wsatoR 
gde

witrtuoinvcrrditprrs.Tb;;;;Jnd|iil6r*ot*inFig(O'compuisonofhcsctwotru$tlblt
*J. *"r,i*,* rrc i&ntiql rnd oqrnl' Thcoforc dro rhoonnr b pwod'

VWA -VOCE:
l)whictr is a univcnd ge?Wty?

Ans. NAND isarnivcnrl gnc'Sq*byconbfuinS NAND gaccwccoruinrt

AND,OR,XOfac.soneocsymylogicfrndioturirgNAl'IDgatealorc'
2)wtry is rhe NOT grc calledar inrrcrr:r ?

Ans. Becausc lhcoupttt inr,r'cdto itrP[

3) ExpressNoR and NAND gdcsas rcdrbin'tim ofother grm'

NOR gltc = 1'191 + OR

NAND gltc =1'191 + Al'lD



ecbr;nnauiuUdtrcrrly CorbftrlberrcoEdrq 6c

H0No:5 PEASESHIFTGIIIIAIOR

AII|I- : To_oom.cepbc*inodlbrrrtirtie nimnsorsfidetipob-j-cdo .

tud*orodochoc&&eontrr f.srcy borhbyeoorilioatoaoc.ii@l*i"g.'

AIPAR/II SrA ETFtyCRO,siq!|c rcrfurodopdWr,rru.rlfrn€.,
!E$Ey@@ti!gwirlat
FORilIrLl : Frmhuirtoal@y*prfioq,n,

fo=rlZt&Rc
. Frqlcxpcrimcdlobadms

lo =llT
. whcrc Tb e dnacciod Sron CRO

CIXCUITIIIAGIAMT

t

!: w.,t l- !

. (.at.r'rr.

*"'=tt
1rto x
3
I

-q(

fc^rl u,rt I
('.nlyot Xr|( 

|

-_ r/ji llI ':l
* | {.' --=-- -

J: .ij
TEEoBY : Ancitrcisadavioctharpodnn o.[trrdgn r durrcpc6apcili0||brr&mi,dGsne{rrq}lr'*m'hrnrc-*.ofqnu*-6gr dd-;;;;"ffi 

"FC;.utuiryaD.C pm'$u'c@r4*dbtudnr4tFord]brg*"sfi 
'rfr-Feco*ttir poccrrcu bc cocllcrtdsairywofrecdfiq[im!odnorcilt&crnbc rchcdofrrD.CbA.cqma,nindrrn odrboa,nbtd berwiao.**ai;;{*;*};;.'n',

oftbcoodlborcinuir.Aprtofibcoryrde[iisNddldou qFl ua toil-prm.fuhi,r..no&o&rdrbltbtuFdrignf -.-



Pherorlillodlrton'-III SscPncticd

EXPERIMENnByctrogingt}rq|rrcsofeitluRorConthebcrdboardwawftrnsofdifrercot
*p,i*dr;;.ulr"uaontr,.in6 screen. sotheconcspondingrimepedcdqbe.mcr$lddi'Ectly

ffi rrn ,** *ing drc scale on it Othertwise lbeou$l fie$Ftcy cur bcmeasrcd using a Seq:cney

#"r.f*r]t*nt; "*,* 
*t U" J.uft a using $etsmuL frr fo'nd r be mly equ'Tlw is also

uo{h€rmodtodusiltgLisqiowfgweswtridisgvcnby

n,

iL- 
= llo.orUp touchirry rlrc Y-aniVl'lo'of loop torctring tre x'axis

PRF,CAUTIONS:

ijr;&lt;dr.po$rrsupplyandtlreemmirerbyposscapacitorshouldbcidicacd 
intlrcdirgran.

2.[f gain is not adeast 29 ue have to clrange lhe Eansislor'

VTVA-VOCE:
t . How cloes the phase Sift oscilluor wo*'
li*wr" u*rbctorandtheemniucrshinstr $rasibymaddinional lS0 msstoobt inarc

cenerateive feedback .

i. Wtrn it ,f" phasc shift inroduccd by a single RC secrion"

;. ft ;;;*t;. phsc shift of 660' h depends upon a ftT111w'

;ffi1;;;;d;* of eochRC circuithaving plur shifr bv 60'

n. Oit , utpfine, a mrst be at lead lll ' utlrr€ p is mcnurion fiaor' S P A>l '

a. Wlur ar ainplifier bdraves asu oscilldor'

A- Ttr anentlation is IR oftlrc signd a each section

5. Why a nansistor is requircd in ar occillaor' 
-aG,tr,€'tsuiisblcforfosr 

'

A.Forl,C cir,ctrit n = l/ 2t.Jrc.Bltfr'sealtdacpudosciltamnsoduemtsuitablcforrognission
ffi;;oocill;r* *,iOt t".O Uy uing misors ( c tiode vrlvcs)'
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Erpt No:5

Ain : To detcrmine the Ploclr's Corutant using a Photo Cell.

Apprrrtus : ln in cardescm tarry I 00 w, a firr mnow ebr, a oocling lcncc , filtcrsgelrmo ncm,
Plngkey. D.c Power supply (O.l5V), veriable rcsistencc R conncction wires"

Foruula: *_e(v,-v,)r,r,"-l\;;)--
Wlrcre e - electmnic c$agc
Vr- Stopping pot€ntial conrspording to unvc length wi& filter onc
V,- Sropping potential conesponding to wavc lengtb with lilrer rwo

,1,' , l, - wavelengths ofliglt used

Tbcory :

Ptroto electric effect is an ideal orancc for L"rrr ofconscnatior ofea6rgr. whcn EJvl
radiai& ofsdicisnt cnerg is ircidat on alkali rrctals like Na K Li, Cs etc. the tmer wiil emit ptono
cbcrom. sirrcc ttr elcctrons are bouded b $c nrrlcsr in an dom , eome of&e incidcrtt 6crw will h
rlsodtofroe|hcclcrrcns. $ttichiqca[duort fumion.

hu=**lm"'
2

lf V0 is tb sopping potcntial ofa parricular,colow oflifght rh.o

lmvr =eVa

. andw=huo
ufridr iqlies thd bu= huo+ eV

g_g = !.. )i.- |19*
hh

v =_U__DoEG

wltich is in the form Y= mx+c
so ta&ing mppingpotentiar rahnalo4 y-adsfrrdiftdebus ud fuirconeryondtrryfia

guerry aloryX-.xiq ifa gnpft is diawn it wi[ bc a sraigbt line witr ur interccpt Th. slotofth" g"ph
wtridr is aoonsart gives Ve.

SloP*llc
Phnl,s consant h= slopx c

We can rvrirc hu, =hsoa.y ,ia n, =taru+cV, andc- ul



ttr}rctlrdcet

.'.h*{HF\
dr, -uf

erbChd[lhcntrnof ,1,,q od vr,?rrxcc&d.&ardl!Plank'stoqstmt'b''

l=6.625x10-! joulgrcc

CircrltDhrm:

Ilcaordmdo! of Pbnl'rcout -

Erprbd:
whlrfibughbrct!rcirlcrto6'Ptdoccllafupc*ryrfuu4baflu,Photoehclttoisct**d

"diid""*rbobccrrc4\vbcnrbcrrincbgiranprxitiricpcrblctlncdkcorg6ddly&cust';ffirb;gr t tg663nto. Sgcn apomiU ls.anca Stoppingpot€otid Vl fortlp colorof

*t"t&-.Tt cricdrsrri,ct?c.tGdOrd@.*ltoysandV2'V3' V4utnoadagain*usingmv

F;;f;rydr.rnt ror.n' du dssmirrcd. Fin8llythea'rerage valrrcubc nrcanrd.

Pndrr:
i. cr"$o,,ubcdcoo sccthstflardrmcnrrcmooochtwticrs fo asposibla

; Tb-dfr;tui" hspffittPhoocdt$addmtahcnd&li0stbcmphtccrpcli-
- n!tr.

Vlvr Vccr :
l. I\Elh.Habsomdcpcodontherul ofCalbdcorfic$rwyofligldircid'nn

A. No,itirindcpanlcmofthctrorrodisruniwasl coMr
2. Wb&rltrtdPh&.cL.ticcftctr?
L lfr-
3. Wbdb|bmrinrtnccofor'uhrrrdtpwwilt ilcfbctltlct!$ule

^.,ItcrrtccofdrcCdo&Crri|ldbGtrIlmcia|'l|meuedorr'tgdcrrdvelrrof.h'.,f, Wtdcthco&a rulcc irfcnu httil cttpqineott

A. TbturrytdbcFd;i;lidctti"godtornitnry notbcgrnmomhmnkr'

; nti.,"6*'[' sigc? Whd irit'sripinsnar'
A.h.bpdoid.d;;ir-r"d-loor"r.r-oa*icphcnrm.ttirnocFdmiEt

rhinrhrue'
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F+p. No:7

AIF: To detennine the Rydbergs constant for hydrogen by studyini the hydro-
gln sP€ctnom.

elpeRAfUS : Hydrogen dischargo tubc ,induction coin set up st€p up
tnsformcr, difaction grating spectromct€r, spidt le{ycl, fudittg lots.
.. l_,[r_r]

FoRMUL+ , i= RIA-A 
)

Wh€re 4= 2 are balmer series

4- 3'4'5*--
I - tlp nave length ofcorresponding spoctrEl line
R = Rydberys constant.

THEORY:
When an hydnogen atomis in exitcd stat€ it radides 6e€y in thc form

of ultraviolet visible light.Infra red radiation since the Balner series are

cloctor{umps from high energf lsvcl to 2ndorbit.So whenz,"* " 41,4,5--
rrla can sec thc spoctral lines when 4-2 ,4:3

!=pit-1) - sr
1 \49) 36

,t=I
51

Tfiis ryoctral lim wil be red in colour.
Wbctt q'r! ,r, =4 we havc

-16n, =Ti
which is bluish green

Vlhcn rtr=!, nr*5 we have

n =l9e217
whioh is blue colour

Whcn n, 4, 44 ryehave

o
n=

21"

which is violet colour. .

The unit of 'R' ate 
"^-t 

or ,r-r ..r1.n.1
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R=E-=
? eoch''

whetre m = tnass of electnon
e = charge of electron
c - velocity of ligh
h = plankconstant

co = permitivity of free space

The value of n = 1.097 xl0-7 m-l

To calluculate the value of R using any one ofthe above equation
we have to calculate , accurately for that colour. so we are using grating plate
for that perpose.

From grating plate

, _ sin0_

Nn

where A - angle of diffraction
N - no. of linesw per centimete length of a gfating.
n - orderofspeotrum.

EX}ERMEI{T: After arrangement the hydrogen discharge tube in thc actnl ret
up mentioned for it with step up trasformerBriliminary adjustment to thc spec-
trometer a.re made and the grating plate is fixed on its prism table .Now thc adjust
the grating to benormal to the incident light by bringing the collimetcr infront of
sodium vapour lampand the slit is illuminated as shown in figure and kecp thc
grating in normal incidence. I

I

' f'l ..' ".. r.I I .,
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Now white light from hydrogen dischargrc tube is made to incident on grating
through collimeter .wewill have first order spectrum both on teft andright siaes
of central maxima with colours violet blue,blueish green, red.Now coincide ttre
cross wires of the ielescope with violet colour then blue,blueish gr@tr , and red

colours and note down the readings as4r&,&,&. Now rotate the telescope to

the right side end again note down the readings as 4'r &,r 4r,4' corresding
colours of the left side.Now the angle of diftaction

a= 4'-4
2

for any grating using in laboratory

15000'

"=l;-andn=l
sin d

so *mg. ^=-fr; we can calaulate the wavelengtb of the corresponding colour
which is required to calculate R using the equation

l=*l..l-+), \q' h')
TABLE

Spcctral line

4's-

PRECAUTIONS:
l.The grating should be vertical with islines parallel to the slit and normal inci-
dent position for incident light.
2.Grating sould not be fourhead with hand.It should be handed onry at the edges.
3.The spcctrometer should becovered with cloth to eliminate any extraneous light
ertering inciside the spectrometer
' D'iliminary adjustment to the spectrometer must be done care fullv .
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YIVA-VOCE:

I Why should the telescope always face the ruled surface of the grating?
Ans:ln such a cace only light falls normally on the grating plate entcr it undiviatcd
.Then at the ruled surface diftaction takes place and only the angle of diff&action
is mensured.
2.To which class of diftaction this experiment belongs to ?

Ans. This is a Fraunhofer class of diffraction .Because the light rays coming out

from the collimeter arc parallal and the paraltal beam is incident on the Grating.
3. What happens as the order of spcctnrm is incrcased ?

Ans: The intensity ofspectral lines decreised and the distancc bqtween them

incread-
4. Dose the grating spcctrum depends upon the meterial ?

Ans. No.'tt-Klndependent of meterial. Where as a prism spectrum is dependenton

the meterial.
5. what are the reitsons for the formation of spectum in prism and grating ?

Ans. In case of prism different colours have differcnt refiactive index. In caes of
grating different colours get diffracted at diffcrent angles.

O. Wtr"t is the differences in order of coloursof a grating and a prism spcctnrm ?

Ans. In case of grating violet is nbarer to central maxima and red colour is the

Farther. In case ofprism Red is nearer to undevided path and Violetis farther.



Act ryrNqrrlunrutrlvctrty

ErprNo:t &IIYSTERESIS CLJRVE OI TRANSFORIYIER CORE

AIM : To drarv thc hyscresis crrve of a transforrncr core ruirg a CRO and io frd thc eocrgr loss per
unit whlrc pcr qcb od tlc cocrccivity and Rctcnrivity of tbe nrauial ofcop.

rrPPAitArus : A trrnsfonncr cor" with primary (Np) ard sccordry (tr!) wirdings g stcp do!ryn [ms-
fancr(3vto lOvud l00mA),Alowlossc4ocitorof4rriomfcrdaycaaciurce.2rui$crs,{c
rninspplyadCRO.

IIDRMTJI,A:

?'

Ccrtcr for ll&trncc Educrtior

ftcpharmmr bywhichnraruicindruim(B) lagsbdrirdrqncieiry6eld H isrrlcd
Hystcrc*is loas -Arca of thc cunrc peRSTUp.

RctcotivirtY = gQ
Coacivily * 9j _ units amp/metcr.

TFDORY: WhcnaGnaln grHicfctdHisappliodrhcddnafuEhvingdtcirmagnairorionparalklto{re
ficHgnwttbopalscofodrcrdoroinsTh$iniialyrnagrr€ilisirinlo..o.fiit6*-""UVtu*,
oP-Aseduasrauttrodonrai^gotrnagnd$od,trc*tmnr*rscopcruucascinnugui*lon
aditbsorodascrorvnacPP'Nor,vbt''sgradplydEqcascuremignalsirgncHlttieadof com-
irybaclalagPotrccrrvcrsaccsalongpe.AtQwcntt*r.,ghttcdplbd dr girooreurry
ndrowd,tr.rcsillnar&socrtahnagEticficH&r&crimBrt-Oql.n**i,oafbdrgurditNo"
unrcndr.rpdid ficld isnoovcd.(-tDlhortagrctisslionacceasela* *ryzcro *oi oi lsca[ed
ccrivityfunlprireleascsofir.furyocinr*tgcsnugrrisodlooppouirdiriior,addreGs
od{irlrurrpbst,nrhols.lvlurrhcnqrivaficbbgrrdtrryirls'$dtcon"ora,"lmpo,
ST n hcre tE € is *i[ rnagncdsaior cwn rryhcn H{ 3 Oooonn aro udrcn +H is irpaasod upto U,wihfidEircof+Htoc'ryefoltorsrp.Thccbcdanrc peRsrupbc.llcderiG;S -
orw.ltrhooucapfly Arclhcrnedrlg.ecugdisodaodarugtrd.dariryn *urador'auir
ofaqchDucb *ebri:d s&ssheidcocrslis{rd iorlFern.ni*urirrffi-0"
tlp scaofthc curvc ofhy*aosis loop.
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Flpcrimcntrl Affrngcmc[b :

Ilplcriris curvc...

Orpaincn6t procedure: tlB elcrrical aontrections an ma& as shown in figures a bove' Tln p'rimary

transfonner is corurected via the Rcsister Rl !o Sep don'n transformer T wtrich in turfl is col|IFdod to th€

jZOV-SOttZ r*i*.Ttp secandary ofthe transfonner corc is conneacd in scrics with the resicr R2 and

capacitor Cs.The volnge Vx aoossRl is fed to 0re horizantal input )O( Phtes of the CRO. the voltage \9
u.a* C, i, ftd to thc verticat input YYplaes ofCRO. Thc ho rizantal and verticat gain ccnlrrl offte CRO

.r" .AFs"a ,o go a canvcnient size ofthe hysbrsis curve ofthe material ofdre transformer core. Herc Vx

;*i,.rd" t" Hand !tconespandsto B.Using a gra.ph shcet tncethc &H c.rvc appearing on the CRo

scrceo by ploning poirn S point wise.

VIVA.VOCE:

( I ) Wtrat is hygerEics ? Inwtrat type of rnabrials rT 
'rc 

can find thistelraviou?

ensr e nragnaic cenornernn ;n wtricrr marHic induction (B) bdrind cxtefnd magtdisfus force (or) field

GDiscalhdhygaisisJcrronraeruticnrAaialslikello(r€obqlNickclseclexhibithy*edsis'
(2) How cuic law rrodificd due to aragnaic domain?

Ans: D(E to spontmeous nragrUisafior offcrm nragneic dornains crrie law is rnodificd as curie wiess law'

(3) Wra is tle carse ofhYscrisis?

L, fft"*r*Af"t*.;bctwocnBrrdH isthccanscoftlphysiletisb.Thcddnainbourdrixdott'l

move all inor fubn whilc magtElisdion rakce pls.Also drrirg danaFctisstion all tie bondrics of

domains don't rnora cornPlctcly bek to trcir mgfutd pocitiolt

(4) Wrat is the carss oflryserisis losscs?

ks: The tendcrsy ofdonrains to tnn aound in ur cxternal rnagnctic field gi"6 rise m modrOical slress in

$" *a"u.n* iives rise to teting.Thosc lmting losscs resrlt in hy**isis losses.



rereryr xr'rrtsneud'c'"ity 3 ccrrcr br lllrtrlcc Edrcrfrol

(5) Wb*arcttcchruieiclsofrtudonnaom?
Ans:Tlrmrrblsonldbr/€(lFigLpcrlrc$ttity(2lowttnsirislocs(3XrgpryadfcGde.llp
qrditln rc rridodty Silicon&oc

(6)CmrcurnelcctolltW'trinAisorpcimc?
As Nobcru*faA"C fu polfiiryoftcdd.i$ill drq..

(7) l/hichbcrnallhysici! loop{a)snirof (b)red
AttsSo0im
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Cciltcr for ll|llllrGC Edstlol

ExgNo:9

Ah l To sody the abcorption spostrum of iodie vapour using dinuion glluiag'

Apprntur: Incondarscanr lurp guss t$e leng6 (ore nacr) witlt iodinc gr&B,flc.fotn E
diftrc'tion grdting

Fornuh: Thc cncq5r lcvelsofthe iodLrc rnolecule can be calculated from E=pl7
Wrcr€,1, is in metcrs and C is velocityof ligbt.

This is nrcssrred tsing gntting

Sin9= NnI +
)'=sm?l Nn

Hcrc r. 'is ttrc angulr position ofthe obgorption 
-band. 

ofwave length
- - - - 'it - nurnbcr6f linis pcr ccntimeter lenlth of guing

n- odcr of thc sPectrum

AtrrEgcDGlt!:
.G- lL

1^}

'I.

btr'l(i -
\C-.4\J
1- -n L.'<..r.

ll
t 'rt l-

Ttcly: lodincct cndnornunpcraureisavailablein,thcformofav$our. wlslwtdeliiht!ryita
diftrcot um,elcrdrsisslburcditrdFghsstrbqthcmolccillrabcorbcufyrodtheylsveebct-nin
*i*aoc-ot"yarooonai*ion-orrravelcngth .whichcanbcmtledugbgdiftaciiongldils

fqmdrgivlirby sinltNn=liftliEsdlit8$outdbedjurdinnortdlitri&dpodtim.w$llSEta
gicsofdrlclimscnm prcisly bardswhichaledealingwib ktdiE molcculcs'

try.ttdi}|etothcabsoQtiooofcerrain*avctargth ofwhitclighbyiodire molcculedrtbod!

". m* obs'vod tlru*h Olc tel€soope in a Uocli grouna of the continr'rous spoctr-'' lvlcarurmt *t
iobGrrr,dcfiotnlhcffiarailablebandontheloogcrwavcleng$rsidobccarscth.$coc33ircb{ds&

raryiloce o ch olh€r coult rhc kh€st barrd as n in ntmrber rake it's rtading on the circuJar scelcar 
'i 

'

Now crmc to th3 ccrfral pelt al eqrnl intsvals J bands eacb.comting them ftrom thc fotbft n r rt+5'

n+loJ*l 5.--.p+30, and take { readingp * eh bard.Whilc going to &c right ofdE

.ccntrelpctofdrcoqcrimenrrrthoveto@t|ntthcb6'd3a3n+]0,'*25,--*.rr+5,n.andnolctlr
rcrdfuryprs?1. Evidcntly rt-Trt2 girc3lhcegl€ofdifracdon a'Calculartrwavdcnglb

L= dnl t Nn = lrlt for crh bst4

€1 . ,r.'-r ;.' 1.r1'



Itl &SGr PHYSTCS pApBR-{

Obccrvrt&ru:

Ahorplion rpccf rrl et lodlrc-

X=fu4lNn

RESULT: Abo'p.ior spocrurn of bdirrc rnryorris *rdicd od wrdcogh od-r1g6dftfi bo&s!€stins&d.

YrvA-vocT:
Ql. I What is an absorption spccErmr?
Ans: tilhcn white righ is alrorred to passrkoughaob*arccin vponre socrc oftboolons inthc
light re absorbed by rtE malcrial. So &rk lires ahorbed b 6e spccrrum"
Q2. : Why rrcare using gnting plate insead ofa pisrn?
&s : Ingratiryprate tl* r€sorvira po*,cr is raryc 

'ban 
rha ofpisrr.$b haediftrcnt odas qo*r

Q3. : Which ryecrr:rl lirc is rnore sharp i.c, forgilingorprim?
nns. : In c"se ofgrating ttr spectrat linc acshrrp.
Ql. : Is gnrdrgspecUimd€pedenronnrnrcofgnnirgneial?
Ans. :Noitisindependart

,t-#l q-
ofvl lofl{l



AcLrryr Nrgrritrr UnhrcriltY Ccrtcr hr lrA!re Ddr.rdor

EWtNo:10

AIM :
To &tcrmim rhc cncrgr grp of an intinsic mkmductff b!' damining thc |uf*cnce a

diftrcm tcoParetures.

APPARAIUS:
ssniconductor with obmic conuct d boch codt'ftcrmoGEjliboFttrl' bolb'

Multinrcta,Connecting wircs.

FORMTJLAE:

f* = 4.6052 x t x slopeoflugraPh

k = Bolrzman Coodet = r.3gr1[-:r J&

I
Slope - for grrPh log,o R rnd ;

Thc energr grP in sv i3 givcn ry

" - 4.Cfr521 !.:loProikSroPh

"----J59lr6s--
GRAPII:

?.,g I

1 ., -r". )

g * -r.r-i^ ). -i., x

SloPc m= '*=#
A Gmph is &awn bcnf,aan l/T dong

gvenbY,"fr=i
-rr-6

X-sis d tog .bogY'sis.Tnc dqc is

-r,ralr u.*)
SBCSB

t.r.lii



IIILSGPf,YSICSPAPER4 2- F.ra8,G.pofrrbtrbtc...

THEORY:
A scnriconductor will be having amFraturc cocfiicient as negatiyc. The rcsistiviry or

lhc scniconductor ,r ,on Ot 
.O

P=Cez -

Here Eg= Energl glp. k = Boltznran oonsgnr
T = Absohfie tcrnparature

Sorcsi*snce R=Cre#
Hcrc C.and Cr are two difracnt corstanls

I r'-\
.'. log,of,=log,oC+:-:-:l * |

2.3u26\2kT )
EI

l*;1= ttop" of log'o R& 
F graph, .'. Er = 4.6052h x slope

EXfE*IMENT:
Aitr ooonccting the semiconductor with multirnetcr.dre mom krnpersturr of dre tiquid (oil bolh)

is mcasurcd and the conesponding rcsis*mcc is med .Now drc tcnrparanrne of bah ic gn&uily
incrtlsed in tlr stcp of 504'and corcsponding rcgistmce is noted. 'ltc empar*ua is ircmscd
rplo 9906 . t{ow *art cooling the oil both and again thc rcsisamc is rpAd fc cvery SoC fail of

tcqlerarrrc.Tbereadingsarenarslatcd andrhenagrqhisdrarmbetrm loS,"{ d +.

E, = 4.6452x h xslopc of grryh -_*-__-.__.-.J

F
Inclecuonvohs= **-

tcmpaatur vr Vrlues of rcsistsnce Rcsistcnca

1=&l&
log,ul

emp mcfestng Temr 'lecrcasing

CAT.CUUITION:



A&ryrN4rrirreUrtvcr$tY 3

PRECAUTIONS:
(J) Ilonl oFcntc aborc 9t'9
(2)Tcnprrnrcs arc to bc dacsninod carcfully.

GcgftrDh6rraldrcdf,

VIVA.VOCE:
(t) ts ttre errrgy is sarrc al all tenrlratures?

Ans : No cncrgr gp dccrlaccs wfth tcoprlrnrc.
(2) At rrfi.t Emp.rrtue Eg will bc mexinur..
ADs : At absohn€ zcto tcnDranFe.
(3) What is orartby crrr5iY glp?

iu. h is thcarcrgy diffGtlncc bctwlclt rnlcncc bodand oott&&d6M'
(4) At &colttr€ zeto how the gcoi:ondrgon bdravcg?

e*, *rf*Ut" ao it bchavcs tile ar lneuldor.fh. v|bry hnd is coryhdy fllcd wilh doc'

'tnn*.



AArrytNr;lrfcrUtfu:rrily CabrbrDl0occ Edrc.d.r

bptNo:ll II)GICGATDS-AND.OI N@.EX.ORGATTS
Al I Towrstooilsn toeicges.dbycd&tuirrllhS1l3.

Forcr : A grbisa diiut ciruritwitborccm lnrriSnb($laepsdcrrr*)ad m[y coryt'ignil.
Elctooh circuit and Tn{r dlc
ANDCATE

CircuhofANDptc

Fis.A

Tffifrlc

S.No A B OilFTA"FY

l-

2.

3.

4.

ON.GATE

Circuit of OR gnc
rgB



mf,Sc.mYStCSPAPDn'a

Tnrhlttc

fCicfrbu

s.ro A B cItrEA+8."Y

t

7

4.

Noa.lhh(hvcr&r)

X{)RG.0c

TnrhT$lc

$n h$rA orrS! X=;

t

2.

0

I

I

q

Fig. D



&b.tl ilrlrrFrlurffiY 3 Caor forlltrrmcEdr*r

TrdhTdtc

3m A B d@A{!FY

I

I

Tlcory r
(r)AITDGATX
[last*0 inldsed@lyocottr!.Abip.cAadB.nd&ccrFsb Y

?UTT

a
ll{lllTr

l4i.Strfdta,OF

lbAI.IDgnnFovidcso$p*mlyuitanrtlrhclgrrer$rnulooorslyprccarr
A.B=YrcadrsA ANDBcqtt lsY

(2)ORGATE
Ithrsttroorirciryandodycrqtpi.ThbbcdldORgBcbererdrodF rin bc
urr ifrny orr or dl oftfte iqrustrrua

'*r*,^ o \\ oun r
IFY. '-.. ,;errf*-A/

Loak Synlol oaon te

HcN€ A+B =Y. ${ridr iro be readr A or I oqrnls Y,

\ otrrut



mB.Sc.'PEYSICS?APER-{ tellcttLL

(3}NOTGATE
' Tbis grchasolyo* iryllrdmoupt Tbouttrf, b I wb.norylis0:inAhtyttcory

isouaco;tt"c.f-a.uinvcnionlalcsplsrthciaputposscslhrorghlbNOT3t Thc

mainpurpe ofainvqicr gEebtocodpLont ibinprtlrhn

o*F-"
Y= ;u/hicn isb bc rad as Y cqulsNOT Aot YisdrosmdcocrilofA

(4) EX{}RCTIE @rtuivc OR gte)
Thcocreurodfu.ddirknlilchdfdftrlladdcn forgfuagiootbcfuqdBusqdr!cdLdbf
adtullsMors'
Tb odFlofar'ro fuprn ExchsiveoR assrrcrtic $rf I iforr and onty olr iryl arrmcrdrc I

stda

**'^---\\-\ ourRn

,*r,"4))-t
llnsldcorsxon

Thc BoharoprcssiotrforoqcrsimftraclusircORog'r{ion is

aY{A+B)AB

Vivr-Vocc:

0) Whattypcofnmigoris raod in l'lOT circuit?

Am : A $lican ngn tnnidor is uod.
(2) Who ir adigitd'ngnd?
;;:edgrdif ischracrutyGtytsod[gi6zitorndcwithdircrUcvahsckdsig
calodadiginldert
(3) tlowmpu ormt 0 rrd I inclatonic cinlrir?

Are : AhidrvdugeooNrceooAto I ad bwroltgcoorcrpotdtbzt{o'
(4) Whst is tu due8e of EX{R grd
im : Itiswofrhcmo*i6pormco.aanthdld4gocltinloricr:nac tcnplolrcdwihtu

stineir: soaimof a coryr'



A.fct Nrgrrft.Udncrly I

Erf l{r:12 [ALrApItEn-nflr ADnnR

AIll : To wri! fi€ rrdr dlcr of hdf srd fi{l rddar b, dal|nlq &.lr h Oc
l&or*d1
AP?Af,ATU$: (t) tu AltDsdr rc ?,(E

olE X-oR. slet97{f5 d LED.
(2) T*o AND'SJ. rc 740t,

T*o X{R. gr.6 tC 7lt6 &. onoOR S$r lC 7432 0d tXD.

DLCIRAI{ICCIICII|Tr
ltfdd.i!

INPUTT A

'r{ruT? 
B

(sutl AOBt

C*arrrlEfrdr

c
(CAnlYl

A.A

s

SXo A B ID crly nlra

L
L
3.
4;

0
0
I
I

0
I
0
I

0
I
t'
0

0
0
0
'I

ol
.ot
.l
olr



fibsc,nfvgcsPAPER-4 HrtrrddcrlFrtr&-

IffilUNc

HAIFADDER: lt is an electanic logb circuil th.t adds ttto sfutgl. bits to producc a

sum erd r carry lo.be usedm in the ncxt Ngbcr pocitio& In a half dder' thcrc is tto

possibility for r cgry input (Q) od as a coos.x1ence' c h.lf add€r can be usod fot

addition of the lottr most bit only. $iltcc it is tiot .oo$ing rary in (Q) fron thc

previous additior it is catled a halfa&r, ln or&r to rchiarc a cany in fu|tl prqtiou$

rdditiot, nc havc to coosrud a 3 hput adder u/tfuh is cslld a firll ad&r'

FULLN)DER I A full adder is an clcctonic togic citluit tbd add thrcc bib' ttto bits

to be sdded and c c{rry bit fiom ( lorrer colurnn ) Fcvior|3 tddilion Gttltfug in r sm.nd
a carry. acturally in a firll add€r two lulf .ddds rnd onc OR-gCc gc cascdod

:

.c. . 
-.

' .l

Actrvally a full addcr has trc hdf add€rs ud om OR{sc rdich is qmatod bya

stsndod symbol as sbown in the abow ligw.

S.No A B c sfn cary Rci$

l.

J.
4.

5.

6.

7.

8.

0
0
0
0
1

I
I

I

0
0
I

I
0
0
I
I

0
I
0
I

0
I
0
I

0
I
I
0
I
0
0
!

0
0

0
I
0
I

I
I

ol
ol
oL
oL
ok
ok
ok
ok



Expt.No. t3 ABSDRPTTON OFATXf,AANp BDf,A RAXS

AIM: no mrdy tb ahorpion ofrbha -rrys rnd bae -rays srd find rhc rrspcctirc nuss *cotpiar
ooc&ien

APPARATUS A CM courtrrt$.(qd windo$typc)withacourtiqa;dcm ;nalplurorc
litrrdcebes{ourcelikeMiurr20{(tt th204)tud foralphrorbeu soure mddrrtcr1r
ncllnidrHvcs,atuninnrm foils(aboortas)ofuribrmth&Est teaddh.

rfchryr N4rrlur Uircnlty

FORMULA:

I

I * Ise-P

Tttalx r.r,,'r' lt- q" otr . .c. ,, rx c
. :tli- <.,_.) .

gives

hlgoM =A.4313lag,M

CcnlcrforDclcrDfrcfr

herc I thc lim aborption coefccot in uaits of per centinrter . Here;r,

hcrc p isttcdcadtyofoehl.

/r\
GRAPHT Agrqh isdrswn bfirc$thikrssofabmrpionX in cenrcnderand t*"t;J
8loog Y-air. The dope ofttrc currrc girtotbc valurc of p=g.4rt

":F

ttintuabof i

Slopc nr={9

Thig ig becuase

hence

ttgnd #.=;

p=mx2.N26*/*

can bc oily cahdod .



I|1FSG"PHY$ICEPAPER-.4 2

HPERIMENTAL ARRANGf, ,MENT:

Abmrttooof..

bositt of.cco&sl elecuodc ofurngsen wirc wofaboutdiqrcncrof0.0l cm. Tbcoutsrcloctrrodc is
r npd l$c uAich can bc contoirpd iri& a ghss cnvelopc . Th rd.l urbc is flod in rrcll iu{aod
brnrs |he ocdnl clccbode . rtc ase is ilhd with a mixurc of 9o4 agon gr ud I OYo aloohol gas *
rgcsreof lOcar ofllg; Theapplindvoltrgeisinthencighboxtmdof 10fi)rclts.Tbccxpedmcnul
iinuilcominsahighpcaknxi$ance &the ouptdf@wlic$iscoruc@dloar tmtseunpli-
fcr.6c ou Fn fi,orrt thc amlificr is courccod to a pulsc inlcrt ed fiorn t& ro corrter metcr rnd r*c

Ti.rs $errn in lbc Sov€ fi 8ule.

DXPERIMDNT: Thc aluninium foil is isertod betn*en dre sourcc and thc window ofthe G,M tubc.
Tbe couffuig rate I is mted per the sanre precct tinc and thidoess t of thc ooe allwrinirm 6it i.e x = t
l.lort 

"socod 
dutttinium bil ofsarne thickrcss is plaed in thc frst foil so tn nowthc obl thickmss

will be x=Zt ad thc same procuder is repccd . The sarne proccss ir containod fo'r x*3t,4t 5t---
lbsrmc*pofurntisrDwrlpcdcdwithdiftrtntabsorbingrra€dabbvfury diffrrent atornic number
(z). thgraph bctwecn and z will bc as shoun in figure.

G&{PH:

{ rlL

)-Arti'

Afric r.r...,r*.: / t- Arlr)

I

OESERVAflONS:

lhickrxx t A 3r l& 5t 6r

,ount rde I

tal_tnoflog(Y



eOrrnNgdfurUdirsr&y

c^Lctu./tnclt6t:
3 CrrCIrhrDrbnnanrhr

shFofttcsr4h n-#-0.,f3f3

tt =sx2}t?f- 
---rr3oDcority ofthc nalcrid g - 

-fl/Mrcc $oo't im sfrd!iltrr. = f, - _Y*

ans: $o.tolofycqhigh.'rcr8oi.bcrhchcu5rhrtrfumofndirimdrsidsbodridrwith0Fcouhob'sfcHofthcaomicndclu,fihltbcdlcd&@thng

Pf,ECAUTIONS:

l. UP b l000ourr/ninoE, qF miniE i&ld ilb bc dhmFd
2. tbrhiclsrsgofricco'nmwindwadrbcqrdwkurbifu ofah?rccbc*srtcrlre
sd thc window are al* to bc oonsidcrod

vIvA-voctr:

l.Wbid&roOmglung?
AnsEbcronofvcryhighcocrgoi*locbcirocqrtrrtcftrnofidrim&:oirchhollirdrn
wi6thccoicnbl fiddoftbrnicnrck{r,tidr bdd Arodqghng
2. Whar is tlp cause of tbc abcorption of citlcr dyr 6 .iqtrl
am: therbcorgionicdrrtofte locsofanapofttcrcnyrthrgt tordzdionrnddco Brrcunrrrg
lung in thc casc of *ryr
3. At wlra voltagc ir fu coutcr opcrmod

tns: Thccount€r bto b€ oopcrdodd$out 100 v rbow thc €djcr0rllold.



AepNrgrrrumUnhcnty Ccnhr for Dlrrco &drcrabr

Expt No: 14 IIALL PROBE
Ain:

1o ncerrc rlc rnajmic fdd tln4 Hr[ probc lilcrlroda

Appcntw:
Halt poobc. a crFrd of birrnr4t.5v botEry, Rtrodr of l0l ,tcrtcnoc ,'ton;rcr, rohnacr.

elccto mrgrt, key, sctar ,gugs.

Fonrdr:
Tltc lldl wffieinr of spcftm ir giwn b'

R. =g')L mj
" \lt )B, cololnd

^ (v,\ tBY '=tt,J& Tcah

Drpcrinat:

,(. **-

I

Irirtl*Y&ctiorl
V* brhcZdlrccrin.
l;htbX{iruioa
AAr-rlFtd
AeBD=d
ABCD' AtSrcrDr irthespocimri Inpleofmvwrnrytaepotrlimrcnrrmreldb

rncourc V* .



IIlB.$c'PfiYStCgPlf,Dn-f 2 Ail h!fG*

Erpcrheet Procldrrc:
ThcM|r bof&ehll pmbeis nrasrcdwidrarcrrwgnryedrcadttsserrhdrrd.

lbblc:

S.No curgrt lx
inmp

lldwheVll
inyolB

Medildbght tbnca&ridd$dtidrnrrtr.di,t.|rlld&o.thbrnaUbo&rboreor
grdnlly inocpcof.ronA{dcecb tbc6d{ c.ct *pt-ooeagnirngll|r 

"olre ;srend{vJ.
IbUc:

Gnpl:

S.No Plbh$.breding barLC BFdt

oDochrcd comctod

n*|-9l*r',c-_ffi



fAernfurrjuurhlcrly I CclrbrDltrrscEdrcrrbr

Crhrlrlirr:

l. llall oocficint ofthc pcdnm

^ntfir =--- cd

2.hcrd$oftcSginrm
!* crl

3. Slope of V"- l. cruvc

4.ltLgrllicffi

^ (v"\ t
"'-tTJ& ton

Precautionr:
l. }{agrtbpolcs*ould mbodarbodftughouttoerycim.
2.Anafuctdor-oddboct *odtoodrtrlbdncsl$.eltndry
3. Thevdta3etoatbpowreaflysardbc incrurod*wlyadrrdrlU&wirrbraifcoly
tcdanaged"

Ywr-Voce:
LWhdblhllcfttr?
A. wharanqmi: fiold bTpid pqDodnkb.qluilaryir|o@, tpcilirtdlftwc ir
dcvolopd bctu,slthcoppoo:lc d.lorofttcoodocbc
2. Onsrtrt&.tcsdootbdhodoofecHrll rchgodaradupcr?
A. TlrodircqiooofHrll wltfed*cu&qoto[nrtofCblecslc..
3.Vhdb:ftcCasofiblllohc?
A. eb&Lcruta&laeuiryntugeuttthddbdqrdc 6ddr. [bbfdlr*rdlli c
d.CIrohr
4. Whbthcumof&oglqbdrrwlb.nm tltrohpdC:uar?
A h ira Suait lho FdI ilrcngh&.c$n

whUta

-mV



Acirryr Nr$rllnrilhlvcntty I
- 
Cmrcr-IbFFffi FD|*rtior

Eltpll.lo. t5 ENERGY GAP OF A SEITIICONDUCMR USING
A.JT'NCTIONDIOITE

AIM : To deannirrc the band (enc4pr gap) in a scnicordrnor usng a pn junction diodc.

APPARATUS : A pn junctiotr diodc,r tlsrnomacr, a multincrer, conrrccting wirqplug
keyJrcrting arangcmcnt.

FORIITULA:

L=Acstr' wqcre

t -rcvenle sanration curreht

Eg-+ncrgr gnp ofthc diode in joulcs
K--bolanaru constant=l .3 gr l &23 JK
T--aholute tcmpemture

Log,ol. = log,o A - 0.!343 q I KT

subUrcting the valu of K and expressr€ Eg in electnn vol& rfe get ,

Logrol, = logro I - 5036E, I T

CircuilDhgnu:

TflEOnY: Lagrl, =c -5036f,glf .(inchc.boitnola)r td
nrisicY={D(+c&m 

.'s thcgr4hb.'nalogho y-uirod u r xrd ooX-uis giwsaffiigbrincadte
slope isdividod by5.036 it gi\€stbc urh,cofEgindo6ovotE

v-r
aJ.
e<T-'l

I
I

or\
E
5.
E.
1., r

c
Jqi - l;F=T=ffiJ-:lH:

V l-t:+::::tK::::l::lo
+ | - l: t:: : ' ltt:::: l:: I a



lO l$c,' llfYSlCS PAPER.a

Gltllllr

2 Encrgr grp ofr rcniconductot-

loc :fs
-, |s

.,T.

l- * ><tt'

AbBro l, = logro /, d fr ' bg l,

./t\ I I mttTJ=e-r, aDdE*=35!6

Abe,o(/.)

dT,,

oGIrvATloN& }ln. pcrmissrblc rewcr voltrge ttrc caa be adiod to the enjuctiort
diodF volr

with ' '' a(|)xro

S.No Tcopin

dc
Tcmpin

0ec

Rcv€rsc saErstion

orlrtrot w.hco

Averagc

Is

lbmp
imcascing

Tarp
dccrcasing

CAICUUIflONS: SlmofihrraDbm = Er inc'v'
5.036

PXSCATn|ONS3
ir)Tb.;il*",rrdbcpopcrlyrewsctfd"ttshouldbccuctullyandscnrp.loustyob6€rv€d"
iZifftnca,irf nqlsUctor ZS C uteadiodcisrrderywith grlttrsritnt"

itilb;rdwligp SouB bcquirbclow&cbftlldo*nrchgp'

tai rcarggofmF.ilrtodls$ouldbetl|(€oonlyrftcrTsanrinea*cadyvalw



rclrryr Nrgrrf unt Urlvcrdty Ccntor for llttne Educetlor

/IVAVOCE:
I ) If thc diode is madc up of Gc tlr trcating tcmp is bclow ?5 C why?
\rs: Othcnrisc the juction popertics will bo dcsboyod.
2) |rA c'EghKT Wbt arc thc vdvce of n for gcmradum ud iilicon?
{ns:For gcrmanium rl:.l for silico! n=2.
3) Why thc rcversc selraion cur&nt dcpords on reryanne ?
{ns:Is b d|r to difision ofminoritycbrgc crrien.Ik are rhcnna1ygpo€y11cd"Thodifrsion is
dro ta4rtuc dcpcndcof,Hcncc tr is bighly sooritive to tcmpraure 

"fanger.j) Why ehould th rcvcrsc biar be lcepn wll bclow thc brcakdovm votragcf
Ans: Thcn only tbe twcrsc sdtrdiol crrrrror ls rcnrains c@$ane.
i5) Wlich sbowg gratcr tcN|tpcatuir rruidion ofthc rcrrcrce sallfatioD curr![t our of gcnnanium
rd silicon diod€s?
Am: lt is gsrefurn which ahorrs gE*cr tcrnpmrc variation.
(6) Why thc rcv,crsc bias cuneirt is csllod revergc raturation cuncnt?
Ans: BecNusc the rcvcnp cunlnt bccomc sat$ited quickly wilh increase in thc reverse bias,
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