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Atomic Physics

1. Give the postulates of Bohr for his atom model obtain expression for

¢ radius and electron-energy of the n™ orbit. Explain how Bhor's atom

ydel successfully accounts for the hydrogen spectrum. (2017)
her Related Questions -

States the various postulates of Bohr theory of hydrogenic atoms. Find

¢ expression for the energy of the electron revolving in the n" orbit. Calcu-

¢ the energy of 1* orbit of hydrogen atom. (2016)
State the postulates of Bhor’s theory of hydrogenic atom and derive an
pression for the radius of n" orbit. (2014)

State the various postulates of Bohr’s theory. Derive an expression for
e radius of n" orbit of Hydrogen like atom. What is Bohr radius? Calculate
hr radius for hydrogen atom. (2012, 19)
ns. BohrAtom Model: -
Bohr assumed basically Rutherford nuclear - model of the atom and tried
overcome the defects of the model. He proposed two postulates.
asic Postulates: - _
) An electron cannot revolve round the nucleus in all possible orbits as
iggested by the classical theory. The electron can revolve round the nucleus
ly in those allowed or permissible orbits for which the angular momentum of
Mbe electron is an integral multiple of h.

Here, /i is the Planck’s constant - or rather, his original constant (h)
vided by 2nt:

| .
h=—"=1.054572x10"Js.
2n

h=664<10")s

These orbits are called stationary orbits and an electron revolving in
ese orbits does not radiate energy.
xplanation: -

For an electron of mass m. moving with a speed v in an orbit of radius

L=mvr = mr'w = nh. niscalled the principal quantum number. It tankes
legral values, excluding zero;n=1,2,3.4 ...

) An atom radiates energy only.when an electron jumps from a stationary
bitof higher energy to one lower energy. Ifthe electron jumps from an initial
Dt of energy E 10 a final orbit of energy E (E > E, ). a photon frequency
E B _
T isemitted.
h

he Bohr formulae: -

Ba m_.:d‘ on these postulates. Bohr derived the formulae for (i) the radii of

Visit us for more detail at : www.winsomepublication.in
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the stationary orbits and (ii) the total energy of the electron in the orbit, :

Consider an atom whose nucleus has o positive charge Ze and mass M
(Fig.1). For hydrogen, 7 = 1. Letan electron of charge (-¢) and mass m move
muhud the nucleus i an orbit of radius r. Since M == m, the Illl{‘rllﬂllH 19 station
ary. Hence the mass of nucleus does not come into the calculations,

The electrostatic force ol attraction .. EC-:T'}[- c) (
between the nucleus and the electron|  4ne, 1’ e g
The centrifugal force on the electron = mv¥/r il B
_ my’ | Ze’ ;
The system will be stable if r  dmg, ..(3)
) nf
According to Bohr’s first postulate, mvr=nfi or V= oo
,  n'h’
or Vo= TS {4}
mr :
Substituting this value of v? in eq.(3),
m(n'R*| 1 Ze
rimr’ ) dng, r?
" (4me,)h’n’
or 7me? LT e (5)-
y . ,' .. . - 4“5952 2
*-Radius of the n® permissible orbit for hydrogen =r, = i zsl)
' me
E =gond
Here the Bohr radius a, 1s defined as
- f-hreuff _ 4n(8.854x107)(1,055x 10y B
me’ .11 107" )(1.6x107%)? ' ‘
Calculation of total energy: -
The total energy of the electron in any orbit is the sum of its kinetic and

potential eperrgies. The potential encrgy of the electron is considered to b
o Whe'..' It1s atan infinite distance from the nucleus. PE ofan electron in an
orbit is given by the work done ip bringing the electron from infinity to thit
QRLEHIE AmORILO feTE inolasivay by integrating the electrostatic force of
attraction between the nucleus ang electron from the limits oo tor.

' r Ze LiTat
ppatedearn <[ Ly e

) _l____‘———-—._____‘____'__ _-______—\:
(L Visit us for more detail at: WWW.winsomepublication.in___
alat : www.winsor
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' E. ol the electron = i nn-: - Le o {?.:'
2 Sme,r
[ fromeq.(3). myv- =
' dne,r

Total energy of the electron in the n® orbit=E_=P.E. +K.E.

_Zﬂz . zc:" _ ___Z‘El
4me,r 8mer  8mer

Gubstituting the value of r from ().

—me'Z’ 1
= e (8)

E ey
"~ 32n’e;h’ n
As the value of n increases, E_increases. Hence, the outer orbits have greater

cnergies than the inner orbits.

Bohr's interpretation of the Hydrogen spectrum: -
If an electron 3umps from an outer initial orbit n, of higher energy to an

inner orbit n, of lower energy, as in Fig.2, the frequency ‘'of the radiation emitted

iF. glven h}l I'.Ir:!E”: -Eﬂljllllll-I i W.‘.—“E %
. me' | {7 n= npe \ '-‘.
E"; - y2n1 2 S P .‘ :
P i
‘s. i

-
“a
.

“ "
e : [ Z=1for hydmgen] '*-,:"-..___...*

T 32’6k ) S
E -E, Figure 2
P ] .
h
: 1
V= —[—nq—e—w—','_ —'l—' = “"} ....... {9}
64n'e, h |ny M

ned as the reciprocal of i1s

The wavenumber V T of a rediation is defi .
of waves contained m unit

wavelength A in vacuum and gives the number

length in vacuum. V = 1/p=vic

nuclear mass

£ Visit us for more detail at : Www.winsome ubhc¢
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Spectral sevies ol hvdreogen ntom:
(1) Lymuan series -
When an election nmps o seeond, third, o oete b 1 1y,

orbit . we get the Eyman series which lew i (e v ilet oo 1oy,

I
landn,=2,3,4, 5

(1
v=R |~ -i,]:n 2045,
LI n,
(2) Balmer series -

Whenanelectron jumps from outer Orbits 1o the second arbit o,

- 2:1;*'
n,=3.4.5.. el

- ] I

3‘:}{,{—;-——1 oo =S O . cle, f
2 n*

This series is called Balmer series and lies in the visible region of the specirucr,

The first line in the serjes (n=3)is called the | I, line, the second (n 4)the b

line and so on . ) "

(3) Paschen series -

;
Paschen series in the infrared region are given by n=3andn =4 55
ik
= 17 :
\:R_‘ ———|:n :41*}161? ..... efc
¥ o

(4) Brackett series- =
Ifn =4 and n,=3,6,7 ...etc., we get the Brackett series

_ | I
v By ( —1*'—'2-};“ =5,6,7 .
4" n° )
(5) Pfund serijes-
Ifn =Sand n, =0,7,8,....... we get Pfund series.
= i |
Wi R,_ [ T_-_‘TJ*H = 6;?18 .....
Nl

Brackett and Pfund series lic in the very far infrared region of the hvdrogen
Spectrum. By putting n = = in each one of the series, we get the wavenumber
of the series limit, i.e.. the lastline in the serjeg. The electron jumps giving s

to the different series in hydrogen are shown in fig.3.

—,

" ___‘:_‘—-— = =
| Visit us for morce detail at ; WWW.winsomepublication.in
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¢ energy - level diagram:-
me‘Z’
320 g,

vel diagram. Substituting the values of

I
The equation £ = = can be diagrammatically repre-

1ed. Then, it is called the energy le
e.x,and f we get for hydrogen (Z=1),

Jrp_ il 3 1944
T& Z _— f?I]X“} }“],fl:xlﬂ “ } : ZZIITE}XIH-]HJ
e, h 127 (8.854 %107 ) (1.055x 107"
' 21.76x10°"
(217610 oy 21366V
|.6x10 .

E =(-136/n")eV forn=1,2,3,.....

.......EI’&EEH :].'J

n-— oo
123 pH—-——" fund scries
n=73 l Brackelt series | 5]
[ Paschen series
=2 > =34
Baimcr series -
T
Lyman series -13.6
Figure 4
t The lowest energy level E, is called the normal or the ground state of the
uriiand the hlgher Cnergy |EV€]‘:. L | , . are called the ¢ weited stafes. As

ncreases E_increases. As n mcn:am, the energy levels ¢ crowd and tend to
Visit us for more detail at : www.winsome mbluatlun in
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furma continuum, . P "
k ln the energy - level diagram, the diserete energy states are repre " 5

" : een these states by vertical
by honzontal Tines, and the electrome jumps between these statey |:3 e
WMl by b TR ) . cdTrad ]
lines (Fig ) Fig 4 shows schematically how specteal lines are relate
byl g A B
energy levels

Q.. Whatis Compton effect? Find expression for the (_'{Lm[:l{im re:;:;t;;:,:
l):t;r'ihc the experimental verification of Compton relation’? I'

2 Juestions - . . :
(_:-‘hﬂ' i‘_::';‘:é ompton effect? Derive the expression for tl:nc ch?nge in waye.
tngﬂt of scattered X-rays. Describe its experminetal verification. (2014)

Q. Write the formula for the chunge in wavelength due to Compton g¢g;.
tering. Describe its experimental verification.

(2012
Q. Give the theory of Compton effect and briefly explain its experimenty|
verification. . (2018)
Ans. The Compton Effect: -

Compton discovered that when X -ray of a sharply

defined frequency
were incident on a material

of low atomic number like carbon, they suff:ered 2
change of frequency on scayering. The scattered beam contains two Wave-
lengths. In addition to the eXpected incident wavelength, there exist a line of
h:mhger wavelength. The change of wavelength is due to loss of energy of the &
incident X - rays. This elastic interaction is known as Compton effect.

In the case of incoherent scattering, a scattered beam undergoes pg; S

only deviation in its direction b also change of wavelength occurs, [n Compton

effect, there is a change in wavelength of the scattered beam along with the

change in its direction, Hence Compton effect is an incoherent scattering,
This effect was explained by Compton on the basis of quantum theory

4aE

fr

the X - ray proceeds w
lower frequency or 4

I

ith less than (e original energy (and therefore has s g
gher wavelength).

The inciden, photon with an Cnergy Ly and momentum hy/
electron at reg;.

momentum of the electron

massenergy, m ¢ The scattered

€ moveg off in g direction
The electron 5

angle ¢ 1o the original direction, T

¢ strikesan 1
IS zero and its initidl

The initig)
cnergy is only the reg;

photon of epergy hv
and momentum hyv'

e Wiz inclined at an angle 6 to (¢
onigmal direction.

“quires a momenyym mv and moves at &f

.

he energy oy

According 1o the principle of congery

; : 2ife
1erecoil electron is e’ (12
ation of energy,

hv+mc” = hy's me?
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1||-.ull.l"ln,_L the » and v components ol the momentum and applying the prn

1!‘1'- of consen ation of momentum,

IP = h: cos + myveosd .y
'\J
Incident photom X
—— e T 3
E=hv
ad 0= EE-::.in G—mvsind e (3)
N
from(2). MVC COS d=h(v- v'cosB) e @)
from(3). mve sin ¢ = hv'sin® e (5)
Squaring and adding (4) and (5),
mivie’ =hi(v = 2wy 'cosB+ v cos’ 0) +h?v*sin’ 0
=hi(v - Zw’cﬂsﬂHh‘v 5
:h“'lvz—h'v'cnsﬁﬂ*':) ........... (6)
Fromeq.(1), mc’ =h(v-v’)+ m,c’
mict = hi(v? —2ww'+v?)+2h(v-V Imge’ +my et (7)
Subtracting (6) from (7),
(%)

mic’ (e =v) = -2h*vv(1 - cos8)+ 2h(v - vm,e? +mye s

The value of m’¢’(¢® = v*) can be obtained from the relativistic formula

m,

———

" ,f(l—v:fc:)

H 3:.2
m, m, ¢

Squaring, m =

p

I-vifc? ¢ -V
mcl (e’ -v)=m,’c’ A9
From (8)and (9),
m ¢! = 2h’w'(l - —cos0)+ 2h(v-v)m, ¢’ +m, ¢’
[ Visit us fnr more detail at : Www. wmsumepuhllcutmn in )
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The change in wavel npth -« -
s refation shows that di i idependent of the wavelength of i, |

radiations as well as the nature of the seatter g substance, o) deperd.
the angle of scattering only

Case 1. When 8 - 0, cos 0 = 1 and hence d) = 0)

Case 2. When 0 - 90" cos 0- 0 and hence

h 6.63x10

YT e L)
me (91110 " )% (3x10) el 11

This 1s known as Compton wavelength,

Case 3. When 6= 180" cos 9
maximum value at § = | 80"
Experimental verification: -
Monochromatic X -rays of wavele
ing material like a small block of carb
received by a Bragg spectrometer and
Spectrometer can freely SWINg in an arc
the scattered X -fays 1s measured for
The experimental results obtaine
scattered radiation

=-land hence dj. = 2h/m ¢ =0.0485 A A has th,

ngth A are allowed to fall on 1 scatter
on (Fig.2) . The scattered X-rays are
their wavelength s determined. The
about the scatterer. The wavelengn

different values of the scattering any'.
d by Compton are shown in (Fig.3). In the

he incident wavelength (1), there exists i
gth ('), The “Compton shift”
angle al which the scattered rays aye observed,
Direction of Recoil electrop:

Dividing Eq, (3)by Eq. (4), we get

lang = — _h*_»*__b.m [i .

in addinion Lol

di is found to vary wih e

— - __V'sin0 N
hiv- v'cos () [V--v’cl;;[;_}” st
Using Eq. (10), we gel
-]—I = —l-+ -wh—-:;-{l “Cos ) - I o B b
v v ITIU(: o _F_ ‘_I'll,,l..“J 2 .
( Visit us for more duta_i_l_al:
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Unmaodified
rachatiop

n o

b ? Modhfied

-~ Brage
2 ospectrometer
" Scattered

o

: \radiation

= |35

X-rays \” ! s
et = ¢ 45
S-.at_lr.,rmg %Izscatmrcdf Z a7
Substance X O = j\
-ra}fb '.r c A
‘ 1 + o
nd - Path of .8 / P 0= 90
T e spectrometer L
monechromatic ; i\f
X-rays A
Wavelength —
Fig.2 Fig.3
v v
or v'= % B= 5 where B = hvl. .......... (13)
1+ ____vj_ 2sin’® - 1+2535'm2(~] Mg
m,C 2 2
Substituting this value of v'in Eq. (12), we get
vsin{}f[HZ[}sinz[gJ] Eﬂl[ﬂ]
. 2 2
tan g = - = 1+p)
{v —{vcc«sﬂf[l +2PBsin’ —]1}
2))
o
cot| -
2
ang=—7rm—"—~ (14)
hv
m,C

Kinetic Energy of Recoil electron: -
The Kinetic Energy of recoil electron is the difference between the ener-

gies of incident and scattered photons, 1.¢.

K.E.=hv~hv'
in’(8/2
K.E.=hv-h .uq = hv ZBSIH_ {1 Ll (15)
| +2Bsin~(8/2) 1+2Bsin”(8/2) :
Where B = hv/m,c”.
T_\_n_u_ua rl-lfri_n_'ll_l‘t'_di‘lﬂiﬁt T www.winsomepublication.in )




WSe, 0 News - Physbes 100 Paper - Unjy g | i
Q.. Deduce Moseley s law nnd show how It hiw heen utilized In remqy,,
some of the defeets of perfodic chassifiention of the elements. (2016, 1

A
Ans. Moseley plotted the square root of the frequencies ‘J‘#Jnl RgIven iy

CK) aganst the atomie numbers (2) of the elements emitting that line . Mg, |
obtamed a straght hine as shown in Fig. The same linear relation was founpg |,

hold good for any line in any series. He i‘nl‘lt‘hl(lud.lhl.:l‘ﬂiﬂl‘l?.lhﬂl atomic ny, !
ber (and not atomie weight ) is the fundamental property ol clements, !

\ [
The statement of Moseley's law: -

The frequency of w speetral line in X-ray spectrum, varies as the S uary |
of the atomic number of' the element emitting it or y o 22, Moseley’s law maj
be writtenas |/}, - a(Z - b) . Here, Z is the atomic number of the element an, |
aand b are constants depending upon the particular line.

&

Frequency

| | L 1 | .
0 10 20 30 40 50
Atomic number (Z)

Explanation, according to Bohr's theory: -
Bohr’s theory of hydrogen spectrum gives the frequency of a spectra

: ) I | ,
lineas v =Z° Rc(——,— ——2] - Here, R is Rydberg’ s constant and c the veloc
-,

ity of light.
K, line originates from the transition of electron from second to fir
orbit.
Now, n =1 and n,=2.
i 3 b N e

frequency of K _line = v = 7?Re¢ T =EL'RZ
This approximately corresponds to Mo
Importance of Moseley’s law: -

(1) According to this law, it is the atomic number and not atomic welt’
of an element which determines its characteristic properties both physica! ﬂ”
chemical. Therefore, the atoms must be arranged in the periodic table ai:ccrrdh;:
to their atomic numbers and not according to their atomic weights. This wou

seley’s law.

e |
(L Visit us for more detail at : www.winsomepublicationi?
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moVe somie discrepang e an the onder ol certam elements Trom the pewnt ol
wew of therr atomie weghts o example, argon AT comes before petas
am C N cobal o Co™ Y comes betive mckel N7 pete Sothe arrangs
sefi! 1 ST an the order o atomie samber
) Moseley s work has also helped o petfect the penodic table by (1)
¢dmooveny ol new clments ¢ g hatmum (70 illmom (61 ), masunom (4 1),
coum St and () the determination of the atonie numbers of rare

hs and Tiving their positions in the periodic table

) 4. Define Sterm and Gerlach experiment. (2015)
Wher Related Questions -

Describe Stern-Gerlach experiment. What interference is drawn from
« results? What changes would be observed in the resultant pattern if -

1) Magnetic field is made homogeneous.

ii) The electron spin were %H instead of %E. (2013)
) Giving the principle of Stern-Gerlach experiment discuss the results
1 detail. (2009)
). Explain the significance of use of a beam of neutral atoms and not of
ns in stern Gerlach experiment. (2011)
 Describe the Stern-Gerlach experiment and discuss the importance of
he results obtained. (2018)
ns. The stern and gerlach experiment: -

We have seen that the orbital and spin motions of the electrons in atoms
" dow the atoms with magnetic moments. Direct evidence for the existence of
agnetic moments of atoms and their space quantisation is provided by the
xperiments of Stem and Gerlach.
Principle and Theory: -

The experiment 1s based on the behaviour of a magnetic dipole (atomic
nagnet) in a non - uniform magneuc field . Ina uniform magnetgc field (B), the
ipole experiences a torque that tends 1o align the dipole parallel to the field I\r
he dipole moves in such a field in a direction normal to the field, wwill trace a

traight line path without any deviaton. In an inhomogeneous magnetic field,
atory force. I the atonie magnet

he dipole experiences, in addition, a transl
lies across such an inhomogeneous magnetic field normal 1o the tield direc-
ion. it will be deviated away from its rectlinear path. An expression for the
eviation produced may be obtained as follows

Let the magnetic field vary along the X - direction, so that ield gradient
is dB dx and is positive (Fig.1). CD s the atomic magnet (ot pole stength p,
length /. dipole moment M) with 1ts axis mehned at an angle 0o the hield
direction -If the field strength at the pole Cis B then the lield strength at the

(" Visit us for more detail at : www.winsomepublicationin |
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l"‘f A L] NAURE1L] tl-“-r I“‘l' I.Hllr i |
x I Ill‘“ll IhL I“Ill -1 [I
o ) I|I- 1""‘-Ill ‘I‘.l‘ ll‘ f{‘“ll A
l-‘ll Ll 1“ i[ ]’ d I J

and pl B+ ljnmwﬂ] Henee the atomic magnet experiences notonly i o,
R S |t

(= p/B =, B) but also a translatory force ;
Fo= @phms 0.
dx J
F
F, :EE”~ cos B — 1 r
dx "
Let V= velocity of the atomic magnet of mass m as it enters the field,

L = length of the path of the atom in the field and
U= the time of travel of the atom through the field = L/V,

I
The acceleration given to the atom a!nng_ the field direction, by the translator $
forceF is F / m. The displacement of the atom along the field direction, or 4
emerging out of the field is. f
JERTIRY % L
= —2- - 1" :E_'II.F_:'. 5
W o tt
_1dBp, cosh 2 ;
= 2_&;‘ = F ........... (2)
A .
p[B + (dB/dx)/cos6)
CAL0
PB _ ;
B+ [dB/dx] I cosd X
| Figure |
If pis resolved :
component of the Magnetic moment in the fielq direction, i
u.cos 6
aoldBpr
2d&kmv: (3) ?
" '
Experimental Arrangement; - ‘ .ﬁ\:
5_”1‘11"5'_}33}&11_13_"3“1_{}'_'5{_1I} Atoms of silver stream out om#
f:____\"nii us for more de@_il at @ wy 'n_{.'ﬁ"in—;n}ﬁ ..

epublication.in
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ngan the oven: 13y the e of slits Noand S i shaep dimear beae ol atom
amed These atoms then pass through o very imhomopencons magnet
I between the hhﬂpﬁi poles of g magnel M M A high degree of non
DI the magnetic field is produced by makmg one ol the pole preces
powertulel ctromagiet a ke edpe shape awnd other at with o peoove cot
oppostie the hmife "'\'*{F'*' “'111 -?U"\ll Fhe hines of Toree are cliae together at
hnife edge and the field there womuch stronger than that at the other pole
< “?lg':“‘”' The magnetie field s at right angles to the duccthion of move
Lot the atoms, Finally the atoms fall on a photographic plate ' The whaole
feementis enclosed in an evacuated chamber.
ults:- Wath no ficld. the beam produces a narrow continuous line on the

1- =1 o 5 b ,
e[Fig.2(d)). In terms of the veetor atom model, those atoms, with electron
s directed parallel to the

. magnetic field, will experience a force in one
chion. whereas those with

; oppositely directed spins will experience a force
he opposite direction. According to this, the beam of atoms should spl
' two beams 1n its passage through the inhomogencous magnetic 1+

ting of the beam into two parts of approximately equal infensity was i
‘observed in these experiments. On applying the inhomogeneous magnetic
d. it was found that the stream of silver atoms splits into two separate lines
2.2(d)]. Knowing dB/dx, L, V and «, 1 was calculated. [t was found that cach
er atom had a magnetic moment of one Bohr magneton in the direction of
field.

Oven 55. M F
— |
B _
M !'Ult" JHvL U
Figure 2(a)

Figure 2(b)

|"|L'|t|. L

o
A0
Faeld ol

Figure 2(d)

Figure 2(c)

' e, uss (he origin of characteris-
5. Sketch the pattern of X-ray spectra. Discuss (2013)

¢ and continuous X-rays.
ns. X-ray spectra:- —
Vit us for more detail at : www.w insomepub

lication.in }
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TR Utay
ray bty diflevent ol ptaal il the intensities of e e0ys e "
L] " i L ke
e target mnd detlerend pnh*nlu.uhhlh TR ; N "W ing
e et | wittile these piagih h "
foted apamst wivelenpth (i 1) Foprests | I1 ') N o |
o bl I i
g lqh 1. POV e s proomn s wlnte Pt Jon the applice 1)y g, -
s W A
e Lk l won The sham |'|.|,_'|‘||..u <how the line on chane weesdie oag,, »
shaip peaks ane s i

g i 1 i § H |I1IL| Wl
Ihe hine speviva are absent, nllthe 1P g greater than o part Fvalue 1
i LA ¥ I
ves represent the contimious spectinm. |he PO i, |

.\n}.\\lhh VATYVINE v . y T t '
lines on the continuos hackgronnd consiitut the charncterishie spectey,
VMain featurcs of continuous \-ray specirm:: :
(1) For cach anode potential, there 154 minimum wavelength (2 yhelew,
o radiation is emitted, Above (his enitical value, the intensaty of the rady,
increases rapidly with inercasing wavelengths and after reaching a mas
decreases gradually. The intensity never reaches 7er0 's'htlwlﬂl-'. that the ryq  E
tion contains all possible wavelength above the minimum limit
fl
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Passing through the o s obtimed (Fig.2) This empirical law ol

and Hunt is expressed analytically as

: ; oV = kv _h-:

Whay,
;‘l. miin
d uane-Hunt Ly - Statement:-

;, The short wan clength limig (A,,) ol the X-ray spectrum is inversely
TRTODO & £ Y 2 - :
Proportional 1o patental (V) applied across the tube terminals,

ch

-"n . * mm o

AV
n, "

3 E\planation:-

eV is the K.E. of the

electron strikin

then, ev = |

bombarding electron | f the
onverted i
Vi According 1o Einstein’s

entire K.E. of the

g the target is ¢ nto the energy of the X-ray photon,

theory. ,
B Vi =2
! 1l Jn'u\ = eie
; }Ll'l'lll'l
£ he he
v:"h 'E\.'l’ - Dl' }umm = — 0]- :*"I'I-"nl'l v & "1_ 3
Tin EV V

: Most of the electrons that
of their energy in this way. Therefore, most of the X
%_ﬂelungm than & _ . Thus, the continuous spectrum

verse photoelectric effect, with electron kinetic energy (
-
into photon energy (hv).

Characteristic X-ray spectrum:-

There are two methods of producing characteristic X-
1) The characteristic X-rays of an element can be
18 the target in the X-ray tube and thys subjecting it to direct bombardment by
Hlectrons. For each larget there is a minimum potential below which the line
ipecira do not appear. This critical P.D. below which the line spectra do not

ppear, s different for different targets. Molybdenum shows up the line spec-
faonly ifthe P.D. isabove 35 kV.

2) Characteristic X-rays of an element can
X-ray s from a hard X-ray tube to fall on the element. The primary X-ray must be
1arder than the characteristic X-rays 1o be produced.
The peaks obtained in the X-ray spectrum (Fig.3) give us the line
pectrum which is characteristic of the element used in the target. The group of
dsines of shortest way clength is called the K-series. Usually two lines of this
werics are detected. These lines are termed as K,and K lines in the order of
~lecreasing wavelengths. The next group is called the L-series of longer wave-

C Visit us for more detail at : www.winsomepublication.in

generate X-ray photons give up only a part

-radiation is of longer
18 the result of the in-
eV) being transformed

rays.
excited by using the element

also be excited by allowing primary

)
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This can be : , )

—— Uf.s;aﬂxht: ulldCrhlf.}IId im terms of Bohr's theory. Suppose an qtall

L“|Ectmbn . 'n::]nm .'Edilubt IS h:lamburd{:t‘r by a high-speed clectron and &}
filled up I; an ¢ L{L ﬁ'%icunc.y is created in the K-shell. This vacancy v&

y an clectron from either of L, M or N shells or a Lt ™ o

) i

pUbhi ]U ”'I:H'l!‘-HEIUI'I‘& Can re Ul |
- Lin th i oS ; . . I
¥ 5 | Ku.. K]" ]II'lLb ﬂﬂd the |I[1]J|II"IE.! hine Siny ¢

the longer wavelength L-series :
the ¥ ngth L-series onginates when an L electron 1s knocked vt
1e atom, the M-series when an M elec : ' (
e i electron is knocked out and so on (! 1!
same target are of di 1f|- me”.w.”"'_gp‘-‘flru and line spectra both enitied BY |
: different onigin. The continuous spectrum is the esultol!
R |
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inverse photoelectne effect, with electron KLE being transformed into photon
energy hv The line spectrum has iis ongin in electronic transitions within
atoms that have been disturbed by the incident electrons.

Fig 7 shows a charactensiic spectrum superimposed upon continu-
ous spectrum

Q.6. Write down semi-empirical mass formula and explain the physical

significance of cach termin it. (2012,19)
Other Related Questions -

Q. Write semi empirical mass formula. Explain its various terms. (2014)
Q. Write short note on semi-cmpirical mass formula. (2018)

\ns. Semi-empirical mass formula:-
The mass M of a neutral 21om whose nucleus contains Z protons and

(A - Z) neutrons is given by

MA=ZM +(A-Z)M, + /M - E

=M. HfA-LFM B, g (1)

where L (sometimes wnitten as B) is the binding energy. may be regarded as
being made up of a number of terms. cach of which represents some general
charactensuc ol nucler. Von Weizsacker in 1935 obtained a formula, known as
semi-empincal mass formula. for ¢ypressing the atomic mass of a nuchde. in
terms of a senies of binding energy terms. [t 1s of great importance in nuclear
stability problems. Its vanous terms arc as follows. -
(@) Volume binding energy:-

The neutrons and protons arc held together by short range attractive
forces. These forces reduce the mass of the nucleus below that of 1ts consutu-
ents by an amount proportional to the number of nucleons A. Since the volume
of the nucleus 1s proporhional to A hence this term may be regarded as a
volume binding energy often called exchange energy. and is given by

E=aA asis M)
where a_1s a proportionality constant and the subscript v is for volume.

(b) Surface binding energy :-

Since nucleus 1s finite, some nucleons are nearer to the surface so that
they interact with few nucleons Thus the binding energy E 15 reduced by an
amount proportonal to the surface area of the nucleus ol radius R as the
nucleons on the surface are less ughtly bound than those n the interior. For
Lieht nucler nearly all the nucleons are at the surface, while for heavy nuclel
about half the nucleons are at the surface Thus the surface energy 1s analo-
gous 1o the surface tension of a hquid. 1t 1s proportional 1o R-or A-".
of E=-aA )
where a 15 the proportionality constant and the subscript s means surface
STy ’

(¢) ¢ oudomb Energy -
The only long range force in the nucler 1s the Coulomb repulsion be-

\ isit us for more detail at - www.winsomepublication.in j
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dq - p, v de lli;.'\ 1

Hence the work in bringing this charge dq from ity tor aganst the chiar,

on the sphere of radius s

4 =
30¢ P L% p
—— drx= S e dr
R.A dne,r dme RVAS

Integrating from 0 1o R (= R A") we have work done against Coulomb repul
sion or the loss of binding energy E_due to the disruptive Coulomb encrgzy.
3 g Z

E= - - et — _.a
" 4 143 L I3
S4ne,R A A

REBP. £ .1

where a 1s a constant and the subscript ¢ designates Coulomb Energy.
(d) Asvmmetry Energy:-

Study of no. of neutrons (N) and protons (Z) of stable nuclei shows th
fornucletwith Z + N upto 18, N -Z =0 or + 1, with the exception of hydroge
and He', ie.. there is a sharp tendency for neutrons and protons to pair up. A
tZ + N)ncreases, nuclear forces do not increase much, but repulsion increase
with charge. So proton increases in number less rapidly than neutrons, the
feavy nucler have more neutrons than protons. Complete theory of this asym
meiry term is shown in schematic diagram of nuclear energy levels near
hfghr:ﬂ filled levels separated by the same energy A. Keeping (N + 7)) constant
Hwe remove a proton from level 3 and add a neutron to level 4 N - Z become
2'. :.nd.lhe_ energ) has increased or E, has decreased by an amount 3

: st A tor the second). We thus
this process that the transfer of (N'- Z)/2 nucleons decreases the bindif

energy 7\ i I
.]Em h}. anlnm_uum AN - Z)"/4. Since A decreases as A increases, hend
decrease in binding energy

find as a generalization®

foaog N8 (A=)

1*\ : A r{'l",
I

_____Visitus for more detail at : www.winsnmepublicatinn.iﬂ,,)




BSe U™ Yenr - Physdes 11 Paper -~ Linkt 119
where a s a constant and subseript a s for asymmetry
L) = .

Neutron Proton
stales slales
R i
e e Bt = o
& W o
. 5
e I"E

Figure 1- Schematic diagram of nuclear
energy levels near the highest filled level
(e) Pairing Energy:- ‘ _

F The nuclides with even numbers of protons and neutrons are the most
abundant and most stable. Nuclei with odd numbers of both neutrons and

. protons are the least stable, while nuclei for which either proton or neutron

- number is odd are intermediate in stability. To take account of this.pairing

. effect an additional term is used. Conventionally this term is taken as zero for

' odd- A, -5 for odd-odd and +8 for even-even nuclides, On the basis of more

. detailed analysis. we have § = a A’ “** where a_ is the pairing energy constant.
Hence we have

! E =0 for A odd, Z even N odd or Z odd N even ,

: E =a /A", for A even, Z even and N even,

. E = ra /A, for A even, Z odd and N odd.

) tiagmn} energy -

é When a shell is filled by having either the number of neutrons or the
number of protons equal to one of the numbers 2, 8, 20, 28, 50, 82 or 126 which
are known as magic numbers, a small local maximum in E, as a function of A
oceurs,

R B a A

. where a_is known as coclTicient of magicity.

' Collecting together the different stability or mass correction lerms we
can write Werzsacker’s semi-empirical mass formula as;

M =M+ (A-ZM, -a At aA” ta ZZA a(A- ZZPA F uFA i

This mass formula does not include closed shell effects or the magicity
energy term. Experimentally it was observed that the mass ol any 1sobar having
£ or N equal to any magic number lics about | or 2 MeV below the value
predicied by the mass formula, So we have to add this term to avoid the
discontinuities in masses at the magic numbers.

The five constants of the semi meum, 1l mass formula can be evaluated

= B e T

L Visitus . for more detail at: w v.“.mnsomepuhllcatmn.m ]
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where S and D are the shell effect encrgy and the nuclear deformation cnerg
terms respectively. Mozer found coeflicients as
a a
060 2263

|)A-1I3 4 an{A E 22]?ﬂ| 1

d i

15,29 15.76
Q.7. 'f;'f'rite short note on Sommerfeld’s Relativistic model. @01
Ans. Sommerfeld’s Relativistic Atom Model:-

Introductitn:-

According to Bohr, the lines in the hydrogen spectrum should €&
have a well defined wavelength. Spectrographs of high resolving power showe
l.lml.llw Ha. H.and H ans in the hydrogen spectrum are not single. Ea
:pm.:.ml line actually consisted of several very close lines packed t0g

1\chelson found that under high resolution, the H_ line can be resolved I
Lo lose components, with a wavelength separation of 0.13 A. Thisis call?

= e'-:rriucmm of the spectral lines. Bohr’s theory could not ex |ain
__Visit us for more detail at : m.wlnmmepuhlicnti@

e structure

To explam the observed
introduced 1o mam modification
(1), According W Sommerfeld. 1
general, s an ellipse with the nu
Fohr are a special case of this
(2). The velocity of the electron
ably are different pans of the ¢
mass of the moving electron |
yariation of the mass of the cic
relativistic atom-model. Letus
Elliptic orbits for hydrogen:-

Consider the clectron 1
(N}, Its position at any instant
& (Fig.). Inthe case of circula
penodically, namely, the angle
the case of elliptic motion, 10
radius vector r also vanes perit
the momenta associated with ©
Bohr's quantum condition. T

jp,dq: =n,h
n, is called the angular or az1
guantum number n_and n L
where n 1s the principal quas
3,....Elc

To determine the allo
grals in the eq,{i]and{ii] T
¢ is merely the angular mom
from Kepler's law, s a cons
0to 2m,

Ip'd'#' = n.h or
1]

A

Fvaluation of tﬁp,dr =nh

Now, momentum along the

dr = m—didr=m
Now P4 =14

_ 1 0¢
]u[ pﬁ_mr dl
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fine structure

To explain the observed fine structure of spectil Hnes, Sommerleld
introduced o mam madifications i Rohe s theory
(1). According to Sommerfeld, the path of an electron around the nuclens. fn
general, 1s an ellipse wath the nuclens at one of the foci The cirealar orhits o
Bohr are a special case of this
(2). The velocity of the electron moy mg m an clhiptieal orhit varies consider
ably are different paris of the orbit. Thas canises relativistic variation i the
mass of the moving electron. Therefore he ook into account the relativistic
variation of the mass of the electron wath velocity. Henee this is known as the
relativistic atom-model. Let us first analyse mathematically Sommerfeld’s theory
Elliptic orbits for hvdrogen:-

Consider the electron moving in an elliptical orbit round the nucleus
(N). Its position at any instant can be fixed in tenms of polar coordinates r and
¢ (F1g.). In the case of circular orbits, there is only one coordinate that varies
periodically, namely. the angle ¢ that the radius vector makes with the X-axis. In
the case of elliptic motion. not only does the angle ¢ vary but the length of the
radius vector r also vanes periodically. as shown in Fig. We have now to quantise
the momenta associated with both these coordinates (¢ and r) in accordance with
Bohr’s quantum condition. The two quantisation conditions are

[pdo=np ... (i) and [pdr=nh ...

n, is called the angular or azimuthal quantum number and n is called the radial
quantum number. n_and n, take only positive integral values and n + n = n,
where n is the principal guantum number. [t can take the integral values 1, 2,
3.l

To determine the allowed elliptical orbits, we have to evaluate the inte-
grals in the eq. (1) and (11). The momentum p, corresponding to the coordinate
¢ is merely the angular momenturn p of the electron in the elliptic orbit and this,

from Kepler's law, 1s a constant, 1.¢., p, = p -~ constant. Integrating eq. (1) [rom
Dwln

j pd¢=nh or P, =

L)

Evaluation of f}p,df n h

nh

E-IE- il

. di
Now, momentum along the radius= p, = m-

di
Now pdr= mc—ﬁdl 1! U | d¢ - nu[ Y } iy dd
d Cdg dt ) dd dd

de
1

P, =My —
Rut lj 4t

( hil_t us for more detall at : \_-rww.wimumci;uhllruliun.hl
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where a 15 the scama)od axis and i 1 the occentny
Taking logarithm of eg (viand differcntiating.

g.i11) now becomes P,

c£|ne :
eprun ~ (V1)
|+ecosé
£ sin- @
p.dr = :P,dﬂ v
{l-gcose)

£ sin” ¢
————de=nh VI

R a——

(1=gcose)

.—'

The imegra! | = ]ﬂ_q’__d@ can be integrated by parts.

2 (1+ecoso)

J.u:h' = m‘-jvdu

Letu=g<iné. du= £ cos¢ dé and

Then I=|

zero. Then

|r

i 1
d\':-%d¢ Eﬂlha{ T S M
(1+ecosé) 1+&cosé
P T L -
gEsmng | _[ ECOSQ do
l+ecosé !, 7 1+ecosd
On substitution of the limits of integration, the first term on the R-H.S. becomes
v LL{}‘;¢ )
b l|d
J L.!+£ms¢; , '
dé 5
l+ocosd is a slandard mlegﬁl whose value works out to be —‘_]1
o ll —

=2 i amamapsed {l\.]

NOw, eq.(vii) can be written as

Visit us for more detail at ; www.winsomepublication.in |
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¢
2ap, o nh

nh . h |
or —— 5 ~n.h=n hsineep, o0 : ;I 1x)
| i ) =10,
i
n n
# 4
N, = —————==n, OF N +N, = -
e 2
[I £’) (I -1 ]
But,n 4+ n_- n, the principal quantum number,
2
- M WL ;
Hence, n= — o |l-g=— (x1)

(1-¢") n

: b I - , i : &
Forancllipse | -&° = b*/a” where a and b are the semi-major and semi-minor axes
respectively.

Henge, =T ==3% or

ng E n,
a n a

n
Eg.(x1) 15 the condition that determines the allowed elliptical orbits. The al-
lowed elliptical orbits are those for which the ratio of major and minor axes is
that of two integers. When n, = n, b =a, £ = 0 and the orbit becomes circular. n,
can not be zero, since the ellipse would then degenerate into a straight line
passing through the nucleus. Also n, can not be greater than n, since b is always
less than a. Hence for a given value of n, n_ can assume only n different values,
which means there can be only n elliptical orbits of different eccentricities.
Another notation:-

In this notation, the value of azimuthal quantum number n_1s described
by the letters, s, p, d, f, etc. The value of n_corresponding to these letters is 1,
2. 3.4 etc., respectively. In this notation, the orbit determined by n= 3 and n, =
| is represented by 3s. Similarly 4d will represent the orbitn =4 and n = 3.
Total energy:- _

The total energy E_of asingle clectron=FE =PE. + K.E.

-7’
4me,r

The PE. is

The K.E be writ | m [dr | +‘Frd¢ w
i can be written a 5 3 T J

-

]

H
Jr ]
- radial component of the velocity and r[EJ = transverse component of

Ji

\ isit us for more detadl at @ ww u-ainsumepuhﬁcatiun.in '1
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-1 " l: f ; v die "J
E = .__Z'i_+_| m (_dl] I-LIE!ITl } .........lllll] "
" 4ne 2 dt
dmg,r 2| dt ) .
It can be shown that |
b
A7t
E. == ‘I"‘l"-\_'?_.]dl_': : nav) v
- 8g h™ /0’ ’
We find that the expression for the total energy is (he same as that obtained by
Bohr. This means that the theory of elliptical orbits introduces 1o new enery,
levels, other than those given by Bohr’s theory of circular orbits. No ney,
1

spectral lines. which wou
hecause of this multiplicity
find a solution to the problem of fine stru
the variation of the mass of the electron with velocity.
Sommerfeld’s relativistic theory:-

The velocity of the electronina c
ity of the electron in an elliptical orbil varies,
and a minimum at the aphelion. Furthermo

Id explains the fine structure, are to be expected
of orbits. Hence, Sommertfeld proceeded furtherto
cture of spectral lines, on the basis of

reular orbit is constant. But the veloe.
begin a maximum at the perihelion
re this velocity is quite large

1 oo p
[:: —-—c). Therefore, Sommerteld modified his theory, taking Into accoun

137

variation of the mass of the electron with velocity. He showed that the relativ-

istic equation describing the path of an electron is

i 1 +ecos W "
r a(l__i;l) ......... (KV] ','
where y° =1 ——-2-"— |
16n’cp’c’ s
The path of the electron given by eq.(xv) IS a

rosette - a precessing ellipse . i.e., an ellipse
whose major axis precesses slowly in the
plane of the cllipse about an axis through the
nucleus (Fig.).
It can be shown that the tota 2 Ivisti

| energy E_in the relativistic theory is,

. _z—_[ 3 } ]

8e:hin®  8eZh? ;:_Z ot e XVI)

: 'U:
L11 I"'-u'il: ' e N _..I_'

Je.ch 137
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| gisa dimensionléss quantity andhls called the fine structure constant. The first
| (e in eq.(xvi) is the energy of the f.-:lcctrnn in the orbit with the principal
| quantum number n. The second term is the Sommrleld relativity correction.,
This term shows tha_t the energy dUFS depend on the azimuthal quantum num-
ber 1, This results in a splitting of the energy levels of the atom, for g giveri
value of n, into n components, corresponding to the n permitted valyes
Fine structure of the H_line:-

H_ line is due to the transition from n = 3 state to n = 2 state of
h},.dmgen atom. -

For n = 3, there are three possible energy levels corresponding to the
three values ofn,; 1, 2, and 3. Similarly there are two possible energy levels for
n= 2. Theoretically, six transitions are possible:

3,523,253, 2,53, 5233 5 2; 3, -2,
and they are shown in Fig. *

Actually the H_line has only three components. To make experiment
and theory agree, some of the transitions have-to be ruled out by some selec-

of n..
L

the

tion rule. The selection rule is that n, can change only by +1 or-1,i.e., An, =*I.

There is no such restriction on An. On the basis of this selection rule,there are
only three allowed transitions. In Fig., the allowed transitions are shown by
continuous lines and the forbidden lines by dotted lines.

= : 3
; % E Y 2]
1:" Y _ ; 2|
Figure
Q.8. Describe vector atom model and explain various quantum numbers.

(2011, 18)

Ans. The vector atom model:-
Introduction:- ;
(1) Bohr's théory explain only the series Spectd i thf lf::spil:i;: g::::‘;lg:s[:
atom. It could not explain the multiple structure af_‘ spectra llanatimi S i firic
hydrogen atom. Sommerfeld theory was _abie fo give an ﬂggmme_rfeld’s theory
structure of the spectral lines of hydrogen. Howevet, " lines. Moreover, it -
could riot predict the correct number of the fine Smtl‘ctthu; s, Sommerfeld's
gave no infortiation about the relative mtansn;lels kzli ° als like sodiurm
theory S Tl explain the complex spectra © .a ew discoveries like Zeeman
(2) These older theories were inadequate to explain

uhlicatiun.]n
( Visit us for more detail at p
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~spectral lines could b lit
atark Effect in which the spectral limes could be SPULUP under the
Effect and Stark Eft sJectric ficlds.
_ « o maenetic and elec ;
influence of ;“‘*:_ECL of the Bohr model was that it could not
(3) Another dra n an atom were distributed around the nucl
e ‘n1‘|15 I . . 4
ﬂrb!mrTlfirimthre. in order to explain the complex Spectra o
relation to atomic structure, the vector atom mg
distinct features of the vector atom r_rmdel are: N
(1) The conception of spatial quantisation, and
(2) The spinning electron hypothesis.
(1) Spatial quantisation:-

explain hoy, the
€us.

del was intrﬂduced. The twg

model”, (o which vector laws 5 . ed vectorg 13 called the vector atom
According (o the older theories, the elec. Spin angular momentum

(ron was supposed to haye only orbital motion P.=sh

round the nuclens Hence, only (e orbital ap,

gular momentum and orbital magpe,

and a spin
magnetic moment. Hence the total angular mq.
mentum of an atom should be the Vector sum of

the orbital angular momentum and spin angular .

momentum. Similarly, the total magnetic moment Figure

( Visit us for more detail at : www.%
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ild be the vector sum ol the orbital nnd Spin mn
rs associated with the veetor atom made)..-
{pal quantum number (m):- This is identical with e
; wteld theory. The serial number of the ghellg
Bohr-S¢ « is designated as its principal quantum number
.in“c““;}:-ltl;cs ~xeluding zero. Le.n=12.34.
| ;-hital quantum number (/):- T!‘liﬂ may take any integral value 0, | 23
! 0D, Thus. i€0= 4 [ can talfc the It‘lur‘v‘llhtcﬂﬂ, 1,2,3. By convention. an
| eiecm‘“ for which /=018 c_allecl s electron; if /=1, p ulu_:clrun;,-' 2. d electron:
=3, felectron etc. The orbital angular momentum p ,of the electron is given by

p =10

4

- According to the wave mechanics, p, = [I(H1)]"h

(3) The spin quantum number (s):- This has only one value, s = 1/2. The spin
' angular momentum p_=sh where s = 1/2. According to wave mechanics. p,=

[s(s+ 1] h

(4) Total angular momentum quantum number (j):- It represents the total
' angular momentum of the electron which is the sum of the orbital angular

per - tnke g . 39
Hnetic my nnenty,

one used i
starting from the
(n). 1t can 1ake only

------

: int'l.‘b‘-nl
() Theo

iy

~ momentum and spin angular momentum. The vector ] is defined by the equa-

-+ — = —*

tion j = I+ s with the restriction that ] is positive. The spin angular momen-

tums = ilz, . j=1%s, plus sign when s is parallel to / and minus sign when s

is antiparallel. Thus for /=2 and s = 1/2, j can have the values 5/2 and 3/2 (Fig.).
The total angular momentum of the electron =p; =) -

. According to wave mechanics, p; = Ji(i+1)h.

To explain the splitting of spectral lines in a magnetic field,
quantum numbers are introduced.

three more magnetic

f + 4
! : s=1/2
- g=1/2
r f j=15/2 *
[=2 =2 j=32
: - Figure . i of the orbital
' tion 0 :
($) M‘Elletlc orbital quantum number (m,):- The ﬂﬁfﬁe m;gnetic orbital

Auantum number / on the magnetic field direction is ca it
c L]
Visit us for more detail at : www.winsomepy
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quantum number m . The possible values of m are x
L1V 02 0=) 20 e, there re (214 1)
possible values of m . This is illustrated ip Fig. for
I= 3, The angle 0 between [ and B is given by cos
8 =m /I. Conversely, the permitted orientations of
the | vector relative to the field ditection B is also
(204 1). For example, if /= 3, the permilled orienta-
tions of / are 7, for withm =3,2,1,0,-1, -2, -3,
Hence, the [ vector tan take only 7 directions shown
in Fig. / cannot be inclined to B at any other angle.
This is known as ‘spatial quantisation’,
(6 ) Magnetic spin quantum number (m,):- This is
the projection of the spin vector s along the direc-
tion of the magnetic field. The spin angular mo-
mentum (s} can assume only two possible posi-
tions with respect to the magnetic field: it may be
parallel to it or antjpar.a]]el. m, can have only two
values +1/2 or-1/2, as tlustrated i_n figure.

(7) Magnetic total angular momentum Quantum
number (m.):- This is the Projection of tota] angu-

gk = £ 2
( j=lx 2) Hence, M, must have only odd half.
integral valyes, '

i j . y2i+1) values,

il afmj W o - F1g. shows the possible
Notes:- ' |

state of the electron apg capital Jetterg LS
and S, P, D, F, G, etc., are e

used to describ
state of the atoms as whole, o b

' . Figure
Q.9. Write short note on characteristic X rays [1I}1[I
Ans.  Characteristic X-rays are emitted when outer-shel| electrons fill "
( Visit us for more detail at : WWW.Winsomepublicationn |
——OMepublication.in__~




' high-energy particles, which can be photons, electrons or jon
" tons). When the incident particle strikes a bound electron (the

B.Se, 11" Year - Physie
¥ales 111 pﬂl“l_r - ”n" I

in the inner shell of an atom, m!c“,ﬂi“g X-rays in Pattern that jy v
cancy ltl‘tc" o cach element. Characteristic X-rays were discoye
E:“]teni ]Barklﬂ in 1009, who later won the Nobel Prize in Physic

ove

in 1917,
eryl Charact: ristic X-rays are produced when an element is

- 1!’
lL'I'];jr_
red by Charjeg
s for his discoy.-

ombarded with
S (such as pro-
target electron)
fthe atom. Afier
nergy level, also

in an atom, the target electron is ejected from the inner shell o
the electron has been ejected, the atom is left with a vacant e

" known as a core hole. Outer-shell electrons then fall into the inner shell, emit-

' ting quantized photons with an energy level equivalent to the energy differ-
ence between the higher and lower states. Each element has a unique set of

' energy levels, and thus the transition from higher to lower energy levels pro-

duces X-rays with frequencies that are characteristic to each element. When
an electron falls from the L shell to the K shell, the X-ray emitted is called a K-
alpha X-ray. Similarly, when an electron falls from the M shell to the K shell. the
X-ray emitted is called a K-beta X-ray. Sometimes, however, instead of releas-
ing the energy in the form of an X-ray, the energy can be transferred to another
electron, which is then ejected from the atom. This is called the Auger effect.

(Q.10. Discuss tl;e Frank-Hertz experiment and explain the significance of
result. How does it differentiate between ionization potential and resonance
potential? ! (2009)
Ans. The Frank-Hertz Experiment:-

1

node

id1 - Grid 2
Gn n x

. [Cathndr:

(a)

(b)

2 ange
Figure - Different 817 Hegrtz tube

- s hlicntlun.iu )
[ detail at www.winsnmepu
Visit us for more @ .-
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We have seen that the existence of discrete r‘i*cqucncmn In atrfmlr
radiation is proof of the existence of discrete energy levels in fttumai:f:ﬂ: Idleg
that Einstein's equation E = hv is accepted. But in 1914, James rank an
Gustav Hertz obtained direct evidence of the disuraten?s's of atomic enery,
levels, in an experiment which displayed the effect of cnllfsmns between atop,
and electrons. Bven though radiation was not involved in the transfer of en.
ergy, the results showed that the electrons lost energy in discrete amounts jy |
inelastic collisions with atoms. Thus it was clear that the process was goy.
emned by the existence of discrete energy levels in atqms. This is another g -
those classic experiments which are now performed in most undergradua |

laboratories; it won the 1925 Nobel Prize for Frank and Hertz. ¢
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The hasic idea of Frank-Hertz ev‘*l’ﬂrimem dper -

: ence 1o fig(a)- Electrons in a vapor-filled tube

I.,ﬂwntial V.. After passing Grid 2, the electrons are retard

Loltage v, between grid and anode. A meter in the anode ci ed by a

current produced by electrons which reach the anode [fthzzlee
’ €r

3 : 2 area B x ¥ A . -
- present, an increase in grid voltage V... should always resylt

are accelerateq by

feversed
asures the
: € no vapor
IN an increase i
ppens when the
eeded to excite 5

1

current, as it does in any vacuum tube. The same thing ha
yapor is present, as long as V__ 1s smaller than the energy n
[ yapor atom from its ground state to its first excited state, Byt “ ypon
I creased, eventually the accelerating potential gives ElECtT{);lS a kiisctic'“ 18 in-
equal o this excitation energy. At this point, electrons are able to loge :zzrgjr’
in inclastic collisions which excite atoms of the vapor. After Sﬂt?hacollisionrg
electron can not overcome the retarding potential V , so many electrons do not
reach the anode, ﬂ.l'ldd the current falls. As Vm is increased: still further, the
current increases again, as illustrated in fig., but it falls again when V__is large
enough so that an electron can make two inelastic collisions with atoms of the
vapor. Fig.(c) a whole series of drops in current, equally spaced at intervals of
‘about SV in V__, indicating that the first excited state of a vapor atom must be
about 5eV above the ground state; this result is In reasonable agreement with
other observations: the vapor atoms were mercury, for which there 1s spectro-
scopic evidence that the first excited state lies at4.86eV. ;

The first drop in current does not occur at about 5V. but at 6.6 or 6.7V
instead. The extra 1.7V must indicate the work function of the cathode (or more
and anode); the kinetic en-

precisely, the contact potential between cathode ;
ergy acquired by the electrons is reduced by the amount of Energ: “Eig&d ::1.
free an electron from the cathode. Second, you S€¢€ th_ﬂt all of ¢ : IHEFEZF}"
current can be attributed to excitation of the first Exmtaj f.;a ::iﬂc;te the first
. Apparently when the ‘electrons reached the energy neEd:um that they do not
excited state, they collided to quickly with_ a merclL_l'Yhar energy 1€
have time to acquire enough energy 10 excite any Mg id potentials Iike

ly, b
happens when the electrons are accelerated sIOW' ntfals li

1Ir’_ttllatg-: V_ . was large encug v was suf ici 4
Fise to that line. When the valu€ Ot Fac o nd st

b ; id pote " nt
those of Fig.(b). But with an arrangement Ofﬁf, ﬂg can See additional eure
= : _ . )

- Fig. (a), the electrons gain encrgy F"f“ﬂ‘ = nergy levels: spec

drops which result from excitation of hlghe_r.a Jhservations and (h¢ ]"?:ted

| To make the connection betweer tht:hfhg gpectrum ugt ﬂ;rln:. ectra
tra doubly certain, Hertz in 1924 Dhservedl_e prﬁmahc {)-cﬂﬂd:_ yntil the
- Mercury vapor in such a tube. He saw lhal. T..1.;, jine did S Eia d to give

5 : @ gIve ; e
lines depended on the value of V,mf dﬂgﬁ: state WP ch e, the atom i
h to excite iently : y sun g cdses: ¥
t

excited emitted the line in falling ba otential)’
:.‘i I{,“. : ) Dﬂn[‘e _'_,_‘,_o—'-"'-
er excited state). potentisl O Reffx-fﬁ"ﬁ'ﬁ'lﬂiﬁ*“""m

tial (Radiation ——Thseme

Excitation PutL/_,//_'.-w win!

Rra Fa .. e nlﬂl"f" dEt




the basis of the Boh
o According to Bohr’s theory, the 4"

On shows that the spectra) lin Sl
from an orbit of principal quantun n

number 1. Further, there appear in &
- » HICTE appears in Eq, (ji . 5
easily be explained if we consider (1) a factor (2 - 1) instead of

Wl Yenr - physics 1T Paper - Unit 1 -

[ to raise an atom from its norm,
tial of the state,

B.Sc. ]!

e
Its require
oy i alectron VOIS ek !
he energy mn eleet s
' > n excited state 18 called excl
glate into an <
Jonisation Potential: - |
Jonisation potentid

{0 remove an electron froma

may be defined as the energy require

‘the atom : .
| ol -"m[:m-hiim an infinite distance from the nucley:
give

¢ Moseley’s law and show how it has been utilized i
v ‘

Q.11. State and deri ekt heriotic classification of the elements. (2014

removing some of the

. Moseley’s Law:- o - |
Ans The study of the characteristic X ray spectra of different elemen;

was undertaken by Mazzley in 19 13-14. He used 33 di‘ff'en:nt elemri':nts as the
targets of an X ray tube. Using an X ray spectrometer with a crysta Umeﬂ'
sium ferrocyanide, the reflected rays were recorded on a photog_raphm E[a[r
instead of receiving them in an ionization chamber. The spectral lines emitte:
by these elements were observed to belong to two distinct series, a shor
wavelength group belonging to the K-series and a relatively large wavelengt
group belonging to the L-series. 5 S
Moseley found a striking regularity in the spectral lines of each series
The spectrum emitted by each element was found to be identical with that @
the other except that the lines had different wavelengths. It was further foun
that the frequency of any particular line in a series varied regularly from om
element to the next in-the periodic table. On plotting a graph between th
square root of the frequency of any particular line in a series (say the k_lin
wh!ch Is the most intense in the K-series) and the atomic number of the ele{‘men
emitting the line. Moseley obtained a straight line (fig.). He thus conclud¢
that the square root of the frequency of any particular spectral line is propo

:;mal to :LhE alumit:‘ number of the emitting element. The relation is known:
oseley’s law and in mathematical form, it is expressed as

f=a(z-b) (i)
:;im\jhaﬂd b are constants. For the K, line, the value of ";1‘“'4#35 found to be
o ’ t:jrc R is the Rydberg constant and ¢ is the velocity of light, whereas !
_ ound to be nearly = | Thus eq.(i) reduces to 1 |

3 J
:[ ——.ZRc{z_]J-
or F:RC(K—I):(_]._L_L]
I:-I 2:. ------ .'1
Eq. (ii) is simj (i)

lar to the formulg fo

rh 5 ‘ . ved ¥
I atom mode] ydrogen spectral lines derived”

¢ K, is emitted when an electron u;:::‘
umber 2 ; incipal QU™

to the orbit of princip This?
I

: the orig; ine. A fast 790
Visit us for more Wﬂf the K _line. A 151
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incoming electron knocks out an electron from the inner-most K-shell, causing
a_?facancy there, which normally contains two electrons. The K-shell is thus left
'fmth one electron only. The electron jumping from the L-shell to fill the vacancy
in the K-shell moves in an electric field of the positive nuclear charge and the
negative charge of a single electron still left in the K-shell. The net charge is
equivalent to a positive nuclear charge of magnitude (z - 1)e.

Jf

—

Atomic number :

Figure - A graph between the square root of the frequency

and the atomic number of the emitting elements
Importance of Moseley’s Law:-

At the time Moseley performed his experiments, the elements in the
periodic table were arranged according to their atomic weights. The atomic
number of an element merely indicated its position amongst the elements ar-
ranged according to their atomic weights and had no physical significance.
Moseley found that a straight line between ~/f and z for various elements
could be obtained if the order of nickel and cobalt as it existed in the periodic
table at that time was reversed. Nickel with an atomic weight 58.69 was listed in
the periodic-table earlier than cobalt with atomic weight 58.94. Moseley fqund
that these elements fitted his law if cobalt of higher atomic weight was given
atomic number 27 and nickel of smaller atomic weight was given atomic number
28. Moseley thus concluded that there is in the elements a fundam?nli}l quan-
tity which increases regularly from one element to the next1n the periodic t?bLﬁ,
The quantity is the number of unit charges in the positive nucicusduht e
number of elements outside it. It has been named an atomic m;mlf'egaﬂ:: = asa
definite physical significance. Hence the importance (:f M;sfi ;}; F;t ol
o Moseley’s work thus led to the important conclusion e T

' icht of an element which determ
number and not the atomic welg Lics. As a result, all the ele-
characteristic physmal sl chepuice U or.ding to their atomic num-
ments in the periodic table were rearranged acc

ber and the'pusitidn_ 0 S cﬂrrgztl:lr;ems
e Moseley’s law also pre

til then. For example, the regu}ar S

showed a gap at Z= 43, showingt

which was discovered later.

f several element
dicted the existence O
equence of po
he existence 0

undiscnvered un-

gthe straight line
chnetium,

~ Visi
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M
Y. Disenss 1S and D=0 conpling sehemes in an ntom, m'”'l,
Q12 Diseww] .
Ans.  Conpling Seheme: -

I an atom having two or more electrons, the orby,
Al s i :
) ' " iy i i 11'hcr |TI IW'
onta of all its eleetrons can be added toge
spin angular momenta of all 1

The method of combination depends on the interaction or coupling

CINCT] e . P P
the orbital and spin angular momenta. Two types of schemes have be
¢ ¢ e " :

oped. They are (1) L-8 coupling i Russel-Saunders coupling
oped. They ¢ L
couphng.

(1) L-S coupling: -

gy
P Wity
hr:lwm:,l
€N ey
and {1y th &

The type of coupling which oceurs most G g
frequently is the L-S coupling, In this type,all -~
the orbital angular momentum vectors of the
various electrons combine to form g resultant
L and independently, all thgir spin angular mo-

mentum vectors combine to form a resultant
L and independently, aj
a resultant S, These res

Figure1 |

their spin angular momentum vecto
ultants L and S
momentum J of the atom

. This scheme may be summarize
S=2s;J=L+S L isal

rs combine to fory
rm the total angula

d as follows: [ = b
Ways an integer including zero. $ is an integer for g
enven number of electrons, angd, odd multiple of 1/2 for an odd number o
electrons (figure). Hence ] must be an in

nd J must be an odd multiple of

then combine to fo

Wi that, when L>§, T can have (28
S, ] can have (2L + 1) values, In particular, if L=0,Jcan
have only one valye namely ) =S,
2 Electrons 3 Eleci;mns; "4 Electrons
g . S_‘ S»:. SJ
B | sists) [3hshs)sts
3, S 45 ; S, S, S,
: g,
e o
S=1,0 32,172 2,1,0
(2) The j-j coupling: -
This method

is employed when the inte
bital vectors of each

electron is stronger th
the spin vectors or the

orbital vectors of the
SPin angular momenta of each

resultant angular momentum of

Thue ]I '_-.-?i +§i

raction between the spin and or
an the interaction between eithe
different electrong. The orbital an:

electron in the atom are -added to obtain (¢
the electrop

The vector sum of a| the.individula j vectors gives the total angulgfltuil"
mentum J of the atom, Thyg ] =¥ J- This type of coupling exists mainl?
heavy atoms, e
- (L Visit us Tor more detait at T wwwawinsomepubiicationds
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Figure 2

. Application of Spatial quantisation: -

The resultant vectors L, 8 and J representing the atom, can be obtained
by the above coupling schemes. According to quamtum theory L, S and J are
qunatised in magnitude and direction. Hence the number of permitted orienta-
tions of L, S and J with respect to a given field direction are (2L+1),(28+1)
and (2J-+ 1) respectively. The corresponding magnetic quantum numbers m, =

2mom=2m,andm =3 m,, can have only (2L + 1),(2S + 1) and (2J + 1) values
respectively. :

Numerical

Q.1. Find the wavelength of the Photon emitted when the hydrogen atom

goes from n = 10 state to the ground state. (2017)
Ans. For any state corresponding to n in the hydrogen atom, you get
13.6
E e
2

Where - 13.6 eV is the approximate ground state energy of the hydrogen atom.

‘ | ] 11 ]
—_ = — —_—— — :-—136 e ——— :—13464

So, AE=13.464 1.6%107T=21.54x10") |
In E=hv -

1n-19
o 2L34xI0 T 5049105
6.63x10 s
but ¢ = v (c is the speed of light)

L) ]
50 _ 3x10'm/s  _ 59933x107 m =9233A

"~ 3249%10"%s™!

V. Find the maximum speed of the elec-

Q2. A reytubeoperdieastl = .www.winsumepuhlicatiﬂmin

( Visit us for more detail at :
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n = 9.1 x 1o kﬂ. (:hﬁrge of
|

trons striking the anode (mass of electro
(24

tron = 1.6 x 10°"* C).
- 0 34(0) (} g
12400 ¢ _ 12400 4 1 03A

A’ win R =
Sol. ' V(‘v’uh] 12x10°
riking the anode is given by

Maximum velocity of electrons st

_eV=12x10%V = 12x10" x1.6%10 b

;‘ "“-1:“1

. g 19
v =\[l___ﬂ___——~3"“‘ x1.6x10 " _ 4.59x10"m/s
9.1x10"

AN

Q.3. Find the Bohr’s radius of hydrogen atom. (2
Ans s [ = ___r.]_zt_]—z——-
. " 4n’mKZe’

For hydrogen atom, radius of the first orbit is given by

(1) (6.63x107" )z 0
ny = : _=053A
4n?(9.1x107 )(9>< 109)x 1x(1.6><1:0‘”)

This is called Bohr’s radius.

Q.4. AnX-raytubeis operated at an anode potential of 10 KV and an ai
current of 15 mA. Calculate the following -

(i) The number of electrons hitting the anode
(ii) The minimum wavelength produced by the X-ray tube.
Sol. Given V =10x10°V and ] =15x10°A

per second.

1 15x107 | |
(i) Forcurrent=ne or N=-—= m—S-ﬂ-—- =9.38x 10'® electrons/ s¢
e Lex107™”
- 12400i 12400 g 124;
1 i ST = =1,
(.l) e 1010’
Q.5. Calculate the minimum wavelength of X-rays generated by the
operating at 30 KV. (2
the kinetic energy (eV) should be con¥

Ans. For maximum frequency,

into an X-ray photon.
Thus hv=eV
( Visit us for more detail at : www.winsnmepuhlicati_n__ﬁi
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vzﬂv"__ 30x10%eV 725 10"
= - [ L '8
h  4.14x10 eV ~5 ’
Now for minumum wavelength ¢ = vA
c 3x108 s

== = : Bl
then A S =0.4166x107" m = 0.4166 A

\

S s === s — e,
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[ Magnetic Proeerties Of Materials

Distinguish between diamagnetic, paramagnetic and ﬁrrrnmuun

Q.1

substances. Give an account of Langevin's theory of diamagnetisy,

Hlllm- [

the susceptibility of diamagnetic substance in independent of temperyy,,

Other Related Questions -

{2

Q. Show that the susceptibility of diamagnetic material s Indepen
of temperature. (20
Q. Differentiate between paramagnetic and ferromagnetic Substap,
(20
Ans.
S.No. | Diamagnetic i Paramagnetic l-'t.-rrumnum-li;
material | material __materja)
1. Magnetic There 15 no | There 15 | There i
moment permanent permancnt OGO Y
dipole dipole moment | permanen
moment  {or) | (or)  magnetic dipole  momen
magnetic moment i each | (or)  magnetic
moment in | atom moment im each
- cach atom | _laom
2, Spin ' No spin AL spins are | Spin alignment
alignment ' randomly 18 parallel in the
orented - Ssame direction,
|
;3 Susceptibility | Susceptibiity | It 15 alwu:,.fs_- It i always
and 1ts 15 always | positive and | positive  and
lemperature | negative. It 1s | small. It s very large.
dependence | independent of inversely i
the proportional 1o | £° T-0
lemperature absolute . .
andF:rnengm of | temperature of (Curie-Weiss
applied the material. law).
magnelic field. I c |0 For T > 8,
e '{.UFI = T paramagnetic
behavior.
; (i) For T < &, |
' ferromagnetic
behavior.

Visit us for more detail

at: www.winsomepublication.in
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F4. | Behaviorof | When the | The maghetic | The g netic
| material in m'.m‘rinll i lines of lorce are | lHnes of force #re
the presence | placed o the | atiracted towards | highly — attracted
of magnetic | magnetic ficld. | the centre of the | towards the |
ficld. the  magnetic | material, centre ol the |
lines of force | By, = B material,
are  repelled B, >> B,
' away from the
’ | malerial. B,
| | s Bm- - .
I 0o {1
- T Fo o . el il
> Relative u, is' slightly | p, is  slightly | p, is very much
magnetic less than 1. greater than 1. greater than 1. p
| permeability =) s
: (k) : | B
6. Examples Hydrogen, Aluminiumn, Iron, Nickel,
bismuth, Platinum, Cobalt,
| antimony, Sodium, Gadolinium.
gold and super | Titanium,
| conducting Zirconium  and
| materials like | Chromium.
Niobium. |
Langevin’s theory of diamagnetism:-
Consider an electron (mass = m, charge = e) rotating about the nucleus
(charge = Ze) in a circular orbit of radius r. Let o, be the angular velocity of the
electron.Then
F, = ma;r = Ze’ f’[4rrsﬂr2)
=
| zcz .
or W, = II__—jii ........ [1;'
\f 4me,mr
The magnetic moment-of the electron is
- ew, , € 3 i
m = current xarea = ——X " = 3 0, T cevenne(11)

Let a magnetic field of induction B be now applied. B is normal to and into the

page (Fig.)

An additional force F called Lorentz force, acts on the electron.

F, =—¢(vxB)

~ The condition of stable motion is now given by

—eBro

C Visit us for more detail at : www.winsomepublication.in ]
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; e
mra”’ = —— = cBro (i)
doe, 1

y 8B Ze’
or o+ —p-—-y=0
m 43&:‘,1111

Solving the quadratic equation in o,

I

£ ey 2
-eB . [(eB Ze S
e )l = 4 =g :
m m dme,mr , [¢B eB
s = T ——2 -

2

W=

FRETI. [ L. mu] e iV)

2m
Thus the angular frequency 1S NOW different from @,. The result of establish;,
a field of flux density B s to set up a precessional motion of the electry;
orbits with angular velocity - (¢/2m)B. This is called Larmor theorem. They

or

change in frequency of } eB

=dn=———
revolution of theelectron 4nm

The corresponding change in the magnetic moment of the electron is

Am . rrent X reé ax[-EB x Tt Be'r
= current x area = ===
X am (v)

On summing overall electrons in the atom, the induced moment per atom i
comes ¥ ' i
Be* Zr2
4
Let N be the number of atoms per unit volume. Then the magnetisation M!

given by
NBE ro
M= Z ....... (vi)

Am, =-

A0

All the electron ﬂrblts are not oriented normal to the magnetic field. Hence r!
Eq.(v1) should be replaced by the average of the square of the pmjectlﬂﬂ

orbit radii for various electrons in a plane perpendicular to B. Hence we shal
replace r* in Eq.(vi) by 2/3 1%,

v Bl
6m

Volume susceptibility of the material

[- ‘llﬁlt us fﬂr ['I'IﬂrE dpfﬂi} R o BB | T et e A T e "R |- SPAner Bl gy :I‘I
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M Nlh*’lr’ ;L‘,Nt'1Zr’
e B oot N R
H omH O .
gNe i e e
= bm L NZ<r' > (VI

Eq. (vii) shows that x is independent of the field strength and lemperature.
This is in accord with Curie’s experimental resulis.

Y]
Electron Electron

/
Fy

- Figure

Q2.  Classify the materials on the basis of their magnetic properties
obtain an expression for the magnetic susceptibility of paramagnetic materi-

als. What is Curie temperature? _ (2015)
Other Related Questions - .

Q. Describe diamagnetism. _ (2016)
Q. Write short note on diamagnetism., (2013)
Q. Describe the basis of a classification of diamagnetic, paramagnetic
and ferromagnetic materials. ‘ (2012)
Q. Discuss the properties of a paramagnetic material, (2019)
Ans.  Diamagnetism:- '

H=0 H=H,

QOO0 00
Q) Q QO e
. OO0 O © 2eE B

M=0 M is negative

(a) Figure (b)
¢ The individual atoms of a diamagnetic material do not possess a perma-

nent magnetic moment (Fig.a)
»  When an external magnetic field H, is applied, the atoms acquire a small
induced magnetic moment in a direction opposite to the direction of ap-

plied field (Fig.b).
¢  The strength of the induced magnetic moment is directly pmpumonal to

(" Visit us for more detail at : www.winsomepublicationin )
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the applied field H . |
e The induced dipoles and

magnetic field s removed.
e  Diamagnetism is a property

applied magnetic ficld on the

Properties of diamagnetic materials:-
(1) Permanent dipoles are absent. There is no permanent dipole moment,

e Antimony. bismuth, mercury, gold and copper are some examples of di,
magnetic substances.
Diamagnetic Matenal

magnetization vanish as soon as the app;,

of all atoms because of the influence o,
motion of electrons in their orbits, '

1 I
Perfect §

1 diamagneti F
“matenial ,

(

G d)
X Figure [ i
agnetic material placed in an external magnetic

(2) Fig.(c) shows a bar of diam .
e are repelled or expelled. The field inside the

field. The magnetic lines of forc
material is reduced. :
Fig.(d) shows the behaviour of a perfect diamagnetic material in the

presence of the magnetic field.
e Diamagnetic materials repel the magnetic lines of force.

o The magnetic flux density B is less inside than outside.

(3) The magnetic susceptibility is negative (x <0), i.e., magnetisation opposes (-
the applied field. Magnetic susceptibility is independent of temperature and
applied magnetic field strength. .
(4) Relative permeability is slightly less than unity (u, < 1).

Paramagnetism:- .

(1) In the absence of external magnetic field - The individual atoms of para- y
magnetic material possess a permanent magnetic dipole momnient of their oWn |
(Fig.e). I
o Each atom possesses a permanent magnetic moment. g (¢
e  When H = 0, all the magnetic moments are randomly oriented because ol ir

t?e ceaseless random thermal motion of the atom. So the net magnetiza- ((

tion M =0. K
(2) When an external magnetic field is applied:- When an external magneti
field H, is applied, the magnetic dipoles tend to align themselves in the direc ©
:;?n of the magnetic field (Fig.f). The individual atomic dipole moments point '

e same dIII'ECtIDI'I, The material becomes magnetized. This effect is called &

paramagnetism. : 2 h "
e M tisati ; o |

i jig“ﬂ;f::tb(m M and magnetic field H are in the same direction. Sinc®

/ 'H. the suscepiibility ¥ is positive. '

([ Visit o .
L-m-.. - it us for more detail at : “’W'W.WinsumEpuhlicatiﬂﬂE
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*  Examples of paramagnetic materials:- Platinum, aluminium. ferric oxide.
ferrous sulphate, nickel sulphate, etc,

Al

H=0 H = |
Atom Alon

COOR0| |8000e

QOO L0000
@ISICISIS SIZISISIS,

M= M=+M
Figure (e) Figure :I}
Properties of paramagnetic materials:-
(1) Paramagnetic materials possess permanent magnetic dipoles.
(2) In the absence of an external applied field, the dipoles are r';andamly oriented.
Hence the net magnetization in any given direction is zero.
(3) When placed inside a magnetic field, it attracts the magnetic lines of force

(Fig.g). The field lines get concentrated inside the material, and the field inside
i1s enhanced. This enhancement is slight, being one part in 10°. '

Paramagnetic materia)

e
e
]

[ —

—_—

>

5
_ —
— 1
Figure (g)

(4) Paramagnetic susceptibility is positive and depends on temperature.

* ¥= ? 15 Curie’s law.

c . i
y :l"_—_ﬂ 1§ called Curie-Weiss law,

Here, C is Curie constant and 0 is a constant called paramagnetic Curie .
' temperature,

' (5) The value of the paramagnetic susceptibility is
independent of the applied magnetic field strength. \? [ % /

(6) Spin alignment is random (Fig.h). Figure (h)
Weiss theory of paramagnetism:- %

| Weiss introduced the concept of internal molecular field in order to
~ explain the complicated type of dependence of susceptibility. In a real gas, the
molecules are mutually influenced by their magnetic moments and conse-
quently, there should exist within the gas a molecular field. This field produced
atany point by all the neighbouring molecules, is proportional to and acting in
the same sense as the intepsity of magnetization (M). Let this internal molecu-

__ Visitus for more defail at : www.winsomepublication.in ]
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lar field be H . Now |
H=AM i) il
Here, A 18 nlmlecu}ar field coellicient. ' :I:
Therefore, the nel effective field should be -
H =(H+H) | "
Here, H is external applied field.
Following the Langevin theory alon

leant ‘_Nmzl-‘n(H 'FM P
O KT '

g with this effective field,

Here. N =number of dipoles/unit volume,
m = magnetic moment of each atomic dipole,
k is Boltzmann’s constant and T is the absolute temperaturc.

Rearranging the terms, we get

| Nmph N’y H
3KT 3KT

Let C=p,Nm?*/3kand @ = C2. Then we get

M[]-E]:Eﬂ ‘
T T .
i M 3 G i)
e Ee———me e ke 1
H T@_ﬁ) T-

4

0
Here C is called the Curie constant.
0 is called paramagnetic Curie point or the Curie temperature.
Eq. (i1i) is called Curie-Weiss law.
Below Curie temperature (T < 0), susceptibility becomes negative; ¢
paramagnetics would become diamagnetics. However, for most of the par
magnetic substances, Curie temperature is quite low so that a situation
which T < 0 1s rare.
Ferromagnetism:-
e Ferromagnetism is the existence of a spontaneous magnetization, even'
zero applied field. Ferromagnetic materials have a small amount afmagr;etisa!"'
even in the absence of an external field. This indicates that there is strof

internal field within the material which mak :
. z 5 'Lh . I
align with each other. ¢ atomic magnetic momet

« When placed in a magnetic field, f; ik

plac s » Ierromagnetic materials be rOng
Fnagnctlznd in the direction of the applied field. The direction o PO b
e o SAmB ASTREEEBE sstorm] Ford : irection of magnetizal’

Origin of ferromagnetism:-

[ lif.rriﬁmagn::tism arises due to
18It us for more detail af -

permanent magnetic moments 11 !

WWW, Wi ication.i
Wwinsomepublication.in
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atoms or molecules of the material, Whe
netic moments line up in (he
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nanexternal fickd is applicd, the

" ’ IFr
same divection ns that of the applicd ficld

Examples of ferromagnetic materials:-

Iron (Fe), Cobalt (Co), Nickel (N1), and Gadolinium (Gd),

Properties of [crromagnetic materials:-

()

@)
3)

4

(5

(6)

Y

All the dipoles are aligned parallel to ea

. - ch other due to the g
interaction between any {wo dipoles magnetic

Fig.(i) shows the dipole ali
rromagnet W L ‘ pole alignment,
Fe gnetie materials have permanent dipole moment,

When placed inside o .
| f : nside a magnetic field, a ferromagnetic material attracts the
magnetic line of forces very strongly (Fig. j) ;

Ferromagnetic
material

| E."in i it

| Figure (j) -

They exhibit magnetisation even in the absence of a magnetic field. This
property of ferromagnetic materials is called spontaneous magnetisation.
Ferromagnetic materials exhibit the phenomenon of hysteresis.

On heating, they lose their magnetisation slowly.

The magnetic susceptibility () of ferromagnetic materials is very highand -

depends on temperature (T). :

B

Figure (i)

» As temperature increases, the value of susceptibility decreases. - .
» The ferromagnetic property depends on temperature. At high enough tem-

peratures, a ferromagnet becomes a paramagnet.
The temperature of transition from ferromagnetism (o paramagnetism is

called the paramagnetic Curie temperature 0. |
The susceptibility above the Curie temperature, .e., in the paramagnetic

phase is described by, :
C (i (2)
r=—7(T>9). y is.very; . C
=8 large i\ *TT-0
Here, C is the Curie constant. 1 |(Ferro |
For T > 0, paramagnetic behaviour. region) i
For T < 0, ferromagnetic behaviour. s
Fig.(k) shows the variation of suscep- . regien)' _
tibility with temperature for ferro- ¥ ! e
magnetic materials. - o T
(8) The relative permeability K, of ferro- . Figure (k)
magnetic materials is very high. The
.winsome ublication.in

detail at : WWW
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Antiferromagnetic materials:-
* Antiferromagnetic materials are crystal-
lfne materials which possess a small posi-
tive susceptibility of the order of 10 to B

10, (D sviininai
. Cﬂr_tsider an antiferromagnetic crystal
containing two types of atoms A and B ol

distributed over two interpenetrating lat-
tices (Flg-ﬂ Flglll"{f (H

B atom occupy the corner points of a body centered cubic lattjc,
A atoms occupy the body centres of these cubic lattices.
The atom at A-site has its spin up.
The atom at B-site has its spin down (Fig.m).

A-site B-site A-site B-site A-site B-site

e LTI

Figure (m)

The spin alignment of adjacent sites (A sites and B sites) is ir
antiparallel manner. Hence their intensity of magnetisation is equal and of
site resulting in zero net magnetisation at T = 0K. Thus the susceptibilit
antiferromagnetic materials at 0K is zero.

Above 0K, the alignment of spin magnetic moments in A sites ar
sites are varying in a different manner. This will lead to a positive and s!
value of susceptibility for these materials. | '
Examples:- FeO (ferrous oxide), MnO (Manganese oX
oxide) and salts of transition elements.

Definition of Antiferromagnetism:- :
e If the A and B sublattice moments are exactly equal but opposite, the
moment is zero, This type of magnetic ordering is'called antiferromagneti

In antiferromagnetism, the magnetic moments of sublattices in T’
cell are equal in magnitude but opposite in direction. So they cancel each?
giving rise to net zero magnetization.

Variation of susceptibility with temperature of an antiferromag
rial:-

Fig.(n) shows the variation of susceptibility with temperature.
« The susceptibility increases with increasing temperature and it reach
maximum at a certain temperature called Neel temperature, T

(—_ Visitus for more defail a : www.winsomep ublicationin
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| X OoCT when T - 1

The material i:e:miil'crrumugwlw helow l',q

Ty == Neel tempernture

T Antiferromagnetic state g ol

T2, Paramagnetic sinte - i
pnetce slate T

smsmsssssmmma=
L

| Figure (n)
* With further increase in lemperature, the material
reaches paramagnetic state. Above Neel tempera-
ture. the susceptibility decreases with temperature.
- !
= 2

T+6 , Figure (0)
Here, C is the Curie constant and 0 the paramagnetic Curie temperature.
Properties of Antiferromagnetic materials:-
(1) Electron spin of neighbouring atoms are aligned antiparallel:
ment is antiparallel (fig.o).

(2) Antiferromagnetic susceptibility depends greatly on temperature,

I.e., Spin align-

Magnitude of | Temperature Examples
; Susceptibility | dependence -
'} Small, 1 T when T< Ty, FeO (Ferrous oxide),
" | positive C MnO (Manganese oxide),
f i T+ whenT > T Cr,03 (Chromium oxide),
+b it
_ Salts of transition elements
Ferrimagnetism:-

Ferrites and their applications:-
» Ferrimagnetism is a special case of antifer-
i romagnetism in which the opposite magnetic
moments on each of the two sub-lattices are
not exactly equal. Thus, when spontangous
. anti-parallel arrangement of spins occurs, the
material has a net paramagnetic moment and Figure (p)
" hence, a net magnetization too. This is called
I' ferrimagnetism.
In ferrimagnetic materials (also called ferrites) such as MnFe O, the
~ magnetic moments of adjacent ions are antiparallel .and of ITIH‘EE|LI3| strength
(Fig.p). So there is a finite net magnetisation. Ferrites exhibit spontaneous
magnetization below the ferromagnetic Neel temperature LR N
2 The general chemical formula of ferrites may be written as XY,Z, w!}ere 3":15 a
divalent negative ion, Y is Fe™,and Z is mostly the divalent oxygen ion, O™, A

(" Visit us for more detail at : www.winsomepublication.in . )
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|' familiar example is Fe O (or Fe'be,"0,7)
Structure of Ferrites:-
A ferrite cryst
The mineral spinel 1s MgAlLL,.
Fig.(q and r) shows the regular

I has the spinel structure.

spinel structire.

al site)

A site {retrahedr
Figure (9)

Mliysles 11 Paper

'.llH ||

D I .
B site {Octahcdrai site)

_@J

@ Divalent
Figure (1) -

(1) Eachdivalent metal ion is surrounded by O% io

For example, in Mg* [F e, 10,
It is called A site. There are 8 tetra
b\ (2) Each trivalent metal ion (Fe™)
fashion as shown in fig. (q). Itisca
in the unit cell.

lled B site. There are 16 octahe

e
-

metal ion @ Trivalent metal ion +. Oxygen ion

nsina tetrahedral fashu
> the structure of Mg®"is given in Fig/|
hedral sites in the unit cell. g

is surrounded by 60% ions in the octahe!f
dral st

(3

(4

gy

]

e  Thus inaregular spinel, each divalent metal jon (Mg'') exists ina tetri |

dral site (A site) and each triw;lenl metal ion (Fe**) exists inan octahed

site (B site). :
s  Hence, the sites A and B combine together to form a regular spinel fer’
structure as shown in Fig. (r).
Properties:- '

(1) These are metal oxides, but not metals.
(2) These materials exhibit hysteresis property.

(3) They are insul i - :
3 ators with very high electrical resistivity (~ 10" ¢2em B

- T Visit T at: w
(____Visit us for more detail at : www.winsomepublication.in___
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4 consequence, there will be no eddy ontrent loss s usially noted with
tron, at high frequencies

4) High microwave dielectrie constant (- 101012 ) (low dielectrie Toss)

5 | aonetic e

(5) A high magnetic permeability (500 - 1000) for the mixed Ni-Zn forrites
k?\'l“_-,hh'lwl*v,t'ld‘r ot low frequencies and 10 al Iifgeh frequencies (= 300
MH2),

Applications of ferrites:-

1) Ferntes are us . -

(1) Ferrites are used to produce low trequency ultrasonic waves by magneto
SIre E 1 n g - i
stricnon principle. Further these are used in the electromed hanical trans
ducers.

(2) h}Tth rods are uscd in radio receivers (particularly in medim wave coil)
to increase the sensitivity and selectivity of receiver

=, -+ -y - L " . R ) 4

®) ]fhmrtb like Nickel Zinc ferrites are used as cores in audio and T.V. trans-
formers.

(4) Since for ferrites eddy current loss and hysteresis loss are small at micro-
wave frequencms, these are widely used in non-reciprocal microwave de-
vices like gyrator, circulator and 1solator.

(5) Ferrites are also used in digital computers and data processing circuits.
Normally here ferrites with rectangular hysteresis loops are used as mag-
netic storage elements.

(6) Based on nonlinear tensor permeability property, ferrites can be used in
devices for power limiting and harmonic generation.

QJ.  Obtain an expression for the Larmor frequency of electron when

placed in a magnetic field of intensity _ﬂ . (2015)
Other Related Questions -
Q. State and prove Larmor’s theorem. (2014)

_Ans.  Larmor precession:-

, When an atom is subjécted in external magnetic field, the
electron orbit or orbital angular momentum precesses around about the field

axis or direction. This precession i called Larmor precession, and the fre-

i._; quency of this precession is called Larmor frequency.

Explanation:-
; A rotating electron in an orbit behaves as
i, behaves as atomic dipole whose magnetic moment amli gular )
~p,and L respectively. Both p, and L operaten F}ppusne dlrf:ctmu Pﬂrﬂﬁﬂ .IILl.l:
g lar to plane of electron rotation as shown in Fig, When this atomic dipole 15

placed in magnetic field B, then a torque (1= xB) acts on It which is
* perpendicular to angular momentum. The acting torque causes & change in
it i i of change of angular momentum

aneular momentum because IL1S equal to ra :
(1 E T_ dL/dt; dL is change in L in time dt). The change in angular ﬂlﬂmttnlum
[ Gere ' rection of T which s perpendicular

- ause itis indi ]
dL acts perpendlcular to L bee winsomep ublication.in

Visit us for more detail at ¢ WWW.
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to L. Due to this reason, the direction of angular momentum changes wih l

while its magnitude remains constant. As a result L traces a cone aroyy,

This precession of angular momentum is called Larmor pregessjgn_
~ Suppose plane of electron orbit makes an angle O with the direcy,,
magnetic field, hence angle between L or j, and B will bealso L. Let L preg,

around B with angular velocity , and 9 is the angle between p, and B. [f . t|..

around with an angle d¢ in time dt in plane perpendicular to B, then d¢ = o

+.B mdt
Since ~ Angle= Z o

Radius
dL dt ~d
d = o : ~
Thym, 40 IL|sin® Lsin®
dL
dt =
@ Lsin© :
dL 1 ' :
= AN
= %74 Lsing VY
xB Faa N
= T = hlL. ' doog i X
~ Lsin® Lsin6 - ‘
i p Bsin® p, B ;
®=Lsn0 " L S .
: Figure - Precession of orbi
. ) . angular momentum in influc
2m of magnetic field.

Here ® is also called angular frequéncy of Larmor precession. If v 1s Larr
frequency, then @ = 2ntv. So from Eq.(1), we have

e ¥
V= B
Amm e (1)
Eq.(ii) shows that the Larmor frequency is independent of the angle betwe
or i, and B, : :
Q4. Writeshort note on Larmour precession. @201
Ans. !

Larmor precession (named after J oseph Larmor) is the precess!

‘h_ﬂ magnetic moment of an object about an external magnetic field. Db‘i |
with a magnetic moment also have angular momentum and effective I"™* *
electric current proportional to their angular momentum; these clude L|

tr ' ' | 1
101153 protons, nther_ fermions, many atomic and nuclear systems, a8
classical macroscopic systems, The

~ exte o fi 5alo
the magnetic moment, i ma@euc field exert

.

mulr'

"

insomepublicatiof-==—
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T=fixB=yIxB
where T is the torque, { is the magnetic dipole moment, J is the angular

momentum vector, B 1is the external magnetic field, x symbolizes the cross
product, and Y is the gyromagnetic ratio which gives the proportionality
constant bti:tween the magnetic moment and the angular momentum. The phe-
nomenon is similar to the precession of a tilted classical gyroscope in an
external torque-exerting gravitational field.

Q.5. Give an account on Langevin theory of paramagnetism. (2012,09)

Other Related Questions -

Q. Discuss the Langevin’s theory of paramagnetism. What is Curie-
Weiss law? : (2018)
Q. Using a suitable theory (Langevin Theory) derive an expression for

e Law?

the temperature dependent paramagnetic susceptibility. What is Curi
' : (2019)

Ans. Langevin’s theory of paramagnetism:-
He assumes that each atom has a permanent magnetic mo-

ment m. The only force acting on the atom is that due to the external field B. Let
0 be the angle of inclination of the axis of the atomic dipole with the direction

of the applied field B. Then magnetic potential energy of the atomic dipole 1s

U ='-m3 cosB
Now, on classical statistics, the number of atom

and 6 + dO.is
- dn = Ce™P=%T 5in® dO

where k is Boltzmann’s constant and T
Put mB/kT = c.. Then
cereenee(1)

. dn = Ce®**® sinf d©
Hence the total number of atomic magnets in unit volume of paramagnetic

material
i

. _! dn = lt:e“““ﬂ sin0do ' -

s making an angle between 0

is the absolute temperature.

Put cosO = x. Then -sin@ d6 = dx.
=1 +1
e I—-Ce‘”‘dx = Cje‘“dx d
#1 -1

no T (iii)

." C = e ] -
e’ —¢
The component of each dipole moment parallel to B in m cos 8. The tot:fal

( Visit us for more detail at : www.winsomepubﬁcatinn.&n )
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magnetic moment of all the n atoms contained in unit volume of the gaq
the magnetisation M, 11 s given by

] L]

M = Im cosdn = Im cos0Ce" ™ sin0dO iy
0 1]
Put cos 0 = x. Then, - sin 0 d0 = dx. Therelore, we get
-4 il
M = I —mxCe™dx = Cm_[ xe™dx
7if -1
Evalvating this integral and substituting the value of C from (iii), we get

g Fe ]
M=mA| ————
e” —e o

M= mn cnthu,—ﬂl-} =mnL(a)
o

....... Av)

. 3 :
where  L{a)= {mth o— —-] s called the Langevin function.
a : ;
I'h2 vanation of M with a is shown in Fig.

M

1 _Initial slope

MNegfeccrpsusnnnanennmennn ettt L LT T T

¥ ® _;u
Case (i):- At low temperatures or large applied field, [, (o) =1
I-E::ncm magnetisation M in this case wil be | -
M = mn
Q

>0 saluration is reached when all the atomice dipoles ar %

if): € pa
Case (ii):- Under normal conditions « s very small Thu':] rallel to B.

L(a) = coth o

—_

v (vii)
M=mp® - "M'B _nm?y )y
30K 3 S
g =’ ¢
H  3kr |

= . ix)
Visit us for mo——— (
> 10T moy lats oo
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where C = pnm?/3k is called the Curie constant.

Failure of Langevin Theory:-

(1) L?ngevm s tl:lt:‘rnry was unable to explain a more complicated dependence
0 shusce;?ublhty upon temperature exhibited by several paramagnetics
such as highly compressed and cooled gases, very concentrated solutions
of salts etc.

2) Langevin’s theory could not account for the intimate relation between
para-and ferro-magnetism.

Weiss Modification:-
Langevin’s theory applies strictly only to gases, where the molecules

are sufﬁcient]y faf apart for their mutual interactions to be negligible. In liquids
and solids such interactions may be large, and many substances obey the

modified Curie-Weiss law
e
FT(T-0)
0 is called the Curie temperaturc and is characteristi
|ﬂ1 _Eq.(x) is of the same form as

fied from 0 to O.

(X))

¢ of the substance.

Eq.(x) holds only at temperatures where 1 >
Eq.(ix), except that the origin of temperature is shi

Q.6. Show that susceptibility of a ferromagnetic material is variable.

Ans.  The Susceptibility of adferromagnetic material is

C
e ] =l
By )
lity (y) of ferromagnetic
(T). As temperature increas

The magnetic susceptibi materials is very high an::l
depends on temperature es. the value of suscepti-
bility decreases.

e origin of magnetism in materials. Obtain an

Q.7.  Discussin detail th
lectron rotating in a circular

expression for the magnetic moment of an €
orbit. (2009)
Other Related Questions - : .

. What is Bhor magneton. (2019)
Q. Explain the origin of magnetic moment in an atom. Find the expres-
sion for the orbital, spin and total magnetic moment of the electron :Izlna;:; 3;
atom.

Ans. Origin of Magnetism: - N .
The magnetism of solid is originated from the electrons of

s are making orbital motions and spin rotations. Since an elec-
ke magnetic field IS gener-

tron has a charge, magnetic moment appears just like
s1ed when current flows in solenoid coils. The magnetic moment appears even

i the spin orientation of electrons. The magnetic moment gum:ra_ted from
w.winsnmepubﬁcatian.in )

| Visit us for more detail at 1 WW

atoms. Electron



B.Se. 1™ Year - I'hyﬂlﬂﬁ 1] FHFET = Uﬂit 1 . ﬁq

the orbital or spin motion of a single eluulr?n iaf called Bohr magneton, v
is the smallest unit of magnetic moment of Hl‘.lhdﬁ; ‘ ' |
Although many electrons are moving hy‘ orbital motions ar.rd Spip
orientations around 3 nuclei, only two electrons with up and dcfutn lenﬂlu;,ﬂ
OcCupy one orbit, Therefore, most of the magnetic moments origindted from,
spins cancel each other and does hol contribute to the magne
case of transition elements whose d-orbit 1S not fu
rare earth elements whose p-orbit is not fully occupied,
appear due to the spins. According to Hund's rule, elect
that the total spin becomes maximum. In other words, th

tic moment of 4
lly occupied an
magnetic momey,
ron are occupied s,

less than half of the Boh
magnetron of an atom_

Spin and Orbita] motion of an electyop:-

The orbita] motion of ap electron around the nucleys ig analogous to th
current in a loop of wire, ' - -'

VT = nh/2 4

the Planck's Constant.

Orbit then p = |
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where S is the spin quantum number here given by (1/2).(h/2n)

In short,
‘a=g(e2m).S SR o e (5)

Here g is the term known as g- factor.

When g = 2. the spin contribution arises and when g = | the orbital contribu-

tion arises. _
The mass of the nucleus is so large that the magnetic moment contri-

Jbution can be neglected compared to the electronic magnetic moment.
The gyromagnetic ratio is proportional to the g-factor and 'g' arises

due to the precession of the electrons similar to the precession of a top in a

gravitational force. the value of g tells us whether the origin of magnetic mo-
ment is spin or orbital motion of electrons. : '

Q.8.  Obtain the Curie Weiss Law. (2009)
Ans.  Curie-Weiss Law:- '

The Curie law is really just the magnetic analog of the ideal
gas law, which is expressed in terms of the variables pVT (pressure, volume,
temperature). For magnetic systems, one uses HMT (magnetic field, magneti-
zation, temperature ) and the thermodynamic relations derived for a perfect gas
- can be translated to a magnetic system by replacing p by H and V by -M.

When the pressure of a gas becomes too high or molecular interac-
tions oceur, déviations from ideal gas behaviour occur. Then, one turn to the
Van der waals equation to describe the situation, or perhaps an even more
elaborate correction is required. One source of the deviations can be the pres-
ence of an energy level whose population changes appreciably over the mea-
sured temperature interval; another source is the magnetic Interaction which
Can occur between paramagnetic ions. To the simplest approximation, this
behavior is expressed by a small modification of the Curie law, to the Curie-
Weiss law,

'K""C-"I[T'H]. o (H
0.5 TT T mam ITII_I{}
s 0.4 4 ‘:’* Curie law »esseeee. 7
= L %/ J Curie-Weiss Law me— 5 ' imol
I{mnle) 03 s B=-IK 1 * h(ennﬂ
0.2 -
-
0.1F »
i A 8 B W I v
0 5 10 0

T(K) '

Figure - The Curie and Curie-Weiss law. The Curie constant
C =0.454emu-K/mol (y = 4, g = 2.2) has been used for both curyeg
while 6 = - 1K has been used, '

[ Visit us for more detail at : www.winsnmepublicaﬁ@




B.Sc. 11" Year - Physies 1l Paper - Unit 11 - 54

where the correction term, 0 has the units of temperature. Negative
values of 8 are common, but this should not be confused with unphysica|
negative temperatures. The 0 is obtained empirically from a plot of ! vs. T, ag
for the Curie law, but now the intercept with the abscissa is not at the origin,
When 0 is negative it is called antiferromagnetic in sign; when 8 is positive it
is called ferromagnetic. The constant, 8, characteristic of any particular sample,
is best evaluated when T > 106, as curvature of usually becomes apparent
at smaller values of T,

The Curie and Curie-Weiss laws are compared for a hypothetical situ-
ation in fig, :

0Q.9. The magnetic moment of silver atom s only 1 Bohr magneton, al-
though it has 47 electrons, Explain, (2016) |

Ans.  The magnetic moment for the silver atom is due to one unpaired
electron. '

Invite writers for publishing of their books.
Interested candidates Send their resume as email
wmsbmepublication@rediﬁmail,cbm
or
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l Quantum CunceEts |

Q.1.  Describe Davisson and Germer experiment for the study of electron

diffraction. What are the result of the experiment? (2017)
Other Related Questions - :

Q. Describe Davisson and Germer experiment. (2015)
Q. Describe the Davisson and Germer’s experiment and mention the
important conclusion. (2009)
Ans.  Davisson and Germer’ s Experiment: -

Experimental arrangement: -

Figure (a) shows the experimental arrangement. Electrons are pro-
duced by heating a filament (f) by a low tension battery (L.T). The electrons are
then accelerated through a potential difference V in the electron gun. This
electron beam falls on a large single crystal of nickel. The electrons are scat-
tered in all directions by the atoms in the crystal. The detector can be moved to

any angle ¢ relative to the incident beam. The energy of the electrons in the
primary beam, the angle at which they reach the target, and the position the
detector could all be varied.

LT,

y;pj — ~ Electron gun

— Thin aluminium diaphragms

|

-

H.T. :
ﬁ | Aluminium cylinder

| \ ; Electron
Incident H’ dectector
e ¢ /4 Scattered

: beam'
Crystal
Figure (a)
Experimental procedure: -

The accelerating potential V is given a low value. The beam of elec-
trons falls normally on the surface of the crystal. The detector is moved to
various positions and the intensity of the diffracted beam at each position is
noted. The intensity of diffracted beam is plotted against the angle between
 the incident beam and the beam entering the detector. The method of plotting
's such that the intensity at any angle is proportional to the distance of the

Visit us for more detail at : www.winsomepublication.in )




T

B.Sc. [1* Year - Physics 111 Paper - Unit 111 - g4

curve at that angle- from the point of scattering. The observations are repeateq

for different accelerating voltages and 8 numl_:rt;r of curves are drawn. Fig (b,
hows typi I hs of electron intensity. |

Ei’) Thet{:;;u] ric;t:.ringsr?:irly smooth, till the accelerating voltage becomes 44y

when a ‘bump’ appears on the eurve. i )

(ii) Asthe a::Pelmting voltage is incre:sed, the length of the “bump’increases

(iii) The ‘bump’ becomes most prominent in the curve for 54 volt electrons a

¢ =50"

(iv) As the accelerating voltage is further increased, the bump decreases jn
length and finally disappears at 68 V.

44V 48V

60V 64V 68 V
Fig. (b)

Q2. Explain photoelectric effect. Give an account of Einstein explanation
of Photoelectric effect on the basis of quantum theory.

(2017)
Other Related Questions - '
Q. Explain Photoelectric effect. List its various characteristics. (2012)
Q. What is photoelctric effect? Derive Einstein’s photoelectric equi-
tion. : (2019
Ans.  Photoelectric Effect: -
Whenever

light or electromagnetic radiations (such as \-
rays, l:fitraviﬂlet rays) fall on a metal surface, it emits electrons. This process 0!
emission of electrons from a metal plate, when illuminated by light of su able
Eiw:!ength, is called the photoelectric effect. The electrons emitted are called
i e ol el ool ieion o5
ultraviolet fighy visible light. Zinc, cadmium etc., are sensitive to 00!

nature of Photo-particles: - '

V - S
isit ug for more detail at : WWW.WiI]SﬂmEpubljcaﬁnmi e

n___/
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Light

; E

The apparatus consists of two plates A and c placed in an evacuated
quartz bulb (fig.).

The galvanometer (G) and battery (E) are connected as shown. When
ultraviolet light is incident on the negative plate C, a current flows in the circuit
as indicated by the galvanometer. But when light falls on the positive plate A,
there is no eurrent in the circuit. These observations show that photo-particle
must be negatively charged. '

Einstein’s photoelectric equation:-

According to Einstein, light of frequency v consists of corpuscles or
photons each of energy hv. When a photon of light of frequency v is incident
on a metal, the energy is completely transferred to a free electron in the metal.
A part of the energy acquired by the electron is used to pull out the electron
from the surface of metal and the rest of it is utilised 1n imparting K.E. to the
emitted electron. Lat ¢ be the energy spent in extracting the electron from the
enitter to which it is bound (photoelectric work function) and 1/2 mv? the K.E.

of the photoelectron.

Then hv =‘1:s-}-lmui.~'2

This relation is ealled the E
the threshold frequency whieh just ejects an electron

any velocity then, ¢ =hv,.

instein’s Photoelectric equation. If v, is
from the metal without

1
hv = hv, + Emvi‘“

Here,v__is the maximum velocity acquired by the electron.

or %mvi“ =h(v—vﬂ) [lll}
metal is defined as the energy which is just sufficient

the metal surface with zero velocity.
emitted photoelectrons is

diation but increases with

*  The work function ofa

to liberate electrons from
» Eq.(iii) suggests that the energy of the

independent of the intensity of the incident ra
the frequency:. : :

(~Visit us for more detail at : www.winsomepublication.in
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©.3.  What are the postulates of wave mechanics? D

erive Schrodinge
equation in one dimension. What is the significance of the wave functic
Explain orthogonal and normalized wave function. (20
Other Related Questions - | '
Q.

Write down the time dependent Schrodinger equation for a o
dimensional particle of mass m movin

g under a constant potential V. (20
Q. Establish the time dependent Schrodinger wave equ ation and red
it to the time independent equation.

(20
Q. Write the time dependent Schrodinger equation for a free particl
mass m and energy E and reduced it to time independent form. (20
Q. Obtain the time dependent one dimensional Schrodinger equai

for a free particle of mass m. Discuss the physical significance of the w
function. ,

. . (20
Q. Explain the requirement that areimposed on a physically accepts
wave function. What do you understan

d by the terms ‘Eigen value’ and ‘Ei
function’? Find the eigen values and eigen functions for a particle in a
dimensional box.

(20

Ans.  Derivation of time-dependent form of Schrodinger Equation:-
The quantity that characterises the de Broglie waves is ca
the wave function. It is denoted by . It may be a comp

lex function. Le
assume that  is specified in the x direction by

L= o e S T s (1)
Ify is the frequency, then © = 271tv and v = VA. ;
P gemeh T T e (i1)
1 et E be the total energy and p the momentum of the particle.
“ Then, v= E and A = lr-l—
h P
: Making these substitutions in Eq.(11),
w = cﬂni-'hj{l?.t - A
W = Acthie e (1)
l Eq. (3ii) is a mathematical description of the wave equivalent of an unrestri
!

particle of total energy E and momentum p moving in the +x direction.

il Differentiating Eq. (ii1) twice with respect to x, we get
\,l'] ov _ P
'.'I' ox” i
p'y=-h 5.1 i
ox . s V)
Diﬂ“erc.ntiating Eq.(ii1) once with respect to t, we get
oy _ 1E

at h

—

Visit us for more detail at : www.winsomepublicat

ion II! -

i
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_ hoy
WA e ")
At speeds small compared with that of light, the total energy F of a
particle is the stm of its kinetic energy p¥2m and its potential energy V. Vs in
general a function of position x and time .

»

.3 : )
E.:‘z-;}--l-v {"r"l}

Multiplying both sides of Eq.(vi) by y, we gel

P Y
2m

Substituting the expressions for Eyy and p*y from Egs.(v) and (iv) into
Eq.{vii), we obtain

Ey =—+Vy ) civesan LT}

2 2
1 ot "’m 6}(‘
4 h & .
or lﬁi;" o (,;; FVRE . e (viii)

Eq (viii) is the time-dependent form of Schrodin ger’s equation in one dimen-
sion.
In three dimensions, the t1me ~dependent form of Schrodinger’s equation is

; w(ory oy &
17 M ‘- T R ]+ Vy
ot o ey az

Here, the particle’s potential energy V is some function of x, y, z, and t.
Schrodinger’s equation : Steady-state form - Time independent Schrodinger

equation:- _ _
In a great many situations, the potential energy of a particle does not

. depend upon time explicitly. The forces that act upon it, and hence V, vary with
the position of the particle only. When this is true, Schrodinger’s equation may

“be simplified by removing all reference to t.
The one-dimensional wave function y of an unrestricted particle may

be written in the form
g = Ae—[if.ljer:-pr e AE
~(E/ ) sl )

~[iEik] e Hapdfps

W=ye
Here, y, = Ae"™*  That is, y is the product of a position dependent func-

- Yony and a time-dependent function ¢ /"'

Differentiating Eq.(i) with respect to t, we get
[_-_h__‘ef'mt us for more detail at : WWW. wmmmepubhcatmn i ]
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ow _ _IE . e ki
el

Differentiating Eq.(i) twice with respect to X, we get
Oy _ 0o e il
EXI axl .

We can substitute these values in the time-dependent form of Schrodinger’s

F‘- equation ' :
Loy K dy -

e —+Vy

o 2m &x’

i m 8V, —(iE/A)t
Ey,e ™M =—-———2e "M 1 Viy e
Y 2m &’ .
Dividing through by the commom exponential factor, we get

o'y, 2m ;
axzu +ﬁ—2(E'—V)wn = {" ........(“"}
Eq.(iv) is the steady-state form of Schrodinger’s equation.
In three dimensions, it is
3 2]]]
Vi, +ﬁ—2(E -V)y, =0 wizaad¥)

Usually it is written in the form
3 2m
Steady-state form of Schrodinger’s equation in three dimensions is
d'y oy Ay 2m
F% - o o + P (E—V}w:ﬂ

Eigenvalues and Eigenfunctions:-

The values of energy E_for which Schrodinger’s steady-state equd-

tion can be suly.red are called eigenvalues. The corresponding wave function®
.. v, are called eigenfunctions, '

Properties of the wave function:-
Physical significance of y:-

e Byapplying Schrodinger’s equation to the motion of a particle, we get I

{ wave ﬁ.mctinn V- The future course of the particle’s motion - like its initid
. state - 1s a matter of probabilities instead of certainties, !
1 *  The quantity whose variations make up matter waves is called the wa¥* .
I- function, . This function can be either real or complex. t

The wave function v itself, however, has no direct physical significan®

[ Visit us for more detail at : www.n'iusum_epuhlicatlun.ig
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o  The only quantity having a physical meaning is the square of ity magni-

tude P = ]qr|3 = g,
Here, y* is the complex conjugate of .
The quantity P is the probability density.

e |w| . the square of the absolute value of the wave function, is called

probability density. i
The probability of experimentally finding the body described by the wave
function y at the point x, y,z at the time t is proportional to the value of

hy|" there at t.
A large value of [u,r]z means the strong possibility of the body’s presence.

A small value of |1q:r|3 means the slight possibility of its presence.
This interpretation was made by Max Born.

e . The probability of finding a particle in a volume dx dy dz is|y|* dx dy dz.

o  The particle is certainly to be found somewhere in space.

[[[lwl dx.dy.dz=1.

The triple integral extends over all possible.values of x, y, z.
A wave function () satisfying this relation is called a normalised wave

function.

Orthogonal wave function:-
If the product of a function y, (x) and the complex conjugate y,*(x) of

a function . (x) vanishes when integrated with respect to x over the interval

a<x<bhb,thatis, if

h
_‘-% *(x)y, (x)dx =0,

lhen.w, (x) and v, (x) are said to be orthogonal in the interval (a, b).

Normalised wave function:- o
The probability of finding a particle in the volume elemer « Visgiven

by yy* dv. _ .
The total probability of finding the particle in the entire space 1s unity, 1.¢.,

_[’q:qr*d'v' =_|-|'a41r|2 dv =1.

Here, the integration extends over all space. |
Any wave function satisfying the above equation is said to hc. nprumh;ed.

Vm’ af'“3 i not a normalised wave function. We know that it ls: po:lml:nle to
Multip ) e ' give a new wave function, Ay, which is also a
Sohuia Now the problem is to choose the proper value
alized function. In order that it

MY i

i Ldve equaimu.
VAR el the new v, ove function 1s a norm

@t us for more detail at : www.winsomepublication.in )
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is a normalized function, 1t must meet the requirement
2 - _
I[Aq:]*hur dxdydz=1 or |A| Iww dxdydz=1 ,
|Al.‘. _ ]
> o I'qan *dxdydz

|A| is called normalizing constant.
Q4. Consider a quantum particle of mass m moving in a un'e dimensiong
‘\' box of length L. Solve the Schrodinger wave equation and obtain the allowe
' energy states of the particle. When do these energy values app!'uaches that of
g a free particle? (2014)
Q. An electron is confined to one-dimensional box of atomic size. Ob.
tain expressions for the energy states and wavefunction of the electron as

| suming the potential energy to be zero inside the box and infinite at the walls
q (2019
Ans.  The free particle:-
A free particle is defined as one which is subject to no forces of any
kind, and so, moves in a region of constant potential. The particle mc:ion is
confined to the x-axis only. We shall consider the potential to be zero, V = 0.
| The time-independent Schrodinger equation becomes
.
| d’y 2mE
e Y0 ki)
: Define a quantity k, called the wave number. by
!
2mE
K5 - T R L (ii)
d’y .
= + k2 = ﬂ
dx = 7 4 (1m)
The solution of Eq.(iii) is
W=Ae™ + B ek :
Letusset B = 0. Then e
H" — A elln {VJ
La.(v) describes a particle moving in the positive x-direcliu.n.

, A problem appears in normalising the wave function. We ought to have

j"i’:‘i‘_d-‘i:ﬂnzjdle

&L """" .
- | Ay s infmite. So A o
\ . te mu_.‘a must be zero. This difficulty arises since we are cmlﬁ‘d
=y | S :

1 | T ———

I ' - SIS {or more defelm o———
) ~— LIS for more defail af T www winsomenublicationin )
= — T N.Winsomep, A0_~
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ering an ideal case of infinite length. In practice, the particle is confined to a
finite length so that normalisation is possible.

The probability density for the particle is y* y = A%, a constant
independent of X. Consequently, the particle is equally likely to be found any-
where. So we have an infinite amount of uncertainty in its position, i.e., Ax = %0,
According to the expression ApAx = A/ 2, Ap must be zero. :

Let us prove this.

@ a =
s Y [ S i * e
<p> :[.lij’ [ ik = Jw_d:x ?ik:[w ydx = fik
Notice that < p > is positive, meaning that our particle has a momen-

tum of exactly hk and is moving toward. the right.

2

<p’ >= ,Tw*(_ﬁl);xi wdx =—h1(—k2)Tw*wdx = ﬁzk-z

(Apy=<p>-<p==I)

Thus the momentum of the particle is precisely defined.

Note that for the particle in a square well, the energy is quantised. But
for the free particle, there is no such restriction on the energy. Generally, bound
systems (such as electrons trapped in an atom) will give rise to discrete energy
levels. Unbound systems (such as two atoms that collide) will give rise to an

energy continuum. _
The particle in a box: Infinite square well potential:-

Consider a particle moving inside a box along the x-direction. The
particle is bouncing back and forth between the walls of the box. The box has

insurmountable potential barriers at x =0 and x = L. i.e., the box is supposed to

have walls of infinite height at x =0 and x = L (Fig.1). The particle has a mass m
and its position x at any instant is given by 0 <x <L.
The potential energy V of the particie is infinite on both sides of the
box. The potential energy V of the particle can be assumed to be zero between
x=0andx=L.
In terms of the bo
potential function is
V=0forO0<x<L
V=w forx< 0
V=w forxz2L
_ The particle cannot exist outside
is0 forx <0 and x > L. Our task is to find w
X=0andx=L.
Within the box, the Schrodinger’s €q uation becomes

undary conditions imposed by the problen, the

the box and so its wave function y
hat y is within the box, viz., between

d? "
r_j—_—_\“’isit us for more detail HETWWW-Wi“WmeP“h““aﬁﬂ“'i“ _J
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The general solution of this equation 15

. : v(?.ml". y
o= Asin X +Beog—ar—x . A1)
h h

A and B are constants 1o be evaluated
The boundary conditions are used 1o evaluate the constants A and B in i i
g |

(a)y = Qatx = 0. Hence B = 0,

(byy=0atx=1L.
y will be 0 at x = L only when

vV2mE F: i ne=L 23 ceenn(111)

From Eq.(iii) it is clear that the energy of the particle can have only cery,

values, which are the eigen values.
These eigen values are found by solving Eq.(iii) for E .

n’n’h’ :
E = =1,2,3,..... ceenens( IV
" oml? ’ ol
For each value of n, there is an energy level. Each value of E_is called »
eigenvalue. Thus inside the box, the particle can only have the discrete enery

values specified by Eq. (*'). Note also that the particle cannot have zero energ,

[— \
Gt ;
V| , .
O L ¥ X
Figure 1

Wave functions:-
The wave functions of a particle in a box whose energies are E,
from Eq. (ii) with B=0),
2mE-

n

v, =AsinTx ......... (v)

Substituting Eq. (iv) for E gives

' . NITX
W, = Asin—
L

.P‘ dare thE {?i[fﬂl'lfurl{:{lﬂnﬁ. T OArFacr e A e o w21
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Evaluation of A and normalization of the wave function:-

L5 L-II 5

L
| ;
WAy =1 i, A?[gin2[ X
.! jblﬂ : dx =1

L
. 2f( 1=cos2nnx /L &
LE., A J'(“——'—z-—-—-—de =1 or A’ L_ = |
- D 2
2
or A=, =
L
The normalized wave functions of the particle are
Y, = \/—E-sin el |
n 7, Ry B=L2. 30 e (vii)

The normalised wave functions V., W, and y, together with the prob-

ability densities |y,

A , |2 and ‘wajz are plotted in Fig(2).

ur, 1'4'3|2
" Yi? - o
hs: Iyl
e f\\/ N
v, [yl
n=1 ' =1
x=0 (a) x=L x=0 (b) &=

Figure (2)

r wave thecry .. its application. (2012)
part of the theory of quantum mechanics,

being an example of wave—particle duality. All matter can F:xhil;.;it wave-like
behavior, For example, a beam of electrons can be dlﬁracte_:d just like a beam of
'light or :e; water wave. The concept that matter behaves like a wave was pro-

posed by Louis de Broglie in 1924. 1t is also rﬂfﬁl;l:ﬂdwt:v:: the de Broglie

hypothesis, Matter waves are rleferr;:ld. t(f;: ;: irﬂa\]?;lc;i glfh % as.sociated o
oglie wavelength 15 ; 2

( Tﬁsitieuf;ag more detail at : m\ﬂfﬁ'ﬂ‘fﬂﬂhh”“““ T

Q.5. Write short note on Matte
Ans, Matter waves are a central
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massive particle and is related o its momentum, p, through the Planck ¢,
stant, h:

gt

poomy
Wave-like behavior of matter was first experimentally demonstray,
by George Paget Thomson's thin metal diffraction experiment, and indepe,
dently in the Davisson—Germer experiment hoth using electrons, and it hy,
also been confirmed for other elementary particles, neutral atoms and eye,
molecules. Recently. it was also found that investigating the elementary pre,.
cess of diffusion gives the theoretical evidence of the relation of matter waye
regardless of the photon energy. It 1s thus revealed that the relation of matte,
wave is now not a hypothesis but an actual equation relevant to a characteris.
tic of micro particle. The wave-like behavior of matter is crucial to the moder,

theory of atomuc structure and particle physics.

High amplitude...

Matter wave -~

2 ]
rLs 1\‘\ .
||
¥

T T . LWk e
] T [ L PR e & N
PR ol T R
Sk i ey
+-'-.-‘.'1.I‘-‘ ' 1-‘: n-”"i-,:' ¥
1 ¥
r"

hlgh prqhaﬁi.l-ity

of finding a particle
Figure - A beam of particles
and its associated matter wave.

s for waves. Consider the super-
e numbers b}

fwave pack

Q.6. " What are phase and group velocitie
impositior of a group of waves differing in frequencies and wav
small amotints. Sketch the resultant wave. Explain the concept o

ets. ] {21}15?

Other Related Questions -

Q. Differentiate between phase velocity and group of waves. Conside’
litud:

Superim-position of a group of simple harmonic waves having same amp
but wave numbers and frequencics differing by small amount lying in fhe
range Ak and Ay respectively. Sketch the pattern of the resultant wave 3"
show that the group velocity is equal to the velocity of the particle. {Zﬂl-”
Q. " Define phase velocity and group veclocity. (20! d

Ans.  Phase velocity (Wave velocity) of de Broglie Waves:-
The phase velocity v, of a monochromatic wave is the ¥*

locity with which a definite phase of the wave, such as its crest or (roug "
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mpagated ina mt:l:!ium. .

The equation of motion of a plane wave of frequency v and and
wa,_,emngzh A moving in the x-direction is

y = Acos (o - kx),
Here, A is the amplitude of the wave (Fig.a).
o(=2mv) is the angular frequency and k (= 2n/A) is the propagation constant.
This wave moves with a phase velocity

un=vl = wk
» A particle of mass m moving with velocity v has a wave associated with it
whose wavelength is given by

h
A =—
my

Let E be the total energy of the particle. Let v be the frequency of the
associated wave. We equate the quantum expression E = hv with the relativis-
tic formula for total enérgy E = mc?. So we get

hv =mc? or v =mc%h.

Let v, be the de Broglie wave velocity. Then,

'I,,f :;,.":L: .IE‘i [L}—c_z.
3 h lmv) v

But the particle velocity v is a]wajfs less than c (the velocity of light). There-
fore, the de Broglie wave velocity v must be greater than c.

¥

AW WANAWAY WA
VAVIIVAVAVAVIIVIEY

Figure (a}

X

oy

Group velocity:-

It is possible to form a concentrated wave packet by taking a sum of
a large number of plane waves with slightly different wavelengths and fre-
quencies, When such a group travels in a dispersive medium, the phase veloci-
ties of its different components are different. The observed velocity is, how-
ever, the velocity with which the maximum amplitude of the group advances in
the medium. This is called the “group velocity”. Thus, the group velocity is the
velocity with which the energy in the group is transmitted. The individual
Wwaves travel “inside” the group with their phase velocities.
* The velocity with which the centre of a wave group i.e., maximum amplitude,
Moves is called the group velocity of the wave group.
Expression for group velocity:-

Consider two waves that have the same amplitude A but differ by an
“mount Aw in angular frequency and an amount Ak in wave number. They can
be "tpresented by the equations . |

__Visit us for more detail at ; w@“"““"" )
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¥, 7 ACos (o - Ky
vo=Acos (o At (k + AKX
The superposition of the two waves will yield a single wave packet or y,

group.
Let us find the velocity v with which the wave group travels.
" ]

The resultant displaceiment y at any time t and any position x is the sum of
and v
V= \I 4 }_\
= Acos (o - kx) + Acos [(o+ Am) L - (k + Ak) x]
]
= 2A cos I [(20+ Aot - (2K + Ak 1_“]“‘5'2{3‘““ - Akx)
A and Ak are small compared with @ and k respectively. Therefore,

20+ Ao = 2o

2k + Ak = 2k
}'=3A¢05[[\E;—.**%k*?i}c05[mt-kx) .......... (i)

¥, |
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T}us is the analytical expression for resultant wave (wave packet) duew
superpusition of the two waves, The second cosine function is the original wav
The coefficient of this cosine can be considered to be an amplitude that varies Wit
x and t. This variation of amplitude is called the modulation of the wave. -

Hence Eq.(i) represents a wave of angular frequency w and wav

number k that has superimposed upon it 1 modulation of angular frequen!

J i

The velocity v, of the wave groups is
(___Visit us for more detail at : www.winsomepublicationn
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locity (V) -
We have relations,

m i
Wave velocity, V" " )

l.hﬂ ;
anmvelovity, Ve T 10
Lroup veli Pk

The waye nuntber 1§ gIven by

L__:‘IE
A
dk on
& =732 o dm)
] vl"
AIS(} {ﬂ-:a.ﬂ\’::'ﬂ'?
do_, [ % 18
7 2 a dA
do _ 2n }.dv" |
oo @ a|r T an sV

do di _
di dk __2'_:rr
?l..:
do _dv
ar d—k-zvp—;b__.
dv
T, T |
e W

W

Eq.(v) gives the relationship between g i .
wave velocity (v, p between group velocity (v ) and phase veloctty
From this equation the followin .
: lwo ¢ o
w (i) For dispersive medium e R A
v =1(A). Usual TS e
v:{ : ) ly dv /dh is positive (normal dispersion).

___.-—""'\

(" Visitusf il at :
or more detail at : www.winsomepublication.in ____
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(ii) For non-dispersive medivm
dv
. n
M t [}u)"_ = (),
V' = "5‘.'
% .. S
This result 1? true for electromagnetic waves in vaceum
It the phase velocity 1s s or a I
. ] hase velocity s same for all wavelengths, as is true for light
waves in empty space, the group and phase velocities are the same -

Q38 te Heisenberg’s uncertainty principle. Describe some experi-

ment which substantiates this princi

ple.

Other Related Questions - o
Q State Heisenberg’s uncertainty principle. Discuss the thought ex-
periment of measurement of the position of the electron by a gamma ray

_spectroscope to sub-stantiate the uncertainty principle. (2013)
[?_ Describe Heisenberg uncertainty pr'int:iplé and uncertainty rela-
tions. ‘ (2019)
Ans.  Heisenberg’s uncertainty principle:-

Statement:-

It is impossible to determine precisely and simultaneously the values
of both the members of a pair of physical variables which describe the motion
of an atomic system.

Such pairs of variables are called canonically conjugat
Example (1):-

According to this p
(say electron) cannot be determined sim

e variables.

rinciple, the position and momentum of a particle
ultaneously to any desired degree of

accuracy.
Taking Ax as the error in determining its position and Ap the error in
determiming its momentum al the same instant, these quantities are related as

follows:

AxAp2h/2.

The product of the two €rrors is approximately of the order of Planck’s

constant f .

e IfAxissmall, Ap will be
If one quantity is measure
accurate. |

Example (2):- f

i of Fig.

@ ET;IITT\L t:: ;T;ig::ﬁe gmfp. The I'lEtI:l‘U"r’k'El' 18 Ware group, the more
precisely a panic]e’s'positinn can be specified (Flg-"a}- e

But, the wavelength of the waves in @ narrow packet 13 E'm_ w:, i

hecause there are not_enough Wave to_measut lhi‘i'{'-ﬁl;i?ﬁifhl |

etail at : www‘-bfi—

"V isit as for more detall 31° 2=

large and vice versa.

d accurately, the other quantity becomes less
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h ; h -I .
- Ahe p:nnclc < momentum imv isnota precise quantity, | f
. T
" Mak,

mv

q series of momentum measure

®) A wide wave group. Now the wave
(Fig.b). The momentum mv is therefore

of the particle is not well defined.
1t is impossible to know both the exact position and exact moment
um of
0 ap

ments. we will find a broad range of
i Vi

length A can be precisely L’utc”dhm‘

a precise quantity. But the pe Mineg

Wiy,

|

L]
object at the same time.
A W
=1 A _ |— AX I
x small Ax large
Ap large Ap small
(a) (b)

y microscope:-
and linear momentum of a |

high resolving power

ation of position withy-ra

[lustration: Determin
to measure the position

Suppose we Iry

e' -ctron using an imaginary microscope with a very
(Fig.)- f
Uncertainty in position measurement:-
The electron can be observed if atleast one photon is scattered by i C
into the micre 7pe lens. ' n
the microscope is given by the relation - A
: Ir

The resolving power of

A

M —_——— =

sin 0 cereeel(1) $
two points which can be’ just r&-

Here, Ax is the distance between
solved by microscope. This is the range in which the electron would be visiblcl
Hence Ax is the uncertatnty involved in the}

when disturbed by the photon.
position measurement of the electron. _
Uncertainty in momentum measurement:- LEi
hoton will interact with the electron through th¢
the scattered ph

The incoming P
t. To be able to S€€
within the angle

during the impact is of th

=—-Rsin9
A

this electron,
20. The moment the

e order uf h/A.

Compton effec
enter the microscope um imparted by

photon to the electron

oton shmdi
i
3

The component of this momentum along OA :
en
aj

7
is momentum along OB = "}\:SIHB tre

The component of th
_direction 18

surement in the X
Hcatinn.in

The uncertaintyin the momentum mea
Visit us for more detail at : www.winsome ub l
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,}.p =E: H— _E.ql' o _*—h ;
" ;.L‘" --‘i—mnﬂ

F A 2h
AxxAp, = G Y
R 2smnf@ A Amg=h

-\ more sophisticated approach will show that Ax Ap_ > #/2

|

Microscope Qbjective

Numerical
0l  Use Heisenberg’s Uncertainty principle to show that electrons can
got exist inside the nucleus. (2013)

Ans.  Nuclear diameter is of the order of 10" m. For an electron to exist
be at least of this order.

iside a nucleus, the uncertainty in its position must

That is, Ax = 107" m.
The uncertainty in the electron momentum is

-14
Ap = . 1_'9_5-5—@;— =0.527x10"" kg ms"
2(Ax)  2x10°
: 5 o L 5H2
Energy of the electron, E = (czp' + mac“ ) =cp

E = (3)( 10* ms™ )x(0.52?_>< 10"9kgms'l) _1.581x10™""]

A -1l
g 1580y _gg.8MeV

1.6x107" |
For an electron to be a constituent of the nucli:us, it shcul;in:lﬁtt-’; i:ﬁ
‘ Zntrg}? of the order of 98.8 MeV. However, the energy of an eg't;itlﬂ'; that elec-
3 ﬂdecﬁ}’ experiment is of the order of 3 MeV. Hence, WE €

lrg .
’ 15 do not reside in the nucleus.
___Visit us for more detail at : www.winsol - ———
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How does the uncertainty principle prevent the electron to exist iy
(2011

nty principle. it can be showp »q

Q.2
side the nucleus. |
Ans.  On the basis of Heisenberg's uncertal
to why electron cannol exist within the atomic nucleus. The radius of fhe

atomic nucleus is of the order of 10 m. Now, if the electron were to exist witlyy,
the nucleus. then the maximum uncertainty in its position would have begy

100%m. .
Rgwhpaeis
_ O T4
Now XxAap s
h
ar Ax xmAy = —
4n

h

Av=

- 4mmAx

Mass of electronm=9.1 x 10"'kg, Ax =1 x 10" m.

. g
Av = 6.6x10 > —577x10"m/s
4x3.14x9.1x107" x1x10°

The value of uncertainty in velocity, Av is much higher than the velocity of
light (3.0 x 10° ms™') and therefore, it is not possible. Hence an electron cannot

be found within the atomic nucleus.
Q3.  Compare the uncertainties in the velocities of an electron and proton
0
confindina 10 A box. (2017)
0
Sol.  LetAx=10 A .Then,

Ap > 5. A8 5.27x10 % kg.m/s
2Ax

For each case, we can treat as classical particles and so the uncertainties of
velocities are

h.

2 4 .
Ve 2 2m_Ax =3.79x10"m/s . for electron,
Av, > — =3.15x10'm/s
L 2mAx for proton

Q4. Calculate the de Brogl '
oglie Wavelength of a
a PD of 25000 Volts, gth ofan o particle accelera{lze:]lll;);

Sol. Givenm=6.68 x 10 kg; V =25000 V- q=2e
[ Visit us for more detail af - www.winsomepublication.in j
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h h
A= — — — s
Jow Y - [2meV)

6.626

A== =l -

N2x6.68x107% hl.{'-xIﬂT"‘r;. .;.'-_'i';ln‘_ 0.4x10 "y

5. Ahydrogen like ion has the wavelength diffe
nes of the Balmer and Lyman serijes equal to 16,58

ol. Energy difference for the transitions in the two series AL - AF -
14]:1658_—'?485 eV I 17

Y AN | ] ] |
13.623 th;}f_hh]z

olving for Z, weget Z=3
rhe ton 18 Li™.

rence hetween the first
nm. What ion is it?2(201 6)

).6. Show that if an electron is accelerated through V volts then the

: Ear
jeBroglie wavelength in angstrons is givenby A = 150 '

vol. We know that

(2016)

L 6.63x107* 15
TP -1 _j9alf2 T
(Zx‘}.lxlﬂ x1.6x10 )

_-[ISIJ]!E
Vv

7. Anelectron is confined to a box of length 10""m, Calculate minimurmn
ucertainty in the measurement of its velocity. . (2012)
As.  From Heisenberg’s uncertainty principle, we have

Ax.Apzh or Ap=h/Ax
e Av be the uncertainty in the velocity of a particle of mass m. So we have,
Ap=mAv or Av=Ap/ m
AX=10"m,h=1.05%10" J-secand m= 9.0 x | 0" kg
h 1.05x107
mAx  9.0x107" x10

12.286x107 "0 m/v!'2

N

thcﬁ Ay =

IU:I.IﬁﬁxiﬂﬁmIth.

8 Calculate the maximum percentage change in the wavelength due to

—__Visit us for more detail at : www.winsomepublication.in )
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Compton scattering of Photons of wavelength (i) I A and (If) "}:«

vonclusion do you draw from these results? w'"w
Ans. As we know ”"'ﬂljj
h
AL = —(1-cos0)
m,¢
- 21 0
(AN) . = —h-[l -180") = ! - 048A
G m,c m,c
o (AL)
(@) ForA=1A e 100 = 4.8%

A

0 {ﬂﬂ)‘
(@) For A=10A }m %100 = 0.48%

This shows that higerthe wavelength of incident photon, smaller is may;.
mum percentage change. This is due to the fact that in Compton scattering ;

is independent of A.

B
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8 Nuclear Phxsics '

Q.1. Explain the terms, decay constant, half life and average life as ap-
Flied to a radioactive substance. Find the relation between them. (2017)
pther Related Questions -

0. Define half life of radioactive nucleus. (2013)
Q- Explain half-period of radio-active welement and derive an expres-
jon for it. (2018)

AnS. The Decay constant:-

[T a radioactive sample contains N radioactive nuclei at some

,'nsta.nt,.the number of nuclei AN, that decay in a small time interval At is
proporti onal to N; mathematically,

AN

= ac N or AN = -2 NAL anpeneseill)

where A is a constant called the decay constant. The negative sign signifies
that N decreases with time; that is, AN is negative. The value of A for any
sotope determines the rate at which that isotop will decay. The decay rate, or
activity R, of a sample is defined as the number of decays per second. From
Equation (1), we see the decay rate is

AN

At

Isotopes with a large A value decay rapidly; those with small A decay slowly.
A general decay curve for a radioactive sample 1s shown in Active
Fig. It can be shown from Eq.(i) (using calculus) that the number of nuclel

present varies with time according to the equation
N=Ng™ U 11
where N is the number of radioactive nuclei present at time t, N, is the number

present at time t = 0. and e = 2.718.... is Euler’s constant. Processes that obey
Eq.(iii) are sometimes said to undergo exponential decay.

R =|—|=AN | i)

=3
12 2T, ] ) , .
l;w for radioactive nuclei. The vertical axis r-:_plesefﬂs
and the horizontal axis is time. The

t

R ——

¥y
+ EUTE - Plot of the exponential decay

I'. =
"':f:"mhtr of radioactive nuclei present at any time t,
it Meter T i the half life of the sample. -
4y l'l:||I'|vu~|I 1 5 : - .
~tton of half-life period:- : _
Vi i n.in
Visit us for more detail at : www.winsomep ublicatio i
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radioactive substance is defined ag the |

* i iod of a
The halflife per o tive substance to disintegrate, g

required for one- _half of the radioac

value of half-life period:-
' We know the relation N=N, e

If T, , be the half-life period, then al

=T, N=Ny2.
N _ N,e "' or et =2
2
| : _log, 2
or lT]Q: l{lgez or T_.-: = 3

_log, 2 _0.6931
i 2 = %
The average life (The mean life):-
It is not possible to predict which atom of a radioactive substance wil
disintegrate at any instant. The atom which disintegrates first has zero life ang
that disintegrates last has infinite life. Thus the life of every atom is differey
and the actual lives of the various atoms range from zero to infinity,

Sum of the lives of all the ato,

.. The mean — life of aradicactive element = Sl e
Definition:-
The mean-life of a radioelement is defined as the total life time of 4
the radioactive atoms to the total number of such atoms in it,
Value of mean-life:- Let N, be the total number of radioactive atoms in ti
beginning. Let N be the number of atoms of that element after time t. ThenN=
N,e™. Let dN be the number of atoms disintegrating between time t and t4
ot.These dN atoms have a life between t and (i + t). Since &t is very small, eac!
of these atoms-had a life of't. -
Total life of dN atoms=(dN)t.

The possible life of any of the total number N, radioactive atoms varies fron!
to oo,

Total life time of all N, atoms = [ tdN
M
e B jth
T total life - time _0
total numberof atoms N

Now, mean life =

0
Now, N= Nﬂe‘”
dN . |
=N T AN AN

( Visit us for more detail at ; w‘v.-wvﬂ|f.1ll,:|.fi.]:mu}]m:pl.llz;lil'.:IliiEE:i__._---”_-_";'fﬂ.'|
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dN =AN ey

Leaving the negative sign which merely indicates the decrease in the number
of atoms with time),

[N ™Mae
Hence, o = 4 [fen
N, :[te di
Integrating by parts,
s iy
T =3 dt:l
0
T2 fi"i_f;j"_ [L i ‘
_l __l‘- s ;‘L: ;L

T

&

Thus the mean life (T) of a radioactive substance s the reciprocal of the decay
constant (A.).

Q.2. Write down the equation for radioactivity decay of nucleus. (2013)
Ans. Law of radioactive disintegration:-

Let N be the number of atoms present in a particular radioele-
ment at a given instant t. Then the rate of decrease -dN/dt is proportional to N,

_dN =
=N ()
dr
Here 2. is a constant known as the disintegration constant or decay constant of

the radioactive element. It is defined as the ratio of the amount of the sub-
stance which disintegrates in a unit time to the amount of substance present.

Eq. (1) can be written as %I- = —hdt .

Integrating, lug N=MxM+C e (11)

Let the number of radioactive atoms initially present be N, .

Then, whent=0,N=N,_ .. logN,=C.

Substmﬂmg for Cin Eq. (u} we get, log N=-At +log N

s log, L —At
N,

o NN i)

[:_j"isit us for more detail af : www.winsomepublication.in ]
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ions’ in wi les the principle
‘hat i ctions? Explain with examples ¥ D
Q% i e Jue of a nuclear reaction? (2017,

involved in such reactions. WhatisQ va .
Related Questions - _

gﬂm Define Q value of 8 peuclear reaction. What do you understand by

endoergic and exoergic nuclear reaction? (2017,

Q.

Ans.  Innuclear physics and nucle

ar chemistry, @ nuclear reaction 1S seman

tically considered to be the process in which two nuclei, of elsea nqcleus of an
atom and a subatomic particle (such as & proton, neutron, Or h|gh‘ energy
collide to produce one or more nuclides that

electron) from outside the atom,
are different from the nuclide(s) that began the process. Thus, a nuclear reac-
tion must cause a transformation of al least one nuclide to another. If a nucleus

‘nteracts with another nucleus or particle and they then separate without chang-
ing the nature of any nuclide, the process, is simply referred to as a type of
nuclear scattering, rather than a nuclear reaction.

In principle, a reaction can involve more than two particles colliding,
hut because the probability of three or more nuclei to meet at the same time at
the same place is much less than for two nuclei, such an event 13 exceptionally
rare (see triple alpha process fi or an example very close toa three-body nuclear
reaction). "Nuclear reaction” is a term implying a induced change in a nuclide,
alnd thus it does not apply to any type of radioactive decay (which by defini-
tion is a spontaneous process).

Natural nuclear reactions occur in the interaction between cosmi¢
rays and matter, and nuclear reactions can be employed artificially to obtain

nuclear energy, at an adjustable rate on demand. Perh y- ble
nuclear reactions are the nuclear cha;n reacti e wis s Inota
produce induced nuclear fission, and th 35“'_3'115 o Bagionablemtate. S
light elements that power the en;r —— YAs n.uclear fusion reactions o

Nuclear reactions may hﬂgi,gff:@lm" of -lt_“"' S'-m and stars.

: in a farm similar to chemical equé

Visit i
([ us for more detail at www.winsomepublication,in j
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qons, tfor which mvaryg
b artant mass must balance for each side of the equati |

sformations of partic ; : e equation. 4t
i " e It“ of partictes must follow certain conservation laws
: as servation o ‘k‘hﬂl'gt‘ a j

and baryon n
N el nber (tofal a ¢

ber). An example of this notation follows: ORI SO

by - b
; 2 !
sLl4 (H o JHe + 7
To halance the equati ;
SR :. nee the equation above for mass, charge and mass number
s ucleus 5 14 y ' :
r——— El:L 1o th_n:‘ right must have atomic number 2 and mass number
. re also helium-4. The complete equation therefore reads

& - -
) 4
'Li + jH —— ;He A ‘He

or more simply:
IF 2
‘Li+ (H — 2 1He
Instead of using the full equations in the style above, in many situa-

sions a compact notation is used to describe nuclear reactions. This style of

the form A(b.c)D is equivalentto A+ b producing c + D. Common light particles
proton, n for neutron, d

article or helium-4, p for beta particle or

for deuteron, @ representing an alphap
written as Li-

electron, y for gamma photon, etc. The reaction above would be

h(d.a)a
conserved. We

[n any nuclear reaction, certain quantities must be
be valid in ordi-

list the various conservation laws that appear to

¢

shall merely
nary nuclear interactions.
(1) Conservation of energy:-
The total energy of the products, including both mass energy and
ved must be equal to the

kinetic energy of the particles plus the energy invo!
mass energy of the initial ingredients plus the kinetic energy of the bombard-
ing particle. -
(2) Conservation of momentum:- ! _
The total linear momentum of the products must ba qual to the linear
momentum of the hombarding particle (the target qucleus is ordinar! ly taken (0
be at rest).
i tum:-
3 Conservation of angular momen B 1 .
] The total angular momenturn / comprising the vector 5}"[“ of thiiixl-[:s
trinsic angular momentum $ and relative orbital momentut / gtlt .h: produc
must be equal to the {otal angular momentum of the initial particles
4) C servation of charge:- he total
e T':e rotal electric charge of the products must b equal 10!
electric charge of initial particles:
Co tion of nucleons:” . +he pucleons cat
(5) Conservation 01 ¥ " ion of Jucleons Stale that the MCEO
. The law of conser’ I at the number of nucleons mint
neither be cmatﬂd nor can be dﬂslm}fﬂd -']
eons in the Ul

the number of am‘i—nur:l

(

" Visit us for
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(6) Conservation of spin:- 1
The important conservation law pssorts that the spin characie,
closed system can not change. e, of
before reaction.
(7) Conservation of parity:-
The parity of the system determined by the target nuclcons and b,
he reaction. The total PHrjt;:'f
l

barding particle must be conserved throughout t

the system is the product of intrinsic-parities of the target nucleus and by

barding nucleus. No violason of parity has been observed in a nuclear re ﬂt:tim
on

(strong nuclear forces). Although parity does not appear to be conseryeq ;
weak interactions. ;o
(8) Conservation of isotopic spin:-

The invariance of the nuclear Hamiltonian function towards the char
character of the nucleons can be expressed analytically as an invarience towards
rotational shifts of the axes in isotopic spin space and there should correspong.
ingly exist 2 conservation law for the isotopic spin of a nuclear system.

Q value: -
[n writing down the reaction equation, in a way analogoustoa chem;.

yation, one may in addition give the reaction energy on the right side:
Target nucleus T projectile __» Fipal nucleus ejectile +Q.

For the particular case, {he reaction energy has already been calculated as Q=

722 MeV. Hence:
Gy = 23He

he statistics remains same a8 that gy,
“‘le
il

cal eq

4+ 222MeV
"} is positive for exothermal reac:
On the one hand, it 1s the differ-
e final side and on the initial

between the nuclear rest
have calculated

The reaction energy (the "Q-value
tions and negative for endothermal reactions.
epce between the sums of kinetic energies 0D th
side. But on the other hand, it 1s also the difference
masses on the initial side and on the final side (in this way, We

the Q-value above).

Nuclear reactions are divided energetically as

(1) Exoergic reactions:-
These reactions are possible even for E, = 0. Thus for E — 0, e
tion JE: =yt ,u.'r(du1 + v)_ wanidD)
—
(m mE
where U =l( m.E) cosB and v = M,Q+E, (MY:EQ
Mﬁ.+m IMT+m‘.
pives E=QMim+M) Q0 - (if) .
The kinetic energy E,_is the same for all angles 6. Physiﬁﬂ“)’s this”

because the total momentum is effectively zero when E, — 0. In this €8%°
z -

Q=E+E,  and0+¢=180"

f —_—
L T LR -
e manke letail at * wovw win ‘-ﬂmenub]igatiﬂn iﬂ ”/,
__:_.--"""
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e for all ‘*'ﬂlueqi:;ﬁ]m:w"h X8 Tghter than the aper - Uil IV A%
i . , b ¢ ho

o eq.(i) will be positive ":I]lﬂmn?tlul energy and only ohe of 11

-[E‘pfndﬁ on ) Lo h'l.ll'i I 10 |"|l.‘ SN .] i e Wi qnllmunq
Js cost and is smalles iﬁn ol gle valied O~ Oand M~ m |
2) Endoergic reactions:- 1e backward ditection 6= 180

product nicleus Y, This v is

1'll li1- bl {‘

sives U+ v = -ve and b .
L Cnee \ .
u,rh‘ IS magmary, It means that these react
' L clions

gre not possible. The smal

] lest value of E ich
called the threshold energx-'.\T;IiiT‘;al; 'LJ e
jarge enough to make u? + y = 0 heﬁccmn

"’“.f_‘flhl

: actions can take place 15
irst becomes possible when E is
£

E, =-Q m, +M,
m, +M, -m, -(m,m, /M, )sin’ 6

AtB=0, EEZ is minimum and is the threshold energy
Byusmg{ lzl.h_= ? h;hd,ﬁ m)(M, +m_-m) | i
relation M. + 10 - M. -1 k=
>> Q/c?, we have S m?]{: Q and an excellent approximation M,
hus we see that at the threshold of the : G o
i _ () direction with the K.E. reaction particles first appear in the 0

g x 4 |
Ev = u}! =(E _rnil.n"— ‘ A
( A}qh [mu +MY} Py {"I.l’}

As the bombarding energy is raised, particle y begins to appear at 8>0.
Q4. Give Soddy-Fajan’s law of radioactivity. (2018)
Ans.  SoddyFajan’s displacement law: -
{. In all known radioactive transformation either an @ or & B-particle (Le.
never both or more than one of each kind) is emitted by the atom.
2. When a radioactive atorm emits an a particle, anew atom is formed whose
- mass number is less by four units and atomic number less by two units

than those of the parent atom.
a

U 238 - wTh 134

ve atom emits a B-particle, t
r but the atomic number 1S 1

a2

3. When a radioacti
same mass numbe
I i

mTh — ';Ip'a

he new atom formed has the
ncreased by one unit.

it “1 curie’ d”. (2019)

Q5. Define theunit 1 curie” and “1 Rutherford” |

Ans,  Generally we express the activity of @ radioactive substance 1t terms
4 ie (pC1). The curte 18

f curie and submultiples milicurie (



¥ - L 5
“.Hf- IIII Yenr - |“h'*uhﬂ (1] 'ﬂpfl’ UI'IH l'\,- )

i ; ce which give 1 -
defined as the quantity of a radioachive K".hgn-ﬂp rations chr 'fll'l’ln...
= . 1 his is the number of disinteg : %econg
diintegrations/second. This 1 .

I i ﬁ. ¥ 1 ; - 11'.““] { I{ ll" I8 Ill- 0 ( “.1 '

0 chsintegrations/yee ||' the

: o which aives |

quantity of a radioactive substance w Imill HI‘:' half-life period, very liy). [ ™

E P o o g “-I“] \JEI_\-’ SN ] ' ) lhrl

noted that tor a substance hry 81K 6t b, |

heh tance is required for | curie of activity. On the mti-|' i1l ‘ ”Llhu i,
substance i | - of the s !
st with very long halt-life period, a very large quantity Substay,., .
stance Y i |
required for | cune of activity,

Q.6 Discuss Bohr's theory of nuclear disintegration and fing Q_mm

uatio for a nuclear reaction. " }
Tns. Bohr's theory of nuclear disintegration: . - |
: Bohr assumed that the nucleus 1s somewhat like 4 liquig

drop. When a projectile strikes the nucleus, the projecti [L'S ;"f‘p“jllgﬂdw IS calfeq
a compound nucleus. The energy of the projectile is quickly distributeq amon,
the nucleons inside the compound nucleus. There.ﬁ}rﬂ, the compound nygje,,
resembles a heatedup liquid drop and may be considered to exist !n a ‘fan:etj,- of
quasi-stationary excitation states. The cnmpuunfl nucleus persists ip its ey
cited state untli a particular nucleon momentarily happens to havye a large
fraction of the excitation energy to escape from the compound nucleus, thy
leading to a disintegration. This process is similar to the slow €vaporation
particles from the surface of a liquid drop.

A nuclear reaction may be represented by

a+X — Y+b '

This formula signifies that the particle a interacts with the nucleys X
to yiled the nucleus Y and particle b. The above equation is usually abbreyi.
ated and is written as

X(a, b)Y.

For example, C'%(d, n),N" stands for a reaction between an inciden
de’-ftemﬂ (d = H’) and a,C" nucleus to produce a 7N13 nucleus with the
eémission of a neutron.

The Q-value equation for a nuclear reaction (Neuclear reaction kinematics):-

Leta particle of mass M, moving with velocity v, collide with a targe!
nuc.!eus nfnmss Mq atrest (figure). Afier collision, the particle O of mass M, &
emitted with velocity Vi atan angle 9 ang therecoiling nucleus P of mass M

M,v, M,v.cos6 + M v,cosd _
=M V.sSinf 2y {I]
M 3¥y3In .'szgsln[h (ii)
szzt:_osd} =M. . M.v cosg _
S 2¥,Sind = M,V sing - xchil)
quaring ang adding, we gey (1Y)
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M3vy =MV £ Miv] = 2MM vy, cos) aireni(V)

| (a) before collision (b) after collision
Using the Kinetic energy relations,

. 1 o et 1 1 ,
E, :EMNL Ek: ::?-szi and E, :EMJV;

Substituting these values in eq.(v), we have

IM.E, =2ME, +2ME, ~2(MM,E,E, )" 2cos

M,E, ME, 2
w k = M, T M, T M, (MlMJEkuEh) o080 . o (vi)
Lt  Q=(E, +E, )-E, S (vii)

Substituting the value of E, from eq.(vi) in eq.(vii), we have

ME M : ;
i Mg 2 (MMEE, ) cosB+E, ~E,
M2 Mz 3 Mz ' 1 3 | i |

M, M 2 .
or Q=E, {HM_H]MEL' [1+M—']—M—(MIM3EMEL_)GGSB

2 2 2

If 6 =90 cos90" =0, Hence eq.(vii1) reduces to

M M
0wt 15 [,

0. Discuss the Yukawa Meson theory and explain how does it explain

nuclear forces. -
Other Related Questions - 2016
1} Describe the main features of nuclear forces. (2016)

Write some of the important properties of nuclear forces. (2009)
A, Nuclear forces;-

Jlows that there must be certain

: i exist, it fo
Since stable nuclet exist. nucleus. These

orces acting between their nucleons that bind them into the el
rr——— www_winsﬂmED"bhcaL'““'m
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uclear forees. The nuel
electrosialic pepulaion
Iy concetved fhe mn
| proton proton (p) interactions,
he followimg characteristios to the nucleay g,

shovt yanges:-
Iy when the diatance betwee
T '“il‘h

ishes for all practicy
il LT

are called n
10 overcome the
attractive forces can
pentron=proton (n r) AN

Yukawa ath ibuted |
eftective anly al
nppn'rlnhh‘ tn
jess. The force van
101 m, These distances are

(1) Nuclear forces are
Nu lear forees are

ons is of the arder of 10 ool
at digtances greater than a few hmes 5
o range of the nuelear forees In the up ta-date version r'r:"-'l

“nuclear forees, i os uuppnncrl that interaction hemﬂlh.
of T-mesons, o

d by the exc hange
~ AFE = mc”. According to Heisenpe,
] '_,'f 1

or nucleons to exchange n-meq,
) Mg

pOSes
the action radn
exchange theory of
pucleons 18 accomplishe
Rest energy of the m-meson
aneertainty principle, the time required |
for which AEAt = . The distance that a T=meson can tey,,,
avel

cannot exceed At
leus during the time At, even at a velocity
7 2

away from a nucleon in the nuc
. h .
is R“z-—-ﬂlxlﬂ”m .

me
e of the nuclear radius and is of #;

ximately coincides with the valu

This appro
f the nuclear force range.

order of magnitude 0

(HN) Alpha
) - p
*‘f ” O particle

Repulsive electromagnetic

force
4 Attractive nuclear
Gamma . force
ray

Figure - Nuclear forces

(2)N ucle}]aﬁ; forces are charge independent:-
e nuclear forc * ' |
trons, or betweeﬁ :a}:rit;{izfs agtlﬂg between two protons, or between WO L
b o : and a neutron, are v : Ik
f{i:c:s alre of a non-clectric nature , are the same. It follows that ntk
Nuclear forces are the '
e the st .
(4) Nu rongest known forces i
) CIE;T fﬂlrrces have saturation property: Mo
uclear forces are limitead ; = ' b :
esare limited in range. As a result, each nucleon in[ci"-h“

———
L_‘_\_ \l;“ » e
151t us iuimure detail at: www.wi i
——— " TN0re detail at ; ~winsomepublication.il
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O negative ¢harge
W' | ;
PTOLONS & supsporced 1oy Tio i e

cons may be neutral or may haye
jifference between nentrons and
of their respective meson clouds, Yukawa assumed ()
. £ M oy
petween  the nucleons and that (his ¢ T e
5 -"1 Al -

binding forees, The forees that AL between one meutron
hcn\'ﬁ'f“ one ]'\I'ﬂt{\n and “nﬁ”} o ' Arw

er, are the re

0 i :
s "U: A, tho.m_ The force between g neutron and a proton 1
result of the exchange of charged mesons (' and ) between the i
A ! ® F

Thus & neutron emits a & meson and is converted

A sy

| .\,- ||II|I
UL el AT U ATET
. R W Ay '|1-}rh}*"”'
schange s responah,

A '_r| (1 r|'|.,-\. fllp i'_.,_”

J .]l‘.llf:h‘u H'Iri
sult of the ex, hange of netral

the

It a proton

n-sp+mn
Thf ahg_,grphnn of the T meson by the proton (with which the neutron was
interacting) converts 1t into a neutron;

p+mT —n

In the reverse process, a proton emits a n° meson, becoming a neutron and the
neutron, on receiving this n° meson, becomes a proton;

p—n+n

n+mn —=p
Thus in the nucleus of an atom, attractive forces exist between (1) proton and
proton (2) proton and neutron and (3) neutron and neutron. These forces of
attraction are much larger than the electrostatic force of repulsion between the
protons, thus giving a stability to the nucleus.

Just as a photon is a quantum of electromagnetic field, a meson 15 &
quantum of nuclear field. Yukawa considered the equation for particle of mass
m as,

P I '}:
vl_m ¢ ______:_L_J¢:ﬂ “]
C

spinless particles.

This is a relativistic equation valid only for _ |
for the radial part 15

Separating the time dependent part, the equation

(V? —p () =0 ki)
Where = me/ h ‘
The sofu T L i)
¢ solution of Eq. (ii} is ¢(r) = 8~

——————

e mepublication.in
(ici o< Tor more detail at : www.winsomepubreTr
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s the same role as the charg,

Here g is a constant, which play . |
lectromagnetism, the Potentiy hen

electromagnetic theory. [n analogy with ¢
tween two nucleons is then given by

T —

Wt

V(r)=-¢’ = ....‘....{w]

Here g* is called the ‘Coupling constant”. This argument made Yukawa Pred,
the existence of pion as a quantum of nuclear force field.

h

The range of the pion field is ;1_‘; ~|.4fm.

The form of V(r) given by Eq.(iv) is known as the one-pion-exchange potentiy
(OPEP).
Mass of the meson:-

On the basis of the range of nuclear force and the uncertainty prip,_
ciple, it is possible to estimate mass of the meson. Acc::?rding to uncertainty
principle, AExAt=h.

Here, AE and At are the uncertainties in energy and time.

The range of nuclear force is R ~1.4x10™° m,

Assume that the meson travels between nuclei at approximately the
speed of light c. Let At be the time interval between the emission of meson from
one nucleon and the absorption by the other nucleon.

h hc
Th At=R/c. ~AE=—=—
n C ,ﬁ,t R

. The minimum meson mass is specified by m > Ri :
Cc

In terms of the electronic mass m,, the mass of the meson is

m_ k- 1.054x10™
= - - - ~— =275
m._ mRc (9.108x10™)(1.4x10 )(3x10°)
Le. mass of the meson ~ 275x mass of electron.

In 1947, Powell discovered 1 meson of mass about 273 m . This par-

ticle showed strong interaction with nucl p
, eons and was wa
particle. recognized as the Yuka

Merits:-

The discovery of the meson of mass of about 273 electron mass aMd

the existence of positiv i
: €, negative and n ;
this theory, = eutral meson, lends some support 10

* The experimental values of the magn

etic mom d of8
free neutron also lend some supp ents of a free proton and of

ort to the “Yukawa’s meson field theory” of
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A free proton is, for a part of its life-time, 0 nevtron with o closely
bound meson. Henee the magnetic moment of n free proton can be the result
int of the true magnetic moment of the proton and the magnetic moment of the
meson. Thus the net magnetic moment of a free proton w-ill exceed that given
by the simple theory.

Sinularly. a neutron is for a fraction olits life-time dissociated into a
groton and a negative meson. This combination will have a negative magnetic
mcm‘.lenﬁ. It follows that, though uncharged, a neutron will have a negative
magnetic moment.

Q8.  Describe the basic principle of gas detectors used for the detection

of nuclear radiation. (2016, 2009)
Qther related questions:-
Q. Describe in brief the principle of proportional counter.

.l Ans.  Principle:- When the potential difference across the two electrodes
of an ionisation chamber is increased beyond the saturation region, the ions
| gain sufficient energies to produce secondary ionisation due to collision with
gas atoms in the chamber. This results in greater ionisation current. In a certain
range of applied voltages (Fig.), the pulse size is proportional to the original
number of ion pairs, and the device is called a proportional counter.

The main regions used for measurements are:

(1) The ionization chamber region AB.
(2) The proportional counter region CD.

(3) The Geiger-Muller region EF. '
After the point F, the tube becomes a simple discharge tube in which

the current is produced even after the ionization event has ceased.

=
k.
=11] =]
2 =
b 5 EP .
£ Fy r Continuous
e & = 1 discharge
5 £ £5 o
5 g x3p EGeiger-f e
: E # iMuller }
R = i Ecuunteri
= i ¢ iregion i
g ¢/ i :
3| ABS ] :
Bl a~T 1 & :
S e b o, 8
Applied voltage —»

*Sinc & .
\ dwﬁﬁh; central wire is very thin and the p.d. fairly large, the electric field E
Mingey ar; distance r from the centre is very high. If b is the radius of the
il a the radius of the wire, the radial field E at a distance r from the
given by '
Vic
Bit us for more detail at : www.winsomepublication.in )
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V is the positive voltage o Ahe ot W”"L e TL o he Mitg,
Here Vs the pu R r ength near the wire ;.
fer Thus. in a proportional counter, the "“.“I H““.g T ey Vepy
eyt ;: ‘il Aons u'-n-'-:llmg1m'~'nrdh'lh[‘. wIre nml-lp;{ Yt L[i Critle W th
PCEe ey NS ' i |
i s § produce additional electrons in that region due 0 the Plhﬂ“”m?n:,
near 1t and proc k”_ jon. This process is called the gas multiplication
" ; seolhsion. 2 S '
of 1onization by colhs

Q9.  Write the short note on GM counter. (2013, )
lated Questions -
gther Re];;ww briefly the construction and working of a GM detectq, Canjq
measure the entry of radiation. | {zmgj
Ans.  Geiger-Muller counter:- o _
Construction:- It consists of a metal chamber C containing air or SOme othe,
gas at a pressure of about 10 cm of Hg (Fig.a). :
: ” |
e e R $ To amplifier
_ and counter
= N
’ Figure (a) =~

* A fine tungsten wire (W) is stretched- al
insutated from 1t by ebonite plugs EE.
The wire is connected to the positive terminal of a high tension. battery
(about 1000 to 3000 volts) through a hi

gh resistance R (about 100 mego-
hms) and the negative terminal is connected to the chamber C. The D¢
Voltage is kept slightly less than that which will cause a discharge be-
tween the electrodes, '

Working:-
When an ionizin
takes place and

* Ifthe applied P,
collisions,

ong the axis of the tube and i

g particle (say an o particle) enters the counter, jonisation
a few ions are produced.

D. is strong enough, these
Anavalanche of electrons moves
1s equivalent to a smal] current impulse
tance R. The critical potential is
discharge through the resistance
amplified by vacuum tube circui
counter. In this way, single parti
The sudden pulse of discharge
and the counter ig ready to regi

ions are multiplied by further
towards the central wire. TIys
which flows through the resis-
lowered momentarily, causing a suddet
R. The P.D. thus developed across Blh'
ts and is made to operate a mechanicd
cles can be registered.
sweeps away the ions from the chamb¢'
ster the arrival of the next particle. if
Fig.(b) shows the voltage characteristics of a G:M counter. This is plo
T

*——h—_.li"_‘-'__l_l_s_f____tn'mure detail at : WWW.winsomep uhﬁcatiuﬂg ‘
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(he counting rate against the counter potential with » raclic »
hlaced near the counter. VO Soures

Continuous
discharge

Plateau

Threshold
voltage

Count rate —»

Working
i voltage

Applied voltage —»
Figure (b)

 There is a threshold below which the tube does not work. This can be
several hundred volts. :

» As the applied potential is increased, the counting begins and rises rap-
idly to a flat portion of the curve called the plateau. This is the region of
the counter operation. Here the counting rate is, more or less, independent
of small changes in p.d. across the tube. .

+ Beyond the plateau, the applied electric field is so high that a continuous
discharge takes place in the tube. The count rate increases very rapidly. It
does not require any ionizing event for this to happen. So the tube must
not be used in this region.

Efficiency of the counter:- 10

The efficiency of the counter is de-
fined as the ratio of the observed counts/sec.

o the number of ionizing particles entering T 03

the counter per second. Counting efficiency ¢

is defined as the ability of its counting, if at = e ol

least one ion pair is produced init. 0 4 8 12 16
| Counting efficiency = €= I-e" Pressure (cm Hg)

» s=specific jonization at one atmosphere; Figure (©)

» p= pressure in atmospheres; .y ’
o [= pathlength of the onization particle in the counter.
Fig.(c) shows the efficiency € of a GM counter, as a

sure for air and hydrogen. ¢
Quenching ina GM counter:- : N
Iln'll"ghne rocess of removing all the ions from the chamber duv.? to }?}n
: aking it ready for fresh event is called quenching. 1S

like alcohol or halogens.

function of pres-

tinuous discharge and maKing
is achieved by using quenching agents
Quenching Process:-

When a GM. tube 0 erates in Geiger region,
o detail at ; www.winsom
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by tirther fonisation o gis molecvles. The hye,

incrense the current pulse y of a single particle |

Wl 5 % M 'II'I-L'"”
counter is 1o produce a single pnl.T du W
ceeding spurions. pukl
: 1 pive any succecdimg s Iy
should not then give an: he state to record the next ey
quickly as possible o bhe i 1he i

. alubit the production of spuriog, . °
particle. Therefore. 18 ﬁﬁlmmt > I“‘ﬂhIh::iuilluiﬂl:::t'Iiulc entry. 'll'hc F'irlmll.j.l N
following the mamn required pulse dueton o .11__ e e e ¥
; i B ~+ ulses 15 called ¢ quenching
prohibiting the undesirable secondary |
S : ; eri-
M“q“mih::fiil(1::»1-0—2::::111.:1‘ contains 90% Ar ﬂ‘jll 10% ethyl alcoh,
weight. The jonisation potential of alcohol (1.3 ¢V) 18 lower than that of Argny
(15.7 volt). As a result. the inert gas ions get neutralized by transferring yp,,
charge to alcohol ions during their long path towards cathode. The alcoh|
ions produced. capture electrons from the cathode and are ncutrahxed: Hence
there 1s no multiple pulsing and the discharge is quenched soon (fraction of,
milli-second) afier the initial 1onisation. S ¥
Resolving time of a GM-counter:- _ ;

Fig.(d) gives the three time-intervals+ dead time, recovery time ang
resolving time- of operation of a GM-counter.
(i) Dead time:-

The time, during which the counter is incapable of responding to 2
second lonizing event, is known as dead time (~200 p sec). It is called dead time
because during this period the counter is insensitive (dead) to further pulses.
After the initial ionisation, the cloud of slow moving massive positive iots

formed over the anode wire effectively lowers its potential relative to cathode.
Thus the GM.counter is dead for about 200
(ii) Recovery time:-

Ty
"|-|

es but should re,

us after each ionising event.

As the positive ion-sheath moves further toward the cathode, the

counter sensitivity gradually returns to its original value and the second puls
can now be recorded. This time. dur

_ » during which pulses of reduced size are prv-
duced, is known as recovery time, \

4

Resoly ing time

t —i
i Recovery !

vopnm‘ Dead f lime
time

Counter voltage
<

Time
Figure (d)
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jii) Resolving ti“:! time plus recovery time cors espPonds 1o the time s

(ii The dea kes to reach the cathode, and is known dn e ol

s Sh*‘—"—:‘-h t'?"hi; is the ime between just recorded pulses.
er. L

i f the coun =

l_l.merc;gs[ﬂ“ for resolving ﬂI'I'IIEh ey e

=y Assume that a counter

responds at a rate n

it time when exposed to N particles per unit time. In unit
= 1111l

counts per

% me, the
; itive time is nt. The number of counts missed is Nnx.
e lnsc:;:z; :::rf counts missed is the érror in counti ng.
= numNnt=N -n ansecaaad( 1)
N =n/(1 - nT) .-....._-.(2)
From Eq. (2). we can find the true u:c-unt_lng, rate N from the observed
counting rate n, if t is known. . '

Determination of © :-

ely the countin
nearly equal strength,. T can

By measuring separat
radioactive sources 1 and 2 of
n," denote the total

sSources are placed in the Same
position as before and n, be the background rate (i.e. with no source).
: n, " n = — T2 n,=n'—mn ) S =
Here n . n,, n are the ab

of particles in the counter in the
e sihuations, we have, usimg Eq. (2),
= I, . n. . i D'
S i =T W = 1—n,t’ i  1—n,x IR

Also, N|EN|+N2 ) RS ) |

?ssuming the values of terms mvolving 2 to be negligible, we have, solving

or ¢

e, T ST et D (6)
2n,n,

Advnnmge-s;_

(1) The Counter SEl-up is portable (with the transistorised electronics) ek
Serves best for mineral Prospecting, apart from its several other applica-
fions in COSmic ray work.

2) The pulse

height is constant over a range of applied voltages, as in Fig.b.
€ to be precisely regulated as it does

1l counter. Also, the pulses are several volts in height,
plifiers unnecessary.
tlvantage_-s-_h 3

It is Insensitj

ve for a
Prevents

period of 200 to 400 us following each pulse. This
Its use at very high counting rates.
It cannot

A - CERLAS FINEE ER
Provide information about the particle or photon cau
Pulse

; )
— icatiom.dn
Visit us for more detail at : www.winsomepublicari
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Q.10.  Explain the principle of scintillation counter. Mention ity SUPermy,
over the other counters. ; (209 4)
Other Related Questions -

Q. Discuss the principle and working of a Scintillation counter, Wha
are the advantages of this counter in comparison with other counter. (29, |

Q. Write short note on Scintillation counter. (2013,
Ans.  Scintillation counter:- .

Principle:-

When high energy radiation falls on a fluorescent material, it Pro.

duces flashes of light called ‘scintillations’. The energy of the particle is con-
verted to light.

®

Incident [Phosphor] Light 1, Electric
radmtm Pl‘l(]ﬂphﬂf fpu‘[se** Phnmmulupher 'pu'lse »

Figure
Fig.(a) shows the main parts of scintillation counter.

The atoms of the phosphor are excited or ionised by the energy logs
of an impinging «, B or y ray. When the atoms return to their ground states,
photons are emitted, in the blue and ultraviolet regions of the optical spectrum,

The phosphor is optically coupled to the envelope of a photomul;-

plier tube. The output pulse from the photomultiplier is fed to a pulse amplifier
followed by a scaler circuit.

'L Construction:- :
Fig.(b) shows the diagram of a scintillation counter.
I\ Light pulse Photosensitive cathode Electrons
/
{-ray or ‘ To Recorder
charged Fi ﬁﬁﬁ{ I} -
particle irst dynode Plate
Phosphor Photomultiplier tube fm
I R
1.."]1. ...... 1|I'I¢ _'I_
Figure ¥

Working:-
(1) The incident radiation is absorbed by the ‘phosphor’ (or scintillator). Th
atoms (or molecules) are excited.
(it} When the aloms (o tnelecules) return to their ground states, photons are
cmitted. :

vhosphios s optically coupled to the envelope of a [:llmf4[:::111.1Iti|31'IHET
Cie phorenssirike the photocathode, causing the ejection of pho!*

Y b b R e |
it more detadl al @ w ww.nm;nmq}uhhcatmn.in__ﬂ,.;J
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e photo-clectrons leave (| M p
(iv) As these Fl . : o R - "l""'“l'mhmlh
focusing ¢ ectrode to the firgg ultiplier eley
irode has the property of emitting three, fiy, .
single electron which strikes its surface. There
multiplier Stages m a given tube, Hepee
electron from the calhﬂdc. a hlII‘Sl of one
the final stage 1n the tube (the anode).
1fm is the electron multiphication factor of 4
are n stages. then total amplification sy
) The output pulse from the photomuly;
Jowed by a scaler circuit.
The following scintillators are generally used for the detectio
photons.
Sodium lodide (Thallium Activated). This is the most commonly 1sed
phosphor and is largely used in the study of y-rays. e
Sodium 1odide CI'}"Sta]s are UEUE”Y dﬂpﬂd with a small amount of
thallium and denoted by Nal(T1). The TI atoms act as luminescence centres
Nal(T1) crystals are dense enough to have good efficiency of y-ray detection
Table:- Common scintillators and their uses-

bl L0
- ‘Hh“

Are 'hl'r-.

€O dyneete
OF five elecy,
1 Wy

Irom the om
million ele

Mhey 4
Pl by,
1T
i 'r--r
' fmm 10t 1 (
1880w ¢

A

iy

Rt MR

single dynle tage and 1}
| Nt ps

pheris fed 1o a pulse amplf;,

°r Mol

N of particles and

i ' Name Form Wavelength | General remarks
| '- of Maximum
| ‘ emission |
1 ' Inorganic
' - scintillators

——

e —y

Mainly used o

- r 5 -
| | (a) | Nal (Tl Crystal L4100 A s
| | hygroscopic fory -
| | . )
E _.__'____——-——'—_._'____ __I.'Ur Y -r.'.l.}ﬁ
(b) | Cs(T)) Crystal | White ponhy groscopi
B —— = -|'.~5.| a-rays
(c) ZnS(Ag) PUWd_ﬁ_r___ _4_’:;{“_‘]__ — [ Used for Bet il
(d) | Li]{Euj_F Crystal | - detection
2 Orga“ic B i 4 For i“' dﬂlf(“u“
I I'.'I'\"Stﬂl X “t_ -]"" 0
(a) | Anthracene Crys *’_ B | 4470 ": TFor B dﬂﬁm”.l,
=—— | Cr - '-1;]1 A hegausy It gl
(b} St]b’cne Lryb 4 I'I.H-] 1 |||ghk" "ﬁ'[chl 1::.“‘.“‘.
photon [Ant
Is h"*-'"”j

piication:
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3] | Organic . 8
| = | ; 8
| | sulphide e 2 i
I o (a) | J_'J—te.rphen},-'l Solution 4500 A For B -particle ]
Il | mn toluence | .
" pete 0 At B G i
1 || | (b) | il—:tﬂrphﬂl‘l}«’l | Plastic P | For b -particle | [H
1%
| | polvsterene N | 10
| 4|  Xe —gas Gias Ultraviolet | For y-rays - 1]
Advantages: - ' | ' g 4
(1) The height of the pulse is proportional to the energy of the InCiden; E;
radiations. Y- _.
S e : . .
(2) Inasolid scintillator, the number of atoms per unit volume is more_ There. § 4
fore a stronger pulse is observed in comparison to a gas scintillator ;

(3) The dead time of the counter is very small and hence a high counting g,
1s possible.
(4) The pulse duration is extremely short and so the résolving power is high
(3) If a large scintillator is used, the scattered y-rays are also taken into I
. count thereby giving rise to an increased photo peak efficiency,
Disadvantages: -
(1) The light output decreases with increase in energy of radiation. [t a)g,
varies with the type of radiation. |
(2) The overall efficiency is low because of the complex nature of phenom.
ena-namely the conversion of radiation into light and then re-conversig

into electrons.

Q.11.  Write short note on elementary particles. (2017)
Other Related Questions - _
o Write short note on elementary particles and their classification.
(2013)
Q. Write short note on elementary particles. : (2012,09)

Ans.  The typical photo-type of the elementary particle was the electron
The problem of the dualistic nature of matter was resolved by the quantum
theory of fields: the elementary particles nothing but the quanta of a cor
sponding field. -

Classification of elementary particles:-

The elementary particles are separated into two general groups, ﬂﬂl'?d
bosons and fermions. These two groups have different types of spin and thel
behaviour is controlled respectively by a different kind of statistic (Le
Bose statistic or the Fermi statistic. hence the names). Bosons are pamcﬁ

with intrinsic angular momentum equal to an integral multiple of # . Fermid
are all those particles in which the spin is half integral. The most impe"’
difference between the two classes of particles is that there is no conser

( Visit us for more detail at : www.winsomepublicationin__~




- ling the total number of hU?HHH n the | Jniwl'mt, wlwrmm the
m.mgf;::?],-,;l:;inns s strictly conseryeq,

Boson is a term, which not( :
includes those quanta and photong w
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. 8 by nlge
crnvlmlm. hug in the

. T Mere ¥

he pPhoton has g Mass o 0 umlill I:;,,::lf::it::::]
i gk consequenﬂ}’ described as a‘nm:ash.uf. bosoy. A Masgle g called
a graviton with 4 probable SPIN of twg Units hyg been pt_mtulutml 48 a figlg
particle for grawty.. These. bosons, i:ﬁ-:&llf:d by the Clecty Magneyje eld, ar,
essentially of one k]l'ld... while the bosong mrnmi-d N the Srong ing *ru'.:m,,, “‘m of
two distinct kinds. First there are thoge Which g kmmwn S piong n
mesons (7', 1" and n%). The >eeond group o bosons e much e YICr than gy,
of pions, and are knowry, as kaons or K-mesong (K", K"y

Elementary Partic|eg

Bosons _
(Spin integra] multiple)

- Photons or gravitong

Pions Kaons N—meson
l ]
R ¥ L’.,
T oKk K" K

P.p n. 7 hyperons

Lamda Sigma Ksi |

Omega

hyperons hyperons hipemns hyperons

4 The leptons
“avier group are called baryons (after the (,reelr_( i h: ?;Y}These a[:c all
€trons, muons and neutrions and their anti-parti nteriics weakly
’ - tons inter:
‘ th spin half, Lep '
Ses less than the pions and wi ST | number of
I particles. The tota number of leptons r;:;uga;hirt:issﬂs iy
Sl i actions and de ;
S unchanged in all re al nucleons with
e reglam: ;’mensg The baryons consist of the two
NS and anti-leptons.

ﬂHI]-] f}ptn
"2 leptg

A,
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their anti-particles (n".n™ o p'o Y and the hyperons: Hyvperona age gy, r
. (2]
tremely unstable somewhat heavier poatticles and con be divided jnte, fenir 4 :'
: 0

Lroups, AN I\I'“‘“fll‘ (i neutral (AL ficle of mngs about 1RO m ). the } (LT AT |nq (s
N and N with masses in the range 232010 2340 m ), the = partic)eq (7 :
. ; - ! AR
with masses near 2580 m ) and the Q -particle (of mass about Y284

=0

‘
|
' !
= I
There is no reason to doubt the existence of the anti-particles of thege Fr-rn-;. |

ons. The total number of baryons minus the total number of antj hﬁrvr:nq .
: I

absolutely conserved m all interactions.
The kaons and pions together with the baryons are place inte, |
El

group of strongly interacting particles, called hadrons.

Name different types of interaction between elementary pa Fticley,

Q.12.

Write the conservation laws for strong interaction. (2015,
Other Related Question -

Q. Write short note on conservation laws. (201
Q. State the conservation laws of elementary particles. (2019

Ans.  The fundamental interaction:-
Four kinds of interaction between elementary particles ca,

account for all known processes in the physical universe on all scales of sz
In Table the four basic interactions are summarised. -

[ Interaction | Particles Range Relative | Particles
| J Affected Strength | Exchanged
| Strong Hadrons ~10%m |1 Mesons
 Electromagnetie | Charged 00 ~107 Photons
|' Particles |

V | Weak Hadronsand | 10" m | ~10" Intermediate
|' o leptons Bosons '
| Gravitational | All | o 107" Gravitons |
(1) Strong interaction:-

A familiar example of strong interaction is the forces which hold nucle-
ons together (nuclear forces) in the atomic nucleus. The strong nuclear inter-
action is independent of the electric charge. The range of these interactions i
about 10" m. Time interval of such an interaction is roughly 102 s,

(2) Electromagnetic interaction:-
It operates on all chargec particles. Thus electromagnetic interd"

tions are charge dependent (attractive as well as repulsive). The range is i
nite and the interaction works through the photon. The formation of electro"
positron pair from y-ray is an example of electromagnetic interaction.

(3) Weak interaction:- ‘ :

All strong interactions take place in times of about 102 s (charact’
istic time). Yet it has been observed that some of the resulting particles: ok
though energetically unstable, suffer no decay until a time 10" times g

[ Visit us for more detail at : www.winsnmepublicatiuﬁ-j
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Bis reached. Thatis, their decay lakeg 1. Mey 1y,

I - 1ot . "1:; ‘I3 1 “lhl
(han ol _decay of rm}mam.h% nucle i’lngql i iy, | Unig |
Exﬂns greater than that 1nvolved in strony | oy, !
time

€l
ar or leryeq NCE g i,
here beep strong nuclear ot Elemm'"ﬂgnen FCtigy (o © |, 'y
t

. .t b 11"{ | v ””'I["
§ . L. 1i1Teee | |
n No such delay IEE decay Procesg Tlml“;h"ihmh ih p'”“t:hwl i
f 3 A X ; is { i i LCFp oy, i
 suggests that either these paggiar.. b Wo
e Particles are ot gyp - oy i

. gapces or there 15 some pew Subi 1 the
acting M : aew COnseryyi; HeCle 1 dleg,
forbids the decay. But since most of the p O Ly p }h rong oy
; : ® particjag | FOhibyy » ter
. force or have ele ey | it
cither nuclear - electric charge G b NVolye 4
which stops the pi;:_pcass. .ut eventually (e i ), there Mgt sl tled g,
: : s 0
some other type O lpwmcttun as predicteq by Ferr: 0 hﬁppun,t me ryl,
particles take long time to respond tg such ap i o O Xplain o, ¢ b
be very weak compared with strong nyele '?;ﬂruu cay,
- ar
interaction s less than 107 OTces

10s. Yukawa, in 1938, suggesteq that th
weak interaction, corresponding to the

mediate vector boson has not been ex 1. This $0 calleq jnger.

: S Perimentally des,
The weak interaction is responsible for the dn:cal},;;(.ifmQtﬂ]'aS a free particle.
particles.and for non-leptonic decays of strap ¥ of strange and po

@ ; M-5iran e
(4) Gravitational interaction:- £¢ particles.

It1s the weakest of the four types of interactions,
Mtdhcnugl? gravity has a measurable influence On macroscopic bodies, its inter-
action with E.ubnuclear particles is very small. Gravitation can be ex];laincd in
terms of the interactions of gravitons’. Their mass must be zero, and therefore,
their velocity must be that of light. As the gravitational field is extremely weak,
the gravitons can not be detected in the laboratory.

Of the four basic forces, only gravitational force is universal. Weak
forces affect every particle other than photon, Electromagnetic force is con-
fined to charged particles. Strong forces of the most selective and they ser::
as the criteria for classifying all known particles other thﬂrl PE“)EE:: :;::nljtufl[[
broad categories, the leptons and the hadrons. Leptons ?ﬂilfh; strong forces,
particles and do not feel the strong forces. IBut had_’ﬂns ;T In 1::ther ;'Pﬂs of
and participate in strong interactions besides taking P

'

' h_ic time of thg ;
T€ should be Eﬁel
photon ang pio d quantum for the

It has infinite range.

aiiie g™
ent and is therefore, a hadron. At the sam gfﬁ"“““““nm Lo is
that the proton £

electromagnetic an

mass. ; Xperience
ass, it must also exp B-decay of neutro

fact that it can be created by 11
involved in weak interactions as W.E‘f : .
Conservation laws and Sme:m' cation laws 187
1 t 5€
A very importan o
pgation

involving parity (P), charg® conjug
Conservation of parity:-
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Ding a reaction i which panty 1s conserved. the 1oial PATIY 111,

0 " " A T
handed coordmate svstem mto a lefi-handed coordinate system [y . ihy
. A - . " '\lrlnl:‘
symmetry. the meaning of conseryvation of panty is that in any ST, } af
. | ; : - i W
panity 18 conserved. the description of the reaction will not he ch W

ANgre) '
b L, "W o S : rr
waord “lefi” 1s changed to the word “right™ and vice verga Mhis Mmean e

such reactions can provide no clue that will distinguish between the dire,,
rnght and left. Prior to 1956 1t was believed that all reactions in nature “h jf.rq
the law of conservation of parity. However, Yang and Lce pointed o rhwm
reactions involving the weak interaction, parity was not conserved. aan;.rr :
experiments could be devised that would ahsc&lutel_y distinguish b‘-‘lweﬂn' ”hm
and lefi. Indeed parity conservation is found to hold true only in the ‘itrng:
and electromagnetic interactions. g
Charge conjugation symmetry:-

Charge conjugation is the act of symmetry operation in whi
particle in a system is replaced by its antiparticle. [fthe anti-system, or antima.
ter counterpart exhibits the same physical phenomena, then charge parity (C)
is conserved. For example, if in a hydrogen atom. the proton is replaced py, an
antiproton and the electron is replaced by a positron, then this antimatter a}nm
will behave exactly like an ordinary atom, if observed by people also made of
antimatter. In fact C is not conserved in the weak interaction.
Time reversal symmetry :- '

~ Time parity T describes the behaviour of a wave function when t js
replaced by -t. The symmetry operation that corresponds to the conservation
of time parity is time reversal. Time reversal symmetry implies that the direction
of time is not significant, so that the reverse of any process that can oceur is
* also a process that can occur. In other words, if symmetry under time reversal
holds, it is impossible to establish by viewing it whether a motion picture ofan
event is being run forward or backward. Prior to 1964, time parity T was consid-
ered to be conserved in every interaction. It was discovered in 1964 that one form
VII of the K" kaon can decay into 7" + 1r, which violates the conservation of T. The
symmetry of phenomena under time reversal thus does not seeim to be universal
Combined inversion of CPT:-

The combined Symmcll'}' operation in which the anti-matter mirror
image of a system is run in reverse allows a test of CPT invariance. All thf
evidence supports the conservation of CPT. The conservation of CPT mctu-n;
that for every process there is an antimattter mirror-image counterpart tha

————

( Visit us for more detail at : www,winsomepublication.in ____
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Q.13 yyrite shor note on liquid dru_p model.
~ Anuclear model usgu'nly associated with the Semi-empirs (2017

e WBS suggested by Bohr in 1'437: In this model the finer r‘E‘PI Fical magg fo.
forces are ignored but the strong internucleon attraetig Li}llwuﬁ:>rnuc|ear
cssential gssumptions are , (1) The nucleus consists of in ," '3 Stresseq. The
othatR= R“;ﬂ;”': -(2) The nuclear force is identical for ew.r;“mmeﬂﬂihlé Maiter
nuclear force saturates. LThus one might inquire thlhl‘}’ hucleons ; 3) The
ﬁ-pmsented as a crystalline aggregate of nucleons. Byt = 4 nucleus ¢ap be

int vibrations of the nucleons about their mean I:Es'( It BIVES that the ey,
voilent for stability. Hence the individual nucleons my Pohf;lugns would be toq
within the nucleus much as does an atom of a liquid aﬂtd able‘t{} move aboyt
think of a nucleus as being like a small drop of | Nnd one might, therefore,
known as liquid drop model. oFhiquid. Such a mode] is thus

The idea that the molecules in the drop of liquid
nucleons in the nucleus is confirmed due to f“'ilﬂ‘;‘«'ing Si;ﬁﬁéﬂ_?@nd to the
arities: (

nuclear forces are analogous to the surface tension force of a liquid (1) The
1d;

nucleons behave in a manner similar to that of molecules in  liquid : {g ?I:E
,(3) The

fact that the density of nuclear matter ~
blance to liquid drop where the denzritfr ta}}fnal{;f:lrj ?:::::m C{*if Ashows resem-
the drop ; (4) The constant binding energy per nucien: i: ;::lsz*ghu?mmi;::
laleql heail of vaporisation ; (5) The disintegration of nuclei by the :missinn of
{{art?cles is analogous to the evaporisation of molecules from the surface of
;?:;}dniji?gcﬂl:;ngﬁ Ez r;uclei (j.crresponds tp internal thermal ﬁbratipns nt:
ies | ormation of compound nucleus and absorption of
bombarding particles are correspond to the condensation of drops.

Inspite of these similarities, there are following differences : (1) Mol-
ecules attract one another at distances larger than the dimensions of the elec-
tron shells and repel strongly when the distance . smaller than the size of the
electron orbits. Nuclear forces are attractive within the smaller range, ﬂ?-.: range
of nuclear fi K_E. of the molecules in (he liquid is of the

orces. (2) The average

: 5% 10" mwhich IS
orde - 4o Broglie wavelength 15 i
rof0.1 eV, the corresponding de ]af’ Jistances. The average K.E.0f nucle

. _px 107, which
ons in nuclei is of the order of 10 MeV, the corresponding -

X . & e i e [ﬂO‘ll 0
is of the order of inter-nucleon distances. Hene o " of the nucleons
the liquid is of classical character whereas in nu —
' any other
fum 3 . an abo any o i
I chara_cFer ula gives n@ informatiof - ting th ropertics
SEHﬁ_emplrlGﬂ] o ’ nofa hl.':l'll-.‘-'iJ

d : d the L formatio
ties of nuclei than their Eﬂﬂ[g]_es an to sider deform?

of the excited states of_ ng
drop giving rise to periodi
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To make the problem simpler, let lllﬁ Considey Ylindyi, 1
deformations for which m= 0 and Qg Oscillate 1, Nicg) ly in ti .me‘l’iri[_
( g, = G, Cos(@) - . : ol (i) Cay

The characteristic frequency M is delermin::d by the d
vibration. The sm*faFe tension Opposeg 1_'.he Sllffﬂ.ce dEfUTmatyn Migg “fthg
liquid is inmmpresmlﬂi;‘ the Waveg :';1t- the Surface implies l-ﬁ n' Si"'le th
liquid. The wavelength of surface ‘v’lbl‘ﬂtiuns of g liqm d dr::;mF n Wilhin th
relation * =R/1. The magg panicipating in the vibratinn i ol Siven by thz

i , o]
of the outer shell of thicknege *, given by *qual the Mgy
H=MG3*R)
The kinetic energy in the vihratin:m T=q Quql """" {l_u)
. nf 3 T l:l‘lur]
Due.to the wave Amplitude 9, and Wavelengy, ¥ the Plane
creases by an amoypy : Surface S
AS=1/2 (q/*yg '
The change in surfy, DRIy of the dropAgy . e
2 ARa—— P ASq, g €qual the Potentiy -
atqis 1/ #*PSu:lsz}; 2 2
From relatiop (V) an i}, W get the ffﬁql.mn{:y
o ‘-“-(471:&13!31\41]”2 vij
The specific Properties of the sp Crical syrf: "¢ change { t:l‘ into J(f _ D747
he Eurf:;’:Ee ensiop Coefficient o be Calculated iy, terms of Urface e’
g, “Ei=aan Tosafmy (viti)
Hence relation (vi1) becomes
O, =1 - 1‘}{r'+2}(a5f3RfMAl %
This giveg US 100 high y

by the Coulomb

........ (x)
: ¢ -
Wwhere vy is the Fatio between the Coulomb nergy - %—EE and the sur
TE,
tension energy E =4naRr2 = a A
Tequencies g

v This equation lead
T heavier nuclej

5 1o somewhat smallef
el, but 15 msuffi

el
cient to represent the actual leve
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distances. lation (x) shows that the frequency becomes i.nmginﬂry When y i
Re aceﬁai“ limiting value Y. Its smallest vilue 5 2 for § — ) Hence
larger _tha‘}ar stability against surface deformation 15
e f E E.=0.0474 Z*/A)<2 or Z} /A <42 7.
L e T at the nuclei near the |; i
/e therefore, expect in this model th ‘ ca Lha: 2IASPlit into
We parts by the additional supply of small amounts of energy,
two
lts:- :
Resu The liquid drop model not only gives

nergies accurately, but also predicts . and g emission Properties *
cnerg}' formula does not include closed shely '
e

effects, but it can
provide a base line from which shell effects cap b

10

atomic maggegq and binding
The hinding

be used tq

: This mode]
€ar structure. It forms the basis of

Bohr’s theory of the compound nucleys formation in nycleqy reactions,
Q.14.  Define the radioactive tracers, (2016)
Other Related Questions - '
Q. What do you understand by radioactive tracers? Describe some of
its applications,
Ans,

eplaced by a radionuclide so by virtue of
it can be used

to explore the mechanism of chemical
reactions by tracing the path that the
products. Radiolabelj

radioisotope follows from reactants to
ng is thus the radioactive torm of isotopic labeling.
Radioisotopes of hydrogen
dine hay
radioactive trace

. carbon, phosphorus, sulphur, and io-
ce the path of biochemical reactions. A
T can also be used to track the distribution of a substance
within 3 nhatural system such as a cell or tissue, or as a flow tracer to t}ra’fck‘ﬂulq
flow, Radioactive tracers are also used to determine l.he location nt h‘i:z:z
“reated by hydraulic fracturing in natural gas production. E{arc[l‘ma;:::eSPECT
form the basig of a variety of imaging systems, such as, PE Sacli c;c:.:urring
Scans and technetium scans. Radiocarbon dating uses the naturally
14 isotope as an isotopic label.

x law. (2016}
15, Define activity of a radioactive substance. Find activity

Other Related Questions -

Q

(2013)
= A i lE us, tivity de-
y i f the radioactive nuc ] dioactivity
Q ]I)::ize :22::3 zf a radioactive substance. Find the ra (2019)
. e
Cay law,
Ang,
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An activity ot one decay per second is one Beee

Activity Ais directly proportional to the number of pi

that mstant:

(AN

—, r‘"\ = -
AxN - dt

AN

where N is number of parent nuclei, t is the time, X is the decay Constan;

Q.16. * Write three important properties of nuclear force? (2014
Ans.  Since nuclei contain charged particles, protons, the forceg actjn}
between the protons should be forces of repulsi

on. If there were no
latter would not be 3
pelling protons would fly out in g
state of a nucleus we haye 10 assume that S0me
ns. These attractive forces exceed the forces of
the sign of the force, electrostatie forces are my

forces acting between the particles of nuclei, the
. Tetain a stable state, because the re
tions. To have a stable
forces act on the proto
sion. Even aside from

Other
biE toy
dil‘&c- I
Othey
repuy).
ch log

(2) Saturation property:- - _
- We know that the nuclei have the same density (R = RuA '%) and the
binding energy per nucleon for nuclei

with A > 40 s constant. Thege
imply that the nuclear force

facts |
saturates. Nucleons attract each other s

trongly

confirmed by binding energy curve. -
(b) Charge independence:-

itis sufficiently attractive to lead to a stable di-

neutron. For a good approximation one can Write n-n = P-P = n-p or the forces

as charge independent.
(¢) Shape of the potentiaj..
As the nuclear interactions
beyond the nuclear radius,
problem. To avoid

do not extend to very large distances
and 1" (r >> 1) character is not useful to solve the

£€ G (the distance beyond
rapidly). It is less than nucles:

C

which potential goes to zef0
dimensions.
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Q.17. Whatare magic nuelei? Wll}'l are they most stable, (2015)
Ans.  Magic nuclei are nucler in which either the number of protons or the
qumber of neutrons corresponds to a filled shell, The propertios of
quclei are rather different from those of other nuclei.

It is now generally believed that the number 50, 82, 126 and 152 are
magic numbers. Other magic numbers which are encountered in the literature
refer either to the region of extremely light nuclel, in which these numbers have
little significance, or to numbers whose existence is open to doubt

The bc;at example of a magic m{clcus is the lead isotope of atomic
weight 208, This nuclens, so to speak, is a doubly magic nucleys nce it
contains a magic number of protons (82) and a magic number of neutrons (126 ).
pb*™ exhibits properties which are characteristic of a closed system, Whereas
the first excited levels in ordinary heavy nuclei are at energies below 200 kev
the excitation of Pb*® requires an energy of 2.6 Meyv, Furthermore, an anama:
lously small energy is required for adding a nucteon. Neutron capture is usu-
ally accompanied by the excitation of the resulting nucleus to aboyt 7 Mev;
neutron capture in Pb** leads to an excitation of only 4 Mev. - -

Probably the best way of determining the magic nuclei is an investi-
gation of the energy required for adding nuclei to a-particles (1e., the energy.
given off in capture of a-particles by a nucleus). The dependence of the affin-
ity energy for a-particles on the number of nucleons in the nucleus is found to
be a more reliable characteristic than the energy required for adding a neutron
or proton, which depends on the number of particles in an irregular way, changing
discontinuously in going from even to odd elements. Studies of the systemat-
ics of a-active elements and reactions involving the emission of c-particles are
extremely useful in this connection. ; |

It is unfortunate that, having established the magic number, there i_s
still very little we can say regarding the nucleon states. Many more experi-
ments will be required before the pattern of states for heavy nucl_ei becomes In
any way complete. The level scheme and the order of filling which frequently
appears in the literature is based on a simplified model of the p?ten"al oo
an idealized filling system which, as is apparent from the light-nucleus ex-
amples, does not correspond to reality. ; :

p — Elpz-rime:nt indicates that in heavy n.uclm_ t;e;:ﬁi::h :
particle moving in a central field requires essential mﬂdl?ﬁ:;il;l
original assumption as to spherical Symlfnﬂtr}f R ]Gn%:frical ir.1 shape. How-
It is undoubtedly true that magic nuclei are sp

i nuclei; the
' 3 especially for heavy !
ever, this nuclear shape is extremely unstable, esp - urface tension

and th
Coulomb forces, which tend to elﬂ:;%am ifieh[;:iffucléi, almost cumple;el}’
i to reduce the surface 1 . ely weak surface
:f:c:;:;, ewalt:f];t:le;dﬂﬂnce even under the effect of the relatively

forces the nucleus becomes 2 sphere.

magig
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he basic principle of detection "[“":Imr;m"m“"? -'”"l"'n
al arv the : - the working o ANy op
Wh Joar detector and explain \ t'nr”.lmn‘q
hods for detection of radionctivity are based op Miergg,
AT metiim

; y : ; Ui,
| marticles. As a result ob iteraction jons are prlml.]u:[1 'rtrl
of the charged P V-Tays, the It i,

nerey is observed. In the case nl'ncutrw and i
reduction "‘_ﬂ“i‘* e caused by secondary charged particles, In research ., *
i Prﬁd,m % a:;:ﬁ;i ‘m,d record the number of particles emjtteg ny. r'ﬂr‘”
fors are H:d :: 01:'r:d in the study of nuclear radiation, diaintugrmm“ and r[nlﬁ
E'ﬁitgr::\:‘ﬂ{: lﬂm sl Gl p¢1m|EuﬂL gﬁulﬂg}', cosmic rays, feaction rate dng,
Elja; SEITUCI'UTE, ﬁur;"&CE PT?Pﬁni“n equilibrium mﬁaéummﬁmﬁ. and ¢
the nuclear detectors have found a use. The detectors are classifieq a

QI8 1
difforent types of nue

Ans.

h

atall"%l-:
3

Detecior

|

'

Based on ion collection method Not based on joy collection Methog
H .

[ } l_\—‘\
Samration collection Multiplicative Counters based

L
! _ . : Image e
(lonization chamber) on colleetion  on light emission g

In eases Insemi-  Proporional GM.  Scintillation Cerenkpy
g conductors counter Countercounter

Counter

| } -
Photographic Cloud chamber Bubble champer
emulsion

Spark chaghg

Detectors are algg classified as electric
tional counter, G M. counter, semicon
counter, Cerenkay counter,
chamber, Spark chamber). T
radiations. Interactions oft

(lonisation chamber, Propy.
nter), and optical (scintillatiog

Ision, Cloud chamber, Bybhie
can be used in studies of variow

ductor coy
Photographic emu
he same detector

he radiations in the detector may depend on diffe-
ent phenomena.
lonization chamber:-
Normally the gas i

na container, in which are fixed two parallel elec-
trodes, does not conduct electricity and no current wil] be observed until t
voltage becomes very large 1o permit a spark to pass between the electrodés
The gas becomes 10nized when charged particles pass through it. If no volisge
is applied to the containe

I there will be no directing force acting Ihf: iﬂﬂéﬁif;‘;
no current will flow through the gas, If a smal| potential difference is applt

: : the
the electrodes, the -ve jons (or electrons) will be attracted (o the anode 3:1@
tve lons will go to the cathode. At the surface of the anode there ‘_-‘*'1" h":l 1
concentration of negative jons. Recombination in this reglon ﬂtf#,

i |
Visit us for more detail af : Www.winsomepubli
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of recombination is Pfﬂpﬂfl;f(""'"'l_ lo lh';' Product nyy. and herg
because the rate Il positive ions produced in this FEEION Moy Ouyp Prompy)
n' is very Slmllﬁ:d;ﬁhﬂ analogous situation wil| Oceur af ¢ 4
towards the cattm w}u be maximum at the center Ol the space. A sm
t’“? rechTIE::u 2h a resistor connecting the electrodes eXtern
T:J iTent pulse will depend upon the number o inilially P
tw'll be less than if the rcclnmblnalmn As the Y
electrodes is increased, the ions w . : |
will be minimum and the pul's:e Stze will thug pe
increases with the voltage. until it reaches to a va|
recombination of ions.

ape

all o
ally. The S1ze of
Toduceq long

IS zero, ollage bet

il move faster,

tant pujse size. In
re-:ﬁmbinatinn of

Amplifier
and

Capacitance = ¢

——

—
-

—
=

- Figure - loni

Zation chamber
on chamber, in i

¢ diagram of 3 c}lindrical lonization chamber
Fig,

the chamber is connected to the high-voltag
o and the other is connected to ground thro

ne electrode of

at 1g Potentia) is v
lance R

1s shown in
e supply so
ugh a resis-

In the initia) stag
Orthe quadr

4 Modificat
Was replac

3 sensitivities
es, the gold-leaf electmscopgs of g_reaglf;;':;‘m:' i
ant electrometers were used. The next step in the ﬂi:e e it et
ion of the electroscope, designed by Lﬂ““““f“l;l "’;m iess i ok T
Enbﬁ tiny metal coated quartz fibre. It cou
¢d by a tiny
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nse to particles that follow one another in eapid succession Thig dify;,
5 ’ e . - II
“I::Z overcome to a great extent by a device known as lineay or de -'"“Iﬂﬂ'lh?
which increases, without distorting, the feeble ionisation current frop, 4 . %

particle to a \-aluu_: 'u-'hich can easily regi.::lur on an oscillograph of an el H:Rli
counter. dc amplifiers are more susceptlplu to disturbance ang drifi ang Gl Y
difficult to arrange with several successive stages of
designed for amphifying alternating currents. An imp
use of vibrating reed electrometer. In it the vibrat
voltage to an approximately sinusoidal potential, w
highly stable audiofrequency amplifier,
lonization chamber instruments may be grouped into two c
depending upon the value of the time constant RC of the system re|
frequency of arrival of the ionizing events, If RC is
between ionizing events a steady state is reached and
measured. On the other hand, if RC is small each pulse produced by an ionizip
event may be detected separately. These two types are also knowy as A
intergrating and non-integrating respectively and the instrument as currey he
and pulse ionization chambers,
Let us consider the theory ina simple case when a track of ion pairs
is formed parallel to and at a distance X, fromthe axial wire. The electrodes are F
parallel and separated by adistance d. A voltage V. is applied to the electrodes, h'f
so that electrons and positive ions-drift in opposite directions in a uniform %
electric field V/d. Let us first assume that the time constant RC (where ( = ﬂ:
capacitance of the chamber + input capacitance of the amplifier) is much greater r
than the collection time of ions. So that the current through R may begin a5 | "
soon as the electrons and +ve ions move apart in the chamber.

amplification than ”mn; ¢
ortant dcvelnpmunl I [|Th

g reed converqg the |L
hich is then amplifieq Iy
atl.:gi)rjeg‘
ative g the
long compareg 10" timg T
a direct current May he' &

i 6 3 L
I
L »
Figure - Ionization in an ionization chamber °
= The change of potential at the positive electrode at the time t, due to
a track of n ion pairs formed at t = 0 is given by
Vih=nlg®+qmw)yc =~ (i)

where g (t), the charge induced on the positive electrode at time t by a single
e]ectrqu, is given by

{Lt v P.D.betweéen the electron at time t and the — ve electrode
% P.D.between the electrodes

Visit us for more detail at : Www.winsomepublication.in )
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qitr=-¢ —d"' $ d : i

i (), e charge induced on the posttive clectrode ot time | hy « sihgle
an
\qume jon, is given by

0. (0= +e P.D.between the + veion il lil'nt'_t and - veelectrode
; :

P.DD. between the electrodey

ed“ X, (1) _ E[d—[xn + wlt_”
q T e

The relations (i) and (1ii) are only true for parallel plate geometry in which
tential gradient 1s uniform. Substituting eq.(ii} and (iii) in eq. (i) we get
V(ey=-ne(vt+vtycd . .. (iv)
As the electron drift velﬂcmes v, are about a thousand times greater than the
peavy fon velocities Voo hence fc-r the time between () and t where t_is the
Jlectron collection time (X, = v t ), the above relation reduces to
Vi=-nevt/Cd - .. V)
Fort >t , there1s an ahrupt decrease in the rate of rise of potential, the new rate
heing VIV, times the original rate. The change of potential becomes -ne/C
whent=t . the time in which positive 1ons reach the negative electrode. This
imit 18 pmpnrtmnal to n and is independent of where the 1ons were fmmed in
he chamber. The shape of the collector potential curve does depend upon
where the ions are formed.

qF[H=

-ne/c
-Pex,/c, =
>
.‘:;I;’ H H t
0 t Time— ¢ Time —
(a _ (b)

Fl;gure - (a) Shape of potential pulse (b} Pulse clipping

With sufficient amplification, a large pulse will appear at the amplifier

output terminal. To have the height of the output pulse proportional to the

amount of jonization produced by the particle in the chamber, two kinds of
Proportional or linear amplifiers can be used. One known as slow amplifiers, in

Which the shortest time constant is chosen long compared with the drift time of.
the +ve jons, have several disadvantages. The others known as fast amplifiers,
I which time constant RC is made short enough so that the induced potentials
"¥he +ve jons are not of interest and clip the pulses. Thus the slow linear rise,

——

_ Visit us for more detail at : www.winsomepublication.in 5
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afier the collection of electrons, is removed unFl the heighl of
pulses depends on V(1) and not on V(1 ). This is shown in fig.(b). Upg
nately such amplifiers have the disadvantage that lrhE_PU]ﬁE height depengs o
V(1) and henee on the position of formation of the ionization track_ This defig
can be overcome by inserting a grid between the electrodes, A grid of many
fine wires (spaced 2 mm apart and 0.2’ mm diameter) is mounted at 4 distance ¢/
3 from the +ve electrode and is maintained st potential -V /2, 50 thay the fielg
between the grid and the negative electrode is weaker than the fielq betwegn
the grid and the positive electrode. If the complete range of an ionizing pargije
15 confined to the region between the negative electrode and grid, the grid
screens the +ve elect:ode from the electrons and +ve jons. Electrons, whi

drifting through the grid, induce a change of potential at the +ve electrode. As
positive jons are screened from
effect. Thus

nit 1y Iy

V  =_ne/C

The height of the amplified
V=AEe/WC e VD)
where A is the voltage gain of t if ‘

can be meas
Unfortunately, 3-particles and ¥
pulse detectable above the
by ionization chambers.

ured in the presence of high u-parncl_e; |
-rays do not produce enough ionization 10 E:E.-j
background noise and hence can not be detec

Q.19.  Give examples of Isotope

015)
s and isotones, (2
Ans, Isotopes: -

pep il
ofa particular chemical element which dln::;r
of a given element have the same """ﬂh.bjsu::
Isotope jg formed from the GI‘ﬂUI“_M:Zmn
£ "the same place"; thus, the meaning s
olopes of a single element occupy the san

neutron number, A Isolopes
Protons in each alom. The term
(equal ) and lopos (place), meanin
the name is that different js
tion on the periodic lable. tom°

The number of prolons within the alom's nucleus 15 caHL‘i! dﬂ'f-
-number and is equal 10 the number of electrons in the neutral {'“’_"'m:l,c; a
atom. Each atomic numbe; Identifies 5 specific element, but not the iSOtOF e
atom of a given element may h;

g : g 2 \ “.-“”__H-
ave a wide range in its number of nett™ gt

. e the )
tons and Neutrons) in the nucleus 15 et
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mass number, and each isotope of a given element has a diflerent mass number.,
For example, carbon-12, carbon-13 and carbon- 14 are three isotopes of
the element carbon with mass numbers 12, 13 and 14 respectively. The atomic
number of carbon is 6. which means that every carbon atom has 6 protons, so
that the neutron numbers of these isotopes are 6, 7 and B8 respectively.
Isotones: -

Two nuclides are isotones if they have the same neutron number N,
but different proton number Z. For example, boron-12 and carbon-13 nuclei
both contain 7 neutrons, and so are isotones. Similarly, *S, ¥'Cl, ¥Ar, *"K, and
*Ca nuclei are all isotones of 20 because they all contain 20 neutrons.

Q.20. Give examples of mirror nuclei. (2015)
Ans.  There exists many light unstable nuclei in which Z differs from N by
unity. Among these there are pairs which consist of the same odd number of
nucleons, say (2Z + 1) = A, but one of them has Z protons and (Z + 1) neutrons,

while the other (Z + 1) protons and Z neutrons. Such nuclei are called mirror
nuclel. The few examples are

(] H';.. ,_,IHER}; (ELi"T} 4B.€?); {ﬁGu* ?le); {WKSQ: E{.Cam)‘ o

Q.21.  Write (i) three isotopes and (iii) three isobars of O' nucleus. (2013)
Ans.  Isotopes- O, O", O" :
Isobars- _N'°,

Q.22. Write short note on Shell Model. (2009)
Ans. In nuclear physics and nuclear chemistry, the nuclear shell model is a
model of the atomic nucleus which uses the Pauli exclusion principle to de-
scribe the structure of the nucleus in terms of energy levels. The first shell
model was proposed by Dmitry Ivanenko (together with E. Gapon) in 1932, The
mode] was developed in 1949 following independent work by several physi-
cists, most notably Eugene Paul Wigner, Maria Goeppert Mayer and J. Hans D.
Jensen, who shared the 1963 Nobel Prize in Physics for their contributions,

The shell model is partly analogous to the atomic shell model which
describes the arrangement of electrons in an atom, in that a filled shell results
in greater stability. When adding nucleons (protons or neutrons) to a nucleus,
there are certain points where the binding energy of the next nucleon is signifi-
cantly less than the last one. This observation, that there are certain magic
numbers of nucleons: 2, 8, 20, 28, 50, 82, 126 which are more tightly bound than
the next higher number, is the origin of the shell model.

The shells for protons and for neutrons are independent of each
other, Therefore. one can have "magic nuclei” where one nucleon type or the
other is at a magic number,-and "doubly magic nuclei”, where both are. Dye to
some variations in orbital filling, the upper magic numbers are 126 :;ind, specu-
latively, 184 for neutrons but only 114 for protons, playing a role in the search

(" Visit us for more detail at : www.winsomepublication.in )
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for the so-called island of stability. Some semimagic numbers have beey, f;
notably Z = 40 giving nuclear shell filling for the various elements; 16 rna:““d‘

be amagic number.
. In order to get these numbers, the nuclear shell model starts frop ,,

average potential with a shape something between the square well and
harmonic oscillator. To this potential a spin orbit term is added. Even so, th,
total perturbation does not coincide with experiment, and an empirical ;Pin
orbit coupling must be added with at least two or three different values of i
coupling constant, depending on the nuclei being studied.

Nevertheless, the magic numbers of nucleons, as well as other prop.
erties, can be arrived at by approximating the model with a three-dimensional
harmonic oscillator plus a spin-orbit interaction. Amore realistic but also com-
plicated potential is known as Woods-Saxon potential.

ils

Q.23. How was neuatrons discovered? Write three basic properties of neu-
tron. . ) (2015)
Ams.  The discovery of the neutron and its properties was central to the
extraondinary developments in atomic physics that occurred in the first half of
the 20th century. Early in the century, Ernest Rutherford developed a crude
model for the atom, based on the gold foil experiment of Hans Geiger and
Ernest Marsden. In this model, atoms had their mass and positive electric
charge concentrated in a very small nucleus. By 1920 chemical isotopes had

been discovered, the atomic masses had been determined to be integer mul-

tiples of the mass of the hydrogen atom, and the atomic number had been
the 1920s, the nucleus

identified as the charge on the nucleus. Throughout
was viewed as composed of combinations of protons and electrons, the tWo

elementary particles known at the time, but that mﬂdelr presented several ex-

perimental and theoretical contradictions.

The essential nature of the atomic nu
discovery of the neutron by James Chadwick in 1932 and the dete
that it was a new elementary particle, distinct from the proton.

The uncharged neutron was immediately exploited as a new means Y
probe nuclear structure, leading to such discoveries as the creation of f}‘:w
radioactive elements by neutron irradiation ( 1934) and the fission of uraniu™
atoms by neutrons (1938). The discovery of fission led to the creation of b0
nuclear power and weapons by the end of World War I1. Both the proton "
neutron were presumed to be elementary particles until the 1960s when they
were determined to be composite particles built from quarks.

In 1930, Walther Bothe and Herbert Becker in Giessen, :
that if the energetic alpha particles emitted from polonium fell on certain

elements, specifically beryllium (353) boron ('5113] , or lithum

: 0

unusually penetrating radiation was produced. Beryllium produced the M
_-_"_._._'_'_,_.—o-"'_r
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intense such radiation. Polonium is highly radioactive, producing energetic
alpha radiation. Polonium was commonly used for such scattering experiments
at the time. Since the observed radiation was not influenced by an electric field
(neutrons have no charge), it was thought to be gamma radiation. The radia-
tion was more penetrating than any gamma rays known, and the details of
experimental results were difficult to interpret.

Two years later Irene Joliot-Curie-and Frederic Joliot in Paris showed
that if this unknown radiation fell on paraffin wax, or any other hydrogen-
containing cempound, it ejected protons of very high energy (5 MeV). This
observation was not in itself inconsistent with the assumed gamma ray nature
of the new radiation, but that interpretation (Compton scattering) had a logical
problem. From energy and momentum considerations, a gamma ray would
have to have impossibly high energy (50 MeV) to scatter a massive proton. In
Rome, the young physicist Ettore Majorana declared that the manner in which
the new radiation interacted with protons required a new neutral particle.

On hearing of the Paris results, neither Rutherford nor James Chadwick
at the Cavendish-Laboratory believed the gamma ray hypothesis. Assisted by
Norman Feather, Chadwick quickly performed a series of experiments showing
that the gamma ray hypothesis was untenable. The previous year, Chadwick,
J.E.R. Constable, and E.C. Pollard had already conducted experiments on disin-
tegrating light elements using alpha radiation from polonium. They had also
developed more accurate and efficient methods for detecting, counting, and
recording the ejected protons. Chadwick repeated the creation of the radiation
using beryllium and aimed the radiation at paraffin following the Paris experi-
ment. Paraffin wax is a hydrocarbon high in hydrogen content, hence offers a
target dense with.protons; since neutrons and protons have almost equal
mass, protons scatter energetically from neutrons. Chadwick measured the
range of these protons, and also measured how the new radiation impacted the
atoms of various gases. He found that the new radiation consisted of not
gamma rays, but uncharged particles with about the same mass as the proton.
. These particles were neutrons. Chadwick won the Nobel Prize in Physics for
this discovery in 1935.
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The year 1932 was later referred to as the "annus mirabilis" for nucleay
physics in the Cavendish Laboratory, with discoveries of the neutron, artificia|
nuclear disintegration by the Cockcrofi-Walton particle accelerator, and the
pOSItron. |
Basic properties of the neutron:-

(1) Neutron mass:- -
" Qince the neutron is not a charged particle, its mass could not be

determined from deflection measurements in electric and magnetic fields,
Chadwick gave a rough estimation of the mass of a neutron from the informa-
tion obtained in collisions of neutrons with protons on the one hand and with
nitrogen nuclei on the other. From the equations for the conservation of en-

ergy and for the conservation of momentum for a head on collision, and from .

the lengths of accompanying tracks in the cloud chamber, Chadwick found
that neutron mass M_ = 1.15 amu, roughly the same as that of the proton.

A more precise value for the mass of the neutron was obtained by
Chadwick from the study of the nuclear reaction

B+ Het—> N+ n'+Q.

The Q value was found from the kinetic energies of B'', N'; n' and a-
particles. Substituting all the known values in terms of atomic mass units in the
above equation Chadwick obtained 1.0067 mu. for the mass of the neutron.
(2) Neutron Charge:-

The neutron is usually assumed to have no net charge. Dee investi-
gated the jonization produced in air in a cloud chamber irradiated by fast
neutrons and found one ion pair per 3 metre of the path and thus concluded

that the charge of the one neutron is less than 1/700 of the proton charge. Rabi
and his coworkers -have found the neutron charges less than 10" electron
charge. Fermi and Marshiall set an upper limit of ~10'* electron charge for the
charge on the neutron.
(3) Neutron Statistics and spin:-

Since the deuteron is a loose combination of proton and neutron and
is supposed to have a spin 1. From the study of band spectra of deuterium and
the proton spin (1/2) the neutron spin comes out to 1/2. Neutmhs have been
found to obey Fermi statistics. The experimental fact that the magnetic momen!

of the deuteron is nearly equal to the algebraic sum of the magnetic moments 0
the neutron, and proton strongly supports this value, This value of 1/2 for the
spin of the neutron has been confirmed by reflection of neutrons fro™
magnetised mirrors by Hughes and Burgy.
(4) Wave Properties:-
For pnn-n:lam-if;tic velocities (v<<c), the wavelength associated with
leutrons 1s given by

}:‘I}':" h'——;z_?;ﬁ_)(I{}”
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1 !
nere EisineV- Thus for thermal neutrons A= 1.82 A which is comparable with

omic dimensions. For E=1MeV, A =2.86x 10" metre approaching nuclear

mensions. The relativistic correction is important above energy of 100 MeV.

he wave properties are of primary importance in determining the nature of the
teraction between neutrons and nuclei. '

).24.  Explain the construction, working and necessary mathematical for-

aula of cyclotron. Why is it not suitable for accelerating electrons? (2014)
Hther Related Questions -

0. ' Write notes on Cyclotron and its application. (2012)
0. Using necessary diagram, describe construction, working and theory
of Cyclotron. ] : (2019)
Ans.  The Cyclotron:-

Principle:-

The cyclotron is a “magnetic resonance accelerator”.

¢ The positive ions acquire energy from r.f. field when they cross the gap
between two hollow metallic electrodes connected to the field. The time of transit

of 1ons between electrodes is such that r.f. field is always in a phase to accelerate

the ions when they cross the gap. Thus ions gain energy from r.f. field in steps
every time they cross the gap between the two electrodes and eventually ac-
quire energy much higher than the equivalent peak accelerating voltage.

The electric field provides the energy and magnetic field guides the
motion.

® The value of the magnetic field strength depends upon the frequency of the
oscillating electric field applied between the dees. It is so chosen as to gZive

resonance between the arrival of the charged particle in the gap and the rever-
sal of the voltage between the dees. This is done by adjusting the time taken
by the charged particle to describe a semi-circular path equal to half the time
period of oscillation of the applied high frequency electric field Le.,

) R

o 2
The frequency
f- — -1— = _(i e B(‘:
T 2n 2mm
This gives the cyel 5 et _
yclotron resonance condition for a charged particle of
value of e/m. charged particle of

Construction:-

a given

B i The cyclotron {_ﬁ;_;.‘,: consists of two hollow semicircular metal hoses
» U, called “dees™. A source of ions is located near

the mud-point o the P

Etwe e ae™ 7 o R EeAL T ]: . 5K
€0 the “dees”. The “dees” are insulated from each other ond v "
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closed in another vacuum chamber. The “dees™ are connected to 4 POwer,

radio-frequency oscillator. The whole apparatus i_S Pluluud hulwcf:n the .,
pieces of a strong electromagnet. The magnetic feld is perpendiculy, {0 1h,
plane of the “dees”.
Theory:- |

Suppose a positive ion leaves the ion source at l,‘h{: Centre of
chamber at the instant when the “dees™ D, and D, e at ?hﬂ maximum Negatiy,
and positive A.C. potentials respectively. The positive ion will be accelergty
towards the negative dee D, before entering It . |
* The ions enter the space inside the dee with a velocity v given by

: ;

Ve =—mv’
2

Here, V is the applied voltage. b

e and m are the charge and mass of the ion respectively.

* When the ion is inside the “dee”, it is not accelerated since this space is field
free. Inside the dee, under the action of the applied magnetic field, the jons
travel in a circular path of radjus r given by |

Bev=mvir ' evesssil 1)
Here, B =the flux density of the magnetic field,
or r=mv/Be : . SN (1)

_The angular velocity of the ion in jts circular path = ¢y = ¥.— L ceeeeen(101)

r m

The time taken by the ion to travel the semicircular path = t = L s eIV

o Be

field (B) or the frequency of the oscillator

and just enters (h the ion has described a semicircular path
st ente lar ps

res - ; ©
. PeCt 1o D, The jon jg then accelerated towards D, and enters the spac
aer ‘*’E]GCI'I}’- Since the ion is now moving with gredtf

Suppose the strength of the
(f) are so adjusted that by the time
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c
. or vmat = B_rﬂm

sl )
m
.+ The energy of the ion
1 , Br_?le _
.:E = Em\-’mu = > —n: “".,.(\-rl)

The condition for acceleration of the ion in the inter-dee gap is that
The time taken by the ion to travel the semicircular path

= Half the time period of oscillation of the applied high frequency voltage

mm T 2mm
ie., g L=
' Be 2 Be
-, Frequency of the oscillator
" Be R
f= TR N PP vii
2mm kvit)

Hence the energy of the ion is given by

E=2w7r m -~ - = (viii)

The particles are ejected out of the cyclotron not continuously but as pulsed
streams. )

Limitations of the cyclotron:-

The energies to which particles can be accelerated in a cyclotron are
himited by the relativistic increase of mass with velocity. The mass of a particle,

when moving with a velocity v is given by m =

m, )

— where m, 1s the
Vi—v?/¢?
rest mass and c the velocity of light.

According to eq.(iv),

The time taken by the ion to travel the semicircular path=t = %ﬂl = %
; e
, o 1 ' Be Bevl-v* /¢?
~ Frequency ofion=n=—=—- ¢or n=
2mm 2mm,

Therefore, the frequency of rotation of the 1on decreases with in-
trease in velocity, The ions take longer time to describe their semicircular paths
than the fixed period

_ ‘ of the oscillating electric field. Thus, the ions lag behind
the applied potential and finally they are not accelerated further. Due to this

{fﬁﬂﬁﬁn: the energy of the ions produced by the cyclotron is limited. This
'Mitation can be overcome in the following two ways.
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N——
Vi—v /¢’

Now, the frequency of the ion = Be 2,

(i) Field variation:- _
The frequency of the ion can be kept constant by Increasing

magnetic field (B) at such a rate that the product By1-v* /c? remaing con- |

stant. For this purpose, the value of the magnetic field B should increase, 4

velocity of the ion increases, so that the product By/1—v* /c® remains yp.
changed. This type of machine in which the frequency of electric field is kept
constant and magnetic field is varied is called synchrotron.

(ii) Frequency modulation:-

In another form of apparatus, the frequency of the applied A.C. is
varied so that it is always equal to the frequency of rotation of the ion. This
type of machine in which magnetic field is kept constant and the frequency of
the applied electric field is varied is called a frequency modulated cyclotron or
synchro-cyclotron.
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Q.25.  Writeshort note on Thermonuclear energy. ' (2009)
Ans, The energy obtained after nuclear fusion or fission of atomic nuclet at

very high temperature is termed as thermonuclear energy. The energy emitted -

Is arich source of power and is termed as atomic energy. A common example IS
hydrogen bomb.

Q.26. S-keich nucleon binding energy per particle vs mass number curvet
and explain fission and fusion process of nuclei, (2014)
Other Related Questions -

and 1E'Kplaufl.: Whyenergy is released in fission and fusion? (2012)
Q With the belp of this curve explain how energy is released in the

pn;!{-:fs'—“—_’:;!'“_‘ﬂjﬂ,al'.d fussion. 2009)
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Ans.  Nuclear binding energy curve: -
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Nuclear fission:-
The process of breaking up of the nucleus ol a heavy atom into 1y,
more or less equal fragments with the release of a large amount of energy ..;

called fission. | _
When uranium is bombarded with neutron, a uranium nucleus captures,
le compound nucleus. The compound nucley,

slow neutron, forming an unstab
splits into two nearly equal parts. Some neutrons are also released in this process.

The schematic equation for the fission process is

R ;= LU X +Y + neutrons e (i)
LU isa highly unstable isotope, and X and Y are the fission fragments. The
fragments are not uniquely determined, because there are various combina-
tions of fragments possible and a number of neutrons are given off. Typical

fission reactions are

: 5 1 236* 141 82 I 1
UEU_M + ﬂ'nj = qu %._} %Ba,er}'-"Krw + 3unl FEY D eed {ll]

SUR+ gD — U7 = »C +, Srit+2n +Q e 111)

Here, Q is the energy released in the reaction. -
According *o Eq. (ii), when LU I8 bombarded by a slow moving

neutron, the nucleus becomes unstable (ﬂU“"') and splits into 5‘S,Bial”" and
Kr” releasing 3 neutrons and energy Q (fig.).

135 13e"
WU X :
i

Flgure “Krvz

Nuclear Fusion:- :
In this process, two or more' light nuclei combine toget

single heavy nucleus. For example, when four hydrogen nuclei are fused to-
gether, a helium nucleus is formed. The mass of the single nucleus formed 15

always less than the sum of the masses of the individual light nuclei. The difﬁ-‘{'

ence in mass is converted into energy according to Einstein’s equation E =M<

her to form 2

Q.27.  Describe the semi-empirical binding energy mass formula and ex
(2019)

plain its significance.
Ans.  Semi empirical formula: -
The liguid-drop model can be used t

for the bit}dir_:g energy of the nucleus. Weizacker proposed the semi-em
nuclear binding energy formula for a nucleus of mass pumber A, containing
protons and N neutrons. it is written as
¢Z(Z-1) d(N-2)

- +

— 4 Wd

A A A
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where a. b, c. d and O are constants.

Explanation of the terms: -

1. The first term is called the volume energy of a nucleus (E, =aA). The larger
the total number of nucleons A, the more difficult it will be to remove the
individual protons and neutrons from the nucleus. The B.E. is directly propor-
tional to the total number of nucleons A.
2. The nucleons, at the surface of the nucleus, are not completely surrounded

' by other nucleons. Hence anerg‘y of the nucleon on the surface is less than
that in the interior. The number of surface nuclons depends upon the surface

area of the nucleus. A nucleus of radius R has an area of 47R? = 4rr; AP

' Hence the surface effect reduces the B.E. by E_=DbA?". The negative enrgy E,

1s called the surface energy of a nucleus. It is most significant for the lighter

| nuclei, since a greater fraction of their nucleons are on the surface. |
3. The electrostatic repulsion between each pair of protons in a nucleus also
 contributes towards decreasing its B.E. The Coulomb energy E_ofa nucleus is
the work that must be done to bring together Z protons from infinity into a
volume equal to that of the nucleus. Hence E _x Z(Z - 1)/2 (the number of
proton pairs in a nulceus containing Z protons) and E_is inversely propor-

tional to the nulcear radius R = r,A'". E_is negative because it arises from a

force that oppose nuclear stability. '

13 Volume energy Ev
’ _ A
| 1[} ; -““""""'---.IQFE! Eﬂf_:‘rg}" . BE
I ::., R A e e T
| 54
| 100 ZII]{] 3(IH}
3 | A
| b - Es
- Asymmet ffect A
% s ry e ‘:\ Ea -
"Coulomb effect Ec A
104 Surface effect A

d(N-2)

4. The fourth term E, = originates from the lack of symmetry be-

tween the number of protons (Z) and the number of neutrons (N) in the nucleys.
The maximum stability of a nucleus occurs when N = Z. Any departure from
this introduces an asymmetry N-Z, which results in a decrease in stability. The
decrease in the B.E. arising from this is called the asymmetric energy (E ). This
is also negative. ]

5. The final correction term & allows for the fact that even-even nuclej are more
stable than odd-odd nuclei. & is positive for even-eyen nuclei, g negative lor

- : L] _-__T-—'n___
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odd-odd nuclei and 8 = 0 for an odd A. 1 :

. The best values of the constant, expressed in MeV are a=15.760; b =
" 17.810,¢=0.711,d=23.702,5=34. y 1 N
The contributions of the various effects in Weizacker’s empirical for-

mula are represented schematically in the graph of figure.

Q.28. Define mass defect. _ (2!]1}9]
Ans.  The nucleons are bound together in a nucleus and the energy has to

be supplied in order to break apart the constituents into free nucleons. The
energy with which nucleons are bounded together in a nucleus is called as
Binding Energy (B.E.). In order to free nucleons from a bounded nucleus, this
much of energy (= B.E.) is to be supplied. -

It is observed that the mass of a nucleus is always less than the mass
of constituent (free) nucleons. This difference in mass is called as mass defect
and 1s denoted as Am. .

If m_is mass of a neutron; m_is mass of a proton and

m(Z, A) = mass ufp bounded nucleus, then

Am= Z.mp +(A-Z)m -m(Z,A)

This mass-defect is in form of energy and is responsible for binding
the nucleons together. -

Q.29.  Explain why energy is released in fusion of light nuclei and fission of
heavy nuclei. : (2013)
Ams.  Evidently, nuclei of intermediate mass are the most stable, since the
greatest amount of energy must be supplied to liberate each of their nucleons
This i_“acl suggests that a large amount of energy will be liberated if heavief
nuclei can somehow be split into lighter ones or if | ight nuclei can somehow &
Jomed to form heavier ones. The former process is known as nuclear fission

a!-xd the latter as nuclear fusion. Both the processes indeed occur under prop*’
circumstances and do evolve energy as predicted.

Q.30.  The halflife of uranium is 5000 millions years. In how many year®

will 1 gm of the element be redyced ¢ 1 i U
0l

S centigram. (2

Q. The half life of Na* js ' !

ikl of decay? n @718 15 hour. How long 80% of the sample of th

= 1 gram, T,,=5000 million years, t="
Radioactive constant = 3, = 96931  0.6931

—_——

T, 5000

A N 0.693 log, (E}‘Eﬁ} =3322] million years

Sol. Here N=0.01 gram, N
1]
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