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Q.1. Give the postulates of Bohr for his atom model obtain expression for
the radius and electron-energy of the n" orbit. Explain how Bhor’s atom
model successfully accounts for the hydrogen spectrum. (2017)

Atomic Physics

' Other Related Questions -
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Q. States the various postulates of Bohr theory of hydrogenic atoms. Find
the expression for the energy of the clectron revolving in the n* orbit. Calcu-
late the energy of I' orbit of hydrogen atom. (2016)
Q. Statethe postulates of Bhor’s theory of hydrogenic atom and derive an
expression for the radius of n" orbit. (2014)
Q.  State the various postulates of Bohr’s theory. Derive an expression for
the radius of n" orbit of Hydrogen like atom. What is Bohr radius? Calculate
Bohr radius for hydrogen atom. (2012,19)
Ans. BohrAtom Model: - .

Bohr assumed basically Rutherford nuclear - model of the atom and tried

to overcome the defects of the model. He proposed twq. postulates.

* Basic Postulates: -

(1) An electron cannot revolve round the nucleus in all possible orbits as
suggested by the classical theory. The electron can revolve round the nucleus
only in those allowed or permissible orbits for which the angular momentum of
the electron is an integral multiple of . ’

Here, £ is the Planck’s constant - or rather, his original constant (h)
divided by 27

h= L 1.054572x 107 Js.
27

h=6.64x107Js.

These orbits are called stationary orbits and an electron revolving in
these orbits does not radiate energy.
Explanation; - )

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

LL=mvr=mry =nin is called the principal quantum number. It tankes

. Integral values, excluding zero;n=1,2,3,4 ..cco.......

(2) An atom radiates energy only when an electron jumps from a stationary
orbit of higher energy to one lower energy. If the electron jumps from an initial
orbit of energy E. to a final orbit of energy E, (E, > E, ), a photon frequency
J_E-E
= isemilted.

h
The Bohr formulace: -

Based 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,

C onsider an atom whose nucleus has a positive charge Ze and maSs'M
(Fig.1). For hydrogen, Z = 1. Let an electron of charge (-e) and mass m Move
round the nucleus in an orbit of radius r. Since M >> m, the nucleus is statiop,
ary. Hence the mass of nucleus does not come into the calculations,

The electrostatic force of attraction | 1 (Ze)(-e)
between the nucleus and the electron | 4ng, 1’ L e 1)
The centrifugal force on the electron = mv¥/r )
mv’ 1 Zé?
The system will be stable if —— =
. I R S 3)
According to Bohr’s first postulate, mvr=ni or v= ﬂ
232
or V= Ei :
. mT° e e C))
Substituting this value of 2 ineq.(3), -
E(n:h:]_ 1 Ze?
r { m*r? 471:80 T
. \
or. - r=UmE)hn?
Zme* %)
. Radi = L : i
1us of the n* permissible orbit for hydrogen=r, = —4n8°2ﬁ n’ ( Z= 1)
I, =agn’
Here the Bohr radiys a, is defined as
dne h? 4 -12 ’
a, =V 4m(8.854x10712)(1.055x10-*)>
0 = XLOSSx107)" 4 0530m.

2

me (9.11x10°")(1.6x107°)?

Calculation of total energy: -

potemi;h:r:::alj:ne;-gy of the e}ectron in any orbit is the sum ints kinetic and

Zerowhent isg S. ‘he Potex?tlal encrgy of the electron is considered to be

orbit is ot atan infinite distance from the nucléus. P.E of an election in an
] g?lxen by the work done in bringing the electron from infinity to that

orblt.Thls amount of work is obtained by integrating the electrostatic force of

attraction between the nucleus and electron from the limits w0 tor. .

P.E. of the electron ::[ Ze _dr = ~Ze? &
. d 47{8"]'- 47[801' .......
(__ Visit us for more detail at : www.winsomepublicétion.in )
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7l

K_.E. of the electron = lmv2 = e (7)
8meyr ‘
Z 2

[ fromeq.(3),mv’ = ¢ }
: ‘ i 4negr
-, Total energy of the electron in the n" orbit=E_=P.E. +K.E.
' -7¢* | 768 -Z¢

-= + =
4me,r  8me,r  8mer

Substithting the value of r from (5),
_ -me'Z’ 1 ‘ -
"~ el . (8)
As the value of n increases, E_increases. Hence, the outer orbits have greater

energies than the inner orbits.
Bohr’s interpretation of the Hydrogen spectrum: - 7
If an electron jumps from an outer initial orbit n, of higher energy toan

inner orbit n, of lower energy, as in Fig.2, the frequencybf the radiation emitted

hv AN\

.-

0 170

S
R i

is givenby v=(E —Em )/h..

4 & 4 0 s ., Y
E = me 1 S n=nn N
i ' N
ny 2,232 .2 R i
T2 f00)
L] ’
(O o
4 VN A
me 1 - RN s
and  E =-————— .+ Z=1 for hydrogen] ™, “te..w”
T | ydrogen]
E -E Figure 2
n, n,
V=—

h

me* 11
v= 3. 2:3)._2 _ 2
64n so'ﬁ_ n~ n,

The wavenumber V of a rediation is defined as the reciprocal of its
wavelength A in vacuum and gives the number of waves contained in unit

length in vacuum. v =1/A =v/c.

v me’ 11
64’e;h’c( n}  n?

me*

64n3802ﬁ3c

..... -(10)

= R_ = Rydberg constant for infinite nuclear mass

(___Visit us for more detail at : www.winsomepubHhcation.in )
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J I > (e N /)
~1.097x10'm < 2,
. AN
{ B % /, .f'»
= S (11) @ QO 2
veR | TR 2 / @)
“InS n, , 3,
. ’ . A z
Spectral series of hydrogen atom: - ' : i ” / E
S g =
‘man series - - ) N : o 3
i l:l\‘h on an electron jumps from second, third, .... etc... orbits to the firgt T &
¢ N s . . . -
series which li > ultraviolet regjon, .
orbit . we get the Lyman series which lies in the g Here, n N ‘ ,
i =2.3.4,.5 .. 2, /o
landn,=2,3.4,.3 2 X
. A &,
1 . :
v=R (l\——,);ll = 2,3, 4,5 ....... (Pel‘lés é\LeQ'
ot el
(2) Balmer series - ‘ . o ‘ . ; .
When an electron Jumps from outer orbits to the second orbit, n =2and. Figure
n=3.45 . etc. i ' ~
- The energy - level diagram: .
(11 ‘ 472
V:RTL?_TJ;H:3'4’5 ....... ete. ‘ me‘Z
2 n?

This series is called Balm
The first line in the series
line and so op .

(3) Paschen series -

can be diagrammatically repre-.
The equation E, =

S

o _32T52802ﬁ2 n- )
» ituti ralues of
el s : i level diagram. Substituting the v

nd (n=4) the H sented. Then, it is called the energy
e seco = ! d. i

erseries and lies in the visible r
(n=3)is called the H“ line, th

m,e,g, and f we get for hydrogen (Z= 1),
IR R

' ” 6 ‘7’ O.11x107)(L6x 107" ) () _ 5 oo 1oy
| | | ‘ . - i : 2 -3452
o Paschen series i the infrared rf:glon are givenbyn =3 and n,=4,5, 32,:1;8 - e T
-19
) 7 21.76x10 V =13.60V
\:R'(3T-FJ;H:4,5,6,7-...(€(C. _ ey .
T . o E =(-13.6/n%)eV forn=1,2,3,.....
Ifn =4anq 0,=5,6,7... ele., we get the Brackett series. . 5 . "
_ ] ] n = 00 [ L LR R LR L IR LT R R LR RL L IRRL L IR L L O
V= ) | |
R, (4 Fj,n =56,7..... 5 ==
(5) Pfupg Serieg ! i : o '.
- n=_ | Brackett series | 's)
l"n, =Sandp - 6,7,8, ... Wwe get Pfund series. ‘n=13 S pmcben &
- (L‘LJ” i n=2 l “Balmer series N
52 n: 1 =10, L, 8 e "
Braclzcn and py;
f NETT
Spectru 3, o SLHVLS hff Inthe very

frogen Lyman serics
- (he hydr e
ar infrared region of the hy: Fet Flgures
ar infrared reg venum
iving rise
jving r

: Y puttin,

Jeanim. .pvungn 7N ey
.xulczllmll.ix the |
l(;lll(:di”(‘ftlll b

Series jy) hy

ch one of
astline iy the se
Arogen are g,

] > wa
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ntinuum. . R T :
forme 1cotl e energy - level diagram, the discrete energy states are represeniteq
Inth 8y~ b Spnce y i
by horizontal lines, and the electronic jumps bet\\eel.l these states by verticy]
1') (Fig4). Fig.4 shows schematically how spectral lines are related to atomic
ines (Fig4). Fig.4 shows s :
energy levels.

Q.2. Whatis Compton cfféct'.’ Find expression for the Comptqn relation,
Describe the experimental verification of Compton relation? (2016)
Other Related Questions -

Q. Whatis Compton effect? Derive the expression for the change in wave-

length of scattered X-rays. Describe its experminetal verification,
Q. Write the forniula for the change in wav
tering. Describe its experimental verification.
Q. Givethetheory of Compton effect and briefly
verification.
Ans.  The Compton Effect: -

g Compton discovered that when X
were incident on a material of Jow
change of frequency on scatterin
lengths. In addition to th
longer wavelength. The
incident X - rays. This e

(2014)
elength due to Compton scat-

(2012)
explain its experimental
(2018)

“Tay of a sharply defined frequency
atomic number like carbon, they suffered a
g. The scattered beam contains two wave-
e expected incident wavelength, there exist a line of
change of wavelength ; [

lastic interaction is known as Compton effect.

This effect was explai

of radiation. The whole process is treated as a particle co

X- ray photon and a loosely bound electron of the scat
both momentum and enper

llision event between
terer. In this process,
gy are conserved. In the photon - electron collision,
2 portion of the energy of the photon is transferred to the electron. As a result,

the X - ray proceeds with less than the original energy (and therefore has a
lower frequency or a higher wavelength).

The incident photon with an energy hy and momentum hv /¢ strikes an

energy is only the rest mass energy, m,c”. The scattered photon ofenergy jy ’
and momentum hy'/ ¢ moves off in a direction inclined at an angle 0 to the
original direction. The electron acquires a momentum mv
angle ¢ to the original direction. The

According 1o the principle of cons

and moves at an
energy of the recoil electron js me? (fig.1).
ervation of energy,

hv+me? = hy'y me?

- Visit us for more detaijl af :

www.winsomepublic:llion.in
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Considering the x and y components of the momentum and applying the prin-
0
ciple of conservation of momentum,

E=M0056+mvcos¢ ........... (2)
c c
Incident photon
E=hv
hv'; g o0 o ULk 3)
‘0=—-sin0-mvsin¢
e i N L @
from (2), mvc cos ¢=h(v—v'cos0) .
from (3), mvc sin ¢ =hv'sin 0 2]

Squaring and adding (4) and (5), o
m?vic? = h?(v? —2vv'cos0+v' cos’ ) +h’v" sin’ O

=h?*(v? —2vv'cos0) +h’v"

\ o 6
=h*(v?* -2vv'cos0+v") (6)
[} 2
Fromeq.(1), mc® =h(v-v")+m,c
' . 2 2 4
m*c* =h*(v’ —=2vv'+v"?)+2h(v-vOm,c® + m,’c? ... (7
Subtracting (6) from (7), - . ©
m’c?(c® —v?) = -2h*vv'(l-cos 0) + 2h(v - vm,c? +mc* ...

i i tivistic formula
The value of m*c?(c? - v*) can be obtained from the Tela ivi .
m,
(1-v*/¢?)

m=

2 22
m,’ myc

2 Mo
Squaring, R e Rt g

P (
m?c?(c’ -v) =m,’c
From (8) and (9), ‘ »
mg et = =2 vy (1= cos 0) + 2h(v — vmye® + meet
(. \’il;i( us for more detail at : ww w.winsomepublication.in )

Scanned by CamScanner



B.Sc. 11" Year - Physics I Paper - Upj¢ [-3

2h(v-v"m,c’ = 2h*vv'(1-cos0)

' 1 h .

VoV ],(1—0059) ori'——: 5 (I-cos0)
or w'oome Viovoomge
A i—£=l—](l—c059)
or vV mge

R (I-cos0) 10

: _/. = - DR

& et (10)

The change in wavelength = di = L(1 —cos0)
m,c ‘
This relation shows that dJ. js independent of the wavelength of the incident
radiations as well as the nature of the scattering substance. dj, depends upon
the angle of scattering only.
Case 1. When 6 =0, cos 0 = I 'and hence dj, = (
Case 2. When 6 = 90 »€0s 6 =0 and hence

G- 6.63x107 Cobodah .
" mgc O11x107") x (3x10%y M = 002434 (1)

This is known as Compton wavelength,

Case3. Wheng = 80°% cosf =
maximum value gt § = 180°.
Experimenta] verification; -

. Monochromatjc x -rays of wavelen
INg material like a sma) block

-land hence d), = 2h/m c=0.0485 A . dA has the

gth A are allowed to fall on a scatter-

- of carbon (Fig.2) . The scattered X-rays are
feceived by a Bragg Spectrometer and their Wwavelength is determined. The

SPectrometer can freely swing in an arc about the scatterer, The wavelength of

Direction of Recoil electron: -
Dividing Eq.(5) by Eq.(4), we get

tan § = hv'sing V'sin@
B L .
h(v—’v'cose) (V—V'COSG) ........... (12)
UsingEq_(]O),wegel
1 1 h :
7=‘+\a“‘C050)=l+ h,.ZSin29
v V m.c" v 2

Visit us for more detail at :
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Unmodified

........... radiation .
Bragg ™~ 0=0"

/" spectrometer { Q7= Modified

\/\radiation

Intensity ——
IS
3
I
S

0=45"

* Scattered - ‘-:

X-rays :

f Scattering /Unscattered',-" d’.
Substance X-rays

" Path of

e " spectrometer )
Source of i\0 =135
monechromatic A i

X-rays

Wavelength —

Fig.3
Fig.2

hv
L4 ST where 3 = T e ssasensis (13)
W losin2®  142psin? 9 ot
1+ 5 |2sin > 5 ) :

m,c

orv'=

Substituting this value of v'in Eq. (12), we get »

i . .(0 ‘ e)
vsine/[l+2[351nv (5) i, cot(E

.0\ a+p)
{v—{vcose/(HZBsm E)H

tan ¢ =

co(9) -
; 2
tan ¢ = (14)

; 1+ :
myc” )

ineti of Recoil electron: -
Kmetlfl"ﬁ: EI}(ri?c;tic Energy of recoil electron is the difference between the ener-

gies of incident and scattered photons, i.e.
K.E.=hv —‘h'v'

v o 2Bsin’(0/2) J i
= hv e rodl PR 1
KJi:hv_h[1+2pgn%9/2)J h\[l+23yn19/2) s

Where B = hv/m,c” ..

[ “ Visit us lor more detail at ; www.winsomepublication.in
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Q3. Deduce Moseley’s law and show how it has been utilized in remoyjp

some of the defects of periodic classification of the elements, (2016, 11).

Ans. Moseley plotted the square toot of the frequencies (\/; ) ofa given line
(K) against the atomic numbers (Z) of the elements emitting that line . Moseley
obtained a straight line as shown in Fig. The same linear relation was found ¢,
hold good for any line in any series. He concluded, therefore, that atomic num-

ber (and not atomic weight ) is the fundamenta] property of elements,
The statement of Moseley’s law: -

The frequency of a spectral line in X-ray spectrum, varies as the square
of the atomic number of the element emitting it, or v Z2. Moseley’s law may

be written as \/\_. =a(Z-b). Here, Zis the atomic numbér ofthe element and
aand b are constants depending upon the particular Jine,

K,

0 10 20 30 40 50
Atomic number (2)

Explanation, according to Bohr’s theory: - )
Bohr’s theory of hydrogen Spectrum gives the frequency of a spectral
S, 1 1 . '
line as v = Z2R¢ (?—FJ Here, R is Rydberg’ s constant and c the veloc-
AN | 2 :
ity of light.
. K, line originates from the transition of electron from second to first
orbit. :

Now, n=1and n,=2.

frequency of K, line = v = 72R¢ i-i . ECRZZ
o _ P2t ) g
This approximately corresponds to Moseley’s law.
Importance of Moseley’s Jaw: -
: (1 )Accor@ng to this law, it is (he atomic number and not atomic weight
olan element which determines jts characteristic properties both physical and

B.Sc. 1" Year - Physics 111 Paper - Unit 1 - 13
remove some discrepancies in the order of certain elements from the point of
view of their atomic weights. For example, argon . A r" comes before potas-
sium (,K*),cobalt (,,Co™’) comes before nickel T Ni**7) ete. So the arrange-
ment is correct in the order of atomic number. ,

(2) Moseley’s work has also helped to perfect the periodic table by (i)
the discovery of new elments, e.g., hafnium (72), illinjum (61), masurium (43),
rhenium (75), etc. and (ii) the determination of the atomic numbers of rare-
earths and fixing their pésitions in the periodic table. '

Q4. Define Stern and Gerlach experiment, (2015)

Other Related Questions - _
Q. Describe Stern-Gerlach experiment. What interference is drawn from

its results? What changes would be observed in the resultant pattern if -
(i) Magnetic field is made homogeneous.

(if) The electron spin were ;h instead of % h. (2013)
Q. Giving the principle of Stern-Gerlach experiment discuss the results
in detail. = (2009)
Q. Explain the significance of use of a beam of neutral atoms and not of
ions in stern Gerlach experiment. ~ ' " (2011)

Q. Describe the Stern-Gerlach experiment and discuss the importance of
the results obtained. : (2018)

Ans. The stern and gerlach experiment: - .

We have seen that the orbital and spin motions of the electrons in atoms
endow the atoms with magnetic moments. Direct evidence for the existence of
magnetic moments of atoms and their space quantisation is provided by the
experiments of Stern and Gerlach. .

Principle and Theory: -

The experiment is based on the behaviour of a magnetic dipole (atomic
magnet) in a non - uniform magnetic field . In a uniform magnetic field (B), the
dipole experiences a torque that tends to align the dipole parallel to the field. If
the dipole moves in such a field in a direction normal to the field, it will trace a
straight line path without any deviation. In an inhomogeneous magnetic field,
the dipole experiences, in addition, a translatory force. If the atomic magnet
flies across such an inhomogeneous magnetic field normal to the field direc-
tion, it will be deviated away from its rectilinear path. An expression for the
deviation produced may be obtained as follows.

Let the magnetic field vary along the X - direction, so that field gradient
is dB/dx and is positive (Fig.1). CD is the atomic magnet (of pole strength p,
length 7, dipole moment M) with its axis inclined at ap angle 9 to the field
direction. If the field strength at the pole C is B, then the field strength at the

( Visit us for more detail at ; www.\\iummepublic:ution.in
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) dB | .
other pole D will be B+—/cos 8. Hence the forces on the two poles are PR
[SAN
ap B+ 9\ Hence tt i
and P| B=——=/c0st | Hence the atamic magnet ex eriences ,
U dx == g p notonly a torque

(=p/B =u,B) but also a translatory force

dB
F =—nplcos8.
d\p :

dB
F = ;—‘us cos@

Let V= velocity of the atomic magnet of mass m as it enters the field
L= len;:;h of the path of the atom i the field and ‘
=the ume of travel of the atom through the field =1 /v,
The acceleration given to the atom along the field direction, by the translatory

forceF is F/ m. The dis
~ i F placement of the atom alo the. irecti
emerging out of the field js, "8 e feld direction, o

I(E), :
a=-— _‘“-=_[__F‘~__ b
2{m) 2 mV?
. _1dBu cosh 12
) & m v 2)
" .
L% o1
/ P[B + (dB/dx)/cos]
- C<B . '
PB
B X

B+ [dB/dx] / cosp
Figure 1

Ifui / )
. SOSSE;esolved component of the Mmagnetic moment in the field direction, 1=

ExperimenlalArrangcmcm: -
Silveris boileq inan oven

Vi (Fig 2¢2)). Atoms of silver stream ouf froma?

SIS for more doris P WW.WInSomennhiT
¢ detail at . WWW.WHIM)DI(‘[)llh”(‘;llil)ll.ill _j
: publication.in___
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opening in the oven. By the use of slits S,and S, a sharp lincar beam ofatoms
is obtained. These atoms then pass through a very inhomogeneous magnetic
field between the shaped poles of a magnet M M. A high degree of non-
uniformity in the magnetic field is produced by making one of the pole-pieces
of'a powerful el .ctromagnet a knife-edge shape and other flat with groove cut
in it opposite the knife edge [Fig.2(b)]. The lines of force are close together at
the knife edge and the field there is much stronger than that at the other pole
piece [Fig.2(c)]. The magnetic field is at right angles to the direction of move-
ment of the atoms. Finally the atoms fall on a photographic plate P. The whole
arrangement is enclosed in an evacuated chamber.

Results:- With no field, the beam produces a narrow continuous line on the
plate [Fig.2(d)]. In terms of the vector atom model, those atoms, with electron
spins directed parallel to the magnetic field, will experience a force in one
direction, whereas those with oppositely directed spins will experience a force
'in the opposite direction. According to this, the beam of ato: s - honid spiit
into two beams in its passage through the inhomogeneous magnetic ;

splitting of the beam into two parts of approximately equal intensity was ...
ally observed in these experiments. On applying the inhomogeneous magnetic
field, it was found that the stream of silver atoms splits into two separate lines
[Fig:2(d)]. Knowing dB/dx, L, V and a, 1 was calculated. It was found that each
silver atom had a magnetic moment of one Bohr magneton in the direction of
the field.

Pole pieces
Figure 2(b)

Field on
v

/I
Field off

Figure 2(d)

Figure 2(c)

Q.5.  Sketch the pattern of X-ray spectra. Discuss the origin of characteris-

tic and continuous X-rays. (2013)
Ans.  X-ray spectra:- .
L Visit us for more detail at : www.winsomepublication.in j
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Urey and his co-workers analysed the X-ray beam emitted from an X.
ray tube using different potential differences and same target. Using tunggger
) g M >ame targ 8 tungster o
the target and different potential differences, the intensities of the rays Produceg
are plotted against wavelength. (F?g.l) represents these graphs, For applieg
PD.s30kV and 50kV. the spectrumis white. But, for the applied P.D, 7 kV, two
sharp peaks are seen. The sharp peaks show the line or characteristic radiatjop
The line spectra are absent, till the PD, js greater than a particylar value, The.
smoothly varying curves represent the continuoys Spectrum. The Superimpose
lines on the continuous background constitute the characteristjc spectrum
Main features of continuous X-ray spectrum:- -
(1) For each anode potential, there js 5 minimuy
; Mwavelength (), i
no radiation is emitted Ab his critj into '0 i el
: : G- Above this critica] value, the Intensity of the radiation
;ncrcascs rapidly with Increasing Wwavelengths and after reaching a maximum
ecreases g ! intensj Ver reg i ;
. gradually, Thc Intensity never reaches zerq showing that the radia-
on contains all possip|e Wavelength aboye the minimum limit

—_

J

Intensity

0 0.2 0.4 0.6
Wavelength (X.)

Figure 1

0.8
—

1.0

0 1020 30 49 30
Applied Voltage (kv)
Figure 2
sSmaller valye, !m:m::llll)isi :I'C X ray tube s iflcrt{us.(:d, }‘mm is shifted towards
the applieqd voltage v ) ( l»“‘][ 4‘31“)“'(:(' that Loy 18 Inversely proportional to
X IR i directly Proportional (g v, If the limiting fre-

_‘EL” us for more detail ag: v i
——210F mo arlat: WWW.\nn.@ﬂnc publication.in

(2) When the Voliage

B.Sc. 11" yeqr - Physics 111 Paper -
quencies (\./"m) are plotted against (he applied voltages (V), a straight Jine
graph passing through the origin is obtained (Fig.2). This empirical Jaw of
Duane and Hunt is expressed analytically as

Unit I - 15

eV=hy = g
' kmin
Duane-Hunt Law: Statement:- .
The short wavelength limit (%) of the X-ray spectrum is inversely
proportional to potential (V) applied across the tube terminals.

1
“min 7 V
Explanation:- :
eV is the K.E. of the bombarding electron, If the entire K.E. of the
electron striking the target is converted into the energy of the X-ray photon,

then, eV = hy according to Einstein’s theory.
max

- C

v, =S

But max 7~min
eV = hc or )"min :E OI.- ;\’min oG i
Aoin eV \%

Most of the electrons that generate X-ray photons giveup only a part
of their energy in this way. Therefore, most of the X-radiation js of longer
Wavelength than A Thus, the continuous Spectrum is the result of the jn.
verse photoelectric effect, with electron kinetjc energy (eV) being transformed
into photon energy (hv). .

“Characteristic X-ray spectrum:-

There are two methods of producing characteristic X-rays.

(1) The characteristic X-rays of an element can be excited by using the element
as the target in the X-ray tube and thus subjecting it to direct bombardment by
electrons. For each target there is a minimum potential belgw which the line
Spectra do not appear. This critical P.D. below which the line spectra do not
appear, is different for different targets. Molybdenum shows up the line spec-
raonly if the P.D.isabove 35 kV.

(2) Characteristjc X-rays ofan element can also be excited by allowing primary

X-rays from g hard X-ray tube to fall on the element. The primary X-ray must be

harder than the characteristic X-rays to be produced.

The peaks obtained in the X-ray spectrum (Fig.3) give us the line
Spectrum which js characteristic of the element used in the target. The group of
lineg of shortest wuvelcng(h is called the K-series. Usually two lines of this
series are detected. These lines are termed as K, and Kn lines in the order of
dccrcusing wavelengths. The next group is called the L-series of'longer wave-

( Visit us for more detail at :

WwWw.winsomep ublication.in
——
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inverse photoelectric effect, i, electron K.E. being transformed into photon
energy hv. The line Spectrum has its origin in clectronic transitions within
atoms that have been disturbed by the incident electrons. :
Characteristic . il . Fig.2 shows a characteristic Spectrum superimposed upon continu-
spectrum ous spectrum,

lengths (L . L . L .etc.). For heavier elements a third series, called the-M-SErieg
has been detected.

I . Q.6. Write down semi-empirical mass formula and explain the physical
2 M ' significance of cach term in t. (2012,19)
Z ¥ Other Related Questions -

g Continuous Q. Write semi empirical mass formula. Explain its various terms, (2014)
= ey —— Q. Werite short note on semi-empirical mass formula. (2018)

Ans.  Semi-empirical mass formula:- -

Characteristic | The mass M ofa neutral atom whose nucleus contains Z protons and
spectrum (A-27) ngulrons IS glvenrby
: MA=ZM +(A-2Z) M, +ZM,-E,

=ZIM t(A- )M -E, (1)

where E, (sometimes written as B) is the binding energy, may be regarded as
W, e being made up of a number of terms, each of which represents some general
avelength —— <characteristic of nuclei. Von Weizsacker in 1935 obtained a formula, known as

Figure 3 semi-empirical mass formula, for expressing the atomic mass of a nuclide, in
Origin of characteristic X-rays;:- terms of a series of binding energy terms. It is of great importance in nuclear
stability problems. Its various terms are as follows:-
N = = [T = (2) Volume binding energy:-
’ ‘ T T n=4 The neutrons and protons are held together by short range attractive
K" L[, M, ’ forces. These forces réduce the mass of the nucleus below that of its constitu-
M T I ! ) n=3 ents by an amount proportional (o the number ofnucleons A. Since the volume
K, . L of the nucleus is proportional to A, hence this term may bc. regarded as a
! = B - = -~ Volume binding energy often called exchange energy, and is given by
L 2 | -2 2 E=aA .. (ii)
] ; _éﬂ, - ;E: .g“‘g g,)_ n=2 where a.V isa Proporlionalily constant and the subscript v is for volume.
< 0 S 5 o7 (b) Surface binding energy:-
K, : 5 i Since nucleus is finite, some nucleons are nearer to the surface so that
l = - = they interact with few nucleons. Thus the binding energy E, is reduced by an
LR amount proportional to the surface area of the nucleus of radius R as the

K = ——————— n=1 nucleons on the surface are less tightly bound than those in the interior. For
o Figure 4 : light nuclei nearly all the nucleons are at the surface. while for heavy nuclei
T hl\b can be understood in'terms of Bohr’s theory. Suppose an atom in about half the nucleons are at the surface. Thus the surface energy Is analo-
the 1arch of an X-ray tube jg bombarded by a high-speed electron and aK" gous (o the surface tension of a liquid. It is proportional to R? or A2,
electron is removed. A vacaney is created in the K-shell. This vacancy canb® or  E =_, AT ()
ﬁllequp by an electron from cither of L, M or N shells or a free electron, Thes  where a_s is the proportionality constant and the subscript s means surface
Possible transitions can result in the K. Kr. lines and the limiting line. Similarl; energy. ) ‘

the longer wayele series origi |
! nger wavelength | -se; 15 onginates when an [ electron is knocked out ' (¢) Coulomb Energy:- ij
- the atom, the M-series v

vhen an M electron is knocked out and so on (Fig4): The only long range force in the nuclei is the Coulomb repulsion be-
lliSCIL*ur that contj y ° ) > - I T g
) ‘ nuous spectra and fine itted by the isit us e detail at : www.winsomepublication.in
- ai ectra both emitted by Visit us for more detail at : wwyw. | f i
Same target are of gjf ferent orig ! .

i, . . The continuoys spectrumis the result of thé
ISIt us for more detail 4 ; Www,

winsomepublication.in
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tween protons. The Coulomb repulsion term is equal to the potential energ
Z protons packed together in a spherically symmetric assembly of mean radiy;

Ze

§

R=R A'"and of uniform charge density p, = e
b 5 TCROA

The electrostatic energy is simply the work done against electrostatic

forces in assembling such a sphere. Let dq be the charge on the shell of
thickness dr on the sphere of radius r. '

dq=p x4nridr = 3,£ r’dr
RIA

Hence the work in bringing this charge dq from infinity to r against the charge
on the sphere of radjus ris

.

4
-~ — Ttr- 219
J,ﬁ.r:drx 3 P =3Z\.€1.r4dr
R}A dnegr 4mg REATT

Integrating from ( toR (= RA3

_ ) we have work done against Coulomb repul-
S1on or the loss of binding ener

gy E_due to the disruptive Coulomb energy.

~

E-_2 Z% Z?2
c T TC T =—a — .
SW - (iv)

(d) Asymmetry Energy:-

o
Study of no. of neutrons (N) and protons (Z) of stable nuclej shows that
for nuclei with 7 + Nupto 18, N-Z =0 or + 1, with the exception of hydrogen
and He? je. there is a sharp tendency for neutrons and protons to pair up. As
(Z+N) increases, nuclear forces do not increase much, but repulsjon increases
with charge. Sq proton increases in number less rapidly than neutrons, thus
heavy nuclei have more neutrons thap protons. Complete theory of this asyn

metry term is shown in schematjc diagram of nuc]ear.energy levels near the
highest fi]led levels separ.

if we remove » proton from level 3 anq addan
2 and the energy has increased or E,
Transferation of two nucleons in thjs way
4 A(A for the first ang 3A for the second).
this process th 4
énergy by an amount -A(N - Z)"/4. Sine
decrease ip bin

eutron to level 4, N - 7 pecomes
has decreased by an amount 4-
increases the energy by an amount

ated by the same energy A, Keeping (N + Z) constant,

B.Sc. 11" yeqr - Physics 111 Paper -

where a_is a constan( and subscript 3 j for asymmetry,
Neutron Proton
states States

Figure 1- Schematic diagram of nuclear
energy levels near the highest filled level

(e) Pairing Energy:-

effect an additional term is used. Conventionally this term js taken as zero for
odd- A, -§ for odd-odd and +§ 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 =0forAodd, Zeven N oddorZz odd N even

~ EP =a /A% forA even, Z even and N even,

Ep = -e;, /A", for A even, Z odd and N odd.
O™M agiZity eflergy:-

" 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 12.6 which
are known as magic numbers, a small local maximum in E, as a function of A
occurs,

s E, = a A N
where a_ is known as coefficient of magncnty.. . . .
Collecting together the different stability or mass correction terms we
can write Weizsacker’s semi-empirical mass formula as:
AME=ZM, 4 (A-Z)M, -2 A +a A% g 227 a(A - 2ZFA"
C ¢ (v1)
This mass formula does not include closed shell cﬂ'cf'ts or the nmgic;it_\'
cnergy term, Experimenmlly it was observed that the mass ol,;m_\' 1sobar haw\'lmg
ZorN equal to any magic number lies about | or?2 I\.lc\ below Ilv]&“\d ’l‘lc‘
predicted by the mass formula. So we have to add this term to avoid the
discontinuj(jes in'masses at the magic numbers,
The five constants of the semi-empirical mass formula can be e
Visit us for more detail at : w n'w.ninsmncpuhlic:ltion.in
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from five masses or five nuclear reactions. When inserted in mass fo
they should give other masses. A good representative set in MeV is

a a a a a
14.1 13 0395 19 335
A ‘Ths cc_nmbuuon.c\t the various te@s to_ B, . is shown in fig.2. The initig]
rise of B’A with A, obtained empirically, is mainly due to the decreasing Impor.
tance of surface energy as A increases. At still larger A, the importance of the
Coulomb energy becomes dominant causing a maximum at A

Iuly,

e : us ~ 60 and a sybse.
quent decline :%I‘larg-irﬁ. The semi-empirical mass formula matches the observed
binding energies Emh in about 1% beyond A = 40, The discrepancies oceyr in

ZorN equal to 28,50, 82 or 126. Mozer

neighbourhood of magic nuclei. having
Proposed a formula for odd A using a least-squares analysis of atomic masses

e

Volume energy
/ :

g energy per nucleon

3. MeV

Average bindin

120 150 180 210 2“10 270

Mass number A

Figure 2 ) ;
M =7ZM +(A -ZM, -a A+a A +a (7 - A4+ (A .
e H N v ) ¢ ~ -2ZyAM+
S(Z,.A)+ D(Z, A) . i

wh

0 30 60 99

ere S and D are the shel] effect energy and th

lerms respectively. Mozer found coefficients as
aﬂ

22,63

e nuclear deformation energy

a a a
15.29 1576 069
Q7. Write short note on Sommerfeld®
Ans, Semmerfeld’s Relativistic A t
Introduction:-

According 1o Bohr, the lines
have a yel| defined wavelength, Spect
that the H H,. and H lines in the |
spectral line actually consisted of S

s Relativistic model.

(2012)
om Model:-

in the hydrogen spectrum should each
rographs of high resolving power showed
1ydrogen spectrum are not single. Each
s everal very close Jine ke sether:
Michels ; . Ty close lines packed toge
Wlw.) L;ls'(‘m('fnund that under hjgp, resolution, the H_line can be resolved int?
Sl08E components, with a wavelength separati: Bic e enlled
the fine Structure of (e £th Separation of 0.13 A. This is calle

spectral lines. Bohr's (e in this
Visit us f \‘w could not cxplam
\MMYU“I 4 www.winsomenahiinmio i )
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To explain the observed fine structure of s
introduced to main modifications jn Bohr’s theory.
(1). According to Sommerfeld, the path of an electron around the nucleus, in
general, is an ellipse with the nucleus at one of the foci. The circular orbits of
Bohr are a special case of this.

(2). The velocity of the electron moving in an elliptical orbit varjes consider-
ably are different parts of the orbit. This causes relativiitic variation in the
mass of the moving electron. Therefore he took into account the relativistic
variation of the mass of the electron with velocity. Hence this is known as the
relativistic atom-model. Let us first analyse mathematically Sommerfzld’s theory.
Elliptic orbits for hydrogen:-

Consider the electron moving in an elliptical orbit round the nucleus
(N). Its position at any instant can be fixed in terms of polar coordinates r and
¢ (Fig.). 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 ralso varies periodically, as shown in F ig. We have now to quantise
the momenta associated with both these coordinates ( ¢ andr) in accordance with
Bohr’s quantum condition. The two quantisation conditions are

J'p¢d(b=n¢h J-prdr:n,h R (1)
n, is called the angular or azimuthal quantum number and n_is called the radial
quantum number. n, and n_take only positive integrat values and n_+ n =n,
Wwhere n is the principal quantum number. It can take the integral values I, 2.
3,......etc.

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

from Kepler’s law, is a constant, i.e., p, = p = constant. Integrating eq. (i) from
0to 27, :

pectral lines, Sommerfe|g

and

4

Pydd=n,h  or

ot "~

Evaluation of (f)p,dr =nh

dr
Now, momentum along the radius=p, = ma
dr dr d(b) dr dr ]1 d¢d
=m—dr=m| —— |—dp=m| — | —d
Now p,dr=m m dr m(d‘f’ a ) dg ¢ i) @ )
. d
But  p, =mr? 9

dt
( Visit us for more detail at : www.winsomepublication.in |
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ldr)
dr = ———] d 1
P, (rd¢, pde (iv)
The equation of an ellipse in polar coordinates is
1 _l+ecos¢
I ga (] - 8: ) ............ (V)
where a is the semimajor axis and ¢ is the eccentricity.
Taking logarithm of eq. (v) and differentiating, )
Tdr  esing ) :
r dd’) 1‘+8COS¢ 5 s v, (Vl)
& sin’ ¢
p.dr= . 5P,do
(I+ecos ) (vii)
Eq.(ii) now becomes Ps J. %d¢ =nh
A T— o) Sl . (viii)

The integra] | _ [esing Lbe j
g = 7d¢ can be integrated b
0 (l+8cos¢)‘ i =R

Iudv:uv—fvdu
Letu=¢sip b, du=¢ cos¢ d¢ and

€sin
dv = o 7d¢ sothat y=__!
(1+acos¢) T+ecos¢
. 2n 2n
Then I:[ esing } _I £Cos¢ do
I+ecosg o o l+ecosd
On substitution of the limits o

fintegration, the first term on the R.H.S. becomes
zero. Then . '

e vy | (S NN P
o l+zcos¢ o \1+ecos¢

2n d¢

Now { 1+€cosg 1s a standard integral whose value works out to be

(1_82)”2'

T B . (ix)

A
(1-2)

Now, eq.(viii) can be written as

Visit us for more

detail at ; yublication.in

wWww.winsome
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2np,
i S\172 -211'p¢ =nh
(-+)
n,h i h( ) h
or oy Mf=nhisincep, =n, —| (%)
(1—8‘) 2n
nr=—‘n¢ 77 —n, or nr+n¢,:n*“;l/2
(-] (-=)
But, n_+ n, =n, the principal quantum number.
‘ ) ._ Ny .
Hence, n=-——"+= or l-¢=—%t (xi)
(1—8‘) : L

Foranellipse 1 - ¢>=b¥a? where a and b are the semi-major and semi-minor axes
respectively.

”

b 1,
Hence, —=
a

- or —== (xii)
‘n a n

oS
|

Eq.(xi) is 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 , =0, b =a, £ =0 and the orbit becomes mrcular: 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, is descn.bed
by the letters, s, p, d, f, etc. The value of n, corresponding to these letters is 1,
2,3,4etc., respectively. In this notation, the orbit determined by n = 3 and~n =
lis represented by 3s. Similarly 4d will represent the orbit n =4 and n =3
Total energy:-

The total energy E, ofasingle electron=E = P.E. +K.E.

—Ze?
4ne

The P.E. is

()r

1 drY d¢ i
The K.E. can be written as Sm e + IE["

. d(b) )
—_— : “the velocity and | — [ = transverse component of
= radial component of the velocity and [dl | I

@qil us for more detail at s www.winsomepublication.in )
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the velocity.

. We find that the expression for the total ener
Bohr. This means that the theory of elliptica
levels, other than those given by
spectral lines, which would expla
because of this multiplicity of orbj

gy is the same as that obtained by
Lorbits introduces no new energy
Bohr’s theory of circular orbits. No new
ins the fine structure, are to be expected

ts. Hence, Sommerfeld proceeded further to

find a solution to the problem of fine structure of spectral lines, on the basis of

the variation of the mass of the electron with velocity.

Sommerfeld’s relativistic theory:-
The velocity of the electron

ity of the electron in an elliptical or

and a minimum at the aphelion

{1

|\ = ECJ Therefore, Sommerfeld modified his theory, taking into account

ina circular orbit is constant. But the veloc-
bit varies, begin a maximum at the perihelion
- Furthermore this velocity is quite large

variation of the mass of th

var e electron with velocity. He showed that the relativ-
IStic equation describing

the path of an electron is
1+&cosyd e ...
a(l—az) ......... (xv) L 5

L]
r

- VA
where y? =l

lén e, p’c?

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 ellipse about an axis through the
nucleus (Fig.).

It can be shown that the total energy E_in the relativistic theory is,

~ me'Z? me'Zla? (_n__}]_l_

o2 -2 2 T 7 iedens (xvi)
" 8h'n®  8gh® (n, 4n
2
e |
where o = S rony
i 2¢,ch 137
[ Visit us for more detail at ; www.winsomepublication.in )
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o is a dimensionless quantity and is called the fine structure constant. The first
term in eq.(xvi) is the energy of the clectron in the orbit with the principal
quantum number n. The second term is the Sommerfeld relativity correction,
This term shows that the energy does depend on the azimuthal quantum num-
ber n, This results in a splitting of the energy levels of the atom, for a given
value of n, into n components, corresponding to the n permitted values of n
Fine structure of the H_line:-

H, line is due to the transition from n = 3 state to n = 2 state of the
hydrogen atom. - .

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

e

3, 22,;3, 22,3, =253, 2233523 -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-

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

There is ﬁo 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.

y y y 2‘
Figure

: s ain various quantum numbers.
Q.8. Describe vector atom model and explain various qu: pro e
- - O
Ans. The vector atom model:-
Introduction:- . .
\ i stra of the s N aen
(1) Bohr’s theory explain only the series spectra of the alt)lplg.\lt h.\-dni t
s 1 e " Q Aot M W \: ]l CS
atom. It could not explain the multiple structure o[sputmllmmn'nngrxl; pr '
. ive an explanation of the fin
3¢ I sory was able to give an explanatic
hydrogen atom. Sommerfeld theory w: e .
sl)ll'ucl:rg (‘)I‘ the spectral lines of hydrogen. However, \\ommuhlld s thed :
e - ) or of ne structure lines. Moreover, i
could not predict the correct number of the fine structure lines. More o
‘ ive intensities ot the lines. Sommerfeld’s
gave no inll'(n'm'lli(m about the relative intensities of the Imnl.\ ( m’-

o, ) ) “tra ofalkali metals Iike sodium.
theory could not explain the complex spectra t\lv‘l”\.lll metals ke \I\I: I
(2)1‘]y Ider th ‘orics were inudcquulcluc_\pl;lmm‘\\ discoveries like Zeemar

1ese older theories we ' Wi
Visit us for more detail at: w ww.winsomepublication.in j
sit us for more detaiiag -
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Effect and Stark Effect in which the spectral lines could be split up undey the
influence of magnetic and electric fields.
(3) Another drawback of the Bohr model was that it could not explain howy the
orbital electrons in an atom were distributed around the nucleys,
Therefore, in order to explain the complex spectra of atoms ang their

relation to atomic structure, the vector atom model was introduced. The twg

distinct features of the vector atom model are: -

(1) The conception of spatial quantisation, and-

(2) The spinning electron hypothesis.

(1) Spatial quantisation:- : ‘
According to Bohr’s theory, the orbits are

magnitude (i.e., their size and form) only. But accor

direction or orientation of the orbits i

specify the orientation of the electro iti

qQuantised as regards their
ding to quantum theory, the

the field direction must themselves by quantised. The idea of space quantisation

effect. The Stern-Garlach experiment pro-

vided an excellent Proof of the Space quantisation of atom,

() Spinning electron:-
To account for the observed fi

patial quantisation, they are considered as quantised vectors. Hence
the atom model based on these quantised vectors is called the “vector atom

model”, to which v S ¢ ;i : .
h_ ch vector laws appAly Spin angular momentum
According 1o the older theories, the elec- p,=sh
tron was Supposed to have only orbital motion -

round the nucleys, Hence, only the orbital an-
gular momentum and orbital magnetic moment
were considered. The spin endows the electron
with a spin angular momentum s/ and a spin
magnetic moment. Hence the total angular mo-
mentum ofan atom should be the vector sum of
the orbital angular momentum and spin angular
momentum. Similarly, the total magnetjc moment Figure
Visit us for more detail at ;

Www.winsomepublication.in

of an'atom should be the vector sum of the orbj
Quantum numbers associated with the vecto

(1) The principal quantum number (n):- Thisis;
Bohr-Sommerfeld theory. The seria] numbe

(4) Total angular momentum
angular momentum of the elec

ers are introduced.
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tal and spin magnetic moments,

/ can take the four values0, 1,2, 3. By convention, an
electron for which /= 0, is called s electron; if /=1, pelectron; /=2, 4 electron;

=3, felectron etc. The orbital angular momentum p, of the electron is given by

According to the wave mechanics, p, = [/(/+1)]"2,
(3) The spin quantum number (s):- This has only onée value, s=1/2. The spin

angular momentum P,=sh wheres=1/2. According to wave mechanics, p =

quantum number (j):- It represents the total
tron which is the sum of the orbital angular

Momentum and spin angular momentum, The vector j is defined by the equa-
!+ s with the restriction that j is positive. The spin angular momen-

21 » . J=I%s, plus sign when s is parallel to / and nnnus 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=jn.

According to waye mechanics, p; =./j(j+1) B

To explain the
quantum nymp

plitting of spectral lines in a magnetic field, three more magnetic

ls=10
i=5/2

A=20 1i=3p

Figure

tic orbital quantum number (m,):- The projection of tnc orb‘ital
ANtum number / on the magnetic field ditection is called the magnetic orbital

m more detail at : www.winsomepublication.in )
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quantum number m . The possible values ol'nl/ are
hi-1.1-2,...,0,-1,-2,..-Li.e. there are (2/+ 1)
possible values of m . This is illustrated in Fig. for

/= 3. The angle 0 between 7 and B is given by cos

’ N\ SENPNC RN » N e : g N o
8= m L Conversely, the permitted orientations of

the /vector relative to the field direction B is also
(27+ D). For example, if /- 3, the permitted orienty-
tons of Jare 7, for with m,=3,21,0,-1, -2, -3.
Hence, the Zvector can take only 7 directions shown
m Fig. / cannot be inclined to B at any other angle.
This is known as “spatial quantisation’. .

(6) Magnetic spin quantum number (m ):- This is
tlvls projection of the spin vector s alongxthe direc-
tion of the magnetic field. The s

pin angular mo-
mentum (s) can

_ : assume only two possible posi-
tions with respect to the magnetic field: it may be
parallel to it.or antiparalle]. m_can have only two
values +1/2 or-1/2, as illustrated in figure.
(7) Magnetic total angular momentum quantum
number (m,):- This is the projection of total angu-
lar momentum vector j on the direction of the mag-
netic field. Since we are dealing with a single elec-
tron. j can have only odd half-integral values
{ il t%) . Hence, m, must have only odd half-
integral values. m, can have only (2j + 1) values,
from +j to -j zero excluded. Fig. shows the possible
values ofmj for j=3/2.
Notes:- i
(1) The state of an electron in an atom is com-
pletely specified by four quantum numbers, n,
[, m,and m,_. .
In spectroscopic notation, small letter%, /,8.]
and s, p, d, f, g etc., are used to describe the
state of the electron and capital letters, L, S, J.
and S, P, D. F. G, etc., are used to describe the
state of the atoms as a whole.

2)

0).9. Writeshortnoteon characteristic X rays.

{ > 2 > o S
Ans. Characteristic X-rays are emitted when outer-shell electron

-3/2l

Figure

@o!!
fillaV

e e
Visit us for more detail at : www.winsomepublication.i

B.Sc. 1" year - Physics 111 p
cancy i|.1 t'hc inner shell ()fan‘alom, rc'lczfsing X-rays in a pattern that i "char-
acteristic" to C’thh element. Characteristjc X-rays were discovered by Charles
Glolvcr Barkla in 1909, who later won the Nobel Prize in Physics for his discoy-
eryin 1917,

Charactcristic X-rays are produced when an clement is bombarded with
high-energy particles, which can be photons, clectrons or ions (such as pro-
tons). When the incident particle strikes a bound clectron (the target electron)
inan atom, the target electron is ejected from the inner shell of the atom. After
the electron has been ejected, the atom is left with a vacant energy level, also
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 transifion 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.

aper - Unit | - 29

Q.10. Discuss the 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:-

Grid 1 Grid 2
Cathode i Anode
Ve
(@ L
Anode
Vi 1v,
i
(b) 3

Figure - Different arrangements of the
potential in Franck - Hertz tube

Visit us for more detail at : www.winsomepublication.in
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We have seen that the existfence of discrete frequencies in %"
radiation is proof of the existence of discrete energy levels in ato i przt?m’t
that Einstein's equation E = hv is accepted. But in 1914, James Fram:]ded
Gustav Hertz obtained direct evidence of the discreteness of atomic ¢ anf
levels, inan experiment which displayed the effect of collisions betweep anter "
and electrons. Even though radiation was not involved in the trang for ofoms
ergy, the results showed that the electrons lost energy in discrete amountse{%
inelastic collisions with atoms. Thus it was clear that the process wag go"f’
erned by the existence of discrete energy levels in atomg. This is another 0}

those classic experiments which are now performed in most undergradug
laboratories: it wqn the 1925 Nobe] Prize for Frank anqd Hertz
190 ' ey
egm T T BLAE B R
: 1E-035 09
Oasl
4085
.
G 8ol o
4080

6710

o
»
>

o
~
-

Clediron heam current (A X 10°%)

o
A
Eleciron Beam current (A X o

fd
-
~

o B.Sc. 1™ Year - Physics 111 Paper - Unit 1 - 3]
The basic idea of Frank-Hertz experiment may be understood by refer.
ence to ﬁg.(a).vElectrons in a vapor-filled tube are accelerated by the grid
potential V_ . After passing Grid 2, the electrons are retarded by a reversed
voltage v, between grid and anode. A meter in the anode circuit measyres the
current produced by electrons which reach the anode. If there were no vapor
present, an increase in grid voltage V... should always result in an increase in
current, as it does in any 'vacuum tube. The same thing happens when the
vapor is present, as long as V... is smaller than the energy needed to excite a
vapor atom from its ground state to its first excited state. But as V__is in-
creased, eventually the accelerating potential gives electrons a kinetic energy
equal to this excitation energy. At this point, electrons are able to lose energy
in inelastic collisions which excite atoms of the vapor. After such a collision an
electron can not overcome the retarding potential V., so many electrons do not
reach the anode, and the current falls. As V. is increased still further, the
current increases again, as illustrated in fig., but it falls again when V. islarge
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 5V 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 agreément with
other observations: the vapor atoms were mercury, for which there is spectro-
scopic evidence that the first excited state ljes at 4.86eV.

- 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
precisely, the contact potential between cathode and anode); the kinetic en-
ergy acquired by the electrons is reduced by the amount of energy needed to
free an electron from the cathode. Second, you see that all of the drops in
current can be attributed to excitation of the first excited state of mercury.
Apparently when the electrons reached the energy needed to excite the first
excited state, they collided to quickly with a mercury atom that they do not
have time to acquire enough energy to excite any higher energy levels. This
happens when the electrons are accelerated slowly, by grid potentials like
those of Fig.(b). But with an arrangement of grid potentials like that shown in
Fig_ (a), the electrons gain er. . faster, and one can see additional current
drops which result from excitation o ! erenergy levels.

ihe the conpection henwees oo 2 ohservations and the line spec-

o doubls corgam. Mertz 1190t asserved the spectrum el light emitted by
METCUMN vapor o v @ tube, 10 e appe~rance of certain sp;ctral
lines depided Lntie vatue oF 7w iine did not apnear uoni! the
weenciagh 1o e state which was belioved to pive

Voltage V owas Lo

Fise 1o that line. When the value of Voowas sufticlent!s Lues e

o thus

excited emitted ihe line in falling back to the gic vt o NSNS
alower excited state). e .
Excitation Potential (Radiation Porcni! or Rosonaned Foree calis -

\isit us for more detail at: wyinwasi reowticatonin )
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