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1. Attempt any five of the following:

—(a) State linearity and Superposition principle.

(b) Prove that:

: % p 1=—infs—1,

. X€) What are stationary states? Why are they called:
s0? :

k) What are the conditions for a wavefunction to be
physically acceptable? '

\9/ What do you mean by space quantization?
' Explain.

S (f) Write the quantum numbers for the state
/ represented by:
: 3Dy

(g) Define group velocity and phase velocity.
* S¥3=15
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Ans. 1 (a).Linearity — It is defined as the property by virtue of which different states of quantum
mechanical system function can be added together to create an additional state. This third
edition treats first-order linearequations using the linearity principle and the extended linearity
principle. The superposition principle states that a quantum mechanical system in different
states describable by the wave functions yz1, ya,..., yn, can be describe as the
superposition of these states. The superposition is the state represented by the wavefunction

Y = C1y1 + Cay2 ... + Cayn Support by Donating
where ¢y, C2, ..., Cn are arbitrary complex numbers.

The states of a quantum

mechanical system should be represented by vectors in a linear space; in particular,by wave funct
ions and that the operators of physical quantities must be linear. It follows from the superposition
principle that any wave function can be expanded into a sum of

the eigenfunctions of the operator of any physical quantity.

1 (b)

1(c). Stationary state is a quantum mechanical state with all observables independent of time, it is an
eigenvector of Hamiltonian. It is called stationary because the system remain in same state as time
elapses, in every observable way, for a single particle Hamiltonian. This means that particle has a
constant probability distribution for its position, velocity and spin etc.

alllabexperiments.com Every acceptable wave

n can be normalised by multiplying by an appropriaie constant
ti of a wave function

should fulfil following conditions :

d wave funcuon in space.

valued function at every point

d 3'/’ 44 mustbccontmuous-
mdﬂiﬁﬂ"“ ox 3y az

« it Tl EE———
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1 (e).

1(f)
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Q 2a Ans.

Find the solution to this question in the book.

2(b)
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1= o [w9 v -y VY] -6)

L[\ll 6\]}* < \y‘ 2‘—”—}11 —— jV.jd‘[

ot ot .
& alllabexperiments.com

dP 1

Eq. (2) becomes o= = (Ve . {6)
. e 3
The volume intergral can be transformed to a surface integral’ by Gauss's theo-
rem, i.e., . ~ :
P ‘Support by Donating

T, CLMS = kD)

Here S is the surface enclosing the volume 7. The direction of d S is along the
outward normal. Clearly from Eq. (7), the integral of j over the surface S is the
probability that the particle will cross the surface going outwards in unit time.

) . 3. :
From Egs. (2) and (6), 7;(¥ Y+ V.j=0 . (8)

This equation expresses the conservation of probility density. It is analogous
to the equations of continuity of hydrodynamics and electrodynamics.

3. (8) Give the theory to explain spreading of a

Gaussian wave packet for a free particle in one
dimension.

(b) Normalize the following wave function for a
particle in one dimension:

ASin (%_) 0<x<a

0 outside 10,5

Q 3a Ans. The solution to this question is in 2017 paper solution.
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Q3b

Solution,
The given function is

-
Asin— for0<x<a
a

0 outside

Y (x)

The condition for normalization is

J vwax =1

a
N =2 *
Here in this case, f Y ydx =1
0
“' * 1 Jrx 1'
ot ! A sin ., * A sin ” ¢ = |
)

Assunmng that A 1 real, wo we pel

o S
3 ’ .i Jx
A’ f'.m =elX |\ =Y
0

a

Support by Donating

) 1
AR 27X
e ’ f (I = COg— )1/.'. e
R, u
alllabexperiments.com
)
AC ¢ 27X
St ~ f dx f cos—dx _ |
o () () q
”
: A~
o1 ——-[ u—f)] =11
2
2
or AL o =
a
| Va
& Normalized wave function is

¥

i
ST
|
|?~i
-~

a
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4. (a) Solve the Schrddinger equation for a Linear

Harmonic Oscillator to show that the energy
eigenvalucs are:

o (e

(b) A Harmonic Oscillator has a wave function which
is superposition of its ground state and first
excited state normalized eigenfunctions are given
by: = <

W) =5 o)+l

Find the expectation value of the energy. 16,5

upport by Donatin
4(a) Supp y g
A particle undergoing simple harmonic motion is called a harmonic oscillator. In a hanm\ni‘;
oscillator, the force applied is directly proportional to the displacement and is always dirt®

towards the mean position.
If applied force displaces the particle through x, then Restoring force F is given by

F o« —x
or F=-kx  (kis force constant) il
The potential energy of the oscillator is
= — [ Fdx
i alllabexperiments.com
or V= kfx dx:;kxz “.‘(.“

TTTTRSAAR AMICLAIARLIL AL YIT Y,

Since potential energy V does not depend on time so we can use time independent Schrodinger

Yation to find motion of simple harmonic oscillator. ,
Schrodinger time independent one dimensional wave equation (along x-axis) is given by

2 N
Substituting V= 1Ekx2 , in above equation, we get

i d*y  2m L B L el k)
i A‘r2+h2(E 2kx Wi=0 '
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Sinee = 5 50 k = mw .
S @ = Jk/m. 50 k alllabexperiments.com
SO cquation (0), becomes

) I
(i l/ ’)I:I(L 2"'0,2"2)1/) = B

(l'\ h* .
42y (2",L mio? 2] Support by Donating
= Y =0

! =
dx

h 4 h

~
ol

or

For convenience

2mE
let 5~ = « and M = /} A
h" h A4
So Eq. (7) becomes
5
d=y
. 2.2
+( —f%x )'/’ =0 A9
dv? b

Again for convenience, let us introduce a new variable g related to x such that

q = \[px

ﬂ d(/y dq \/—(1!/)

Now,
dv  dq dx
d*y  d[dy d[ dzp]
and A T Y N o i (L b
Ay dx[ dx] dx ﬁdq
)
dy d dy |dgq
Ww —_— — Sach o] s &
7 dx? dq [‘/'E dq ]dx
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or - )
dx~ dq

So Eq. (9) becomes

P 2 alllabexperiments.com

7y 29
p—+|a=-p"—|y =0

dq- B .

d:q' +(“ 3),/ . Support by Donating
or = opock ) = )

dq' /i "'(10

Asymptotic Solution.
To solve Eq. (10), let us make an attempt to obtain an expression for the asymptotic solutio?

(the value of y(¢) for very large value of g), when g% >> %. In this case, equation (10) becom*

12y
ay LD

2 . qz'/’ =0
dq-

The solution of this equation is of the form
Y= ctq‘/Z :

2
c+q 12

But here, the solution is not accep';gble because, it increases rapidly with increasing ¢

: 2 is the probabihity o Yinding the particle and i ,
B b s B o e and it must decrease g, =
~he particular acceptable solution j, increases
§¢ B
r= ¢ § 12
The gcncf-"l solution at any distance can be written as
7 7
= Hig)e '/'//;
() is a finite Hermite polynomial in ¢ ; e . -(12)
where Hg) 15 s rmite al 1 g and can be written in a series of the form
H(g) = dp + ayq + 43 §* ¥ wvvrrrsnsasec, + gt
. ’
. (12), we have )
From Eq. (12) alllabexperiments.com
diy ? 29 dH
— = ~qe 7 124 e 1220
dqg - dy

12 17 # 2 o} 2
and f‘"'z/{ =g?e /2 Hee /2 H—ge™ /2dﬁ—qe_qzlzﬂ"'e—qz’/zﬂ
q dq dq?
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Putting the values of 1 and

|

or

or

2
an y
ay (’————2(,‘—1” +(/2H—HJe_"2/2
dy

2
8V Bg, ), il

dy

¢
J

2 \
£I-H—Zq# + q2H - HJg‘qzﬂ +(£_qz)e_‘12/2[-1 =0

dq2 dq

d*H
5 O 1\
dg dg P

alllabexperiments.com

«(13)
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[
\\ / Support by Donating
Vi
EI % 7
X 7
A\ P4
o o n=2 5‘1'5’2 Yo
N n=1 E;=3°2
— n=0 Es=1/5 12
—_— X

Fig. 3.13. Energy level of harmonic oscillator.

-y p AN /

The solution of this equation determines H(g). Only those solutions are acceptable for which

S 01,2
— =2n or = § N B ——
f}

Where n is called quantum number.
Putting the values of ¢ and f from Eq. (8), we get

2 2
mE/h =2n+1
mm/h
" EE\L o+ 1
| h(l) —( i )
oor
' E = (n +-l-)hw .
2 alllabexperiments.com

in¢ ‘
€ energy E depends upon n, so we can replace E by E,.

An alternate solution to the above question is in 2017 solved paper.

4(b)



91955
ALE2

91955
Typewriter
alllabexperiments.com 

91955
Typewriter
Support by Donating 


2. Write the S'c'hréc.l\ingcr equation for a 3D hydrogen
/ atom in spherical polar coordinates. Derive three

secparate equations for 7,6, using the method of
separation of variables. Solve the equation for ¢ to
obtain the normalized eigenfunctions and show that
they are orthogonal. 15

A hydrogen atom consists of one proton in the nucleus and only one electron in the surrounding
space, The electron which carries a negative charge is bound to the nucleus due to the coulomb
force of electrosatic attraction. Hence the electrostatic potential energy of an electron with charge
~ ¢ in the field of the nucleus Wiﬂ'y_;\;l;ange + Ze is given by Bk,

— e
V(r) = ;
—— U

where r is the distance between the electron and the nucleus both assumed to be point cbatgﬂ ‘
and £ is a constant the value of which in S.I. unit is ‘

1
4 £o

= 9x 10°Nm2 /C2

2 —

€ . A8
iy 47 egr ' Lt i)

which is a nwo body problem but we can reduce it to a one-bod
- (i) “replacing the electron mass m, by its reduced mass m given by
sh_—__——'—/ - e A
M m,

M+m,’

blem by

m =

e alllabexperiments.com
Where M is the mass of the nucleus. S

(i) by using the centre of mass as the ori
nucleus to be of an infinite mass.

respect S rlike |
of a sphere of radiys ,. II:] thm wenncleug, The value of V is the Same at every point on the surfact
in nature. The expregg; otier words, the potential 1s spherically symmertric and hence -ative
Schrodinger’s time ; lon for V also does not involve ﬁmeexp[fdtfy m - C({nsm d
l'nd?pendem form of wave cquation applies to jt, © System is stationary an
53 ca Symme it i Rt sinpe et 5 it ;
co-ordinates defined by 10 vaﬁ:glzs's,"éofng‘?gv‘_”’:‘.??! to deal with the problem in spherical polar

SERCE.
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Schrodinger’s time independent, three dimensional wave equation in cantesjan co-ordinates
jven by

Vi

V=0, -£2)

where m is the deUCCd mass of the electron, E its total energy. V the potential energy an

SIEV ang

[n cartesian coordinate system, we get

%‘ - (72{/.' (’121/' ('] ]/! 2m
+
=P a8y 2 AT Y =0 =43
. Potential energy V is function of r (1 e.
function of three coordinates x, v and z but it is
not easy to solve Eq. (3) in cartesian
coordinates. Also ris one of the co-ordinates
in a spherical co-ordinate system (r, 8, ¢), and
due to spherical symmetry it is more
convenient to deal with the problem in
spherical polar co-ordinate system.
The spherical polar co-ordinates (r, 6, ¢)
of point P shown in fig. 4.1 have following 8
nterpretations. %
- r = length of radius vector from origin B
D to point P X
0 = angle between radius vector and z-
axis called zeneith angle.
¢ = angle between the projection of the
: . . Fig. 4.1
adius vector in the xy-plane and the x-axis
talled azimuth angle.

S "4&3‘2‘&6

, .::35,-"{%? 4
y=r sing sing:

From fig. 4.1, the relation between (x, y, z) and (r, 6, @) are given by
X =rsinf cos¢
o = rsin@ sin¢g alllabexperiments.com ~(4)
= rcos @
Squarmg and acgungzall thre5 three terms of Eq. (4), we get
+y =
or ) ro= (x%+ )’2 + )12 .(5)

2 ) 2 .2 2 s g
in“ 0 (cos” ¢ + sin
AISO X7+ —v - \/r S ( ¢ ¢) == ta.n 0
z rcos 0 :

T - ‘
o tang = YL TV o (6)

e
<

And y rsinfOsing¢ _ :
x  rsinOcos¢

RS
SRR S e 5100 2 SR
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~ |

or tan ¢ = '(7,
Differentiating Eq. (5), partially w.r.t. x, we get
1 = X ¢ L r sin 0 COs
(;lr_ = —(x2+y2+22) ”22x= > 2=_r--“r~i
ox 2 \/;2 +y" +2
d 4
i 2 - sinfcos [
dx
a’. '
Similarly, a_y = sin 0 sin ¢ r g (8)
dr
and 5. = 'cos @
0z 7
Differentiating Eq. (6) partially w.r.t. x, we get
2 g a0 1(x2+y2)"”22x_ b __ rsinfcos ¢
sec“ O — = — = = o
ax 2 z g /x2+y2 rcos B rsin 0
a0 s 0 cos
or L2 lcoscf)_cosze___cos cos ¢
ox r cos@ r
i 38 cosfcos ¢
R ox r .
) alllabexperiments.com :
<l 96 cosfsing | 0 :
¢ P ot s ool :
R dy r : ;
g 9 sing
an e p ]
Differentiating Eq. (7) partially w.r.t. x, we get .
secz¢gg = ——y—-=- rSil'lGSin¢ =— Sil‘l¢ :
dx x? r? sin? 0 cos® ¢  rsin 0 cos? ¢
or ap N sin¢>cos2 ¢ _ sing
ox rsinfcos>¢  rsinf
So a9 _ _sin ()
ax rsin 6
- dep cos ¢ YR '
Similarly, —_ = B : >
! dy rsin 0 FEAARE R AR X5 _ +(10)
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and

ahead :

~ §ince

TR TR EN TR

Now

Similarly,

dy
dx

02 P

-0 J

With the help of above equations, Wecanﬁndthe vaiig of - 2

9 or . oy o0

ar ax a6 ax

(sin 0 cos (p)ﬂ 8 (
ar

sin 0COS¢_0_+

ar

s (m)
dx \ dx

|

sin Hcos¢ai+
2

X (Sin Ocosp—+
ar

9w
dy \ dy

|

; 3 d
sin 951n¢5-+

Sy
Wit
N‘ -

e

dy d@

ﬂ(f) ax
cosfcosg|dy [ sing )a_;,
a0 \rsinfl/op

s i - sl S—

r a0 rsin0dp

cosBcos¢p @ sing a)
r 30 rsindap

dy cosfcosg dy Sinzpﬂ:
r a0  rsin0 dp

cos@sing 9  cos¢ _a_J

r a0  rsin 0 d¢p
alllabexperiments.com

) WD)

as given
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P cosGsintpﬂ cos ¢ (_?_:/_) R
x(sml)sm¢—— : 69+rsin06¢ .(12)

and

o+ -2

()zz = az\ 9z

% g sinf d dy sinf aw)

: o L — (13)
s ;% = (cosgar r ae)(cos ar r a0 (
Adding Egs. (11), (12) and (13) and after simplification, we get

e .

: aw 1 a
ity Py Py 1 0(2 ) ino — L3
§+ﬁ+az2 Tt ar( ar/ r smO a0 a0 r sin” 0\ 9¢
: y

Now putting Eq. /14) in Eq. (2) and using Eq. (1), we g€t

. 1 Py, i) e
L 9 (,0y 1 3( G%J i SC L (E+ ]1{!-0
— & sin 2 y ' a2 4 T egr
Zdr(r 0!’)+r2 sin 9 90 90)" r* sin® 0 39" i °

Multiplying both sides by sin? 6, we get

2y 2mr? sin” 0 e I 5 A
o d ), Y. E+ ¥ =0.(19
o %)*S‘“"“é(s‘“"ao)J' W ey s
This is Schrodinger equation for hydrogen atom in spherical coor d‘"““f'; B e

alllabexperiments.com

Find the three Separate equations in the textbook.
Support by Donating

}/ (a) Describe Stern Gerlach experiment with necessary
theory. What does it demonstrate? :

(b) Explain Normal Zeeman Effect with examples and
energy diagram. 8,7

6(a)
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The deflection of atomic beam in a non-uniform magnetic field was s_tudied by Stern and Gerlagh
and thus proved the existence of electron spin and its space quantization.

Experimental arrangement

The substance whose atomic beam is to be studied, is kept in the oven. In the original experimer;
silver was used for this purpose. A beam of neutral silver atoms when heated come out of the
opening of the oven. The beam after collimation by passing through two slits S and S, is passed
through a non-homogeneous magnetic field produced by specially designed electromagnets s
shown in fig. 5.28.

The outgoing beam is recorded on a suitable detector screen, which for silver is a cold glass
plate,

o——

=L
-
oy

1l
11l
1nl
[N
Y ¢
WY
\
\
\
\
\
\
A
3

2 Sor—————a—g P
= DE 2 B &
o 7 > ~~
% Z Z 1
OVEN ///, o %
2

Fig. 5.28

WORKING
When the current in the electromagnet is switched off, the bea
narrow trace at the centre of the screen as in Fig. 5.28 (a). But as soo
the beam spreads, producing two traces Py and P, on the screen. Both thads #h oo o o
: o ese f equ
intensity having patterns similar to shown in Fig. 5.29 (b). LAY t:races are o_ = ‘

M strikes at P and produces @

(@)

alllabexperiments.com
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A .ad in the two traces is g o 175
ﬁsp““ ¢ due to the Maxwellian distribution of velocity of
- 1€ atoms

wean value. As each silver - v i
qome mean Vi ¢ Cr datom can possess only two possible values of spip i
o e y Sof spin ..

| -

gov
I beam of atoms must split into tw ing i a
the PILInto two beamg during its passage through the nop

4 77 e icf
neous magnetic field. The component 4 of the magnetic moment of the atom in the direction

¢ :
oa.cld as studied by Stern-Gerlach was found to be one Bohr Magneton

hoﬂl ‘.“:
of ‘2;‘\':)‘“‘"”(“’" (Quantum theory)

; itude of total magnetic m % : ;
The magnit g oment 4 . of silver atom due the orbital and spin angular

jomenta and associated magnetic moment of its electrons is given by
1N

M =—pUg8&NJ(j+1), ()

eh
where Hpg = S | Bohr magneton
1 JU+FD+s(s+1)—=1(+1)
and g=1+ 2 G+1)
or \% =iIHBB N

- m . M . .
Let the silver atoms enter the magnetic ficld With velocity v along X-axis and let B Varies )
2 dt ‘hn

dB _
rate of e along Z-axis, then

Magnitude of the force acting on the atomic dipole along Z-axis is :

0z .
If M is the mass of silver atom, then Support by Donating

Acceleration of the atom,

alllabexperiments.com
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E ;
&= ]T/i- = i:“B dB ]
0z M
If 1 is the length of the path of the beam through the magnetic field, then
Time taken to travel the field
t =l
. The displacement of the atom along Z-axis

1
Z =% —ar?
54
. 5 iy, 38 E
- Z‘uBaZ Mo?

From Maxwell’s law of distribution of velocities

fer

1) =V M
.1 B 2 M
7 = +— —«— —— Support by Donatin
M8 G M akr PPOn Y 9
1 1% 4B
Z =+— _—— =3
o 6"B T % G

The maximum displacement at the centre of the trace is given by the above equation.

The maximum displacement at the centre of the trace is given by the above equation.

Conclusions
(i) If either the magnetic field is uniform or magnetic field is zero, then
dB 0
9z alllabexperiments.com
Z =0

Hence there is no displacement of the atomic magnets along z-axis, hence we find a straight
line Fig. 5.28 (a)
(if) If the applied magnetic field is non-uniform, the dlsplacement is elther along + Z-axis " |
— Z-axis depending upon their orientations and we get a trace on plates. . . . . 1

Significance.

The displacement Z of the line from original position derived- by quantum theory is in clos® |
agreement with experimental values and thus the above experiment give experimental confirmatior
of the interaction of orbital angular momentum and spin angular momentum and theu' associate .
magnetic moments as well as space quantization of total magnetlc moment vector y of the 8t°m

6(b)


91955
ALE2

91955
Typewriter
alllabexperiments.com 

91955
Typewriter
Support by Donating 


Zeeman discovered in 1896 that when a light source producing spectrum is brought into a
magnetic field, each emitted spectral line is split into a number of components—doublets or
iriplets or even more complex arrangements. This phenomenon is called Zeeman effect. The
extent of the splitting depends on the strength of the magnetic field and on the nature of spectral
lines, whether they are singlets or multiplets.

Normal Zeeman effect.

If the magnetic field is very strong, each spectral line splits into two components in the
longitudinal view and in three components in transverse view. This is known as Normal Zeeman effect.

nn

Experimental Arrangement. B AU

1 Zeeman effect is shown n fig 5.1%.
The experi arrangement to study norma ) i Bg 5.19. Hhe
Source ofxl;i)el?(men(:la]l as a gas discharge ube is placed between the pole pr'u.l.\ ntl.l \:I:)l:;
H > . > M A S b
tlectroma nft Ts;lue ole pieces of the magnet have an axial hole paml!d to thu;1 L:Ig.ldu.“ i‘m L

. = 1 L YA > é . ‘) S\ 'L\ y

light Cmittged from th}z' source of light can pass through it. The spectral lines arc 0Dse

Blp of a spectroscope of high resolving power.

When no field is applied, there is only @ Sl;‘lgkis ;
$Pectrum, When the field is switched on 4 th? mlercc component spectral
Magnetic field (normal transverse Zeeman ¢ffect. T ‘

(unpolarised) spectral line visible i the
iewed perpendicular to the direction of

a sl
lines are observed

One CO /] 5 . . h N
mponent in the same position as the original line (without field) having the same waveje, - -

and frequency v and other two component lines lie on either side of the original line"“&-

(g(cas discharge tube

Support by Donating

] To Spectrometer
—* (Longitudinal View)

e

il

>'T CE?‘
D
o Spectrometer

(Transverse View)

4
sl
-

--_______4,_ ¥

Fig. 3.19

alllabexperiments.com
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nent line on the right side of original line is v.+ .Av and that ?f on the left
ggg“:? flfe(gr?g‘fn;f llrilt?:: isv-Av. Itis obsgerved that the original line is lmez.xrly polan‘steld, pé;alle;
to the direction of applied magnetic field, whereas the two component lines on eit g sx3e23
original line are linearly polarised at right angles to thc.magnenc fxeld as shown in ig. d :
When the light is viewed along the direction of thq. a?phed magnetic field (normal languu ina
Zeeman effect), the original (central) line is found missing but the oth‘er two cogxponcnt lines .wuh.
frequency (v - A v) and (v + A v) are observed. These component hpcs are cnrcul.arly. polarised.
One component is circularly polarised clockwise and other anticlockwise as shown in Fig 3.20.

No Magnetic Field

{a}
Normal
Transverse
Zeeman Effect
v=Av ey
v
(b)
Normal
Longitudinal
Zeeman Effect
b it |
~Ay i
(c) v+ Ay ‘ _i
Fig. 3.20 )

-

3 classical Theory Of Normal Zeeman Effect

> - 1 f
rm i orentz, on the basis 0
The phenomenon of normal Zeeman effect was explained by L
eclfO“ic theory of matter.
|

i it of radius r
in a circular orbit of radi
consider an electron of mass m revolving a round the nucleus in 2
. linear velocity v and angular velocity .
ol The centripetal force acting on the revolving electron is given by

mu? aIIIabexperiments.com

r

= - (1)
Since v=ro.F=mro*@ -
1

2 : ; lane of the
Now let a magnetic field of uniform intensity B be applied at right angles to the p

i = , = Berw, where € 1s
wit of the electron, then the additional force acting on the electron = Bet :
|l
?l:c charge on the electron.

: : - force will be towards
ing’ direction of this additional force c  the
i Fleming’s left-hand rule, the e . cwise motion 0
Ac;ofrr(:;ggﬂtlz centre g’f the orbit depending upon thef c:lock::/);:e(?rean:‘c;?g;wk i),
oA iti i ards the centre of the a € 1 2 159 of
additional force 1s tow I ectron increases as per

dectron. If the lar velocity of the & s as per =

i e the angula : o ce is away from the

fhe orbit contracts ?:g nl,]ce):rlli-“tum. On the other hand, if the addmor;:::l ;?12; alr e g
il ol %f ar?n%)‘:ion is clockwise), the orbit expands and hence t g

centre (i.e., the

3 - e equation
dlectron decreases. Aetfew. Aua ta tha additional force. Then the eq
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CICLLIUIL Uewa s~

Le do be the small change in angular velocity due to the additional force. Then the equanon
of motion in dynamic equilibrium becomes

FiBev=mr(m+doo)2 s
or mro?+Bero =mr@ +do) . (Using egn. (1)]

or mro?-mr(® +do)? =tBero
- 2=+Berw _
or-2mrodo-mrd 0’ =% alllabexperiments.com

Since do is very small, so (d @)? can be neglected.

—2mr(odco=iBerm

o i do =% —225‘— B
- ve and + ve signs show the €ase of retardation and acceleration respectively.
But @ = 2 m v, where ¥ is the frequency of rotation of the electron. . G‘;
B cdo=2xdY .
C°mpafing eqns. (2) and (3), we get
g )
av= i-m

ge in frequency of the spectral lin

Eqn. (4) represents the chan

Since v = -%.
oo e
¥ gt el
dv.= “Fd A
Substituting the value of @v in eqn. (4), we get
2
d A. = Be }.__ ‘ i g
£ dmm ¢ =+(§)
spectrg;‘-li;i)orfe[\)vrcserts the change in wavelength or Zeeman shift of the spectral line. Thyg the
; : avelength A wi i n applied magneti e
either side of the originagl "ne.wlll be resolved under the action of an app gnetic field B iy
The value of e/m given by eqn. (5) is alllabexperiments.com
4dnc
e/m % d A f ] ‘ 1
e/m o7 ‘ (6)

The v>alue of e/m obtai : : : Vi
R ained by this method is 1:77 x 10'0 e.m.u. per gram or 1:77 I
g, which is same as that determined by J.J. Thomson. A ' X 1y &
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“Jn an atom the electron has angular momentum due to its orbital and Spin motion and this
pital motion of the electron is equivalent to current which provides an internal magnetic fielq
e magnﬁﬂ? moment due o the spin of the election interact with the internal magnetic field

hich g,l\’e nse lto mo;hﬁcatxon of the energy level. Since the internal magnetic field is due to

(lectron’s orbital angular momentum, hence the interaction is called spin-orbit interaction,

Let an electron of charge —e be moving in a circular orbit of radius r around the nucleus with

velocity v (Fig. 5.30 (@)). Since the motion is relative, let us assume the electron to be at rest and

i nuclcuﬁ be moving around the electron in a circular orbit of radius 7 with velocity — U w.rt.
clectron (Fig. 5.30 (b)).

/’

Ze(Nucleus)

(a) (b)

Fig. 5.30 "
The rotating nucleus (+ve charge Ze) is equivalent to a current element 1d [.

/7./ia) What is spin orbit coupling? Calculate the change
in the energy levels due to this.

(b) Show the result of an LS coupling of two non-
equivalent p-electrons. | 10,5

Support by Donating
7(a)

alllabexperiments.com
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According to Biot-Savart law, the magnetic field at the centre of a current element 1d ! is given

by
= _ Mo 1dTxr alllabexperiments.com
47 r3
-~ dq ,= di z
But 1dl = —‘-f—-dl B aZey
- M Ze (VX 1) ¢Y)
T 4w r
i 1
. . DO T 2
Since e = oo 0 £oC
So Eq. (1) becomes
. ze (mixn _ o (GxD)
— r
B " o 7 4ren mc
L\ 2 R D)
4.7'[80 mec'r
L= N
ZeL
e -
or B '

= 2.3
deg mcTr s
where L = 7 X p is the orbital angular momentum of the electron.

in-orbit interaction ¢ ) -
Tll:e potential energy AE",{due to internal magnetic field is given by

AE,[S = —,2;5 'B
The electron spin magnetic moment is given by
. _"8HBS _~2MB _
M h = h - (3) [ gx:l'j
Using Egs. (2) and (3), we get
z‘uB Ze - -
AE;. = (§-L)
R h 4me, mer
5 eh .
Since By = 5o alllabexperiments.com
Zez > -
AE) = 223G

4meqg m-cr
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This value of energy is determined in the frame of reference in which electrox} is at rest. If we
transform this frame to another in which nucleus is at rest, the potential energy will be reduced’

a factor 2.
Spin orbit interaction energy, Support by Donating
1 Zel .
= SAE} = ———5(S'L -0
AEls 2 Is 8 £ mc2r3 ( )
Since total angular momentum of an electron is the sum of orbital and spin angular momentr:
SO
J =L+§
i =(f+§)(i+§)=L2+s2+2's'-i
or 2 =12+824+28-L
or S'L =5(JZ_L2_32)
- SL =350iG+DA* 10+ Da? ~ss+DA2] 1
SL =0+ DA+ DaslGilpl & e =
%()m. (4) becomes SRR T e S , 3
Ze* n?
L. . B W Y (
' l():u:om?'czr3 WU+ D=1+ 1) =s e+ 1)) i (3)

((E,= Energy of the atom in nth state, then total energy of the atom due to spin-orbit interaction
!

vv‘i”hc Y i
.- ‘_.})i: E, +AEj

alllabexperiments.com
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(a) Without spin-orbit coupling
(/) Ground state alllabexperi
For ground state, n = 1 periments.com
1 1
/=0 and j=1+s=0+—2'=-2-
Thus ground state is written as 125y

_136 o __136eV.

And energy level of this state, E;= %

(if) First excited state
First excited state has n = 2
Soe [I=0 or (=1

For I = O (s-state) For 1=1 (p-state)

1 i=1 = % 2
j =l+s5= -2’ &= e 2 2
’ . . ; tes are written as
*. This state is written as T%ese SL:‘:nd 22%p
2% =Gl C

The energy of all these three states is

136

i.e. all these three states are degene

(iify Second excited state i
Second excited state has n =
So I=0.

rate states.

1 or2

............

e Rl A i 5 : R
[y v e,
[ ror i e ol v G

4-‘1,3 — 4[’3!2 ph———r 4d_s/:

3pan

By —

3dq;3 T———-
3da

alllabexperiments.com

1512

Figl 31]8
These dou i ive ri
blet levels in turn give rise to doubling of spectral lines

* l

mn
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7(b)

I Y — .
Vies 5 oot 11_/ alllabexperiments.com
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