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The jmportant characteristics and signifi

| cance of these quantum

| o 10T ¢ as follows:

| Quantum Number (n) — This quantum number determines the total

| pri“c'paf Jcctron in the atom. It can take integral values 1, 2, 3.
0

! ...The greater
mﬂa’ue of n; greater is the energy of electron.
v

. (azimuthal) Quantum Number (/) — This quantum number determines
lrbiw] angular momentum of electron. The magnitude of orbital angular
[:entllm of electron is given by
mo

|L|=‘ 2L+1) F

where £ is a number, called orbital quantum number. For a given value of
picipal quantum numbern, the orbital quantum number can take integral values
0.1,2 ......(n-1). The quantum number ¢ also gives the shape of probability

dstribution curve. The electrons with ¢ = 0, 1, 2, 3.... are called s, p. d, f
| clectrons respectively .

i Magnetic Quantum Number (m ¢) — The angular momentum vector L cannot

 lakeall orientations in space; only certain directions are allowed. This feature of

', ;ﬁ?r L is called space quantization. The allowed orientations of vector L are
'r 1 that its components along any fixed direction, say z-axis, are given by

! m:a:l ¢1San integer called magnetic quantum number. For a given value of £,
SMNumber m, can take integrally spaced values from -£ to +£.
‘_’?r €Omponents of yector L are uncertain which is in accord with the
%pazsp"miple. This means that the vector L traces out a cone in space L
dy. 3 Such that jts projection onto z-axis is m ,i. The average value of x
“Ponents of | turns out to be zero.

“anty y,

) Numb ivisti tum mechanics shows that
POssegse er (m,) - Relativistic quan

S an intrinsic angular momentum S whose magnitude is given

m*m h

s: A
y @3(;“ dUantum number. It assumes only one value 2. The vector S can

® Bivey, g""'ctions. The projection of vector S onto any fixed axis, say z-
Ven by,

e S —
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ms belonging to a given electronic configuration, the term with the
sible value S and greatest possible value of L at this S will have fhe

l lets formed by equivalent electrons are normzl i.e. the emergy of

grows with increase in the value of J if not more thas kalf of e =S

wltiplets are inverted i.e. the energy diminishes with 2n mcrezse m J i

of the sub-shell is filled.
ds when not more than half of a sub-shell is filled, the component

plet with J = L — S has the lowest energy.
cations of Vector Model

;qf'H « Line — The H, line of hydrogen spectrum resulls from the
Jﬂ:tron from the energy level corresponding to n = 3 to the enerzy
2. The entire state of the atom is determined by its single valemcs

_ "':"-'"‘1@‘ to n = 2, there are two sub-levels, s-sub-level (£ = @) an p-
“=1). When electron is in s-sublevel (£=0)

L®S=191/2-1/2

o sented by ’S, .
ton is in p-sublevel (£ = 1)

=1®1/2=3/2,1/2

—— T S —— —
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r ak A

o ._,ﬁeld the separation of two adjacent sub-levels is gugB and the total
pE=28#HpB/ (16)

. and Gerlach Experiment (Space Quantization)
|}'J A

_ confirming evidence of space quantization of angular momentum (and
e onetic moment) came from the celebrated atomic beam experiment
and Gerlach (1922), which was originally devised to measure the
moment of individual silver atoms. A well-defined beam of silver

“was obtained by evaporating silver in a hot oven and letting the atoms
a series of holes as shown in the figure ( 7.10 ). The beam of silver atoms
ed to pass through an inhomogeneous magnetic field B, which was
between a sharp edged and a flat faced pole piece of a magnet. The
beam was received on photographic plate. The geometry of the
tal set up is shown in the figure. The magnetic field acts in z-direction
atomic beam enters the field along x-axis.

1t be the magnetic moment of silver atom. In an inhomogeneous magnetic

gradient in z-direction a magnetic dipole with magnetic moment p

es a translational force F, in z-direction.

(17)

t vector makes with the field B.

“ally the magnetic moment p can take all possible orientations and hence 6
ot s variable, Atoms for which cosO is positive, will be pulled up and
hich cos® is negative, will be pulled downward. Atoms whose
Oments are perpendicular to the magnetic field will be subjected to no

Hence they will go straight. Atoms with u parallel © B will suffer
Upward deflection and those with M anti-parallel to B will s_uﬂ”er
ownward deflection. Thus the beam of silver atoms, after emerging

will spread out; the spreading of atoms will be proportional to the z-
Of I Thus the classical physics predicts & smeared out paugm in
tion on the photographic plate. stern and Gerlach, however,

L the beam of silver atoms was split into W0 distinct parts.

vieche : i t of silver
“€Chanical _ The entire magnetic moment
Eaplanstion spin of silver atom

from the sp; < electrons. That is; the :

‘ehelic finlﬂ':lt';l: t;ggﬁl:f :::o:t:entum and hengce the magnetic mo!nem

o Y W0 orientations, parallel and anti-parallel to B. Atoms with p
4 are deflected upward and those with M anti-parallel to B are

MIWard and hence the beam gets split into two parts.

the angle that magnetic momen
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