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where Ka. is the kinetic energy of the incident alpha 
particle. 
o If b = 0, then by above relation 

cot 0/2 = 0 or 0/2 = 90° or 0 = 180° 

i.e., in case of head on collision, the impact 
parameter is zero and the alpha-particle rebounds 
back. 

o If b = oo, then by above relation 
cot 0/2 = = or 0/2 = 0° or 0 = 0° 

i.e., the alpha particle goes nearly undeviated 
for a large impact parameter. 

DISTANCE OF CLOSEST APPROACH : ESTIMATION OF 
NUCLEAR SIZE 

• Suppose an a-particle of mass m and initial velocity v 
moves directly towards the centre of the nucleus of an 
atom. As i t  approaches the positive nucleus, i t  
experiences Coulombic repulsion and its kinetic energy 
gets progressively converted into electrostatic 
potential energy. At a certain distance r

0 
from the 

nucleus, the a-particle stops for a moment and then 
begin to retrace its path. The distance r

0 
is called the 

distance of closest approach. 

• 

a-particle + +�Nucleus 
•+ . + ; 
: +: 

'I' • 

� 
Distance of closest 

approach 

1 ? Let, initial kinetic energy of a-particle, K = -mva 2 Electrostatic potential energy of a-particle and 
nucleus at distance r 0, 

U = ___!J_fj]__ = 
2e.Ze _l _ 

4n:t:0r0 ,0 41tt:0 

At the distance r0
, Ka. = U 

1 2 2e.Ze 1 or -mv =----2 lo 4m::o 
Ze2 

ro = 
2 n:E0mv 

Hence radius of nucleus must be smaller than r
0

• 

Illustration 1 

In a Geiger-Marsden experiment, what is the distance of 
closest approach to the nucleus of a 7.7 MeV a-particle 
before it comes momentarily to rest and reverses its 
direction? 
Soln.: The key idea here is that the total mechanical 

energy of the system consisting of an a-particle 
and a gold nucleus is conserved. 
The initial energy Ei is just the kinetic energy K of 
the incoming a-particle. The final .energy E

1 
is just 

the electric potential energy U of the system T. 

Let d be the centre-to-centre distance between the 
a-particle and the gold nucleus when a-particle is 
at its stopping point. Then we can write the 
conservation of energy E; = E

1 
as 

K ==-I-(2e)(Ze) = 2Ze2 

a 41tto ro 41ttoro 
distance of closest approach 

2Ze2 

11:,=---

41tsoK 
here K = 7.7 MeV = 1.2 x 10-12 J a 

-1-=9 x109 MKS unit 
4n:e0 

Z = 79 for Gold 
2 X 9 X }09 

X 79 X (1.6 X 10-19 )2 

So n = --------'-------'--
' O 1.2 X 10-!2 

r
0 

= 3 x 10-14 m = 30 fin. 
Radius of gold nucleus in actual is 6 fin where 
distance of closest approach is 30 fm. This 
discrepancy is due to the fact that distance of closest 
approach a is larger than sum of radii of the gold 
nucleus and the a particle. 

Atomic Model from a-Particle Scattering Experiment 

• The whole positive charge of atom is concentrated in 
its nucleus, which is of very small size as compared to 
size of atom. Atom has a diameter of the order of 
10-10 m, whereas nucleus has a diameter of the order 
of 10-14 

ID. 

• Electrons are situated in the large empty space around 
nucleus and are revolving, such that the centripetal 
force is provided by electrostatic force of attraction 
between electron and nucleus. 

• The atom is neutral overall, so the total positive charge 
on nucleus is equal to the total negative charge on 
electrons. 

Drawbacks of Rutherford s Model 

• Rutherford's atomic model is 
inconsistent with classical physics. 
According to electromagnetic 
theory, an electron is a charged 
particle moving in the circular orbit 
around the nucleus and has an 
accelerated motion, so it should emit radiation 
continuously and thereby loose energy. Due to this, 
radius of the electron would decrease continuously 
and also the atom should then produce continuous 
spectrum, and ultimately electron will fall into the 
nucleus and atom will collapse in 1 o -s s. But the atom 
is fairly stable and it emits line spectrum. 

� Rutherford's model is not able to explain the spectrum 
of even most simplest H-spt;etrum. 



Atoms and Nuclei 

ill@®iMifl 
Answer the fo11owing questions, ,vhich help you to 
understand the difference betr,.,:een Thomson's model and 
Rutherfixd's model better. 
(a) ls the average angle of deflection of a-particles by a 

thin gold foil predicted by Thomson's model much less, 
about the same, or much greater than that predicted by 
Rutherford's model? 

(b) Is the probability of bnckwa:d scattering (i.e_, scattering 
of a-particles at angle greater than 90°) predicted by 
Thomson's model much about the same, or much 
greater than that predicted by Rutherford's model? 

(c) Keeping other factors fixed, it is found experimentally 
that for small thickness t, the number of ex-particles 
scattered at moderate angles is proportional to t. What 
clue does this linear dependence on t provide? 

(d) ln which model is it completely wrong to ignore multiple 
scan:ering for the calculation of average angle of 
scattering of a-particles by a thin fuil? 

So.in. : (a) Nearly the same. This is because we are 
considering the average of deflection. 

(b) Much because there is no such massive core 
(nucleus) in Thomson's model as in Rutherford's 
model. 

(c) Thi.s suggests that scattering is mainiy due to a 
single collision, because the chance of .a single 
collision increases linearly with the number of the 
target atoms, and hence linearly with the thickness 
of the foil. 

(d) In Thomson model, posi tive cba:rge is distributed 
lliiiforrnly in the atom. So single collision causes 
very l i ttle deflection, The observed average 
scattering angle can be explained only by 
considering multiple scattering. Hence it is wrong 
to ignore multiple scattering in Thomson's model. 

BOHR MOOEL Of ii'l'!lROGEN LIKE ATOMS 

® Bohr postulated in his H-atom model. 
o The electron is revolving around the nucleus i n  

stationary orbits. 
o Vlhen an electron makes a transition from a higher 

orbit to a lower stable orhit1 the difference in the 
energy of the electron is radiated as a photon of 
energy hu. 

o The a ngular momentum o f  the electron in  the 
stationa:ty orbits is quantised. 

h mvr = nh where Fr ""' -
2n 

h is Planck's constant. 
n is calJed the quantum number; 
n = I for the_ first stable orbit 2 for the second 
orbit, etc. 

® The Bohr model is applicable not only for hydrogen 
but all hydrogcin-like atoms i.e., aton1s which have been 
ionized to have a single electron revohing round the 
nucleus. 
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Circular Orbits 
® The atom consists of centra l nucleus, contiiinlng the 

entlre positive charge and aimost all the mass of the 
a.tom, The electrons revolve around the nucleus ir: 
certain discrete circular orbits. The necessary 
centripetal force for circular orbits is provided by the 
Coulomb attraction between the electron and nu.clet:s. 
So, 

mv2 (Ze)(e) 
�- ; 

r 47U:.o r2 

where, m = mass of electron 
r = radius of circular orbit, 
v speed of electTon in circular orbit, 
Ze = -charge on nucleus, Z = atomic numberj 
e charge on electron =  - 1.6 x 10-19 C 

St:atio11ary Orbits 

* TI1e allowed orbits for the electrons are those in which 
the electron does not radiate energy. These orbits are 
also caUed stationary orbits. 

Qua11tum Co11dltion (B<>hr's Q1.1antisati<>" 
The orbits are those in which angular 
momentum of the e lectron is an integral multiple of 

_!!__(:.:; Ji} 
i�: 1 mvr n (

.!! _J· n being -integer or the pninciple 
\ 2n 

quantum number. 
Radius of Orbit 

Since, we have 

mv2 
_ _  JZe}(e} 

r 4nto0 r2 

nh 
and mir c:c:--

2n 

Putting in (il, we get 

rl2 � (0.53)- -A 
z 

• H lik 
n-

So, tor - e atoms, rn. -= -·z, 
Veio,:ftY of Electron in nth Orbit 

nh n
2
h

2
t0 Slnce v = �-_and r ::: --�--2nmr nme'"'Z 

' . .  (i) 

. . .  (ii) 

where is Loe Sommerfeld's frne stmcture 
1 

constant (a pure number) whose value is 137 . 


