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Atomic structure

✔ In the 19th century, it was known that matter was made of 
different chemical elements consisting of individual atoms. 
Not very much was known about the constituents of the atoms.

✔With the discovery of the electron, it became clear that 
atoms would contain negatively charged electrons and that 
some other part of the atom would need to contain positive
charges to realize a neutral atom.

✔ Realizing that electrons are much lighter than any atoms
it was found that most of mass of the atom should be carried 
by its positively charged components.

✔ Thomson (1898) model of the atom: homogeneously
distributed positively charged matter with interspersed
electrons.
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J.J.Thomson’s model (Year 1904)
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3“Modern Physics”, M. Oh-eDiscovery of large scattering 
of α particles (1909)

Cone-shaped glass container with 
Radon (α particle source) 

Mica window

Shielding plate of lead
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Thomson’s model cannot explain the large 
scattering of α particles

1) Scattering angle by electrons in an atom
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Time of α particles passing through an atom at maximum:
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2) Scattering angle by positive charge
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Thickness of a gold foil
4 X 10-7 m

Incidence of α particles
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Suppose 1000 atoms are lined up in the direction of thickness, how much 
degree particles can be scattered is expressed by the random walk model.

✔ Probability of the right and left direction per atom: ½  and ½  each
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Geiger and Marsden’s experiment:

Squared mean of scattering angle: ~ 1°

 < 3° (99%)

Scattering: 10-4 rad, 1000~10000 times 

 Probability: ~10-3000
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Rutherford’s assumption

1. Positive charge of atom: ~Ze

2. The mass of the scatter: the mass of α particle.
(Momentum conservation)

3. Positive charge is concentrated in one point.
(Strong electric field)
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Rutherford’s single scattering model 
(Nuclear atom model) (1911)
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Probability of large angle scattering

Large scattering cross-section πσ2

Cross-section of atom πR2

Gold foil
Thickness

# of atoms lined up

Mass of Au

Avogadro numberDensity of Au

Volume /1 Au atom

Diameter of Au atom


2

2

R



# of incident particle

# of largely scattered particle

m7104 

m7104 

20000

1
: Probability of large scattering



11“Modern Physics”, M. Oh-e

Gold foil

Experimental probability of large scattering: 1/20000 with a gold foil 
that has 1.56 X 103 atomic layers in thickness.

373 106.51012.31056.120000 
5.6 X 103 divided equally

5.6 X 103

divided equally

This area corresponds to  πσ2 ~ πrmin
2

σ ~ rmin : ~1/10000 
of Au atom
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ΔOAB Ξ ΔONF   b = p
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# of scattered particles in 
θ~θ+Δθ per unit time

Suppose there are N/m3 Au atoms 
and n/m2 α particles enter the system.
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Nucleus

Solid angle 
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Experimentally verified!!
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Summary (What Rutherford did.)

✔ Rutherford discovered that atoms consist of small and 
heavy nucleus surrounded by electrons.

✔ Rutherford proposed a way to confirm his proposed atomic 
structure and verified the hypothesis.

✔ The magnitude of charge at the center can be determined.

✔ The possible maximum size of nucleus can be estimated 
from the ratio of the number of the largely scattered α
particle with that of the incident α particle.


