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CLASS 12 PHYSICS « CHAPTER 13.3

How Scientists
Measured the Nucleus

From Rutherford’s gold foil to the discovery of constant
nuclear density.




Rutherford’s Gold
Foil Experiment

/‘
Rutherford pioneered the
concept of the atomic nucleus. r >
To test his hypotheses, he
suggested that Geiger and /
Marsden bombard thin gold foils : ~J
with positively charged Gpartlcli)

projectiles.



Finding the
Upper Limit d=20x10"m

(Distance of Closest Approach)
* Kinetic Energy: 5.5 MeV
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Rutherford assumed Coulomb repulsion was solely responsible for scattering. Because
the a-particle bounces back, the actual nucleus size must be smaller than this closest
approach distance. If faster projectiles get closer, short-range nuclear forces interfere

with the pure Coulomb calculation.



TopAll
You’'ve Learned the Theory.

Let's Test Them Now.

Turn theory into marks with unlimited MCQs, smart analysis, and focused revision.

PracticeNow —) Atprep.topall.app

© Free Study Material, Videos & Infographics © Practice Unlimited MCQs for NEET & JEE

© Push Your Limits with Level-Based Challenges © Get Clear Explanations, Not Just Marks

© Climb the Leaderboard Among Fellow Aspirants © Track Your Performance Smarter




Achieving Accurate Measurements

Probe Comparison

2

a-Particle Probes

Ideal for establishing upper boundaries.
However, exact measurements fail at
extreme close range because a-particles
interact via the strong nuclear force,
distorting pure scattering trajectories.

il
| Fast Electron Probes ‘

The refined tool. Fast electrons
accurately measure nuclear size because
they are not affected by the strong nuclear
force in the same way, providing a clean
| clean map of the target's dimensions. |
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The Universal Nuclear

Rad i us FO rm UIa Cube root relationship

(Volume proportional to A)

R — RO A1l3

| Mass number
| (total nucleons)

Radius of the nucleus

Empirical constant =1.2x 107> m (1.2 fm)

Electron scattering experiments revealed that the volume of a nucleus is directly proportional to its mass number.



Nuclei are Like Drops of Liquid

Radius: R oc A1/3

J r
Volume: V< R3 - V < A | \

v EEZa 14 W
Mass: M o< A =i
¥

: Nuclear Density ~# 2.3 x 10" ka m™
Density = M/V = Constant 2 el _39
Water Density = 10° kg m
(Independent Of A) Shows that most of the

atom is empty space!




Key Takeaways

i 3

€ - Rutherford's a-scattering proved the nucleus exists.

€ - 5.5 MeV a-particles give a closest approach upper limit of ~ 4.0 x 10~4 m.
€ - Electron scattering provides accurate sizing, bypassing strong force interference.
& - Radius follows Eq. (13.5): R = RyA/3 (Ry = 1.2 x 10715 m).

€ - Nuclear density is an enormous constant; ~ 2.3 x 1017 kg m3.

\ v

Test Yourself

1. Why do alpha particles with energy > 5.5 MeV deviate from Rutherford’s pure
Coulomb calculations?

2. Prove mathematically why nuclear density is independent of mass number A.
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