
12.       Atomic Nucleus, 1
lecture 34, November 17, 2017

9.       Quantum Statistics, 3.5



housekeeping
Coming attractions 

Next week: 

lecture M and T 

chapter 12 homework due 11/22…HW workshop 11/21 

Wed before Thanksgiving is a lost cause, so the schedule always indicated no class 

End game: 

watch the schedule link as I’ll do some adjustment 

exam #3 is Friday, December 1 

I’ve not given any quizzes…have you noticed?  I’ll add that percentage to the 
homework fraction



today

statistical physics - Bose Condensation 

Atomic nucleus - introduction





still MORE  Bosons Helium
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Einstein to the rescue  in 1924



Einstein 's
way out : separate out the ground state , E  =0
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Liquid Helium  condensate  is . . .  unusual
.
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liquid Helium

https://www.youtube.com/watch?v=9FudzqfpLLs



BEC - 1995

•Rb atoms…cooled to 50nK



nuclear physics hits:

•1896 radioactivity discovered, Becquerel 

•1898 Radium/Polonium, Curies 

•1899 alpha/beta rays, Rutherford 

•1902 natural “transmutation,” Rutherford and Soddy 

•1909 alpha rays = helium nuclei, Rutherford and Royds 

•1911 nucleus of + charge, Rutherford, Marsden, Geiger 

•1920 proton discovered, Rutherford 

•1921 neutron predicted, Rutherford 

•1921 laboratory transmutation, Rutherford and Chadwick 

•1929 proton accelerator, (Rutherford) Cockcroft and Walton 

•1930 neutrino predicted, Pauli 

•1931 Deuterium discovered, Urey 

•1932 neutron discovered, (Rutherford) Chadwick 

•1933 proton-neutron model of nucleus, Heisenberg 

•1933 artificial radioactivity, I. Curie and Joliot 

•1934 pion predicted, Yukawa 

•1935 neutrino model, Fermi 

•1938 nuclear fission, Hahn and Strassmann 

•1942 controlled nuclear fusion, Fermi 

•1947 pion and muon discovered, Occhialini and Powell





NUCLEAR PHYSICS

Just the facts
,

mdam :

Nuclei →  neutrons &  protons ( to fivstamroximatim )

"

protons
"

discovered and named by - -
Rutherford

,
of  course

"

neutrons
"

predicted by and discovered in the lab
of . .

.

Rutherford . .

of  course

Notation
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= . . .
# of  neutrons

A
"

mass  number
"  

= Z+N
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Rutherford 's Discovery measurement
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Neutron - 1932

Chadwick compared
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Now :
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Generically
:
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Mass  Convention !

unified mess  unit
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Isotope :  elements  with different # neutrons &
 same # protons
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same  element

,
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Natural abundances  vary
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SIZES AND SHAPES OF  NUELEI

Started with Rutherford & his model
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NUCLEAR  DENSITIES

Assume spherical .  -

nuclear matter densities :
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not bad ! density of neutron  star ~ 1084ms



Sophistication  of electron beam production

- long program  at Stanford "
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