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where 7, = 1.2x10™m



IS POSITIVE.

SIS DUE TO THE PROTONS CONTAINED IN IT.




NUCLEAR DENSITY

Density =nuclear mass/nuclear volume
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NUCREARIFORCES!

Electric Repulsion of Protons
Strains the Nucleus

But The (Residual) Strong Nuclear
Force Holds the Nucleus Together

Matt Strassler 2013



Strong nuclear force

Electrostatic repulsion
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I @ proton: 1.00728 u

@& proton: 1.00728 u

)". neutron: 1.00866 u

>¢P necutron: 1.00866 u

o particle Total

Mass = 4.00153 u particle mass = 4.03188 u
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eons: binding energy is zero
rce glues them together. However, energy has to come from
must come from a reduction in nuclear mass

fference between mass of component protons and neutrons and
ucleus, related through E= mc2:

B(A,Z)=Z m,c?+ N m,c? - M(A,Z) c?

Binding energy is a positive quantity
(don’t get confused here - the strong potential in which the nucleons sit is hegative)

Binding energy per nucleon

- the average energy state of nucleon is a sum of high energy
“surface” nucleons with low energy “bulk” nucleons

= nucleus minimizes energy by minimizing surface area - a sphere
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@ Nuclear binding energy is positive quantity
@ Typical units for nuclei: MeV

2 Most stable nuclei have largest binding energy

For heavy nuclei, binding energy ~8 MeV/nucleon
Maximum at A ~ 60; 62Ni, 58Fe, 56Fe most bound
Local peaks when A =4n, e.g. *He

These features play important role in nuclear models
| [ | l I
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What determines the shape of a nucleus?

Answer: the attractive interactions between components form a droplet
in order to minimize the number of “high energy” components at the surface
(similar to the attractive forces between molecules in a droplet of water)
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WME TERM

that water sticks to itself, but repels

as having the ability to add one new unit of bond
s. We know the volume increases linearly with A. For
ould be proportionally more binding energy.

BE =C,A+...




ewer nucleons because they are separated from

V=4 2(ASR,)

SA=4r7(A"R )*"

ABE = —c,A*"




LIQUID DROP WMODEL -

S are very close and
2 2R apart. On average,
are AR apart.

o

ompressible)

g against each other. The Coulomb force is much lower than
it still exists to weaken the binding.

U(R) =k &

R

Each proton feels Z - 1 protons
pushing on it. Adding this up for
all Z protons.




LIQUID DROP MODEL - ASYMME

N = Z the lowest energy.
g of states in such at way that
can be avoided.



LIQUID DROP VIODEL - ASYMM

Adjust to equilibrate E;



ABE =4jsU — j20U

Start with N = Z. Take away two from N. Add two
toZ

N-Z=2]
ABE = (N -Z)*8U
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RY TERM

X 'S Sowme number
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=Z, we see thatthe energy levels each have 4 nucleons in them.
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the nucleus

angement of nucleons
us

numbers can only be
on shell model

confirms the spin properties of nucleus
It interaction
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Sually expressed in MeV
x 10%° J = 1.60219 x 10*° erg
=1.602 x 1013 J = 1.60219 x 10 erg
= 931.5 MeV/c?
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Fig. 20.3. Shapes of nuclei
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