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The Liquid-Drop Model

The liquid-drop model, first proposed in 1928 by the Russian physicist George

Gamow and later expanded on by Niels Bohr, is suggested by the observation
that all nuclei have nearly the same density. The individual nucleons are analo-
gous to molecules of a liquid, held together by short-range interactions and
surface-tension effects. We can use this simple picture to derive a formula for the
estimated total binding energy of a nucleus. We’ll include five contributions:

1. We’ve remarked that nuclear forces show saturation; an individual nucleon
interacts only with a few of its nearest neighbors. This effect gives a binding-
energy term that is proportional to the number of nucleons. We write this
term as Cy A, where C is an experimentally determined constant.

2. The nucleons on the surface of the nucleus are less tightly bound than those
in the interior because they have no neighbors outside the surface. This
decrease in the binding energy gives a negative energy term proportional
to the surface area 4mR’. Because R is proportional to A!/3, this term is
proportional to A%3; we write it as —-C2A2/ 3, where C, is another constant.
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The total estimated binding energy Ep is the sum of these five terms:

Z(Z - 1) (A — 27)?
A1/3 T4 A
(nuclear binding energy)

Eg = C1A — CAY? —
B 1 2 C3 + CA D

{18.4)

The consta_nts.CI,, C,, C3, C4, and Cs, chosen to make this formula best fit the
observed binding energies of nuclides, are

C; = 1575 MeV
C, = 17.80 MeV
C; = 0.7100 MeV
C, = 23.69 MeV
Cs = 39 MeV
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. 0
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iri lmassfon"ﬂlﬂ

ompirica s ol
Equation (19.5) 18 called the semlemf‘ be determined empirically

empirical in the sense that 316 * 4l basis
t .+ does have a 50
ally), yetitd P

The name is apt; it is
(experimen-



r.f)

F’W_GL“OI -y
owe| | N

,[—du\s »\ e ‘*w‘“b?\

froe o ww\

A = o a2
=
\Y)
0

TR S M

4_u = %m uo /y,c

)J = 2. ax10” m

A . . ! 0" e Ty e ' i K
Gt B D X ; RO LAt ¥ A :
[ y - - v 2 T . 3
J . AT ; RS s
- . . g o T | W
oY . ¥ ! ' NE ¥s e ‘ v,‘v ) . N
- r ’ € : 3 \ 4
J 1 v e d

|

I TS

R

r ";r ; _"\"-'. \" > A, . p ¥ H



R R S R

. 0

Ter  oftn o by o) rembet ke - askivitis T

% 4 N | e N - : Y : A Ct et -

P




‘. ‘.“““ -v | p .‘. g - - {-’/ .‘ ’ | !
. LA fi PEENO[ ' ]‘

el iR Ty b e | % [J
,_ Ao ‘BA MmJg o) e e . -
| Sl YO AC@ " ?\& Mwas) o) "?‘“k
g e Am&@
§ oA . {?wu.‘?‘ﬁ‘)*t‘ T T s T il
:L ! ¥, —j’) R ‘4‘ —_ t@ & i : ¥ " : ‘LA‘ ! b\XJ @‘“ {)«L'P
. R D X iy LU e el flodea ek e o, /\.a,bL

= (’AR*A,\)F“ “;?,&Cco) <>< f‘\éwku , (w&p’“'
Yo ’ '[dl:w\ﬂ o.t‘ e

o {:5 ouuo) - 10 l?'rﬁv\ot A oA Bl

A ¥ 7 D, i
: W A Jria dp i@ L L gl 4T en
e :‘ y [REN .5 5 / 4 o ) 43, "
Nl ‘-‘ i ) oW 3y T A 2i. i - .
3
\ / A




B 1 D bey T P T A

: : AN \ DT L o ,
b anei g e e b B M= No’cw‘“fi
X L T e IR Sy (PRSI Tt o 7 PAGENO:] - | Ci s W |

e




