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Classical arguments are given to show why the Tassie model of form factors can be derived from a

doorway hypothesis.

Deal and Fallieros! have made an interesting
application of sum rules to transition densities,
following the work of Noble? and Kao and Fallier-
0s.® These sum rules enable one to relate tran-
sition densities p,,(x) between ground and excited
states to the ground state density distribution p,
and the transition moments of simple operators
M,,. Expressed in coordinate space, the sum
rules are of the form!
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Here E, is the excitation energy of the nth state,
H is the Hamiltonian, and M is an isoscalar op-
erator, such as »*Y*(7). The interesting use of
the sum rule is based on the hypothesis that one
state only has M, ,#0; Fallieros calls this state
the “doorway.” Then Eq. (1) can be solved for
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The usual operators are »* Y~ for L-pole transi-
tions and 7 for monopole transitions. Then the
predicted pp, is the same as in the Tassie model,*
which works quite well in describing inelastic
electron form factors.’

The above relation, Eq. (2), has seemed some-
what mysterious to the author; it appears as
though a great deal of physics is being extracted
from very little input. The following classical
derivation may make the relation more intuitively
plausible, and also show how the doorway hypoth-
esis replaced dynamical assumptions. While clas-
sical systems are usually described by second-
order differential equations in time, it is often
convenient to use two first-order equations, the
equation of continuity, and a dynamical equation
of motion. As we will see, only the equation of
continuity plays a role in the derivation. We con-
sider a system in its ground state, described by
a density p. An impulsive field acts on the system

at time £=0. Let us call the field
V(r, £)=M@)5(t). (3)
There will be a force on the particles given by
F==Vv=-mi,
which may be integrated to obtain the velocity of
the particles just after £=0 as
Iu
ol
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Further integration to finite times would require
knowledge of the internal forces on the system,
which have nonzero resultants when displace-
ments become finite. The further integration is
obviated by the assumption that the system rings
harmonically at frequency w =E/%. The equation
of continuity for ¢{>0 may then be expressed as
~F 07 =T - (FM)p/m=2L - wop, ®)

where 6p(x) is the amplitude of the density oscil-
lation at x.

To make the final connection with the quantum
formula, we have to express 6p and M as expecta-
tion values with state vectors. The vectors are
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Then
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We find C, from
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Equation (2) is then a simple consequence of Egs.
(6), (6), and (7).

In a few words, the Tassie model emerges be-
cause it is based on irrotational and incompress-
ible velocity fields, and operators »“Y” generate
just this type of field.
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