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The coupling of two low frequency modes

with large dampings often plays an important
role in the structual phase transition ofcrystals.
A KDP crystal is a typical example. However,
there seems to be much confusion as to the
interpretation of the Raman spectra. In this
paper we study the coupled modes theoryl' z) 1o

extract the correct physical information.
The general form of the equations of motion

with a coupling can be obtained from Lagrange

equation3)including not only potential (U) but
also dissipation energya) (D) assumed in the

same forms as follow;

u :\xrr*1t Klrxrxr+lxrr*'r, (1)
I
r^1D:rf1$l+ftz*t*2+;fr2*'r. (2)

The directions of principal axes of U and D do
not generally coincide with each other as shown
in Fig. L Therefore, there is no unique way for
the choice ofthe phase ofthe coupling constant.
The important parameters describing the char-
acteristic of the coupled system are poles ((;1.r)
of the susceptibility X(or). They do not depend
on the coupling phase and can be obtained from
the equation;

g\- tf \a -@')(Ki-if'2a -CIr2) :0 (3)

where (Ki)+ and fi., denore the eigen-
frequencies with the imaginary coupling con-
stant and the damping factors with the real
coupling constant, respectively. When X(co) is
decoupled, i.e., written as the sum of two
independent modes with two poles (cdf, ,), each
mode is not represented by a damped harmonic
oscillator (DHO) but has a form similar to the
generalized Van Vleck-Weisskopf-Frbhlich sus-
ceptibility which has been derived before.s)

The results of the coupled modes analysis of
KDP Raman spectrum are shown in Fig. 2

together with the results of a single overdamped
mode analysis and of Debye formula analysis.6)
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Fig. l. Quadratic curves of potential and dissipation en-
ergy densities. Note that directions of principal axes are

different each other.
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Fig.2. Temperature dependences of absolute values of
aif,, determined from eq. 3, c5, of DHO and y of Debye
formula. See ref. 6.
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