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FIG. 1. The sizes of macromolecules in samples of synthetic rubber at
different stages of polymerization.

bations of /(«) produce large changes in the solution A (T).
Until recently this difficulty was circumvented by seeking
not A (T) itself, but rather its stable characteristics—the pa-
rameters of trial functions best approximating A ( T ) or the
moments of the distribution A (T) (the so-called method of
cumulants3). These approaches, however, do not yield infor-
mation about the specific form of A ( T ) , which is often ex-
tremely important.

The situation changed radically when it was realized
that the method of regularization4 could be used to find a
smooth quasisolution of Eq. (2). The adoption of such
methods for mathematical analysis of the results substantial-
ly expanded primarily the applied possibilities of correlation
spectroscopy. Here only two quite dramatic examples will be
given.

Figure 1 shows the molecular-mass distributions in
commercial samples of synthetic rubber at different stages of
polymerization, measured with the help of laser correlation
spectroscopy. The significance of the fast determination of a
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FIG. 2. Typical size distributions of the scattering power of particles in the
blood serum of healthy people (b) and people sick with different diseases
(b-g).

basic parameter, such as the size of a macromolecule, for
controlling the polymerization process and for quality con-
trol requires no comment.

Figure 2 shows the particle-size distribution for the
blood serum of sick and healthy people. In healthy people
there are no particles with sizes from 20 to 100 nm. Viral
diseases or being a carrier and some other pathologies lead to
the appearance of particles in this size range in blood serum.
This method is extremely promising for massive scanning in
order to identify high-risk groups.
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V. A. Lomakin. Study of the internal dynamics of ma-
cromolecules by the method of laser correlation spectroscopy.
In those cases when the local optical density is determined
not only by the position but also by the internal state of the
scatterers, correlation spectroscopy of quasielastically scat-
tered light enables the study of the dynamics of fluctuations
of this state. The existence of internal degrees of freedom is
similarly manifested in the spectrum of the scattered light
irrespective of whether or not one is talking about orienta-
tional dynamics, chemical transformations, or the most in-
teresting object of such studies—the correlation dynamics of
macromolecules. In all cases, in addition to the diffusion
relaxation, the spectrum acquires a set of internal relaxtion
modes, and it is a sum of Lorentzians with discrete values of
the half-widths.

The polarizability of the chemical bonds of a macromo-
lecule is usually independent of its confirmation, and the
fluctuations of the scattering power are determined solely by
the changes in the form factor. For this reason, for small
particles these fluctuations are small in terms of the param-
eter qR, where R is the size of the scatterer and q is the
momentum transfer vector:? = (4irn/A) sin[ (6/2), where
d is the scattering angle. For qR < 1 the effect of fluctuations
of the diffusion coefficient D is also small, since in many
cases (polymers, orientational dynamics) the relaxation
time of the state is of the order ofR 2/D, and there is enough
time for these fluctuations to be averaged over the phase
correlation time of the scattered wave, equal to (Dq2)~'.

The foregoing considerations explain why polymer
balls are a convenient model object for studying internal dy-
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FIG. 1. Angular dependence of the average half-width of the
spectrum of light scattered by a polymer ball.5 a) Good sol-
vent; 2) ^-conditions.
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namics. First of all, they are quite large. Second, the fluctu-
ations of the conformation of a polymer in solution are also
large. Third, the properties of polymer balls are well known
and are universal. On the other hand, there are serious omis-
sions in the theoretical description of the dynamics of poly-
mers; they are associated with difficulties in taking into ac-
count the fact that self-intersection of a polymer chain is
forbidden, which makes the experimental study of this dy-
namics of great importance in itself. We note that laser cor-
relation spectroscopy is essentially the only direct method
for studying the large-scale, "global" dynamics of macromo-
lecules in solution.

The observation of fluctuations of the conformation of a
polymer does not in itself presentjiny great difficulty. Figure
1 shows the average half-widths F of the Lorentzians, com-
prising the spectrum of light quasielastically scattered by a
number of polymers. One can see that for qR > 1 the purely
diffusion dependence F ~ q2 breaks down. As shown by de
Gennes,' in this region the characteristic half-width of the
spectrum is determined by the motion of sections of the poly-
mer ball of size q~' and hence with diffusion coefficient of
the order of (kT/-q)q; therefore F~ (kT/rj)q3. The coeffi-
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FIG. 2. Relaxation times of the lowest mode of polymer balls of different
size. 0-conditions: I ) DNA9; 2, 3) polystyrene10; 4) polyacrylamide5; the
broken line corresponds to the theory.7 Good solvent: 5) polycrylamide.5

cient of proportionality in this dependence can be calculat-
ed2 and is expressed only in terms of the index v (Ref. 3) in
the relationship between ball size and the molecular mass.

The quantity F is the starting slope of the correlation
function of the scattered light field and can be easily deter-
mined with the help of the method of cumulants.4 This quan-
tity, however, characterizes the dynamics of a ball to such an
averaged extent that it contains information only about its
statistical properties. This method can be used to determine
the value of v on different spatial scales depending on the
properties of the solvent, and only if there exists an effective
methodjbr taking into account the systematic underestima-
tion of F,5 clearly seen in Fig. 1. Cumulants do not really
give any information about internal relaxation times.

Completely new prospects in the study of internal dy-
namics with the help of laser correlation spectroscopy are
opened up by the method of regularization.6 For qR-^\,
among all internal relaxation modes the mode wjth the lar-
gest scale and the longest relaxation time makes the main
contribution to the spectrum, and although this contribu-
tion is small compared with the contribution of the purely
diffusion mode in terms of the parameter ( qR)2, the ratio of
their relaxation times is characterized by the same param-
eter. This makes it possible to distinguish with the help of the
method of regularization the contributions of the diffusion
and lowest relaxation mode and, by extrapolating the inverse
half-width of the latter of q = 0, to determine the longest
relaxation time of the scattering object.

Figure 2 shows the relaxation times of some polymers
measured in this manner. The excellent agreement with the
dependence T ~ r)R 3 / kT predicted by the theory,7 on the one
hand, and the numerical discrepancy by a factorof 2-3, on
the other, are interesting. The latter circumstance is not sur-
prising, since the fact that the theory ignores the fact that the
polymer chain cannot self-intersect obviously leads to un-
derestimation of the relaxation time.

In conclusion we must mention the promising applica-
tions of non-Gaussian correlation spectroscopy,8 primarily
the method of mutual correlation,9 for studying the internal
dynamics. These methods make it possible to distinguish in
the spectrum of fluctuations of the intensity of the recorded
radiation the contribution of fluctuations of the intensity of
separate scatterers. Since these fluctuations are in no way
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associated with the translational motion of the scatterers as a
whole, non-Gaussian correlation spectroscopy enables the
study of the internal dynamics of macromolecules in "pure"
form.
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E. B. Aleksandrov and V. S. Zapasskii. Magnetic reso-
nance in the noise in the intensity of scattered light. The spec-
troscopy of fluctuations of scattered light as a method for
studying the structural and dynamic properties of macromo-
lecular systems is based on the classical theory of light scat-
tering and there are no fundamental difficulties in the inter-
pretation of the experimental data. In application to
microscopic objects—atoms and molecules—this technique,
which can appear in the role of high-resolution spectrosco-
py, exhibits peculiarities associated with the peculiarities of
quantum-mechanical measurements and with the need for
taking into account quantum effects in the interaction of
radiation with matter. Detailed analysis of these questions
has made it possible to formulate the conditions that must be
met in order for the internal dynamics of microparticles to be
reflected in the spectrum of the fluctuations of the scattered
radiation.'

The main advantages of the fluctuation approach are
determined by the unique possibility of studying completely
disordered ensembles of particles combined with virtually
unlimited spectral resolution. The disadvantages of this
technique include its low sensitivity or, more precisely, the
low information flux density in a powerful, but low-noise
scattered light flux and, as a consequence, the need for inte-
gration of the signal over a long time using modern integra-
tion technology—multichannel spectrum analyzers with in-
tegration of the parallel type.

E. Hahn et a!.2-3 recently reported the first observation
of an NMR spectrum using the method of recording the in-
duction signal from nuclei precessing in a disordered man-
ner; this method is a new direction in radiospectroscopy. It
was possible to observe the disordered fluctuations of the
magnetization of the sample at the magnetic resonance fre-
quency by using a SQUID with an effective noise tempera-
ture of 0.2 K as the precession signal amplifier.

The possibility in principle of observing resonance noise
of nuclear magnetization was pointed out in F. Bloch's first
paper on NMR,4 and it was later discussed in detail in Refs. 5
and 6. At the same time, the first experimental work in
which the disordered precession of the spins of a paramag-
netic substance was observed was peformed by us7 by the
method of spectroscopy of fluctuations of the Faraday rota-
tion accompanying the propagation of light probing a para-
magnetic material transverse to the direction of magnetiza-
tion. In this arrangement of the experiment the fluctuations
of the magnetization of the medium at the electron paramag-
netic resonance frequency were converted to phase (polar-
ization) modulation of the probing light. In other words, the

magnetization fluctuations characterized by energy foyH (y
is the gyromagnetic ratio and H is the magnetic field intensi-
ty) were converted in this case into fluctuations of the flux of
light quanta with energy -fua > fiyM. This scale conversion of
the energy of the measured physical field radically affects the
experimental possibilities of fluctuation spectroscopy, since
the detection of noise modulation of the flux of high-energy
photons does not impose any strong requirements either on
the dark noise of the photodetector or the input noise level of
the amplifier. This is what determines the advantages of the
optical technique for detecting magnetization noise over di-
rect detection of the induction signal.

The specific advantages of noise spectroscopy, which
fundamentally distinguish it from all existing methods for
detecting magnetic resonance, are linked with the possibility
of observing resonance in the absence of magnetic polariza-
tion of the medium, when the populations of the magnetic
sublevels are equal. Under these conditions a regular in-
duced magnetic resonance signal is impossible, while spon-
taneous fluctuations of the magnetization remain under any
conditions, including at zero temperature and vice versa, at
arbitrarily high temperatures. In addition, the "spontane-
ous" magnetic resonance spectroscopy could be useful in
those cases when the experimental conditions preclude high-
frequency irradiation of a paramagnetic substance. In a cer-
tain sense the spontaneous magnetic resonance technique is
simpler than the traditional technique: since the sample need
not be excited with a coherent field this technique does not
require a high-frequency channel and thus need not be tied
to a specific frequency, like the standard EPR spectro-
meters.

Of course, the traditional induced magnetic resonance
technique will remain the dominant technique in the future
owing to its much higher sensitivity when the material is
magnetically polarized (in the limit, by a factor of N2, where
N is the number of spins in the paramagnetic material. The
viability of the method of spontaneous magnetic resonance
depends largely on the level of development of the technique
of spectral analysis of electric signals and the possibility of
long-time parallel integration of the spectra. Since Ref. 7,
significant progress has been achieved in this direction, so
that successful future applications of the noise technique in
the spectroscopy of magnetic resonance and relaxation in
solids as well as the development of this new direction of
magnetic spectroscopy can be expected.
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