3. The laboratory directed by I. Friedman and
R. L. Smith at the U.S. Geological Survey,
Washington, D.C., and the laboratory at
Stanford WUniversity, directed by D. Clark.

4. They are, in order of establishment: U.S.
Geological Survey, Denver (I. Friedman);
Stanford University (B. Gerow); Smithsonian
Institute-Anthropology (C. Evans); Univer-
sity of Auckland, New Zealand (R. C.
Green); Brown University (D. D. Anderson);
University of Hokkaido (Y. Katsui and Y.
Kondo); University of California, Los
Angeles (C. W. Meighan); University of
California, Davis (M. Baumhoff); Penn-
sylvania State University (J. W. Michels);
University of Oregon (L. Johnson); Univer-
sity of Manitoba (W. J. Mayer-Oakes).

5. I. Friedman and R. L. Smith, Geochim.
Cosmochim. Acta 15, 218 (1958).

6. I. Friedman, R. L. Smith, W. D. Long, Bull.
Geol. Soc. Amer. T1, 323 (1966). Alsc an
important background paper: C. S. Ross and
R. L. Smith, Amer. Minerol, 40, 1071 (1955).

7. An electron photomicrograph image of the
hydrated region reveals a sector exhibiting
parallel microfractures all running perpen-
dicular to the exterior surface of the stone
and terminating at approximately the same
point. The sharply demarcated front seen
through an ordinary light microscope is an
optical smear of the interior ends of the
microfracture lines., ‘D. Gibbon and J. W.

Michels, Proc. Electron Soc.
Amer., in press.

. Archeologists with the Smithsonian Institution.

D. Clark, paper read at annual meeting,

American. Anthropological Association, Mex-

ico City (1959); Curr. Anthropol. 2, 111

(1961).

10. C. Evans and B. J. Meggers, Amer. Antiquity
25, 523 (1960).

11. J. W. Michels, 4nnu. Rep. Univ. Calif.,
Los Angeles, Archeol. Surv. 7, 377 (1965).

12, J. W. Michels, thesis, University of Cali-
fornia, Los Angeles (1965).

13, Commerical radiocarbon-dating laboratories
charge approximately $160 per date.

14. I am currently dating specimen lots with that

size range from 30 sites of the Valley of

Mexico. Also see, for example, C. Evans, in

Reports of the Norwegian Archeological

Expedition to Easter Island and the East

Pacific (School of American Research and

KonTiki Museum, Phoenix, Arizona, 1965),

pp. 469-95; K. Dixon, Amer. Antiquity 31,

640 (1966).

T dated 500 artifacts from the Mammoth Junc-

tion Site MNO 382), California, for this pur-

pose in 1964.

16. J. W. Michels, paper read at annual meeting,
American Anthropological Association, Den-
ver, Colorado (1965).

17. J. W. Michels, paper read at annual meeting,
Society for American Archeology, Reno,
Nevada (1966).
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Optical Methods for Studying
Hertzian Resonances

During my first year of studies at
the Ecole Normale Supérieure in
Paris, our teacher, Eugéne Bloch, intro-
duced us to quantum physics, which
at that time was little taught in France.
Like he, I was of Alsatian extraction
and knew German. He strongly ad-
vised me to read Sommerfeld’s ad-
mirable book Atombau und Spektral-
linien (I). In the course of this read-
ing, I became particularly interested in
the application of the principle of con-
servation of momentum during inter-
actions between electromagnetic radia-
tion and atoms, an application which
had led A. Rubinowicz (2) to the in-
terpretation of the selection rules for
the azimuthal quantum number and
polarization in the Zeeman effect. In
the hypothesis of light quanta, this
principle attributed to the photons a
momentum -+ 72 or — & according
to whether the light was polarized cir-
cularly to the right (¢+) or to the
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left (¢—), natural light being a mixture
of the two kinds of photons.

In 1931, W. Hanle and R. Bir (3)
independently discovered an interesting
characteristic of Raman spectra. The
study of the polarization of Raman
lines at right angles to the incident
beam made it possible to classify the
Raman lines of a molecule into two
categories: “depolarized” lines with a
depolarization factor of 6/7 and “po-
larized” lines, whose polarization was
generally appreciable. Placzek’s theory
had attributed the former to periodic
molecular motions which modify the
symmetry elements the molecule pos-
sesses at rest, among which are includ-
ed rotational Raman lines, and the
latter to totally symmetric vibrations
which maintain the symmetry elements
of the molecule at rest.

Hanle and Bir illuminated the me-
dium with circularly polarized incident
light and observed that, under these

18. C. W. Meighan, “Obsidian Dates Correlated
with Radiocarbon Dates from the Morret
Site, Colima, Mexico,” unpublished.

19. J. W. Michels, “The Occupational History
of the Maquixco Site, Valley of Mexico,”
paper read at the Mesa Redonda 11th, Mexico
City (1966).

20. J. W. Michels, “The Structure and Function
of the Prehispanic Obsidian Industry of the
Basin of Mexico,” National Science Founda-
tion grant No. GS-1256.

21. D. L. Clark, Ann. Rep. Archeol. Surv., Univ.
Calif., Los Angeles 6, 143 (1964). :

22. B. J. Meggers, C. Evans, E. Estrada, in
Smithsonian Contributions to Anthropology
(Smithsonian Institution, Washington, D.C.,
1965), vol. 1, pp. 147-156.

23. W. Koch, “Report on Brown University’s
Obsidian Hydration Dating Laboratory,” un-
published.

24, Y. Katsui and Y. Kondo, Jap. J. Geol.
Geography 36, 45 (1965). -

25. A manual of obsidian hydration dating is
currently being prepared at Pennsylvania
State University by J. W. Michels and C.
Bebrich and will report in detail all available
evidence regarding questions of uniformity,
accuracy, and reliability.

26. J. Dyson, J. Opt. Soc. Amer. 50, 754 (1960).

27. C. A. Bebrich is a research assistant in the
Pennsylvania State University obsidian dating
laboratory.

conditions, the Raman lines scattered
longitudinally had the same circular
polarization as the incident light in
the case of totally symmetric vibra-
tions, but that the direction of circular
polarization was reversed for lines not
totally symmetrical. In a note (4), 1
pointed out that for rotational lines
this curious result was an immediate
consequence of the principle of con-
servation of momentum applied to
light scattering.

At about the same time, Jean Ca-
bannes (5) explained the Hanle and
Bir result by the classical polarizabili-
ty theory, but these publications had
been preceded by an article of Raman
and Bhagavantam (6) who saw proof
of the existence of photon spin in the
experimental results cited.

At the time, another experiment
seemed to me appropriate for demon-
strating the possible existence of a
transverse component of the momen-
tum of photons: the study of linearly
polarized light originating from a ro-
tating atomic oscillator and viewed
edge on. This case arises for the o
components of the transverse Zeeman
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Fig. 1 (left). Magnetic resonance curve networks of the 6°P, level of the mercury atom. Each curve corresponds to a constant

amplitude of the radio-frequency field H..
Temperature ¢ of the mercury drop determines the vapor density. [Guiochon, Blamont, Brossel (29)]
of polarization of optical resonance light at 2537 angstroms as a function
g isotope. [Rollet, Brossel, Kastler (28)]

effect, which correspond to the ot
and o— components of the longitudinal
effect. The experiment (7) that I per-
formed during the Easter vacation of
1931 at the Physics Laboratory of the
Ecole Normale Supérieure in Paris,
with the aid of Felix Esclangon, was
a failure: there is no transverse com-
ponent of momentum in light. Here
again, I had been preceded by R. Frisch
(8), who had reached similar conclu-
sions. )
These initial attempts caused me to
examine more systematically the con-
sequences of the principle of conserva-
tion of momentum in light scattering
and in fluorescence (9). I realized that
the optical excitation of atoms in steps

(10, 11) constituted a particularly in-
teresting field of application since, in
this case, the operator is free to polarize
the different monochromatic radiations
whose absorption raises the atom
through the successive steps of increas-
ing energy. My thesis consisted in ap-
plying this method to the mercury atom
(12). It enabled me to check out the
various predictions. It constituted a
first attempt to obtain, by suitable
polarization of the exciting radiation, a
selective excitation of definite magnetic
sublevels. The very fact that the fluores-
cence intensity resulting from a step
excitation is of nonnegligible order of
magnitude relative to the emission in-
tensity resulting from a single excita-
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Fig. 3 (left). Coherence time T. deduced from the width
mercury in resonance cell. Different light sources: natural
4 (right). Network of magnetic resonance curves of the 3°P level of ‘He atom. [Descoubes (35)]
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Fig. 2 (right). Degree

of vapor density for natural mercury and for the pure

tion showed me, in addition, that the
population obtained in the course of a
stationary irradiation in the first ex-
cited state may become a nonnegligible
fraction of the population of the ground
state despite the weak intensity of the
monochromatic light sources available
at that time. :
After the development of methods
of Hertzian resonance of the ground
state of isolated atoms by I. Rabi and
his students (/3) and after the first
and famous application by Lamb and
Retherford (I4) of these methods to the
statess n = 2 of the hydrogen atom,
the American physicist Francis Bitter
attracted attention to the interest in-
herent in extending the techniques of

“He

3%p
v = 28002 Mhz
A =3888A

20 Hz gauss

of magnetic resonance curves as a function of the vapor density. Natural
mercury, **Hg and *™Hg. [Guiochon, Blamont, Brossel (29)]

Fig.
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radio-frequency spectroscopy to the ex-
cited states of atoms; but the method
he proposed for doing this (15) proved
to be inexact (/6). My former student
Jean Brossel was then working under
the direction of Bitter at M.L'T. After
an exchange of correspondence, we
collectively concluded that the follow-
ing very simple technique should lead
to the desired objective:

The study of optical resonance, for
example, that of the mercury atom
(11, chapter V), had shown that,
in the presence of a magnetic field
H,, excitation with polarized light, or
simply with a light beam directed in
space, made it possible to obtain a
selective excitation of the Zeeman sub-
levels of the excited state and that this
selection still took place in a zero mag-
netic field (/7). Thus, in the case of
the even isotopes of mercury, excitation
by the 2537-A line with polarization
« leads solely to the sublevel m = O
of the excited state 63P, whereas ex-
citation with circular polarization ¢*
or ¢~ leads, respectively, to the sub-
levels m = +1 or m = —1 of this state.
This selective excitation is reflected by

Relative variations of the orientation signal

the polarization of the resonance light
emitted again when the excited atom
is not perturbed during the short life-
time of the excited state (~10—7
second). If, while maintaining a con-
stant magnetic field H, which sepa-
rates the Zeeman sublevels from the
excited state, one applies perpendicular
to this field a radio-frequency magnetic
field, Hicosw?, whose pulsation
coincides with the Larmor frequency
oy, Mmagnetic resonance transitions are
induced between the Zeeman sublevels
of the excited state, and these transi-
tions are manifested by a depolariza-
tion of the light emitted by optical
resonance. [In the past, Fermi and
Rasetti (/8) had already applied an
alternating magnetic field to excited
atoms, but under conditions which did
not correspond to a resonance phe-
nomenon.] Therefore, the observation
of the state of polarization of this light
permits the optical detection of the
magnetic resonance of excited states.
We pointed out in the same note
that, when the electron beam has a
given direction, as in the experiment
of Franck and Hertz (/9), the excita-
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tion of atoms by electron impact also
led to the emission of polarized spec-
tral lines (20); this proved that this
mode of excitation also insured a selec-
tive excitation of the Zeeman sublevels
of the excited states (alignment), and
therefore that this should permit the
optical detection of the radio-frequency
resonances of these states through ob-
servation of the depolarization of the
emission lines originating therefrom.
When Jean Brossel was applying the
double-resonance method (it combines
a magnetic resonance with an optical
resonance) to the study of the 63P,
state of the mercury atom, I showed,
in an article in Journal de Physique
of 1950 (217), that the optical excita-
tion of atoms with circularly polarized
light made it possible to transfer the
momentum carried by the light to the
atoms and thus to concentrate them
in the ground state, either in the posi-
tive m sublevels or in the negative m
sublevels (depending upon whether the
light is ¢t or ¢—) and that it was pos-
sible, by this optical pumping, to create
an atomic orientation and also, due
to the coupling between the electronic
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Fig. 5 (left). Magnetic resonance curves of *Na at a
constant frequency of 108 Mhz and a variable field H, for
increasing powers of the radio-frequency field. 4, B, C,
D, normal resonances Am = 1; a, b, ¢, resonances with
two quanta Am = 2; @, B, resonances with three quanta
[Brossel,
(above). Resonances with several quanta observed in the
ground state. I = 2 of *Hg; wo —=new with n =1, 3, 5, 7.
From top fo bottom, the curves correspond to increasing
powers of radio frequency. V; indicates the voltage value
measured across the terminals of the radio-frequency
circuit. [Cohen-Tannoudji and Haroche]

Kastler (37)] Fig. 6

Cagnac,
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magnetic moment and the nuclear
spin, a nuclear orientation. In this man-
ner, it should have been possible to
obtain distributions very different from
the Boltzmann distribution and thus to
create conditions permitting the study
of the return to equlibrium, either by
relaxation or under the influence of a
resonant field.

I must confess that, at that time, I
had absolutely no knowledge of the
slowness of the relaxation processes in
the ground state, processes which take
place in collisions with the wall or with
the molecules of a foreign gas. Essen-
tially, I had planned experiments on
atomic beams in .vacuum in order to
avoid these relaxation effects. It was
only later, in the course of the develop-
ment of the experiments, that it be-
came apparent that the relaxation proc-
esses on the walls are slow or can
be substantially slowed down by suitable
coatings (22), that the oriented ground
states, insofar as they are orbital §
states, are much less sensitive to col-
lisions than the excited P states (23),
and that, consequently, paramagnetic
foreign gases can act as buffer gases.
This observation later permitted con-
siderable simplification of the experi-
mental technique by working with va-
pors in a sealed container. When it
was found, on the other hand, that

A Light signal

1

the transverse relaxation times were of
the same order of magnitude as the
longitudinal times (24), this made it
possible to obtain very narrow reso-
nance lines and led to metrological ap-
plications which had not been suspected
at the start (25).

In 1951, after finishing his pioneer-
ing work at M.I.T. on the excited state
of the various mercury isotopes (26)
and thus acquiring a knowledge of the
techniques of Hertzian resonance, Jean
Brossel returned to Paris. We then
decided to organize a team of young
research workers recruited from the
students of the Ecoles Normales Supéri-
eures in order to develop systematical-
ly the optical methods of Hertzian reso-
nance. The young people from this
team are those who, in about a dozen
theses, made personal and original con-
tributions to the common work which
is being honored today. In the mean-
time, the methods we had advocated
and applied were picked up by a large
number of foreign laboratories, leading
to considerable improvements in the
technique, which we, in turn, adopted
and which were the source of great
advances in the research work of our
team.

The studies on the excited and
ground states of the atoms occupied
a primary place in the work of our
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Fig. 7 (left). Network of nuclear magnetic resonance curves of "Hg in the ground state. Fixed field H,,

[Cagnac (43)]

e

team and led to a rich harvest of re-
sults: we collected numerous data on
relaxation processes; from the position
of the resonance lines, we were able
to make precise measurements of Landé
factors and intervals of fine and hyper-
fine structure and to deduce from them
very precise values of nuclear magnetic
moments. We were led to the discovery
of numerous phenomena related to
high-order perturbations: transitions
with several electromagnetic quanta, ef-
fects of Hertzian coherence, demon-
stration of Hertzian resonance shifts
under the influence of optical irradia-
tion, and profound modification of the
properties of an atom by the presence
of a radio-frequency field. At the same
time, with our techniques, foreign
teams were achieving important results:
measurement of nuclear quadrupole
electric moments of alkali metal atoms,
discovery of exchange collisions, dis-
placement of hyperfine resonances by
collisions with molecules of a foreign
diamagnetic gas, and others.

In the course of the development of
our research, we frequently had the
satisfaction of seeing our predictions
confirmed by experiments, but several
times the experimental results were con-
trary to our predictions, thus creating
problems whose solution led to ad-
vances that were as interesting as they
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Fig. 8 (right). Transient optical pumping curves of **Hg photographed on a cathodic oscilloscope screen. After

a period of optical pumping, the atoms relax during a dark interval & — #, and the pumping resumes. This time interval is modified

from one curve to another. The dashed curve defines the relaxation

laxation time 7:. [Cagnac (43)]
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were unexpected. The first piece of re-
search carried out by our team was
an example of this.

Indeed, resuming Brossel’s experi-
ments on the 63P; state of the mer-
cury atom and adding an electric field
to the magnetic field, Blamont studied
the Stark effect of this state for the
various even and odd isotopes (27) and
discovered a narrowing of the magnetic-
resonance curves as the density of mer-
cury vapor increases (Fig. 1). The
width of the magnetic-resonance curves
of an excited state of an atom, ex-
trapolated to zero amplitude of the
radio-frequency field H; is indeed,
as had been shown by Brossel, in-
versely proportional to the lifetime of
this state, and the study of this width
permits the measurement of this life-
time. This is a direct consequence of
the uncertainty principle. The narrow-
ing observed by Blamont thus appeared
to contradict this principle, but Brossel
found the explanation for this paradox:
the phenomenon occurs because the
transverse quantities (Hertzian co-
herences) are transmitted from atom
to atom by processes of multiple scat-
tering of optical-resonance photons.
There is thus an “imprisonment of the
Hertzian coherence” in the vapor, and
this is manifested by the lengthening
of the coherence time and by the nar-
rowing of the resonance curves. In-
deed, Mlle. Rollet’s work, performed

resonance light as a function of the
mercury vapor density was due to this
multiple scattering of photons and not
to collisions, because the depolariza-
tion effect is more rapid in a pure
isotope than in the natural isotope mix-
ture (Fig. 2). Mlle. Guiochon proved
the accuracy of Brossel’s hypothesis
(29) by showing that only the atoms
of the same isotope in the mixture of
the resonance cell produce the nar-
rowing (Fig. 3). In his thesis, Jean-
Pierre Barrat (30) developed the theory
of coherent scattering and verified ex-
perimentally all the predictions of this
theory. This was the first example of
the study of an effect of Hertzian co-
herence between atomic states, and
Barrat showed that these effects can
be described in the formalism of the
density matrix (37) which later proved
to be very useful and fruitful in the
study of other Hertzian coherence ef-
fects (32).

We charged Pebay-Peyroula with the
task of testing the method of excitation
by electron impact. In his thesis, he
showed the fruitfulness of this tech-
nique (33) which later was developed
by J. P. Descoubes, who combined it
with the level crossing method (34);
this permitted him to analyze the fine
and hyperfine structure of a large num-
ber of levels of *He and 3He atoms
(35) (Fig. 4).

The first tests of the optical pump-

tion of a radio-frequency field, led to
the discovery of transitions with sev-
eral quanta (37). Figure 5 shows the
first resonance curves of the 2Na
atom with nuclear spin I = 3/2, where,
in a field of about 100 gauss, the ordi-
nary Zeeman resonances are already
widely separated by the decoupling ef-
fect between electronic and nuclear
spin. This figure shows the narrow in-
termediate resonances corresponding to
the transition Am = 2 induced by the
absorption of two radio-frequency
quanta.

The study of these transitions with
several quanta was systematically un-
dertaken by J. M. Winter (38) who
used them to erect a complete theory
and was able to predict the existence
of a new type of such transitions: in
an atomic system possessing only two
levels (n = =¥ and m = +1%),
transitions with several quanta are pos-
sible when the radiation field contains
quanta of different polarization states
and when the principle of conserva-
tion of energy and the principle of
conservation of momentum can be satis-
fied at the same time. In addition, the
theory  predicts typical radiative
broadenings and shifts as a function of
the amplitude of the radio-frequency
field, and the experiment has verified
all predictions one by one.

Figure 6 shows an example of transi-
tions with several quanta in the case

within our team (28), had just shown ing technique on a beam of sodium of the ground state I = % of the
that the increasing depolarization of atoms (36), from the very first applica- 199Hg isotope.
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Fig. 9 (left). Diagram of the apparatus used in Dehmelt's cross-
beam method. Beam 1, pumping beam in circular light. Beam 2, de-
tection beam whose intensity is modulated by the magnetic resonance;

C, photodetector. [Cohen-Tannoudji (51)]

Fig. 10 (above). Nu-

clear magnetic resonance curves of *Hg observed by the modulation
of a crossed beam. Synchronous detection permits the separation of
components « and v of the transverse moment: u, component in phase
with H,; v, component out of phase with H,. [Cohen-Tannoudji (51)]
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Fig. 11 (left). Transient signal of the modulation of the crossed beam:

a

b

Hg. Effect of sudden and simultaneous interruption

of the pumping light beam and the radio-frequency field. Free decay of the transverse momentum. Exponential giving transverse

relaxation time 7. [Cohen-Tannoudji (51)}

Fig. 12 (right). Transient signals of the modulation of crossed beam:

*Hg. (a)

Effect of a 90° radio-frequency pulse; (b) effect of a 180° radio-frequency pulse. [Cohen-Tannoudji (51)]

As already noted, the discovery of
paraffin coatings (22) and the effect
of buffer gases (23) considerably facili-
tated the optical pumping of alkalis in
the vapor phase and led to the dis-
covery in the United States of exchange
collisions (39, 40). In our team, Mme.
M. A. Bouchiat-Guiochon used paraffin
coatings to elucidate the relaxation
mechanism on the container wall (41).

After various failures (42), Bernard
Cagnac was the first successfully to ob-
tain nuclear orientation in a low-den-
sity vapor (19°Hg and Z201Hg) by
optical pumping and to use it in a
study of the nuclear magnetic reso-
nance of these atoms (Fig. 7); with
others, he obtained high-precision mea-
surements of nuclear magnetic moments
(43). Taking advantage of Franzen’s
elegant method of transients (44), he
was also able to study relaxation proc-
esses due to collisions against the walls
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intensity

(Fig. 8), which led to very interesting
problems of surface physics (45).

In similar fashion, J. C. Lehmann
was able to orient the nuclei of the odd
cadmium isotopes, to observe their mag-
netic resonance curves, and to mea-
sure precisely their nuclear magnetic
moments (46), but he failed in attempts
to orient the 67Zn nuclei by pumping
with the singlet resonance line despite
the very high transition probability of
this line. This failure caused him to
analyze closely the process of nuclear
orientation by optical pumping and to
show that this orientation does not
take place during the light-absorption
process, but is produced under the in-
fluence of the recoupling of the nu-
clear and electronic moments in the in-
termediate stage between absorption
and reemission of light (47). A de-
tailed analysis of the process of nu-
clear orientation led Lehmann to the
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development of a method for measur-
ing unresolved hyperfine intervals small-
er than the natural width of the levels
studied and to a successful applica-
tion of this method to the odd cadmium
isotopes.

We are thus led to a generalization
of the Franck-Condon principle: “In
a rapid process involving the electronic
configuration (spectral transition, dis-
orienting collision, or exchange colli-
sion), the position and orientation of
the atomic nuclei remain unchanged.”
The consequences of this principle were
verified for disorienting collisions in
the excited state by Omont and Faroux
(48), and for exchange collisions in the
ground state by Mme. Grossetéte (49).

The cross-beam technique introduced
by Hans Dehmelt (50) proved to be of
considerable importance by making the
behavior of the transverse macroscopic
magnetic moment of a paramagnetic

o Without second
light beam

x With second beam o*
a4 With second beam o—
\x

0,5 Hz x
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>
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Fig. 13 (left). Nuclear magnetic resonance curves of **Hg observed by modulation of the crossed beam. For the upper curve,
the intensity of the cross beam is five times greater than for the lower curve. The increase of light intensity widens the resonance

curve and shifts its center. [Cohen-Tannoudji (51)]

Fig. 14 (right). Effect of virtual transitions. Shifts of the center of the

*Hg nuclear magnetic resonance curve influenced by a second light beam. [Cohen-Tannoudji (51)]
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Fig. 15 (left). Magnitude of shift as a function of ki — ko. ko, Center of optical absorption line of the atoms; k; center of acting

radiation.

[Cohen-Tannoudji (51)]

Tannoudji and Harouche (56)]

vapor accessible to optical detection
(Fig. 9). The existence of such a mo-
ment which precesses about the constant
field 'H, produces a modulation of the
absorption of a crossed beam perpen-
dicular to the primary beam and to
the field H,. This modulation can be
readily amplified, and its phase can be
precisely determined by synchronous
detection techniques.

Using *™Hg as an example,
C. Cohen-Tannoudji has shown the ad-
vantages inherent in this technique

(51), either in studying steady-state res-
onance effects or in observing transient
phenomena. Figure 10 shows how the
technique of synchronous detection
makes it possible to separate the com-
ponents of the transverse moment, one
of which is in phase and the other
out of phase with the alternating field
H; producing the resonance. The first
of these components varies like a dis-
persion curve, and the second like an
absorption curve. Figure 11 shows the
transient signal obtained when the pri-
mary pumping beam and the radio-
frequency field are interrupted at the
same instant. The exponential decrease
of the free precession of the trans-
verse moment is then recorded as a
function of time, and from this the
transverse relaxation time is directly
deduced. The technique of these tran-
sients can be combined with 90° and
180° pulse methods, Figure 12 shows
the optical signals produced by these
pulses.

Cohen-Tannoudji used the re-
finement of these techniques to study
the effect of energy shifts caused by a
luminous irradiation (57) and predict-

220

Fig.
the ground state of *Hg) as a function of the intensity of radio-frequency field Hicoswf acing upon it. w, = vH,.

16 (right).

ed by the quantum theory of the opti-
cal pumping cycle (52). He showed the
existence of two kinds of such shifts:
shifts due to real optical transitions
which, due to the oscillation of the
atom between the ground state and
the excited state, produce a mixture of
Larmor precessions of the two states
(Fig. 13), and shifts due to virtual
transitions produced by radiation which
is not absorbed by the atom but which
is close to an absorption frequency
(Fig. 14). In the latter case, the inter-
action between the atom and the radia-
tion field is manifested by two com-
plementary effects: the action of the
atoms on the light produces a change
in the velocity of propagation of the
latter described by the abnormal dis-
persion curve, a phenomenon which
has been known for a century; the ac-
tion of the light on the atom produces
a shift of the ground level of the atom.
As a function of the deviation of the
light frequency from the resonance fre-
quency, the magnitude of the shift
also varies like an abnormal dispersion
curve (Fig. 15) (53).

We should note that this latter type
of shift was successfully amplified to a
considerable extent by Russian physi-
cists using the intense light of a ruby
laser whose wavelength is close to that
of a transition of the potassium atom
G9.

Cohen-Tannoudji and his students
applied themselves to a more extensive
study of the interactions related to vir-
tual absorptions and emissions of radio-
frequency photons by an atom, inter-
actions which give rise to new reso-
nances whose characteristics are quite

Modification of the Landé factor of an atom (nuclear Zeeman effect of

[Cohen-

distinct from those of resonances with
several quanta described above (55).

Finally, when in the vicinity of zero
value of H,, an atom is placed in a
nonresonant radio-frequency field, one
observes a change of the Landé factor
of the atom as a function of the in-
tensity of this field (56), a change illus-
trated by Fig. 16: all of these effects
can be understood from a synthetic
standpoint by studying the energy di-
agram of the total system “atom -+
radio-frequency photons” (57).

In conclusion, let us note that Jean
Margerie (58) has shown that the opti-
cal methods of radio-frequency reso-
nance can be transposed to paramag-
netic ions and to F centers in solids
and can yield valuable data on the
structure of excited levels even in cases
where the structure of these levels has
not been spectrally resolved.
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Food Proteins: New
Sources from Seeds

Fortified and processed seed proteins

have a role in satisfying human protein needs.

The problem of protein malnutrition
is well recognized and appreciated. The
effects of such deprivation on young
children influence their resistance to
disease and hence their mortality, and,
perhaps more importantly, affect their
mental development. When there is not
enough food to sustain life, quality of
food is of little significance. But when
even the minimal supply of food is
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available, then the protein quality of
the food is critical. Hence the protein
malnutrition problem is second only
to the total food-supply problem.
About 50 percent of the children in
the world do not receive adequate pro-
tein nutrition. If we take the FAO
(Food and Agricultural Organization
of the United Nations) short-term
goals of 69 grams of total protein and
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about 15 grams of animal protein (good
protein) per day per person for the
countries where the food supply is
marginal (1), the protein deficiency ex-
pected in 1970 is estimated to be 10
million tons, of which 5.5 million
tons is animal protein. The total pro-
tein deficit expected is 12 percent of
the present supply; the deficit of good
protein is 22 percent of that available
now. Another estimate is provided in
the World Food Budget (2). Aside from
the protein supplied by grains, 6.5 mil-
lion tons of nonfat dry milk or 3 mil-
lion tons of fish protein concentrate
will be needed by 1970 to fill the ani-
mal protein deficit, and 3.2 million
tons of soybean protein concentrate
to fill the pulse and other protein defi-

cit (I-5).

Let us assume that the problem we
are trying to solve is to increase pro-
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