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hydrogen, both very small effects com-
pared with the (optical or ultraviclet)
transition frequency. As a demonstration
of the power of their new technique, they
report improvements of several orders of
magnitude over previous measurements
of this isotope shift,

The key feature is the ability of the
laser spectroscopist to overcome the
Doppler broadening of spectral lines. The
monochromaticity of the laser allows
selective excitation of atemic excited
states. At the same time the laser intensity
is high enough for non-linear absorption
effects to be exploited: one of these is
saturated absorption. A laser beam, with
a linewidth much less than the Doppler
width of the spectral line of interest, inter-
acts not with all atoms in the absorption
cell, but with a set of atoms with reson-
ance frequencies (and therefore velocities)
in a narrow range around the laser
frequency. An intense beam of laser
radiation will excite this set of atoms: it
saturates the gas medium and burns a
“hole” in the velocity distribution of
ground-state atoms. In saturated absorp-
tion spectroscopy the output of a laser is
split into a weak probe beam and a
stronger, chopped saturating beam of the
same frequency which are sent in nearly
opposite directions through the absorbing
gas. If the laser frequency is close to an
atomic resonance frequency, the sat-
urating beam bleaches a path for the
probe and decreases its absorption, but
only for that group of atoms with effec-
tively zero velocity along the laser beam-
path. Moving atoms see the two beams
as of different frequencies, and no such
bleaching occurs. In this way the Doppler
effect is almost eliminated. The saturation
spectrum is obtained by varying the laser
frequency and recording the change in
the weak probe beam due to the inhomo-
geneous saturation created by the strong
bleach beam. The theoretical limit to the
linewidth is then governed by the natural
lifetime of the excited state.

A second technique to ecliminate
Doppler broadening is to use two-
photon absorption, This time the laser is
split into two counter-propagating beams
of equal intensity, This may be achieved
merely with a mirror at one end of the
cell to reflect the incident light back down
the cefl, If the laser frequency ® is
approximately one-half of an atomic
resonance frequency @, an atom can be
excited by the absorption of two photons,
one from each oppositely travelling wave.
An atom of laboratory velocity v sees, in
its rest frame, two beams of frequency
ol — vyfe) and w(l + v/e). At
resonance, o, = ® (1 — v,/e) + o (1 +
vifey = 20, independent of the velocity
oftheatom. Therefore Doppler broadening
is eliminated if the atom absorbs two
photons propagating in opposite direc-
tions, and again the natural lifetime of the
excited state is the limiting factor in the
linewidth, The two-photon absorption

A hundred years ago

Tue ravages of the Phylloxera among
the vines have caused many attempts
to be made to discover a new kind of
beverage which might take the place
of the grape. The Marquis de Ville-
neuve reports that in China a pseudo
wine called Tsien-ie is much used,
which is concocted from a preparation
of four plants, common in that
country, and mixed together in certain
propertions. The plants are dried and
powdered, and made into a paste,
which is sold in the form of balls or
squares at the rate of about 3d. a
pound. One square or ball will make
several pints of a fermented liquor,
pleasant to the taste and much
resembling wine, which is much sought
after by Europeans and others living in
China.
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signal has contributions from all atoms in
the cell, irrespective of their velocities.
This technique also makes possible
Doppler-free spectroscopy of s s or
s—d transitions, not possible by one-
photon saturated absorption.

Hiinsch and his co-workers have simul-
taneously used two-photon abserption
and saturated absorption Doppler-free
spectroscopy in their hydrogen work.

A pulsed dye laser output at ~ 4,860 A
in 10 ns pulses of linewidth 120 MHz, is
split into two beams. Noting that the
crude Bohr theory predicts that the
n = 1-2 interval is four times larger than
the n = 2-4 interval, they contrive to
frequency-double one beam (so that its
wavelength is now ~ 2,430 A) and excite
the 1S,,-2S,, Lyman-a transition at
1,215 A in a cell of hydrogen or deuterium
atoms, by two-photon absorption. Since
an isolated atom in the 28, state has a
lifetime of ~ 0.14 s this transition could
potentially be measured to very great
accuracy. At the same time the second
beam is used in a saturated absorption
spectrometer to measure the 2P;,—4D;,,
transition interval at 4,860 A in a separate
cell. By wvarying the laser frequency,
therefore, both transitions can be simul-
taneously recorded. The measurements
are not made in the vacuum ultraviolet,
liquid air cooling of the discharge and the
use of large gratings is avoided, yet great
accuracy is possible.

If the Bohr theory were correct, the
two observed transitions would occur at
exactly the same dye-laser frequency. The
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fact that they are displaced is due to
quantum electrodynamic effects (princi-
pally the Lamb shift of the various levels),
relativistic effects, and partly to nuclear
structure effects. The measured displace-
ment between the two transitions gives
directly information about the size of
these effects without the need for absolute
wavelength calibrations or an ultra-
precise value of the Rydberg constant.
By comparing the experimental and
theoretical line separations, Hinsch et al.
deduce a 1s Lamb shift of 8.20 -
0.10 GHz for H, and 8.25 + 0.11 GHz for
D, which agree within their error limits
with the theoretical values. At the same
time they obtain a 1s-2s isotope shift in
atomic hydrogen and deuterium of
670.933 4 0.056 GHz, in fair agreement
with the theoretical value, but repre-
senting an improvement of several orders
of magnitude over previous (traditional
pre-laser) measurements. To appreciate
the leap in accuracy made possible
by Doppler-free laser techniques, this
measured isotope shift should be com-
pared with the hydrogen Lyman-a line
Doppler width of ~ 6 GHz.

To strike fear into the hearts of
theoreticians, they point cut that much
more accurate experiments are possible
using two-photon absorption in the
1s-2s transition, and two-photon absorp-
tion from a GaAs diede laser, whose
second harmonic is locked to the dye-
laser frequency, driving a 2s—4s transition.
Given the lifetimes ot the various partici-
pating levels, they feel the ultimate
accuracy of such proposed optical experi-
ments could exceed recent high-precision
radiofrequency measurements of the 2s
Lamb shift, and even that of present day
theory of the Lamb shifts.

These elegant experiments of Hansch
and coworkers emphasise the part that
the tunable laser has played and will play
in precision spectroscopy, a role that it
has only recently assumed yet which has
already produced a qualitative change in
the direction of atomic physics. O

Heat flow on
different scales

from Peter J. Smith

Up to the late 1960s, heat flow studies
were generally regarded as interesting
and potentially important but of little
immediate use. Their underlying im-
portance was acknowledged because
heat plays a part in almost every con-
ceivable terrestrial process, but the
promise they held out to illuminate the
nature of such processes was difficult to
realise. Part of the problem was that
data coverage was poor and there were
large areas of the world ith few or no



	A hundred years ago



