
West Antarctica to be in approximate 
isostatic equilibrium. 

7) The crust of West Antarctica is 
continental in character, but the Mo-
horovicic discontinuity has the rela
tively high elevation (exclusive of the 
mountainous areas) of about 30 kilo
meters below sea level. 

8) The Mohorovicic discontinuity 
deepens at least to — 36 kilometers, 
forming a continuous trough beneath 
the Sentinel, Horlick, and Queen Maud 
mountains and indicating their general 
topographic continuity with the Palmer 
Peninsula. 

9) The thinnest crustal sections are 
found beneath the Ross and Filchner 
ice shelves, but the elevation of the 
Mohorovicic discontinuity in these 
areas is not greatly different from that 
beneath the large channel in Marie 
Byrd Land. 

10) From the configuration of the 
ice and rock surfaces it is concluded 

The experimental investigation and 
demonstration of the notable properties 
of radiation which appears during the 
motion of fast, electrically charged par
ticles through a substance extends back 
some twenty-five years. As early as 
1934, two reports were published—one 
by S. I. Vavilov and the other by myself 
(1)—in which it was shown that the 
gamma rays from radium produce a 
weak visible radiation of the solvent 
in addition to the luminescence of the 
solution. 

In these reports, the universal char
acter of this radiation and its unusual 
properties were described, and the con
viction was expressed that the newly 
discovered radiation could not be a 
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that the ice sheet in West Antarctica 
originated as two separate icecaps in 
the two mountainous areas, one in the 
vicinity of the Executive Committee 
Range, the other between the Horlick 
and Sentinel mountains. As the caps 
expanded they converged over the open 
water between and were probably ini
tially joined by a floating ice shelf which 
then grew thick enough to fill the 
trough completely and produce the 
present single-grounded ice sheet. 
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well-known "classical" luminescence 
phenomena, one could, for example, 
mention the weak radiation of practi
cally very "pure" liquids which arises 
under the action of ultraviolet radiation 
(2) . Many liquids emit radiation upon 
the incidence of x-rays (5 ) . Radiation 
has even been noted in liquids under 
the action of ultrasonic waves (4). 
Numerous cases of radiation from fluids 
and solids under the action of radio
active radiations have been well known 
from the time of Pierre and Marie 
Curie (5 ) . 

As a rule, such radiation phenomena 
are nothing else than ordinary lumi
nescence and are emitted in the case of 
the so-called "pure" liquid as a result 
of the presence of a minute amount 
of luminescence-producing impurities. 
Therefore, one was inclined to believe 
that this radiation produced by the 
gamma rays was one of the many 
luminescence phenomena. This was 
presumed by Pierre and Marie Curie, 
who were undoubtedly among the first 
to have observed such radiation—of 
course, under conditions in which this 
radiation was rather strongly masked 
by ordinary luminescence. 

Dr. Cherenkov is a member of the staff of the 
Institute of Physics, Academy of Sciences of the 
U.S.S.R., Moscow. This article is a translation 
of the lecture he gave in Stockholm, Sweden, 
on 10 Dec. 1958, when he was awarded the Nobel 
prize in physics for 1958, a prize which he 
shared with I. Y. Tamm and I. M. Frank. It is 
published here with the permission of the Nobel 
Foundation. We are indebted to R. T. Beyer for 
translating the article from the German. 

SCIENCE, VOL. 131 

Radiation from 

High-Speed Particles 
Visible radiation that is shown to differ from 

luminescence phenomena has important applications. 



Other observers later reached the 
same conclusion. Among these was 
Mallet ( 6 ) ,  who not only observed this 
radiation but even photographed its 
spectrum. 

Phenomenon of a New Type 

However, a thoroughgoing, quantita- 
tive investigation o f  this radiation 
process revealed a series o f  remarkable 
properties which provided incontestable 
proof that one was dealing in this case 
not with trivial luminescence but with 
a phenomenon of  a wholly new type, 
which was o f  extraordinary interest not 
only because o f  its fundamental mean- 
ing but also because of the nianifold 
possibilities for practical application. 

Of  course, it would be an error to 
think that so characteristic a phe- 
nomenon might not have been dis- 
covered earlier by an accidental "error." 

The unusual nature o f  this newly 
discovered phenomenon could be in- 
vestigated only through quantitative de- 
termination o f  the most iniportant 
radiation characteristics and the estab- 
lishment o f  their dependence on par- 
ticular experimental conditions. 

Nowadays, since the researcher has at 
his disposal very intense sources o f  fast- 
moving, electrically charged particles, 
and very sensitive measuring apparatus, 
such measurements do not present any 
particular difficulties. However, the 
means which were available to the 
physicist a few decades ago were not 
so satisfactory. Then he had available 
as sources o f  electrically charged par- 
ticles only naturally radioactive prep- 
arations, whose intensity was rather 
slight. For this reason, the intensity 
o f  the radiation produced by them in 
liquids (7)  was so weak that the radi- 
ation could be detected by the observer 
only after he had spent some time in 
absolute darkness. It stands to reason 
that, under such conditions, the ordinary 
methods o f  photometry for the quantita- 
tive determinations do not enter into 
the picture ( 8 ) .  A new and much 
more sensitive method was necessary 
for carrying out such determinations. 
At the Institute o f  Physics, Academy o f  
Sciences o f  the U.S.S.R., where this 
phenomenon was discovered, the method 
developed shortly before by E. M. 
Brumberg and S. I .  Vavilov ( 9 )  was 
applied. This was the method o f  visual 
photometry based on the sensitivity 
limit o f  the eye, or, as it is otherwise 
known, the method o f  extinction. This 

method made use o f  the human eye 
(10)  in place o f  the light-measuring 
device. Since the sensitivity o f  the 
dark-adapted eye is at least several 
tens of thousands of times greater than 
the sensitivity o f  the eye in daylight, 
this method is distinguished by a rather 
high sensitivity in comparison with other 
methods. Notwithstanding the subjec- 
tivity o f  the method, and the admittedly 
large error which was associated with 
the measurements, it was at the time a 
very useful method, which permitted a 
quantitative determination o f  extremely 
small light intensities. 

It is of fundamental importance to 
note that this method first permitted a 
transition to quantitative determinations, 
the proving o f  the unusual propertics 
o f  the observed radiation, and the 
demonstration o f  their particular origin. 

Luminescence Hypothesis Ruled Out 

It has already been pointed out that 
the first and most plausible hypothesis 
in explanation o f  this radiation referred 
to luminescence phenomena. The cor- 
rectness o f  this assumption was now to 
be confirmed only by showing experi- 
mentally, for this radiation, the pres- 
ence o f  only the characteristic properties 
o f  luminescence. 

But there now exist a great number 
o f  luminescence phenomena, which are 
distinguished among themselves by the 
method of  excitation, the duration o f  
the decay, the character o f  the spec- 
trum, the properties o f  the luminescent 
substances, and other marks. In the 
case o f  interest to us, it is not a question 
o f  simply determining the presence or 
absence o f  signs o f  luminescence but of  
determining the important characteris- 
tics which clearly identify the lumines- 
cence phenomenon for what it is. 

As was pointed out by S .  I .  Vavilov, 
one such characteristic o f  luminescence 
is the total duration of  the excited state 
(T > 10-lo sec). This property of  
luminescence has its influence on the 
decay process. For example, one can 
weaken the brightness considerably or, 
in other words, "quench" the lumines- 
cence either by heating the luminescent 
solution or by adding material which 
is capable o f  quenching the lumines- 
cense. In both cases, a weakening o f  
the luminescence results as a conse- 
quence of an energy transfer from the 
excited particles to the unexcited, and 
of  the subsequent transformation o f  the 
energy into heat. 

Likewise, the polarization o f  the 
luminescence can be changed i f  the 
mobility o f  the particles is changed- 
for example, by heating. 

But the corresponding experiments 
with this radiation showed that the 
brightness o f  radiation o f  the liquid 
cannot be affected either by heating or 
by dissolving in the solution such active 
fluorescence-quenchers as potassium 
iodide, silver nitrate, and so on. It has 
also been pointed out that the per- 
ceptible polarization appearing in this 
radiation is likewise unchangeable. It 
is o f  fundamental importance that in 
experiments intended for study o f  the 
quenching of  fluorescence o f  un- 
doubtedly fluorescent solutions (such as 
a water solution o f  esculin), carried out 
in parallel and under identical condi- 
tions, a visible quenching efYect was in 
all cases exhibited. 

These results indicated a virtually 
inertia-free character o f  the decay 
process and excluded the hypothesis o f  
luminescence. This conclusion also 
found support in the unusual character 
o f  the polarization o f  this radiation. The 
direction of  the electric oscillation vec- 
tor was not perpendicular to the excit- 
ing beam of  radiation, as is the case in 
polarized fluorescence, but was rather 
parallel to it. 

Spatial Asymmetry of Radiation 

The sum of  the results collected dur- 
ing this first stage led to the conclusion 
that the radiation produced in the liquid 
under the action o f  gamma rays was no 
trivial phenomenon. However, these 
facts were not sufficient for construction 
o f  an objection-free theory o f  the phe- 
nomenon on such a basis. This problem 
was solved somewhat later, after a 
new, especially noteworthy, property o f  
this radiation-its pronounced asym- 
metry, its directional character-was 
discovered, in 1936 (9 ,  10) .  

It turned out that the radiation 
showed an extremely pronounced spatial 
asymmetry. This radiation is sent only 
forward, in a direction which forms a 
definite angle with the exciting beam 
o f  gamma rays. 

The discovery o f  this fundamental 
property o f  the radiation proved to be 
a decisive step toward explanation o f  
the true physical nature of  this phe- 
nomenon and toward formulation o f  a 
theory. The creation o f  this theory was 
the contribution o f  I .  M .  Frank and 
I.  E. Tamm ( 2 1 ) .  
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True Natl~re of the Emission 

This theory starts out from the idea 
that the described radiation is produced 
by electrons which move uniforlnly in 
the substance with a velocity which 
exceeds the phase velocity of light in 
this mediu111. 

It is of interest that as early as 1901, 
Lord Kelvin (12)  maintained that the 
emission might be produced by particles 
which travel with a superlight velocity. 

Somewhat later, in the years 1904 
and 1905, shortly before the appear- 
ance of the theory of relativity, Som- 
merfeld ( 13 )  considered theoretically 
the hypothetical case of the nlotion in a 

vacuuru of an electron with a superlight 
velocity. 

However, thc appearance of relativity 
theory, which maintained that material 
bodies are not capable of achieving 
the velocity of light in their motion, 
much less a superlight velocity, allowed 
the conclusions of Sollln~erfeld to fall 
under a shadow, as being of little sig- 
nificance. 

It is apparently due in sollle lneasure 
to this circumstance that the problem 
of the motion of electrically charged 
particles in a substance has generally 
been little considered, since this was 
thought not to be reconcilable with the 
theory of relativity. 

I I 
k-- - V e t  - -- -4 

Fig. 1. Radiation mechanism. 

Fig. 2. Arrangement of apparatus for determination of the angular distribution of the 
intensity. 

In the case of the motion of the 
charge in a substance, there are veloci- 
ties which exceed the velocity of light, 
which are possible without being in 
conflict in any way with relativity 
theory. 

This fact is explained by the circum- 
stance that the propagation velocity of 
light waves in a substance differs fro111 
the velocity of light in a vacuum by a 
factor 11, where 1 1  is the index of re- 
fraction of the medium in which the 
motion takes place. 

Since n > 1 for visible light, and 
since the propagation velocity of the 
light waves in the medium is equal to 
c l n ,  this is consequently smaller than c ,  
the velocity of light in a vacuum. 

On the other hand, it has long been 
known that the velocity of beta par- 
ticles, which are emitted from radio- 
active substances, can come very close 
to the velocity of light c. Theseparticles, 
in their motion in a given substance, 
can possess a velocity which is greater 
than the light velocity c l n  in this sub- 
stance and yet remains smaller than 
c, in complete agreement with the re- 
quirements of relativity theory. There- 
fore, the motion of the particles with 
superlight velocity is not only possible 
in principle but can be achieved experi- 
mentally. 

If we assuine that the velocity of an 
electron nloving in this mediunl exceeds 
the velocity of light, we can determine 
the preliminary conditions for the ap- 
pearance of such radiation on the basis 
of simple qualitative investigations and 
obtain some very important properties 
of this radiation. Let us assume that 
an electron executes a uniform nlotion 
in the mediunl in the direction of the 
z-axis with a velocity v > cln. At each 
point reached by the electron, an elec- 
tromagnetic excitation is produced 
which is propagated in the form of a 
retarded wave from that point. 

If we consider the colnponents of a 
 articular frequency w of the waves, 
which leave the various points at an 
angle 0 to the path of the electron (see 
Fig. 1 ) , then we can easily be convinced 
that the waves will be canceled by inter- 
ference in all directions other than in 
that for which 

vt  cos B = ct/rz, or cos 6 = l /ptz ( 1 )  

On the other hand, in the direction 
which satisfies condition 1, the waves 
reach the observer with an optical path 
difference equal to zero, and accord- 
ingly the radiation takes place only in 
this direction. 
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This radiation has its analog in acous- 
tics in the form of the so-called ballistic 
wave which is produced by a projectile or 
airplane which moves with supersonic 
velocity (Mach waves). A surface 
analog is the well-known bow wave. 

It follows from Eq. 1, which forms 
one of the most reliable results of the 
theory of Tarnm and Frank, that the 
appearance of the radiation is possible 
only under the condition p n  > 1-that 
is, when the velocity of the particle v 
exceeds the velocity of light c/n. As 
a consequence, the equation p n  = 1 
expresses the threshold energy value of 
the radiation. The value Eo of this 
threshold is determined by the index of 
refraction. Since the condition for the 
determination of this limit contains the 
velocity of the particle rather than the 
energy directly, it is evident that Eo 
also depends on the mass of the 
particle. 

In order to illustrate what has been 
developed above, values of the thresh- 
old energy Eo are given in Table 1 for 
electrons, r-mesons, and protons for 
three different values of n. 

Experimental Confirmation 

The theoretical relation among the 
quantities 8, 8 ,  and n, which is given 
by relation 1, was experimentally 
proved. The results obtained agreed 
completely with the deductions of the 
theory. The experimental arrangements 
for the determination of this dependence 
are illustrated in Fig. 2. 

The beam' of gamma rays is incident 
on a thin-walled tube, filled with liquid 
(A in Fig. 2). The radiation arising in 
this liquid upon its emergence from the 
canal falls on a conical mirror and is 
reflected to the objective of a photo- 
graphic apparatus. The luminescence 
produces a picture in the form of a 
closed ring, since it exhibits no asym- 
metrical properties. 

On the other hand, the radiation of 
the particles with superlight velocity 
does not form a closed ring in the pic- 
ture, but rather two spots, the angle 
between them being equal to 28. 

Figure 3 (right, middle) shows a 
sample of such photographs for two 
pure liquids (water and ethyl cinna- 
mate). For comparison, a photograph 
of the luminescence of an aqueous solu- 
tion of esculin is also shown in Fig. 3 
(left). 

The angular distribution of the radi- 
ation intensity (for four liquids) deter- 

Table 1. Values of the threshold energy for 
electrons,   me sons, and protons for three 
different values of n. 

Value of threshold energy (mev) 
IlIJe of 
particle n = 1.3; n = 1.5; n = 2.0; 

@ = 0.769 @ = 0.67 @ = 0.50 

Electron 0.29 0.2 0.078 
=-Meson 79 47 21.5 
Proton 520 320 143 

mined by measurements on these photo- 
graphs are shown in Fig. 4. For each 
of these liquids, two curves are ob- 
tained, which correspond to the excita- 
tion of radiation by gamma rays of 
ThC" (the upper curves) and by the 
gamma rays from Ra (the lower curves). 

It is a simple matter to determine the 
angle 8 by means of the graph in Fig. 4. 
The value of this angle increases with 
increase in the index of refraction n, 
exactly as the theory requires. For one 
and the same liquid, results were ob- 
tained which yielded larger values of 
8 in experiments with the gamma rays 
of ThC" than in experiments with the 
gamma rays of Ra. This difference in 
the measurements for BThCn and OR, 
permits one to use relation 1 for de- 
termination of the "effective" velocity 
(peff.) of the Compton electrons which 
excite the radiation. These velocities are 
0.869 and 0.847, respectively. This re- 
sult corresponds exactly to the higher 
energy of the gamma rays of ThC". 

If the picture is observed not in the 
plane but in space, then the radiation 
must spread out along the surface of 
a cone whose axis is the path of the 
electrically charged particle, while the 
generating line of the cone makes the 
angle 8 with this axis. 

If the photographic plate is placed 
perpendicular to the beam of fast- 
moving particles (Fig. s), a photograph 
of the radiation in the form of a ring 
is obtained (Fig. 6), in addition to the 

picture of the trace of the beam. Figure 
6 was obtained by means of a narrow 
beam of protons (E  = 660 Mev) on 
the accelerator of the Combined Insti- 
tute for Nuclear Research at Dubna. 

Thus far, we have considered only a 
definite frequency U. Actually, however, 
the radiation spectrum is continuous. 
Since the medium exhibits dispersion 
properties-that is, since the index of 
refraction is dependent on the frequency 
-the light of different wavelengths 
departs at angles which differ somewhat 
from one another, even for a constant 
particle velocity. 

The radiation is therefore split up in 
spectral analysis. The radiation cone 
then exhibits a definite strength, in 
which, in the case of a medium with 
normal dispersion, the red spectrum lies 
at the inner side of the cone, while the 
violet lies at the outer sihe. 

Thus, interpretation of the radiation 
mechanism proposed by Tamm and 
Frank, even in a qualitative considera- 
tion, gave an explanation of the espe- 
cially characteristic properties of this 
radiation-such as, for example, the 
asymmetry, the short decay time, the 
presence of an energy threshold, and the 
universal character of the radiation. 
Moreover, the rigorously quantitative 
theory yields an expression for the 
energy W which the electron furnishes 
in this radiation. This expression has 
the form 

where I is the path length of the elec- 
tron. It also follows from this that the 
energy of the radiation spectrum is pro- 
portional to 1/A3-that is, that it in- 
creases sharply in the direction of short 
wavelengths. 

The radiation ceases in the x-ray 
region, since in this interval, n < 1. 

Fig. 3. Photograph of the angular distribution of intensity for (left) ordinary lumines- 
cence (solution of esculin in water); (middle) radiation from ethyl cinnamate 
(n = 1.5804); (right) radiation from water (n = 1.3371). 
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Fig, 4. Angular distribution of intensity for liquids with different n ,  obtained fron 
photographs like Fig. 3. The curves through the solid circles correspond to the exci 
tation of radiation by Compton electrons from the gamma radiation of ThC". For these 
opt, = 0.869 (according to Eq. 1 ) .  Curves thro~~gh the open circles correspond tc 
excitation by Compton electrons resulting from the gamma rays of Ra. In this case 
o c ~ r  = 0.847. 

Finally, it was deduced fro111 the 
theory that the radiation must exhibit 
polarization; indeed, it must have the 
same polarization which was determined 
in the first experiments: the vector of 
the electric oscillations lies in the plane 
containing the ray and the direction of 
motion of the particles. 

All this shows that the theory under 
discussion comprehended all the cur- 
rently known properties of the new radi- 
ation in an exhaustive fashion. The 
development of this theory concluded 
a great cycle of investigations which 
included the discovery, the over-all 
experimental investigation, and the de- 
velopment of the theoretical foundations 
of the phenomenon, all of which gave 
rise to the establishlnent of a new area 
of physics, the optics of beams which 
move with superlight velocities. 

As a consequence of the lack of suffi- 
ciently sensitive and convenient measur- 
ing apparatus, interest in the new radi- 
ation was great, to be sure, but was 
only of an abstract character. Its in- 
herent potentiality for practical appli- 
cation, especially in experimental 
physics, remained untried. 

However, in recent years, as a result 
of the development and production of 
photon~ultipliers, radiation from fast, 
electrically charged particles took on an 

, important practical meaning, especially 
I 

in the domain of physics of high-energy 
I particles. 

Measurement of Intensity 

Although the intensity of the radiation 
flashes produced by individual particles 
is vanishingly small, it is, today, measur- 
able. It follows from Eq. 2 that when 
/3 = 1, the number of photons in the 
visible portions of the spectrum which 
are sent out by an electrically charged 
particle which moves in a medium with 
n = 1.5 a~nounts to 200 to 300 
photons per centimeter. By a correct 
choice of the shape and position of the 
radiator (this name is given to the 
medium in which the radiation-produc- 
ing charged particles move), a signif- 
cant portion of this light can reach 
the cathode of the photomultiplier. As 
a result of the great amplification, a cur- 

l rent pulse appears at the anode of the 
lnultiplier which is a nlillion times 

; greater than the initial current. This 
, pulse can be determined by an appro- 

priate electronic circuit, and hence the 
particle can be detected. Such an ap- 
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paratus represents a counter in which 
the radiation emitted by the particle 
serves directly for its measurement. 

This type of counter is strongly 
reminiscent of the so-called scintillation 
counter, in which the luminescence 
which arises in the absorption of the 
energy of the particle in a scintillator 
is used for the measurement of an elec- 
trically charged particle. This measure- 
ment is also carried out with the aid of a 
photomultiplier. However, in comparison 
with the scintillation counter, this counter 
has a number of important advan- 
tages. These advantages are as follows. 
(i) The short duration of the decay 
permits counters to be developed which 
exhibit a very high resolution. (ii) The 
presence of an energy threshold makes 
counters of this type insensitive to slow 
particles which are below the threshold 
energy. This property of the counter 
is especially valuable in cases in which 
there is present a significant radiation 
spread produced by gamma rays. (iii) 
The asymmetry of the radiation permits 
a measurement of only those particles 
which move in the radiator in the direc- 
tion of the cathode of the photo- 
multiplier. Particles which move in the 
opposite direction will not be measured 
by the counter. In other words, the 
counters of this type are distinguished 
by the presence of a definite directivity. 

This property of the counter was used 
by Winckler (14) for determination of 

the "albedo" of cosmic rays in the upper 
layers of the atmosphere. 

At present, a great number of count- 
ers of the type mentioned, which are 
distinguished by their original construc- 
tion, are described in the works of 
Jelley, Marshall, and others (IS).  

Applications 

The methodological value of the radi- 
ation of fast-moving particles lies not 
only in the possibility of their use as 
particle detectors. The exploitation of 
the singular properties of this radiation 
(often in conjunction with other methods) 
enlarges-in a number of cases, sig- 
nificantly-the possibilities of physical 
experiment. 

Thus, it is known, for example, that 
determination of one of the most im- 
portant parameters of a particle-its 
mass--can be carried out on the basis 
of measurements of its momentum and 
its velocity. Usually, experimental diffi- 
culties are encountered in the velocity 
measurements. I t  is clear, without 
further comment, that the velocity of a 
particle can be easily computed from 
the measured value of.8 and the known 
index of refraction, within the velocity 
range of the particle over which j3 
(which satisfies the condition j3n > 1) 
differs sufficiently from unity. 

If the type of particle is known, 

velocity measurements also permit the 
energy to be measured. Especially good 
results are yielded by this method in 
the measurement of the energy of pro- 
tons from accelerators for energies 
which lie in the range of several hun- 
dred Mev (see Table 1). The accuracy 
of such energy measurements is within 
0.25 percent (16). 

It has been noted above that the 
circumstance that the radiation possesses 
an energy threshold makes the counter 
insensitive to particles of low energy. 
The possibility therefore exists of chang- 
ing the threshold energy E,, by selecting 
a radiator with a suitable value of n. 

It is clear that two counters which 
have been previously set up with differ- 
ent values of the threshold energy, E,,' 
and Eon, and are connected in appro- 
priate sequence in an anticoincidence 
circuit will record only those particles 
whose velocity is in the range from E,' 
to E,". 

Such an arrangement was successfully 
applied by Segr6 and his co-workers in 
their outstanding work which led to the 
discovery of the antiproton. 

Another interesting region of appli- 
cation of the properties of the rays was 
found in their use in the investigation 
of broad cosmic-ray showers. In the 
study of these showers with ordinary 
counters, only those particles are 
measured at a certain height which are 
the distant "descendants" of the primary 

Fig. 5 (left). Experimental arrangement for obtaining.photographs of the conical cross section in the plane of the photographic plate. 
Fig. 6 (right). Photograph of a cross section of the radiation cone which was obtained in an experiment in which the arrangement 
shown in Fig. 5 was used. The central spot is the trace of the proton beam. [A. P. Srelow] 
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particle. None of the other particles 
which appear and disappear during the 
previous development stages of the 
shower can be nleasured by this ap- 
paratus. But since the shower particles 
possess enormous energies, they are 
capable of producing radiation in the 
air of the type under discussion, which 
is propagated in virt~~ally the same di- 
rection. This radiation, under favorable 
conditions, reaches the earth's surface 
and can be ineasured by a photornulti- 
plier, This nlethod furnishes a more 
complete picture of the shower and 
valuable infornlation about the process 
of its development. 

For cosmology. the problenl of the 
distribution of nuclei in the costnic 
radiation (outside the earth's atmos- 
phere) which are heavier than the hy- 
drogen nucleus is of great importance. 
Appropriate experinlents are being car- 
r ~ e d  out on the sputniks at the present 
time. In these experiments. reliance is 
placed on the circunlstance that the 
intensity of the radiation of particles 
which move with superlight velocity is 
proportional to the square of the par- 
ticle's charge. Therefore, the pulses 
conling from particles of different 
charges and recorded by the counter 
niay be distinguished by their ampli- 
tudes. Analysis of the amplitude dis- 
tribution will permit one to make 

judgnlents on the distribution of heavy 
particles in the cosrnic radiation, cor- 
responding to their ordinal number. 

The last thing on which I would like 
to speak is the application of the radia- 
tion from fast-moving particles to 
nleasurement of the energy itself when 
this energy is rather large. In this case 
measurement of the energy of the par- 
ticles by means of their deflection in a 
magnetic field is no longer possible. 
However, one can try to cteternline it 
by measuring the total energy which 
thc particle gives to the radiation of the 
type under consideration. For this pur- 
pose, very transparent, thick radiators 
must be used. which give off radiation 
of a sufficient intensity and which per- 
mit a complete developnlent of the 
shower. 

Water is a suitable radiator in this 
case. Equipment has been constructed 
i n  the Institute of Physics, Acadenly of 
Sciences of the U.S.S.R., which should 
serve for the measurement of the energy 
of cosmic particles by means of this 
method. 

The exaniples we have given show the 
great importance to experimental physics 
of the radiation produced by particles 
which travel with superlight velocity 
( 1 7 ) .  

However, not all the possible appli- 
cations have been discussed. It is un- 

Nlacliine Searching for 

Chernical Structures 

The Wiswesser notation provides ail effective key 
to literature searches for functional groups. 

Elbert G. Smith 

The use of punched-card machines 
for organizing and retrieving chemical 
data has been described by a number of 
workers in recent years (I). These tech- 
niques make it possible to find and ar- 

- 
The author, now associate professor of chem- 

istry ni htills College, Oakland. Calif., did the 
\\,oak degcribed iu this article at the University 
of H a w x i ,  Honolulu. 
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range information aboirt large numbers 
of items very rapldly and efficiently, 
provided that the information about 
each item is not too extensive. Since this 
is precisely the situation &e face in deal- 
ing with data about chemical corn- 
pounds (large numbers of compounds 
but rather limited data, such as struc- 

doubtedly true that the region of appli- 
cation of this radiation will continue to 
expand rapidly in the years to come. 
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ture or properties, about each one), it 
would seem feasible to organize and 
search this kind of information with 
punched-card techniques. 

A principal difficulty has been that of 
devising a means of identifying chem- 
ical con~pounds in an intelligible way 
which is concise enough for efficient 
use on punched cards. Ordinary names 
are usually too long to be efficient and 
do not allow use of the machine's po- 
tential ability to search for units of 
molecular structure in the identifying 
name. A solution of this difficulty lies 
In the concept of a new chen~ical nota- 
tion in which units of chenlical structure 
are designated by single letters and num- 
bers, so that structural for~nulas may 
be spelled out much as one spells out 
words. Such notations can be designed 
so that they are intelligible both to the 
chemist and to the machine, and in such 
a happy combination we might look for 
practical and reasonable means of 
accoinplishing the mechanical organiza- 
tion and retrieval ot much chemical 
information. 
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