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moral and spiritual powers have failed to keep 
pace with our new inventions. Ever since James 
Watt made his steam engine, and the era of 
scientific inventiveness got well under way, we 
have been absorbing ourselves in the creation, 
accumulation, elaboration of the means of living ; 
but when we turn our thoughts from the means 
by which we live to the end for which we live, 
are we so sure that we are on a correspondingly 
higher moral level than our fathers ? Are we not 
driven to confess that the splendid new powers 
with which science has furnished us are still too 
largely in the hands of the old selfishness, the old 
greed, the old ambition ? And increasing material 
powers simply are not safe except with propor
tionately improving character. 

A drunken man afoot is dangerous enough, but 
the danger is multiplied tenfold if the drunken 
man is allowed to drive a car. An angry man 
can work damage with his two bare fists, but his 
damage becomes dire calamity if you place him in a 
bombing aeroplane. 

Enlarged powers spell enlarged peril if the 
soul does not grow. I suppose society could endure 
for a time without further new inventions. The 
question is, How long can it endure without a 

better spirit, a spirit capable of handling aright 
those enlarged powers which modern discovery 
has placed within our reach ? 

So the final challenge presents itself : How is 
our spiritual 'lag' to be compensated ? Where 
are we to find that larger vision, that clearer 
insight, that new unselfishness which the modern 
situation so urgently demands ? 

If the question is urgent, the answer, for those 
of us who are Christians, is abundantly plain. 
"If any man be in Christ he is a new creation." 
Jesus Christ came to save the soul of the world, 
to produce a new type of man who shall be equal 
to the demands of each new age. He told us not 
to fear those who kill the body, but those who 
kill the soul ; and no one can be blind to the 
mighty forces within us and around us which 
threaten the destruction of the soul. 

The message of the Christian Gospel is that in 
the power of God, which is ours through Christ, 
we can overcome them all. Let us strive so to 
live that we may vindicate the supremacy of the 
soul, for what profit is there in anything that 
science can do without the soul. What does it 
profit individual, or nation, or civilisation to gain 
the whole world and lose the soul ? 

The Transformation of Energy* 

By The Right Hon, Lord Rutherford, O.M., F.R.S. 

EQUIVALENCE OF MASS AND ENERGY 

ONE of the great advances of the last century 
was the recognition of the relation between 

heat and energy ; to the present century belongs 
the recognition of a fundamental relation between 
mass and energy. The existence of such a relation 
was first discussed by Hasenohrl in a study of 
the properties of radiation ; but the general 
formulation of the principle we owe to Einstein 
in 1905 as a consequence of the theory of relativity. 
On this principle, mass and energy are equivalent, 
and mass is to be regarded in a sense as a con
centrated source of energy. The energy E, whether 
in potential or kinetic form, resident in a mass m, 
is given by E = me•, where c is the velocity of 
light. If the energy of a system is increased, its 
mass is increased ; if the energy decreases, the 
mass diminishes. For example, the mass of a rifle 
bullet in flight is slightly greater than at rest 
because of its additional kinetic energy. The mass 

• From the Watt Lecture delivered before the Greenock Philosophical 
Boclety on January 17. 

of a body increases when it is heated because its 
content of energy is increased. 

In these cases, when we are dealing with matter 
in bulk, the changes of mass brought about by 
realisable changes of energy are exceedingly minute 
and quite beyond the possibilities of measurement. 
For this reason, it might be thought that the 
effect of the change in mass is on such a small 
scale that it may be disregarded. This is not so, 
for we shall see that the position is very different 
when we deal with flying particles like electrons 
and protons, which can be given speeds comparable 
with the velocity of light. At slow speeds, the 
mass of the electron is only 1/1,840 of the mass 
of our lightest atom, hydrogen ; but its mass 
increases rapidly with speed as we approach the 
velocity of light. Even for the fast electrons that 
are spontaneously liberated from the radioactive 
bodies, the mass of the electron is five or six times 
greater than for slow speeds. This change of 
mass is much greater when we examine the very 
energetic electrons which appear in the cosmic rays. 
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Some of these have a mass greater than that of the 
hydrogen atom, and still more energetic and 
consequently more massive electrons are believed 
to be present. 

The conclusion that the destruction of mass 
involves the appearance of a corresponding amount 
of energy has been experimentally verified in a 
number of cases and is brought out with great 
clearness in investigations on the transformations 
of atomic nuclei. In discussing the changes of 
energy involved, it is customary to employ as a 
unit of energy the electron-volt; thus the energy 
acquired by an electron in passing freely in a 
vacuum between two points differing in potential 
by I million volts is said to be I million electron
volts, or for brevity, I million volts. On this unit, 
the energy equivalent to the rest mass of the 
electron is about 500,000 volts, and for the proton 
about 930 million volts. It is convenient to 
remember that the energy corresponding to mass I 
on the atomic scale is 930 million volts, so that 
0 ·001 difference in mass corresponds to slightly 
less than I million volts. 

If, as the consequence of a nuclear transforma
tion, the resulting masses of the particles are less 
than before, then, if the conservation of energy 
is to hold, the liberation of energy whether in the 
form of kinetic energy of the particles or in the 
form of radiation must be equivalent to the change 
of mass. Consider, for example, the transformation 
which occurs when the lithium isotope of mass 7 
is bombarded by a stream of fast protons. 
Occasionally, as the result of a close collision, the 
proton enters the lithium nucleus and is captured 
by it. The new nucleus formed is unstable and 
breaks up with explosive violence into two 
ex-particles (helium nuclei) each of mass 4, which 
escape with high speed in nearly opposite directions. 
The transformation is schematically shown below : 

where the subscripts represent the charges on the 
nuclei. From a measurement of the speed of the 
particles and allowing for the kinetic energy of 
the bombarding proton, it is found that the total 
kinetic energy liberated in this reaction is I7·I 
million volts, equivalent to a loss of mass of the 
system of O·OI8I units. The relative masses of the 
atoms involved have all been carefully measured 
by Aston and by Bainbridge by means of the mass
spectrograph, and are found to be H = I·0078, 
He = 4·002I6, Li = 7·0I46*. The difference in 
the sum of the masses on the two sides of the 
equation, namely, 8·0224 and 8·0043, is O·OI8l. 
This, as we have seen, is in complete accord with 
the mass equivalent of the kinetic energy released. 

• Recent work indicates that these masses are too low, but the 
mass differences on which the energy depends remain the same. 

It is thus clear that the conservation of energy, 
taking into account changes of mass, holds for this 
nuclear reaction within the limit of the experi
mental errors . Incidentally, it should be mentioned 
that the conservation of momentum and also of 
nuclear charges equally hold in the transformation. 

Similarly, when heavy hydrogen ions of mass 2 
(deuterons) are used to bombard the isotope of 
lithium of mass 6, the following transformation 
occurs: 

Again two ex-particles are shot out in opposite 
directions and with still greater speed than in 
the first case. The kinetic energy liberated is 
22·5 million volts, and again this is found to 
correspond to the decrease of the mass of the 
system. 

In these reactions, the released energy appears 
in the kinetic form, and it is of interest to refer 
to another type of transformation, of Li7 born· 
barded by protons, in which the greater part of 
the energy is liberated not in the kinetic form 
but as a quantum of high energy hv, namely: 

3Li7 + ,H1 --+ .Be8 + hv, 
or --+ 2He• + 2He• + h'l . 

It is not quite certain which of these reactions 
occurs. The mass of the Be8 isotope is known from 
other reactions, and the quantum energy of the 
y-radiation is found to be very great , namely, 
16 million volts-about the value to be expected 
on the conservation of energy. While it appears 
that, in general, the energy released in a reaction 
is mainly in the kinetic form, it is of great interest 
to find such a clear case where the greater part 
of the energy can be released in the form of electro
magnetic radiation of high quantum energy. 

It is also found in general that every type of 
reaction takes place which is consistent with the 
conservation of energy. This is well illustrated 
by the many different types of transformations 
observed in the isotopes of lithium when bom
barded by protons or deuterons. 

While the conservation of energy appears to hold 
in all cases where the energy is associated with 
massive particles, it is by no means so certain that 
the law holds when light particles like positive or 
negative electrons are liberated in transformations. 
It is to be expected that the electrons should 
ordinarily be expelled with identical speed, but 
in all cases examined they are found to be released 
with a wide range of velocity. This peculiarity 
was first observed in the from the radio
active bodies, and cannot be explained by sup
posing that part of the energy of the electrons is 
converted into y-rays. So far as our information 
has gone, it appears that the conservation of energy 
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applies if the energy of the fastest electrons is 
taken as a measure of the energy lo>t by all the 
nuclei involved. Either the conservation of 
energy doe3 not hold with such light particles as 
electrons, or part of the energy is carried off in 
some unknown form. For this purpose, a new 
particle called the 'neutrino' has been invented. 
This particle, which has no charge and small mass, 
is supposed to be emitted with the electron and 
share part of the momentum and energy, but we 
bave no direct evidence of any kind of the existence 
of this hypothetical particle. This apparent break
down of the law of conservation of energy is of 
very great interest and may prove of fundamental 
importance. 

PRODUCTION AND DISAPPEARANCE OF MATTER 

A very remarkable case of the conversion of the 
whole mass of a particle into radiation has been 
recently observed. A few years ago, the positive 
electron of small mass was discovered, and is now 
known to appear in certain transformations and 
to arise also in the passage of high-energy y-radia
tion through matter. These positive electrons 
have a very short life and disappear, apparently 
due to their coalescence with a negative electron 
in their path. In such a case, the mass represented 
by both a positive and negative electron, corre
sponding to l million volts, disappears in a blaze 
of radiation. If at the moment of disappearance, 
the electrons have slow speeds, the energy of the 
radiation should correspond to the combined rest 
energy, namely, 1 million volts; but it is to be 
expected that, in order to conserve momentum, 
two quanta of radiation should be emitted, each 
of 500,000 volts in opposite directions. Actu:1lly 
a radiation of this energy is observed in such cases, 
and in addition experimental evidence has been 
obtained that two quanta of this energy are 
simultaneously emitted. 

Still another striking observation has been made, 
the inverse of the former, for under certain con
ditions pairs of electrons, positive and negative, 
are produced by the action of high-frequency 
y-rays. Since the combined energy of formation 
of two electrons is 1 million volts, the quantum 
energy of the radiation must be greater than this 
to be effective. Apparently the production of 
such electron pairs is due to the interaction of 
the high-energy radiation with the electric field 
outside a nucleus, and is specially marked for 
heavy nuclei. 

This is the first time that evidence has been 
obtained that matter, or at any rate individual 
massive entities, can be produced by the action 
of radiation. There is also some indication that 
this materialisation can be effected also by high-

energy electrons. Under certain restricted con
ditions, it thus appears that mass and energy are 
mutually convertible. So fat· no evidence has been 
obtained that the mass of the proton can vanish 
into radiation. If this process can occur, the total 
energy of the radiation emitted should be nearly 
1,000 million volts. It appears in general that the 
conversion of mass into energy or the conversion 
of energy into mass are most likely to take place 
when we are dealing with very concentrated sources 
of energy such as occur in the energetic particles 
present in the cosmic rays. Some of these are of 
far greater energy than we can hope to produce 
in the laboratory, so a close study of the effects 
produced by the cosmic rays may give us further 
information on this most fascinating and funda
mental problem. 

ENERGY LIBERATED IN TRANSFORMATIONS 

It has long been known that the atoms of the 
natural radioactive bodies break up with the 
emission of a large amount of energy, generally 
in the form of a fast oc- or Some of the 
atoms which are broken up artificially by bom
bardment with protons or deuterons emit even 
more energy than the atoms of the radioactive 
elements. In the case of artificial transmutations, 
we can, however, compare the kinetic energy of 
the bombarding particle with the amount of energy 
released in the transformation. The efficiency of 
bombarding particles in producing transformations 
in general increases rapidly with the kinetic energy 
of the particles. For example, the transformation 
of lithium by protons, of energy say 1 million volts, 
is on a very marked scale, but is still detectable 
with protons of energy so low as 20,000 volts. 
Since the energy liberated in the transformation 
of each atom is about 17 million volts, the energy 
released is about 850 times the energy communi
cated to the atom. On the other hand, we must 
bear in mind that only 1 proton in 10• is effective, 
so that on the whole far more energy is supplied 
than is gained. 

While the over-all efficiency of the process rises 
with increase of energy of the bombarding particles, 
there seems to be little hope of gaining useful 
energy from the atoms by such methods. On the 
other hand, the recent discovery of the neutron 
and the proof of its extraordinary effectiveness in 
producing transformations at very low velocities 
opens up new possibilities, if only a method could 
be found of producing slow neutrons in quantity 
with little expenditure of energy. At the moment, 
however, the natural radioactive bodies are the 
only known sources for gaining energy from 
atomic nuclei, but this is on far too small a scale 
to be useful for technical purposes. 
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