NUCLEAR PHYSICS

this demonstration the high sweep-rate of 60 cycles per second is
made possible by limiting the experiment to a test solution of ferric
nitrate. Few substances are so responsive.

Incidentally, the magneti pectr can also be
used for measuring the strength of magnets. The magnet to be
tested supplies the biasing field. It is modulated as described above,
and the oscillator is adjusted to resonance. The strength of the un-
known field in gauss is equal to the frequency of the oscillator when
it is at resonance divided by 4,228.5.

a4
A HOMEMADE ATOM SMASHER

For less than the average cost of a set of golf clubs, you
can equip yourself for playing with electrons — the

i “spheres” sur ding the atom. With this ap-
P you can tr the el ts, alter the prop-
erties of some common materials and, incidentally,
learn much at first hand about the structure of matter.
F. B. Lee, a chemical engineer and faculty ber of
the Erie County Technical Institute in Buffalo, N. Y.,
tells how to build and operate the machine. Some
safety measures are suggested on page 359

THE PARTICLE ACCELERATOR, more popularly known as
the “atom smasher,” has about the same relationship to nuclear
physics that the telescope has to astronomy. The accelerator probes
the mi ; the telescope, the Like the telescop
the accelerator can open exciting vistas to the amateur. But unlike
the telescope, the accelerator has failed to attract a large amateur
following. The notion seems to have got around that a small par-
ticle accelerator is little more than a toy. But in 1932 the British
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atoms so stripped can then combine to cross-link the hydrocarbon
molecules.

Such cross-linking has a profound effect on the physical proper-
ties of the irradiated substance. For example, when molecules of
the plastic polyethylene are cross-linked by irradiation, the plastic
becomes much harder and melts at a higher temperature, The field
is new and full of opportunities for the amateur.

The electrostatic accelerator may be thought of as a highly devel-
oped two-element electronic tube. It consists of an evacuated tube
fitted with a source of electrons or protons at one end, an accelerat-
ing electrode at the other end, and a high-potential electric field
between the two. If the accelerating electrode is made positive and
the source is either a filament, a radioactive or photoelectric sur-
face, or even a sharp point of metal, the resulting beam will be com-
posed of electrons, If the accelerating electrode is made negative
and a tiny amount of hydrogen is admitted to the tube, the gas will
ionize and the beam will consist of hydrogen nuclei (protons).

The major requirements for constructing a linear accelerator are
a source of high potential and a vacuum system capable of reduc-
ing atmospheric p (760 millimeters of mercury in a mercury
manometer) down to .00001 mm. of mercury. The high potential
may be generated by a Van de Graaff machine such as those de-
seribed in Section IX. A machine capable of delivering 20 millionths
of an ampere (20 microamperes) at a potential of 500,000 volts can
be built for less than $30.

The tube for my accelerator was constructed from.a junked piece
of Pyrex pipe two inches in diameter and about three feet long. A
24-inch length would have been preferable, but the dimensions
are not critical. A hardwood plank eight inches wide, two inches
thick and five fect long serves as a common base for the accelerator
and vacuum pumps.

The accelerator tube is mounted vertically near one end of the
base, as shown in the accompanying drawing [see Fig. 149]. The
cathode fitting, which closes the lower end of the tube, was ma-
chined from a piece of brass 2% inches in diameter and one inch
thick. A hole is drilled in one wall to receive the half-inch copper
pipe which connects the tube to the vacuum pumps. Another hole,
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physicists J. D. Cockeroft and E. T. S. Walton did important pio-
neer work in nuclear physics with a 150,000-volt accelerator of the
electrostatic type which today can be built for less than $100. With
it Cockeroft and Walton succeeded in transmuting lithium into un-
stable beryllium, which then broke down into helium with the re-
lease of energy on the order of 17 million electron volts — scarcely
the performance of a toy. A beam of particles from a machine of
this size is capable of cutting the time of chemical reactions, of in-
ducing mutations in living organisms, of altering the physical prop-
erties of organic compounds and of producing scores of other inter-
esting effects.

The beam of the machine to be described is brought outside of
the apparatus for irradiating targets of substantial area in the open
air. The energy of the particles spans a relatively wide range. It is,
therefore, of principal interest to the amateur chemist. The physi-
cist usually requires a closely collimated beam in which all particles
have about the same energy, whereas the chemist is satisfied with a
more diffuse beam in which the energy of the particles varies con-
siderably. Since the targets irradiated by the chemist are usually
rather thick, it is almost impossible to provide all sections of the
irradiated material with electrons of uniform energy even if this
were desirable. Fortunately it is usually satisfactory to have a large
percentage of the electrons penetrate the target completely.

The ions produced within the target by the beam are largely in-
dependent of the energy of the beam, but the permissible thickness
of the target increases with the accelerating voltage. Electrons ac-
celerated to an energy of 250,000 volts will penetrate metallic alu-
minum to a depth of about .25 millimeter; polyethylene, to a depth
of some three millimeters; air, to a depth of some two meters. The
depth of penetration is roughly inversely proportional to the den-
sity of the target material and to the square of its atomic weight.

With the machine I shall describe amateurs can perform endless
experiments based on the ionization of target materials by electrons.
In the case of hydrocarbon targets numerous hydrogen atoms are
dislodged from their sites in the molecule by the stream of fast-mov-
ing charged particles. Some of the atoms promptly combine into
molecules of hydrogen (H,) and escape as gas. Pairs of carbon
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An electrostatic particle accelerator with a Van de Graaff generator as
its power supply

in which an eighth-inch pipe thread is cut, receives a standard
quarter-inch compression fitting which serves as a gland for the
filament assembly.

The filament assembly is comprised of a quarter-inch rubber rod
about half an inch long, through which two No. 18 enameled cop-
per lead wires are run to support a half-inch length of No. 30 Ni-
chrome wire. The lead wires were coated with vacuum grease
before they were forced through the holes in the rod. The rod was
then greased lightly and slid into the compression fitting, after
which a collar of rubber tubing was slid over it. Finally the com-
pression nut was run home to seal the assembly. Details of the gland
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Filament assembly and base seal of electrostatic accelerator tube

are shown at upper left in Figure 150, The entire unit is vacuum-
tight, easy to assemble and has given no trouble.

With the Van de Graaff machine suggested, the tube develops a
beam of only 10 to 20 microamperes, and the filament operates at a
proportionately low temperature. The optimum filament-tempera-
ture must be determined experimentally. The temperature is con-
trolled by a rheostat in series with the power supply, which may be
a simple doorbell transformer. When the temperature is too high,
excessive emission lowers the resistance of the tube and conse-
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quently the voltage of the Van de Graaff machine, Lowered tube-
voltage of course means lowered beam-energy.

In contrast, low filament-temperature results in scanty filament-
emission, which lowers the beam current and increases the tube
resistance. Thus at low filament-temperature the tube develops
maximum voltage, and proportionately higher energy is imparted
to individual particles in the beam, This compensates somewhat for
the lower beam-current. For this reason downward departures from
the optimum value of the filament temperature are preferable to
upward departures.

The electron beam is restricted to the axis of the tube by a sym-
metrical electrostatic field established by a series of rings spaced at
three-inch intervals along the tube. The rings consist of four turns
of 26-gauge bare copper wire. The ends of the wire are twisted
tightly enough to hold the coil in place on the glass and are spread
about half an inch apart. The points so formed act as corona elec-
trodes and pick up charge from the surrounding air until electrical
equilibrium is established between the air and the rings. In larger
tubes, fixed resistors are substituted for the corona points. This,
however, is not y in hines operating at 500,000 volts
or less.

The upper end of the accelerator is closed by a window of alu-
minum foil through which the beam passes into the air. To prevent
the foil from rupturing under atmospheric pressure, it is supported
by an aluminum grid made of quarter-inch aluminum plate. The
plate is drilled with 37 holes 3/16 of an inch in diameter and ar-
ranged in a hexagonal pattern [see Fig. 151]. Approximately 50 per
cent of the grid area is thus open. The grid is cemented to the up-
per end of the tube with vacuum wax. The foil window, which
should not exceed .001 inch in thickness, is similarly cemented on

top of the grid.
High-vacuum equipment is sealed with special waxes which have
a low vapor-p , i.e., they evaporate so slowly that their vapors

exert very little pressure. These include de Khotinsky wax, which
has a vapor pressure of one micron of mercury; Dennison waxes,
with a pressure of .01 micron; and Picein and Apiezon-W waxes,
with a pressure of .00001 micron.



