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INTRODUCTION

The purpose of this report is td collect and organize
information, demonstrations and reference material in sueh»
a way as to give the author a better insight into the teach-
ing of atomic and nuclear physics in a high school general
physies ecourse.

Varioﬁs topies in this phase of physics have been
selected and an attempt has been made to discuss briefly
each topie in general terms and without mathematics except
algebra and trigonometry. These topics include theories
and facts on the structure of the atom, nuclear particles,
isotopes, radio~activity, fission and reactorsg Subtopiecs
such as wave mechanics and the quantum theory have been
touched upon lightly, but are too advanced for a thorough
discussion in this report.

Information not usually found in the ordinary high
school text has been included. A relatively up to date
account of the newer teaching methods of this subject has
been included in the chapter on demonstrations and ex-
periments. A description of those experiments has been
placed at the end of the report aé chapter 6. They are
rélated to the different topies discussed in the report.
Also included is a bibliography of reference materisl,

such as books and current articles.
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This report grew from the idea that since the first
atomie bomb blast in 1945, the words atom, fission, nuclear
reactors, fallout, radiation and scores of others are con-
tinuously being used, not only by the scientist, but by
almost every individual well informed on current news.

Yet, with all this emphasis on the "atomic age" our
élementary and secondary schools have in‘many more instances
than not failed to edueate our young people properly in this
field. There are several reasons for this; one being the
tremendous rapidity of advances in this field the past few
years. Another is the idea that it is a mueh too difficult
subject for pre-college age students, but probably the basiec
reasons is the lack of knowledge and understanding of the
subject on the part of teachers and administrators.

The faet is that the student hears the words "atomic
age" so often, he may begin to feel acquainted with the
atom. DBut many of these students will be disturbed, with
further reading, to find that everything 1s not as clear
and simple as it has been shown in some high school text
or in the classroom. They find that the really up to date
way of explaining the structure of the atom is in terms of
"wave mechanics", "quantum theory" and other very compli-
cated subjects, and with a small amount of investigation
they find why these subjects have been left out of the dis~
cussion in their text books. It is useless to include

something in a text that the student will not be able to

‘understand.



On the other hand, the subject matter being taught oﬁ
atomic structure will, in most cases, mislead the students
into thinking they completely understand a subject about
which even our greatest physicists are uncertain.

In a subject as difficult as this we should admit our
inabilities to give a complete explanation, rather than
give one which is c¢lear and simple but partially incorrect.
With this approach the student will not be so disturbed
when in later studies he finds that what he learned earlier
was simple but incomplete.

Much will have to be left for more advanced courses
in this field of study because it is a highly mathematical
subject. But with careful thought and preparation the high
school teacher can bring to light much important informa-
tion on atomiec and nuclear physics. This has been attempted

in this report.



CHAPTER II

THEORIES ON THE STRUCTURE OF THE ATOM

Dalton believed the atom to be the smallest particle
of matter obtainable. He stated that the atom was the
smallest particle into which matter could be broken by
ordinary chemical means.  This much of his theory still
holds. Although the atom is the unit of chemical combina-
tions,>it also has constituents. If this were not true,
how could a certain element, such as uranium, be radio~-
active? To be able to emit x-radiation, as Becquerel found,

the atom must be complex.

Along such lines of assumption J.J. Thompson proposed
a modei of the atom that was a sphere of positive elec=
tricity; more or less a billard type ball with negative
charges embedded in the sphere as in figure one. This

type of model answered well for many purposses but failed



in others. -

At this time, Rutherford and his co-workers were ex-
perimenting with scattering of alpha particles, which were.
positively charged particles emitted from radioactive ma-
terial. They directed a beam of alpha particies onto a
very thin foil of gold and measured the angular distri-
bution of the scattered alpha particles by counting the
scintillations on zinc. sulfide screen connected to a
microscope.. When an alpha particle hits thevzinc sulfide
screen it produces.a small flash of light which can be
observed in the dark with a microscope. Rutherford set
up an apparatus disgrammed in figure_zl, in which he could
rotate the screen in a circle about the foil to obtain the

different angles of deflection.

Sereen

e

Source of
Particles

Vacuum . '
Miecroscope

Foll

lRalph E. Lapp, Nuclear Radiation Physigs, (New York,
1954) p. 27.
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Figure 3

Most of the alpha particles were found to have a small
angle of deflection such as aa' in figure 3, but others
were found to have deviations such as bb' and cc' where
ee' is a deflection of almost 180°.

Tp_explain the different angles of scattering, Ruther-
ford assumed there was an intense electric field within the
atom and an alpha particle was scattered by a single atom.
The angle of deflection, he assumed, depended upon how
near the path of the alpha particle was to the nucleus of
the aton. |

To have such an intense field, that was strong enough
to deviate the fast moving particles, Rutherford proposed
to treat the entire positive charge as situated at a point,
and the electrons were somewhere outside this point far
enough to allow the alpha particles to move between the

point nucleus and the electronse.
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If the electrons were situated among the positive charges
as Thompsqn assumed, there would be no eleetrie field to
deflect the alpha particles. Rutherford said the electrons
were revolving about the nucleus with just the right veldci—
ty to créate a ecentripetal foree that would be in equili-
brium with the electrical force the nuecleus exerted on the
electrons.

Such a point of view at onee of fered the picture of a
tiny planetary system. The only dif ference between Kuther-
ford's planetary model and astronomical conditions is that'
the attractive force of the atom is electrical, where as
the attractive force of our solar system is Newton's forece
of mass attraction. |

AT ter much éXperimentation, Rutherford in 1911, sum-
marized his atomic model as having a very small positively
charged nucleus, (that of gold having a radius of less than
3.2 x 10~12¢m.), which contains almost all of the mass of
the atom. Revolving about this point nucleus were the
electrons, which were negatively'charged.

A successful model of the atom would have to explain
the phenomenon of spectrael lines that every element emitted.
The spectrum of an element, which might be & band or line
spectrum, are images of a slit resulting from the emission
.0of characteristic visible and ultraviolet radiations when
the element has an electrical spark sent through it or is
heated by some other method. If these radiations are dise

persed by a prism or grating they consist of a number of



sharp spectral lines, or of a continuous spectrum, which
form the characteristic spectrum of the element. These
different lines were a result of the radietions having
different wave lengths and thus would be dispersed at
different angles.

Since Rutherford's mofdel had the electrons rotating
about the nucleus they would always be accelerated toward
the center as any rotating body would be. According to
the electromagnetic theory, a charged body that is ac-
celerated would continually radiate energy which would
cause the.electron to approach closer and closer to the
nucleus. This continual radiation would result in a con-
tinous spectrum . and not in the observed line spectrum.

So although the Rutherford atom could explain many of the
observed happenings .it ﬁas insufficient for explaining
spectral analysis.

Balmer in working wifh_hydrogen had observed a series
of these spectrum lines and found that he could predict
their wave length A, by using the equation

1/5» = R(1/22 - 1/n?%)
where R is the Rydberg constant equal to 109,680 and n is
the integers 3, 4, 5, . . .

Bohr's Theory on the Hrdrogen Atom. A physicist named

Bohr set out to devise a model of the hydrogen atom that
would explain Balmer's series and other observed spectral
phenomena of hydrogen.

He put the electrons in orbit as did Rutherford but



differed from Rutherford's model with two very bold postu~
lates. He‘first stated that the electron could revolve
around the nucleus in eertain specific orbits without
radiating energy. The only allowasble orbits, according to
Bohr, are those in whieh the angular momentum of the elec~
tron mvr is equal to integral multiples of h/24r. The elec-
tron is restricted to these values of angular momentum and
no other values are possible. This can be represented by
the equation

mvr = O wheren =1, 2, 3, 4, «c.

27

Secondly he postulated that when the stom does emit
or absorb energy it does so in whole units or gquanta of
energy of the amount hf where f is the frequency of the
rediated waves and h is Planck's constant from the gquantum
theory.

In this theory, Planck visualized that when a material
body sends out radiations it does so in whole units of
energy called quanta. Therefore a quantum of energy was
considered the atom of energy, where the word "atom" is
thought of as the smallest unit, although all quanta do
not have the same value.

Bohr said the product hf was the quantum of energy
emitted when the electron jumps from one orbit to another
of lower energy. This results in‘the equation

hf = By - Ey
where E; is the energy in one orbit and Ep the energy in

the next larger orbit or lower energy orbit. The iny time
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the atom emitted energy was during these hops from one
orbit to the next.

With these postulates Bohr developed an ecuation
which was identical to Balmer's for his series. This gave
Bohr's theory much prestige and for many years it was con-
sidered a good model of the atom. In his explanation of
the spectrum, he visualized that when an atom received
energy when heated, the electron received part of this
energy and would leave its present energy level and jump
to the higher energy orbit corresponding to the amount of
energy absorbed, which waé always whole units of "hf",
This idea seemed to be substantiated by experimental data.

With further research and developments however, re-
finements had to be made on Bohr's model. The idea of cir-
cular orbits were extended into elliptical orbits and then
the orbits were gradually replaced with the idea of energy
levels of the electron.

Wave liechanics. The very important theory on "wave

mechanics™ was developed by de Broglie, in which he applied
the dual characteristic of waves and particles that had
been associated with light studies, to small particles

such as electrons, protons and etc. He developed the idea
that a particle such as an electron with a velocity v and
mass m, would have a wave with velocity w and wave length‘k
associated with it given by the equations

w = ¢c2/v anda= b
mv

where ¢ is the velocity of light. He assumed that the slec-
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tron was enclosed in a wave group which had a velocity e@ual
to that of the electron, but the individual waves were mov~
ing with a velocity faster than light. This theory began
the very important study of wave mechanics. |

Schrodinger imagined the electron as not existing at
all as a granular object, but rather the electric charge
being distributed about the nucleus in the form of an elec-
tric field or cloud. He.thought.of the density of the
charge as being extinguished in almost all of the space
surrounding the nucleus except in one small region. This
region he called an energy packet, and had the idea this
packet was what had been called the electron. Yet this
theory -also had its failings as its predecessors had. The
important fact of de Broglie's and Shrodinger's theories
is the association of the corpuscular and wave theories
with particles of matter.

Heisenberg's Uncertainty Principle. The inability to

find the position of the electron and its velocity at the
same time brought about "Heisenberg's uncertainty principle,"
which is a theoretical principle and has not been experi-
mentally shown as yet. Heisenberg succeeded in showing
theoretically that one may chooéereither to determine the
location of a flying electron, or tc ascertain its speed
with precision, but there can be no experiment that will

fix location and velocity at once with maximum accuracy.

He foundvthe more accurate one was found, thé less accurate

the other could be calculated, but the'product of the two
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inaceuracies is always constant.

Much of this chapter will seem vague to the high school
student. This discussion was placed in this report for the
purpose of showing the students that everything ebout the
structure of the atom is not simple and clearly understood.
The students should know some of the problems facing our
physicists today and realize the necessity for able minded

men in this field of study.



CHAPTER III
THE PARTICLES OF THE 270M

Sinece Dalton's first hypothesis that the atom was the
smallest particle of matter obtainable, great strides have
been made in the exploration of.this so called unit of
matter. From much research comes the facts that the atom
itself is made up of several particles. These are the elec-
trons, protons, neutrons, positrons, neutrinos, photons and
mesons. The last four are not considered actual componehts‘
of the atom as the electron, proton and neutron are. AS
research continues more particles will be discovered, but
for this report we will restrict ourselves to these.,

Blectron. In the previous chapter we were concerned
with the location and movement of the electron and as stated
previously no solution to this problem is known. But using
the Bohr model of the atom we will think of the electron
as a particle. This particle discovered by J.J. Thomson,
has been found to havs a charge of -4.803 x lo'loesu. and
a mass of 9.19 x lO'zagm. or 0.00054862 atomiec mass units.
WWhen ejected from a radioactive body they are termed, "veta
rays", and will be discussed in the chapter on radioac~
tivity.

Protons. Protons are the positively charged nuclei

of the hydrogen atoms. Since the hydrogen atom is elec-

13
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trically neutral then the charge on the proton must equal
that of the electron but with a positive sign. Therefore
the proton's charge is 4.803 x 10~10esu. The mass of the
proton.is 1.007582amu or in gram weight, 1.67248 x 10"24gm.
Protons were first observed by Goldstein in 1886 as positive
rays in a discharge tube.

Neutrons. Neutrons are particles with a neutral elec~
trical charge and whose weight is slightly greater than that
of the proton. The atomic mass is 1.00896 and this is
equivalent to 1.65477 x 10'24grams. Due to lack>of elec=
trical charge the neutron was not discovered until 1932.
With information from investigations of other men, Chad-
wick identified the neutron. Since neutrons lack charge
they are not influenced by other atoms except at very close
range, therefore, they penetrate thick layers of heavy
elements with little loss of energy.‘ This property also
mekes them useful for nuclear bullets.

Positron. In 1932, C.D. Anderson observed particles
of the same mass and charge as the elsctron, being curved
in the opposite direction to that of the electron in a
strong magnetic field. They were first thought to be bro-
tons, but by further investigation Anderson announced they
were positive electrons or "positrons™. In nuclear reac-
tions thesg particles are commonly emitted but their life
span is short, lasting only in most cases, less than a
microsecond. |

Positrons do not form a part of ordinary matter.
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There are two known processes Whicﬁ result in positrons.
They are ejected from the nuclei of certain artificial
radiocactive materials, and they spring into existence,
along with an electron in a process in which a gamma ray
is annihilated. Charge is conserved in the process since
the particles have charges of opposite sign.

Neutrino. Due t0 studies of energy distribution of
the beta radiation and energy states within the nucleus of
radicactive substancés, physieists were faced with the
problem of either relinguishing the principle ofi"conser-
vation ofvenergy" or postulating the existance of a non=-
detectable, yet energetic particle. They chose the latter
and c&lled it the "neutrino™. Until recently there was no
proof of the existence of this particle, but in 1953, its
existence was established by its interaction with a proton.

The neutrino is assumed to have a mass much smaller
than the electron and no electric charge. This accounts
for its being extremely difficult to detect. '

Photon. According to Planck's quantum theory, whene
ever radiation is emitted or absorbed by a body, it is
done so in whole guanta, where a "quantum of energy"'is
given by
= hf

=

with £ being the frequency of radiation and h Planck's con-
stant. Such a quantum of energy received the name "photon",
which is a quantum of energy associated with light. Thus

the photon is the produect of Planck's constant and the
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frequency of radiation, and when ejected from a radioactive
nucleus is refered to as gamma rays. ZHEinstein was respon-
sible for naming the photon in 1905, with his now famous
photo-electric equation

hf Z imve £ p
in which>p is the amount of energy it takes to release an
electron from the surface of a metal and %mvg is the kinetie
energy of the escaping electron. Since at impact the mo-
mentum as well as energy nust be conserved, the photon must
possess both energy and mass and, hence, momentum. Einstein
later formulated this postulate as: Mevery Quantity of
energy of any form whatever, represehts a mass which is

equal to this same energy divided by 02

with ¢ being the
velocity of light, and every quantity of energy in motion
represents momentum."l This is represented by the equation
E = me®.
This equation resulted from his theory of relativity.
Mesons. The meson was discovered in 1936 as a come
ponent of cosmic radiation from outer space. A year before
it was detected the meson was predicted theoretically. Our
knowledge of the meson is much less clearcut than that of
the other fundamental particles. Iiesons can‘be either neu-

tral, positive or negative and have variable masses. The

light or ordinary meson, termed the "mu meson", has a mass

lreames M. Cork, Redioactivity and Nuclear Physics,
(New York, 1950) p. 23.




17
of 215 times that of the electron. Another, the "pi meson",
has a mass of 285 times that of the electron. Some evidence
of another meson, the "tau meson", has been found and'its
mass may vary from 400 to 900 times that of the electron.

The pi meson is a short-lived particle, decaying in
about 10-8 seconds to a mu meson and probably a neutral
meson. The mu meson's average life is about lO'6 seconds
and its decay products are not known. It is beliéved that
pi mesons play an important part in the mechanism of nuclear
forces.

As can readily be seen Dalton's unit of matter is not
as simple as once thought. Perhaps further research and
experimentation will yield even more complicated structures.
These so called fundamental particles may be found to contain
other components just as the atom is.

Isotopes. Since the atom is composed of three of the
fundamental particles its weight and mass must be from the
weight of these particles. Another term, the "atomic num-
ber", is obtained from these particles. Also since an atom
is electrically neutral then the number of protons and elec-
trons are equal. The number of electrons or protons of an

atom is called its atomic number, which varies between 1
for hydrogen and 92 found in uranium, for the naturally
occuring atoms. The electron is so light compared to the
neutron and proton that the electron does not enter into Fhe
mass of the afom with any significance. This is also true

for the other fundamental particles. Thus the total number
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-of neutrons and protons make up the atomic mass which varies
between 1 for hydrogen and 328 for uranium of the naturally

occuring elements. This can be represented by lHl and ,,U.

238

92
. With the subscript being the atomic number and the

superscript being the mass number.

Every piece of matter in the earth and, as far as we
know,>in other parts of the universe is madé up of one or
more of the simple substances called elements, and the small-
est portion of an element which ean exist is an atom. ZEach
element exists in a number of varieties called "isotopes ",
having the same atomic number but different mass numbers.

To be neutral the atom must always have the same number of
protons, therefore isotopes are elements having the same
number of electrons and protons but varying numbers of neu~
trons. The 102 elements have, in all, more than 1,200
isotopes, of whieh about 300 are found in nature and 900

to 1100 have been made artificiallye.

It was found that the nucleus of an atom is lighter than
the sum of the weights of its ecomponents. To give an ex-
ample, the mass of the helium nucleus which is zHe4 is
found to be slightly less than the weight of two separate
neutrons and protons added together. This difference in
mass is called the "mass defect'", and when calculated in

energy is known as the "binding energy" of the nucleus.



- CHAPTER IV
NATURAL RADIOACTIVITY

Radioactivity is the property possessed by many ele~
ments, in which a spontaneous degeneration of the nucleus
tekes place. This degeneration is the result of the emis~
sion of three types of radiation, two of which are particles
and the third being energy in the form of electromagnetic
waves, The reason for this emission is instability of the
radiocactive atoms. That is, they are freak atoms, but are
able to correct themselves by getting rid of particles or
energy within their nuclel.

Some of the properties of these radiations have been
observed by plaeing a small amount of the ;adioactive ma-
terial at the bottom of a slit in a lead block and subjecte-

ing the radiations to a strong magnetiec field.

19
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Radiations. In figure 4, a diagram of such an appara=-

tus is shown, with the magnetic field perpendicular to the
plane of the paper and directed inward. A photographic
plate is placed some distance from the opening in the block
and left for a time after the whole apparatus evacuated.
Then if the plate is developed, three distinct spots are
observed, one being directly in front of the opening, one
slightly to the left and the third considerably displaced
to the right. If the experiment is repeated, but with the
field directed outward the distance betwsen the spots that
are deviated are switched with the one on the left being
farther from the central image and the vight one closer,
with the centfal image being unchanged. Knowledge of the
action of charged particles moving in a magnefic field tells
us that two of the radiations are charged oppositely, one
being positively charged and the other negatively. The
third being uneffected tells us it is electrically neutral.
The distances the two charged particles were deviated give
a clue to their masses and charges. | |

These radiations have received the names alpha, beta
and gamma rays, with the alpha particle having the positive
charge and beta the negative charge. This leaves the gamna
ray as the neutral radiation.

Experiments have shown the alpha particle as having
twice the charge of the electron and the same mass as that
of the helium'nucleus. This lattef property is verified

by the fact that if alpa particles are captured in an
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evacuated glass container and an electric spark is sent
through them they will emit spectral lines coineiding
with those of helium.

The beta particles‘were found to have the same mass
and charge as the electron, thérefore they are thought of
- as high speed electrons with velocities approaching that
of light. Since the nucleus does not contain electrons,
by the theories on the structure of the atom, one thought
is that they are not present until emitted and they are
born from the transition of a neutron to a proton.

As stated before, gamma rays are not particles, but
are thought of as energy in the form of electromagnetic
waves or photons emitted by an excited nucleus which per-
mits this nucleus to go to its lowest energy state from a
higher one. To illustrate this, a radioactive nucleus may

emit an alpha or beta particle but if it is not at its

b=t
il
b

Ganmna
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lowest energy level then photons can be emitted until
this ground energy or lowest energy is reached.

Penetrating power of radiations. The penetrating pow=-

er of the three different radiations varies considerably.
As shown in figure 5, alpha radiation is usually absorbed -
by a few sheets of paper where as beta and gémma rays pene-
trate without much absorption. While beta particles are‘
absorbed by a few millimeters of aluminum, gamma rays may
penetrate a thickness of several centiﬁeters. Even a few
centimeters of lead will not completely absorb the gamma
radiation but will absorb a large portion of it as the
figure shows. This difference in penétrating power has
nany applications in industry, one being the checking of
thicknesses and for deformations in materials.,

Nuclear Reaction Equations. As stated previously,

when a nucleus emits radiations it degenérates or more
commonly "decays'" into another nucleus that is more stable.
The nucleus that emits the radiation is called the "parent"
and the decay product is the "daughter". Thus when a parent
element such as radium of mass 226 and atomic number 88
emits an alpha particle the product is radon with mass 222
and atomic number 86, with radium being the parent and radon
the daughter. This decay is represented by nuclear reaction
equations similar to chemical equations. The above reaction

or decay would be represented by

4
SBBazze gsRn222 / oHe
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with the superscripts representing the mass numbers and
subscripts the atomie numbers. The alpha particle is rep-
resented by 2He4 since it has the same mass as helium and
a positive charge of 2 which is the atomic number. The

emission of a beta particle is represented as

oT?37 4 -,6°.

Here an isotope of actinium emits a beta particle, rep-

o2 ___
resented by _leo where the mass is O and charge is a
negative 1, to produce an isotope of thorium. Study of

the equations shows that the mass number before decay is
equal to the sum of the mass numbers of the products after
decay. The same is true for the atomic numbers or sub-
scripts.

Half-life. IEarly in the history of radiocactivity it
was discovered that the activity of radioisotopes diminished
with time at a rate characteristic for each isotope. The
time required for an isotope to lose one-half of its ac-
tivity 1is called its "half-life", and this half-life is a
unigue property of that radioisotope. It cannot be changed
by pressure, temperature, chemical states or any physical
environment the isotope might be subjected to.

The unit of measure of radioactivity was named after
the discoverer of the activity, Madame Curie. One "Curie"
is an activity of 3.7 x 1010 disintegrations per second,

usually represented by 3.7 x 1010 d/s. Sinee this is a

high measure, the millicurie and microcurie were developed

with the magnitude of .00l curie and 10-% curie respectively.
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Half-1life periods vary greatly. The table below gives

an idea of the wide range of half-life periods in a few

radioisotopes.
Table I

At. No. Element Mass Half-1ife_

90 Thorium 232 1.39 x 10V years
19 Potassium 40 18.3 x lO8 "

88 Radiun 226 1620 "

6 Carbon . 14 5580 "

1 Hydrogen 3 12.5 "

86 Radon 222 3.82 days
85 Astatine 218 2 seconds
84 Thorium C! 212 3 x 10”7 seconds

Almost all of the naturally radioactive elements lie

in a range of atomic numbers from 81 to 92. Careful study
of these elements has shown that théy can be grouped into
three series known as the thorium, uranium-radium and ac-
tinium series. The transuranic elements fall into another
series called the neptunium series.

| The mass numbers of every isotope in the thorium series
arebeither identical or whole multiples of 4. Thus it is
called the 4 n series. As an example the mass numbers of a
few elements are: Th, 252, Th X,224, Th C,212, and Th C",208
all divisible by 4. Likewise the uranium-~radium series is
called the (4n # 2) series, actinium the (4n # 3) series.
All of the series have some common properties. They all
possess a single long lived isotope, a single gaseous iso-
tope, and the end product of all three are stable isotopes

of lead.
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Iransmutationse. Alchemist for centuries had tried to

produce gold from other metals but had come to the conelu-
siqn that it was impossible to produce one element from
another. However, withathe discovery of radicactive trans-
formations, ﬁhis theory was proven wrong. The first arti-~
ficial transmutation was producéd.by Rutherford in 1919,
when he bombarded nitrogen with alpha'pérticles.~ Some'bf
the nitrogen was converted to oxygen given by the equation

14 ; o4 17 L1
SN 4 JHe 0 4 JH

wWhere lHl represents a proton.

——y 8

It was 1934 before a radioactive iéotope‘was produced.
This was by the Joliots', when they bombarded an isotope
of aluminum with alpha particles and produced an unstable
phosphorus isotope and a neutron. Thié reaction is repre-

sented by the equation

15A127 # 2He4 - 15P50 # Onl.
The phosphorus then decays, by emitting a positron, to a
stable isotope of silicon represented by

15P3° | 148150 # leo.
Since that time over 1000 such species of radioisotopes
have been produced. Many of which have become very useful
in medicine, agriculture and industry.

There are several types of nuclear reactions. DBombard-
ments 'of elements by photons, deuterons which are heutron-
proton systems, neutrons, protons, alpha particles, béta
particles, and gamma rays, produce many various reactions.

Even for a single target nucleus and & single bombarding
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particle, several different reactions may take place. Vhen
~, 63
Cu

29

the following reactionsl may take place:

an isotope of copper, s 1s bombarded with deuterons,

64 1
Z

5020 # B
502n63 £ 2onl
pgCu®® 4 m!
29 63 2

gglu™> # qH
62 3

59Cu £ qH
w01 4
oeN1 # oHe

with the first and third reactions occuring most frequently.
The equipment necessary for producing high energy par-

ticles for different nuclear reactiocns are tremendous.

fngineers and physicists are continuously searching for

particle accelerators for bombarding purposes. Those now

in use include the Van de Graaff generator, betatron, cyclc-

tron, synchrocyclotron, proton cyclotron, betatron synehro-

ton, cosmotron and linear accelerators.

Because the individual reactions taking place cannot
be observed directly, due to the very minute size of the
particles and radiations envolved, means of observation
have been devised, utilizing the effects these particles
have upon gases. The Wilson cloud chamber is one of the

most widely used of these instruments. Although the types

l1app, p. 285.
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used in research are very complex instruments, the principle

of the chamber is very simple. In the chapter on demon-

strations and experiments, directions are given for con-
structing a simple, useable cloud chamber, along with the

explanation of the principles envolved in this apparatus.



CHAPTER V
NUCLEAR FISSION AND REACTOR PHYSICS

I'issione. Shortly after the discovery of the neutron
it was found by Fermi, that mass.énd therefore, energy
could be released by splitting up heavy elements to form
components whose mass number lies in the middle of the
mass number scale. This process is called fission.

The process of splitting a nucleus was explained as
being similer to s spherical drop of liquid that was ex-
cited by application of energy. This drop would start
oscillating and become an ellipsoid and if the energy was
great enough the drop would form a dumbell shape and tlien
pull apart. |

The energy necessary to split the nuecleus would come
from the absorption of a neutron or gamma radiation. Fission
could be brought about by fast or slow neutrons, but only
a very few elements could be split with the latter. 1In
1939, Bohr and Wheeler in their paper, "The Mechanisms of
Nuclear Fission", traced the fission of uranium by slow
neutrons to U23° rather than the heavier isotope pR38,

It was found that the slow neutron would cause the
U233 nucleus to split into two parts called ffagments or
fission preoducts. This splitting of one unstable nucleus

into two stable nuclel resulted in the releasing of energy,

28
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which came from rearranging the nucleons into stable nuclei.
An example of the releasevof energy can be shown with this
reaction equation,

235 141 F
nl # 02U Ralt # z6KT # Bonl £ oQ

0 —_—> 56

where @ represents the amount of energy released.

If.the masses of the products are computed to the
nearest ten thousands of an atomic mass unit a loss of
«2154amu is found. This amount of mass converted to en-
ergy is found to be 200 Mev. This much energy is millions
of times the amount acquired if combustion took place. This
then, is a process in which mass is converted to energy as
Einsteins equation, & = me® tells us is possible.

Besides the two large fragments and energy released,
it was found that from one to three neutrons were also .
emitted. This gave physicists an insight into what is now
termed "nuelear chain reactions". To produce a continuous
series of nuclear reactions the fission neutrons would have
to be conserved so that out of every 2 or 3 emitted one
would produce another fission.

Nﬁclea; Reactors. There are two basic types of chain

reactions, contfolled and uncontrolled. The controlled
chain reactions take place in nuclear reactors. Nuclear
reactors are systems in which non-fissionable and fission-
able materials are so arranged that the reactions can be
controlled. An example of the uncontrolled reaction would
be the atomic bomb, whiech will be discussed later.

The essential problem in attaining a nuclear chain
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reaction is one of neutron economy; that is tc conserve as
many neutrons as possible for further reactions. This,
theoretically séems simple but under actual conditions it
may not be., Such factors as capture of neutrons by impur-
ities and escape from the surface of the material by neu~
trons all present limiting factors in the conservation of
neutrons.

A chein reaction can 4o one of three things. It can
progress at a steady rate, it can speed up, or it can die
down. VWhich it does, depends upon the number of neutrons
emitted from the fission material, and the number that is
conserved for other fissions. As stated before, if one
neutron out of the 2 or 3 emitted, is conserved for another
fission then a steady rate is maintained, but if less than
one is available the chain reaction would cease. A conser-
vation of more than one neutron per fission would produce a
multiplication of the reactions. This multipliéation factor
is very important in the construction of reactors. It is
defined as the ratio of the production of neutrons, P,
to the sum of the rates of absorption, A, and leakage, L,

written

k: Pn

T 7L

When k = 1 a steady rate is maintained, and if k is less
or greater than 1 then the reaction is decreased or ine-
creased respectively.

Because of the many fissions taking place within the
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"reactor, it is a source of energy, reutrons and radioiso-
topes. Various types of reactors are built depending on
which of these products are wanted. In the fission of one
Kilogram of material with mass number of 235, 23 x 10°
Kw-hr. of energy can be produced. Neutrons with wide
energy ranges are present and isotopes that are produced
consist of Pu%? rrom U298, ¢4 rrom N4 ana U233 rrom
Th 252.and many others.

| Reactors can be placed in three general categories,
depending upon the speed of neutrons involved. They are
(1) thermal reactors, using low energy neutrons, (2) res-
‘onance reactors with intermedis te speed neutrons, and (3)
vfast reactors with very highrspeed neutroné. nly ther-

mal reactors will be discussed, for this type is much more

applicable and common than the others.

Two basic types of thermal reactors are homogeneous and
heferogeneous. The former consists of a mixture of the fis—
ionable material and a liquid substance known as a "mod-
erator", whiqh is a material placed in the reactor to slow
down the high speed neutrons produced in the fissions, to
a slow enough velocity for utilization in theythermal re-

actor. A commonAtype of homogeneous reactor consists of

é solution of uranyl nitrate in water, with the uranium
enriched with the lighter isotope by as much as 1 part of
U239 to 6 parts of U238, as compared to natural uranium where
the ratio is 1 to 140.1,

lHenry Semant, Introduction to Atomic and Nuclear Physics,
{New York, 1954) p. 446.
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Most reactors, especially the large ones, are of the

heterogencous type in which‘the fissionable material is
placed in containers scattered throughout the moderator.

In many cases these containers are spaced in a lattice work
in graphite, which serves as the moderator. This type of
reactor is a large structure with many layers of the mod-
erator and fissionable material and is called a nuclear
pile. Heavy water, which is very effective in slowing down
the fast neutrons, is being used as the moderator in some

reactors, with the fuel im.ersed in the water.

Some nuclear reactors, besides producing useful power
and energy also produces another fissionable material that
can be used as fuel in the reactor. These are called
"breeder" reactors. One example is the use of natural
uranium to produce plutonium, P239, which is fissionable
by both slow and fast neutrons. Another reactor using
ordinary water as the moderator is called a "“swimming pool
reactor®. In this, the fuel is lowered intc the water, the
same as in the heavy water reactor.

In all types of the heterogeneous reactors the fuel
must be canned or placed in metal containers to prevent the
"coclant® from being severely contaminated. The coolant is
a gas or liquid circulated through the reactor to keep the
pile from becoming too hot from the tremendous amounts of
heat liberated from the fissions. This coolant is then
run through a "heat exchanger" where heat is removed and‘

can be used by steam turbines to produce power for driving
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other machinery.

The power level of a reactor, which is the rate at
which energy is being produced, is proportional to the
number of fissions taking place per unit of time and this
in turn is proportional to the number of neutrons in the
reactor. Therefore by controlling the number of neutrons
the power level of the reactor is controlled.r This is done
by inserting into the reactor, through slots, steel rods
containing cadmium and boron, which absorb many of the neu-
trons. These controlling rods adjust the rate of fission
by being pulled out or pushed in. To start a pile reaction,
the controlling rods are gradually pulled out until the
level wanted is reached.

For protection of workers from radiations large shield-
ing devices are necessary in the construction of nuclear
reactors. These consist of very thick concrete walls, thick
layers of lead, iron, wood and steel.

Fuels for the reactors are varied, but the following
are a few of the different fuels used in reactors now in
operation; Th232? U253, U235, U238’ and Pu®®®, From these
fuels come many waste products that are very dangerously
radioactive. This has created a grave problem for physi-
cists to determine what can be done with them. OSome are
used in industry, médicine, and agriculture, but many others
are useless and must be placed in a region where they will
not endanger human life.

Uncontrolled Nuclear Chain Keactions. As mentioned
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before, the étomic bomb is an example of uncontrolled nu-
élear chain,reactioné. Since so much energy is released'
per fission of U355, if enough fissions could be pro- |
duced. in a very short time, a powerful explosion woul@
result. The energy released by the complete fissioh'of one
kilogram of U239 would be equivalent to that produced by
about 18,700 tons of TNT. If properly arranged the fis-
sion of one kilogram of the uranium can take place in 0.4
microseconds. This amount of energy released in such a
short time would be a tremendous explosion.

In order to initiate such a‘chain reaction the unite
ing of two "suberitical masses"™ into one "overcritical mass"
in a very short time must be accomplished. The critical
mass of a fissionable material is that size in which the

number of neutrons lost from the surface 1s equal to those

, Projectilg Hemisphere
Heavy Material Barrel of U235
Target \ /
i

Breech

=
=
Qu

. Explosives
Target Hemisphere

of
p235

Pigure 6
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produced. Therefore a éubcritical mass is one in which the
number lost is more than number produced which would not
result in a continued reaction. In an overcritical mass
the number produced would exceed the number lost, therefore
a multiplication of the chain reactibn would occur.

Besides assembling the components into.an overcritical
mass, the mass must be kept at an overcritical state long |
enough for the reaction to proceed with efficiency before
the tremeﬁdous‘temperatures and pressure created by the fis-
sions blow the fissionable material into a subcritical state.

_Oneﬂway to assemble such an apparatus is shown diagré-
matically in»figure 8, shqwing two hemispheres of Uye3o placed
at separate ends of the gun barrel with the target and being
embedded in a large mass of heavy material.: The other mass
of U239 is the projectile which can be hurled at the target
by ordinary explosives that could be exploded with the
breech. The projectile wouldlthen weld itself onto the
target and form an overcritical mass. Cosmic radiation or
other neutron sources could initiate the fission reaction.
The inertia of the momentum of the projectile would be
sufficient to allow the chain reaction to proceed with
’enough efficiency to producé the explosion before the
overcritical mass was separated.

Nuclear Fusion. Another type of nuclear reaction is

the process of fusion, in which light nuclei unite to form
a heavier nueleus and during this process energy is released.

This is the basis for the hydrogen bomb which is classified
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as a thermonuclear weapon, so named because of the need of
tremendous temperatures to set off the fusion process. A
reaction similar to the one which takes place in the hy-
drogen bomb detonation could be representea as:

B2 £ H° __  He® 4 2nlf 10.6 Nev.
With 10.6 Mev of energy released per fusion one can readily
see the reason for the'devastating power of thermonuclear
reactions.

Not only destruction results from nuclear fusion, but
our very existence depends upon nuelear fusion. The funda-
mental source of the universe's energy, the sun, utilizes
this process. It had long been a gquestion of just how the
sun could libérate the great amounts of energy that it does
and yet retain its high temperature. Nuclear fusion seemed
to be the answer. The process by which this fusion can
take place is made poésible by the high temperature inside
the sun, estimated to be 14 to 20 million degrees centigrade.l

Radiosctivity Dangers. Although much has been ané more

will be accomplished from nuclear reactions, it is a dan-
gerous process. During these nuclear reaétions radioaective
isotopes are continually being created. They are respon=-
sible for the rediation of the parficles that are dangerous
to living organisms near the isotopes, With the detonation

of nuclear bomb great clouds of the radioisotopes are thrust

lFrank . Durbin, Introduction to Physics (New Jersey,
1955), pp. 713.
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miles into the air and left free to drift toward and settle
over populafed areas. One of the most dreaded of these
"fallout particles™ is the strontium 90 isotope, which like
calcium, is utilized by plants for foode It collects in

the leaves of the plants and waits toc be eaten by an animal.
This animal in turn may be eaten by humans and thus the
radiocactive strontium finds itself within the human tissues
where it can do much destruction by emitting the fast moving
radiations that destroy the cells of the tissues.

Unfortunately the symptoms of over exposure to radioac-
tivity ars slow in revealing themselves, thus a lethal
dose can be obtained before a person even knows he has
been in contact with it. Some of the more noticeable effects
of over exposure include, loss of hair, destruction and
death of bones, decrease in number of white blood cells,
sterility, altered. heredity offsprings, cancer and cata-
racts on the eye.

Although the dangers are great, there have been surpri-
singly few accidents envolving these isotopes. This is pri-
marily due to the work of radiation health organizations and
safety precautions. |

The amount of radiation that a person can safely be
exposed to is 0.3 roentgens per week. We are continually
exposed to small amounts of bhackground radiation from cos-
mic rays and the relatively small amounts of radioisotopes

in the surroundings.

A useful piece of equipment used in checking the amount
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6% radiation present is the Geiger-iueller counter commonly
cdlled the Geiger counter. This instrument will be dis-
cussed in the following chapter and instructiéns on how to
build a simple one for classroom use will be given.

Time will not permit,avdiscussion of the applications

Fal

of nuclear physies, but included in the bibliography are

references on this topic.



CHAPTER VI
DEMONSTRATION AND EXPERIMENTS

Nuclear and Atomic Physics, along with any other scien-
tific subject, can be ftaught much more effeeti?ely by visual
means, rather than by verbal @eans only. Nothing can re-
place experiences as teaching methods. Included within
this chapter are a number of experiments and demonstrations
that can be carried out in the high school physics class.
They vary in difficulty, but all are at a level that any
average physics class can do if the needed equipment is
available.

The only expensive equipment needed is the Geiger-
Muller count rate meter often called the Geiger counter.
Theré are instructions on how to build a simple and inex-
pensive one, but one is needed in many cases to record
counts which the homemade one will not do.

For this chapter the author relied heavily on a book-
let, put out by the Atomic Inergy Commission, entitled,
*laboratory Experiments with Radioisotones™, edited by
Samuel Schenberg. It can be obtained from "Superintendent
of Documents, U.S. Government Printing Office, Washington 25,
D.C.

The following were taken from this booklet: Intermittent

Cloud Chamber, Half Life, Effect of Magnetic Field upon
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Beta and Gamma Radiation, Inverse Square Law, Absorption

of Gamma Radiation, and Absorption of Beta Radiation.

This chapter is far from exhausting the number of ex-
periments and demonstrations available to the teacher, but
it is a group of the more important ones in the author's
opinion.

Demonstration of the Stability of Thomson's Model of

the Aﬁg@. Thomson, in the development of his atom model
felt that his structure gave a stable atom. The basis for
this can be shown by the following demonstration.
Materials. Circular battery or erystallizing jar with
30 turns of no. 18-30 wire; 6 volt storage battery; 6-ohm
rheostat; small corks; steel sewing needles and a bar mag-

net,

Method. Arrange the rheostat, battery and jar as in
the figure below. Fill the jar about 3/4 full of water and
connect the circuit. Then with the needles stuck through

the center of the corks so they will float upright, stroke
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Figure 7
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the needles with the magnet and place in the water one at
a time, |

Observe and record by drawings the position of each
floating magnet.

Discussion. The results shbw the stability of the

small magnets within a c¢ircular magnetic field. It also
shows the stability of the 2 and 8 particles in orbits
around the center.

The circular magnetic field is stronger in the center
of the field; thus pulling the magnets as near to the center
as possible. With addition of more magnets repulsion forces
them into the various orders and arrangements.

An interesting effect is noticed when the field is

strengthened and weakened.
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A HCME MADE GEIGER COUNTER

The simple homemade Gelger Counter diagrammed on the
next page brings the possibility of individual laboratory
work with radiocactive materials within the scope of the
science classroom. The counter circuit is actually much
simpler than the usual radio circuit. It.is made with
standard and easily obtainable radio parts and can be built
on a breadboard in a short time. It operates on 115 volt
A.Cf line. Its circuit uses a voltage doubler which pro-
vides just over 300 volts. DBe sure to get a 300 volt
Geiger tube. Two suppliers of these tubes are: Electroniec
Products Inc., III &. 3rd St., Mount Vernon, N.Y., and
Victoreen Instrument Company, 3800 Perkins Avenue, Cleve-
land, Ohio.

PARTS LIST TO GEIGER COUNTER

l-pair headphones

1-STANCOR Transformer Type Ps8415 or equivalent (T;)
1~6AL5 Vacuum Tube (V)

1-7 pin miniature tube socket

1-1 to 6 megohm resistor, 1/2 watt (Rp)

1-0.0002 mfd, 400 volt capacitor (Cg)

2~-0.1 mfd - 150 volt capacitors (Cl and Cgp)

1-300 volt Geiger Tube (Electronic Products Inc., type 30-G
or Victoreen Instrument Co. Type 1B86)
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U
DE GEIGER CDUNTERl
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lGovernment Printing Office, Washington, D.C.
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Intermittent Cloud Chember

Purpose. To set up a simple cloud chamber in which
ionization tracks may be observed.

Materials. Alpha ray tip; 250-ml."soft-glas§" Ehrlen-
mey¢r flask; two 1/8~inch pipe nipples, 2%-inches long; two
#6 one-hole stoppers; hose clamp; 10-inch length of pressure
hose; hydrometer bulb two 45-volt B batteries; 1li-inch
brass machine screw; two burette clamps; wire; ringstand;
Seaistik or bekhotinsky cement.

Methode 1l. Put two holes diametrically opposite each
other in the flask as near the base as practicable. To do
this, attach the rubber bulb and stopper to the flask. Heat
a point on the flask in a Bunsean flame. When the glass is
molten, squeeze the bulb sharply. This will produce a hole
which can be enlarged further by heating. One hole should
be large enough‘to hold a wire, and the other, the screw
containing the radioactive tip.

2. Cement the alpha ray tip, procurable from scientific
supply houses, to the end of the screw.

3+« Using the sesling cement, which can be handled like
sealing wax, seal the wire lead and the screw into their
respective holes, as shown in the Figure 9. Allow about 3/4
of an inch of the screw to protrude into the flask.

4, Fill the flask with about 230 ml of water to which
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has been added 1 ml of alcohol and some dye, such as nigro-
sine. A pinch of salt will increase the conductivity of the
water. Insert the stopper and bulb assembly and invert.

When the bulb is filled with water, the level in the flask
should be about 2 ecm from the top.

5. Mount the flask on a ringstand by using a clamp on
the neck of the flask and another below the stopper. This
prevents the stopper from being expelled on compression.

6. Attach the 90 volt-swee@ing field as shown in the
diagram.

7. To operate, compress the bulb so that the level of
the liquid rises, wait five or ten seconds, then release the
bulb suddenly. Look for short momentary vapor tracks of
alpha particles emanating from the alpha tip. A small light
source which casts a beam above and parallel to the surface
of the ligquid will greatly increase the visibility of the
tracks.

Discussion. When air saturated with water vapor is com-
pressed it evolves heat. If the heat is allowed to escape
and then the air is suddenly decaupressed, the temperature
drops and precipitation occurs 1f there are nuclei of con-
densation present. 1Ions in air are exeellent nuclei on which
condensation forms. 4t the moment of decompression, droplets
of condensation appear only around ions produced as the alpha
particles ionize atoms of air along their paths. These va-
por trails or tracks are clearly visible immediately after

decompression. They will be seen to radiate from the alpha



ray tip and will indicate the path of the radiation. 1In
the cloud chamber, ions are swept out of the air by means
of the 90-volt battery. When the tracks disappear the ex-

periment may be repeated.

46
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- Half Life |
Purpose. To determine the half life of a radioactive
isotope from a series of activity measurements taken over
a sulitable period of time.

Materials. A vial of about 10 microcuries of 1131

(as potassium iodide) solution; count-rate meter; a rack
or holder upon which the vial and the G-M tube may be
placed for repeated tests so that the relative geometry
between the two and the immedia te surroundings may be
kep?t aé constant as possible.

Method. 1. Switch on the meter and allow it to
warm up. Adjust it to the operating voltage of the tubs.

2. Place the vial of I3l  containing about 10 micro~-
curie activity, near ehough to the tube to give a large
deflection on the count meter. Since I3l is a gamma source,
the beta shield on the G-M tube should be closed. |

3. Observe and record the counts per minute. Also
record the day and time of this observation.

4. Make similar observations at suitable intervals,
such as each day over a period of a week, or, befter, over
a period of a few weeks. Use a similar table as shown be-
low.

Table II  RADIOACTIVE DEcAY oF I131
Date Time Days Obseived Background Net cpm Activity A
c/m

4-27 9:30pm .0 650 25 625 1.0

e . L4 L] * L L]

5.5 4:00am 7.27 360 20 540 a7

* ] [ 4 L] . . *
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5. Draw a graph, plotting A (net counts per minute)
as ordinate sgainst time t in (days) as abscissa on semilog
paper. Draw the most reasonable straight line through the
plotted points, and determine the half life directly from
the graph. Compare this with the published value (8.08
Deys) for Ilol, |
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Effect of a Magnetic Field Upon Beta and Gamma Radiation

Purpose; To demonstrate that beta particles from a radio-
active source are deflected by a magnetic field, that the
angle of deflection in the same field depends upon the
energy of the beta particles, and that gamma radiation is
unaffected by a magnetic field.

Materials. Count rate meter; 1/32-inch lead foil;
strong Alnico magnet; 10 microcuries each of P52(a beta
source), T1204(a beta source), 1151(a gamma source) in
2 ml of water; three 100 ml beakers or wide~-mouth bottles.

Method. 1. Place each radioactive solution in a
separate beaker and wrap with a sheet of lead foil. Adjust
the shield on the Geiger probe so that there is an 0.5-cm
slit exposing the Geiger tube. Wrap lead foil around each
end of the probe so that the slit is near the middle of
the Geiger tube and is reduced to 2.5 cm in length or
slightly less than the distance between the magnetic poles.
With‘some convenient support, mount the Geiger tube in a
horizontal position about 15 cm from the bench top, with
the slip facing downward. Cover the beaker containing the
P92 with lead foil having an opening the same size as the
slit on the probe. Place the beaker directly beneath the
probe with the two slits parallel.

2. Reeord the counting rate.

3. Position the Alnieco magnet so that the magnetic

field is perpendicular to the path of the beta radiasation
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and parallel to the two slits.

4.  Record the counting rate.

5. Keep the»probe parallel to and at the same distance
from the slit on the beaker and move it slowly through a 90°
arc on each side of the magnetic poles. Rotate the probe
as it is moved so that its opening faces the radiation front.

6« Record the approximate angle of deflection where
the count rate is greatest.

7. Remove the magnet and record the counting rate.

B8e Reverse the magnetic poles and again note the an=-—
gle of deflection where the count rate is greatest.

9. Repeat the experiment using 11204,

10. Close the shisld on the Geiger tube and repeat the
experiment using Ilzl.

Resulis. The addition of a magnetic field in the
path of beta radiation causes a change in the direction of
the rays so that they follow an arc-shaped path. The ex-
periment shows that beta particles are deflected by a
force acting berpendicularly to the magnetic field. The -
direction of deflection depends on the direction of the

magnetic field; has no effect on the gamma rays'from 1131,

Discussione. The direction in which the rays from po2
are deflected relative to the absolute direction of the
magnetic.field, establishes the fact that they consist of
negatively charged particles. Beta rays are, in reality,
highspeed electrons. The gamma radiation from 1191 is un-

affected by the magnetic field because it is electromagnetic
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radiation and has no charge.

If a strong Alnico magnet is used, the beta particles
may be deflected 90° or mare. This exemplifies the means
used in a cyclotron to keep charged.particles in a circu-
lar path. Two cylindrical Alnico V magnets, 1.5 x 18 cm,
with opposite poles facing each other, about 1.5 cm apart,
will produce an angular deflection of the beta rays from
PSz in the viginity of 20°. The use of an electromagnet
in this experiment would provide the advantages of enabling
the demonstrator to control the magnetic field by means of
a switch.

To demonstrate that the angle of deflection also varies
with the energy of the beta emittér, the experiment should
be repeated using the T1204, a thallium isotope which emits
low-energy beta particles. The energy of a beta particle
refers to its kinetic energy or velocity. The deflection
of the thallium beta will be at a greater angle (a smaller
radius of curvature) than that observed with the radiation
from PSZ, indicating that the radiation from 71204 nas a
lower kinetic energy.

Before counting the solution containing the T1204
should be evaporated to dryness to give a higher counting
rate. Zvaporation should be carried out without boiling,
preferably under a heat lamp. A light spray of clear lac-
guer or plastic over the dry residue will prevent subse=
quent loss of the radioactive material either by acei-

dental spillage or curious fingers. 4 solution of col-
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lodion is a cheap effective coating for a dried sample
mount.

This experiment illustrates the principle of the beta-

ray spectrometer where a magnetie field separates betas

of different energles.
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Inverse Square Law

Purpose. To show that the intensity of gamma ra-
diation varies inversely with the square of the distance
from the source.

Materials. Geiger countergvgamma-source button;
stand for holding probe, with a movable shelf on which
the gamma source is placed; ruler or markings denoting
distances in centimeters on the stand.

Method. 1. Close the shield on the probe, which is
attached to the stand in a horizontsl pbsition.

2. Place the gamma source on the shelf 4 cm below
the probe.

3. Turn on the G-M counter and, after making the
necessary adjustments, determine the counts per minute.

4, Lower the shelf with the gamma source to the
S-cm mark and determine the counts per minute.

5. Repeat step 4, lowering the shelf 1 cm at a time,
Stop the experiment when the shelf stands at 17 cm.

6. Record distance and corresponding counts per
minute.

7. Using 4= 4 cm calculate 1/d® for 4cm, 8 cm, 1l2cm,
and lécm, where 8 cm = 2d, 1l2cm = 34 and etc.

8. Calculate theoretical activity and compare with
experiment results and plot activity vs. distancse.

Results. Below is a sample of recorded data and cal-

ulations.
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Sample Data and Recordings

Distance Activity Distence Activity
(em) (e/m) (em) (c/M)
4 32,000 11 4,000
S 20,000 12 5,500
6 10,500 15 3,000
7 8,000 14 2,900
8 7,000 15 2,250
9 6,000 16 2,000
10 4,500 17 1,800

Discussion. The inverse square law stetes that the inten-
sity of radiation expressed in counts pér minute is inversely
proportional to the square of the distanee from the radio-
active source or A « l/dz. The following table shows how

closely the aetual measurements follow the law.

d (em) 1/4% Theoretical Measured

activity (¢/m) activity (c¢/mj
4 (d) - - - -~ - - 1 32,000 32,000
8 (24) =~ = = - - - 1/4 8,000 7,000
12 (3d) - = - - = - 1/9 3,555 3,500

16 (48) = = = = - - 1/16 2,000 2,000



Absorption of Beta Radiation

Purpose. To demonstrate the maﬁner in which alum~
inum and other materials absorb beta particles emitted by
a radioactive isotope., | |

Materialse. G-l tube and counter; a radioactive source
such as P°2 or uranyl nitrate; Six to ten aluminum squares
about 7.5 cm on a side, each weighing about 1 to 1.5 g;
stand to hold probe, radioactive source, and aluminum
squares (the stand should be equipped with ﬁwo aluminum
shelves 6 by 6 lnches, oné of which has & hole 2 inch in
diameter in the center to act as a collimator); small
wateh glass.

Method. 1. Arrange apparatus as»shéwn in figuréxlo.

2. Turn on the Geiger counter and deﬁermine‘the.backf 
ground cdunt in counts per minute‘befofé ihserting.the ra=
dioactive sourcee. |

3. Place the collimator aluminum plate 2’cm below

the probe.

T

r~11 Probe

(o

Aluminun N
Fleotes AN
= = center)
Aluminum plate =
to held Radionctive ® P32
source 3

1.

Figure 10
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4. Plaée the radioactive source of an aluminum shelf 4
em from thelprobe {(with sleevévremoved ana directly under
the hole'in the collimator aluminum plate.

5. Take readings ahd_reCord the average activity in
counts per minute. | _

6o . Insert,aluminumfpla$e,dne over the hole on the col-
iﬁath aluminum plate and determine the average activity
in counts per minﬁté; | “ | |

7. ‘In succession, repeatiné the process in step 6 for
each, add plates 2, 3, 4, 5, 6, and 7 to plate one.

. 8. Weigh thé‘plates used ahd‘divide_by the total area
to obtain the thickness of each pléte in terms of grams per'
sdﬁare centimeter.

. Plot the activity_in counts per minute as ordinate, .
against the total absorber thickness\in g/cm? as'absciSSa,
on semiiog paper. Determine the half-thickness directly from
the curvé. |

10. Repeat using cafdboard-absorbers. Compare the
half-thickness obtained with that for aluminum. |

Discussions.  Where greater accuracy is desired, it is
necessary to take into aceount, and to add to the thickf
nesses of the aluminum plates, the thickness of thé window
in the probe, which is 30 mg/cm2, and the thickness of the
aif; which is determined by multiplying the distence, in cm,

of the air from the top plate to the probe by 1.3 mg/ce.
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Absorption of Gamma Radiation

Purpose. To demonstrate absorption of gamma rays by
lead plates.

Materials. A vial of I3l (as Potassium iodide) solu-
tion containing about 20 microcuries; count rate meter;
lead plates, about one thirty-second of an inch thick and
about 10 cm square; meterstiok; suitable rack or other means
for supporting the vial, the G-M tube, and the lead plates
in proper relation to each other.

Method. 1l. Measure the weight in grams and the ares
in square cm of each lead plate to determine the thickness
in grans per square cme.

2. Switch on the count rate meter and allow it to
warm up. Adjust it fo the operating voltage of the G-M
tube.

3. Cover the tube window with the metal sleeve. Ob=-
serve and record the background in counts per minute,

4., Bring the vial of I3l pear enough to the tube
to give a count-per minute reading high on the scale. Re=-
cord this reading. |

5. Then observe and record the reading as each lead
plate is placed between the radiation source and the G-M
tube. The lead plates should be placed as near the G=M tube
as possible.

6. Plot the activity corrected for background (i.e.
the recorded readings minus the background reading) on

semilog paper against the absorber thickness in gm/omz.



Determine the half thickness directly from the curve.

pare with published value.

Com-

59
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A Demonstration Illustrating the Principle of the
‘ CYCLOTRON .

v?ﬁrpose. - To demonstrate how particles are effected
by a magnetic field which is the principle of the cyclo-
ton.

Materials. Demonstration electromagnet; steel BB
shot; ultraviolet fluorescing péint; ultraviolet light
source; 19 inch glass tube with diameter of 4 mm.

Method. The magnetic field is supplied by the elec-
tromagnet mounted in a horizontal position. The core of
the magnet was pulled out so as to extend about four in-

ches. Then a glass is bent and mounted as in figure 11l.

Figure 11

Steel BB shot are substituted for the atomic particles.
Ultraviolet fluorescing paint is placed on the extended
pole and on the BB shot. A source of ultravioclet light is
shown upon the demonstration in order tc illuminate the pole

of the magnet. The use of the fluorescing paint and the light
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makes the demonstration unique in that an illusion of an
atomie world is created.

In operation, the steel shot are dropped down the tube
in rapid succession. Ordinarily, the steel shot would
emerge from the tube and simply fall to the table. How-
ever in the pfesence of the electric field above the bub-
ing causes the shot to take a nearly circular path about
the core of the magnet.

The effect is enhanced by a totally derkened room in
which nothing is seen but the light from the fluorescing
core of the magnet and the moving fluoresging particles.

Differently sized particies, each size with a different
color paint, can be used to show similar effects on par-
ticles of different masses.

The proper positioning of the glass tube 1s critical
to the operation of the demonstration and can be determined

only by experimentation.



CHAPTER VII
CONCLUSION

This report has only begun to cover the possibilities‘
for Atomic and Nuclear studies in a high school physics
course. Much material has been left untbuched in this re=-
port due to lack of time.

A high school physics teache: is faced with the dilemma
of having too much material to ¢over in too little time.
The teacher must be careful to select those topics of c¢lassi-
cal physics that is necessary and yét have time for the
newer advances, such as this report suggests. Different
teachers and classes must spend more time on certein topics
than others; therefore the individual teacher will have
to carefully decide upon the time tovbe allotted for this
phase of physices in the high school classes.

In partiéular instances where little or no time can
be allotted for this study as a class, this field holds
unlinited opportunities for projects-fof the brighter stu-
dents. The experiments can be done by the students under
close supervision of the teacher and then perhaps a report
to the class will not only help the student in accomplish-
ing the project but should create more interest among the
other studentse.

Another possibility for this study is in science clubs.

62
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A tremendous amount of science is leerned before and after
class hours. Interested students can carry out many of the
demonstrations and experiments that are listed in this re-
port.

For schools seeking another semester of advanced science
this type of study could very easily be expanded for this
purpose. The topics covered could be broadened and many
more demonstrations and experiments coglq be included.

The author feels, because of the gigantic effect up-
on our future that Atomic and Nuclear Physics will have,
the high schools must begin to educate the citizens and
future leaders in this phase of science; not just to pro-
duce scientists, but to give the lawyers, doctors, house-
wives, factofy— wWorkers, salesmen, grocerymen and others
some KkKnowledge. of thig growing science that will mold their

- future.
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