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INTRODUCTION 

The purpose of this report is to collect and organize 

inf'orination, demonstrations .and reference material in such 
. . 

a way as to gi ye the author_ a better insight into the teach

ing of atomi.c and. nuclear. physics in a high school general, 

physics course. 

Various topics in this phase at physics have been 

selected and an attempt has been made to discuss briefly 

each topic in general terms and. without mathematics except 

algebra and trigo?lometry. These topics include theories 

and facts on the structure of the atom, nuclear particles, 

isotopes, radio-activity, fission and reactors. Subtopics 

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 fou.nd 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 ehapte.r on demonstrations and ex

periments. A description of those experiments bas been 

placed at the end of the report as chapter 6. They are 

related to the different topic:s dis cussed in the report. 

Also included is a bibliography of reference material, 

such as books and current articles. 

1 
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This report grew from the idea that since the first 

atomic bomb blast in 1945, the words atom, fission, nuclear 

reactors, fallout, radiation and scores of others are eon

tinuoufJlY being used, not only by the scientist, but by 

almost every individua.l well informed on current news. 

Yet, with all this emphasis on the "atomic age" our 

elementary and secondary schools have in many more instances 

than not failed to educate our young people properly in this 

field. There are several reasons for this; one being the 

tremen'dous rapidity of advances in this field the past few 

years. Another is the idea that it is a much too difficult 

subject for pre-college ag<a students, but probably the basic 

reasons is the lack of knowledge and understanding of the 

subject on the part of teachers and administrators. 

The fact is that the student hears the words "atomic 

age" so often, he may begin to feel acquainted with the 

atom. But many of these students will be disturbed, with 

further reading, to find that everything is 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 

ttwave 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 on 

atomic structure will, in most cases, mislead the students 

into thinking they completely understand a subject about 

which even our greatest physicists are uncertain. 

3 

In a subject as difficult as this we should admit our 

inabilities to give a complete explanation, rather than 

give one which is clear 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 atomic 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

aetive? To be able to emit x-radiation, as Becquerel found, 

the atom must be com~lex. 

Figure 1 

Along such lines of assumption J.J. Thompson proposed 

a model of the atom that was a sphere of positive elec

tricity; more or less a billard type ball with negative 

charges em'bedded in the sphere as in figure one. This 

type of model answered well for many purposes but failed 

4 



in others. 

At this time, Rutherford and his co-workers were ex

perimenting with scatte.ring of alpha particles, which were 

positively charged particles emitted from radioactive ma-

terial. They directed a beam of alpha particles onto a 

very th in foil of gol!it a_nd measured the angular dis tri

bu tion of the scattered alpha particles by counting the 

scintillations on. zinc. sulfide screen connected to a 

microscope. When an alpha. particle hits the zinc sulfide 

screen it produces.a small flash of light which can be 

observed in the. dark with a microscope. Rutherford set 

up an apparatu.s .diagrammed in figure 21, in which he could 

rotate the screen. in a circle about the foil to obtain the 

different angles of deflection. 

Screen 

Vacuum 
Microscope 

. Foil 

Figure 2 

lRalph E. Lapp., Nuclear Radiation Physics, (New York, 
1954) p. 27. 
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Nucleus • c=======~:....::_~~~~~~..!!..I 

Source 

a' 
b' 

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 c·c' where 

cc• is a deflection of almost 1soo. 

To 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 atom. 

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 electrons. 
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If the electrons were situated among the positive charges 

as Thompson assumed, there would be no electric field to 

def'leet the alpha particles. Rutherford said the electrons 

were revolving about the nucleus with just the right veloei• 

ty to create a centripetal fo!oe that would be in equili

brium with the electrical force the nucleus exerted on the 

electrons. 

Such a point of view at once offered the picture of a 

tiny planetary system.' The only difference between Ruther

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 force 

of mass attraction. 

After muc·h experimentation, 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 10-12cm.), 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 spectral lines that every element emitted. 

The spectrum. of an element, which might be a band. or line 

spectrum, are images of a slit resulting from the emission 

of 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 dis

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



sharp spectral line.s, -:OT' of a continuous spectrum, which 

form the characteristic spectrum of the element. These 

different. lines were .a result of the radia.tions having 

different wave . lengths and thus would be dispersed at 

different angles. 

Sinc.e Ruther.ford• s model had the electrons rota ting 

about the nucleus. they. would always be accelerated toward 

the center as any rota ting body would be. According to 

the electromagnetic. theory, a charged body that is ac

celerated would continual.ly radiate energy which would 

cause the electron to approach closer and closer to the 

nucleus. This continu.aLradiation would result in a con

tinous spectrum .and. not in the observed line spectrum. 

So al though the Rutherford a tom cruld explain many of the 

observed happenings .it was insufficient for explaining 

spectral analysis. 

Balmer in working with.hydrogen had observed a series 

of these spectrum lines and found that he could predict 

their wave length),. , by using the equation 

1/A = R{l/22 l/n2) 

where R is the Rydberg constant equal to 109,680 and n is 

the integers 3, 4, 5, ••• 

8 

Bohr's Theory .QU ~ Hrdrogen A!Q!!!• 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 tW·O very: bold postu

lates. He first stated that the electron could revolve 

around the nucleus in certain specific orbits without 

radiating energy. The only allowable orbits, according to 

Bohr, are those in which the angular momentum of the elec

tron !!n: is equal to integral multiples of h/2'11". The elec

tron is restricted to these values of angular momentum and 

no other valu.es are possible.. This can be represented by 

the equation 

mvr = ]lg_ where n = 1, 2, 3, 4, ••• 
2"ff 

Secondly he postulated that when the atom does emit 

or absorb energy it 4oes so in whole units or quanta of 

energy or the amount hf where f is the frequency of the 

radiated waves and h.is Planck's constant from the quantum 

theory. 

In this theory, Planck visualized that when a material 

body sends out radiations it does so in whole units of 

e.nergy 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 ~he equation 

hf : E1 - E2 

where E1 is the energy in one orbit and E2 the energy 1n 

the next larger orbit or lower energy orbit. The only time 

9 



the atom emitted energy was during these hops from one 

orbit to the next. 

With these postulates Bohr developed an equation 

which was identical to Balmer 1 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 was always whole units of tthf". 

This idea seemed to be substantiated by experimental data. 

With further research and developments however, re-

10 

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. 

~ Mechanics. The very important theory on nwave 

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 wand wave length A 

associated with it given by the equations 

w = c2/v and A = -1!._ 
mv 

where c is the velocity of light. He assumed that the elec-
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tron was enclosed in a wave group which had a velocity equal 

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 excep.t 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 th·e position of the electron and its velocity at the 

same time brought about ••Heisenberg's uncertainty principle"" 

which is a theoretic.al principle and has not been eXJ?eri

mentally shown as yet. Heisenberg succeeded in showing 

theoretically that one may choose either to determine the 

'location of a flying electron, or to ascertain its speed 

with precision, but there can be no experiment that will 

fix location and velocity at once with maximum accuracy. 

He found the more accurate one was found, the less accurate 

the other could be calculated, but the product of the two 
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inaccuracies 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 about 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 .ATOM 

Since Dal~on'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 ·e1e c-

trons, protons, neutrons, positrons, neutrinos, photons and 

mesons. The last four are not considered actual components 

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. 

Electron. 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 have e. charge of -4.803 x 10-10esu. and 

a mass of 9.19 x 10-28.~. or 0.00054862 atomic mass units. 

When ejected from a radioactive body they are termed, "beta 

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 p~~ton must equal 

that of the electron but with a positive sign. Therefore 

the proton's charge is 4.803 x 10-lOesu. The mass of the 

proton_is l.00?582amu 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 rll3.ss is 1.00896 and this is 

equivalent to 1.654?7 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 

makes them useful for nuclear bullets. 

Positron. In 1932, C.D. Anderson observed particles 

of the same mass and charge as the electron, being curved 

in the opposite direction to that of the electron in a 

strong magnetic field. They were first thought to be pro

tons, but by further investigation Anderson announced they 

were positive electrons or ttposi trons". In nuclear reac

tions these 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. 



There are two known processes which result in positrons. 

They are ejected from the nuclei of certain artificial 

radioactive 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. 

15 

Neutrino. Due to studies of energy distribution of 

the beta radiation and energy states within the nucleus of 

radioactive substances, physicists were faced with the 

problem of either relinquishing the principle ofL'"conser

va.tion of energytt or postulating the exis tance of a non

detectable, yet energetic particle. They chose the latter 

and called 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, when

ever radiation is emitted or absorbed by a body, it is 

done so in whole quanta, where a "quantum of energy•' is 

given by 

E: hf 

with f being the frequency of radiation and h Planck's con

stant. Such a quantum of energy received the name ttphoton", 

which is a quantum of energy associated with light. Thus 

the photon is the product 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. Einstein was respon

sible for naming the photon in 1905, with his now famous 

photo-electric equation 

hf: !mv2 f p 

in which p is the amoun.t of energy it takes to release an 

electron from the surface of a metal and imv2 is the kinetic 

energy of the escaping electron. Since at impact t .. he mo-

mentum as well as energy must be conserved, the photon must 

possess both energy and mass and, hence, momentum. Einstein 

later formulated this postulate as: "every quantity of 

energy of any form whatever, represents a ~ass which is 

equal to this same energy divided by c2 with C· being the 

velocity of light, and every quantity of energy in motion 

represents momentum.nl This is represented by the equation 

E = mc2. 

This equation resulted from his theory of relativity. 

Mesons .. The meson was discovered in 1936 as a com-

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. Mesons can be either neu-

tral, positive or negative and have variable masses. The 

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

l.rames M. Cork, Radioactivity fillQ, Nuclear Physics, 
(New York, 1950) p. 23. 
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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 foundand 1 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 10-6 seconds 

and its decay products are not known. It is believed 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. 

Isotoyes. 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 

oocuring atoms. The electron is so light compared to the 

neutron and proton that the electron does not enter into the 

mass of the atom 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 uraniwn of the naturally 

ocC>uring elements~ This can be represented by 1Hl and 92u. 

238 •. 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 made up of one or 

more of the simple substances called elements, and the small

est portion of an element which c:an exist is an a tom. Ee.ch 

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-

trans. The 102 elements have, in all, more than 1,200 

isotopes, of which about 300 are found in nature and 900 

to 1100 have been made artificially. 

It was found that the nucleus of an atom is lighter than 

the sum of the weights of its components. To give an ex

ample, the mass of the helium nucleus which is 2He4 is. 

tound 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 energyu of the nucleus. 



CHAPTER IV 

NATURAL RADIOACTIVITY 

Badioactivity is the property possessed by many ele• 

ments, in.which a spontaneous degeneration of the nucleus 

takes place, This degeneration is the result of the emis

sion of three types of radiation, two of which are particles 

and the th+rd being energy. in the.form or electrom~gnetic 

waves. The reason for this emission is instability of the 

radioactive atoms. That is, they are freak atoms, but are 

able to correct themselves. by getting rid or particles or 

energy within their nuclei. 

Some of the properties of these radiation$ have been 

observed by placing a small at11oun.t of the radioactive ma• 

terial at the bottom o~ a slit in a lead block and subject

ing the radiations to a strong ma,gnetic field. 

Gamma 
• I , 

Alph1;. I / 
• •• 1 I Beta 
• I 
·, I I 

·vacuil'fn. 
l rn 

Figure 4 
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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 

fie1d directed outward the distance bet~een the spots that 

are deviated are switched with the one on the left being 

farther from the central image and the right one closer, 

with the central image being unchanged. Knowledge of the 

action of oba rged particles moving in a magnetic 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 gamma 

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 latter property is verified 

by the fact that if alpa particles a re captured in an 



evacuated glass container and an electric spark is sent 

through them they will emit spectral lines coinciding 

with those of helium. 

The beta particles were found to have the same mass 
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and charge as the electron, therefore 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 
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lowest energy level then photons can be emitted until 

this ground energy or lowest energy is reached. 
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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 gamma rays pene

trate without much absorption. While beta particles are 

absorbed by a few millimeters of alum.inum, gamma rays may 

penetrate a thickness of several centimeters. 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 penetrating power has 

many 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 degenerates 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 at.omie 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 

Ra226 86Rn222 / 
88 --3i> 

He4 
2 
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with the superscripts representing the mass numbers and 

subscripts the atomic numbers. The alpha particle is rep-
4 resented by 2He 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 

Ac22? 
89 -> 

Th227 
90 

Here an isotope of actinium emits a beta particle, rep-
0 resented by _1e 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. 

~-life. Early in the history of radioactivity 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 is called its "half-life", and this half-life is a 

unique 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 o·f radioactivity was named after 

the discoverer of the activit;y, Madame Curie. One "Gurieu 

is an activity of 3.7 x 1olO disintegrations per second, 

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

high measure, the millicurie and microcurie were developed 

with the magnitude of .001 curie and 10-6 curie respectively. 



24 

Half-life periods vary greatly. The table below gives 

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

radioisotopes. 

Table I 

At. No. · Element Mass Half-life10 
90 Thorium 232 1.39 X 108 years 
19 Potassium 40 18.3 X 10 " 
88 Radium 226 1620 " 

6 Carbon 14 5580 " 
l Hydrogen 3 12.5 " 86 Radon 222 3.82 days 

85 Astatine 218 2 seconds 
84 Thorium 0' 212 3 X 10-? seconds 

Almost all of the naturally radioactive elanents lie 

in a range of atomic numbers from 81 to 92. Careful study 

of these elements has shown that they can be grouped into 

three series known as the thorium, uranium-radium and ac

tinium series. The transuranic elefilents fall into another 

series. called the neptunium series. 

The mass numbers of every isotope in the thorium series 

are either 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, 232, Th X,224, Th C,212, and Th C",208 

all divisible by 4. Likewise the uranium-radium series is 

called the (4n f 2) series, actinium the (4n f 3) series. 

All of the series have some oo~~on 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. 



25 

Transmutations. Alchemist for centuries had tried to 

produce gold from other metals but had come to the conclu-

sion that it was impossible to produce one element from 

another. However, with the discovery of radioactive trans-

formations, this theory was proven wrong. The first arti

ficial transmutation was produced by Rutherford in 1919, 

when he bombarded nitrogen with alpha particles. Some of 

the nitrogen was converted to oxygen given by the equation 

7Nl4 f 2He4 ----. 8017 ./ lHl 

where 1H1 represents a proton. 

It was 1934 before a radioactive isotope 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. This reaction is repre-

sented by the equation 

13A127 I- H 4 2 e 

The phosphorus then decays, by emitting a positron, to a 

stable isotope of silicon represented by 

p30 Si30 f 
15 s,. 14 

Since that time over 1000 such species of radioisotopes 

have been produced. Wiany of which have become very useful 

in medicine 1 agriculture and industry. 

There are several types of nuclear reactions. Bombard-

ments ·of elements by photons, deuterons which are neutron-

proton systems, neutrons, protons, alpha particles, beta 

particles, and gamma rays, produce many various reactions. 

Even for a single target nucleus and a single bombarding 
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particle; several different reactions may take place. When 

an isotope of copper, 29cu63 , is bombarded with deuterons, 

the following reactionsl may take place: 

zn64 .;. nl 
30 0 

30 
zn63 .;. 2onl 

29Cu64 I- Hl 
63 H2 l 

29cu I- cu63 1 I- H2 29 1 

29 
cu62 I- 1 

H3 

. ·N16l 
28 I- 2 He4 

with the first and third reactions occuring most frequently. 

The equipment necessary for producing high energy par-

ticles for different nuclear reactions are tremendous. 

Engineers and physicists are continuously searching for 

particle accelerators :for bombarding purposes. · Those now 

in use include the Van de Graaff genera.tor, betatron, cyclo

tron, synchroeyclotron, proton cyclotron, betatron synchro-

ton, eosmotron and linear accelerators. 

Because the individual reactions taking place cannot 

be observed directly, due to .the very minute size of the 

particles and radiations en vol ved, 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 

lLapp, 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 REAC1'0R PHYSICS 

Fission. Shortly after the discovery of the neutron 

it was found by Fermi, that mass and therefore, energy 

could be released by splitting up heavy elements to form 

co~ponents 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 similar to a 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 then 

pull apart. 

The energy necessary to split the nucleus 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. In 

1939, Bohr and Wheeler in their paper, "The Mechanisms of 

Nuclear Fission", traced the fission of uranium by slow 

neutrons to u235 rather than the heavier isotope u238. 

It was found that the slow neutron would cause the 

u235 nucleus to split into two parts called fragments or 

fission products. This splitting of one unstable nucleus 

into two stable nuclei resulted in the releasing of energy, 
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which came from rearranging the nucleons into stable nuclei. 

An example of the release of energy can be shown with this 

reaction equ~tion, 

onl f 92u235 Bal4l _1 Kr92 
56 · r 06 · 

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 ot 

Q, 

.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 

Einst.ein.s equation, E = mc2 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 "nuclear .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. 

Nuclear Reactors. There are two basic types of chain 

reactions, controlled 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, which will be discussed later. 

The essential problem in attaining a nuclear chain 



reaction is one of neutron economy; that is to conserve as 

many neutrons as possible for further reactions. This, 

theoretically seems 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 chain reaction can do one of three things. It can 

progress at a steady rate, it can speed up, or it can die 

down. Which 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 
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multiplication of the reactions. This multiplication factor 

is very important in the construction of reactors. It is 

defined as the ratio of the production of neutrons, Pn• 

to the sum of the rates of absorption, A, and leakage, L, 

written 

k = Pn • 
TTL 

When k =la steady rate is maintained, and if k is less 

or greater than l then the reaction is decreased or in-

creased respectively. 

Because of the many fissions taking place within the 
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reactor, it is a source of energy, neutrons and radioiso-

topes. Various typi:)S of reactors are built depending on 

which of these products are wanted. In the fission of one 

Kilogra~ of material with mass number of 235, 23 x 106 

Kw-hr. of energy can be produced. Neutrons with wide 

energy ranges are present and isotopes that are produced 

consist of Pu239 from u 238, c 14 from Nl4 and u233 from 

Th 232 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. in.termed'ie te speed neutrons, and (3) 

fast reactors with very high speed neutrons. Only ther-

m~l 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 

heterogeneous. The former consists of a mixture of the fis-

ionable material and a liquid substance known as a "mod-

era tor", which 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 the thermal re-

actor. A common type of homogeneous reactor consists of 

a solution of uranyl nitrate in water, with the uranium 

enriched with the lighter isotope by as much as 1 part of 

u235 to 6 parts of u238, as compared to natural uranium where 

the ratio is 1 to 140. 1 

1Henry Semant, Introduction to Atomic and Nuclear Physics, 
New York, 1954) p. 446. 



Most reactors, especially the large ones, are of the 

heterogeneous type in which the fissionable material is 

placed in containers scattered throughout the moderator. 
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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 imr~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. 1rhese 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 wa.ter as the moderator is called a "swimming pool 

reactor». In this, the fuel is lowered into 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 

••coolanttt 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 



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. 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, u233 , u235 , u238 , and Pu239 • 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. Some are 

used in industry, medicine, and agriculture, but many others 

are useless and must be placed in a region where they will 

not endanger human life. 

Uncontrolled Nuclear Chain Reactions. As mentioned 
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before, the fi.tomie.lx>mb is an example of uncontrolled nu

elear chain.reactions,. Since so much energy is released 

per fissi.on of. u235, if' enough fissions could be pro

duced. in a very short time, a powerful explosion would 

result. The energy released by the complete fission of one 

kilogram .of u2~ij would be equivalent to that produced by 

about is,700 tons of' TNT. If properly arranged the fis

sion of one kilogram .. of the uranium can take place· in O .4 

microseconds. This amount of energy released in such a 

short time would be a tremend.ous explosion. 

In order to initiate such a chain reaction the unit• 

ing of' two "subcri tieal masses'' into one "overcri tieal mass" 

in a very short time must be accomplished. The critical 

mass of a tiss.ionable material is that size in which the 

number of neutrons lost from the surface is equal to those 

He~vy Material 
Projectile Hemisphere 

Barrel of u235 

Target 

End 

Target Hemisphere 
of 

µ?35 

Breech 

Figure 6 
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produced. Therefore a subcritical $ass 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 reaction 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 tremendous temperatures and pressure created by the fis

sions blow the fissionable material into a subcri tica.l state • 

. One way 'to. assemble such an apparatus is shown diagra

matically in figure 6, showing two hemispheres of u235 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 u235 is the projectile which can be hurled at the target 

by ordinary explosives that could be exploded with the 

breech. The projectile would then 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 produce the explosion before the 

overcritical mass was separated. 

Nuclear Fusion. Another type of nuclear reaction is 

the process of fusion, iri which light nuclei unite to form 

a heavier nucleus 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 represented as: 

H2 f H3 ~. ___.. He3 t 2ri1- f 10. 6 Mev • 

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 nuclear fusion. The funda-

mental source of the universe's energy, the sun, utilizes 

this process. It had long been a question of just how the 

sun could liberate 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 possible by the high temperature inside 

the sun, estimated to be 14 to 20 million degrees centigrade.l 

Radioactivity Dangers. Although much has been and more 

will be accomplished from nuclear reactions, it is a dan

gerous process. During these nuclear reactions radioactive 

isotopes are continually being created. They are respon

sible for the radiation of the particles that are dangerous 

to living organisms near the isotopes. With the detonation 

of nuclear bomb great clouds of the radioisotopes are thrust 

lFrank M. Durbin, Introduction to Physics (New Jersey, 
1955), PP• ?13. 



miles into the air and left free to drift toward and settle 

over populated areas. One of the most dreaded of these 

ttfallout particles 11 is the strontium 90 isotope, which like 

calcium, is util.ized by plants for food. It collects in 
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the leaves of the plants and waits to be eaten by an animal. 

This animal in turn may be eaten by humans and thus the 

radioactive strontium finds i tse,lf 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 are 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. 'rhis is pri

marily 4ue 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 background 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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of radiation present is the Geiger-Mueller counter commonly 

called the Geiger counter. This instrument will be dis

cussed in the following chapter and instructions on how to 

build a simple one for classroom use will be given. 

Time will not permit _a discussion of the applications 

of nuclear physics, but included in the bibliography are 

references on this topic. 



CHAPTER VI 

DEMONSTRATION AND EXPERil~ENTS 

Nuolear and Atomic Physics, along with any other scien

tific subject, can be taught much more effectively by visual 

means, rather than by verbal means 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. 

1rhey 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. 

There 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 Energy Commission, entitled, 

0 Laboratory Experiments with Radioisotopes", edited by 

Samuel Schenberg. It can be obtained from u Superintendent 

of Documents, U .s. Government Printing Off ice, Viashington 25, 

D.C. 

The following were talcen 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 Qf the Stability of Thomson's Model st 
~ !lQm. 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. 
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Materials. Circular battery or crystallizing jar with 

30 turns of no. 18-20 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 

6V 

____ 6 ohm 

R:leostat, 

of' no. 
18-?.0 wire 

Figure 7 



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 show the stability of the 

small magnets within a circular magnetic field. It also 

shows the stability of the 2 and 8 particles in orbits 

around the center. 

41 

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. 



A HOME MADE GEIGER COUNTER 

The simple homemade Geiger Counter diagrammed on the 

next page brings the possibility of individual laboratory 

work with radioactive materials within the scope of the 

science classroom. The counter circuit is actually much 

simpler than the usual radio circuit. It is made with 
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standard and easily obtainable radio parts and can be built 

on a breadboard in a short time. It operates on 115 volt 

A.c. line. Its circuit uses a voltage doubler which pro .. 

vides just over 300 volts. Be sure to get a 300 volt 

Geiger tube. Two suppliers of these tubes are: Electronic 

Products Inc., III E. 3rd St., Mount Vernon, N.Y., and 

Victoreen Instrument Company, 3800 Perkins Avenue, Cleve-

land, Ohio. 

PARTS LIST TO GEIGER COUNTER 

1-pair headphones 

1-STANCOR Transformer Type Ps8415 or equivalent (T1 ) 

l-6AL5 Vacuum Tube (Vi) 

1-7 pin miniature tube socket 

1-1 to 6 megohm resistor, 1/2 watt (R1) 

1-0.0002 mfd, 400 volt capacitor (C3) 

2-0.1 mfd - 150 volt capacitors (c1 and c2 ) 

1-300 volt Geiger Tube (Electronic Products Inc., type 30-G 
or Victoreen Instrument Co. Type 1B86) 
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Figure 8 

1Government Printing Office, Washington, D.c. 



Intermittent Cloud Chamber 

Purpose. To set up a simple cloud chamber in which 

ionization tracks may be observed. 
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Materials. Alpha ray tip; 250-ml. "soft-glass" Ehrlen

meyGr flask; two 1/8-inch pipe nipples, at-inches long; two 

#6 one-hole stoppers; hose clamp; 10-inch length of pressure 

hose; hydrometer bulb two 45-volt B batteries; li-inch 

brass machine screw; two burette clamps; wire; ringstand; 

Sealstik or Dekhotinsky cement. 

Method. 1. 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 Bunsen 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 sealing cement, which can be handled like 

sealing wax, seal the wire lead and the screw into their 

respective holes, as shown in the Figure~. 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 cm 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-sweeping 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 liquid 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 decanpressed, the temperature 

drops and precipitation occurs if there are nuclei of con

densation present. Ions in air are excellent nuclei on which 

condensation forms. At 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. In 

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. 
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,r Half Life 

Purpose. To determine the half life of a radioactive 

isotope from a series of activity measurements taken over 

a suitable 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 immediate surroundings may be 

kept as constant as possible. 

Method. l. Switch on the meter and allow it to 

warm up. Adjust it to the operating voltage of the tube. 

2. Place the vial of 1131, containing about 10 micro-

curie activity, near enough to the tube to give a large 

deflection on the count meter. Since Il31 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, better, over 

a period of a few weeks. Use a similar table as shown be-

low. 

Table II RADIOACTIVE DECAY OF !131 

Date Time Days Observed Background Net cpm Activity A 
o/m 

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

5.5 4:00am 7.27 360 20 340 .4? 
• • • • • • • 



5. Draw a graph, plotting A (net counts per minute) 

as ordinate against time tin (days) as abscissa on semilog 

paper. Draw the most rf3asonable straight line through the 

plotted points, and-determine the half life directly from 

the graph. Comp~re this with the published value (8.08 

Days} for 1131. 
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Effect of a Magnetic li'ield 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 particleE, 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 p32(a beta 

source), 1I11204(a beta source), rl3l(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. 

Wt th some convenient support, mount the Geiger tube in a 

horizontal position about 15 crn from the bench top, with 

the slip facing downward. Cover the beaker containing the 

p32 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. Record the counting rate. 

3. Position the Alnico magnet so that the magnetic 

field is perpendicular to the path of the beta radiation 
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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. 

?. Remove the magnet and record the counting rate. 

8. Reverse the magnetic poles and again note the an

gle of deflection where the count rate is greatest. 

9. Repeat the experiment using T'I204. 

10. Close the shield on the Geiger tube and repeat the 

experiment using 1131 • 

B~sul~~· 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 perpendicularly to the magnetic f.ield. The 

directioh of deflection depends on the direction of the 

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

Discussion. The direction in which the rays from p32 

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 !131 is un

affected by the magnetic field because it is electromagnetic 



52 

radiation and has no charge. 

If a strong Alnico magnet is used, th~ beta particles 

may be deflected 90° or mere. 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 lS cm, 

with opposite poles facing each other, about 1.5 cm apart, 

will produce an angular deflection of the beta rays from 

p 32 in the vieini ty of 200. 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 emitter, 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 p32, indicating that the radiation from Tl2o4 has a 

lower kinetic energy. 

Before counting the solution containing the Tl~04 

should be evaporated to dryness to give a higher counting 

rate. Evaporation should be carried out without boiling, 

preferably under a heat lamp. A light spray of clear lac

quer or plastic over the dry residue will prevent subse~ 

quent loss of the radioactive material either by acci

dental spillage or curious fingers. A solution of eol-



lodion is a cheap effective coating for a dried sample 

mount. 

53 

This experiment illustrates the principle of the beta

ray spectrometer where a magnetic field separates betas 

of different energies. 



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 counter; gamma-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 horizontal position. 

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 

5-em 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 d= 4 cm calculate l/d2 for 4cm, 8 cm, 12cm, 

and 16cm, where 8 cm= 2d, 12cm = 3d and etc. 

8. Calculate theoretical activity and compare with 

experiment results and plot activity vs. distance. 

Results. Below is a sample of recorded data and cal

ulations. 
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Sample Data and Recordings 

Distance Activity Distance Activity 
( cm) (c/m) ( cm) (c/M) 

,_ -

4 32,000 11 4,000 
5 20,000 12 3,500 
6 10,500 13 3,000 
? 8,000 14 2,500 
8 ?,000 15 2,250 
g 6,000 16 2,000 

10 4,500 l? 1,800 

Discussion. The inverse square law states that the inten-

sity of radiation expressed in counts per minute is inversely 

proportional to the square of the distance from the radio

active source or A oc l/d2 • The following table shows how 

closely the actual measurements follow the law. 

d (cm) l/d2 Theoretical Measured 
activity (c/m) activity {c/m} 

4 ( d) - - - - - 1 32,000 32,000 
8 (2d) - - - - 1/4 8,000 7,000 

12 (3d) - - ~ - - - 1/9 3,555 3,500 
16 (4d} ... - - - - - 1/16 2,000 2,000 
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Absorption of Beta Radiation 

Purpose. To demonstrate the manner in which alum-

inum and other materials absorb beta particles emitted by 

a radioactive isotope. 

Materials.. G-IVI tube and counter; a radioactive source 

such as p32 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 two aluminum. 

shelves 6 by 6 inches, one of which has a hole i inch in 

diameter in the center to ·act as a co.llimator); small 

watch glass. 

Method. 1. Arrange apparatus as shown in figure 10. 

2. Turn on the Geiger counter and determine the back-

ground count in counts per minute before inserting. the ra-

dioactive source. 

3. Place the collimator aluminum plate 2 cm below 

the probe. 

u,'linum 
Pl:sj te s 

te 
to ~old ~adiouct~ve 
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4. Place the ~adioaetive source of an aluminum ·shelf 4 

cm from the probe {with sleeve removed and directly under 

the hole in the coll,ima tor aluminum plate. 

5. Take readings and record the average activity in 

counts per minute. 

6.. . Ins.art aluminum.. plate. one over the hole on the eol

ima tor aluminum plate and determine the. average activity 

in counts per minute. 

7. In succession, repeating the process in step 6 for 

each, ado.,plates 2, 3, 4, 5, 6, and 7 to plate one. 

8. Weigh the· plates used and·divide by the total area 

to obtain the thickness of each plate in terms of grams per 

square centimeter. 

~. Plot the activity in counts per minute as ordj,.nate, .· 

against the total absorbe~ thickness ing/cm2 as.abscissa, 

on semilog paper. D'etermine the half-thickness directly from 

the eurve. 

10. Repeat using cardboard absorbers. Compare the 

half-thickness obtained with that for aluminum. 

Discussion •. Where greater accuracy is desired, it is 

necessary to take into account, and to add to the thick-. 

nesses of the aluminum plates, .the thickness of the window 

in the probe, whieh is 30 mg/cm2, and the thickness of the 

air, which is determined by multiplying the distance,. in cm, 

of the air from the top plate to the probe by 1.3 mg/cc. 



Absorption of Gamm.a Radiation 

Purpose. To demonstrate absorption of gamma rays by 

lead plates. 
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Materials. A vial of 1131 (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; meterstick; suitable rack or other means 

for supporting the vial, the G-M tube, and the lead plates 

in proper relation to each other. 

Method. 1. Measure the weight in grams and the area 

in square cm of each lead plate to determine the thicknes~ 

in grams per square cm. 

2. Switch on the count rate meter and allow it to · 

warm up. Adjust it to 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 1131 near 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/cm2. 



Determine the half thickness directly from the curve. Com

pare with published value. 
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A Demonstration Illustrating the Principle of the 

CYCLOTRON.· 

Purpose. To demonstrate how particles are effected 

by a magnetic field which is the principle of the cycle-

ton. 

Materials. Demonstration electromagnet; steel BB 

~hot; ultraviolet fluorescing paint; 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 11. 

T,, )( 

1 LL------
,.._ - 1511 ______ _, 

_l 
15° 

' 
Figure 11 
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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 ultraviolet light is 

shown upon the demonstration in order to illuminate the pole 

of the magnet. 'I1he use of the fluorescing paint and the light 



makes the demonstration unique in that an illusion of an 

atomic 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 presence 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 darkened room in 

which nothing is seen but the light from the fluorescing 

core of the magnet and the moving fluorescing particles. 

Differently sized particles, each size with a different 

color paint, can be used to show similar effects on par

ticles of d if feren t masses. 

The proper positioning of the glass tube is critical 

to the operation of the demonstration and can be determined 

only by experimentation. 
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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 untouched in this re

port due to lack of time. 

A high school physics teacher is faced with the dilemma 

of having too much material to cover in too little time. 

The teacher must be careful to select those topics of classi

cal physics that is necessary and yet have time for the 

newer advances, such as this report suggests. Different 

teachers and classes must spend more time on certain topics 

than others; therefore the individual teacher will have 

to carefully decide upon the time to be allotted for this 

phase of physics in the high school classes. 

In particular instances where little or no time can 

be allotted for this study as a class, this field holds 

unlimited opportunities for projects for 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 students. 

Another possibility for this study is in science clubs. 
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A tremendous amount of science is learned 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 could 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, factory- vwr'k1::::rs, salesmen, grocerymen and others 

some knowledge of this growing science that will mold their 

future. 
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