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ABSTRACT 

This monograph attempts to demonstrate the value of field 

trips or out-of-class activity as a supplement to the PSSC physics 

program. This type of activity gives a real-life dimension to a 

theory-oriented science study. Such a supplement was incorporated 

into the physics class of PSSC students at Lasalle Catholic Comp

rehensive High School in 1976-77. Two types of field trips were 

undertaken - individual and group. Analysis and evaluation of the 

activity are presented in the light of the goals of education; 

this necessarily involves the cognitive development of the student. 

RESUME 

Il s'agit ici d'une monographie se rapportant au programme 

de physique PSSC et qui se propose de démontrer qu'il est import

ant d'ajouter des activités supplémentaires aux cours réguliers. 

De cette façon l'enseignement théoretique du sujet est en relation 

plus étroite avec la réalité concrète du monde physique. Un tel 

complément pédagogique fut incorporé au programme d'étude d'un 

groupe d'élèves au "Lasalle Catholic Comprehensive High School" 

lors de l'année scolaire 1976-77. Ces activités extra-murales 

furent entreprises individuellement et collectivement par les 

élèves. L'analyse et l'évaluation des résultats obtenus sont pré

sentés en fonction des objectifs pédagogiques poursuivis. Ceux-ci 



impliquent nécessairement le 

l'individu. 

développement 
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CHAPTER 1 

INTRODUCTION 

It is seldom that a year elapses without the emergence of 

new ideas or new methods in the field of education. These new 

arrivals, often enough, are the result of either minor or even 

fondamental changes in the philosophy of education. Conscientious 

educators are ever alert to these changes in anticipation that they 

might augment the quality of their teaching or, at least, that they 

might provide solutions to current problems. 

Physics is one area which had remained remarkably aloof 

from basic change until the second half of the twentieth century. 

The content of the high school physics course remained nearly con

stant for over sixty years except for supplements of technological 

information necessitated by new advancements. However, about 

twenty years ago, in answer to the cry of learning by inquiry and 

discovery, a new high school physics course came on the scene. It 

was produced by the Physical Science Study Committee and the course 

saon became known as PSSC physics. There was greater emphasis 

placed on laboratory work than in the traditional physics course. 

Fewer tapies were treated, but at greater depth. Much less attent

ion was paid to technological applications. There is general agree

ment that it is a definite improvement for better-than-average 

students. 

1 
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Since the late sixties, much has been written to sing the 

praises of individualized instruction packages. The system using 

these is often referred to as a Personalized System of Instruction 

(PSI). In this system the student works by himself at his own pace, 

from study guides, with the teacher ever present to provide individ

ual attention. 

PSSC has been in operation at Lasalle Catholic Comprehensive 

High School (LCCHS) for eight years. For two months during the 1975-

76 school year PSI was used as the method for learning PSSC. The 

results were encouraging enough to introduce the PSI method into 

full scale operation in 1976-77. It was apparent, however, that 

certain undesirable aspects of PSSC, particularly the lack of rele

vant application of concepts and laws, were aggravated by the use 

of PSI. Still there was no question of abandoning PSI, since the 

positive aspects were important. Instead, a remedy was studied 

and introduced to obviate the deficiency. 

In past years a limited use of the field trip or out-side

the-classroom activity has been employed by this writer to add 

interest to the physics program. It was thought that a more organ

ized, more extensive and better integrated use of such activities 

might answer the deficiency already mentioned. Therefore field 

trips were introduced as part of the physics program. 

This monograph outlines sorne deficiencies encountered in 

PSSC physics taught by the mode of PSI. It describes how field 

trips were used to treat these deficiencies. 

Also presented is the rationale to justify field trips 



as a means of contributing to the goals of education, while simul

taneously promoting the cognitive development of the student. 
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CHAPTER 2 

THE GOALS OF EDUCATION 

Over the past twenty years there has been indication that 

science education is moving toward a fuller view of teaching by 

emphasizing greater concern for the development of the total 

person. The National Science Teachers' Association (NSTA) shows 

this concern in its policy position for the 70's (1970:1). It 

defines the general goal of science education thus: 

The major goal of science education should be to develop 
scientifically literate and personally concerned indiv
iduals with a high competency for rational thought and 
action. 

Further, the NSTA expands its definition by detailing 

the qualities of a scientifically literate person as one 

who: 

Uses knowledge of sorne of the major concept~ laws and theor
ies of science in his interaction with other people and his 
environment; 

recognizes the limitations as well as the usefulness of 
science and technology in advancing human welfare; 

understands 
other facets 
development. 

the 
of 

interrelationships between science and 
society, such as social and economie 

In the past it has been common for science teachers to 

view their responsibilities as being concerned with teaching only 

the accumulated facts of science. It is not infrequent that 

teachers today fall into the same error. The NSTA places a 

much greater responsibility on the science teacher. Not only 

4 



are the accumulatedfacts to be known, but the laws and concepts 

are to be adequately understood. Even more, the manner in which 

the student can use his science knowledge or, at least, recognize 

its use in everyday life, is a measure of the success he has 

achieved in his science education. The "everyday life" aspect 

of science education is a particularly important point. The 

NSTA stresses the learning, the understanding and the appreci

ation of science in the outside-the-class environment, be it 

immediate or remote. 

Although more in focus today, this relevance-to-life 

dimension of science has frequently been spoken of by outstand

ing educators in the past. Harvard's Alfred Whitehead (1929:13) 

decries the emphasis on memorized facts and claims that "a merely 

well-informed man is the most useless bore on God's earth." He 

maintains (1929:34) that real science education "should begin 

as well as end in getting hold of the subject matter [!he fact~ 

as it occurs in na ture [real life] • 11 

Earlier still, in 1892 William James (1958:53) advised 

teachers to be patient with the mind which is weak in reproduc

ing facts on examinations, for "it may, in the long examination 

which life sets us, come out in the end in better shape than the 

glib and ready reproducer, its passions being deeper, its pur

poses more worthy." 

While calling for greater total development of the 

student and more social awareness, the NSTA position in no 

way militates against the general goal of education - cognitive 

development. A "high competency for rational thought" is a key 

5 



phrase in its basic definition. The U.S. Education Policies 

Commission specifies that 11 the rational development of the mind 

••• is the common thread of education (Silberman~ 1970:11}." 

Since mental development ranks foremost among educational 

goals, the teacher must know and attempt to understand the 

general framework and the operation of this development. Happily, 

the area of cognition, because it does permit empirical explor

ation, is one in which substantial research has been undertaken. 

The methods of study are quite well defined and evaluated. As 

a result many investigators have formulated specifie stages of 

developmental change. Perhaps the most noteworthy is the Swiss 

psychologist Jean Piaget. His theory on mental development will 

be outlined in the next chapter. 

6 



CHAPTER 3 

PIAGET AND COGNITIVE DEVELOPMENT 

For over fifty years Jean Piaget and his associates at 

the Genetic and Epistemology Institute in Geneva have studied 

how the human mind develops. The formidable quantity of liter

ature from Piaget's research is testament to this activity over 

the past half century. From this extensive research Piaget 

evolved his theory of cognitive development. He offers four 

stages to this development (Hyde, 1970:26-27): 

1. Sensorimotor- (birth to two and a half years). 

This is a period of discriminating and labelling. The child 

is mainly directed by physical stimuli. Thought proceeds from 

present sensations. There is no permanence in abjects. Time 

is now and space is the immediate environment. 

2. Preoperational - (two and a half years to seven 

years). The child is not yet capable of carrying on mental 

operations such as combining, separating or ordering. He is 

ego-centric, finding it difficult to understand views other 

than his own. His thought processes are not reversible. He 

bas very limited concepts of time - past, present or future. 

At this stage he is beginning to use language to represent 

thought. 

3. Concrete operational - (seven years to eleven 

7 
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years). At this stage the child is able to perform operations. 

Thought is mainly limited to thinking about objects or situations. 

His understanding of space and time is greatly expanded. He is 

capable of reversible thinking. He analyzes and is aware of 

variables. 

4. Formal operational- (eleven to fifteen years). The 

child is capable of hypothetical and propositional thought. He 

has become a reflexive thinker, that is, he can think about his 

thinking. Probability becomes understandable. He can do ratio 

and proportions. 

Not only has Piaget proposed these stages of mental 

development, but he has explained the manner through which this 

development cornes about. Barbe! Inhelder, Piaget's co-worker 

(Siegel, 1968:vi), pinpoints the core concept of Piaget's Theory 

of Cognitive Development by stating that Piaget holds "that know

ledge is not a reflection of reality, but the result of active 

interaction between the subject and its environment." 

Piaget says that an individual is born with very rudi

mentary guides which,through physical stimuli, organize the 

child's environment and thinking. These he calls mental struct

ures. The continua! changing of these structures underlies the 

process of intellectual growth. These structures are constantly 

being built and rebuilt. This is done by the "active interaction 

between the subject and his environment". In the interaction 

his present mental structure guides the child's thought and be

haviour. Frequently the interaction presents a contradiction, 

a pattern which does not fit the present mental structure. 



Therefore, it must be revamped or replaced. Continued invest

igation and inquiry enables the child to change (accomodate) 

his former mental structure. This new structure is now used 

and built upon or changed as before. The whole process is called 

equilibration or self regulation. 

In building mental structures Piaget considera three 

main factors: experience, social transmission and maturation. 

Experience means contact with the environment. This contact 

will cause present structures to be enforced or it will offer 

contradictions to set the equilibration system in action. 

Social transmission means that that the child must interact 

with others in order to move from an ego-centered to a truer 

and more objective frame of reference. Maturation means that 

the structure requires time to grow and mature. The more inter

action with abjects or people the child has, then the faster 

and firmer the structure is built. 

Therefore, to foster intellectual development as Piaget 

explains it, there must be continuous input from the environ

ment to be acted upon by the existing cognitive structure. The 

input is accomodated to the structure creating, in effect, a 

new structure. It is the change which takes place in the struct

ures which constitutes learning. 

Most of the above deals with cognitive development alone. 

But a number of the qualities of the scientifically literate 

person are in the affective domain. Still it would be erroneous 

to think of these areas (cognitive and affective) as separate 

entities in science education. Piaget insists on the funda-

9 



mental unity of the cognitive and affective domain. The child's 

ego-centricity, for example, which is an affective trait is a 

function of the crudity of his mental structures. As the child 

develops cognitively his ego-centricity will change and even 

disappear. The equilibration process involving social trans

mission causes the individual to modify his thinking. A more 

objective thought structure is produced. This necessarily 

presents different values and imposes new obligations. In 

this way cognitive development is inescapably intertwined with 

the development of the total persan. 

An awareness of the child's level of cognitive develop

ment should be of paramount importance to the teacher. Then 

of prime concern should be the designing of experiences to 

guarantee that the students have an opportunity to perform 

desirable mental operations at their stage of development. 

10 



CHAPTER 4 

PSSC AND THE GOALS OF EDUCATION 

The impact of Piaget's philosophy is being more and more felt 

in North American education. Greater emphasis is being placed on 

learning by inquiry and discovery under the guidance of the capable 

teacher. David Hawkins of the University of Colorado suggests that 

this teaching-learning process can best be described as a triangular 

relationship of the teacher, the child and the "stuff", sometimes 

called the "I, thou, and it" relationship(Silberman, 1970:217). 

It has commonly been assumed that the physical sciences, and 

physics in particular, are the areas where such a relationship is 

prevalent. Laboratory work under teacher guidance is used in the 

science curriculum. But commendable as this may seem, there are 

some telling deficiencies. 

Young (1976:500) exposes the deficiencies as he plays down 

these laboratory activities, explaining that they "fail to be an 

integral part of social life". He cites the laboratory as a "room 

full of special rules" and further charges that "all too easily the 

lab world is experienced as a closed one". Such an atmosphere must 

certainly be found wanting in a system where the development of the 

total person is the objective. What Young has ascribed to science 

11 

in general is quite apropos to physics and PSSC physics in particular. 

PSSC physics is primarily a laboratory-oriented course. But the 
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experiments seldom illustrate real-life applications of physics con-

cepts. Instead they are aimed strictly at the concept itself and the 

theory of physics. For example, the concept of work in simple appli-

cations with machines is never to be found in PSSC. However, more 

abstract concepts like those found in Newton's Second Law are much 

in evidence. Note the titles (Haber-Schaim, 1975:34,37,44) of the 

following experimenta: 

Experiment No. 20: Changes in Velocity With a Constant 
Force 

Experiment No. 21: Dependence of Acceleration on Force 
and Mass 

Experiment No. 24: Centripetal Force 

As can be seen, these are experimenta on highly abstract 

concepts with very little offered, either in the lab or text, which 

relates to the everyday life of the student. In the section on 

Magnetism, there are no demonstrations or experiments to simply 

"show" the magnetic fields around magnets. The authors seem to be 

of the idea that the students will grasp the idea intuitively from 

the diagrams in the text. Yet after offering such inadequate con-

crete preparation for such an abstract concept as magnetic field, 

the authors proceed to require its mathematical elaboration in two 

different experimenta. Even more, in the Electricity section, all 

basic experimenta on induced electromotive force have been formally 

eliminated, not to mention the more practical applications in motors 

and generators. The approach is restrictive and theoretical. Con-

sequently, physics is assimilated very objectively, quite unrelated 

to the student's environment. 

What further aggravates this lack of relevance is the practice 
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of teaching physics by referring to the ideal. Throughout his learn

ing of physics, the student is made to 11neglect friction, consider no 

other force, suppose a uniform slope, ignore gravity, etc." This is 

hardly conducive to promoting the concepts of physics in everyday 

life. 

Professor E. Eisner manifests the absurdity of the situation. 

He says "the world is full of physics, but these courses do not appear 

to make it obvious to the pupils in general. A recent popularity 

poll for evening classes put physics at the bottom and understanding 

physics in the home at the top (Peters, 1976:497)." 

Dewey (1966:47) expresses a similar thought in a rather beauti

ful manner. He reminds us that confronting the laboratory or labora

tory equipment is not enough. He argues that cognitive development 

is enhanced when there is confrontation with things that are rich in 

experience and association with people. "As a matter of fact", he 

says, "there is no contact with things except through the medium of 

people". He would have us learn such concepts as acceleration by 

using an automobile out-of-doors rather than a small cart moving in 

a science laboratory. 

If the restricted subject matter learnt in the isolation of 

a "closed world" called the physics laboratory is the target of crit

icism here, it is certainly not the only target. The major censure 

is reserved for what the American psychologist J. MeV. Hunt calls 

the "problem of the match", that is, the appropiate relationship be

tween what is to be learned, the way it is to be learned, and the 

stage of development of the learner (Silberman, 1970:217). 

Weigh the degree of difficulty of the PSSC subject matter 



against the mental development of the student and a rather sorry 

imbalance emerges. It is not unfair to say that in PSSC physics 

the student must operate at the formal operational level in order 

to comprehend the concepts. Renner (1976:219) says "our research 

14 

has shown that 66% of Oklahoma high schoo1 seniors still occupy the 

concrete operationa1 stage." In a study more pertinent to this paper 

Rener (1976:222) states "our data have shown upon two separate occas

ions that between 70 and 90% of those who e1ect secondary schoo1 

physics are forma1 thinkers." This percentage appeared to be unduly 

high, but another study of Renner's c1arified the issue. It is 

obvious that most of the forma1 operationa1 students of which Renner 

spoke were sti11 operating very much at the concrete stage. Renner 

(1972:295) found that in a group of fifty-eight students in the forma1 

operationa1 stage on1y fourteen (about 24%) could be ca1led fu11y 

forma1 operational. 

If we were to project these figures to a physics class of 

thirty students, then about 80%, or twenty-four students, wou1d be 

forma1 thinkers, and six of the thirty would be ful1y formai operationa1. 

Thus the majority of the class members are not fully formal operational 

and sa often work at the concrete level. 

Eugene Chiapetta (1976:257) strongly supports Renner when he 

says that "formal operational thinkers demonstrated that they had a 

great deal more understanding of concrete concepts that formal con

cepts in science." So it appears that many who can operate at the 

abstract level have the potential for considerable improvement in this 

area of operation. 

Herein lies the dilemma. PSSC relentlessly demands operating 
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at the forma! level. Even the reading level of the PSSC text is rated 

grade twelve or first year college. 1 And while Renner (1972:26) em-

phasizes that the teacher must "provide experiences commensurate with 

his [the student' ~ language and maturity level", we must remember 

that some of the students are as yet incapable of formal thoughLand a 

large percentage of the remainder of the students are just entering 

the formal operational stage. 

In spite of this criticism of PSSC physics, most authorities 

still agree that PSSC has its place for the advanced class. The 

obvions implication is to attempt to eliminate the deficiencies in 

order to adequately give the enrichment which PSSC can provide. 

1 
The reading level of the PSSC Physics text was so rated 

by the guidance department at LCCHS. 



CHAPTER 5 

PSSC AND PSI 
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The personalized system of Instruction (PSI) is one which bas 

found favor in many educational centers. In 1967 there began in the 

United States a four year development plan aimed at initiating indivi

dualized learning. The system was to span grades one through twelve 

and eventually was to be extended to teachers' college (Weisgerber, 

1971:2). It is not the purpose of this paper to weigh all the merits 

or demerits of individualized instruction. However, a summary of its 

operation at LCCHS is inserted here to indicate that a program which 

uses PSI to teach PSSC physics, advantageous as it might be, may 

require adjustments in order to provide more opportunity to acquire 

scientific literacy. 

Fundamental to PSI is the premise that students should advance 

at their own pace and receive help to meet their individual needs. 

Here are the mechanics of the method as used at LCCHS during 

1975-76 and 1976-77. The students were given study guides which pro

vided the basic theory and text book readings for a section; explana

tions and sample problems were offered; guided problems followed; then 

text book and supplementary problems were assigned; when all this was 

completed, the student was given a formal written test; if success was 

achieved the next study guide was taken and the process continued; 

failure meant restudy and retesting. 
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Teacher and students were happy with the method. Yet, be-

cause of the highly abstract material of the text plus the rigid (read, 

study, take notes, do problems, do tests and retests) academie mode of 

PSI, the problem of relevance became more discernable. PSI was defin-

itely encouraging a persona! sense of responsibility and producing 

good study habits. The students liked it. But there was sornething 

rnissing. Even the lecture system of former years was superior from 

the standpoint of sorne exposure to real-life physics. This is be-

cause in the lecture system efforts to rnake concepts more real were 

exerted with constant references by the teacher to their application 

in the horne and industry. 

In PSI most students wanted enough information to push on. 

The brighter students wanted to complete as many packages as fast as 

possible; the slower student was constantly striving to keep pace 

with the suggested norm. Besides, the teacher now had little tirne 

to offer supplernentary information. Indeed, a scientifically literate 

individual would be hard pressed to surface under such a program. 

Without abandoning PSSC or PSI an intelligent supplement to 

the present prograrn had to be attempted. Perhaps Renner (1976:222) 

had such a supplement in rnind when he made the following outline for 

designing a physics course: 

1. Selection of the concepts which represent the content 
to be taught. 

2. Provision for laboratory experiences which provide 
information the instructor can use to invent the 
concepts. 

3. Teacher-student interaction during which the concepts 
are invented. 



4. Determination of other events, abjects and/or 
situations which can be explained with the in
vented concepts. 

Our present course had all of the above, but was weak in the 

fourth- "events, objects,etc." And it was this weakness which 

accounted for many of the shortcomings detailed already. However, 

there are very few programs which, when put into operation, do not 

reveal areas of weakness. It becomes the obvious duty and challenge 

for the teacher to remedy the situation. The Plowden Committee, a 

Parliamentary Committee in England, put it this way: "The teacher's 

task is to provide an environment and opportunities •••• There has to 

be the right mixture of the familiar and the novel, the right match 

18 

to the stage of learning the child has reached (Silberman, 1970:218)." 

In designing an exercise to treat the weaknesses already ment-

ioned, other factors had to be considered. That is: 

1. The exercise had to be primarily one of "doing" by the 

student. 

2. The teacher's role should be one of guiding and encourag-

ing the student. 

3. The exercise had to be sufficiently general so as to 

accomodate all of the students, not only intellectually but physically 

and financially as well. 

4. The exercise had to allow for student involvement with 

any tapie in the physics program. 

5. Safety precautions had to be stressed and observed. 

6. Adequate time had to be allotted to allow for serious 

work and yet guarantee that the students' other subjects did not 

suffer. 
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Past experiences provided convincing arguments that out-of-class ex

cursions or field trips had considerable potential in regard to ful

filling the above criteria. Therefore, I decided to have each student 

conduct two seriously planned field trips - one an individual field 

trip, the other a group field trip. 
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CHAPTER 6 

THE FIELD TRIP INTRODUCED 

Field trips, conducted for the purpose of enriching a student's 

current studies and broadening his views of life, have long been 

accepted as pedagogically sound. Dewey (1906:16) recognized the 

value of real-life experience and was against viewing subject matter 

as a substitute for it. To him, content alone without foundation in 

experience is soon lost. It is without motive for retention, since 

the "formalness" of logical ideas and organized mathematical relations 

imparts insufficient mental impact to guarantee permanency. 

Education will necessarily be more complete when the community 

becomes a virtual laboratory for school work. Harrison (1970:9) tells 

us that "the cloister idea of education is out .••• This does not de

tract from the great importance of education in school, but underlies 

the idea that education at home, in the club, in the theatre, the 

museum and the library is just as fruitful." Hammerman (1952:4) 

points out that text-book knowledge is second band: "It is always 

the persan who sees, discovers or explores a situation who gets the 

most out of it. Such learning is faster, is more deeply appreciated 

and is retained longer." 

There is a general tendency for field-trip literature to 

favor such disciplines as geography, history, biology and geology. 

Be that as it may, the broad factors which make field trips desirable 
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in these areas are also very applicable to physics. 

If the literature on physics field trips is sparse, it is not 

because such endeavours are rare occurrences. My own experience is 

that physics teachers frequently engage in outdoor excursions. A 

common opinion is, however, that much more could be achieved from 

such activities which often involve time to arrange, and considerable 

energy and expense to pursue. In the year (1976-77) I was determined 

to use these occasions more beneficially. 

In mid-September, when the students were sufficiently familiar 

with PSI, we used a class period to discuss the PSSC physics course. 

Most of the students expressed that they liked the subject and that 

they were happy with the PSI method. The general consensus, never

theless, was that physics was difficult and they sensed little of the 

practical in it. They rarely were aware of any physics principles 

at work in their day-to-day lives. Physics was not relevant to them. 

As the discussion progressed, the students began to see where 

physics· principles were being demonstrated to them daily. There was 

physics all around them - at home, at school, indoors and out, in 

their parent's occupation, even in their own bodies. It was agreed, 

though, that their present course in physics did little to associate 

physics with this reality. They concluded that it would be a definite 

improvement to incorporate some of this real-life physics into their 

present program. 

The following day the physics field trip plan was introduced. 

My own enthusiasm seemed to provoke a marked zest in the students. 

I was happy to have had some recent out-of-class experiences on 
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which to draw. 1 The lively give and take of the class discussion 

made it relatively easy for the "medicine to go down". The two field 

trip assignments were well received. It was on this occasion that 

the class affectionately dubbed them "the mini" and "the maxi", which 

terms I will employ now and then in the following pages. 

The mini involved each student in the organizing and conduct-

ing of his own field trip. A report on it was due in mid- November. 

It would consist of some 2000 words or equivalent (on tape, movie, 

etc.). 

The maxi was to be organized and conducted by the class in 

mid- March. The report from the maxi was due in mid-April and 4000 

to 5000 words or equivalent were expected. 

In both cases a maximum of two students could group to corn-

plete the report. These two assignments would form 15% of their 

school physics mark. 

It seemed proper to assign at this time, the topics for the 

major field trip(s) to be undertaken in the spring. Doing so, further 

clarified the type of activity for those still somewhat hazy about it. 

The topic or tour to be conducted in mid- March was (1) Beauharnois -

a Hydro Quebec power project, or, (2) the McGill Synchrocyclotron, 

for those who wanted a greater challenge. 

1 
Seme activities in which I directly participated the previous 

year are: (1) visits with some of my science classes to the Dow Planet
arium and the Lachine Water Filtration Plant, (2) a tour of the Ruther
ford Museum at McGill under the capable guidance of Doctor F. Terroux, 
(3) participation in a survey Physics course in which each of the lectur
ing professors conducted a practical session in their specifie labs 
and areas of research, (4) visits during summer vacation to the Ontario 
Science Centre in Toronto and the Museum of Science and Technology in 
Ottawa, (5) delivery of two after-supper lectures and conduction of two 
outdoor astronomy sessions with a group of our school's biology students 
at Mont St. Hilaire, Que., on a three day live-in, field-study session. 
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The students' questions and suggestions demonstrated a more-

than-expected interest and receptiveness to the project. We completed 

the discussion by summarizing what we might expect to derive from ful-

filling the assignment. Their thoughts were summarized as basic ob-

jectives for their tasks. These were: 

1. to produce a greater understanding of physics (its laws, 

theory and concepts) by seeing physics in situations more relevant. 

2. to encourage and promote individuality and creativity. 2 

3. to promote scientific literacy. 

Finally, to prevent any ambiguity a formal statement of the 

assignment was issued: 

1. Each student in Physics 5523 is to conduct a field trip 

or out-of-class excursion. 

2. This activity must involve physics principles, concepts, 

laws, etc. 

3. The student is to observe people or apparatusdemonstrat-

ing or applying such principles, concepts, laws, etc. 

4. Preferably the activity should show the use of such 

principles, concepts, laws, etc., in the real-life world of home, 

industry, research, entertainment or even sports. 

A heavy emphasis was placed on what the completed report 

should contain. There bad to be a detailed description of the tour 

or excursion. Specifie and direct reference from the tour to physics 

Throughout this paper, individuality and creativity will be 
used collectively, because of the pronounced overlap in the meaning. 

3 
the last half of a two-year PSSC physics course offered 

to level five students. 
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theory had to be included. The theory could be treated to whatever 

degree of sophistication the student was able to muster. The rele

vance of the exhibit to mathematical relations or physics formulae 

was highly encouraged. This description of the tour and its relation 

to theory was to comprise about seventy per cent of the assignment. 

What to include in the remaining thirty per cent was left to each 

student's bent and choice, as long as it had a thread of coherence 

with the overall topic. 

The format or method of doing the assignment was not rigid. 

This was an area where creativity and individuality could be freely 

and widely portrayed. Some ideas put forth were: essay with dia

grams, tape recordings, video presentations (photographs, slides, 

overhead transparencies, movies), prograromed study format, models 

or exhibits of their own making as a supplement, etc. 

Those who had definite ideas about something different were 

free to discuss it with the teacher. Considerable leeway was per

mitted those who had good proposais and were keen about carrying them 

out. 

This was the exercise assigned to a PSSC class of twenty-six 

senior high school students at the beginning of the 1976-77 school 

year. 



CHAPTER 7 

THE PROJECTS 

The period between the date on which the project was 

assigned and the deadline for completion was one of significant 

activity. It was an interval during which I observed and partic

ipated as guide, encourager and resource center. It was obvious 

that in completing the assignment the class as a whole was examining 

into much of the spectrum of science. A refreshing enthusiasm, un

familiar to the usual physics routine, emerged to meet this new 

endeavour. 

Physics concepts were reviewed and analyzed; projects were 

sought out which would demonstrate these concepts. The library was 

harvested of ideas and explanations in anticipation of the trip; it 

was then revisited to confirm statements or clarify still cloudy 

observations before final framing of the report. 
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This chapter will contain a listing of the topics and a brief 

résumé or explanation of the work performed. Following the résumé 

are a,few words specifying succinctly the important procedures em

ployed to accomplish the field trip and draw up the report. 

Sorne activities, which were eventually abandoned, are briefly 

mentioned because of their important contribution to the objectives 

established earlier. 

The words in quotation marks, unless otherwise referenced, 



are direct quotes from the student's work. Some student photographs 

and sketches are also included. 

THE MINIS - TITLES 

1. Radioactivity and Rutherford 

2. Conservation of Energy 

3. Electrical Energy 

4. The Theory of Relativity 

5. Conservation of Energy and of Momentum 

6. Aerodynamics 

7. The Electromagnetic Spectrum and the Doppler Shift 

8. The Vanier Arcade 

9. The Laws of Reflection 

10. The Ballistic Pendulum 

11. Calculating the Circumference of the Earth 

12. Tides 

13. Remote Sensing 

14. No project (two students) 

Total: 13 projects from 26 students 

THE MINIS - RÉSUMÉS 

1. Radioactivity and Rutherford 

This tapie, suggested during the assignment discussion, was 

quickly taken up by four students. Since the library of the school 

and that of the city of Lasalle did little to supplement their seant 

knowledge of Rutherford, they anticipated that a visit to McGill 

University's Rutherford Museum would answer the need. They arranged 

an interview and tour with the museum curator, Doctor F. Terroux 

26 



who was recently retired from the Physics department at McGill. I 

was asked to be present at a session one day after school; preparat

ions were taking place for the rendez-vous with Doctor Terroux. 

Knowledge that Doctor Terroux was a former student of and close 

friend to Doctor Rutherford added to the interest of this group. 

Aside from the assignment, they were enthused by the prospect of 

(1) visiting the renowned University of McGill, (2) listening to 

achievements of one of the most renowned experimental scientists 

of all time, while observing the very building and surroundings 

where his experimenta were performed. 

The realization of the visit was every bit up to the ex

pectations of the students. They evidently established immediate 

rapport with Doctor Terroux. 

A somewhat unfortunate setback transpired during the tour 

and interview. The boys had brought along a tape recorder which 

they plugged into the electrical outlet at the beginning of the 

interview. To their dismay they soon discovered that "at world

famous McGill, an institution renowned for its contribution to 

science," they could not find an outlet that worked. The emergency 

batteries proved to be weak. Consequently their taping was too 

garbled to be of much use. Undaunted, after arriving home, the 

foursome went through a debriefing session and re-enacted on tape 

the complete proceedings. One of them portrayed Doctor Terroux. 

Sorne other undertakings of this group were: (1) they set 

up a cloud chamber such as is found in the Introductory Physical 

Science course (Haber-Schaim, 1972:133), (2) they took sorne good 

quality photographs of cloud-chamber tracks, (3) they experimented 

27 
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with a more complex cloud chamber, (4) they used a geiger counter 

and radioactive minerals. 

The final product was an essay describing the trip to McGill, 

the history of radioactivity (including Rutherford's work), and a 

profile of Doctor Terroux. They presented sorne of their own experi-

ments with the cloud chamber and geiger counter as part of their 

research on radiation and radioactivity. Photographs and diagrams 

were included plus the garbled and improvised tapes. Two groups 

did this project, each with its own research and essay, but they 

used the tapes and photographs in common. 

- essay, interview, tour, experiments, tapes and pictures. 

2. Conservation of Energy 

Two students presented a structure which they had built to 

study mechanical energy. It was roughly patterned on the apparatus 

used by James Joule to illustrate the mechanical equivalent of heat 

(Barton, 1967:78). References were made to the Churchill Falls 

project1 • An uncle of one of the students who was an engineer on 

the project provided them with sorne technical data. Mention of the 

dam and of the pendulum were used in conjunction with their own 

constructed madel to demonstrate energy conversion. The production 

of electrical energy was explained with direct reference to the 

Churchill Falls project. Graphs of the experimental results obtained 

from their madel were included. 

- essay, madel, experiments. 

Jthurchill Falls in Labrador is an electrical power project 
of the Government of Newfoundland. Quebec bas a long-term contract 
for the purchase of this power. 
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3. Electrical Energy 

This one student gave in a fifteen-page essay (with diag-

rams) on the meaning of electric current, electrical energy, and 

electrical power. Electrical power was explained from bicycle-

generator models which he bad used at the Ontario Institute of 

Science and Technology in Ottawa. He states: 

For example, in the museum, there is a bicycle deviee which 
when pedalled turns a generator which, in turn, produces el
ectricity to light a vertical series of lights. As the 
rate of mechanical energy increases (faster pedalling) the 
illumination of the lights progresses, one by one, vertically 
upwards. 

The student also experimented with the telephone magneto 

in the physics laboratory to demonstrate this increase of elect-

rical energy with the increase of mechanical energy (faster crank-

ing of the magneto). The faster the magneto was cranked the bright-

er the connected light bulb would glow. From his observations 

he indicated some of the factors involved in induced EMF. 

- essay, visit to the science museum, lab experimentation. 

4. The Theory of Relativity 

One boy, who said he was always fascinated by the subject 

of relativity very much wanted to have the opportunity to work 

at it. He felt that he could "figure out a way" to do a project 

that wasn't just a theoretical essay. There was no denying his en-

thusiasm. Every few days saw him with a different book on the sub-

ject- Relativity for the Million, The Universe and Dr. Einstein, 

etc. Added to this was a barrage of questions about time dil-

ation, frames of reference and even tachyons. Dicussions with 

his peers on these topics were quite commonplace. He could not 
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accept the velocity of light as absolute. He insisted that if Einstein 

expected his followers to wrench their thinking violently from the 

current "logic" of the day, then he should offer the same freedom 

to others who might, in future, challenge his absolutes. He was 

acquiring a "gut feeling" for the subject, but the field trip aspect 

was still to be dealt with. As the deadline approached he realized 

his predicament. His opening paragraph tells it all: 

It is rather difficult to go on a field trip where one 
can strongly experience relativity in the sense of time di
lation, mass augmentation and volume decrease. Therefore, I 
have chosen as my field trip a show at the Dow Planetarium 
entitled 'Einstein's Universe'. 

He presented an essay review of his readings with examples from the 

Planetarium show2 • He proceeded to explain the importance of "frames 

of reference" in relativity, telling of how the program in the 

Planetarium illustrated this by an experiment with the projector. 

The sky was projected and two planets were made to revolve 
around each other. From an outside observer's point of 
view it was nearly impossible to determine which planet 
was moving and which was not - due to a lack of a fixed 
frame of reference. 

The basic predictions made by the theory of relativity were 

outlined, sorne equations were explained and graphs were drawn to 

illustrate the effect of velocity on mass, length and time. 

- essay, visit to the Dow Planetarium, considerable reading and 

debate. 

The Dow Planetarium, the first major planetarium in 
Canada, is located in downtown Montreal and is operated by the 
city of Montreal. 
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5. Conservation of Energy and of Momentum 

This student's first attempt was a rather interesting project 

on conservation of energy, using the family car. Although many mea-

surements were taken with specifie purposes in mind, the essence of 

the procedures was to determine the efficiency of the vehicle. Data 

was taken in accelerating to thirty miles per hour, decelerating to 

a stop, and from the ascent of a slope of known height at constant 

speed. 

It was a simple matter to calculate the energy input. There 

was no trouble determining the quantity of gasoline consumed from a 

full tank. 7 The energy rating of gasoline (about 4,8 x 10 J/kg) was 

a readily available statistic from science handbooks. 

However, after many trials the student was discouraged by 

the inconsistency in his results. He maintained that there were 

just too many variables and he abandoned the project. It was re-

placed by a home lab on conservation of momentum in one and two 

dimensional collisions. This activity was performed using plastic 

pucks on an air table hockey game. Strobe light photographs were 

taken of the collisions. From these vectors were drawn and con-

clusions made. 

- essay, home experimenta, strobe photographs. 

6. Aerodynamics 

An interview with N.G. Zarifah of Rockwell International 

provided the inspiration for this paper on aerodynamics. The basic 

forces of flight, namely,lift, gravity, thrust, and drag were ex-

plained with the help of pencil sketches and references to the inter-
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view. Also included was a pictorial history of flight development. 

- essay, interview and pictures. 

7. The Electromagnetic Spectrum and th~ Do2Eler Shift 

A project on this tapie evolved from much thought on a 

variety of astronomical subjects. The two boys involved are camera 

bugs with a bent toward astronomy. After class they were offering 

and discussing an idea a day, almost. To mention some examples: 

(1) they wanted to take pictures of the moon each night at the same 

time, and from them determine its velocity around the earth, (2) they 

expressed interest in determining the height of a mountain on the moon 

- after reading of such an undertaking in a Project Physics Book 

(Holton, 1972:135), (3) they suggested they might find the spin speed 

of Montreal on the earth by taking a time-exposed picture of some known 

star and measuring the amount of blur from the time exposed. They 

finally settled on the Doppler Effect in Astronomy. They searched 

severa! libraries from which special illustrations were photographed. 

The sanie Doppler Effect was illustrated on audio-tape. A friend 

sounded his car horn continuously and its approach and departure 

were recorded on tape. The frequency change in sound waves was re-

lated to similar changes in electromagnetic waves. Excellent photo-

graphs of red shift and blue shift lines of star spectra were copied 

from books. They arranged an interview with Dr. J. Dumas of the Dow 

Planetarium. He explained and reemphasized some of their findings. 

Dr. Dumas also pointed out to them the part which the Doppler Shift 

plays in explaining some of the basic theories of the universe. These 

pupils asked to be excused from the formal written essay. Instead 

they arranged, at my convenience, a comfortable chair beside a slide 



projector and tape recorder. The presentation took about three

quarters of an hour. 

- ideas, ideas, pictures, slides, taped interview and commentary, 

car horn experiment. 

8. The Vanier Arcade 
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The arcade refers to a series of science exhibits and on-the

spot experiments set up by Avrum Dunsky, a physics teacher, at Vanier 

CEGEP. The arcade is in the main thoroughfare of the Physics Depart

ment. About twenty physics activities are available to all inter

ested passers-by. 

Two students visited the CEGEP on two occasions and worked 

with all the exhibits. In their report, they confined themselves 

to detailing only three of the exhibits. These are: (1) the Hidden 

Target, (2) the Puzzle, (3) the Door Bell. 

In the Hidden Target a shape is hidden under a black dise 

which is free to rotate in 90° turns. A bal! is launched at the 

target from the different positions. The size and the shape of the 

target can be determined by analyzing the deflections. 

The Puzzle has four balls in channels which slope toward 

the center. The idea is to get the four halls to the outside edge 

of the channels simultaneously. 

The Door Bell involves the energy conversions of a steel 

ball. A motor-driven elevator raises the bal! up a narrow channel 

located on the left of the exhibit. From the top the bal! is re

leased and wends its way through the energy conversion areas as 

shawn in Fig. 7.1. 
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Fig. 7.1 --The Door Bell (Courtesy of Mr. Avrum Dunsky) 

A -- Electromagnetic Induction D -- Piezo-Crystal 
- hall pulls magnet through coil - flashes neon bulb 
- meter deflects 

E Probability Nail Bed 
B Bell 

F Jumping Rabbit 
C Loop the Loop 



During one of their visits the students interviewed Mr. 

Dunsky. Part of their paper presented the benefits of such science 

displays. They commented positively upon them as "pedagogical in

struments devised to promote interest while increasing knowledge." 

- essay, slides, photographs, interview, tour. 

9. The Laws of Reflection 
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Again, this was a second-choice undertaking. Many hours had 

been spent attempting to study the efficiency of insulation in a 

house. Time did not allow this student the opportunity to resolve 

the problem of inconsistent (again) results. However, many precise 

observations were recorded of heat input (using electric heaters) and 

heat loss before taking up this less demanding project on reflection. 

Some of the ideas experimented with were derived from a visit 

to the Ontario Science Center in Toronto and the Ottawa Museum of 

Science and Technology. At the Toronto exhibits, there is a sound 

display using parabolic reflectors to focus and reflect sound. When 

speaking from the focal point of a huge parabolic reflector, one can 

be heard at the focal point of another such reflector about fifty 

metres away. 

Our school lab has two fairly large (35 cm of arc) parabolic 

reflectors with which this student experimented using sound (a tick

ing watch), light and heat at the focal point. 

The completed report was in modular form. There were object

ives, theory, detailed explanations using ray diagrams, suggested 

experimenta, problems and post test. 

- modular report, experimenta, visit to science museums. 
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10. The Ballistic Pendulum 

The idea of making and experimenting with the ballistic 

pendulum was presented to the teacher after these two students came 

across it in their library searching. It was accepted and extreme 

caution was urged. One October Saturday theyproceeded to a pro-

perty in the Laurentians. They arranged their equipment as shown 

in Fig. 7.2. 

An 8 mm movie was filmed of all proceedings. The students 

fired a 22 bullet into the block of wood and the wood rose in pen-

dulum fashion. A large graduated piece of wood was placed in a 

position beside the wood pendulum to be used for measuring the height 

risen. Five trials were taken by shooting the bullets from five 

different distances. All distances were indicated on the film in-

cluding the rise of the pendulum. The boys measured the mass of 

the block and the bullet. They determined the height which the pen-

dulum rose by reading this measurement from their film. Then they 

used the laws of conservation of momentum and energy to derive the 

formula: 

v _ (m + M \ 
-~~2gb 

Rere v is the initial velocity of the bullet; m is the mass of the 

bullet; M is the mass of the block; g is the acceleration due to 

gravity; and h is the change in height of the block. They calculated 

the velocity v for every trial and took an average. Their resulta 

were very close to that specified by the manufacturer. 

- essay, experiment performed in the Laurentians by a ballistic 

pendulum of their own making, 8 mm film. 
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Fig. 7.2 --The Ballistic Pendulum 

B Branch of a tree 

s Supporting strings 

M Block of wood 

m Bullet 

v Velo city of the bullet 

h Change in height of the block 
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11. Calculating the Circumference of the Earth 

This project was based on an exercise performed over two 

thousand years ago by Eratosthenes, a Greek mathematician. The 

students assured me that physics theory would be included in this 

highly mathematical project. Their sketch, Fig. 7.3, reproduced 

below will enable the reader to visualize the method used; it will 

also serve as an aid to show the development of the equations. 

On Noverber 7, 1976 (a sunny day with some clouds) the two 

experimenters placed a plumb line (CB) outside in the sun, and 

observed its shadow length (AB). From this setup they were able 

to determine the value of 9', the angle formed by CA and CB. CA 

is the line from the top of the plumb line to the end of the 

shadow. 

They reasoned that "since all rays of the sun arrive 

parallel to each other, then AC is parallel to OD. Therefore 

angle 9 is equal to angle 9 1 (OC is a transversal) and 

9° BD 
----- -----~--~--------3600 Circumference of the earth (E) 

or 

BD 
E (1) 

where BD was the distance from Lasalle to the location due south 

where the sun was directly overhead, i.e., where a plumb line would 

cast no shadow.'' This distance was arrived at by finding the parallel 

of latitude where the sun's rays would strike vertically on that 

particular day. Then, from a map, the north to south distance from 

Lasalle to that parallel was determined. This distance (BD on the 



POSITIONS 

N 

EARTH 

s 

Fig. 7.3 -- Calculating the 
Circumference of the Earth 

B Montreal- Lasalle 

D ... -

D Location where a plumb line would cast no shadow at 
solar noon 

0 -- Centre of the earth 

DISTANCES 

CB 

AB 

OB 
OD 

BD 

Length of the plumb line 

Length of the shadow cast by the plumb line 

Radii of the earth 

Distance due south of Lasalle where no shadow was 
cast at solar noon 
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sketch) was found to be 6 369 569 metres. From equation (1) above 

"the circumference of the earth is 39 025 km." 

This circumference was then used to find the radius of the 

earth, which in turn was used to calculate the speed of rotation of 

the parallel of latitude on which lay the city of Lasalle. Fig. 7.4 

was employed to show the geometry used in establishing the required 

equations. 

In Fig. 7.4 angle C/J = angle C/J' 

and p R cos C/J' = R cos C/J 

th en v = 27TP = 2TTR cos C/J 

At At 

where C/J is the angle forming the parallel of latitude through La

salle. This 45.3° reading was obtained from the "Dorval weather 

office". C/J' is the angle bounded by the earth's radius to Lasalle 

and the radius of the parallel of latitude through Lasalle. 21TP 

is the circumference of the parallel of latitude through Lasalle. 

The ~t is the number of seconds in one day. Finally v is the 

speed of rotation of Lasalle. 

The value of the speed of rotation of Lasalle was calculated 

to be 317,87 m/s. The kinetic energy (derived from the earth's 

rotational motion) of a mass of m kg located in Lasalle was found 

to be 50 521m joules. 

- essay, experimentation outdoors$ weather bureau consultation. 

12. Tides 

This student provided an essay with many sketches and dia-
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grams explaining tides, and how they might be used as an energy source. 

The idea was extracted from a planetarium show which had a section 



Fig. 7.4--Calculating the 
Velocity Due to Rotational Motion 

POSITIONS 

B Location of Lasalle on the earth 

0 The centre of the earth 

A Centre of the circle formed by the parrallel of 
latitude which goes through Lasalle 

DISTANCES 

OB 
oc 

AB 

Radii (R) of the earth 

Radius (P) of the circle formrd by the parallel 
of latitude which goes through Lasalle 
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onNcelestial influence!' Most of his data and charts were loaned by 

an earth science specialist teaching at 111 1 Université du Québec." 

- essay, visit to the Dow Planetarium, interview. 

13. Remote Sensing 

The electromagnetic spectrum was the object of interest to 

these four students. It was their hope that the production and use 
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of X-rays would form the bulk of their paper; the rest of the spectrum 

would be treated less intensively. They foresaw no difficulty in 

obtaining a tour and interview in the X-ray department of some 

hospital. Nothing could be scheduled. They appealed for help. 

I asked if they would like to arrange a trip to Ottawa on 

their own to interview a research scientist and to observe his work. 

Dr. Vincent Thomson is one of a group of Canadian scientists re-

searching the use of certain properties of the electromagnetic 

spectrum. The students were delighted by this idea. 

Dr. Thomson, when contacted, accepted the proposai; he even 

forwarded some advance reading material to help the group in its 

preparation. 

They left by train one Saturday morning armed to the teeth 

with questions, tape recorder, cameras, pencils, paper, etc. Dr. 

Thomson was very considerate in meeting them at the station. He 

informed me later that: "I knew they meant business because after 

the car doors slammed shut, during the course of introductions, I 

heard the tape recorder flicked on." 

They proceeded to the research data center where the work 

is analyzed and evaluated. Pictures are developed here and the 



Fig. 7.5 -- Doctor Vincent Thomson at the Centre for Remote Sensing 
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computers process the data. The crew were very amused to see that 

a doctor of physics could forget his key and had to climb a fence 

and crawl in through an unlocked window. They could not resist tak

ing a picture of the event while Dr. Thomson was not looking. 

At the data centre, it was explained that a number of scient

ists were involved in research using the electromagnetic spectrum. 

Specifically, it was termed "remote sensing" - a process of acquir

ing data by directing sorne part of the spectrum toward a selected 

area and studying the reflection. This is somewhat analogous to the 

traffic-radar system, when a reflected wave is translated instant

aneously into a velocity. The "sensing" was also done by exposing 

film toward areas which were themselves delivering sorne radiation. 

The specifie radiations demonstrated were radar, microwave, infra

red, ultra violet and laser. A number of the scientists were operat

ing electromagnetic wave projectors from airplanes and taking pictures. 

At that time Dr. Thomson was researching laser beams to determine the 

depths of certain lakes. Pictures were taken and notes recorded and 

questions answered. To make the application more concrete still, 

Dr. Thomson drove them to the airport. They looked over the plane 

which Dr. Thomson was presently using. Again the experimental gear 

was explained. The result was two papers on the electromagnetic 

spectrum as used in remote sensing. The optical spectrum was used 

to introduce the topic in both groups. One group, however, chose 

the complete range of spectra used at the research centre. The other 

concentrated more on the laser, its theory and application particularly 

as used by Dr. Thomson. 

- essay, tape, pictures, interview, tour. 
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14. No project 

Two students, although they showed no particular animosity 

toward this assignment,did not do it. In fact, it was difficult 

getting most assignments or laboratory write-ups from them all year. 

, In a nutshell, these are the reports from the "individual 

field trips" submitted in late November. With a degree of restraint 

I have attempted to present them objectively. But the students had 

me participate in so many of them on an advisory basis that subjec- · 

tivity may have emerged. 

THE MAXIS - TITLES 

The above activity was to be a preparation for the more 

typical field trip to be conducted in a large group in March. The 

locales of these were to be: 

1. The Beauharnais Hydro Power Plant in Beauharnais 

2. The McGill Synchrocyclotron at McGill University in Montreal 

THE MAXIS - RÉSUMÉS 

1. The Beauharnais Hydro Power Plant 

In late February all students matching the normal PSI pace 

had covered the basic theory of induced EMF. Demonstrations on 

induced currents, Lenz's Law and the AC - DC generator were con

ducted. An excellent film "The Fundamentals of AC - DC Generation" 3 

was viewed. The students by this time were ripe to see the theory 

in action. Arrangements were made with the administration, a bus 

was rented and on the overcast afternoon of March 22, the students 

left for Beauharnais about 40 kilometres south-west of Montreal. 

3This film was produced by General Electric. 
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On our arrival the guide divided us into two groups and the 

tour began. It consisted of the following program: 

1. A film was shown outlining the geography and history of 

the Beauharnais region. It specified what made the area an ideal 

power outlet, and described the three stages of construction under-

taken to utilize the facilities to the maximum. A little of the 

industrial use and the economies of the hyrdo power was also ment-

ioned. 

2. This was followed by another film on other Hydro develop-

ments. In fact, throughout the tour we were reminded of other Hydro 

Quebec spectaculars from the Manie development to the huge James Bay 

project. 

3. Then came the tour through the power plant. The tour is 

more geared to public relations than it is to demonstrating to high 

school physics students how an induced current is produced. Renee, 

impressive sights and wowie statistics are the order of the day. For 

example, first seen is the control room. The students found this 

large and impressive but it did little for their physics. Neverthe-

less, the relevancy of other scenes could readily be appreciated by 

the prepared student - the rushing water, the huge dam holding back 

a tremendous reserve, the top-to-bottom crack in the wall where the 

service building is attached to the dam. 4 The shafts connecting the 

4 
Water pressure against the dam had caused this crack; 

hydro engineers had literally sawed the building from roof to 
foundation to separate the dam proper from the other facilities. 
Then they filled the saw eut with a rubber caulking. Now after 
a year (1977) the dam shows further displacement - about the width 
of the saw eut. 



A B 
Fig. 7.7 - - View from the Top of the Beauharnais Dam 

A) The Water Reservoir Build Up from Lake St. Francis, marking 
the end of the Beauharnais Canal (25 kilometers) 

B) The Churning Water Resulting from the 25 meter Drop through 
the Dam into Lake St. Louis 
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turbines to the generators could be seen turning. The generator room 

contains 36 massive generators, moving with deafening sound, while 

throwing off almost unbearable heat. 5 To all this, the students 

could relate. They also appreciated that this generating process 

goes on in all weather. When we went into the building it was mild 

but overcast; when we walked out onto the roof overlooking the dam, 

semi-blizzard conditions prevailed. The method of transporting the 

electricity was spoken of while pointing out the buge transformera, 

60Hz governors were seen. Dramatic statistics were hurled at us -

power capacity, industry served, costs, quantity of water to run 

the turbines - all in all, it was a fine learning experience. 

Most of the projects submitted followed a pattern similar 

to that of the guided tour. A description (essay or tape) was given 

of the Beauharnois project and tour accompanied by basic theory of 

induced EMF, AC - DC generation, and transmission by transformer to 

the consumer. Slides, pictures and diagrams complemented the papers. 

Many related topics were included such as: other Hydro-Quebec pro

jects (both hydro and nuclear), the economies of hydro power, in

dustrial use, relation to geography, and the history of electrical 

development. A number discussed turbines - the types, uses and 

efficiencies of each. Different types of alternators were also ex

plained. A fairly exhaustive treatment of hydro power and aligned 

topics was handled in varying degrees of sophistication. 

5 
This is the only source of beat for the building. 
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2. The McGill Synchrocyclotron 

After this tapie was mentioned at the beginning of the year, 

seven students made a definite decision toward doing the synchro-

cyclotron project. They considered it more of a challenge than the 

Beauharnais project. 

In preparation a film on the topic of the synchrotron was 

6 shown. Although the synchrocyclotron is different, the basic 

principles are the same. The students had already studied the con-

cepts of magnetic and electric fields and had experimented with 

magnetic and electric forces. They also had seen the effect of a 

magnetic field on a bearn of charged particles in a Crookes' fluore-

scent tube. The PSSC experiment to determine the mass of an electron 

was performed (Haber-Schaim, 1975:86). 

Two of the students had made a survey of the library reading 

available on the subject and this was at the disposai of those in-

terested. It was at this time in late February that the aid of 

Dr. Robert Moore of the McGill University Foster Radiation Labora-

tory was enlisted. We asked if a graduate student could be made avail-

able to brief the students and then conduct a tour through the 

synchrocyclotron. Dr. Moore was very receptive to the idea and 

suggested Kenneth Oxorn, a doctoral candidate in nuclear physics. 

Mr. Oxorn was contacted and a briefing session was arranged for 

March 28 at LCCHS after school. He outlined the history of nuclear 

physics. He then spoke of sorne of his own research on spectra from 

nuclear particles with reference to wave-particle duality. The 

~ q 
The Synchrotron is a film produced for Harvard Project 

Physics. It shows a conducted tour through the Cambridge Electron 
Accelerator. 



Fig. 7.8 --The McGill Synchrocyclotron with the 
Oscillator in the Foreground (circular 
object in the centre of the picture) 
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students could relate to this through their study of line spectra 

and through their study of diffraction patterns produced by both 

electromagnetic waves and electrons (Haber-Schaim, 1976:604,614). 

The last half of Mr. Oxorn's talk involved mention of particle 

accelerators and the principles involved therein. Incorporated in 

this was something of the history, the structure, and the uses of 

the McGill synchrocyclotron. All the while, he was handling quest

ions knowledgeably and clearly. Everyone profited from this intro

duction. 

Then, on Wednesday, March 30, a pedagogical day (student 

holiday), seven students and two teachers visited the McGill syn

chrocyclotron. Mr. Oxorn conducted the tour; ample time for quest

ions ensued; many pictures were taken and notes were copiously taken 

down. 

A brief summary of what was seen is herein formed by putting 

a concise caption to consecutive snapshots included in the assign

ment of one of the groups (see Appendix B). These show: (1) the 

cyclotron proper (magnets, dees, and the three probes), (2) the 

oscillator, (3) power supply for the oscillator, (4) focussing 

magnets for external beam, (5) bending magnets for the beam, (6) 

one target area for the beam, (7) mass spectrograph, (8) computer 

with television screen displaying data and magnetic tapes storing 

data, (9-10) graphical data re the "number of particles of parti

cular masses" displayed on a screen, (11-12-13-14) central control 

panel indicating current (beam intensity), vacuum control system and 

shut down controls, (15) super cooling tanks, (16) data co11ecting 

apparatus, (17-18) short half-life target. 



Fig. 7.9 --A Huge Electromagnet Used to Bend the Accelerated Particles Toward 
an External Target. LCCHS students Are Seen in the Background VI 

w 
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The format of the material handed in by these seven students 

was roughly similar. This included essays describing: (1) the tour, 

(2) instruction given by the guide who came to the school, (3) physics 

principles and appara~as shown in the operation of the McGill syn

chrocyclotron (magnetic fields, electric fields, bearn intensity, half

life, mass spectrograph, oscillator, and relativistic phenomena), 

(4) related topics such as other famous accelerators and their oper

ation. The essays were often accompanied by slides, tapes, photo

graphs, and illustrations, etc. 

This culminates a description of the "field trips" under

taken by the students of LCCHS in Physics 552 for the year 1976-77. 



CHAPTER 8 

EVALUATION 
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No attempt has been made in this paper to present a formula 

guaranteed to dissipate all problems in high school physics teaching. 

Rather, it is an effort to: (1) underscore some shortcomings present 

in a specifie physics program, (2) specify the obligation of any 

teacher to aid in effecting the intellectual development of the 

student, (3) describe an activity which was performed to treat the 

shortcomings and help answer the obligation. The question must now 

be posed: Was the exercise performed by these physics students 

effective in meeting the objectives proposed? That is: 

1. Did it satisfy the criteria for development of scienti

fically literate and personally concerned individuals? 

2. Was the exercise suited to enhancing the mental develop

ment of the students? 

3. Did the students really learn physics and did it become 

more relevant? 

4. Did it foster creativity and individuality? 

It must be appreciated that the author cannot pronounce de

finitively on the achievement of the proposed objectives. He must 

necessarily depend on passing a judgment based on direct observation 

of performance and appraisal of submitted reports. Subjective though 

it may be, it is the most relied-upon method used by teachers in 
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evaluation of their students. Bear this in mind, as each of the four 

questions just posed is briefly dealt with in turn. 

Since all of the students did a maxi project on either Beau-

harnois (19 students) or the synchrocyclotron (7 students), it is 

understandable that more references should appear from these two 

topics. 

1. Scientific literacy 

Recall from Chapter 2 that the development of scientific 

literacy was the essence of the NSTA's major goal of science edu-

cation. Consider the Beauharnais Hydra project in the light of this 

goal. The proper understanding of the Beauharnais hydra power station 

demanded reviewing, rethinking and organizing the basic laws of force, 

pressure, energy transformations, and electromagnetic induction. 

Apparent is the technological application of physics theory for the 

benefit of people both in industry and in homes. The completed papers 

with their written descriptions, explanations, diagrams, photographs, 

graphs, tapes, etc., showed an obvious appreciation of the "use", 

11recognition11 and "understanding" outlined in the NSTA paper. 

Here is one student's view: 

At the main entrance of the Beauharnais plant, at 
2:30P.M., I saw constantly changing numbers electroni
cally flashing on a colorful backdrop. These gave the 
immediate kilowatt consumption from the plant. It was 
fluctuating between 1 197 000 kW and 1 332 000 kW. At 
the end of the tour a quite similar range of numbers 
flashed. But now I felt a firmer understanding of the 
energy transfer process. An inclined penstock sent 
240 000 cu. ft. of water per sec. down an 85 foot drop. 
Potential energy was changing to kinetic. The turbines 
picked up the K.E. and caused the magnets in the gener
ators to revolve past conductors. Electrons in the 
conductors picked up this energy from the magnetic field. 
Here was the potential electrical energy. The electronic 
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readout was the end product verifying that the potential 
energy had turned kinetic and was doing its work. 

It was also interesting to read an observation of two students 

who reported on the cyclotron. They were alert enough to observe that 

the "scientific community" was equally an important part of our society. 

They realized that here it had a relevance that could easily be lost 

to most. 

The visit ~o the cyclotro~ was very enlightening 
because it allowed us to see many of the concepts learned 
in our PSSC course being applied for research. It was 
very interesting to observe present theory applied, even 
if it was merely for the benefit of future theory. 

According to NSTA (1971:12) again: 

Scientific literacy must contain a balance among 
concepts and conceptual schemes, science processes 
including rational thought processes, and special as
pects of science to enable scientifically literate 
persans to use the achievements of science and tech
nology for the benefit of mankind. 

The implementation of the field trip provided an impetus toward 

achieving such a balance. Induced EMF was no longer an effect pro-

duced in a lab by moving a conductor in a magnetic field. It was 

the effect produced by the force of water on huge magnets which caused 

them to rotate past miles of conductors. This effect produces elect-

ricity which is sold ta industry and households as useful energy -

the balance between pure abstract concept and its concrete manifes-

tation and application. 

The groups dealing with remote sensing came ta realize that 

the electromagnetic spectrum was no longer just a physics concept 

but a usable reality. Included in their presentation were repro-

ductions of some thermographs taken by infra-red radiation. They 

showed the use of this radiation in: (1) detecting cancer, (2) 



analyzing effluent pouring into rivers, (3) discovering fertile 

terrain. 
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The students who used and explained the Doppler Effect demon

strated a solid comprehension of how this concept was related to the 

electromagnetic spectrum. This insight permitted them to appreciate 

how the Doppler Effect and the electromagnetic spectrum enabled 

astronomers to theorize on the very birth and death of the universe. 

The scientifically literate persan is one who is well-rounded 

and integrated with the other disciplines such as mathematics, eco

nomies and the social sciences. 

The material submitted gave proof indeed of research in areas 

other than physics. The geography of Beauharnais and vicinity, gleaned 

from the tour, movie, guide, and pamphlets, was presented in many papers. 

Some of the economies surrounding Hydro Quebec surfaced also. Students 

noted that Quebec was to take full fiscal advantage of this resource 

in 1977. Until then, forty percent of Beauharnais power was sold to 

Ontario who used part and sold the balance to the United States at 

generous profit. 

In a project on the electromagnetic spectrum it was noted how 

physicists became geographers and environmentalists. Students reported 

how radiation was used to determine the depths of lakes and rivers and 

to show the contours of mountain country. Microwaves were used to 

take pictures of the North Pole. Infra-red rays through thermographs 

were used to monitor the effluent of the Pickering nuclear plant to 

ensure safe radiation levels. 

Other issues were not lost to the observant and concerned 

student. Hydro Quebec's James Bay project was portrayed as "an 
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inflationary spark plug". Enumerated were certain dramatic statistics, 

viz., the cost of a single truck being one quarter of a million dollars 

- the tires alone going for $8 000 each; salaries ranging from an 

average of $900 up to $1 600 per week. One socially concerned student 

deplored the 

.•• depressingly high cost of this project- up to 
thirty billion dollars so far. However, human suffer
ing is also significant. Not only has labor strife been 
rampant but often the basic rights of native people have 
been ignored. 

A legitimate pride in province and country was markedly demon-

strated. It was this which prompted one student to write of the Hydra 

Quebec Research Institute: 

This is the most complete research institute of 
its kind in North America. Its highly qualified staff 
from all over the world has led the way in research and 
is an asset for all mankind. 

The McGill synchrocyclotron was hailed as "the first of its 

kind in Canada". And, on tape, another spoke of "the McGill Foster 

Radiation Lab [which] houses one of the most expensive and elaborate 

apparatus of modern times." 

These foregoing are just brief excerpts but they demonstrate 

participation in an activity well suited to developing those qualities 

attributed to scientific literacy. 

2. Mental development 

In the plan to supplement the curriculum we wished to doctor 

a two-fold deficiency. First, it should be able to bridge the con-

crete-forma! gap of which Renner speaks. Second, it should be flex-

ible enough to stimulate and promote the mental development of all 

students. 
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To accomplish the first, it would be necessary to become 

engaged with concrete abjects, events or situations. The second 

would be achieved if the student were forced to think about abstract

ions, analyze variables, or make conclusions from hypotheses. There 

was no problem forseeing that the students would be fully involved 

with concrete abjects, events, personalities, etc. What I antici-

pated was more than realized in the completed product. Consider that 

from a single project, for example the one on radioactivity: they worked 

with dry ice; they made a cloud chamber; they observed the tracks and 

took pictures of them; they utilized geiger counters; they interviewed 

authorities; and they employed tape recorders. In the many other pro

jects accomplished, this "concrete interaction" was multiplied many 

times over. Students used blow torches, drove cars, measured heights, 

fired a rifle, took movies, developed film, experimented with air 

pucks, used a stroboscope, made models, visited museums, pedalled a 

generator bicycle, etc., etc., etc. 

11Concrete interaction" was not only with abjects, apparatus, 

and places. Most projects portrayed "active interaction" with people 

whether in interviews, guided tours or just in information sessions 

with teachers, librarians, or friends. 

There was abundant opportunity, for those who could, to pro

greas further into formal thinking. Consider the groups who worked 

on the synchrocyclotron. Their product reflects the constant mental 

calisthenics involved in flipping from one formal concept and its 

mathematical relationship to another. They explained: (1) the 

purpose of different probe lengths, (2) the electric field operating 

in the dees, (3) the magnetic force of the focussing and bending 
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magnets, (4) the synchronizing effect necessary to adjust to the 

relativistic mass. 

Likewise, finding the circumference of the earth, students 

formulated hypotheses, experimented, and made conclusions based on 

their hypotheses. 

In some instances, some students delved into concepts which 

their mental structures could not then fully handle. Yet this hardly 

retarded their further development. For one thing, there was no 

predetermined answer they were obliged to arrive at. And if, on the 

other hand, the student used genuine inquiry to think out a problem 

and could not cope with the complexities involved, hopefully he was 

left in a state of healthy disturbance. This would leave him re-

ceptive to further events and experiences which could help him re-

solve the problem in the future. 

Inquiry does not always result in a solution 
to the problem. But inquiry, seldom if ever, proves 
fruitless in the sense that one would have been bet
ter off had one not inquired. In fact, the really 
lasting educational benefit of the inquiry is the 
search itself, since it is during the search that 
the thinking ability of the investigator is being 
developed (Renner, 1972:123). 

Hopefully, the above are convincing indications of the 

validity of these projects as instruments to aid the development 

of logical thinking. 

To say that the projects provided opportunity for experience, 

social transmission, and maturation would be an understatement. Just 

to run down the list of tapies would be to confront all three factors. 

But where in these experiences would equilibration take 

place? This should be considered, since the equilibration process 
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is a basic tenet of Piaget's theory on mental development. Renner 

and Lawson (1973:168) explain this process in physics students using 

the relationship V = IR. 

Our first contact with V = IR was a rather trau
matic experience. We vaguely understood that it in
volved conservation of energy, but they concentrated 
upon memorizing what the symbols were and how to 
juggle the formula - an advanced state of disequili
brium. When meter readings were substituted for the 
very abstract terms of potential difference and current 
the symbols seemed to have meaning, and after a good 
deal of thinking, equilibrium was achieved. 

In many of the projects the students went through the process 

outlined in the above quote. The pupils' first contact with their 

many invented relationships, such as, 

mv2 
- --R-, F = ma, F € -

caused disequilibrium, perhaps "traumatic" because the concepts were 

difficult and only partially assimilated. Some "concentrated upon 

memorizing what the symbols were and how to juggle the formula." 

Analysis of laboratory data and thinking about teacher directives 

provided partial restoration. But further equilibration ensued when 

the relationship was viewed in surroundings more natural to the con-

cept illustrated. The cyclotron was not built to illustrate 

F = mv2 = QvB. 
R 

These relationships were merely a part of understanding the operation 

of the cyclotron. Similarly the formula equation 

E = mgh = ~mv2 = QV = VI l.l t p 

was just a part of understanding the operation of the Beauharnois 

power plant. Piaget, who said: "teaching means creating situations 
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where structures can be discovered" would, I feel, have been in 

accord with these "created situation!' (Duckworth, 1964: 174). 

3. Has the student learnt any physics? 

Evaluation, thus far, has dealt with the academie and 

theoretical goals and objectives outlined in Chapters 2 and 3. 

Hopefully, the reader has become aware that much physics was 

assimilated in the process of completing the projects. This 

author still maintains that the down-to-earth duty of the physics 

teacher is to ensure that the students learn physics. He would 

have considered the project without merit in a physics program if 

such learning had not ensued. Many opportunities to learn physics 

have already been documented herein. Nevertheless, one area that 

deserves special mention is the topic of efficiency. Already we 

have alluded to the constant references by physics texts to ideal 

set-ups as a negative factor in making physics relevant. But, dur-

ing some of the trips it was impossible to ignore such factors as 

friction and heat loss. While on the tour of Beauharnais the 

"waste" heat from the generators was almost unbearable and the 

"noise" was practically painful. Not one group missed this obvious 

energy loss. One student who was curious to find the efficiency of 

the system presented, the next day, the following calculations. He 

started with an end product (taken from the hand-out literature) of 

1,6 x 109 watts (maximum) and a water head of 25 metres. He rea-

soned that: 

POWER = FORCE X DISTANCE 
TIME 



9 1,6 X 10 watts 

F = 

6,5 x 106 kg 

= F (N) x_ 25(ml 
l(s) 

6,5 x 106 kg 

14,3 x 106 lb. or 229 000 ft3. 

This, he informed us, was 11 000 ft3 1 sec less than its 240 000 

ft3 1 sec rating, or about a five percent loss. In actual fact 

the loss is close to fifteen percent. 
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The group working on conservation of energy were quite up-

set about their experimental results until they"put a drop of oil 

on the turning parts" of their self-made models. 

It would be presumptuous to point out definite concepts that 

the student bad surely learned. However, during a brief re-reading 

of the project resumês, it would not tax the imagination of the 

experienced teacher to conclude that a great deal of physics was 

confronted in very relevant situations. 

4. Student need for individuality and creativity 

It would be well to remind ourselves that creativity is 

the essence of the learning process in Piaget's theory of cognitive 

development. Each new structure formed is a creation which, in turn, 

forms the seed for a newer creation. Because the manner in which 

these creations are effected is unique to each person, they are an 

essential mark of individuality. This aspect of creativity and 

individuality bas been treated elsewhere. 

The following pages will concentrate on incidents and as-

pects which illustrate sorne of the more discernable characteristics 

of creative individuals. Sorne of these traits are: (1) curiosity -

11probably one of the easiest signs by which a science teacher can 
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discover creative individuals"(Sund, 1973:350), (2) resourcefulness, 

(3) preference for difficult tasks, (4) use of innovative techniques1 , 

(5) drive and assiduity in pursuing a task, (6) reads extensively. 

The variety found in the list of tapies for the minis is in 

itself an obvious indication of individuality and creativity. Then, 

too, although the backbone of most final products was an essay, the 

complementary material was refreshingly varied. The manner in which 

substantial audio-visual material was employed was quite exceptional. 

Altogether, thirteen audio tapes were presented. These tapes in-

cluded: (1) introductory or background music, (2) interviews (actual 

or simulated), (3) comment torun parallel to the visual presen- · 

tations, (4) actual demonstrations (as with the car horn in the 

Doppler Effect). As well, one group recorded their commentary on 

the right channel of a stereo tape and a pulse on the left channel. 

When the tape recorder was hooked to a slide projector by a synchron-

izer, the taped pulse triggered the slide machine to advance auto-

matically. Considerable time was obviously needed for such imagin-

ative techniques. 

The camera also played an important role for many. Seventeen 

groups handed in slides or photographs they took themselves. Some 

even developed their own film. One group, not satisfied with merely 

learning how to use a SLR 35 mm camera, became increasingly con-

cerned about the composition and quality of their pictures. Unsat-

isfied with the pictures taken during the class tour of Beauharnais, 

they returned on a Saturday to get better results. 

1 
These innovations can be new to the individual without 

being new to mankind (Sund, 1973:349). 
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Another group produced an 8 mm silent film which was tech

nically quite poor but in terms of content was excellent. It showed 

succinctly how the project on the ballistic pendulum was performed. 

Each trial (firing of the rifle) was introduced by the partner who 

flashed a card indicating the number of the trial and the distance 

to the target. The height increase of the pendulum after the bullet 

hit was taken from a measuring deviee placed near the pendulum. 

In the circumference-of-the-earth experiment, the students 

waited many days for good weather, but had to settle for a sunny day 

with cloudy periods. At the critical time, twelve noon, there was 

no sun for shadow measurements. At 12:58 P.M. the sun did appear 

and they measured the length of the shadow of a plumb line. They 

then calculated the value of the angle through which Montreal had 

travelled from the noon position, when shadows would be cast in a 

due north direction. Next, a right-angled triangle was set up with 

the shadow length scaled down to form the hypotenuse. They pro

jected the shadow length back onto the true N - S line. Although 

there were a few erroneous assumptions along the way, resourceful

ness was demonstrated in their improvisations. 

To conclude these references to individuality and creativity, 

let us recall the car-horn experiment which was used to illustrate 

the Doppler Effect. A elever feature was that they reproduced very 

closely the "musical" notes of the horn on a quitar. They specified 

quantitatively three frequencies: (1) that of the oncoming car at 

a distance, (2) that of the horn while passing the recorder, (3) 

that of the ongoing car at a distance. The apparent frequency change 

caused by the Doppler Effect was quite obvious. 
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The field trips provided the students with a learning environ

ment conducive to developing their individual creative potential. 

Many of the pupils responded well to these opportunities. 

In this section on evaluation, there are severa! other aspects 

which should not be overlooked because they reinforce the value of the 

assignment as an overall educational tool. 

Social Skills 

Most students had good opportunity to increase their social 

skills. Frequently the field trip necessitated preliminary contact 

by phone or mail. Such communication was often part of a follow-up 

exercise as well. Precise and proper use of the English language 

was a must in making appointments and in forwarding thank-you notes. 

It appears that the students conducted themselves rather 

weil and good rapport was established with the resource persons. 

Some of these persons showed a more-than-passing interest; they 

wanted the student to do well. Feed-back on how the project was 

received by the teacher was requested in a few instances. Dr. 

Terroux of McGill University's Rutherford Museum was kind enough 

to express in a letter to the boys who visited him that "since my 

retirement I have greatly missed this contact, and so I need hardly 

say that the opportunity to meet such a keen and intelligent group 

as yours was for me a great pleasure." 

The contacts already mentioned became especially valuable 

to the students in another way. The meetings and association with 

staff from post-secondary institutions contributed to easing the 

feelings of uncertainty experienced by many high school students 

about to enter CEGEP or College. 
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Library 

The use of the library is another aspect worthy of parti-

cular attention. A survey of library cards revealed this infor-

mation: for the year 1976-77, the year of the projects, the twenty-

six PSSC students withdrew forty-six books from the physics section, 

whereas the twenty-six PSSC students of the previous year's class 

made only seven withdrawals. Hence, it appears that the projects 

definitely stimulated reading in this area. 

Conclusion 

An evaluation is first and foremost a judgment on the effect-

iveness of what has been clone. In this chapter such a judgment has 

taken place, based on many facets of the educational process. The 

overall conclusion leans much in favor of field trips as a credit-

able supplement to the physics program. 



CHAPTER 9 

THE AFTERMATH 

The value of the assignment in 1976-77 called for its 

continuation in 1977-78. It would be remiss to terminate this 

monograph without a brief reference to this added experience. 

The fact that the assignment was repeated and can be an ongoing 

feature of the physics program renders it more acceptable to the 

teacher contemplating such an exercise. Further, the quality of 

the second year's projects lends weight ta the arguments support

ing their introduction in 1976-77. A slight innovation over the 

previous year also merits mention. 

The procedure used the previous year was followed fairly 

closely. However, this time there was more insistence that the 

students determine their own topic and make the arrangements for 

their pursuit and realization. The manner in which they responded 

to the new conditions makes one even more aware of the tremendous 

resourcefulness of the senior high school student. 

Here are a few brief notes on a half dozen of this year's 

(1977-78) projects. Aside from the variety, it is interesting ta 

note the relative ease with which they found contacts to initiate 

proceedings. 

Two students "walked in off the street" to the Montreal 

Children's Hospital, and were able to arrange a project on 

69 
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electrocardiographs (ECG's). They underwent an ECG. Their com

pleted report included an analysis of their own ECG's and excellent 

photographs of one of them in the process of undergoing the ECG. 

Four other students (2 separate groups) did projects on 

quite different aspects relating to X-rays. This was the result 

of a trip to the X-ray department at the Montreal Children's Hospital 

where a parent of one of the group worked. 

Another two students, through a contact on the secretarial 

staff at McGill University, were given the name of Dr. Robert Moore 

who obliged them with a two-hour session on a Saturday morning. He 

gave them a conducted tour of Foster Radiation Laboratory with its 

synchrocyclotron. 

Two other groups arranged sessions by telephone with Pro

fessor B.G. Newman of McGill University's Faculty of Engineering. 

Two separate interviews produced papers on aerodynamics. 

Another duo were given a guided tour through the electronics 

department of a local CEGEP. The outcome was a paper which listed 

specifie high school physics concepts and laws (Coulomb's Law, Ohm's 

Law, electromagnetic spectrum, etc.) with references as to how these 

were demonstrated by specifie electronic equipment. An older brother 

of one of the group was the guide. 

A father of one student arranged a tour through the CN Rail

way diesel repair shop. This group submitted a project that explained 

the principle of induced EMF and the physics of the external com

bustion engine. 

A trip to Dorval Airport was undertaken by another group. 

Their contact came via an uncle of one of them. They were guided 
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through the cooling system of the plant. The physics of the air 

conditioner was their topic. 

The resulta from these were all very satisfactory. Cer-

tainly, the general calibre of the work compared favorably with 

that of the previous year. 

There was no doubt that in both years the authors of good 

projects viewed their final product with genuine pride. Many con-

sidered that their work was a real accomplishment such as they had 

not before attempted. When I asked for their papers for the writing 

of this monograph, they were often reluctant to relinguish them. 

One student respectfully quoted the old aphorism that "education 

is what is left over after all my !essons have been forgotten". 

She said that her project would be part of that residue for her. 

Finally, those teachers wary of making adjustments to their 

PSSC physics program (or any physics program) should feel reassured 

that they have the blessing of the authors of PSSC. 

The most important element of a successful PSSC 
course is the teacher. The teacher provides the 
indispensible services of interpretation and clari
fication of the substance of the course. His pre
sentation can be tailored to the needs and abilities 
of his individual students (PSSC Teacher's Guide, 1966:iii). 
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APPENDIX 

This section contains two reports from the students' work. 

These are the originals. The corrector's comments have been 

eliminated. The photographs in the project in Appendix B were 

developed by the students themselves. 

Many reports involved the complication of synchronizing 

essay reports with slides and audio tapes. The inconvenience this 

would have imposed upon the reader (viewer, listener) did not war

rant their inclusion here. 

These, however, are quite representative of the project 

work. They are presented to lend a clearer, more concrete, and 

perhaps, more objective view for the interested reader. 
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c 

Since the time of the early sett rs, rivers al·'ays 

be en ssed to provide energy, be i t me,~hanical or c-

trical. The sett rs usod river water to irive their 

machinery, and this trend continued through the s, until 

the era of tcchno gy had arrived, that is, t~e coming of 

electricity. The coming of electricity brou t a more effi-

cient means of the power of the river, which could 

now be formed into e ctrical ene and trans:ni tted 

over long distances on ctric This could serve users 

s away from t e energy sources, as as tr_e :::urround-

ing area. 

The ability of Beauharnais to provide c , econorücal 

energy ts many. As saon as it is nerateJ, enerey 

from auharnois flows to l.ts market. The flow of is 

channeled towards other networks and the substatlons wbich 

apportion it according to needs. The neauharnois ra ting 

station is, at sent, the st of Hydro-Québec 1 s gene-

rating plants. The total installed capacity of tte station 

. 1 -7· ')6'J 1 '1 tt . t' ~s now ,) Lf,::..- . Kl owa s, Wl nan ave annual production 

of 11. '") billion 1ülowatt hours. The Beauharnais t·.rhich 
' 

is loc ELi :;0 ters v.re of Von treal, ies l.~on tr(' 

as well as rest of t.:·Je T..:ryd.ro-1"\·u?bec er:'! an1 Cn o, 

L tlî c econom al energy. 



HIS'rORY 

The flowing of ~'.'aters of tte c~t. Lmvrence ver, as 

of any river, great potcntlal to produce energy. Put the 

problem lies in tapping this great tential. Such was the 

case sorne years The entire 240,000 cubic et of 1va-

ter of St. Lawrence near auharnois had to }lUt to 

A few engineers tackled t'e probTem and came \':l tl: on-

ly one solution: to divide t e flow of t '"'t. Lawrence. 

canal would have to be built. The new canal would be kilo-

meters , and ncarly 1 ter wide. A series of small 

dams would hold the river check. mhe powcrhouse would 

.bu three s 

'Nork on t s huge undertaking on Cctoler lCl 

Every possible means of excavation ~as used to d out 

canal: steam ireiges, shovels, lynamite. Py August, 

, the ~ turbines were in operation. There was room 

for l? more turb s, but these were ed as required, until 

by 

of 

all the space was occupiel. A total CO''bine1 c ity 

,4 lülovmtts was obtained with acl ition of the 

fourteenth turbine, by Hydro-~u6bec. 

first ion of e powerhouse was constructo for 

the Peauharnoi.s rovter Company. 194l+, the 

e ct city sector was . .~ lze ·., a the rrovin:::ial 



c vernment cre ed Ou/" bec FyJ.ro Flee tric Commission, 

ine; L t the right to produce electrici ty. Known as "Hydra-

bec", its first acquisition was Peauharnois. 

At first, the princ markets for 0 eauharnois power 

vvere the two st cities the country, 'Tontrecü and 

Toronto. From then on, however, the power attracted in1ustry 

to Beauharnais, and indu tries continuel ta e 

On June 9, 1911.8, r:ydro-Québec a'.varded t contract frJr 

t e construct of the second portion of the powerhouse. 

stripped production from t~e first stage. Stage Two c 

for enlargement of the Beauharnais canal, this reauire4 

removal of more than 191 million cubic meters f earth and 

roc~"-. This is more t'an the Panama Ganal, or a little 

less than !·1ount Poyal. 

Just beside the first stage of the })OVJerhouse, the sm1e 

operation was repeated. The work was finishcd at the end of 

l lve generators, with a capacity of 40,000 kilo-

watts each, were ad.Ied to tbe otl1er 1. u"üts. s àoubled 

the generating capacity of Peauharnols rhouse. With a 

capacity of more than one million kilowatts, Reauhar2ois be-

came one of t st ations ln North America. 

Montreal and Toronto were receivi r from Beauhar-

no Around Beauharnais, the market for electric 

multiplled. The modern home, with its myriaJ of electrical 

appliances, ad its demand to those of industry an1 sc e. 

Again t demand out-stripred the supply of power as more in-

dust s, laboratories, of~ices and homes were red to the 



list ,f consumers . ?y 1956, ncauharnois ~as tao small . 0nce 

a 6 ain, it had to be expanded ani broueht u r to date . 

For the third time in thirty years, neauharnois bcca~e 

a construction site . Ten units ~ere ad:ed to t he e:dstins ~6, 

a mo r e moJern and powerful pr or:e l ler turbine type . ~hey adde~ 

nearly 600 , 000 ~ilowatts , brineing the capacity of the power-

housc to more than l and } mil l ion kilowatts . 

~rom t he control roo m, locate1 in the higtcst part of the 

powcrhouse , one rnan can control the entirc mil ~ion and a half 

kilowatts. This was a dream 2?5 years in the rna~ine and a corn-

bination of 30 years of Dork. 

Beauharnais has now reached its ultimat e s ize . 

In the lobby at 
Beauharnois , remini
scence of its past. 



TRANSPOR'rATI ON AND LOCAT I ON 

Beauharnai s Powe r St ation 
s loc ate ~ 40 ki l ome ters we st oD 

''ontreal. Tt is near Lake St. 
Loui s , a t t he mouth o f the P.a 
~ r nois Canal. As it is n t in 
a r emo t e r eeion, it is easi y 
a ccessible . 



In the map below one can see that the vraterway "1akes 

Peauharno The combination of the canal and the smaller 

The land in thi~ area is like so no great accu-

mulation of water is possible and river flow must utlized 

immediately • 
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OUTER DESCRi fT ION 

Eeauharnois is a large plant, approximately l kilometer 

i n wi dt h. It consi s ts of three main sections ~hich wer e all 

buil t at different parts o f t he century . At the dam there is 

a 25 me t er drop from one side to the otr er . The canal i s 

approxi:;lately 25 kilometers long an::l starts at Lake St . Fran-

cis, ending a t the powerhouse at Peauh8rnois . 

depth of the canal is a minimum of 9 meters . 
V'~./"-"'-
~ 

rnhe avera~e 
.....~ .,...-.-

The navigation 

channel has a ~idth of 182 meters , a depth of 10 rneters above 

the loc~ sill a nl ha s t~o locks . rnhere i s a high~ay ( Hi~hway 

132 ) along t he side of t he dam whlch passes under the locks 

throueh a tunnel . Going through this tunnel leads to a bridge 

a cross the canal on the lower water level end of the dam . 

Fuilt on the top of the powerhouse are a series of trans-



formers for step~ing 

up t~e voltage . The 

nu~ber of transfor 

rn ers on t he rooftop 

is 38, one for each 

generator . The tra ns

forme r s g o to t he sub

stations which are l o 

cated at each end of 

the powerhouse . The 

t~o tran s former sub

stations 2re for raising the voltage . The first, loc a tel on 

the eas t side of t he powcrhouse, receives the electricity pro

~uced by 22 generatin- units and sends it to l'ont r0a l on eight 

120 , 000 vo lt lines . The secon1 sub~tation, on the ~est side, 

feeds six line s connected to the province ' s power grid, a~d 



t wo lines dc liver e l ectri c ity t o Ont a r io . Theoe subs t a t iona 

a l s o Gu ppl y power to ins t al l a tions on t he " t . La\ r ence Sea -

way , and to seve r a l i nluz trie c i~ t ~e r eci on . 

A VLei f rom t he 
r oof o f t he power sta 
tion where t he wat e r 
dro p can be s e en . ~hP 
bridee is i n t he back~ 
gr ound . 

The ~ain ent ran ce 
a t Peauharno is . 



INHER DESCRI1'riON 

Inside the ro~erhouse thern a r o various areas . Directly 

inside when enterin~ Peauh~ rnois one cornes to a lobby . In 

./ 



t he lobby t here are cen~ ral information ar eas about t he pJant . 

They s"bow the loca tion of t he rlant an' th.er e is also a :w2le 

moiel of the Power house . There is an eleva tor ~hi ch goes up 

a few f l oors to o f f ices ani t he lLke . On the same floor le

ve l as t he lobby a r e the g0 nerators , o total of 38 , of ~hich 

two are auxilaries , powering t he pl ant . The generators s tre tch 

out f or al~ost l kilometer. 

The flrst 14 generator s turn a t 75 r pm and produc e 53 , 000 

horsepower . These ore air-cooled . The second s ection i s wa

ter- cooled . ~hey turn at 94 . 7 rpm anl pro i uc e 73 , 000 ~or se 

power . 

The a uxilarLes turn a t 180 rpm , pro luc e 8100 hor sepower, 

an~ are usei to suppl y electr ic ity to the plant . ~he heot 

a l l the gener a tors civ:· off i s the heatin~ sy c' ten Jf the plant 

ani thore i s no ~ther fieatin[ s~st em . I n the sum·cr the te1p

er a ture ::an r ea ch 10: or lt/3 :lr~é.:rees on tl1 e g~nerator f l oor . 



A vie~ from underneat h the gener ator . 

A Francis Turbine . A Kapl an · urbine . 

The power pl ant has it s own mechi ne where the rnajority 

of repa~rs a r e done • . Ther e a r e over head cranes in the gene

r a ter room which tra ve l on r a i ls near t he cei llng . There are 

t~o hooks , each weighin~ 25 t ons , th~t t oce t her can lift 200 

t ons . I f anything had to be r epair ei , lt could be transpor

t eJ by t he c r anes that ~ould t r ine it t o one enl of t he plant , 



whe r e the machine chop i s l oca ted . ~oors in t he f loor could 

A plaqu8 above the mac hine shop door. 

be opened and anything t hat ne eds r epair could be lowered to 

the macbi nc shop , one floor belo~ . 

In the pl a nt t here i s a l s o a control room . Opera t ors 



1·:ork here 24 hours a day , but one nan coull control the c: ntire 

·~ystem as the operation of all eCJ.uipment i c automatic. Every 

gene ra tor has i ts 0\'ill S 1.·.i tchboari wi th the same cloc 1~s on the 

generator floor as in t he control r oom. The ope rators on the 

genera tor floor take the same readings as the operators in 

the control room every hour . 

The power l eaves the plant on llnes of 13 , ~00 volts and 

it goes to transformers wher 0 it is stepped up to 120 , 000 

volts. There are a lot of plants clos eby using t he po~er pro

duced by Peauharnols . Among t~em arn Standard ~hemical an1 

Chromium ~fininc . They cet t :.e powe r direct from Feauh ~, rnoi s 

on l ines of 44 ,000 volts . About 60% of \':hat is produced h8re 

is sold to Ontario Hydro. They in turn se l l it to the Vnited 

States, but in 1978 it will be sold directly from t he power 

plant at ~eauharnois . 



There has been a eut made through t he ent ire structure 

a t Pcauharnols, near the mai n entrance side. Engineer s took 

r eadincs , after no 

ticin~ cra cks in t he 

~al l s, and disc overe d 

t hat the water pres

sur e on t he dam bas 

moved the entir e po 

wcrhouse t an inch. 

A eut has been made 

i n hope of lessening 

t his pre s sure and it 

has been fi lled with 

a flexible r ubber-l ike 

subst ance . 



THE ORY 

Basic Principles 

The dam of Beauharnois 

builds up a large reservoir of 

water which can enter the 

tunnel-like channels that lead 

to the turbines. tlatches, 

control tne flow of water. 

~he opening of the hatches 

is controlled by an automatic

ally controlled machanical 

system. The two deviees, which are identical operate on a 

rotating basis. One operates for 24 hours then, precisely, 

as one shuts off, the ether one takes over. These can be 

checked manually or by the control room and are constantly 

monitered. Care is taken to ensure adiquate lubrication. 

Water flowing thr ough the tunnel-like channels strike 

the turbines, causing them to spin. They spin at various 

speeds, depending upon the design of the turbine. At Beau

harnois the 24 turbines in stages One and Two are of the 

EDUCATION L\BRARY 



Francis type. In this type, water cornes in and hits the blades 

of the turbine, which are parallel to t he shaf t, and spins it 

counterclockwise. 

Francis Kaplan 

The ten turbines in stage three were changed from the Francis 

to the more modern and powerful Kaplan propell er t ype. 



Due to the design they can achieve high speeds and require 

less water pressure in the tunnel-like channels. 

As the water strikes one side of the turbine, it circulates 

in a s ~mi-lunar opening directly behind the turbine, and 

strikes the other side of the turbine. It then flows out 

another tunnel-like channel which leads out to the other 

side of the dam. 

The shafts on which the turbines spin rise to the level 

of the generator floor, sorne 15 meters up. Each shaft is 

built of stainless steel and is one piece; this gives one an 

idea of the weight. These shafts run day and night and there

fore are being looked after constantly. They are well lubri

cated for minimum friction , therefore no heat bui ld-up. 



Outside each shaft, one floor below the generators, is a deviee 

for each shaft known as t he governor. This deviee is preeise-

s ynchronized with the speed of the shaft and indicates the 

shaft's speed. Therefore each shaft can be easily monitered. 



At the end of the shaft is the generator, which is lo

cated on the ground floor. The generator converts the mech

anical energy of the shaft to electrical energy. 

In the generator you must have a magnetic field and a con

ductor. There must be relative motion between t he field and 

the conductor; either the field must move or the conductor 

must move. In generators of the size of those in a generating 

plant, the magnetic field is produced by electromagnets and 

the conductors are moving coils. 

Induced Current 

As the conductor first enters the field a little current 

starts to flow. The current increases as the conductor moves 

toward the halfway point or to the center, where the magnetic 

field is the strongest. Then as the conductor moves away 

from the center, the current de creases until it becomes zero 



when the conductor has passed precisely out of the field on 

the other side. In order to create a continuous motion of a 

conductor through a field, it is convinient to have a coil 

rotate in the field. In Fig.1 a single loop of wire is ar-

rang ed to rotate in the field. The curved arrows show the 

direction of rotation. As sida A of the coil passes up through 

the field, accordingly a current flows in the direction in-

dicated by the arrows. Also, at the same time, side B is 

moving down through the field. Current flows into side B and 

out of side A. As the coil turns one quarter turn, the sides 

of the loop coil are parallel to the lines of the field and 

are not cutting through them. At this point the current is 

zero, this is shown in Fig. 2 . 

• 



As the coil continues its rotation, side A cuts down through 

the field and side B cuts up through the field. A current 

flows, but in the opposite direction. It flows out of side B 

and into side A, this is seen in Fig. 3. 

5 

Continuous rotation produces a current in the armature coil, 

which is reversing its direction every half revolution of the 

coil. A current which changes its direction periodically is 

known as an alternating current, or a.c. The continuous 

change in magnetic flux gives you an induced current and from 

that current you have an induced E. M.F., or voltage. 

Generator Output 

The simple generator which ha s been described, uses only 

a single loop of wire rotating in the field. The currents gener

ated are weak. To improve the output, the rotating coil can 

be may of many turns of wire. Such is the case in the armature 

of a practical generator. Likewise the magnetic field in which 

the armature rotates can be made a great deal stronger by the 

use of field windings and electromagnets . 

Field Excitation 

In order for the generator to operate, it must have a 

magnetic fi eld. In the case of the permanen t field magnet, 



of course, the field is there. But this field was weak and we 

have introduced electromagnets to replace them. An electro

magnet requires electricity for its magnejic field. 

Generator Loses 

All of the current produced by the generator does not 

serve a useful purpose. There are losses within the generator 

itself, which take the form of dissipated heat. The losses 

resulting from this source are known as copper losses. A 

second important loss in the genera tor is known as Hysteresis 

loss. Hysteresis sometimes is defined as molecular friction. 

Due to the rotation of the armature, the groups of molecules 

in the core of the armature are constantly changing polarity. 

This internal changing polarity creates a hea t within t he core 

which i s a los s. Specia l al l oy steels and heat treating 



pro·cesses have been discovered, which v.rill reduce the hysteresis 

loss of the armature core. A third loss in the armature is 

known as the eddy-current loss. This loss can be understood 

when one realizes that not only a current being generated in 

thewindings of the armature, but also currents circulate back 

and forth in the core. Eddy-current losses are overcome by 

laminating the core of the armature. This means that the core 

is made up of layers of metal, rather than one solid piece of 

steel. 

Generator Power Flow 

The current produced by the generator goes to a common 

junction before entering the transformer. Each generator has 



\ 

one of these junction boxes, re there is, at this point, 

a total of 13,200 volts. The output supply at Beauharnais is 

a three phase supply. This type of supply gives you the great

est output possible for the type of generator installed there. 

From the junction boxes, voltage flows to the transformers 

located on the powerhouse rooftop. A transformer consists of 

coil windings which step up the voltage. There is one trans

former per every generator in the plant which steps up the 

13,200 volts produced by it. From t h e transf ormers, electricity 

flows to two substations, one on each side of t he powerhouse. 



Twenty-two units are connected to the east side substation 

and fourteen units to the west side substation. From the 

substation, power is directed by transmission lines to the 

suppliera. Well this gives a complete run down of how the 

electr icity is being made. After that it is a question of 

who needs it. 



Water enters t he ha tch 
and flo ws through a tunnel-like chan
nel , hi t ting the turbine, and t hen 
flows out . 



ELECTRIC PO'.'ŒR 

Exploitation of resources dat es back to t he end of t he 

l as t century . As early as t he nineteenth century, water was 

used to drive factory ~ills, sa~mills , anrt t le first manufac -

turing plants in t l!e country. .Saint-Hyacinth, Valleyfield, 

~eauharnois and Joliette originate 1 with t he gro',"th of sr1all 

factories on t he fal ~s of rivers . In 1889 , the Chaudières 

Falls , thirty fo ot fal l s on the Ottawa River , s ent t he first 

power to ~uébec . From t hen on , ;ener a ting s tations multipliei , 

Le ing built by paper manufdcturers such as the Canada Faper ~o . 

in 19J2 at :'ïindsor Fall s on t he Sai nt - 'rancois . They were 

a l so built by various companles , among the::~ ~""~uébec Pov.:er and 

Gatineau Power; anl by soveral ~unicipallties : Sherbroo~e in 

1908 an:i 191 ·~ on t he f'agog Ri ve r and Coaticook ln 1910 . Fov;-

ever , the power stations up to t his time were a ll small. In 

192J , the inst a l Le! power reache ~ one million hor sepower. rrom 

t hen on, a steaiy increasei followe1 , almost doubllng every 10 

years . A subs~antial contribution to t his increase was ma~e 

by the Peauharnols Generatine ~tation. 

Year 

1920 
1930 
1940 
1950 
1960 
1964 

)fillion F . P . 

1 . 0 
2.7 
4.3 
6. 4 

1 -~ . L~ 

13 . 5 



GUE BEC 

Québec takes first place in the world for producti on of 

electric power per capita with 9 , 000 kilowatt hours . Bl ectric 

power in Puébec is t he cheapest in t he world , casting less 

than l cent on the average per kilowatt hour . Q,uébec passes-

es half of the total hydro- electric r esources in the country, 

putting Canada in t hird pl a ce after Africa and Russia in coun-

tries po s sessing the larees t hydro-e l ectric r esources . 

-/ 

Main Bydro-Electric Ins talla tions . 
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Betsiamites 

The t\'lo Hydro-Ç~uébec dams on the Pe t siamit es River, su-

ppl ying turbines of over 2 million horsepower, were completej 

in 1956 and 1958. Par allel to the Saguenay , t he Betsiamites 

The eight , huge 150 , 000 H. P . gcner ators buried in the 
heart of a mount ain at Persimis. 

River empties into t he St . Lawrence, about 200 miles north-

east of Québec City . Over a length of 1~0 ~iles , it collects 

the waters of the Canadian Shield . Bersimis I, the ~ain dam , 

Ls 200 fee t high , 2 , 300 feet long and 925 feEt thic~ at the 

base . PersiTis !I is very similar . The two installations to -



g:e t he r produ ·e 7, L1()':) •nil lion k.L lov:att hourG per year . This 

power is transported to "ontreal by high vo l t age lLnes of 

3()1) , 000 vol t s . 

Carillon 

Carillon , a combined powerhouse .:md da:.1 on the Otta\'Ja 

Biver , is 64 kilometers 1.':est of Hont real. It is similar to 

The Caril lon ryam and its 84J , OOO F . F . power station . 

Peauharnois , but owing t ~ its r eservoir i t could operate as 

a heating pl ant in uinter , ~hen t he river is closed t o navi-

gation . 

. t .... ,., . 

·~ 



Vanicougan 

The r~anicougan is the l are;est power station and ~lar:! of 

i t s kind . The dam is 745 fe c t high and has a length of 4000 

feet . The width a t t he base is 660 feet , risine to a wi dth 

of 20 feet a t t he crest . ~here are 2 . 5 c :~ic y~r~s ~f con

crete in t his dam which builds up a r eservoir of 800 square 

miles. The cambined turbine horsepower is 1. 8 ~ill ion. 

The Dam 



CONCLUSION 

A hydro-e l ec tric power s t a tion l ike Beauharnais does not 

cause pol l ution and does not C)ntribut e to t he depletion of 

non-renewabl e resources . The e l ectric i ty it creates f rom the 

riverfl nw is clean power and among t he most inex~ensive in 

t he world. . 

I n Québec, the need for e l e ct r ical energy is increasing 

r apld l y . I n f a ct, t he dcmand doubles every l l yea r s . Dy 

1985 , 32 million kilowat ts will be r oquir ed , which is three 

t i mes t he present capac i t y of t he Hydro - nuébec system . ~o 

satisfy t hi s demand , 0uébec must add sorne 15 million kilo

watts to its power syste~ Le tween 1977 and 1083 . This is 

equi va l ent to a l l t he generatin~ power bui lt in Québec slnce 

t he advent of e lectri c pow~r , sorne l ü) years aga . Solutions 

have be en analyzed \'Ji th some use of nue le ar po vier , but main 

ly a re l iance on hydro- electr lc power . 
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• h. I?.enort by LavJrence 1'/i"'.rcoux: :::na Jol:m hiller 

• -• Cnce believed to be <:!Il indivisible p~:;.rticle, the a tom is 

!1111 no'!l the subject of l!lUCh research. .. In order to hsve 2 more conrcüete understa.ndin:~ of é•.ccele::·-

- tors, it is us,:ful to hs:ve a bit of background into the ne., ture .. 
of the e.tom. -

• At its most element8.rtJ level, the ~tom c<m be con:üde:ced as 

- a solar system, vlith the electrons behçving like èlmetl.'J orbit-.. inc; n,round centra.l mé·ss, the nucleus. 'l'he elect:cons are tin;:t 

- :.Y 
of mass a21:::;roxi::a.tely 9. 1 :;;: 1 

1 
kilocrnms , - " ch2.rge of -1 element~'·I'Y units ?nd :r:otating ;:~bout their -- z;xis. 'l'he nucleons (Il8.rticl•::>s that m2ke u-> the nucleus) cEn be 

- eitbec neutrons or :rrotons. 'l'he l>tter differs from the fir;rt; 

- in thr:.t it poss•ccses a charg·e of +1 elementc.lJC units •:;hereas the 

- neuJvron is neutral as its nc::me s. 1l'hey both ha:ve .. -2r' 
about 1. 6 x 10 f kilo:.:;:eams. - Houever, resec.rch hf'cs sho'.Tl that the tom is not this siD·-

lill 

rle. }?;:ortie le _ccceler •.tors hc:ve ;:dded in the seë~rch for -- nevr obout the Rtom 211éi its constituents. 

---• 
~ .. .. 
-
lill 
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J.he m<::in :principle e11 ;:ccelerators i:3 that electric and 

magnctic fo:cces cen be used to increr,,.s,; the of chDTged 

p:crticles. J.ne method b~,- uhich this is done c:"n be more eD,sily 

understood if ue consider ~n electron cu:::rent i'lm1in[;' t:Orous:h a 

;Ine diffe!.'ence in -·',otential bet•..Jeen tuo 

1-dll c1:::usc the electrons to move to·.·rr,:rds the ~;oint of lo>w::.~ pot-

enticl. '2he force thDt caus:s them to ;o1ove in this direction is 

sn electric force end the force :pe:::· elemenbrJ ; " -'-'" 

2.s your electric field. 

If inster·.d of bèinG in P. vlire, the electrons re in v sc-

uu:~ be hreen tlw effect \·Till be 

observed. 'rhe mc•.gnitude of the diL·erence in on the tl·!o 

·1 ·tes ',·Hl determine the r:;trenth th.·· electric field. 'ihe 

relationshi~' vrilJ. b·::: th::-.t o . 

the Nc\•itonien equ.::tion: 

one cen see th'".t t1r 

force, the 

nerticL s re:::ch ,, 

::lso 

do ~ore ï.;orJ~. 

the fie1ci, 2.nci f:Ju: .. ,•c.uently the 

('l'his is true until the 

. ~ l ' u.."rJ.norm y. j 

uhere relz.tivity ',dll 

rt icl,':J, hence the 

lne incresse in 

to cio ; imD rt as 

much · nergy i'S :possiblt=? to stre?.n of n rt 

http:increc:.se


------• 1 
mo vine , vm obs.;rve 

''induce 11 a D'~-r;netic :e:::·Jlendicular to the ô.irection o::: its 

motion. o.f inte,:E .. ctinG· 'f •• -ith an 

net;netic field to nroduce a neu 

field 1.Jill then exert e. force en ·(;h:c pcrticlm;; 1'1Ïüch L~ 

icul:'r to bath tho direction of tx!.e motion of the 

- t}Ft of the field. 'J.bis concent is used in .. such <'tccelerFtors es the cyclotron, S:-Jrnchro-cyclotron, <md s~n1-- chrotron ::os '.JilJ be discu' sed l2.te:r: • 
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IÎ L1 r:Ps, John .J. ,.;ü ton constr:.~ cted 

- c:1 deviee s:Lmil~'.r in conce:::;t to the ;1'T'.·llel --.L tes discussed --:re-

il .. 
i • leus. "'1his 11s.s é'.ccom: ·1ü:hed by ;-o.cc•,ler tinG' .-n::'Oton:., (H+ ions) to 

"" • , 00,000 electron volts • ( 1 electron volt e:u;c:ls the ener,:y gain-

11!111 
ed b;y- :n electron or e. •:;ncly ch2rc;ed .-,ositive ion :.cccle:r·::d:;ed 

• throuc;h a. i volt 'lotentj_ol dif'erence;. ültimë::.tol,y, en cne:::·.:c.:I of 

-- # 
COO ,0''0 electron volt::; ,.,, s rcn.ched b;:· thcj_r ffiéèchine. C.1ne oi' the .. 
~n'Oblecx; encountered by the Cod:croft-·,;,,ltc:n é,•.ccelc:cetor is tlw.t - the voltage c:::n not excced 1 ,·;o ,OC)O volts. At this .Joint, in-.. 
suL:·tion breakdo1m occurs. -.. 
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next accelere.tor to cone along ' .. 'f".ts tho fc:xniliar Ven de 

in 

c;.ble to 

volts) of ener,gy. 

amount by 

' lo 

icles 

uas 2. more oweriul inst:r.·uJnent, 

to î'J .ev \nillion electron-

i:J limi ted from :sDin:.:; be;yonJ the stated 

difficuh;ies • 

de Grél ff electrost2.tic ~;-ener;:,tor is oe.sed on the 

2. :rubber bel t thr-'.t serves c·.s a C".rrler for cb::·rces. Ion.:; 

:::.:ce :c:ent in the side ;:;nd accaler2.ted by the chr·r-:;c: on 

the 1 : 1 ) • It then r;oes throu·,h the i:r-Hiicded 

tube e.ncl strikes the desired t c:,_<J.Sl.nS a re~wtion to poss-

ibl;y occur the ~c:oleculer strucure of the t;_;r8'8t• .l.ne 

c: r: tl the re sul ts to obt;:in indL,nt into t~1e 

structure of the ;:tom. 

/\ c. 

-f 
: i 
'! 
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A linear eccelera.tor (also lmmm · s e. linac 1 does .. 
Ill in 

11111 the U3e of electric ~nd iïeld.s. 

al 
'ln:c: ob-vious UC' tien ':'.t this :ooint is no~.'.· do lin cs ciiL'er 

• • frœ:t the hro ]!revio"s :::.ocelera.tors \vc h?v: mentioned • 

-• J ine. • •. Vl2v", the se cmüü be vim·r d 

- tl::e ,Jockcroft- .. al ton and the Ven cie Graaf.: me,chin.,:;s ut il-.. i'7e onl; one of c cce}r· is a. mult de-- vice. l11 line;.:Jr ace eL r'•.tors, the size of ;:hi ch r:,ng;e from e" 

• 
s:e1:r feet to ~o ,000 feet, ulectrons ~:rs introduced iJ'lto one end 

,, - of the G.oceler .. tor \•lhereunon clectJ::·ic 

- forcer:i. 'Lnere re tHo m ;ior type of lin c ve, 

• 
---
• nuccesive 

- d'ter the electron traV~els the distance bet\<een the IJlEtes, <:: .. 11 

• of them ,the es) rev;-•;rse siQl. Hence, '.:h:d:; '.mu1d h v.: oeen 

-- · icture obtai.11ec' looks like this: -.. uitive 

- •:ttr2ct, it i:, 

• ~-
• ., 
• -... 
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8.cceler2 ted tows.rè.s the c:,os:; tive 

the h:ü.f-·•.:ey · oi.'1t i.'1 the Dl:· te, thG on ·:le.te be-

00~'1eS ;rlüs is inr ortent, ;~or if tl:is 1::sre ;:ot the 

cB.se, lech·on 

lor:. r·s the cJ.ect~c·on uould continue to be attr~wteèi b.ror,rds 

the ':ositi"ve ~'îL:.te znd. thus the net resul . \JOulcl be no :L'1 

:~2me ti:;e, the nexi; ,]_;;te bccor.ns ·)csitive • 

tr1r:; no:c-

the 

:)l;·tes. fuis is thç s~')ec:éi of the electron~: is {;re . ter 

C:!1d tîv· timc:: to tr2vol ths ;:-·mo c1:i.st:-.nce is smr:.lJ..·:;::::-. '.Lnis ·.:cy, 

diFferent • 

CB.SGS. 

icult 

4 '" .J...>.:.> 

the 

o:ê t::me tl:ougil the dist nee tr<·.YelJed be 

i..n mo 

theF) Ü; ::no the:;· 1." y~ le sr~ obvious, more G.iff-

Tt uoul· be l.:::r::mm sort of 

idn~ hcre is th: t 2n :L'1c•:ease i.'1 

for <::n i.'1c:rc~se in distc:1.oe 

is more ob-

viot' \·Jhen you ;:;ee tne e"u2 .. tion v 0 v:orüs, r::ther 

, the oi' 

tio:1 is the incre:.se is 

http:incre:.se
http:bccor.ns
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the oc ciL:tor usee~ in 

s of 

oss~i1 ·tion to the situction. To see one 
..~~·-

rel: nel1 

i'<'orlcl of 

velocit;:r, its mc:.;:;;s '.nll Jnc:ce~,se fic;:ure 2:2j 

figure ~·: 

8 
r 

stCJnce, ;:,;n ect of rest m~ss 1.0 

of 

of 

ammmt. this c;:se then, 

able circurn.c::t~mce, Clz~csical Physi.es 
.,...,. 

an.d Lcé'l:-tivi t:v uil1 both ycild the:; s;:me re~:ml ts. ~:llJ"Ievs:r:, vlhen 

VJith snee,· of 8 to tho of •.;hi ch 

en Qlectron beine 

becomes a ver;~ 

ke:"' the osscilati..'1S fr2cuenc:;r con t t, 

the c;J,;'cc3 of 9j the o lic:ht) 7. tim:::s ~'ou:e 

1 . 
omŒ1on h: ve b :en m<:.de in the t.22.di tionr:ù C 1 s.) hO\/ 
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it is nore obvions th~·t veloci t:r is not the fa.ctor reJ,U-

0 fr. cuency. \Jhr.,,t usur·.ll:y 

of the c:::e utted 

control it is u..r:tde:r:· 

i. ::r.:·o:., 

nost lin·,c 1 · the -oa.rticles i t <?.cceleré;;.tc;s, 

1 , i t;:; rur··ose. .Lhough electrons c· n t;tc·in 

thnn nrotons, m·Jr.e 

·; .rticle to bombard nucleii '.:ith • It is i:1Uch more 

intorestinc t<' see effects of .. nueleus '<Jhich he.G been 

tron. reccctions re more c::nci rever: .. l rnucl.: :nore 

· bou Je <'·.tomic nue le ii 1:ilJ. be discm:sed lz.ter). st lin::"c 1 s 

no nore thcn, s: y: 1 îeet is oe-

ce:use 

0 -· \ ' ~: :) ) J.'i1e com.nactness cf these lin::ic s is 

to m:·'TVil 1, SÎilCe some 

s:;nt ::nto 

IJ0·,tcver, the ·-,urnose o:.:' the ;::)t;:-,nford t'.ro-mile long electron 

'.cc el:~:.' ·tor is tc nev; ree.ctions c;::used by 

;::.ccelerr.tion of elect:·cns One: 0 3ev; 
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FIGURE 5-l A view insidc the two-mile long accelerator housing of the 

Stanford Linear accelerator which accelerates electrons to 20 billion elec

tron volts. This enables the interna! structure of eleruentary particles to be 

observcd down to I0-15 ems. 
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of s;;nchrotron lvi th added lin2,C (on the 

) • 'l'ho ions arc :r;roduceéi '"·t the ion source 

<::nd sent throu::;h the linac and the c;ynchrotron, 

after ':;hich i t is deflectcd out through the 

accelcr-sted been tube. Synchrotrons 1vill be 

discussed in more later. 
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and hence r·rotons c;';n 1 t be u·-:cd. ,cleo, ,,le etrons re (i,'OOd i.'or 

deCîninc; the -h··J>e or outl:Lnes of objec·t.s '.rïüch r.rotons r'~ too 

bic; to ,~o • 

'mere is :::·nothec~- ty·ne of linc1c uhich does not · .. mrk on :üa,tes; 

at le:·st not t:no sc:.mo kind n.s tho st.cndint; '.rve. It uses 2. co:Tr'-

leteJy different :;ri..ncir,le: the 2.cceler<.tio::1 o:~· --l~Tticles •.dth 

nic.'.J.l:•, i t is better to ex:~mn1e n. rel"'.tivcoly ~.oc ci ena1o.:;u8. If 

the . ..,,rticlcs being "C•;.sJe:r'?.ted Ho1.üd be the su:cfer ridint:; c.-c the 

ny le.gginc clec·:;::c'cns 1'.'01~ld be ·Jicke: ur ::: .. -c the 

crest of the ·,r \'8• If ;;'ou were to gi ve t::~.o •.:·,ter more ener,:;y, 

thus inc ·e:•:dnE;· the .:·reo_uenc:: , the surf'e:~·s wo1ücl b:c tr~·velli..n.:_, at 

2- fç:;.steJ:' s:oeec~ _,etur.ai:.r1g tc the c:.ctual l.ÜL'.C, electrons ~.re 

;;icl~ecJ. u·~· b~;r the crest é'.nd <wceler: teë. usinc tho Til ximun c:=.:•::::.city 

or enercy of tlv? r;~ciidion. ·.Che r:·diation is su-rmlie6. b: S)Jecial 

gener::-:tors c2llecl 1'klystron tubes 11 ':rhidl e.lso ~~erve to re3uléde 

the sr:eed o:f the r·c:~_res. 

... 
0...:. 

nover :Y:e2.ch the S'1)eed o:::· Gthe:r ... ~·riso the 

llarticles -.-roulcl be continuously ;:-·.cceleré;_teci ~ 1nd dec,:ler:_.teü , '· 

on tb:; 'crest 1 or rr ximum accGler tine;;· ~~oint of t~l~ ::.'ield r .. s the 



1 
1 
1 
1 
1 
1 

1 
1 

[ 

2 
v 2 1 ( 2 . = c l 1 - mc / 

v= velocity 

c -,- S'Jeed of 

m == ms.ss 

"" = ener(;"J 

ii.cceler tor 

) 

3instein 1 s 

yœedicts the beh:wiour of 

sul t of 2n incroè-:;,se in en-

e:::gy. lTote that for to 
') 

eque_l c '-, hencc the 

light is 2.ssm::eà. to have rest mr~ss zero, it ü: the only vlhich 

can tre;vel at this s .eed. 



by connuters ::no. 

tubes. 

hm-r j_ is cl.ons in re:cl 2.cceler~r.tor ·• Usu-

'' ~.:J.e 

c:cests of the ves i reduceù • 

• • '.:..ne dii'ficul ty one encounteTs ·,r:.th J.:ine::::r :. .. cccler;:üo::·s is 

the.t i t i;::: si er tc ;::ccl ::er< te the 

cf then to cet thera fro;1 v to 99/" ti1e - 'lhough ûüs L: true for all 

2ccolerc:tors, it i::> Lt vri th l:iné:c 1 s, be-

• , th~-? ·r,rocc;: · is linear, and irrever-

si ble. In other ·.ords, th:~· :')s.rticles viill never feel the effect .. 
of one set of tes r:1ore th::1n once. i.'he:r:e,·ore, to :inc:ce2.De the 

- of yonr ~:rticles nbove - r:r~2l;:e your acceler8.tor It is :f.'or tlüs rer:.son :r:ost 

- (by this v:e ·1em b the billion;,; of 

electron-volts) R.cceler;:.to ~'S are not lin; c 1 s. 

'rhe next 1'If l:inc c 1 s .re ~:;o terrible, 

- do they exist L.t e.ll?'' 'i'he c~uestion i c,uod one end i ts 

P.:.nsuer even better. lll1e m2,in adv.·n t -- nost e,J.l tl·1e J'orees tlBt the -w.rticles feel acceler: te ther:r~ :in 

- the desireù. notion. 

• é1.i.'2(i :trœr1 tne center ,vert-

--
-

http:ith~11e.ve
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) since this 1·101.2Jd ne2n te:c force 

th~·.t t. e Ln.: c h' . .S ~n 1 a.u tom;:, tic 

focusinc' ~i)rinci:':!le ul:ich oth:::r e.cceler:::tors 

off the (,' ·l'l en '·' c"' ,. rP'" c" ~ J. o, J..v_.-.. ~o'-' L is eccel-

off 

tio:::.. itself;. Fmwvc::r, i:>1 sc.ne c;.scs, tb.e :~e.düJ;ion given off by 

li..Yle.c 1 r·ncl. othe:1~ <?cee le::·• tors is 

·:c· th•::t the h• .rrn.ful rr·.dL·tion doe:s net 

::..nto OlU' ::;till ;mothe::::· e 

rent at any time, :nnce the field '"'·cting on one r;et of p r"t;icles 

t one eecl is not clif erent tl1 n the one needed to z.cceler::.te 

nmrly entered slm.· ions. '.l.'llis is not true for most ace-

elere.tors 1-lim::.c, the 

8.lon,:7 '•ith the re::•son for ·:;his. 

Gonsiderine the ''ositive oml neg·çüivc; of the tech-

no lo{;'ical , the LDL~. one cnn s2y 

th''~ thoug'l it 'Il''.Y not re·~l; ce the• otl:e:C' accele:ce.tors, i t 1.dJ 1 

.sed out • 

http:cceler::.te
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CYCLOTh.ŒJ: 

The major problem with linacs is that in arder to 

bring particles up to high energy levels an apparatus 

of considerable length and cost would be needed. This 

::;,eemed to put a damper on future progress in nuclear phy

sJ.cs. However, E.O. Lawrence came up with the solution: 

why not nake the particles go in a circle and thus cross 

the same gap repeatedly? This would allow scientists to 

reach nuch higher energies in a relatively small space. 

This machine became known as the cyclotron. 

The basic principle of the cycltron is the same as 

all other accelerators: an ctric force accelerates 

the particles. However the cyclotron has an added fea

ture: there is a strong electromagnet that forces the 

particles to move in a spiral path. This is illustrated 

in the diagram. It 1.1orks out that the faster the parti

cles move the wider thay move in their orbit around the 

cyclotron. This makes it so they take the same anount 

of time to go around the circle each time. Therefore, 

the frequency at which the voltage to the accelerator 

is reversed can be calculated to allow for voltage re

versal everytime a particle crosses the gap between the 

"deesn(so called because the &eeause~ ~ ctrodes are 

shaped like D's). The oscillator controlling the voltage 



-

-
-
-
-
-
-
·~ 

-

-
--

·--
-

' .. 
' ' \ 

1 

~~ 

Dees 

Diagram of a Cyclotron: The space enclosed by the ring 

(shown partly eut away) and by magnetic poles above and be

low (not shown) is evacuated. The magnetic field is vertical 

as shown by the arrows (h). Protons are produced at the 

center and accelerated by the alternating voltage between 

the "dees". 
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to the electrodes can then be ~;et to this frequency. 

Because the momentum of the particle and thus the radius 

of the spiral keeps the time per revoulution constant 

even though the speed is increasing, the frequency of 

this oscillator can be kept constant as well. 

The particle enter the cyclotron at its center. 

They are emitted by either an ion source (as is the case 

in prot ·on cyclotrons such as the one at ~cGill which 

uses a hydrogen ion source) or an electron source (as 

is the case in, you ssed it, electron cyclotrons). 

They are then acted upon by the electric and magnetic 

forces, gaining energy as they spiral outwards. It is 

easily seen that the amount of energy a particle would 

have depends on how far out it had spiraled. Thus, if 

y ou 'l.'lanted to bombard a target wi th partiel es of a par

ticular energy, you ';.fOUld simply have to use a rod i'lhich 

could be placed as close to the center of the machine as 

you wanted and \vhich vmuld have the target on the end 

that is inserted into the machine. You could easily cal

culate the radius for the energy you recquired and then 

insert the rod to that radius. After bombarding the tar

get, the rod would then be removed, either manually or 

automatically, and all necessary tests could be preformed 

on the target sample. However, in sorne cases '\lrhere the 

experimental testing must be done ~imultaneous to the 

bombardment of the target, an external bearn is used. 
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vfuen thi:::; happens, a electrode at the outer edee of the 
de.\La..c:.ii. 

cyclotron the bearn of charged particles into a evacuated 

3 

pipa outside the accelerator. The beaM can then be "steered" 

by magnets to the experimental area. 

cyclotron allovls a conti~us bearn of charged 

particles to be delivered to the target as compared with 

linacs which deliver their parti in spurts. It should 

be noted, of course, that these spurts of the linacs are 

occuring hundreds of times a second. 

http:de.\La..c:.ii
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SYIJCHH.O-CYCLOT!WH: 

The cyclotron works fine at low energylevels. Hovf

ever, because of the fact that the speed of the particles 

are nearing the speed of light, relativitY starts to 

talee effect once a particle reaches a level that is de

pendent on factors that will be discussed below. The 

particular problem that plagues cyclotrons is the for

mula of Sinstein that states that the mass of an abject 

increases with its speed. At velocities with which we 

are accoEtumed this increase is negligible but at ten 

::ev a prot on is moving at l/7 the speed of licht. There

fore, its ma~s has increased ( by ::::lit;htly more than l>a) 

along with its speed and it is now takint; longer to go 

around the cyclotron. This puts the particles out of 

st with the frequency of accelerating electrodes. After 

several revoulutions, the particles are so out of step 

that the electrode~', al ternating at the ir iïxed frequency, 

can no longer accelerate the particles. In order to reach 

higher energies v:re nust have a c;reater voltage between 

the electrodes so that the particles receive large amounts 

of energy before conpleting enough turns to lose the c

trodes acceleratin& ability. For example, to acquire ten 

Ilev vwuld require 50,000 volts across the gap; higher en er-
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gies 1r1ould need higher vol tagee. How high an enercy can 

be given to a prot on before relativity steps in depends 

on the vol tage betv;reen the electrodes but the cyclotron 

iE' limi ted to approxian.etely 10 ITev for prot ons. 

Although it pos a major problem, E. 0 LavTrence, 

vlhom the reader \"lill remember as the scientist who came 

up with the cyclotron idea in the first place, was not 

to be defeated by the " r,;;lativistic barrier n. His lab 

at the Universty of California found a way around the 

difiïculty in 1945. They modulated the frequency of the 
t\WM, 

o::::cillator to match the it 1vould take a chare;ed particle 

to ge one revoulution. the particle gained energy, 

the oE cilla tor' s frequency 1;10uld be lmvered slightly to 

allovl for the extra time needed to nalce one revoulution. 

It would keep pace with one batch of particles until they 

hit the target and then start over v1ith a neil'! batch. Be-

the oscillator can not be synchronized to both particles 

at the bet;inning of the spiral and those which have reached 

a higher enercy, the synchro-cyclotron accelerates only 

one batch of particles at a time. The prot ons (or elec

trons) hit the target in spurts. However, these spurts 

follovl rapidly; in the IIcGill machine there are 400 "spurts" 

per econd. Physicists were quite happy to give up bearn 

intensity in arder to obtain the higher energies possible 

with a synchro-cyclotron • 
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The ~ynchro-cyclotron did not solve all the problens 

of the cyclotron design. There was still the problen of 

the electromagnets. These nagnets had to be the diameter 

of the machine and were very costly. The 600 !~v synchro

cyclotron in Geneva has nagnets that cast ;,)1,000,000 in 

1960. In arder to reach 1200 I:ev "~tJ"OUld take a mat;net 

that \Tould cast four tines as nuch. This is also com

pletely ignoring the inflation of these costs in the past 

15 years. 'dhen scientists startint; dreaming of na chines 

with ratings in Bev's, costs were prohibitively high. The 

problem of expense v-ms partially solved by the synchrotron. 

The synchrotron is discus~?ed in our next section. 

The I:cGill accelerator is a synchro-cyclotron. 



- SYliCliltOThOH: 

A new idea cane along in 1945, published indepen

dently by ~.~ ..• Ecilillan (in the U.S.) and V. Veksler 

(in the U.S.S.It.). They proposed that instead of tting 

the particles spiral outwards, as is done in cyclotrono 

and synchro-cyclotrons, it would to keep the particles 

in an orbi t of constant radius. 1\.ather than the fixed 

magnetic field which causes the spiral effect, a naf;net 

of increas Ftrength would compensate for the increased 

spe of tje particles, naking the idea of a constant 

radius prD.tical. The nagnetic field would not have to 

extend over the entire area within the ring; it would 

only have to cover the tcmall doughnut shaped path that 

the particle would follow. Decause it synchronizes the 

magnetic field strength with the speed of the particles 

this type of machine knovm as a "synchrotron". 

At first, synchrotrons were used mainly for the ac

celeration of electrons. However, a prot on synchrotron 

had been proposed in 1943 by li.L. Oliphant ( the U.K.) 

and construction started on it at the end of the Second 

~iorld îlar. After numerous setbacks, it \vas finally com

pleted in 1953 at lfhich time it had already been passed 

in energy. The "Cosrnotron" at .3roolr.haven National Labora-

tory sed one Bev in 1952 reaching its designed energy 

http:U.S.S.lt
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of 3 Bev in 1954. The ".J:3evatron" at Berkely soon pullecl 

ahead wi th a 6 Jev instrument. The Soviet~s were not to 

be outdone: a ten Jev na chine was buil t near I:oscow in 

1959. It vlac. followed in 1960 by a 30 Je v unit at 

haven and, in Geneva, a 28 Dev acclerator built by the 

Centre .c;uropéen de la LCecherche IJucléaire ( CEm;) which 

has 13 countries as nembers. The preceeding examples 

:::erve to illustrate the big push for more povferful in-

strunents lrlith vrhich to probe the atom. 

It should be noted that despite the similarity in 

the names, a synchrotron and synchro-cyclotron work on 

tv'lO different principles. The "synchrou in synchro-cy-

clotron refers to decreasi~ the frequency of the acce

leratinc; field to keep pace with the particles; the rtac;-

netic field romains constant. In a synchrotron the mag-

netic field increased to keep the particles in a fixed 

orbit. At the same tine, because the particles are go-

ing around the circle at a con~tantly increasing ed, 

the i'requency of the acceleratint; must also i-11_c:r:,e§l.s_e and 

it must do so in perfect vdth the varyinc rrtacnetic 

fi It ~hould be renembered that the synchro-cyclo-

tron is nerely a nodification of the cyclotron; the par-

ticle:::; still ::;piral outwardr.: from the center to the edge 

of the machine. Synchrotrons are an en tire nevJ' design. 

Before the particles even enter the synchrotron, they 
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are first acclerated by a small linac. The particles 

thus enter at a speed closer to that of light than they 

would if they were just injected by an ion source directly 

into the ::.:;;;rnchrotron. This nay not seem to natter but 

it is actually a considerable advantage. The difference 

betvreen injection and ejection ic?. eds reduced. There-

fore, the amount that the mac;netic field and the accel·3-

rating field frequency nust change is also reduced. This 

~alceb the design of tl1e accelerator lcrss complex. 

cau:::~e of the laree number of tin.Gs the particle 

nu;:.t around the rint:; (in the Cosr:1otron, for instance, 

the prat...., on~ go around 4, 000,000 tin.;;r.::- the equivalent 

of 100,000 miles.) i t becom·es crucial to ep the par

ticles as close as possible to the ideal orbit. There 

are several nethods of doing this. It can be acconplished 

if the macnetic field is a little vreaker at the outer 

ed[;es of the dou[;;hnut than it is at the center. This 

will tend to push the the particles back to their pro-

path. They will not be kept on this orbit exactly 

but will be pushed back and forth around this orbit. If 

a prot on v-ras follovTinr; the ideal orbit {i:lhich isn 't 

lil::ely to happen) it v1ould not be deflected. By knovling 

hm·I far the parti can di verge, i t is to de sien the 

tube for the particles to be the proper height and width. 

Jefore discussing the concepts ''weak focusing" and 



net 

c 

.focm:·insn, vre must introciuce 

index. The field index 

decrease of the field in a 1% 

pac-e 4 

idea of the r.1a.:;-

as the per

e of the 

fror.1 the conter of the circle. A uniforn field 

would have an index of zero. A particle in such a field 

\'lould guided horizontally but vro1.üd to travel 

verti • ,fuen the index is one, the particle would 

vertically but would be e to travel hori-

zontally. betvre;:m the tvro ex-

;:, • 
1.Ï:his cor1pronise is knovm a"' ""v-eak focusint:; 11

• 

alternate systen is to use n focusinc" (hich 

index) but also alternate the ,cradient (direction 

center; the next vwuld be a1rray the c • The 

particle~' path iE constantly corre 

e orbi:t and th en tovJard:::.: i t. a l'article 

follovlin,s the ideal orbi t uould deflectc~d slic;htly. "\.n 

of the forces involved shows that nost particles 

pm3hed r.1ore tmtardf"' the orbit than away 

• This ten of focus :1uch ~"lore 
• 1 

eff~cent 

focusing". A major problen with this 

hm·rever. If any of the sections out of place, 

parti will be creatly deflected at this point and 

the bear:1 will lost after a feiiT turns. 'ro avoiù this i t 

necef;r:ary to line up zach of about 200 sections \veir;h-
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ing 20 tons apicce within .01 of an inch. And this was 

only for the J Dc;v Cosnotron. Inagin<:J the problems vlith 

the monsterous synchrotrons 'VJe have toda y! 

.An etron ::.;ynchrotron is nuch sir1.pler than a pro-

t ·on :;ynchrotron b·3caus'3 electrons can be injected so 

clo:.::e to the spc3ed of lit;ht that it is not necessary to 

nodulate the frequency of the acceleratinc field. 

all accelerators we have discussed, the etron synchro-

tron has its disadvantages. ~fuen ectrons are accele-

rated to high energies they start to send out electro

cacnetic radiation. Almost all additional enerv; is 

lost to this radiation. 7his liuits it to seven or eight 

Dev. In order to go hisher, it 

linac. 

necessary to use a 

Like a synchro-cyclotron, a synchrotron delivers 

the particles in spurts. cause the masnetic field 

must rise from it:::. minimum to its r1axirmn value (which 

reql1ires 10,000 kilovratts) in one second for each bat ch 

of partiels::, a 1:1ay had to be found to supply this peNer. 

It was noted that :no<:"·t of the enercy v·ras r·ecoverable 

it could be reharnessed. The nethod employed in the 

Cosmotron and in all synchrotrons with modification is 

a~; follm.-rc: a large noter (1,750 E.P.) drives a /+5 ton 

flyHhe connected to a cenerator; vlhen the fl~l'T:Iheel is 

at maximun ['peed an electronic svTitch is closed c;ivinc 



- I)O'ItTer to the coil windingc; causing the magnetic field 

to increaee; about a second later the switchinc is re-

versed; the gcmcrator novi acts a~~ a :motor to brin[:; the 

flyvrheel back up to alnoPt itf' original speed. The have 

thon reached zero strength and are civen a bri period 

vli th no current durinc lv~1ich th(:: not ors brings the fly-- llhe and generator back up to the original ed, con-
.... 

•• pencc:ating for the energy loEt in the proce~'.:s • 

3cientü:tf; ~rwuld like to combine tho lmTer cost of 

the synchrotron with the higher bean intensity of the 

cyclotron {E.J. not the synchro-cyclotron). ir nane 
.... 

for thü J.C "Fixed nagnetic Field Hith Alternating Gra-

dicmtn { ) • A 111ay i'TOuld have to be found that vrould 

allovr particles of varyinc enersies to be kept the 

same orbit or orbit;:; that 't'lere close enouch not to 

r.1atter. Several scientistf; are currently \'lorkinL3 on this 

idea. 

itnother idea to let ~to different beans collide 

with aach other rather than with a fixed target • . , n .men a 

2\J :Jev prot on bits a nucleuf"., 2J Jev are needed to break 

the nuclear bonds; only 5 Jev is available for cr~ating 

new part:Lcles. But if t;.·ro 28 :"Sev prot..rom' hit each other 

all of the 56 Dev ir availabl'j for the creation of ne\·l 

particler. Stanford's 3 is an example of thü; 

U.P. It tarted operations a fev.,r yean::; a;o • 

.... 
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lon source 

DIACRAM OF THE cosMOTROS, the great proton accelerator at the 
Brookhaven National Laboratory. 

fUT 0 lOO "lOO 1000 

T!IE NEW 30-BEV SYNCHROTRON at Brookhaven has a circuJar track 
about half a mile in circumference. The particles, given an initial 
speed of so Mev by a Cockcroft-Walton machine and a linear 
accelerator, are further accelerated to very high energy in many 
turns around the track and they are directed at the bubble
chanlber target. (Courtesy of Brookhaven National Lab01'atory) 



PLATE 8. A BlïlBLE CIIAliiBEH at Brookha\'en. The zo-inch chamber itself, 
containing liquid hydrogcn, is surrounded with a huge complex of ap
paratus whieh illustratPs how complkated an affair this machine is. 
(Photo Brooklwvcn Xational Laboralory) 

PLATE 7· THE BROOKHAVEN' 30-BEV sYN"CIIliOTRON', pictured in a drawing before its completion. Like the CERN acceJer,· 
is buried underground. lt has 240 stnmg-focusing magncts and mcasurcs more than Boo feet in diameter. The recta 

huilding in the centl·r hou ses the target a ml instruments. (Photo nrookltaVC/1 Satiorwl Lalwratory) 
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l''xouas 5-2 An aerial vicw of the 500 BE'V R<'<'elerator at Batavia, Illinois. 
The machine is four miks in circumfercnce and one and one quarter miles 
in diameter, and accclcratt's protons to 500 BeV, ufter these ha\·e been 
helpcd by a linear accdNator and boost<'r riug shown in the fon•ground. 
(Photograph from N AL.) 

PLATE 5· THE CEl\~ PHOTO:'\ SY:-;CI!HOTHON at Ct" •t'Vil. shown ill an <Wria] VÎ:'\1. 

Its long cireular traek, cnelost·d in conercte and lmried undcr earth. fom1s ·' 
whet•l 700 feet in diameter. In tlw fnœgronml is the big building in whid, 
e:qwrinwnts with the 28-Bev protons an• t·arrÎl'<l out; in the upper right-hautl 
conwr arc otlwr lahoratories aml workshops. 
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FH;uu; 5-3 A a intP;wction point of the int•'!"t('ting 5'0r:t~' rm;:'l at CER:'\. 
lt i' lit~ •·d •"11 wit h Yrl<'U'll!! ch:unbN" :'hap('d m an X. in,;i•k whieh heatl-on 
('Ul!i,wn,; ar•· prodwed bl:tween protons. cH·h tran•lin~ with 28 billion 
clectrun ,·olt~ of •·mq;y. (Photograph from CERN). 

PLATE 6. DETAIL OF T!!E CUl:>; SY:>;CilllOTHO:>;. [) pOÎH(S tO tJw ll.!TrGW track, 
or doughnut. in whk·h till· partit-les tran·l; .\f dc:-.ijJ;natcs ma~nd sediom 
( thl'rt' arc 100 aro11ml tlw drc11it); V is one of the \"<1('11\llll ptll11]1S th at k1·<·p 
tht' !rack l'\·aenat('(l. ( l'holo Ccm) 



-
-----

·• 

-

-

. : ..L. 
v 

tc :-:~n 

'l . 
J.~.J. 

l.n 

'..-.'-..T.·"l7 ,-
,_) ~-: -._~_~--

.is 2. :.coton 

t· o üJJ isc::conc!.~; 

_f_"o· 

..:'cllou, 

so::1c o..:' 

j_on .u 

,.: . "":lJ.ilt J_n î 

:L1:t::.1 / 

• s .nclo, t::",:::::e 

; 1'1 c1 .... 
··Toton::~ C;Y: '-21 

re--

lr :ren ci.o :c.·:::cL 

liüc., 

• 

shll 



This -.-. ic t ure sno\·!S tho ~~robes ·.•i th \.;i:ich t h e: t a r cet i s 

inserted in to tl1' cYclotron . fuoro i'TC ·J.;n:cc nr ob ,:s : the rœobes 

.tilo · œo lle I·or tho l C'n._,· 

half - l ife is EJ<illU<Üly ono _r-_t ccl. 'i 'he -- robe .::·o r tne snort h c..l i'-

life !"J?rticlos ~2.bout 1:J'I ;nil lisocon d:; ~ i s 2uto:natico.l l y control-

l e d . '.L'he ono f or ti1o mcd:t.um half- life --::-.rticlc s L:; somi -auto-

ma t i e : it is B?nu ::lly insc·rteG. PJ"Jd ~·utomo.tic 2.lly sont b .:::.ck to 

t he control :.re ·. fo r t es tine . On thr, n :Jxt p~·.ge are h ro more 

vievJS of t :ne nrob cs seen Lere . 

1 1 

1-;;~-:- .' 

~------~ 
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H. :Ll . The blotc~1 to the; rj_'";1t i 'i _·n;Jl :Jcb ch , ._ , ~J tudcn-;; , ~nà. 

not t.i: -. o ~' cElstor. 
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.. .. ...... ~ . ~ [ .. . [ 

Thi s i s thu nowc r su~~l · ! or the osc i ll2tor. I t i s but one - -

of illé'J1:)' :noHC:T su :J:,Jies n ee d od t o run this s~"YJclo <:nd i ts s i ze 

helps dcnonstr~-:.te the huee J' O\Wr r o!l_u i r cm;::m t s . 



J 

from t lw s.rnclo . 

from t he otèLG:.' ccl ·c c):f.' -;;112 doos , :i_t is :_;~~r.:::_ ...,.t 1VJ i,ev . Later 

on , i t C<Il oc slo•:ec do,_m [)~- ;-·n ~ • ·· r<:"":tn:; __ ·o r this p1.ŒI;ose . 



This i s a bendin ·: ma:::-;net Hhich stc crs t he bearn into the 

tarc;et area. 





.his ~iv s t he ~cientist 

jnfonr·.ti on :-.bor;_t oc c"LJ.r~:. in It i s 



~ .. .. 
i ' ' ! ' , 

·l'hi s i s ."'n ovnr::.ll v i · H or tl1'- _ _ ,_L 

-~ho:r-;üs · . .-;üc!: cont.:r-ol "ch -:: co llect.ion or lL,...t · . 

eX'10rb1cn t •.::i.l J usvr~lly b e ~ -~ore •. l on n--~.n c •. ic ~~JJC .:.'o _ _- .1.'uturc· 

émdysis . 



p2Iticul;;.r r;v·s:~es . Cther d :>.ta c::-·n <1.lso be disployed. 

•• •• • •• ••• • . . 



sho'. IS ~his section in det · il. :;ny section of t he (:;r2.!Jh C 2J1 be 

enl2.r.::;eù by Ple:::.-ely }'OL'ltj11 .)· t it \/i ,,i! <:. l i;:;ht p en . 



'J.'he bor:n ill tensi ty - , L 
J.. é'!C.LOrS 

t .-!C :1hysici:;t 'l: y --.clj u s L ·or o ntimw1 ::co~;ull:..; . '1'he curr en t is 

dis;.l;;;-. eù on t'1o c ~rl: :-:\C tcr , ()• ttom ccn te.:."• 'l'ne circuLU' ob-

jec t on t o" ~Pn e.l;;o b e usccJ. to me;--:.::urc t ir~--~ . 

• •1 :· • 

• ::: K • ·9 3 · 
• • .8 4 • 1 7 6 5 • • - ... 
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Seen be l o· . .r r e: sor:1o contro l s fo r ÜL: C,'/c loLron . '11?lesc ['Œ '...· 

mostly f or t ho cont ·ol of the v · cm.un th~·-t r,mGt b e rnD.inta ined in 
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t he c~rclotron . -'-'hv'G -".:~e s:,fcy_.l1 R.rds to ··l lo· . .r i'or sys t em shut-

dm·.rn in C ' .;c or r:al f unc t i œ-u::; . '.:.'J.1.lS i:.; n .;COS S ; Y:f o e c r.:.u se t:ne 

diffusion T'U:ir":·S Hhich r'- int ~ in ti10 v :::cuuin iloul cl othorv1is e be 



n-

! i c tur cèd ::,bave are more con~~::_"ols io:.· the or,or: t ion of t lte 

cy c l o t r on . .. t the botto--:1 :-o:cr cl<::V 0 r:o:, \Ii1ic1J r2~ulato t lw e j cc-

t i.on of }1l"oJcons i ':com t h; i on ::ource:· i, . :;, n c:1:con i zc them \.i -ci1 

t he ch f"'n .-_ in;s Z'.ccolo:::';::,t in2,' fir: l ü . ·~ t tL~ top :::.re more sd'e -.:,u u ds 

t hat bsuro t be>.t t !:.2 c~·clo: ... _on i· :. in :-> ccc:-:s ble durinc; o~"Jer;;:.t ion . 

'l'bis ir; b oc~'1:· r o!' tllc cl""J1 ,:'' --rous r di· t .!.c:n e;n ·i t ed. 



Here: '.-:e see tÏY ::.m:!Jc -'- c c oJ ::_n: _ ~- nk '. ·i:c :cc :;·2I'lî!1a r 2d i 8.tion 



s1rcr- coolj.!.L t ~ n}: 'ic turccl on th·. re ".c·c,, 1-:_ ~~'·.;·o . 

r -



?ho toc;:::--,.- hecl he ·c i s the -. 1:rob c heT·-:: t~;.c t <• r ,et ',-' :i.tll the 

sho r t h a l f -liv·. s :::.:re - r o jec teù f r o!n th~ sync l o a t 2. S ~) ee d of 

ab ou t )20 k: 1, ho-.l_r . Ilerc t hey a:.:·e t os-'ced ;_ncl. r e tu:rne cl fo :.. .L'ur-



Se en b o l o·.: :·-L' .!che co 1trol:; •. ·or tL0 u t o rn<::-t ic one ,_. .tian 
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D:c:;':'i~CTI~~G AEJ COUIJTIIJG J\.TO~ :re PA~~TICL..:.:S: 

,Jhen ~\utherford developed hü: theories about the 

atom, he and his assistants had to spend hour after hour 

in front of scintillation screens. These screens were 

of zinc blende (Sidot's blende)-- a mineral consisting 

zinc sulphide '(lith a slight impurity of copper. Zinc 

blende \'-Tas found to r;ive off flashes of light lvhen hit 

by alpha particles. This made it possible to count hov·r 

nany alpha particles were being deflected through a cer-

tain ancle by counting the numbor of flashes Hithin that 

region. There were many problem.s ·vrith this nethod of 

course: you could only count up to 20 partiel es a minut:;; 

the counting had to be done in complete dar};:ness ~ frequent 

breakf:> had to be taken because thGre vras a heavy strain 

on the eyes; and the re vras a tendency due to fatigue or 

excitement to ir1agine scintillatione. In 190$, :ilutherford 

and Geiger dersigned an instrunent that vwrkecl on the 

principle that an alpha particle sing through a gas 

would ionize about 100,000 molecules. This could then 

be ected. 'l'his deviee was faster than the forner 

:~;ethod and an indication of hm1 nany molecules '\V'ere ionized 

by a partiel(;; uas also possible. Ilowever, at the tir:1e, 

great discoveries did require the ~ophistication of ~0~ 

The ~,cintillation nethod continued to be the nrimarv ob-
î ' tJ 



-

-
--
--
-
----
• -
• -• 
• -
---.. 

page 2 

servation procedure. After the Fir:-..~t ',;'orld vacuur:1 

tubes nade the detection o:L alpha particles by the ioni-

zing method nore accurate and also nore pratical. The 

above apparati could be used for the counting of alpha 

particles and prot ·ons. Neutrons could also be detected 

by the results of their collidinc with an atorn sending 

out fast-novinc; protrons. 

There are ether forns of radiation cannat be measured 

in the above ways. Beta ra;s (fast-moving electrons) and 

c;azm-:1a rays (high frequency radiation similar toX-rays) 

do not cause laree anounts of nolecules to be ionized. 

Until 1928 it \'Tas necessary to use photographie plates 

or electroGcopm:; to study the accunalative results of 

many su ch occurences. In 1928) Geicer and '.·l. Iiüller 

found a modification to the 1~utherford-Geic;er counter 

that '\•lould allm·r the detection of a particle even if 

only one ion '~das created. They did by raising the volt-

age so that one ion would cause an "avalanche". The idea 

involved is the sane as 11 super-saturation" in a gas tube 

diode. As soon as an ion is formed, it is attracted by 

the hich vo~tage. The voltage accelerates the ion to a 

speed that is sufficent to ionize any molcule it happens 

to hit. Thcse nm;r iom~ are also sped up and strike ot.her 

nolecules causinc even nore ions to be formed. They also 

fiQ.lred out a v:ay of ~upprer-sinr; the discharr;e automat~cally 
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The number of discharges is counted by a deviee attached 

to the tube. The physicist had only to check the counter 

before and after the time period he was interested in 

;;;tudying. 

;]alter Bothe was the first one to think of using 

tv10 counterf' to detect sinul taneous events. For instance, 

a ~cientist could the nunber of times a beta particle 

'\va:: emitted accompanied by a quaturn of garrr:1a radiation. 

'l'he re are lir:li tatiom.~ vli th this deviee also. tine 

betvveen the particle' ~, enterine the counter' s tube and 

the corresponding alectric discharge varies from one par

ticle to another by about one-rnillionth of a second. 

The re fore, the tirne delay betlveeri the t'V'TO eventE3 you 

wirh to observe cannot be less than one one-millionth 

of a second because otherv'iise you would raiss sorne of the 

events you wished to study. 

'i'he Geiger counter also has a slow re covery tine 

of ljlü,OOO of a second before it can detect the next 

occurence. is also a poor detector of photons. These 

problerns were overcome with a brillant new type of counter. 

illiat is this fantastic deviee? It's merely the good ol' 

Gcintillator with one important difference: a photomul

tiplier replaces the human obeerver. The neVl breed of 

~ cintillatorr: can re[;ol ve "co incidences" do'V'm to one 

ten-billionth of a second. They can also be used to sort 
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the detected particles into different enerGy levels. 

'I'hese particle detectorG play an ir1portant role in 

nuclear physics. Ho natter hovr laree an accelera tor you 

have, it complately usaless unless you can find out 

what happens when the bean hits the target. 'l'he detec-

tore cribed above help the scientist know what is hap-

penning. 'I'ogether with particle accelerators, they are 

helping science unravel the nysteries of the aton. 
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--- ln dealing Hi th z.cce lerators, vre mu::;tn 1 t limi t ourse 1 ves to 

• the m2.chjne itself. Por, s my nhysicist uill tell you, the 

m:::tchine ü just tool used to discover ne\·T or ir1 some 

Cé'.c;e;c:: to ex::-mme ths in detc'dl of 'old 1 

event when tl1e ~:,tom Has fo;nd to h<:ve 

constituents, the neutron, :~~~oton Bnd clect:mn. .however, 

th~ ac-

celer8.tors; the se 1 flli'1demental :>8.rticles 1 ;;cere found to hc:ve 

constituents themselves. 'lbdé.\Y, "de knm·T of over three hundred 

(the lEst count ·.re found in our references) 1 

icles ~;~mon;;s "ilh:ich :::.ro the nuons, pions, ner trmos, mesons, 

hy:ne··ons, etc. research 1..rith pou er s.cceler:::.to rs 

might z·evea.l consti tuents for the se ;ond consti tuen tf: fc:r· the 

con~·tituents, infmitUt"'l. ln this He vlill cliscuss a 

icle ac ce le::cr:tors. 

de"'ling Hith rticles, l:Lke tc obtain a 

yicture ' .. :hich seems to ex!;ùain eveJ.."'ything ;;.s sim~lly <md :nrec-

J.sely C'\S :::ossible • c:hen th<~ electron ',Jas idcntiiïeJ. just before 

• Î 
the tu:rn of 

set the nice, neutr::ü or:uilibriu . .m • 

• i :very e.tom, :nc1. hr:td neD tive , this c;cvs an all-around 

to our uni v :·rse. 
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;raton '.'2,S discov:::ced ;end fmmd to lEve the s::me mr{;lli tude but 

:.'S the elect·,:on, tlli:; m: de 

bec use it resto red the neu ,,r of m::;.tter, in thd the ·oos-

itive <::nd negative c·h· rc;-e c:oncellecl out. the relief >.12 s only 

electrons He:ce rcü-

i.ve, end ';ositive. lne ens1:~;r'i' .._'hey 

H~1ren 't. .:ositrons, identical to electrcms but o;:-•posite in 

\·lere discovered L"1 them so elusive 2s 

rœoba:bilit;y of oncovnterir1g· • .L 1 
ltJS icle', the elec-

tron. ·· .. 'hen -~hese b:c collide, they not cnl,y neutralize but 

rr .. the:::- annihilate e:c.ch other. As :::. re sul t of this bec;:w.se of 

tl'1e l::1~.-' of conse:::::vs.tion of mr::.ss-enerc:r .:loc-

off. l'he onl;'{ 

reé'.SC11 ''0Sitrons Uüre discove:r•ed ::ot 2.11 is bscause they \·rere 

IJroduced me;:ms ·.ri th accelera tors, or they occured 

:::-esul t of tl1e tion cf Th'1St ole u:.rticles. 

In1 ;]vriss scientist, l'euli, :postulr.ted. thf; existc:'nce 

of scientL;ts 

uoultl noon caJl the~ fineutrino ~<. -:1 .. 
r1l.S tb.esis 1·1'" b2.sed on the 

' act th2.t oeta :~.iven ofl' L'1 the r:. dioE;.ctive decEy of 

the neutron did not 

, ',!1-::.ich \muld be Given off 

http:cons81.ov,ti.on
http:beccw.se
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r2ndo:nn 8ll1011 ... '1t~; of energ:;r each time. l~t first, scientiste _Te 

field soon led tc- the conclusion tbrt the neutr:L'1o 

S\ctually J:n 956, it 'D,S proven. It \·,·as found 

\.'hem a neutron d0:ce.;;rs, e. :1roton rnd (;lectron .re off 

end that Hhen a nroton t;iven 

off. l::nmv the.t neutrinos are éÜso ~:·iven off, but they 

still didn 't };:nm·l 1ih;_,r. It é:.s 

t ons, electrons ,-,ne:. ns 1:ere i'ound tc h~·ve s--,in. lf neu-

trous 1:~::l'e to turn into T1rotons ~md electrons, the se l;:ttte:c -..ould 

have to their S}lin :::.dd u·n to hr·t of the fut all 

1<1ere found to h· vc a s;lin m:.::e,nitude of one. 

'~Tll1 of one fee:· the neut:t.:·on, rnd eitller zero or t'.O for its 

lJroducts, neutrino lvou1ê. solve the problem i.f i t h:;_d a of 

m~L'_l1itude one also. '?he neutrino Ha.s t1~erefore used to conse:r:ve 

s:oin. 1i:O this day, hm·iever, the neutri..YJ.o !v.s remained one of the 

most interesting ·nd distent ever discovered. 

1 
discove y of mesons \·m,s c:o re sul t of r:vny yearr-; \·JOi.'k• 

1 r_;:t~:1eir existence; h<'\d bee:'1 by 2 younc math-

en,-,ticitUI, 1Udeki in1 ~.:.e heil. been to 

1 th2 force \·rhich holds the nucleonf', ( tl-:e c:md n;';ut:::'Ons 

1 th?~t m2ke up the nucleus), toge the:::. It coulèn 't be <n electric 

:md '1-rould have no conse:-;uence on nc:utrons. It couléLYJ.' t be a 
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gravi té;,tional force ';hich \JOUld be rrruch too sm:ül L'nd '.Ioulci be 

ove:ccome by tho electri.c force ;:n:,'"'•;~'Y. 

the nucle;.~r force '.t<s rmc,lB{jous to electrom forces outl"üde 

tho nucleL:.:r his nuclear 

1 nue le r force, mass. ~ie guessed the m<.1ss to be three hundrecl 

1 
Cosmic r:dL,tion, the 1 fine inccss nt r<:::m of VCl"J' fe.;-;t :·rotons 

1 
con tain the se .rticles, Ci'.lleëi ni· mesons, or :lion::.:. U:Jo:J. hit-

1 a nucleus, ··,ion is tra:J.sformeC:'. into enerGY, '.ihic!1 ser.ves 

1 
813 tl:e nuclear ~üt 2 nue-

leus thn enerr;::r tr::"'ns;ni tted might be to s lit the èc toJE and 

• 'J.'his is Fh ·;:; is rlcne in our <:cceler< to:::s 

"~s on e:::tr<: ne te, 

1 
1 

oi' ·e .:ch ether, 

the neutr.'Ü Indeed, ~Nery existi:l1g· 

1 ''P.rticle is believed to hé'JYO .i t;~ 

2nô. elect:cical \.if have a11y). 

1 '.rhe u~:e o.f.' ::->ccn1e::-:'.to:~s h<:L allm.·ed us to discover many more 

1 
of these · r.; end He nr:.1:r believe the:,~e :;r.,; cv .r of 

ener:.;y of o.cceleretors ncH discov-

1 , :~nd there is no l.L'ni t to hoH · vJe 

ccn rerch. hat cliscove:des ',-Jill oome be mede, no one • 

http:rmC,18{SOl.JS
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LD o:réler to rr:e.intcdn thn b:revi ty of this ·~>X'Cj cet, otlL:r pz,r-

ticle"J r:uch as Xi , etc. will not be 

discussed. 

'lhou,~;h ive :reveal thc·se 

to be con"cu.nds o:· other , sorne scientists 

reeson for b2l:~eving that thc·se ern fu.nà.enent~·l ~);,rticles. 

sa .. ;r thc:t if one ,, rticlr~s 1·ùüch can 

th en into the original, then the ·o2.:cticles f:.re not really 

com~:ounds. I~r only doubt ho]>e is th2.t this i .lso true of 

··rotons dec2-:rinc; L'1to meutrons b:w1~ L'1tc ' a.'1d sei en-

tists :.re stiJ.l seerchinu.· for the cons ti tuents oi' ;;ro-

tons: the uarks. If qu2.rks are ever found, it Hill nost nrob-

ebly be 1:1i th the use o:f' Pl:lir:i:CE:i 
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Nome Symbol Moss lifeti,. Spin 

Photon y 0 CD 1 

Neutrino .. <2 CD 1/2 

1 Electron e -
1 ond Positron •• 112 00 112 

Mu-Meson l't 106 10-6 112 

o. Leptons 

Nome Symbol Mou li feline Spin 

Proton p 938 CD 112 

1 Neutron n 939 1.000 1 112 

Ao 
--
f-~T lambda 1 1115 112 

~mo Plu• 
z;+ • 1189 IO·IO 1/2 .............. __L_"_ -· 

mo Zero z:O 
1 

1193 10·14 112 

Sigma Minus !-
! 

1197 10·10 112 

Coscode Minus a· 1 1321 10·10 112 

Cascade Zero ao 1 13 10-10 1/2 

b. Octet ol Baryons 

Nome Symbol Mau lifetime Spin 

Pi Plus + 140 10· 8 
0 " 

Pi Minus ., - 140 10-e 0 

Pi Zero ,.o 135 10-16 0 

Kay Plus x• 494 Jo·e 0 

Koy Zero xo 498 yo·e 0 

Koy Zero 8or 
1 

i(O .... 4981 ~~~10 
0 

Kay Minus r 494 w·e 0 

Eto '7 549 10 -21 
0 

c. Octet of Mesons 

TABLE 5-1 The "EiemPntary" Particles. 

Choroe 

0 

0 

-1 
+1 

tl 

Chorge 

+1 

0 

0 

+1 

0 

-1 

-1 

0 

Charoe 

+1 

-1 

0 

+1 

0 

0 

-1 

0 

1 

Nucleon 
Number 

l/3 

1/3 

1/3 

TABLE 5-2 The Possible Fundammtal Buildin~-t Blocks: The Ql\&rlœ. 
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nu: JUSE IN ENEIICY achieved with successive types of acceleraton 
in the last 30 years (as charted by M. S. Livingston) . 
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