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ABSTRACT

I. THE PROBLEM

This study examined the suitability of the P.$.5.C,
physics syllabus for use in the University Entrance Course
of Manitoba high schools, The term suitability in this
investigation was defined as the P.S.8.C. course being

acceptable to the teachers who offer the instructicn and

o)
)
o
)

appropriate level cf difficulty for the students who

tudy the course,

wm

II, THE EXPERIMENTAL METHOD

To agsess the acceptance of the P.S,3.C, syllabus by
teachers, a teacher opinionnaire was developed, Thirty
items for the opinionnalre were velidated by submitting them
to a panel of judges. These thirty stetements were then
circulated to all the teachers in Manitoba using the P.2.3.C,
syllabus in the 1967-68 school year, who were agked to
react to each statement by indicating their position on a

Tive point scale., Eighty percent of the opinicnnaires were

returned and were scored using the Lickert method of summated

ratings, From these date, the level of scceptance of the

Pa’:ex

w
[#a]

.C. syllabug by Manitoba teachers was sssessed,

The achievement of the 262 Grade XTI and the 205 CGrade
XIT students who formed the Manitobaz pillot study groups snd
followed the P,2,.3.C. syllabus in the 1963-64 znd the 1964

€5 school years was compared to the achievement of students



in the United States, Tests number 1, 3, 4, 5, 6 and 7

of the Tests of the Physical Science Study Committee,
serles 0, were administered to the Manitoba students,

The mean score of the Manitoba students on each of the
tests was determined and the 95% and 99% confidence
intervales were found, The mean score of the United States
sample furnished by the publisher of the tests was compared

to these confidence intervals,
ITI, THE FINDINGS

The following conclusions were drawn from the investi-
gation, First, slnce in five of the six testes given, the
Manitoba students achieved at a level equivalent to or
better than the students in the United States, 1t was
concluded that the P.S.S5.C. syllabus was of an appropriate
level of difficulty. Secondly, the P.S5.3.C. syllabus was
nighly acceptable to the teachers of Manlitoba as measured
by the teacher opinlonnaire,

Baged upon this evidence, 1t was further concluded
that the P.5,5.C. course ls suitable;, as defined, for use
in Manitoba high schools with the students in the University

Entrance Course who choose physics as one of thelr options,
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CHAPTER I

INTRODUCTION

I, STATEMENT OF THE PROBLEM

The purpose of this investigation is to ascertain the
suitability of the Physical Science Study Committee (P.3.5.C.)
course of study for adoption as the high school physics
course in the Manitoba schools University Entrance Course,
Tmplied in the adoption the P,5.35.C. course 1s also the
uge of P.S.S5.C. developed teaching aids and materials and
the utilizabtion of the teaching methods prescribed by the
P.5.5.C, developed philosophy.

The term suilbability is defined for this investigation
s being acceptable toc teachers and of an appropriate level
of difficulty such that if used by the students in Manitoba
electing a vhysics option in the high school University
Entrance Course, their schievement would be equivalent to
that of students in the United States for whom the course
was designed,

Tn thie investigation the opinion and reaction of
Manitoba teaschers who are currently using the P.35.3.C. text
and materials will be assessed in evaluating the first aspect
of the suitability of the course, The second aspect will be
judged by assessing the achlevement of Manitoba students in
the P.S.8.C., course and the conclusiocn as to 1ts sultability

will be based upon whether or not thelr achievement is
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equivalent to that of students in the United States of

America,

1T

e

THMPORTANCE OF THE STUDY.

Tn 1966 the curriculum revigion committee for physics

. course for Manitoba

2

recommended the adoption of the P.S.5.

schools, Soon high school graduates, having studled P,5.3

2s their physics option will be presenting themgelves at the
University in significent numbers. If the success of these
students and those that follow them ig to be insured, the
need for 2 direct assegsment of theilr ability to cope with
the course seems obvious, The need for this evaluatlon is
megnified by the rapidity with which albtermative programs

are becoming available, Since F,3.5.C. has appeared on the

puy

igh school scene, others such as Harvard Project Physics

C‘

the Nuffield Project and Engineering Concepts Physics have

4V

been put forward in the United States and the United Kingdom,
Should P.5.5.C. be deemed inadequate or Ilnappropriate close
exanination of the alternative courses in Physics should

begin without delay, The purchase of texts, films, specialized
teaching aids and laborstory mnaterisls which would become
obsolete if P.S.3.C. is zbandoned ig only one of the decrements,
Probably of grester importasnce is the losg of manpower,

Hundreds of physics teachers have taken or are currently

taking special training specificslly designed to prepare them

R T [y



for the efficient performance of their role as teacher
of this course and indications sre that teachers would
have to take additional training should one of the alterna-
tives be selected to replace P.35.35.C, In the light of
these conditions then it would be inexcuseable t0 delay

the evaluation of the P.3,3.C., course any longer,
IIT, INVESTIGATIONS AND SETTING

For the purpose of the investigation an experimental
group of 262 students entering Grade XI in September 1963
was selected., These students were given the Grade XI
course recommended by the curriculum committee (Appendix A)
by four teachers each of whom has had experience teaching
traditional physics and also have taken the gspecial training
recommended by the P.5.5.C, Those students from the Grade
XI group who continued their study of physics composed the
Grade XII group, These students were given the Grade XII
course recommended by the curriculum committee by the same
four teachers who offered the Gradée XI course,

To evaluate teacher acceptance of the P.5.35.C., program
and opinionnaire was developed using the techniques of the
Lickert Method of Summated RBatings. This opiniomnaire was
sent to the eighty teachers in Manitoba who were using the
P.S.S.C. in the 1967-68 school year, The opinionnaires were

returned by 64 teachers and these were analyzed on the bases



of items as well as total response,

IV, LIMITATIONS OF THE STUDY

This study is horizontal in design and therefore
ylelds no information or evidence which permits comparison
of the experimental group's achievement in university with
that of some conbtrol group, It might be argued that to be
suitable, the P,3.5.C. course should produce students who
will achieve in university at a significantly higher level
than a comparative group studying traditional materials,

such a study if undertaken would undoubtedly produce
useful informatlon, but perhaps too would only reveal that
The universities are at present better organized to
recelve students with a traditional background and hence
would become a test of the universities rather than a test
of P.5.5.C. Further congideration would have to be given
to the possibility that the universities, 1f reoriented to
accept P,S3.5.C, students could capitalize on their back-
ground znd might or might not be able to carry them farther
in their study and understanding of the discipline,

No conventional testing device yet designed will serve
as a single measure to be applied to both traditional amnd
P.S.0.C, students,

The course differs sharply from most secondary-

scnool physics courses both in selection of content
and in style of development, Comparison with other



courses 1s not a matter of evaluating the relative
merit of different methods of teaching toward the
same objectives, Bather, such a comparison involves
questions as to the choice of objectives themselves,
Close scrutiny of the courses is enough to confirm
this fundamental difference, Further confirmation
comes from the few instances in which standard exami-
nations have been given to P,5,5.C., students and
P.3.5.C, examinations have been given to students in
standard courses, The results show that the students
have studied different courses....Certainly it is
pogsible to design an examination on which matched
groups of P,.3.5.C., students and students from other
physics courses would achieve equivalent score dis-
tributions, This procedure would hardly provide a
comparison, It would prove only that such an
examination can be prepared,l

To compare equivalent groups studying traditional and
P.5.5.C, materials by examining their aschlevement on a
standardized test would introduce s bias toward one group
or the other, Hor example 1f the Cooperative Sclence Tests
were used to evaluate the groups' achievement, it would
favor the traditional students whereas if the Educational
Testing Service P.35.5.C, tests were used, the ».5,5.C.
students would be favored, For this reason this study has
been confined to & comparison between Manitoba students
and those of the United States, both groups having studied

physics using the P,5.5.C, materials,

lgilvert ¢. Finley, "The Physical Science Study
Committee," 1 Wodern Viewpoints in the Curriculum (New York:
VMeGraw-Hill Inc, 1G64), p. 46,




CHAPTER II
REVIEW OF LITERATURE
I. A BRIEP HISTORY OF THE DEVELOPMENT OF P.S.S.C,

The Physical Science Study Committee was formed in
1956 and, under the leadership of Professor Jerrold R,
Zacharias of Massachusetts Institute of Technolegy, under-
took a study of the teaching of physics in secondary
schools,

The Physical Sclence Study Committee, as its name
implies, would have preferred to create a two=year
course 1In physics and chemigtry rather than the one-
year course 1ip physlcs that 1t finally produced, Yet,
it was necessary to recognize that most American
secondary schools as they are now constituted would
not find it possible to fit a two-=year course into
their structures,.t

Originally the committee pleanned to produce teaching alds
such as films and laboratory apparatus but early investi-
gations snd discussions gave strong indication that a major
revision of content and approach was needed,

Studies by the American Institute of Physics, the
American Assoclation of Physics Teachers and the
National Science Teachers Association supported the
first conclusions of the Committee that (a) secondary
school physics textbooks in general presented the
subject from a point of view that dated back half =
century and no longer reflected the views of the
sciéntific community, (b) genuine attempts to add
new material had resulted in sz patchwork quality in
which the unity of physics had disappeared, (c) the
amount of material in textbooks had become s0 great

1Jerrola B, Zacharias and Stephen whjte New Curricula
(New York: Herper and Row, 1964), p.70,
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that it could not be reasonably taught in an academlc
year, (&) much of the new material reflected the
increasing importance of technology in our society,
but resulted in further overloading of tThe source

and further minimizing of the concepts of sclence
itself,2

In considering tentative syllabl presented by various

groups at their early meetings the Committee realized that
a good deal of subject matter trested in the conventional
courses would have to be omitted, Any material dealing
with technology was dropped and some material with con=
siderable significence and interest was also omitted.

It was decided that the course would be directed
toward familisrizing the student with two central
notions of modern physics: the wave-particle duallty
and the modern concept of the atom, Behind this
decision was the view that these two notions lay at
the heart of the modern Physicist's outlook upon
his universe, and that it was this outlook that the
course shoulé convey.3

0,L, Brauerg has presented a formidable list of topics not
included in P.S.5.C. but which receives considerable promi-
nence in conventional physics courses, Most items of the
list presented represent technological devices, but there

are some such as hydrostatics, heat and expansion, and sound,

which are indeed purely physics,

2Elbert P, Little, "The Physical Science Study Committee"
Harvard Educational Review, 29: 1, 1959. p.l.

3zacherias and White, op.cit., P.71l.

QOQ 1, Brauer,"Something Dangerously New In Physics
Teaching" Sclence Education, 47: 366, 1963,




To be retained, each item of subject matter had

to meet the following criteria:

(1) To stress the major schievements of physics,
such ag the great conservation principles,

(2) To give insight into the way in which these
powerful ideas were conceived, nurtured and
sometimes overthrown by even more powerful
ideas,

(3) To present a unified story in which the
interconnections within physics were brought
to light,

(4) To show physics as a human activity comparable
in significence with the humanitles, the
languages and the other major studies of high
school students,5

During the summer of 1957 a variety of projects were

begun, A group of university physicists and high school
physics teachers began work on a text book for the new
course, Others worked on new forms of simple apparatus,
teaching films, a teacher's guide and other aids, A
special effort was made to have the materials ready for use
in the fall of 1957. In the 1957-58 school year 8 teachers,
all in the United States, used these materisls with some
300 students. These teachers fed appraisals back to the
committee who made revisionsg accordingly., In the summer

of 1958, 270 high school physics teachers attended one of
five summer institutes sponsored by the National Sclence
Foundation st which the P.S.S.C, course was the subject of
study., During the following school year these teachers

used the P.S.S5.C. materials with spproximately 11,000

5Little, op.cit., P.2,



students, These numbers grew annually, and by 1962-63
in the United States, 3,000 teachers and 125,000 students
were estimated to be using the P,3,3.C., materials,
Although P,3.3.C., 1g still enjoying a steady annual
growth in the numbers of teachers and students involved in
its use, there has been some dropout, which has currently
been estimated to be considerably less than 5%, In 1961-
62 however, there were 1,800 teachers, 225 dropped P.5.5.C,
the following year for following reasons:
33 - alternate physics and chemistry, 59 are not
teaching
39 = changed positions and could not use the course,
or are teaching courses other then physics
23 - have scheduling problems or other miscellaneous
difficulties which prevent their teaching
FP.5.3.C, thisg year
71 - gave no reascn, or indiceted the course was nob
sultable for their students
II, A BRIEF HISTORY OF THE INTRODUCTION AND GROWTH

OF P.S.5.C., IN MANITOBA

In September 1962, the P.S.S.C. program was introduced
in Manitoba at Gordon Bell High School in Winnipeg, The
group, which formed the basis for a pre-pllot study was
composed of twenty-eight Grade XI students, 16 male and 12
female who had been selected becsuse of thelr above average
performance in science and mathematics., Each student had

obtained an average of 70% or better in science and mgthe=-

6Quarterly Report (Educational Services Incorporated,
Watertown, Mass, Summer-Fall, 1964}, p.9,
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matics in their Grade X year and had indicested a willingness
to participate in the program, The class was taught by
the writer who had taken the special P.3.5.C. teacher train-
ing at & Nationmsl Science Foundation (N.S.F.) spounsored
summey institute at Nebraska Wesleyan University.

All students wrote and were successful on a special
examination for Grade XI standing. The paper was reviewed
by Dr., B, H. Hogg, Dr. R, D, Connor and Dr, B, G, Whitmore
of the University of Manitoba Depsrtment of Physics,
0f the paper, Dr, Whitmore wrote:

We are completely agreed that 1t represents a

standard consgiderably higher than that of the present
Grade XI$7 B

In June of 1963 at Regina, an Inter-Provincial P.3.5.C,
meeting was held, This was attendedvby representatives from
British Columbia, Alberta, Saskatchewan and Manitoba., The
experience in Saskatchewan particularly seemed to reflect
thet of Manitoba where the success of the pre-pilot group
had raised interest and enthuslasm among teachers and
administrators,

The Manitoba Department of Educatlon decided to con-
duct 2 pilot study and an expanded basis from pre-pilot group.
This pilot study began in September 1963 at four High

Schools, All students electing the Physics optlon in Grade

713m G, Whitmore, Professor and Head, Physics Depart-
ment, University of Memitoba, in a letter, May, 1963,
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X1, at'GlenlaWn Collegiate in St, Vital, Stonewall Colleg-
iate in Stonewall, and Gordon Bell High School in Winnipeg,
were given the P.S.3.C. course of study, Three of the six
Grade XI physice classes at Grant Park High School were
also given the P,5.3.C. course, The teachers involved had
211l taken the recommended special training, B, Unruh of
Grant Park, A, Hammond of Stonewall and the writer of
Gordon Bell had 21l attended summer N,S.F., institutes at
Nebraska Wesleyan University while H, Pearce of Glenlawn
had taken his training at the University of British Columbia,

During the next two years these four teachers met
semi-monthly to plan thelr work, discuss common pfoblems
and evaluate their progress and at the end of this perilod,
recommended unanimously that P,S.3.C, be introduced in to
Menitoba schools on as broad s scele as possible,

In October 1963 the Department of Education appointed
curriculum committees in several subject areas, The Physics
Curriculum Committee under the chairmanship of Dr, RB. D, Connor
concurred in the recommendation of the P.S.3.C, pilot study
group, The committee further specified that teachers offer-
ing the P.38.S.C, course should be required to teke specisl
training,

To meet the anticipated need of substantial numbers
of specially trained teachers, the Faculty of Educatlion at
the University of Manitoba introduced a speclal course in

nethods of P,S$.5.C. teaching, This course was first offered
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during the summer of 1964 and participants were glven
financial assistance by the Internstional Nickel Company
and the Department of Education, This course has to date
been offered five times, either as a six week summer course
or as a winter course of about twenty-five all day sesslons
neld on Saturdsys., About one hundred snd Tifty teachers
have participated, Currently the Faculty is offering a

P.5,.S5.C, methods course as an elective to the students in

o}

their first year of professional training and the need for

I

2
=

special courses would therefore graduzally diminish,

During the 1967-=68 school year 80 teachers in Manitobe
are involved offering the P,5.3.C. syllabus to 2,591 students
at the Grade XI levels and 1,628 students at the Grade XII

level .
III, AN CUTLINE OF THE P,S.S.C, PHILOSOPHY

Until 1961 physice teaching in Manitoba has 1ln the

mein followed a2 treditional psttern of treating theory and

3]

o

lzboratory as two separate entities, Desplte the fact
that many physics teachers sttempted and In many cases
succeeded in correlsting the two so that the one compli-
mented the other, the general practice seems to have been
to teach the theory in the classroom and then when the

s

opportunity presented itself this theory was verified in

the laboratory by doing an experiment for which the result
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was already established., 1In most schools, a specifiled
period for laboratory was assligned to each class and
clasges were glven a laboratory exercise t0 perform at
this time each week irrespective of what position of the
theory was undeyr study at that time, An even less desir-
able practice was followed in some smaller schools where
laboratory equipment was in short supply. Here with only
one or two sets of apparatus for each experiment, all
experiments would be done on a2 robational baslis, Thus a
student might be asked to do an experiment in light months
before thig area wag to be trested in the theory section
of the course,

Recognizing that the foregoling procedures were being
followed, the Department of Education adopted the policy
of granting separate standing in laboratory or Practical
Physics and Physics Theory and a student could recelve
credit for one while failing in the other,

Adoption of P.3.5.C. as a course of study necessitates
a departure from practice of treating laboratory and theory
as separate entlitlies, The philosophy of the P.3.5.C.
approach redquires the gtudent to discover in the laboratory
the physical relationships that he will use in the theory,
To achleve this, 1t 1s obvious that a rigorous laboratory
gschedule camnoct be adopted, Experiments must be performed

at the appropriate times as dictated by progress of the class



1L
in their study of the theory, Also, sufficlient equipment
mnust be available to z2llow all students in & class to
perform the same experiment at one time, In short, the
practice of having anywhere from two to twenty different
experiments performed on a rotational basls according to
a presget schedule cannot be applied to the teaching of

P.S5.3,C. physics,
IV, A SYNOPSIS OF THE COURSE OF STUDY

The P.S.3.C. course of study is divided into four
closely related and connected parts. The first of these
is a general Iintroduction to the understanding and measure-
ment of the fundamental physical notions of time,space
and matter,

As the student learns of the almost boundless
range of dimensions from the immensely large to
the infinitesimally small, from microseconds to
billions of years, he finds out how these magnlitudes
can be measured, He learns that instruments serve
as an extension of his senseg., Laboratory exper-
ience shows how we first measure by direct counting
and then extend our range of measurements by
calibrating and using simple instruments such as
strobogcopes or range finders,

After the experiments measuring space and time the
student moves to the general study of functional relation=-

ships and their graphical analysis, He then uses these

8PaSeS,,Cs Physics, D,C., Heath and Company, Boston,
1960, p.v,
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techniques to study the displacement, velocity and accele-
ration relationships of relative motion snd is introduced
to vectors as a valuable tool to assist in this study.
Throughout Part I, the student is exposed to the unity of
Physics and the realization that it is a single subject of
study in which concepts of time space and matter cannot
be separated,

Having looked at the broad picture of the Unilverse
in Part I, the P.S5.5.C., course of study moves on 0 examine
certain fields in more detail, Part II begins with the
obgervation of the common phenomena associated with light,
reflection and refraction, Based upon these experiences
8 particle model or theory is developed., The student is
able to go beyond the high school laboratory in his

scouting of this model by the use of 16 mm films on such

topics as "Pressure of Light" and "Speed of Light", Finally

the particle model proves inadequate and a wave model is
suggested,

The laboratory again provides an unexcelled source
of experience, and here the student becomes familiar
with the properties of waves, He observes the
behaviour of waves on ropes and on the surface of
water, He begins to recognize the group of charac-
terlistics that constitute wave behaviour, Knowledge
of interference and diffraction comes directly from
a study of waves in a ripple tank. For the first
time, perhaps, the smears of light around street
lamps, the colors of oil slicks, and the formation
of images by lenses appear as aspects of the wave
nature of light,9

JIbiad,
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In the third part of the P,S.S.C, course of study
a closer observation of motion from a dynamical aspect
is made, Simple laboratory apparatus provide the
necessary means for the student to discover Newton's law
of motion, The prediction of forces when motions are
observed or motion when forces are known and revelation
of Newton's intultion whereby he was able to formulate the
law of Universal gravitation are followed by a study of
the laws of conservation of movement and of energy, These
in turn enable the student to appreciate the work of
Chadwick in the discovery of the neutron or the kinetic
theory of gases, where detailed observation of the motion
involved is not possible,

Part IV introduces the student to electricity and
through this to the physics of the atom, The measurement
of very small electric forces is achleved using the know-
ledge gained from the dynamics of Part III, Simple labora-
tory apparatus enables the student to do a Millikan oil
drop type experiment using microscoplc plastic spheres
and thus galn an appreciation of the grain-like nature of
electric charge, The motion of charged particles in
electric fields 1is studied and used to determine the masses
of electrons and protons, A discussion of magnetic fields
produced by magnets and by current electricity and the
forces they exert on moving charges is followed by the

induction laws,
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With the knowledge thus gained the structure of the
atom 1s probed and a nuclear model developed., Unanswered
gquestions lead to the discovery that light is both granu-
lar and wavelike in nature and that by the combination
of both properties, the stability of the Bohr model of
the hydrogen atom and the structure of its energy levels
is understood,
In this part of the course, because direct experi-
mentation becomes harder and more expensive, films
bring to the student such experiments as the inter-

ference of photons., At the end of the course we
have arrived at the modern model of atoms,L0

V. A BEVIEW OF EVALUATIVE INVESTIGATIONS

There has been to date no one major appraisal of the
?.5.5.C. course made in the United States, This must not
be taken to mean that the course has no critics, both
at home in the United States and here in Canada to00 many
have written articles pointing out its shortcomings., How-
ever, the machinery which the Committee set up whereby
they obtain "feedback! from those people using the course
materials has proven highly effective, This enabled much
revision to be made of the early trial materials even
before the publication of the first edition of the text,
At present the Committee sponsors "areaz meetings" of

teachers both in the U.S.4, and in Csnada wherever there

10744,
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are sufficiently large emough groups of teachers using
P.5.3.C, to populate a meeting, These regular amnual
area neetlngs are desligned to evaluate the course in the
light of the direct experience of those using it and the
evaluations are submitted to the Committee for informa-
tion and often action through revision, In 1965 the
second edition of the text appeared and embodied many
changes which found thelr begimming with the teachers in
their area meetings. The fact that the number of P.S.5.C.
users continues to grow is testimony to the effectiveness
of the Comnmittees! program for revision,

In an investigation of high school physics achleve=
ment, Marlow A, Marketll attempted to compare the relative
effectiveness of the traditionzal high school curriculum
and the physics curriculum developed by the Physical Science
Study Committee, The experimental results are reported in
an article by Warren L, Hipsherglz

Students taught physics using the traditional

high school physics curriculum performed significently
better on the Cooperative Physics Test than students

lyeriow A, Varket, "Study of High School Physics
Achievement," Thesis for D, Ed. degree, University of Tulsa,
Tulsa, Oklahoma, 1960,

l2yarren L, Hipssher, "Study of High Schocol Physics
Achievement," The Science Teacher, October, 1961, pPp.36,37.
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taught high school physics using the curriculum
developed by the Physical Science Study Committee,

In reaching this conclusion, four variables were
stetistically controlled, scholestlic aptitude as measured
by the Gamma Form of the Otis Quick-Scoring lMental Ability
Test, prior achievement in natural sclence ag umeasured by
Form YZ of the General Achievement Test in Natural Sclence,
physical science aptitude as measured by the Physical
Aptitude Test and Socio-economic status as measured by
the North Hatt Scale,

In Market's study two zll male samples of nearly
equal size were used, one being a control group and the
cther an experimental group, and the null hypothesis that
there is no difference in the mean achievement of the
control and experimental groups in thelr response to the
criterion, the Cooperstlive Physics Test was rejected, and
it was further concluded that the control group mean
exceeded that of the experimental groups by at least 6
points, a margin equal to one-half the standard deviation
of either group,

HipsherlB points out that the criterion is acknowledged
to be & traditionally oriented test and 1s based upon
syllabi of the College Board Entrance Exanmination Committee

and the New York Board of Regents'! ;t?:_;*cam‘J"_m.a’t::‘iLcm@:UL He further

131pia,

gscar K, Buros, The Nineteen Forty Mentel Measure-
ments Yearbook, Braunworth and Company, Inc,, Bridgeport,
Counneticut, 1951@
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states:

As a result of the cholce of this particular

criterion, the students 1n the control group may
have had an advantage over the gtudents in the
experimental group, If such an advantage dild
exist because of the selectlon of this particular
criterion, then the results of this investigation
would be biased in favor of the control group,

In essence then, Market's study does not undermine
the value of P.S5.3.C, as a good course for the study of
physics but raises the serious dquestion as to ite effective-
negs in the preparation of high school students for
success in a traditionsl physics curriculum undertaken as
part of their post-secondary education, Asgessment of
this possibility and of the natural outgrowth of it, the
necessity for reorientetion of college and university
physics departments to the objectives of the P.S5.5.C.
course of study, are not within the scope of this study,

Assegsments of P,5,.,5.C. have been made in various
Canadian provinces. In Ontario at Carleton University the
P.5.5.C, course was first offered to 90 students entering
the qualifying physics year, These students all had high
stending in the Ontaric Junior Metriculatlon examinations
and would have entered, had they not entered the qualify=-
ing year, the ordinary Grade XIII of the senior matriculastion

academic course, The instructor held a Master's degree in

physics but had no teacher training and substantially no
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experience, In assessing Carleton's experience Dr, John
Ha‘ftls9 chairman of the Physice department admitted that
Carleton had failed the P.S5.5.C. course and not vice versa,
It was concluded that the course was not sultable for the
university's purposes but its wide =doption at a lower
level was strongly advocated, P.5.3.C., has since heen
adopted as the course of sgtudy for Grade XIII students
who have had prior trsining in physics in traditional
COurses,

In British Columbiz the committee of teachers and
university professors hesded by Dr, Livsey, himselfl a
contributor to the P.S.5.C, program, has forwmed a three
year course in which PGSQS;Ce vlays a major role along
with other materials written speclally for that province
hy members of Dr, Liveey's committee,

The Ti

N

st P,S5.8.C, work in Alberta began in the 1961=-

vesr with 4 Grade ¥XIT =nd 6 Grade ¥XI classes,

1%

62 gchool
This wes expanded the following year to 10 Grade ¥IT and
8 Grade XTI classes, Wost of the classes were held in
gchools in the Edmonton area and the report from teachers
invelved in this experiment was quelified but favourable,

-~

Saskatchewan has attempted to =2dopt P.8.3.C, and its

o

°

1570mn Hart, "Is the P.3,5.C, Course Sultabie for
Canedian High 3Schools?!t Appendix B,
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development there closely parallels the exﬁerienoe in
Manitoba, Professor Stanley Clark of the College of
Education, University of Saskatchewan analyzed test scores
for a large group of students in Grade XI at ten different
high schools, The tests uged were the Tests of the
Physical Science Committee numbers 1, 3, 4 and 5, The
scores were compared with the publisher's norms and the
sample was described in terms of I.Q, based upon results
obtained from the Gamme Form of the Otls Quick-Scoring
Mental Ability Tests., Professor Clark merely reported
these data to the teachers psrticipating in the experiment

without drawing any conclusions,



CHAPTER ITI
EXPERIVMENTAL DESIGN

In measuring the suitability of P.3.5.C, as defined
in Chepter I, the initial work of this investigation was
devoted to the evaluation of student schievement,

In September 1963, four teachers begen the Manitoba
pilot study of P.S5.5.C., with 261 Grade XI students enrolled
in eight classes., This group was selected as the sample to
be examined by this study, It was examined and found to
contalin groups from urban, suburban and rural areas, The
urban area was represented by groups at two schoéls0 Three
classes totalling 97 students at Grent Park High School and
two totelling 71 students at Gordon Bell High School, both
in the Winnipeg School Division, The suburban area was
repregented by two classes in Glenlswn School, St. Vital
in which 61 students were enrolled while Stonewall Collegiate
had one class of 32 students which represented the rural
setting.

In an attempt to eliminate bias from the sample, all
students electing physics as a Grade XI option in Glenlawn,
Gordon Bell and Stoneweall were given the P,3.3.C., course,
This was not possible at Grant Park school because of the
large number of students electing the Physics option with
only one teacher avallable with the special P.S5.5.C. training

reguired to teasch the course,
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The result of either the Dominion or the Otis mental
ability test was available for slmost all students in the
ssmple snd from this an intelligence quotient was obtained.¥®
These quotients were used to assign students to one of four
categories, A, B, C or D, Group A were those having an
1.8, of 120 or over, Group B were those from 110 to 119,
Group C had quotients from 100 to 109 and group D were those
whose I.Q., was below 100, The frequency in each category
wag then determined and compared to the total to establigh
the percentage distribution,

Teat #1 and #3 of the Tests of the Physical Scilence
Study Conmmittee Series 0l were administered to the students
comprising the CGrade XI sample, These tests cover thatb
portion of the P,5.3.C, course assigned for Grade XI, The
results of these tests were then compared with the norms
furnished by the publisher which were obtained using
students in the United States of America,

In September 1964 the Grade XII portion of this
evaluative study was begun, Of the original 261 students,
195 elected to continue their study of physics and composed

the bulk of the sample for our evaluation, They were Jjoined

#Intelligence guotients obtained from these two sources
while not identical are known to be very nearly equal,

lgducational Testing Service, Tests of the Physical
Science Study Committee, Primston, N.J. 1959, Appendix C,
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by 10 newcomers to the course, Although some had taken
& conventional physics option in Grade XI, none had
studied P,S.5.C, before, The distribution of I,5. scores
for these 205 students was examined in the same menner
as the Grade XI sample, They were administered Tests
numbers 4, 5, 6 and 7 of the same Educstional Testing
Service series? and the results again were compared to
the American norms, It is worthy of note that four test
items both on test 5 snd test 7 were judged unsultsble
and excluded since they covered material from Chapters
7, 8, 9 and 26 of the texts which were omitted from the
course of study for Manitoba, Since these tests contalned
35 items each, and all items are of equal value, the 45
minute test period was vroportionately reduced by 5.1
minutes to maintain the same time allowance per test lten
given in the original tests,

By September 1967, 80 teschers in Manitoba were

D
i~

1geged in the instruction of physics using the P.5.5.C.
syllsbus, Assessment of their acceptance of the P.S.5.C.
course, in debtermining its suitability for use in Hanltoba,
was deferred until lste in April in order to give those
teachers in their first year of P,5.3.C. as nmuch experience

with the course as possible, To measure teacher acceptance,

the Likert Method of Summated EBatings was chosen, Edwards
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and Kenney” found the Likert scale to have a high
correlation of +,92 with the Thurstone Technique of scaled
values5 but the latter has the disadvantage of requlring
the statements to be submitted to a panel of fifty or more
judges for scaling before they are administered to the
group,

In the construction of the Lickert scale, 34 state-
ments about P.S5.S.C. were chosgen as representing opinions
held by a substantial number of educators, The statements
were eventually divided as in favour of and against the
course or its related materials, These statements were then
submitted to a panel of two judges both of whom were known
to be very favorably inclined toward P.S5.3.C. DBoth judges
responded independently to each statement by indicating
one of the following five categories: (a) I agree with the
statement; (b) I am inclined to agree (with reservations);
{¢) I cannot say (have no Feeling one way or another) (the
evidence is insufficient); (d) I am inclined to disagree
(dissgree with reservations); (e) I disagree with the state-
ment, The statements were assigned values of 1 up to 5 o0r 5

down to 1 in such a manner that a high score on an ltenm

4Allen L. Edwards snd Katherine C, Kenney, "A Compari-
son of the Thurstone and Lickert Techniques of Attitude Scale
Construction,® Journal of Applied Psychology, February 1946,
p.p 072‘:83 °

5Le I, Thurstone and E, J. Chane, The Measurement of
Attitudes, {Chicago: University of Chicago Press, 1929).




indicated a favorable inclination to P.S.5.C. and a low
score indicated dissatisfaction with or opposition to
P.5.5.C,

The judges' scores on each item were combined giving
each item a minimum value of 2 and a maximum value of 10,
The thirty items having a combined score of 7 or greater
were regarded as sultable and were retained to form a
P.5.5.C, Teacher Opiniomnaire, (Appendix D), Three items
having s combined score of 6 were regarded as unsuitable
since they indicated no opinion, or a disagreement between
the judges, One item having a combined score of 5 was
discarded since it represented a conflict of opinion bet-
ween the judges,

The opinionnaires were senbt to all the teachers in
Manitoba who were using the P.5.3.C. syllabus and 80% of
them were returned, The responses which were received from
these 64 teachers were then scaled and totalled to determine
the teacher's attitude,

The individual items on the opiniocmnaire were divided
into groups in accordance with which of the following areas
of the P.S.5.C. they sampled (1) the textbook, (2) the
lsboratory materials, (3) the films, (&) the P,3.8.C. philo-
sophy, or (5) miscellaneous, The 64 opinionnaires were then

analyzed in each of the first four of these areas,



CHAPTER IV
ANALYSIS OF FINDINGS
I. STUDENT ACHIEVEMENT

In comsidering the performance of Manltoba students
as an aspect of the suitability of the P.35.8.C. syllabus,
some attention must be given to the sample of students used
in the investigation, Statistically speaking, the sample
used was not random sinece all Manitoba students electing
the physics option did not have an equal opportunity of
being selected, By definition, a representative sample
is

...0ne in which the distribution of scores in the
sample closely parallels that of the populational

Since the offering of the P.S5.5.C. syllabus to students
requires specially trained personnel it was lmpossible to
select the sample of students for the investigation on
either a random or a representative basls, Instead, the
sample was selected by classes from urban, suburban and
rural schools in Manitoba and all students in each class
selected followed the P.S5.5.C. syllabus,

The distribution of intelligence quotients of the

sample as reported in Tables I and II shows a skewness

1Henry E, Garrett, Statistics in Psychology and
Education, (David McKay Company Inc,, New York, 1962,) p.203,
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I.0. FOR MANITOBA GRADE XI SAMPLE

Group I1.0. Range No. of Students Per Cent Distribution
A 120 and above 114 42.1
B 110 - 119 75 27.7
C 100 - 109 35 12.9
D Below 100 25 9.2
E unknown 22 8.1
TABLE I1
DISTRIBUTION OF I.0. FOR MANITORA GRADE XII SAMPLE
Group I.0. Range No. of Students Per Cent Distribution
A 120 and above 94 45.8
B 110 - 119 62 30.2
C 100 - 109 24 11.7
D Below 100 13 6.3
E unknown 12 6.0
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favoring the above average intelllgence groups. Such a
distribution would be expected in an examination of any
group of students in the university entrance stream of
the high school population and particularly in the case of
physics which has the rveputation of being one of the more
difficult subject options, Table III shows the freguency
distribution of raw scores of Manitoba students on the six
Educational Testing Service standardized P.3.85.C, tests,
The maximum raw score on all tests is 35; however, thils
meximum was reduced to 31 for Manitoba students in tests
number 5 and number 7 since four of the 35 ltems were
deleted, These deletions were made Dbecause the material
examined in the items was from chapters not included in
the Manitoba P.S.S.C. curriculum, In order to compare these
test scores with the United States norms, they were scaled
on the basis of simple proportion and all the ensulng
statistical data quoted for these tests are the scaled
values.,

In measuring the significance of the difference bet-
ween two means, the most direct method would be ©o compute

2

the critical ratio, To compube this ratio, the number of

individuals in each sample must be known, This number

ZHenry E., Garrett, Elementary 3tatlistics, (Longmans
yreen and Company, New York, 1956,) pp.94=100.
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TABLE IIL

DISTRIBUTION OF RAW SCORES OF MANITOBA STUDENTS ON P.S.S.C. TESTS

Frequency Distribution

Raw Score Test 1 Test 3 Test 4 Test 5 Test 6 Test 7
32 2 - - - - -
31 2 1 - - 1 -
30 1 - 1 - 3 -
29 1 1 2 1 2 3
28 7 2 1 - 4 1
27 6 3 3 2 1 2
26 5 1 4 1 5 4
25 10 5 6 1 4 8
24 7 7 5 2 5 3
23 6 7 11 1 9 4
22 14 15 11 7 12 10
21 11 15 10 5 10 14
20 20 17 16 8 14 11
19 18 19 17 11 11 17
18 21 16 15 15 18 15
17 27 13 17 26 14 13
16 18 26 8 12 18 - 17
15 26 21 15 19 13 15
14 20 19 8 13 4 14

continued
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TABLE III CONTINUED

Frequency Distribution

Raw Scores Test 1 Test 3 Test 4 Test 5 Test 6 Test 7
13 13 14 8 21 13 7
12 10 8 9 18 6 9
11 5 5 6 9 6 11
10 3 8 11 14 10 5

9 1 3 5 4 3 4
8 3 3 2 7 2 6
7 - 1 1 1 1 -
6 1 2 1 1 - -
5 - 1 1 1 - -
4 - - - - - -
3 - - - - - -
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was known for the sample of Manitoba students, but because
of the menner in which the United States norms were estab-
lished, the publisher of the P.S5.5.C. test could not provide
this information for students in the United States, For
this reason, the comparison of the performance of the two
groups of students has been made by computing the standard
error of the means for the Manitoba sample and establishing
upper and lower confidence limitg at the 95% and 99% levels,
(Table IV),

The meang of the £,7,8, test scores for the United
States sample (Table V) were then inspected to determine
where they fell in relation to these 1limits..

The inspection or comparison of these means shows
that there is no significant difference in the means of the
Manitoba and United States samples for tests number 3, 4 and
5, For test number one, while the mean score for the
Manitoba students is higher then the U.S., mean score, it
does not lie outside the 99% confidence limit, Therefore
no significant difference in performance cen be concluded
as existing between the Manitoba and United States gamples
on these four tests,

In discussing the use of this technique of comparison,

Garrett3 states that:

3Garrett, Op.Cit, pp.188=189,

o ——
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STANDARD DEVIATIONS AND SEMI-INTERQUARTILE RANGES FOR UNITED STATES

TABLE V

AND MANITOBA SAMPLES.

Test No. U.s MAN. U.s MAN.
1 .0 4.8 .5 3.2
3 .0 4.6 .5 3.1
4 .0 5.1 .5 3.5
5 .0 4.7 .5 2.8
6 .5 5.0 .0 3.4
7 .5 5.3 .0 3.3

35
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...Description of the stability of a sample mean in
terms of "probable divergence of statistic ffom
parameter",..it is evident that confidence can be
placed in a sample mean 1f there ig small likelihood
of its having missed its population value by a large
amount, ...estimating the M.y, through the setting up
of limits which for a giveg gegree of confidence will
embrace the population mean, Such limits are saild

to be confidence intervalsS...o.

b4

Garrett  further explains that

Whether a difference is to be taken as significant
or not depends upon the probability that it could
nave arisen by chance, The probability is .95 that
the population mean lies within the interval of
HE 1,96 M and ,05 that it falls outside these 1imits,
Similarly it is .99 that it lies within NME 2,58 M
and .01 that it falls outside thig range.
Experimenters and research workers have for cOne
venience chosen arbitrary standards...of which the
,05 and .01 levels are most often used,
keferring again to Table IV, examinatlon of the limits
for test number 6 showed that the estimated mean of 21,0
for the United States sample lay outside the 99% upper
confidence 1limit of 18,92 established for the Manitoba
gsample., Also, for test number 7 the estimated mean of
18,0 for the United States sample was outside the 99% lower
confidence 1limit of 18,53 of the Manitoba sample, Further
reference to the differences indicated by the positions of
these two means will be made in the next chapter,

Having examined snd compared the means of the six tests

M1pig,, p.191.
5Ipid., p.216.
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as a measure of the central tendency of the performances of
the United States and Manitoba students, a further dimenslon,
the variability, was examined, For this purpose both the
standard deviation and the semi-=interquartile range (Table V)

6

were computed~ for the Manitoba sample and compared to those
of the Unlited States sample, Inspection of the values In
thig table showed little difference between the two samples,
The fregquency distribution of the Manitoba sample shown in
Table II1Y indicated a normal type of distribution in all

8ix tests. Further evidence of the gimilerity of the two
samples wag found when thelr percentile norms were compared
{Table VI), This inspection was congidered necessary to
ensure the absenceof sufficient skewness or kurtosis to
alter the relationships as&umed7 in ugling the standard
deviation as a measure of variability., The conclusion drawn
from the inspection of the measures of variability was that
the Menitoba sample had a slightly more peaked or 1eptokurtios
distribution than did the United States sample in all tests,

The degree of difference however was insufficiently large

to conclude any marked difference between the groups,

IT. TEACHER ACCEPTANCE

The second aspect of the suitability of P.5.5.C. for use

SGarrett, 00.Cit. pp.50-51,

"palmer 0, Johnson and Robert ¥W.,B, Jackson, Introduction
to Statisbtical Methods, (Prentice-Hall Inc,, New York,1553),
p.l5l.

8carrett, Ibid., 0.87.




38

L°TT O'TT O'IT O'%T 90T O'IT %'0T O°'IT &°TIT O'TT L°TT O°TI 0T
¢°ST O'%T L°%T O°LT ¢°€T O'%T T'%T O0'%T ¢'%T O0°%T 8°%T 07T 14
8°8T 0°8T 8°LT 0'TZ #%°9T S'LT 8°LT G°LT L°9T G°LT 9°LT G&°L1 09
9'2¢ 0°CCZ %°IZ 0°S¢ %°6T 0Tz 1°I¢ 0°I¢ %'0C 0'1¢ ¢°I¢ 0°1¢ GL
9'9Z 0°G¢ 8°%Z 0°8C §'¢¢ 0°%T L'eC 0O°%C 0°€c 0°%C ¢€£°9¢ 0°%¢ 06
NV ST CNVW. ST CNVW CSTQ NV TSt TNV TSTQ TNV ST wIoN
94 3S9L 9# 3891 G# 1s91 B 3189 ¢4 IseL T# 3sel °Tr3%

SLSHI *0°S°S°d HHI NO SHTIWVS VHOLINVW ONV SHLVILIS (ILINA ¥0d SWION 40 NOSIHVIWOD

IA dTdVL



39
in Manitoba as defined in this investigation was the accept-
ance by teachers of the course, The following analysis is
based upon the respounse of teachers to the opinionnaire
circulated to all Manitoba teachers using the P.5.5.C
syllsbus in the school year 1967-68, Gheplies were received
from 64 of the 80 teschers involved and hence the snalysis
represents the opinion of 80% of the Manitoba teachers
using the P,3,8.C, methods and materiels, To measure the
teacher acceptance of P.$.35.C, the Likert scaling technique
was employed, Starting from the point of view of acceptance
of P.5.8.,C,, all statements favoring this point of view wWere
scored or given a scaled value as in Table VIT with agree
being assigned a value of 5, and stateuwents opposing the
point of view were scored as in Table VIII with agree being
assigned a value of one, The opiniomnmsaire used contained
30 items as did the example cited by John W, Begt who
states that:

The test scores obtained on all of the items would
then measure the respondent”° favorableness towards
the given point of view, If the opinionnaire consisted

of 30 statements or items, the follow1pg score values
would be revealing:

30 x 5 = 150 == most favorable response possible
30 x 3 = 90 == a neutral attitude
30 x 1 = 30 == mogt unfavorable attitude

The scores for any individual would fall between 30

and 150; sbove 90, if opinions tended to be favorable, and
below 90 if opinion0 tended to be unfaveorable to a

given point of view,9

9John V. Bes '+, Besearch In Educabion, {Prentice-Hall
Inc,, New Jersey, 1905 Y pp.158-59,



40

TABLE VII

SCALED SCORE ASSIGNMENT TO OPINIONNAIRE STATEMENTS FAVORING P.S.S.C.

Teacher Response Assigned Score
Agree 5
Agree (with reservations) 4
Cannot say 3
Disagree (with reservations) 2
Disagree 1

TARLE VIIT

SCALED SCORFE. ASSIGNMENT TO OPINIONNAIRE STATEMENTS OPPOSING P.S5.5.C.

Teacher Response Assigned Score
Agree 1
Agree (with reservations) 2
Cannot say 3
Disagree (with reservations) 4

Disagree 5
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The distribution of teacher opinionnaire sccres shows a
marked skewness in favor of P.$.8.C., (Table IX), Of the
6t responding, 59 had total scores of 99 or greater indi-
cating varying degrees of favor, Four had total scores
between 87 and 94 indicating a neutral position, One
teacher had a total score of 59 indicating strong opposi-
tion, The median score of all teachers was 119 and Ll

£ the teachers indicated their highly favorable incliné-
tion towerd the course by scoring 120 {(an average of b,0

per item) or greater,

TABLE IX
GROUPED DISTRIBUTION OF TOTAL SCORES ON P.S.5.C.

TEACHER OPINIONNAIRE

Interval Frequency

8

140 149
130 - 139
120 - 129
110 - 119
100 - 109
90 - 99
80 - 89
70 = 79
0

[}
50 = 59
Lo - 49

30 = 39

NN
o NN O -

8
ON
O
0

o

§
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To snalyze the individual items on the opinionnaire,
the frequencys of each assigned score or scaled value were
tabulated for each item (Table X) and the item's mean
score wag found, This analysis showed 17 items, or 57% of the
opiniomnaire as having a mean response of L,0 or greater,
All items except numbers 6 and 23 reflected a favorable
attitude towards P.S.3.C., having mean scores of 3,2 or
greater, The response to item 6 indicated a strong feeling
among teachers that P.3.5.C. could not be used successfully
with students of the General course stresm in Manitoba high
schools, The responge to question 23 showed that teachers
felt that P.S.S.C0, was not successful in stimulating the
studente to read outside the coursge of study.

Twenty five of the opiniomnaire ltems were assigned
ag they referred to one of four categories: (1) Subject
matter, methods and philosophy, (2) Films, (3) Laboratory,
and {4) Textboock as shown in Table XI, This spnalysis indi-
cated no significant difference in attitude of teachers
towards the areas examined, In the category of films many
teachers wrote in comments on the opinionnaire indlcatin
their dissatisfaction with the availability of the films
for use when desired, The scores of these teachers were
responsible for the films being slightly lower than the
other categories, Further reference to the degree of

teacher acceptance will be made in the next chapter,



TABLE X

FREOUENCY OF TFACHER RESPONSES TO OPINIONNATIRE ITEMS

43

Ttem Scaled Value Frequency Mean
No. 1 2 3 4 5 Score
1 2 2 1 27 32 4.3
2 0 4 6 14 40 4.4
3 5 4 23 27 5 3.4
4 2 10 4 16 32 4.0
5 4 5 3 11 41 4.3
6 37 16 1 9 1 1.8
7 3 0 5 14 36 4.4
8 2 3 3 18 38 b.b
9 A 14 10 20 16 3.5
10 4 18 3 20 19 3.5
11 7 7 23 17 10 3.3
12 3 21 9 20 11 3.2
13 7 10 6 17 247 3.6
14 3 7 21 14 19 3.6
15 7 9 15 19 14 3.4
16 1 0 6 12 45 4.5
17 2 6 6 21 29 4.1
18 4 10 3 12 35 4.0
19 2 3 1 11 47 4.5
20 4 5 3 23 29 4.1

Continued




TABLE X CONTINUED

Scaled Value Frequency

Item Mean
No. 1 2 3 4 5 Score
21 1 7 2 21 33 4,2
22 1 2 9 20 32 4.3
23 19 23 6 13 3 2.3
24 4 12 4 26 18 3.7
25 0 0 6 18 40 4.7
26 1 14 1 24 24 3.9
27 0 1 9 23 31 4.3
28 3 1 7 8 25 b4.b
29 2 2 3 19 38 bob
30 6 14 1 26 17 3.5

TABLE XI

ANALYSIS OF TEACHER ATTITUDE TO OPINIONNAIRE SUB-AREAS

Sub-Area

. of Items

Mean Score

Subject matter

Methods & Philosophy

Films
Laboratory

Textbook

14

44




CHAPTER V

SUMMARY AND COHCLUSIONS

I. SUMMARY

In this investigation the suiltability of the P.5.5.C.
syllabus Tor uge in Manitoba high schools was examined,

To be suitable it was decided that the P.5.5.C, course must
be of an appropriate level of difficulty for the students
who will study it, and also be acceptable to the teachers
who must offer the instruction in 1t,

The P.3,.5.C., course was developed in the United
States for use with high school students 1n that country,
and before making its appesrance in published form, it was
subjected to many modifications deemed advigable Dby the wide
experience of the many teachers psrticipating in its develop=
ment., The assumption was made that as a result of this
intensive evaluation and modification the resulting course
wag of the appropriate level of difficulty for students in
the United States., If then the students in Manitoba study-
ing this physics course achleved as well as the students in
the United States, the course could be considered to be
suitable for them,

To measure and compare this achievement, a series of
six objective tests were administered to groups of students
in the two countries, The mean score of the students on

each of these tests was examined to see 1f there was any
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gignificant difference between the performance of the
United States and the Menitoba students.

Means for the United States sample of students were
furnished by the Educational Testing Service, publigher
of the P.S.5.C, tests., To establisgh achievement meansg on
the tests for Manitoba students, a sample of 262 Grade XI

and 205 Grade ¥XII students was selected for examination,

These students followed the P.3.5.C, course of study instructed

by four teachers who had taken special training in this
technique, The P.5.3.C, tests were administered to this
sample of Manitoba students and the mean score for each
test was found and compared to the corresponding United
States mean sCOTeE,

To measure the attitude of teachers toward the P.3.35.C.
syllabus, a teacher oplnlonnaire wag devised, validated by
a panel of judges, and circulated to all teachers in Manitoba
of fering the P,5.5.C. course during the 1967-68 school year,
The opinionnaire was of the type utilizimg the Lickert
method of summated ratings, Each of the 30 items on tThe
64 opinionnaires which were returned by the teachers was
scored on a 5 point scale in such a menner that a high score
showed a high degree of acceptance znd a low score showed
rejection of the item, The teacher's total score was btaken

a8 a measure of his overall accepbance or rejectlon of the

course, The mean score of all teachers on each item wag
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found and a measure of the attitude of teachers toward
(1) the textbook, (2) the laboratory materials, (3) the
films, and {(4) the P.S.S.C. philosophy was obtained by
examining the items of the opinionnaire under these cate-

gories,
ITI. CONCLUSIONS

In assessing the sultability of the course from
the standpoint of student achievement, it was found that
in four of the six tesbs given, no significant difference
existed between the mean score of the United States sample
and that of the Manitoba semple, Further, 1t was found
that in five of the six tests given, the Manitoba students
achieved a2t a level equivalent to or better than the
students from the United States, This evidence strongly
supports the conclusion that the level of difficulty of
the course is sppropriaste, In obher words, the P.S.5.C,
course of study is sulitable for use with simllar groups
of Manitoba students.

The evidence of tescher's reaction to the P.S.5.C.
course shows a2 high degree of acceptance, Replles wer
received from 80% of the P.S.5.C. teachers in Manitoba,
With the mean score per item of half of these teachers
being 3,97 or greater, it is safe to conclude that there ls

a high level of acceptance of P,3.3,C. among those teachers



who have experience using 1t in Manlitoba, The teachers
showed strong acceptance in each of the four areas investl-
gated; the textbook, the laboratory materials, the films
and the philosophy, Only three of the 68 teachers res-
vonding to the opinionnaire showed any rejection of the
P.5.5.C. syllabus and two of these were very close to the
"no opinion", 90-score area, having total scores in the
80«89 range,

From these data it can be concluded that the P.3.5.C,
syllsbusg is accepted by HManitoba teachers,

In the first chapter, suitability was defined as
the course first being acceptable to teachers and secondly
being of an appropriate level of difficulty such that if
used by Manitoba students, thelir achievement would equal
that of the students in the United States, This investi-
gation has shown that the P,3.3.C, course is sultable as
defined, for use with the students in the University
Fntrance course in Manitoba high schools who choose physics

as one of thelr optional subjects,

II1T, IMPLICATIONS

This investigation made no attempt to evaluvate the
articulation of P,3.9.C., students in university coursesg as
compared to that of students studylng physlcs in a tradi-

tional manner, OSince one of the objectives of the study
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of physics by students in the unlversity entrance course
is to prepare them for further studies in the fleld of
physics at the university, such an evaluation would yield
valuable information, and should be undertaken,

No provision was made in this investigation to
differentiate between the success of male students as
compared to thaet of female students, The teachers opinion-
naire revealed only a slight agreement with the statement of

item number 11 which suggests that P.3.5.C. seens to

D
}..J
uto

minate any advantage that was held by boys studying
traditlonal physics over girls in the same courge, The
evidence is not strong enough to merit a conclusion, bubt
suggests that the advantage to male students may be reduced
by P.2.3.C, course,

The experimental results reported for tests #6 and #7
show the mean score of the United States sample to be
significantly higher than the mean score for the Manitoba

sample in test #6 while the reverse is true in test #7.

This inconsistancy of performance suggests several possil-

[ aad

bilities that are worthy of further investigatlon,

In Manitoba, Chapters 7, 8 and 9 of the P.3.5.C,
syllabus are deleted because they deal with subject matter
that is normally covered in the chemistry courses. The

possibility exists that the United States students, having

studied these chapters, are more experienced with the P.5.5.C.
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method =nd are hence able to perform a2t a higher level,

Thig fzct would seem to be contradicted by the
higher level of performance of the Manitoba students on
test #7, In examining the possible explanations for this,
the most obvious seems to be the difference in techniques
of evaluation for the course, In Manltoba, with the sample
used in this investigation, it was decided vo forego
coverage of the last three chapters in the course in favor
of a higher level of mastery of the earlier portions, This
decision was deemed necessary since all the Grade XII
students in any subject area, P.S5.S.C, included, must sit
for & common examination in that area, These examinations
are set externelly by a subject committee appointed by
the High School Examination Board. In the United States,
nowever, it is more often left to the individual schools
concerned to establish final grades and award standings,
For this reason teachers in the United States have been
free to adopt the philosophy of teaching the entire course
rather than to concentrate on reaching an agreed upon level
of mastery, Perhaps the higher performance of the Manitoba
sample on test #7 is explained by this difference in
philosophies,

Another of the factors which should be the subject
of further investigstion in an atbempt to account for the

differences in verformance of the two groups on tests #6
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and #7 1is

i

N

na g

3]
o

he grade level of the students. In Manito
the P.5.S.C. syllabus is split into a two year course for

Grades XI and XIT whereas in the United States, 1t 1s a one

vear course usually teken at the Grade XTI level, This

ust not be taken to mean that the total time allotwment

in Manitoba ie double that of the United States, but there
are in fact more hours of instruction in Msnitoba which
might prove to be an advantage, Then too an adventage
might arise from a better mathematical background, 1if such &

iff nce existed, TFurther investigation would have to

o]

be made to determine the levels of the two samples and to
ascertain the effect any difference could produce on their
performance in P.S5.8.C. physics,

The pressure of sn external final examination and
its effect upon the performence of students during the
school year is another possible factor worthy of investi-

gation in any attempt to account for the differences In

performance between the two groups on tests #6 and #7. Tt

is perhaps not unrelsted to the difference in philosophies

S

mentioned earlier, but isg nonetheless lmportant,

In Manitoba a2t the time of the investigation Grade XI

accreditation of students was possible in certain high
schools, The four high schools involved in the experiment

were among those having this vriviledge, and the majority

P

v

of students involved in the study qualified for exemption
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from sitting for the finsl examinstion, Durling the Grade
X1 phase of the investigation then, for the majority of
cases, the techniques for final evaluatlion employed in The
United States and in Manitoba were highly similar in
nature, and no significant difference in performance bet-
ween the two groups was detected. However, during the
Grade XII phase of the investigation when the entire
Manitoba group faced an externally set final examination
and the United States sample did not, significant diffe-
rencerg In performance were found,

These observatlons suggest the need for further
investigation into the evaluative techniques employed to
agcertain whether or not there is a causal relationship
pbetween them and the performance differences detected by
this investigation,

Previocus mention has been made of the fact that
teacher acceptance of the films as measured by the opinion-
naire while very high, with a mean item score of 3,7, was
lower than the other three categories examined, One
possible accounting for this slightly lessor degree of
acceptance is the availability of the films, In spite of
the fact that no provision was made in the opiniomnaire to
express an attitude towards the distribution of the films,
or whether they were available when desired, 16% of the
teachers responding wrote in comments expressing dissatisfac-

tions with the avallablility of the films, This evidence
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strongly suggests the need for an investigation into
alternative methods for distribution of the films in
Manitoba or a study of the feasibility of the utalization
of television and video tape as a means of making the
films availabhle when required,

Ttem #6 of the opinionmnaire, with a mean score of
1.8, indicated a very strong feeling among the teachers
that P.S.5.C. could not be successfully used with students
in the General Course, Some teachers qualified their
position by writing in the comment that 1t wasg not sultable
under the present system of evaluation by an external ly set
examination, Before the conclusion can be drawn that
P.S$.8.C., is not suitable for use with General Course students,
it would be necessary to have data obtained from an experi-
ment offering P.35.5.C, to a sample of such students,

The responses to item #23 of the opinlonnaire indi-
cated that there is a strong feeling among teachers that
the P,.S.S.C, course fails to stimulate in students the
interest required to make them want to read outside the
course of study, Further investigation is needed before
any corclusion of weakness on the part of the P.3.5.C.
course can be drawn., It is possible that the high school
students of today have their free time heavily committed
£0 other activities and are unable to persue all the

interests that are aroused within them., It would be of
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value to survey the reading done outside the course of
study by students followling the traditional course,

This investigation has shown that students in Manitoba
studying the P.3.5.C. syllabus have similar achievement toO
those studying it in the United States and it hag further
shown that the P.S.S.C, syllabus is highly accepted by
the teachers in Manitoba, The investigation has not
nowever considered sociological factors which may be
operating to mitigate agalnst any course in producing the
desire in students to do extra resding, Further investl-
gation might revesl that extra reading is & behavioral
charscteristic confined to the group who have already made

a decision to persue a career in sgome Tield of physics.
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APPENDIX A

MANITORA P.S.S5.C., SYLLABUS 1963-64



APPENDIX
UNIVERSITY ENTRANCE COURSE

PHYSICS 200 P.S.S.C. COURSE - (2 vr. course)

Pilot Classes 1963-64

Time Allotment : 127 or 190 minutes/week (approx.)

Text: Physics: D.C. Heath, Boston.

References: Science Study Series: Doubleday, New York.
Course Content: Chapters 1-6, 10-16.

Films: Time and Clocks, Long Time Intervals, Short Time

Intervals, Measuring Large Distances, Measuring
Short Distances, Change of Scale, Straight Line
Kinematics, Vectors, Vector Kinematics Measurement,
Introduction to Optics, Pressure of Light, Speed of
Light, Simple Waves, Sound Waves in Air.

Laboratory Eguipment — see appended sheet 2 year course.

Laboratory Experiments:




UNIVERSITY ENTRANCE COURSE

PHYSICS 300 PSSC COURSE - (2 yr. course)

Pilot Classes 1964-65

Time Allotment 16% or 250 minutes/week (approx.)

Texts - Same as for Grade XI
References - Same as for Grade XI

Course Content - Chapters 17-25, 27-32.

Films - Sound Waves in the Air, Forces, Inertia, Inertial Mass,
Free Fall and Projectile Motion, Deflecting Forces,
Period in Motion, Frames of Reference, Universal Gravitation,
Elliptic Orbits, Elastic Collisions and Stored Energy,
Fnergy and Work, Coulomb Law, Millikan Experiment,
Coulomb's Force Constant, Electric Fields, Electric Lines of
Force, Counting Electrical changes in Motion, Elementary
Changes and Tramsfer of Kinetic Energy, E.M.F, Electrical
Potential Energy and Potential Difference (Parts 1 and 2y,
A Magnet Laboratory, Electrons in a Uniform Magnetic Field,
Mass of the Flectron.

Laboratory Equipment - see appended sheet 2 year course.

Laboratorvy Experiments -
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P.S5.S.C. APPARATUS FOR GRADE XTI

Required for a class of 32 students.

Unit Total
Quantity Item Price Price
4 Microbalance 1.92 7.68
16 Hand Stroboscope 1.20 19.20
16 Distance Measuring Kit 4,56 72.96
16 Recording Timer 5.28 84.48
16 Optics Materials 5.52 88.32
5 Refraction of Particles 2.95 14.85
8 Wave Demonstrators 5.10 40.80
8 Ripple Tank 27.00 216.00
8 High Power Light Source 4.75 38.00
1 Molecular Layers 1.70 1.70
30 C-Clamps (3") .93 27.90
1 Spectral Analysis Kit 5.90 5.90
$617.79
OPTIONAL
1 Polaroid Land Camera 107.50
1 Micrometer Caliper 12.00
1 Motor Stroboscope Kit 8.28
30 Cornell Diffraction Slits¥* 45,00
§172.78
Science Study Series.
* Obtainable from The National Press,
Palo Alto, California.
GRADE XII —~ Required for a class of 32 students

Course Section IIT
8 Dynamics Apparatus 9.60 76.80
8 Inertial Balance Set 3.80 30.40
16 Centripetal Force Apparatus 1.32 21.12
16 Collision in two dimensions 1.92 30.72
8 Potential Energy Apparatus 3.05 24,40

Course Section IV
1 Macalaster Electrostatic Kit 10.00 10.00
1 Potential Difference 22.20 22.20
8 Tangent Galvanometer 4,50 36.00
2 Ammeter D.C. (if not in school) 13.80 27 .60

1 6 or 12 volt car battery for

large currents. 18.00 18.00
1 Magnetic forces apparatus 15.00 15.00
#*8 Power Supply 59.00 472.00
*8 Rheostat 7.98 63.84
$848.08

*Required only in schools where no provision is made for varying D.C. voltage.
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IS P,5.8.C, SUITABLE FOR CANADIAN HIGH SCHOOLS?

59



60

APPENDIX C

TESTS OF THE PHYSICAL SCIENCE STUDY COMMITTEE, SERIES O

NUMBERS 1, 3, 4, 5, 6 AND 7
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nairman, Department of Physics
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\n experiment with this new physics course at Carleton University

iolds important implications for Canadian high schools. Says Dr.

for

AR

BOUT three years ago, the
= gecondary school physics course
~lesigned by the Physical Science
study Committee of the United
States was introduced to Canadian
vigh school teachers and physicists
4 cavefully planned meetings and
lemonstrations held across the
ountry.

“he P.S.S.C. course is a remark-
ible and possibly unique innovation
n pedagogy. For this reason, its
niroduction is likely to be resisted
»y the more reactionary elements in
ur  educational system. In my
»pinion, after a study of the course,
t represents by far the best way of
:eaching high school physies that is
wailable today, and 1 strongly
wdvocate its wide adoption.

Later in this article I frankly
iiscuss some of the limitations of
che course. These criticisms are
czeriainly not to be interpreted as
‘ndicative that the course is unsuit-
;able for the Canadian educational
“system, and it is to be hoped that
‘srovinces who have been reluctant
to co-operate in this daring experi-
ment will feel moved to allow one
or iwo schools to participate. As a
matter of fact, some provinces have
been teaching the course on an
‘optional basis for two-years, and
there is sufficient information now
for a more or less objective assess-
ment of experience with the course.
There has been much apathy and,
worse, uniformed eriticism about

the course in Canada. And this’

article reviews the situation,
admittedly on the basis of incom-
plete information.

Unfortunately, the promoters of
the course have tended to emphasize
the equipment and films that are
integral with the textbook, rather

revolutionary

iart: "'l strongly advocate its wide adoption.””

more important
philosophy and
methodology. They are salesmen
selling the sizzle, rather than the
steak. This approach is a mistake
as it has tended in the minds of
administrators and inspectors to be
equated solely with a request for
more funds for laboralory experi-
ments and audio-visual aids, Many
of them may have
important  message that  the
physicists had for the professional
educators — that of discovery by
doing. To quote the P.8.S.C. text:
“When a student performs experi-
ments, the results of which are not
known in advance, he gains a
feeling of participation in the
discoveries of science”. The method
is not all that new: the text and
teacher ask the questions and the
nupil discovers the answers; Plato
used it, but his student had appeal
to reason rather than to experi-
ment. The inductive method is
applicable to many disciplines and
is, incidentally, -the basis of the
better teaching machine programs.
Secondary educators tend to be con-
servative, and the impetus for the
development of a new teaching
philosophy and the initiative in the
revision of physics teaching has
come from ihe universities, rather
than the high school systems them-
selves,

than the far

vt e g 1
missed  the

Briefly, the course consists of a
carefully integrated bprogram of
laboratory exercises and films con-
trolled by the textbook. The
philosophy of the course requires a
flexible approach by the teachers.
Those with exceptionally Thigh
initiative and experience are able to
adapt their methods by reading the

prefaces and teachers’ insiructional

Bt st s

manuals, but most teachers need a
few hours of “indoctrination”
lectures to get them thinking along
the rvight lines. Sympathetic in-
spectors and principals are a sine
quo non.

In order to acquire first-hand
experience of the course, we decided
to teach it to the Qualifying Year
at Carleton University; the results
were presented to the Annual
Meeting of the Canadian Associa-
tion of Physicists as a basis for
what turned out to be a lively dis-
cussion. As far as we know, the
only other Canadian university to
experiment with the course itself,
apart from teacher training pro-
grams, is the College Militaire de
St. Jean, and there it was
abandoned after twelve weeks.

Current experimeniaficn

This year, the course is being
taught in many Canadian schools.-
Several provinces have experi-
mented over the past two years in
selected schools and are now ready
to expand their experiment con-
siderably. The four Western
provinces are talking about a joint
syllabus — a tremendous idea —
and Saskatchewan has gone as far
as to print an excellent optional
P.8.8.C. syllabus. Ontario, New
Brunswick, Newfoundland, Prince
Bdward Island have little or no
experience with the course yet.

Departments of Education that
have run the course are remarkably
unanimous in their comments.
In'tially, they have all selecied




sachers for die course ou the Disis

“f interest and buackground; the
Dlected teachers do not to date
orm a valid sample of the teacher
opt Imon Those selected are
sually to Princeton or a more
seal university for P.S.S.C. teacher
raining courses. There is usually
clection of the best students, too.
n effect, the P.8.8.C, course thus
ecomes essentially a streamed and
;nrlcned program in physics. Re-
“iction by selected teachers and
students has been highly favour-
ble, except in the few places where
cachers were unequal to their task
secause of insufficient training in
sither physies or methodology.
This exception is significant in
IS of the more general adoption

B Tne sense oi‘ achievement in the
“successful  completion  of  quite
somplex experiments is a significant
factor in its  populavity with
students, The text is criticized at
all levels for being too wordy.
Almost all students regard the
course as challenging but difficult.

The preparation of ieachers is
paramount. The Quebec French-
speaking system, which
culties with the course because of
the lack of TFrench language
reference texts and films, is pre-
pared to accept these limitations,
but has no illusions about the
teachers: “Le professeuar mnon

hag diffi-

suficiament préparé tombe in-
failliblement dans son  aucien
‘‘méthode et lexperiénce qu’'on

faire devient absolument
Teachers have real difficulty
off the old method of

i vou‘mit
nUu("
Sin throwing‘

Jearning by rote and problem-
solving by formula. (Not that the

universities are by any means
blameless in this respect.)
However, Saskatchewan finds

that most physics teachers can and
- do become enthusiastic about the
- course if they have been oriented
by six-weeks' training in the
summer. The average student gets
“more intellectual challenge out of
* this program than he does from the
traditional course, though his
marks are lower. (I discuss the
problem of examinations later in
this article.) 1t is perhaps signifi-
cant that, in Saskatchewan, both
the university science departments
and the Teachers’ Federation play
& prominent part in the develop-
meni of science.

methodology were good,

Carieton's exjperience
Having now  set the  stage,
perhaps [ ocan discuss our owll
Hmited experiences at  Carleton.
The Qualifying Physics Year at
Carleton University consists of
about 90 students who entered with
high standing (a nominal, un-
enforced minimum average of 70
per ceni) in the Ontario Junior
Matriculation examinations, or with
equivalent standing from similar
examinations in other provinces, If
these students had not entered the
Qualifyving Year, they would have
taken the ordinary grade 13 senior
matriculation academic course in an
Ontario high school, entering the
university one year later. The
course 1s not regarded in the
Physics Department as being a part
of the university work proper and,
with the exception of scholarship
winners, we prefer to have students
stay in high school till the end of
orade 13. We deliberately chose a
mature graduate student as in-
structor; he has a Master's degree
in physics and will probably, within

a  few years, enter university
teaching. His teaching manner and

but apart
from one year’s demonstrating duty
in an elementary laboratory, he had
no substantial teaching experience.
Basic w

We can say unequwocal y that
we failed the P.S.S.C. course right
from the start (not wice wersw).
The failure occurred when we con-
sidered using the course in toto.
We made a rough caleulation of the
teaching Thours that would be
expended if we followed the “self-
teaching” method advocated, and
found them to be oxcessively large.
Conditions in university elementary
classes are somewhat different from
those pertaining in high schools.
The supervision of the rather free-
running laboratories, carried out
by part-time demonstrators and in-
experienced  graduate  students,
posed insuperable problems. We
also had some criticism of the
laboratory experiments, which we
shall discuss later. We judged that
the text material was inadequate
to provide a basis for our first-year
physics course, and we used supple-
mentary texts. In other words, our
course was  emasculated,  but
inflated! We state that,

should
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course, properly assimilated, would
in our opinion unquestionably make
a better foundation for universily
work than the present Ontario
grade 11 and grade 13 syllabus (no
physics is taught in gre wde 12).

Because of the varied mathe-
matical backgrounds of the
students, a review of algebra and
an  introduction fo trigonometry
were more or less mandatory, (The
interaction of the course with the
mathematics syllabus is mentioned
by some Departments of Educa-
tion.) The trigonometry proved a
necessary tool in Part I of the text,
“The Universe”. We found it con-
venient and even necessary to skip
Part II, “Optics and Waves”, ‘until
we had completed a chapter on
electromagnetic waves farther on in
Part IV. We excluded material on
geometrical optics, which s not
well done anyway, and concentrated
on the more basic physical optics.
So, Part III of the text,
“Mechanies”, was given after Part
1. This section was extended to
cover a larger area of rotational
dynamics; the chapter on heat was
also extended. The course deals
well with the limitations of the
wave theory of light, and it
attempts to prepare the students
for the necessarily low-level study
of photons, de Broglie waves,
quantum systems and the structure
of atoms. But we felt it necessary -
{o elaborate on many points, such
as black body radiation, to make
the discussion really fruitful. Part
I and Part III occupied the full
first term from September to
Christmas, Part IV and Part 11
occupied the second term from
January till May. An examination
set by the Physics Department was
given after each major portion of
the text was completed,

Siudents’ evaluation

In an attempt to obtain the re-
actions of our students, we asked
themn to complete questionnaires
anonymously; the questions were
divided into three parts relating to
the textbooks, the films and the
experiments. There were many
individual remarks on the question-

naire returns, some of them of
relevance: I will attempt to
summarize opinions, theirs and
ours combined.

The textbook is good but wordy,
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DIRECTIONS

This is a 45-minute test containing 35 items. When you
are told to begin, turn this page and immediately begin
answering the questions.

Do not spend too much time on any one question. If a
question seems to be too difficult, make the most careful
guess you can, rather than waste time puzzling over it. Your
score is the number of correct answers you mark.

Each of the questions or incomplete statements is followed
by five suggested answers or completions. Select the one
which is best in each case and blacken the corresponding
space on the separate answer sheet. Make your marks heavy
and black. Note the SAMPLE on your answer sheet. If you
make a mistake or wish to change an answer, be sure to
erase your first choice completely.

Sample Questlon

O Which of the following is most directly measured by the
use of o clock?

A Mass € length
B Time D Density
E Force

DO NOT TURN
THIS PAGE URNTIL
YOU ARE TOLD TO

é' i§
© Copyright, 1959, Physical Science Study Committee, Educational Services, Inc. All rights reserved. =
Published by Cooperative Test Division, Educational Testing Service, Princeton, N. J. o Berkeley 4, Calif.

Test 1
Part 1

Chapters 1-6



Questions 1-4 relate to the following information:

A bus makes a trip from Boston to Washington
via New York and Philadelphia. The following table
shows times and distances for various parts of this
trip. In each case the number of figures indicates
the accuracy to which the measurements were taken.

Time Distance
Boston to New York 6.0 hours 248.2 miles
New York to Phila.  2.29 hours 102 miles

Phila. to Washington 4.891 hours 142.73 miles

1 The total time for the trip is properly expressed

as

A 13 hr. C 13.2 hr.

B 13.1 hr. D 13.18 hr.
£ 13.181 hr.

2 The total distance traveled by the bus is properly
expressed as

A 490 mi. C 493 mi.
8 492 mi. D 492.9 mi.
E 492.93 mi.

3 The average speed of the bus between Boston
and New York is properly expressed as

A 41.366 mi/hr € 40 mi/hr
B 41.37 mi/hr D 41 mi/hr
E 41.3 mi/hr

4 The average speed of the bus between Phila-
delphia and Washington is properly expressed as

A 29.184 mi/hr € 29.2 mi/hr
B 29.18 mi/hr D 29.0 mi/hr
E 29 mi/hr :

Questions 5-7 relate to the following informatic
and diagram:

A certain stroboscope consists of a rotating disk wit
four slotted holes, as shown below. The disk is rota
ing at exactly five revolutions per second.

5 rev/sec

5 The stroboscope “stops’ the motion of a Wheef}
making it appear as in the diagram below:

The rate of rotation of the wheel is at LEAS"

A 1.25 rev/sec € 20.0 rev/sec
B 5.00 rev/sec D 25.0 rev/sec
E 80.0 rev/sec

6 The stroboscope is used to take a single photo
graph showing pictures at several positions o
a ball rolling along a level surface at a constan
velocity of 4 meters per second. How far wil
the ball have moved between successive posi

tions?
A 0.2 meters € 1 meter
B 0.8 meters D 5 meters

E 810 meters

7 If the stroboscope had speeded up while the
photograph was made, without the experimenter.
knowing that the speed had changed, the

A pictures would have become blurred.

B ball would appear to have slowed down.

€ ball would appear brighter in successive
pictures.

D photograph would be unchanged.

E successive pictures of the ball would be farther
apart.

GO ON TO THE NEXT PAGE
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estions 8-11 relate to the following information and diagram:

onsider several cubical structures made up of identical cubical building blocks. The simplest, made of a single
ock, is called cube #1. Cube 42 contains eight blocks and has two blocks along each edge. Cube #3 has three,
1d cube #4 has four blocks along each edge. Cube %N has 7 blocks along each edge. Every edge of a building

lock has a length .

8 'The number of unit cubes in cube N is
AR € 3®
B 3n p 3+t
E 3!

" ® The total area of the outside surfaces of cube N

18

A 6 g’ C 6 &’n’
B 6&'n D 6 &n’

E some other value

Cube #2

10 The volume of cube #N is

A s’ c&n’
B #'n D3&n
E some other value

11 To get the volume of cube #N, the volume of a
single building block must be multiplied by

An cn
B n® D 3n
E 6m

GO ON TO THE NEXT PAGE
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Questions 12-17 relate to the following information and graph:

An object is moving along a straight line. The graph shows its displacement from the starting point as a fun
tion of time. Various sections of the graph are identified by the letters A, B, C D, and E.

8

7

6

o

N

o

|
n

Displacement (meters)
—
N
&
I
(6}
o

|
IS

~

|
@)

A B

12 The displacement of the object at the end of

13

14

the first seven seconds is

A 4 meters C 44 meters
B —4 meters D 74 meters
E V65 meters

Which section of the graph represents a con-
stant velocity of -4 meters per second?

AA ccC
BB DD
EE

Which section of the graph represents a time
during which the object was at rest?

AA ccC
BB DD
EE

Time (seconds)

15

16

17

S~
C D E

What was the average velocity of the objec
during the first six seconds?

A 4 meters/sec € 0 meters/sec
B ~ 4§ meters/sec D 94 meters/sec
E 44 meters/sec

Which section of the graph represents a perioi.
of positive acceleration?

AA cC

BB bD
EE

What was the iustantaneous velocity of th
object at the end of the fifth second?

A 4 meters/sec € 4§ meters/sec
B 2 meters/sec D 0 meters/sec
E - 4¢ meters/sec

GO ON TO THE NEXT PAGE



uestions 18-22 relate to the following information:

-5

‘wo airports, I and II, are 600 kilometers apart; II is directly east of I. A plane which maintains a constant
peed of 400 kilometers per hour, relative to the air, leaves Airport I at 9 a.m. A steady wind is blowing from
he north, its speed relative to the ground being 100 kilometers per hour.

8

20

During the trip along a straight line path from
Airport I to Airport I1, the pilot must keep the
nose of the plane pointed

A exactly to the east.

B between east and 30° north of east.
€ between east and 30° south of east.
D more than 30° north of east.

E more than 30° south of east.

During the flight, the speed of the plane relative
to the ground will be approximately

A 300 km/hr € 400 km/hr
B 390 km/hr D 410 km/hr
E 500 km/hr

A second plane leaves Airport II at the same
time that the first leaves Airport I, and flies in a
straight line to Airport I. Its speed relative to
the ground is 300 kilometers per hour. Its speed
relative to the air is approzimately

A 200 km/hr € 300 km/hr
B 280 km/hr D 320 km/hr
E 400 km/hr

21

22

During the flight, the speed of the first plane
relative to the second is approzimately

A 600 km/hr € 700 km/hr
B 690 km/hr D 710 km/hr
E 800 km/hr

The planes can be expected to pass each other

A less than Y4 of the way from I to II

B between ¥ and ¥4 of the way from I to IT
€ exactly halfway between I and 11

D between % and 24 of the way from I to II
E more than ¥4 of the way from I to II

GO ON TO THE NEXT PAGE
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Questions 23-27 relate to the following information and graph:

The graph shown below represents approximately the velocity of a small, single-stage rocket, which was fire«
vertically and which has negligible air resistance.

1000

0 ) Tin}we (sec.) N
0 50 100 150 200
\
—1000N__ /A
Time Time M
of of
firing burnout
23 The area of the figure JKL is exactly equal to 25 The height at which the rocket engine burns
the area of the triangle NML because out is approximately ~
A the rocket rises and falls with the same A 200 meters € 1000 meters
acceleration. B 500 meters D 5000 meters
B the speed with which the rocket strikes the E 10,000 meters
earth on its return is equal toits greatest speed. ;
C the rqcket'xs at rest at the top of 1ts flight. 26 The rocket reaches its maximum height at time
D the distance that the rocket rises is equal to .
the distance through which it falls. A5 sec. C 110 sec.
E particular values of time and velocity were B 10 sec. D 215 sec.
chosen for this problem to insure this equality. E none of the above
24 The acceleration during the burning of the rocket 27 The maximum height reached by the rocket is

Veloci
(m/setg)

K

is approximately

A 100 meters/sec? € 400 meters/sec?
B 200 meters/sec’ D 1000 meters/sec’
E none of the above

approximately

A 1.0X10° meters € 10X 10® meters
B 5.0X10° meters D 50X 10° meters
E 55X 10° meters

GO ON TO THE NEXT PAGE



‘ b‘,)utytion; 28-31 relate to the following photograph and information:

©~29 The instantaneous acceleration of the ball at

14

Direction of motion

R

The figure shows a stroboscopic photograph of a ball that moves along the path ....1,2,....,13,14. ..., The
regions 14, 8-11 and 12-14, are straight lines; the regions 4-8 and 11-12 are circular arcs. The time intervals

between successive positions of the ball are all equal.

28 The instantaneous velocity of the ball at point 6 30 The instantaneous acceleration of the ball at
is best represented by which of the following? point 13 is best represented by

A/J C — A zero c\
S /0
j ©

31 The instantaneous acceleration of the ball at a
point halfway between positions 11 and 12 is
best represented as

A sero c x
A  zero C \

e D/% . 7 DT

| J—-.

point 6 is best represented as

E-—%

GO ON TO THE NEXT PAGE
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Questions 32-35 relate to the following information and diagram:
Definitions:

1 The stellar parallax of a star is defined as the angle between two lines, one from the star to the sun and tl
other drawn from the star tangent to the earth’s orbit. It is the angle 4 in the diagram below.

2 A parsec is a unit of distance, defined as the distance from the earth of a star whose stellar parallaz is exact
one second of arc.

Earth

Sttuation:

The light reaching the earth from three identical stars has been observed and it has been found that:
Star I shows a parallax of 0.5 second of arc
The intensity of light from Star II is one-fourth the intensity of light from Star I
Star III shows a parallax of 1.0 second of arc

32 All of the following statements about Star I are 34 The ratio of the distance of Star II to that c
true EXCEPT Star I is
A it is closer to the earth than is Star II A4l C 2:1
B it is farther from the earth than is Star 111 B 1:4 bl1:2
C it is closer to the earth than is Star I E not determinable from the data give:
D the intensity of its light is less than that from :
Star I1I 35 Which one of the following combinations list
E its stellar parallax is greater than that of the three stars from brightest to faintest a
Star II seen from the earth? :
33 The distance of Star I from the earth is ggzz: %}Is,tialrl’l,sfirnli[
A 0.5 parsecs € 2.0 parsecs € Star II1, Star II, Star I
B 1.0 parsecs D 30 parsecs D Star I, Star III, Star IT
E none of the above E Star II, Star I1I, Star I

IF YOU FINISH BEFORE TIME IS CALLED, CHECK YOUR WORK ON THIS TEST.

D55P10EX



Test 3
Part 2

Chapters 11-15

TESTS GF THE

TEST 3: The Behavior of Light

DIRECTIONS

This is a 45-minute test containing 35 items. When you
are told to begin, turn this page and immediately begin
answering the questions.

Do not spend too much time on any one question. If a
question seems to be too difficult, make the most careful
guess you can, rather than waste time puzzling over if. Your
score is the number of correct answers you mark.

Each of the questions or incomplete statements is followed
by five suggested answers or completions. Select the one
which is best in each case and blacken the corresponding
space on the separate answer sheet. Make your marks heavy
and black. Note the SAMPLE on your answer sheet. If you
make o mistake or wish to change an answer, be sure to
erase your first choice completely.

Sample Question

© Which of the following is most directly measured by the
use of a clock?

A Mass ' C length
B Time D Density
E Force

DO NOT TURN
THIS PAGE UNTIL
YOU ARE TOLD TO

é' 3
© Copyright, 1959, Physical Science Study Committee, Educational Services, Inc. All rights reserved. <
Published by Cooperative Test Division, Educational Testing Service, Princeton, N. J. o Berkeley 4, Calif.
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Questions 1-4 relate to the following information and diagram:

A light bulb and its image are shown together with a concave mirror. A number of pairs of similar triangles
occur in the diagram.

Questions

! E
A The similarity of triangles CNO and CMI /
B The similarity of triangles FNO and FBE
€ The similarity of triangles ANG and AMI
D The close similarity of triangles PQI and PAE
E None of the above

1 From which of the above relations of similarity
can one conclude that the ratio of object height
to image height is approximately the same as the
. ratio of object distance from F to the focal
length of the mirror?

From which of the above relations of similarity
can one conclude that the ratio of object height
to image is the same as the ratio of object dis-
tance from C to image distance from C?

5-6 relate to the following graphs:
A B

Distance
Distance
Distance
>
Distance
Digtance

3 From which of the above relations of similarity

can one conclude that the ratio of object height
to image height is the same as the ratio of object
distance from A to image distance from A?

From which of the above relations of similarity
can one conclude that the ratio of object height ¢
to image height is approximately determined by =
the focal length of the mirror alone? !

Time Time

5 As a man walks away from a plane mirror at a

uniform velocity, which graph most nearly rep-
resents the distance of his image from him with
respect to time?

Time

Time Time

6 As a man walks toward a plane mirror at a

uniform velocity, which graph most nearly rep-
resents the distance of his image from him with
respect to time?

GO ON TO THE NEXT PAGE.



luestions 7-8 relate to the following graphs:

A B C D E
Image Image Image Image Image
o Distance Distance Distance Distance Distance
727 Which graph might represent object distance 8 Which graph might represent image area as a
as a function of image distance in the case of a function of image distance in the case of a con-
concave mirror! (Both distances are measured verging lens? (The image distance is measured
from the principal focus, and both the image and from the second principal focus.)

object are farther from the mirror than the
focal length.)

uestions 9-11 relate to the following diagram and information:

Opaque

Cover

. Light
Source

Paper

A source of white light, arranged as shown in the diagram, is used to illuminate any one of several pieces of

daper, each of which has a triangle painted on it. The various pieces of paper, as they appear in white light,

o :iare represented below. Either of two pieces of glass, one green and one red, may be placed between the light
“"ource and the paper, so that the only light reaching the paper is that transmitted by the glass.

White Red Red White Green

i "Choose the piece of paper that will have the appearance described in each statement below.

9 The green glass is used and the triangle 1s seen 11 The green glass is used and the triangle can
clearly as being much darker than the rest of hardly be distinguished from the rest of the
the paper. paper, the entire paper appearing dark.

10 The red glass is used and the triangle is seen GO ON TO THE NEXT PAGE

clearly as being much lighter than the rest of
the paper.



-4 -

Questions 12-16 relate to the following information and diagrams:

A block of clear glass, with opposite faces parallel, is Air 1.0
placed successively in various transparent, colorless Liquid 1 1.3
liquids referred to as liquid 1, liquid 2, and liquid 3. Liquid 2 1.5
The table on the right gives the refractive indices of Liquid 3 1.7
the optical media involved: Glass 1.5
A B c D E
40° 40° 40° 40°, 40°,7 ©
7 /4 . v v
1 ! 1 i
! 1 |
/ /! /! f I
40° 46° 34° 26° 26°

30°

For each of the situations given below, select the diagram which best represents the path of a ray of light passingL:
through the glass under the conditions described. :

12 The block of glass is entirely submerged in 15 The block of glass is placed in liquid 1 in suct
liquid 1. a way that only its lower half is submerged.

13 The block of glass is entirely submerged in 16 The block of glass is placed in liquid 3 in suct
liquid 2. a way that only its lower half is submerged.

14 The block of glass is entirely submerged in
liquid 3. v

Questions 17-19 relate to the following diagram and information:

A thin-walled glass container, in the shape of a sphere, is completely filled with water and sealed. The wall is sc:
thin that the optical effect of the glass may be neglected and the system considered to be a sphere of water.’i,
The sphere is used as a crude lens, to produce an image of a point source of light. For example, with the source

at S, two rays starting from it are refracted in the directions MO and PQ, so that the image is at I. For each of

the other source locations described below, select the heading which best describes the location of the image as

seen by an observer located to the left of the sphere.

A The image is at the center, €, of the sphere.
B The image is within the sphere, to the left of C.

" € The image is within the sphere, to the right of C.
D The image is outside and to the left of the sphere.
E The image is outside and to the right of the sphere.

19 The source is at E, so located that the ray FG,
inside the sphere, is parallel to the axis ECO.

17 The source is at C, the center of the sphere.

18 The source is at D, just inside the sphere.
60 ON TO THE NEXT PAGE



Questions 20-24 relate to the following information and diagram:

A diverging beam of light is produced by limiting the
light coming from a point source by the use of a fixed
screen with a circular hole in it. The beam then passes
through a circular hole in a piece of perfectly absorbing
black paper as shown. It then falls on a perfecily
reflecting plane mirror placed parallel to the black
paper as shown in the diagram.

20 One can correctly predict that the light coming

through the hole in the screen will be

A eventually completely absorbed by the black
paper.

B partially absorbed by the mirror and partially
absorbed by the black paper.

C partially absorbed by the paper and partially
returned through the hole.

D entirely returned through the hole.

E partially absorbed by the mirror, partially
absorbed by the black paper, and partially
returned through the hole.

According to the particle theory of light, one
would expect that the

A mirror and paper would both be pushed to the
right.

B mirror and paper would both be pushed to the
left.

€ mirror would be pushed to the right and the
paper to the left.

D mirror would be pushed to the left and the
paper to the right.

E pushes on the mirror and paper would just
balance so that neither receives a push.

" 22 Under which one of the following changed con-

ditions would the intensity of the light reflected
onto the black paper be increased?

A The black paper alone is moved toward the
point source.

B The mirror alone is moved away from the
point source.

€ The point source, together with the box con-
taining it, is moved away from the hole in the
black paper.

D The diameter of the hole in the black paper
is increased.

E The distances of both the mirror and black
paper from the source are made half as great
at the same time the intensity of the source
is reduced by half.

Screen with
™ hete

Polnt souma>>1/< / /Z%frl':ggz
of ngm\//l\\ \ rror

23

24

/\

Black paper
with hole

According to the particle theory of light, the
pressure produced by the light reflected onto
the black paper will be twice as great as that
on the mirror

A under all conditions.

B under no conditions.

C if the distance from the mirror to the black
paper is one-half the distance from the source
to the black paper.

D if the distance from the mirror to the black
paper is (v/2 — 1) times the distance from the
source to the black paper.

E if the distance from the mirror to the black
paper is one-fourth the distance from the
source to the black paper.

Which one of the following predictions is in
complete accord with the particle theory of light?

A The mirror alone will be heated by the light.

B The black paper alone will be heated by the
light.

€ Neither the black paper nor the mirror will be
heated by the light.

D Both the mirror and the black paper will be
heated by the light, the paper being heated a
little more than the mirror.

E Both the black paper and the mirror will be
heated by the light, the mirror being heated
a little more than the paper.

GO ON TO THE NEXT PAGE
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Questions 25-28 relate to the following diagram and information:

Air "

Liquid

i

6 1

IS I

Glass /{/
Air /'
/4:

\‘

A narrow pencil of light falls on the horizontal surface of a liquid in a glass tank at the angle of incidence 8 as
shown in the diagram. The index of refraction of light passing from air to the liquid is n; and that for light pass-
ing from air to glass is ng. :

25 As 9 is changed from 0° to 90°, the graph which best represents the way in which sin 6y, changes is

sme,_l i smoLl j sin , i SmGL, i smeLl

sing sin@ sing

26 As o is changed from 0° to 90°, the graph which best represents the way in which sin 6, changes is

smeA' —/- smeA‘ j smaAl i smGA’ i smeAl
sing

sing sing 1 0 sing 1 sing 1
27 1f the path of the transmitted light is as shown 28 Total internal reflection of light that enters the
in the diagram for 8=60°, all of the following liquid from the air above will take place at the
conclusions are certain EXCEPT: boundary between the bottom of the glass and -
A ny, is greater than unity. the air v
B ng is greater than unity. sin Ag
. A only wh =
C ng is greater than ny. only when sin 8 fe
D Light would travel along the same path in the sin fg
R B whenever is greater than ng
opposite direction. sin 4
E Some reflection of light takes place at each i .
. C whenever is less than ng
boundary between two media. sin

D for all values of §
E for no possible value of 6

GO ON TO THE NEXT PAGE
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“Vuestions 29-32 relate to the following diagram and information:

c S

i
T

“ T'wo point sources of light, S; and S,, can be turned on and off at willand are located as shown in the diagram

ibove. The distances S|4, AB, BC, and CS, are all equal. Point D is directly above point B, and DB is equal
n length to $yB. The strength of source S, is twice that of S;. With only S on, the light intensity at B is

‘ound to be 4 units.

o - 29 With only 8 on, the light intensity at A com- 31

pared to that at C is

Al C4
B XM D 1%

E none of the above

30 If S, is turned on and 8, is turned off, the inten-
sity at B will be
A 2 units € 8 units 32
B 4 units D 16 units
E none of the above

Suppose that a piece of opaque paper is placed
at B, perpendicular to theline 8§y —§;. With both
S; and S, on, the ratio of the intensity on the /lef
side of the paper to that on the right side is

Al:4 C 1:1
B 1:2 D2:1
E 4:1

Suppose that the light source Sy is moved to D
and that §; is turned off. The intensity at A will
then be closest to

A 2 units C 4 units
B 3 units D S units
E 6 units

GO ON TO THE NEXT PAGE
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Questions 33-35 relate to the following diagrams and information:

Window #4 Window #3

2

O

Window

A cubical box, 8 cm. on each edge, has four small windows, one on each vertical side, as shown in the diagram_
above. The windows are numbered #1, #2, #3, and #4. An observer notices that when he looks into window #4,
he sees a virtual image of an object that is outside the box, near window #3. He suggests several possible
“models” of the box to explain these observations. The diagrams below show these models.

! I} i v

Window 3 Window #3 Window #3 Window #3
. Silvered
Mi lvered -
on both sides mirror
< = ¥ Giass z s ¢ =
T Tz plate 3 Prism 2 = Prism a
z g 3 2z 2 2 2
Lens g
Lens Lens Lens
Window #1 Window #1 Window #1 Window #1
33 Which of the models will satisfactorily explain 35 As a further check, the observer makes a small”
y €xp
his observation? hole through the top of the box and fills the box"
P

A1 and II only C I and III only with a liquid of index of refraction 1.50. He then

B III and IV only D II and IV only notices that when he looks into window #I, he

E 1. 11 II. and IV sees straight through the box to window %3, and

bl 3 b . - .
when he looks into window #2, he sees straight
34 The observer places an object 5.0 cm. outside through the box to window #4.

window #2. When he holds a piece of paper
3.0 cm. outside window #1, he finds that a sharp
image of the object is formed on the paper and
that it is smaller than the object. On the basis
of this observation and of the initial observation,
the satisfactory models are

AT and IT only. € I and III only.
B I1I and 1V only. D Il and IV only.
E I, 11, 111, and IV.

Which of the originally proposed models is satis-_
factory on the basis of all of the observations?;

ATand 11 C I only
B IandIII D 111 only
E IV only

IF YOU FINISH BEFORE TIME IS CALLED, CHECK YOUR WORK ON THIS TEST.
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Test 4
Part 2

Chapters 16-19

TESTS OF THE
L

TTEE

TEST 4: Light and Wave Motion

DIRECTIONS

This is o 45-minute test containing 35 items. When you
are told to begin, turn this page and immediately begin
answering the questions.

Do not spend too much time on any one question. If a
question seems to be too difficult, make the most careful
guess you can, rather than waste time puzzling over it. Your
score is the number of correct answers you mark.

Each of the questions or incomplete statements is followed
by five suggested answers or completions. Select the one
which is best in each case and blacken the corresponding
space on the separate answer sheet. Make your marks heavy
and black. Note the SAMPLE on your answer sheet. If you
make a mistake or wish to change an answer, be sure to
erase your first choice completely.

Sample Question

0 Which of the following is most directly measured by the
use of a clock?

A Mass € Llength
B Time D Density
E Force

DO NOT TURN
THIS PAGE UNTIL
YOU ARE TOLD TO

© Copyright, 1959, Physical Science Study Committee, Educational Services, Inc. All rights reserved.
Published by Cooperative Test Division, Educational Testing Service, Princeton, N. J. « Berkeley 4, Calif.



-2

Directions: Questions 1-8 are about a number of physical occurrences. Each of the lettered headings lists two
or three classes of phenomena. For each occurrence, choose the heading that includes all the phenomena that
are needed for an explanation of the major features of the occurrence and does not include any phenomenon
unnecessary to the explanation.

B =

A Reflection, interference
B Refraction, dispersion

€ Interference

D Reflection, refraction, dispersion
E Reflection, refraction, interference

The appearance of a rainbow

The colored appearance of oil films on the pave-
ment of a gas station, when they are viewed
from directly above

The production of nodes in a ripple tank by
means of a point source placed at the focus of
a parabolic barrier

The production of nodes in a ripple tank by
means of a point source placed inside an elliptical
barrier

The colored appearance of the virtual image
produced by a cheap, simple lens when light
from an extended source of white light passes
through it

6 The appearance of many colored images on

examination of a neon sign viewed through a
piece of flat glass ruled with evenly spaced
parallel scratches which are close together

The appearance of colors when white light passesfﬁ
through a thick piece of glass with non-parallel -
faces

The pattern of light and dark bands on a screen
illuminated both by a point source and by the
image of the point source in a plane mirror of
polished steel

GO ON TO THE NEXT PAGE
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" Directions: Each of the questions or incomplete statements below is followed by five suggested answers or
completions. Select the one which is best in each case and blacken the corresponding space on the answer sheet.
Questions 9-15 relate to the following information and diagram:

A pencil of light passes through two different transparent materials (I and II in the figure), as shown. The faces
of the materials are plane and parallel.

Air A 450
f-25°
Material | ! }
M. 30°
Material 11 Vo

9 The index of refraction of Material I is 13 The product of the frequency and the wave

A less than that of air and less than that of
Material I1.

B greater than that of air and less than that of
Material II.

€ greater than that of air and greater than that
of Material II.

D less than that of air and greater than that of
Material II.

E the same as that of air and that of Material I1.

10 The speed of the light in Material 1 is

A less than in air and less than in Material 1I.

B greater than in air and less than in Material I1.

C greater than in air and greater than in
Material I1.

D less than in air and greater than in Material I1.

E the same as in air and in Material I1.

11 The frequency of the light in Material I is

A less than in air and less than in Material II.

B greater than in air and less than in Material 11,

€ greater than in air and greater than in
Material I1.

D less than in air and greater than in Material 11,

E the same as in air and in Material I1.

12 The wave length of the light in Material T is

A less than in air and less than in Material II.

B greater than in air and less than in Material I1.

C greater than in air and greater than in
Material 11.

D less than in air and greater than in Material 11,

E the same as in air and in Material 11,

14

length in Material I is

A less than in air and less than in Material II.

B greater than in air and less than in Material I1.

C greater than in air and greater than in
Material I1.

D less than in air and greater than in Material 11,

E the same as in air and in Material II.

The angle between the wave crests in Material
I and the faces of the material is

A25° C 45°
B 35° D 55°
E 65°

Suppose that the speeds of light in Materials I
and II have been measured. When these data
are combined with the directions of the pencil
of light as shown in the figure, the combined
information would be expected to

A support the particle model of light more than
the wave model.

B support the wave model of light more than
the particle model.

€ support both the wave and particle models
of light.

D support neither the wave nor the particle
model of light.

E have bearing on neither the particle model
nor the wave model of light.

GO ON TO THE NEXT PAGE
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Questions 16-217 relate to the following situation:

A boat of length L is anchored in a lake in such a way that it is directly facing the oncoming water waves.
The number of complete waves passing the bow of the boat per unit time is 7. The maximum number of wave
crests ever located under the boat occurs when a crest is at the bow of the boat and another is at the stern.
This maximum number is 7 (#11=5 in the diagram below). ‘

16

18

< L
———
Bow\ m ﬂ
Stern
The wave length of the water waves is 19 If the boat now moves directly against the l:
L I waves with speed ¥ relative to the bottom, the:
A ma1 c -1 speed of the water waves relative to an ob-
I L server on the boat is
° m ° n Ay C __2Ln
E none of these L m-1
. B _ﬂ Dy Lan
The number of complete waves passing the stern m Ln m-1
of the boat in a time # is Ev+m_1
Am C (m-1)¢
B n D nt 20 1If the boat moves as in question 19, the mazi-
E 2nt mum number of wave crests ever located under -
the boat is
The speed of the water waves relative to the
. Am Cm-1
bottom of the lake is v
R Ln c Ln Bm+ 1 Dm + oy
m 2(m-1) Em-—_"
2Ln b Ln nlL
m m~1 s
E 2Ln 21 If the boat moves as in question 19, the number *
m-~1

of waves passing under the bow of the boat :
in unit time is :

An C(n—l)-}—%v
_(m-1)
B 2n Dn — v
m~-1
En+ T P

GO ON TO THE NEXT PAGE
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Questions 22-25 relate to the following information and diagram:

Two very small identical loudspeakers, each of which is radiating sound uniformly in all directions, are placed
at points Sy and S, as shown in the diagram. They are connected to a source so that they radiate in phase with
each other, the wave length of the sound emitted being 2.00 meter. The speed of sound may be taken as 300
meters/second.

22

23

®
A\

A

€
S2

The frequency of the radiated sound is

A 600/sec € 150/sec
B 300/sec D 120/sec
E none of these

A microphone capable of detecting sound of
150 cycles/second is moved slowly from 8 to iS;.
At which of the following distances from S will
the microphone detect the smallest signal?

A 14 meter € 114 meter
B 1 meter D 2 meter

E 214 meter

24

25

7m\
oM

Point M, a nodal point, is 7 meters from $; and
at least 7 meters from §,. The smallest dis-
tance that M can be from §; is

€ 9 meter
D 10 meter
E 12 meter

A 7 meter
B 8 meter

Suppose that loudspeaker &) is adjusted so that
it radiates out of phase with S}, the phase delay
of §; with respect to §; being ¥4. Point N, which
is 2 meters from §,, will be a nodal point if its
distance from 8, is

C 4 meter
D 5 meter

A 2 meter
B 3 meter
E 7 meter

GO ON TO THE NEXT PAGE
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Questions 26-29 relate to the following information and diagram:

In order to investigate the properties of sound waves, a student arranges to pass sound through a slit and to
observe diffraction effects. The sound, whose speed in air is approximately 350 meters/second, is generated by
means of a tuning fork vibrating at a frequency of 700 cycles/second. The intensity of the sound is measured by
means of a microphone which can be moved over a plane parallel to the plane of the slit and at a distance of
10.0 meters from it.

Tuning
Fork
@

g )

26 The wave length in air of the sound generated

27

by the tuning fork is

A 0.01 meter € 0.50 meter
B 0.25 meter D 1.0 meter
E 2.0 meter

If the slit width is 4.0 meters, what is the dis-
tance which one would expect to find between
the central maximum and the minimum that is
closest to it?

A 0.63 meter
B 1.3 meter
E 40 meter

C 2.5 meter
D 20 meter

te 10 meters s

28

29

Plane over which
Intensity of Sound
Is Measured hy
Microphone

If the experiment were carried out with light
waves of wave length 107 meter and it were
desired to obtain a distribution of light intensity
over the plane exhibiting the same maxima and
minima as the distribution of sound previously
found, the slit width would need to be changed
from 4.0 meters to how many meters?

A8 x 107 €8x 10
B8 X 107 D8 x 107
E 8 X107
The speed of light is 3 X 10° meters/second.

The frequency of the light in question 28 is

A3 X 10 cycles/sec € 3 X 10* cycles/sec
B 3 X 10" cycles/sec D 3 X 10" cycles/sec
E 3 X 10" cycles/sec

GO ON TO THE NEXT PAGE



Duestions 30-32 relate to the following information and diagrams:

A and B represent two cords of equal length tied together at point 2 and tied down at points I and 3.

2 &

\

ICIS

G

~ The diagrams numbered 30-32 show various pulses traveling along the cords. In each case, the pulses were
- produced by a single blow, and no reflection has taken place at either end.

AN N
31T T 2 3
32 ‘_/L\/ i §
1 2 3

In answering each of questions 30-32, sclect the condition which could account for the pulses appearing in the
diagram bearing the same number as the question.

30 Under which of the following conditions could

the pulses in diagram 30 have appeared?

A A is heavier than B, and the blow was struck
at 1.

B A is heavier than B, and the blow was struck
at 3.

€ A has the same weight as B, and the blow was
struck at 2.

D A is lighter than B, and the blow was struck
at 1.

E A is lighter than B, and the blow was struck
at 3.

Under which of the following conditions could
the pulses in diagram 31 have appeared?

A A and B are equally heavy, and the blow was
struck at 2.

B A is heavier than B, and the blow was struck
at 1.

C A is heavier than B, and the blow was struck
at 3.

D A is lighter than B, and the blow was struck
at 1.

E A is lighter than B, and the blow was struck
between I and 2.

32 Under which of the following conditions could

the pulses in diagram 32 have appeared?

A A is heavier than B, and the blow was struck
at 1.

B A is heavier than B, and the blow was struck
between I and 2.

€ A is lighter than B, and the blow was struck
at 1.

D A is lighter than B, and the blow was struck
between I and 2.

E A is lighter than B, and the blow was struck
at 2.

GO ON TO THE NEXT PAGE
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Questions 33-35 relate to the following diagrams and information:

Source

Deep

11y —

Deep

When a ripple tank is arranged as shown above on the left, the wave pattern shown on the right is observed.:
The tank is now changed so that it contains any one of the arrangements shown below. In each case the regions
labeled ““deep” are of the same depth as were the deep sections above, and the regions labeled “shallow” are of
the same depth as was the shallow section above.

Deep Shallow Deep Shallow
7 17 ¥ 7 7 \_/ :
! ’I/////I//////, W Y :3:9 Y/ ///4 v Ws/:e:&m;
eep allow eep allow

For each of the following items, select the arrangement that could produce the wave pattern in question. (In
each case the wave generator could be either a straight line source or a point source.)

33 Arrangements that could produce patterns in 35 The wave pattern below could be produced by
which waves from a straight line source are AT only. C IV only
focused to a point are B II only. DI or IIL.
AT only. € either I or III. EJorlV.

B either T or II. D either I or IV.
E I, II, III, or IV. Source

34 The wave pattern below could be produced by \3;
ATI only. € IV only. \—
B III only. D IT or III. -

E IlT or IV. —
Source N
~_~

IF YOU FINISH BEFORE TIME IS CALLED, CHECK YOUR WORK ON THIS TEST.

D55P:



Test 5
Parts 1-2

TESTS OF THE

TEST 5: Comprehensive Test on
Parts 1 and 2

DIRECTIONS

This is a 45-minute test containing 35 items. When you
are told to begin, turn this page and immediately begin
answering the questions.

Do not spend too much time on any one question. If a
question seems to be too difficult, make the most careful
guess you can, rather than waste time puzzling over it. Your
score is the number of correct answers you mark.

Each of the questions or incomplete statements is followed

o } by five suggested answers or completions. Select the one

e which is best in each case and blacken the corresponding

S : space on the separate answer sheet. Make your marks heavy
and black. Note the SAMPLE on your answer sheet. If you
make o mistake or wish to change an answer, be sure to
erase your first choice completely.

Sample Question

© Which of the following is most directly measured by the
use of a clock?

A Mass ' € length
B Time D Density
E Force

DO NOT TURN
THIS PAGE UNTIL
YOU ARE TOLD TO

éﬂ§
© Copyright, 1959, Physical Science Study Committee, Educational Services, Inc. All rights reserved.
Published by Cooperative Test Division, Educational Testing Service, Princeton, N. J. ¢ Berkeley 4, Calif.
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Questions 1-5 relate to the following information:

A merry-go-round rotating at constant speed makes one complete revolution every ten seconds. It has a ring
of horses mounted at a distance of 20 feet from the center and a ring of swans mounted at a distance of 10 fee

from the center. The frequency of any rotating object is defined as the number of revolutions that the objec
makes per unit time.

1 What is the frequency at which the horses are 4 1If the frequency of the merry-go-round is f anc
rotating? the distance of a horse from the center is 7, wha'
A Y, rev/sec C 1 rev/sec is the area swept out per unit time by a linc
B 14 rev/sec D 10 rev/sec connecting the horse to the center? \
E 27 rev/sec A nrf C =’f
B 2mif D 2n’f
2 The ratio of the frequency of rotation of the E nrlf?
horses to that of the swans is g
A l:2r c1:1 5 The speed of the merry-go-round is changed s¢
B1:2 D+v2:1 that it rotates steadily at 14 revolution per
E2:1 second. An attendant walks on the rotating plat-
form in a direction opposite to that of rotation-
8 What is the ratio of the speed of the horses to The attendant completes a trip from some par-
that of the swans (both relative to the ground)? ticular horse back to the same horse in 2(
Al c i seconjs. Thle .frequen}:y of rzt?tion of the
' : attenaant relative to the ground is
812 E 2:1 DVl A O rev/sec € 14, rev/sec

B 14y rev/sec D 4x rev/sec
E 8r rev/sec

GO ON TO THE NEXT PAGE



Juestions 6-9 relate to the following diagram and information:

b

Floor of
railroad car

777777 777777777

56

—

" The wheel shown above is rolling, at a constant velocity ¥, without slipping, with respect to the floor of a railroad
— > -

car. The car is moving along a track with a constant velocity U. U and v are in the same direction.

6 With respect to the railroad car, the instantaneous 8 With respect to the railroad car, the instantaneous

velocity of point b is

A zero
B of magnitude ¥ and direction
P 2

€ of magnitude v and direction
e

D of magnitude 2v and direction
Em——S

E of magnitude 2 and direction
B i

With respect to the railroad car, the instantaneous
velocity of point € is

A zero % € in the direction /g
B in the direction D in the direction —===
E none of the above

acceleration of point b is in the direction

A — ¢ —~—

s | p

E not specified, because its mag-
nitude is zero

The instantaneous velocity of the center of the

wheel, relative to the track, can be expressed as
— -

Iv+ U
— -
IT1 »v-U
111 v + U in the direction ==
IV v - U in the direction ——z

A T and I1I only € 1, I1, and 111 only
B Il and IV only b I, 11, 111, and 1V
E IL, 111, and IV only

GO ON TO THE NEXT PAGE
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Questions 10-13 relate to the following information:

The greatest total mass (plane plus load) that can be supported by any airplane is given by the equation
M=kdAV?, where k is a number that depends on the shape of the airplane, d is the density of the layer
of air through which the airplane is moving, A is the area of the airplane’s wings, and ¥V is the speed of the
airplane relative to the air.

10 Two airplanes that have identical shapes are

compounds:
Mass, in grams, of elements
Compound Mass of sample, in sample
10 grams Element X | Element Y | Element Z
I 70 40 30 0
11 80 0 30 50
111 105 20 60 25

built of the same materials. All the linear di-
mensions of the first airplane are twice as great
as the corresponding linear dimensions of the
second airplane. What is the ratio of the mass
of the larger unloaded airplane to that of the
smaller?

A2:l
B 4:1

C 8:1
D 16:1
E It cannot be determined from the
information given.

What is the ratio of the area of the wings of the
larger airplane in Question 10 to the area of the
wings of the smaller?

A2:1
B 4:1

C 8:1
D 16:1
E It cannot be determined from the
information given.

12

An engineer builds an exact scale model of 3
certain airplane and tests it in a wind tunnel ir
which the pressure and the temperature of the:
air are the same as those that the airplane wil’
encounter in flight. The linear dimensions of the
model are 2{g¢ of those of the airplane. The
engineer finds that the model can support a total
mass of 1.0 kg. when its speed relative to the air
is 100 km/hr. On the basis of this result, he:
predicts the maximum total mass which the air-
plane will be able to support when flying at
200 km/hr. This mass is about :

A V2 X 10* kg. €4 X 10% kg.
B 2 X 10* kg. D4 % 10° kg.
E 4 X 10* kg.

If the mass of the airplane in Question 12 is to
be 1.0 X 10* kg., the data obtained with the
model indicate that the minimum speed at
which the airplane will be able to fly is approx-:
imately

A 100 km/hr € 300 km/hr
B 200 km/hr D 400 km/hr
E 500 km/hr

Questions 14-17 relate to the following table, which shows the chemical analyses of samples of three chemical

GO ON TO THE NEXT PAGE
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14 If 20 grams of element X are reacted with 40 16 If, in addition to the formation of compound III
grams of element ¥, what will be the amount of in Question 15, compound I can also be formed
compound I formed? from the excess reacting elements, what amount
A 15 grams C 35 grams of compound I can be formed?

B 25 grams D 40 grams A 7.5 grams € 22.5 grams

E 60 grams B 17.5 grams D 30 grams

E 40 grams
15 1f 50 grams of element X are reacted with 150

grams of element ¥ and 50 grams of element Z, 17 1f the chemical formula of compound I is known
what is the maximum amount of compound III to be X,Y,, what is the ratio of the atomic mass
which can be formed? of X to thatof ¥?
A 90 grams € 170 grams Al:2 €4:3
B 130 grams D 210 grams B 2:3 D2:1

E 250 grams E 8:3

 Questions 18-21 relate to the following information and diagram:

" Each of the mirrors M; and M, shown in the diagram is vertical and 20 cm. by 20 cm. in size. A small luminous

source O is located 10 cm. in front of the center of M;. Small peepholes are pierced in a screen at the positions
marked & and identified by Roman numerals in the diagram. The screen stands parallel to mirror M; and 40
cm. from it. All the holes are at the same height as the luminous source O.

(o)
(=3

o Do
EEREREENE
SENBRRUREN

Y N NN IO NS O M 1P I
R
‘.IE) { 1 ! 1 1 ]gﬂ)\» } !
I e R s i S Ll b e
D [ 1 0O} |
" b ‘ 1 L |
RN
§_~._l_....l_....+...-_..{._..[-.......p__,'_-..
T R T B P R T
LIS SN0 WS L5 WS 110 I A VA
0 20 40 60 80 100
Centimeters
18 What is the maximum number of images that 21 The side of source O which is facing mirror M,
an observer looking through hole I will be looks like 1 below.

able to see?

A0 €2 R ()t JOL
B1 D3 1 2
E 4

Suppose now that an observer looks through
one of the holes in the screen and that he sees
at least one image of O. Then each image that
he sees must look either like I or like 2 above.

19 What is the maxzimum number of images that
an observer looking through hole I will be able

?
to see! If the observer sees exactly three images of O,
A0 €2 how many of these images look like 2?
B1 64 b3 AD c2
B1 D3
20 Whatis the maximum number of images that an E iI;fcot;I:_)goie ?:;::‘mmed from the
observer looking through hole IV will be able given-
to see? GO ON TO THE NEXT PAGE
AQ €2
B1 D3

E 4
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Questions 22-23 relate to the following diagram, which shows all the light rays incident upon and emergent:
from a plate of transparent material having parallel faces.

G F E
Medium 1 —
45\D c

Medium 2 ~— 60°
B
§

Medium 1 —s- l>\
I
!

22 Which of the following could be the incident ray? 23 The index of refraction of Medium 2 relative
A AB ¢ FD to Medium 1 is :
B EC b GD sin 30° sin 60°

E It cannot be determined from the sin 45° ¢ sin 45°
information given. B sin 45° sin 45°
sin 60° sin 30°

E none of these

Questions 24-25 relate to the following information and diagram:

Points A, B, C, and D are possible positions of objects for the lens shown in the diagram below. Point F is
the position of the principal focus which is on the near side of the lens.

A B Cc D '
° ® ° ° |
F !
~—f ‘ﬁ
< 2f >
24 Which object position gives an image which is 25 Which object position gives an image which is
real, inverted, and larger than the object? virtual, inverted, and of the same size as the :
A A c C Object? :
BB bD AA cC
E none of the above BB bD

E none of the above

GO ON TO THE NEXT PAGE
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Questions 26-28 relate to light incident on a thin film of glass. The frequency and the wave length of the light
in the air are denoted by f, and \,, respectively. The index of refraction of the glass is denoted by 2,.
It is an experimental fact that light reflected in air from a glass surface undergoes a phase delay of 14.

26 Which of the following is equal to the frequency
of the light in the glass?

A.%Z C(ng_l)fa
Ja
Bng__l Bfa

E nJ,

27 Which of the following is equal to the wave
length of the light in the glass?

Aa
A n, C X
Aa -
B v D Vih,

E n\,

28 Orange light with A, =6.000 X 10° 4 (Ang-
stroms) is incident normally from air onto a
glass film whose index of refraction is 1.50. For
what value of film thickness will the greatest
amount of light be transmitted through the film?

A 1.000 x 10° ,1 € 2.000 X 10° 4
B 1.00 X 10° 4 D2.00 X 10° 4
E 3.00 X 10° 4

Questions 29-31 relate to the following information, diagram, and graphs:

The diagram shows a box whose inner walls are perfect reflectors. The box is provided with a small shutter §
which, when open, allows light from a source O to enter the box. The box is evacuated so that molecular pres-
sure is negligible when compared with the pressure due to the light. In answering the following questions,
consider that the light pressure can be explained by means of the particle model of light.

o [ + ° i

B

29 Suppose that initially the shutter is open, the
box is in a dark room, and the source is off.
At time £ = 0, the source is turned on; at time
t = ¢, the shutter is closed. The graph that
might represent the pressure inside the box as a
function of time is

AA
BB

ccC
DD
EE

30 Suppose that at # = O the source has been on
and the shutter open for some time. At # = #;
the source is turned off, the shutter being left

open. The graph that might represent the
pressure inside the box as a function of time is
AA cC
BB bD

EE

Pressure

|
3
i
]
t
t
i

Pressurg
Pressure

° i + ] 4y 1 ° L3 t

C D E

31 With a source of red light at O, it is found that
the pressure in the box begins to increase when
the shutter is opened and increases until it
reaches some value P,. It then remains steady.
With a source of blue light at O, the pressure
behaves similarly, except that the steady pres-
sure P, is greater than P,. From these obser-
vations, it is certain that

A blue particles move faster than red particles.

B blue particles are more massive than red
particles.

€ the blue source gives off more particles per
second than does the red source.

D when the pressure is steady at either P, or
P,, particles are leaving the box at the same
rate as they are entering it.

E when the pressure is P,, particles enter the
boz at the same rate as when the pressure is Py.

GO ON TO THE NEXT PAGE
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Questions 32-35 refer to the following information and diagram:

A large rectangular room has the dimensions shown below and walls that absorb light, sound, and radio wave
completely. P, Q, R, S, T, and W are devices capable of detecting any of these three kinds of waves. Th
opening in the center of the wall UV is 1 meter wide. Radio and light waves travel at a speed of 3.0 X 10
meters/second, and sound waves travel at a speed of 3.6 X 10° meters/second.

10m

l< 10m \iq

10m
7m
U ' !lm %

32 Suppose that light from a very distant source 34 Sound waves of frequency 24,000 cycles/second
is falling on the wall UV normally. If the wave are now used. Which of the devices mentioned
length of this light is 6 X 107 meter, which of below can be expected to respond?
the devi:es mentioned below can be expected to A R only € R and S only
respond? B Q and R only D Q, R, and § only
A R only € R and S only EP, QR S and T
B Q and R only D Q, R, and S only ,

EP,Q R, S, and T 35 Suppose that radio waves of frequency 10%

33 If, instead of light, radio waves of wave length
200 meters are falling normally on the wall UV,
which of the devices mentioned below can be
expected to respond?

A R only € R and § only
B Q and R only D Q, R, and S only
EP,Q R, S, andT

cycles/second are now used. In which of the
following groups are there devices which will
NOT receive approximately equal signals?

AQand R €Rand §
B Qand S DPand R
ESand W

IF YOU FINISH BEFORE TIME IS CALLED, CHECK YOUR WORK ON THIS TEST.

D55P10GX



Test 6
Part 3

Chapters 20-23

DIRECTIONS

This is a 45.minute test containing 35 items. When you
are told to begin, turn this page and immediately begin
answering the questions.

Do not spend too much fime on any one question. If a
question seems to be foo difficult, make the most careful
guess you can, rather than waste time puzzling over it. Your
score is the number of correct answers you mark.

Each of the questions or incomplete statements is followed
S by five suggested answers or completions. Select the one
B which is best in each case and blacken the corresponding

space on the separate answer sheet. Make your marks heavy
and black. Note the SAMPLE on your answer sheet. If you
make a mistake or wish to change an answer, be sure fo
erase your first choice completely.

Sample Question

© Which of the following is most directly measured by the
use of a clock?

A  Mass € length
B Time D Density
E Force

DO NOT TURN
THIS PAGE UNTIL
YOU ARE TOLD TO

© Copyright, 1959, Physical Science Study Committee, Educational Services, Inc. All rights reserved.
Published by Cooperative Test Division, Educational Testing Service, Princeton, N. J. « Berkeley 4, Calif.
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Part |

Directions: The items in this part of the test consist of five lettered answer choices followed by a list of numbere
questions. For each question select the one lettered answer which is most closely related to it and blacken t}
corresponding space on the answer sheet. An answer may be used once, more than once, or not at all.

Questions 1-5 relate to the following information and
diagrams:

Several identical springs and several identical masses
are used to perform acceleration experiments on a
frictionless surface. It is found that a single spring,
when extended by an amount &,, gives an acceleration
4, to a single mass.

Single spring: unextended

Q22000009 o

Single spring: extended %,

Two springs connected end-to-end: unextended

Two springs connected end-to-end: extended total

amount 2&,
|
=

Two springs connected side-by-side: unextended

s

Two springs connected side~-by-side: extended #,

&

A YKa,

B a,

C 2a,

D 4a, i

E Cannot be determined without addition:
information

What acceleration would be produced on
single mass by two springs connected side-by
side and extended by an amount &,? "

What acceleration would be produced on a sing.
mass by two springs connected end-to-end an
extended by a total amount 2x,? :

What acceleration would be produced on two ¢
the masses tied together if two springs ai
connected end-to-end and extended by a tot:
amount 2&,7?

What acceleration would be produced on two ¢
the masses tied together if four springs a1
connected side-by-side and the combination !
extended by an amount &,7?

Two springs are connected side-by-side; th
combination is then connected end-to-end to a
identical combination. What acceleration woul
be produced on a single mass if this arrangemen
of springs is extended by a total amount 2%,

GO ON TO THE NEXT PAG
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Questions 6-12 relate to the following information and graphs:

A standard impulse is given at time £, toeach of several closed boxes having identical masses and identical
appearance. The impulse starts the box into motion on a horizontal plane. There may or may not be friction
(referred to as “external friction”’) between any box and the plane. It is known that each box contains a disc
whose mass is equal to that of the box and which is resting on the bottom of the inside of the box. There may
or may not be friction (referred to as “internal friction’) between any disc and the bottom of its box. The discs
may rebound in a perfectly elastic way from the walls of the box (“elastic walls”), or they may stick to the

: walls on colliding (“sticky walls”).

" The graphs below show the velocities of various boxes as a function of time.

g
<—Velocity —-

—

<+—Time—>

=]

!
U

[
<—Velocity—s>

t <—Time——

'
1

e
<—Velocity —~

il

<+—Time——>

O
<—Velocity—=

i <~—Time—>

S * E None of the above

6

Which of the graphs could represent the velocity-
time relationship of a box with no external

friction and whose disc is fastened solidly to
the box?

Which of the graphs could represent the velocity-
time relationship of the same box with external
friction?

A box with elastic walls and no internal or
external friction has its disc initially resting in
the middle of the box. Which of the graphs
could represent the velocity-time relationship
of this combination?

A box with sticky walls and no internal or
external friction has its disc initially resting in
the middle of the box. Which of the graphs
could represent the velocity-time relationship
of this combination?

A box with elastic walls and no internal friction,
but with external friction, has its disc initially
resting in the middle of the box. Which of the
graphs could represent the velocity-time relation-
ship of this combination?

A box with elastic walls, and witk internal
friction, but with #o external friction, has its
disc initially resting in the middle of the box.
Which of the graphs could represent the velocity-
time relationship of this combination?

A box with elastic walls and no internal or
external friction has its disc initially resting very
near the end of the box that is struck. Which
of the graphs could represent the velocity-time
relationship of this combination?

GO ON TO THE NEXT PAGE
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Directions: Each of the questions or incomplete statements below is followed by five suggested answers or
completions. Select the one which is best in each case and blacken the corresponding space on the answer sheet.

Questions 13-16 relate to the following information and projectile graph.

The graph below shows the path of a projectile fired by a toy cannon. In answering the related questions,
assume frictional forces to be negligible.

13

N
Yo Z
AN

N\,

\

7

The speed of the projectile as it leaves the toy
cannon is the same as its speed at

AT
BY
cS

bZ

E none of the above.

The horizontal component of the momentum of
the projectile after it leaves the muzzle of the
toy cannon is

A greatest at point X.
B greatest at point T.
€ greatest at point Y.
D greatest at point Z.
E the same at all points.

Meters

15

16

77

The vertical component of the momentum is
Zero at :

AX
BT
cY
bZ

E none of the above.

The momentum of the projectile as it leaves the
toy cannon is the same as its momentum at

AT
BY
cS

DZ

E none of the above.

GO ON TO THE NEXT PAGE
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Questions 17-20 relate to the following information and diagram:

Two racing cars of masses M; and M, are moving in circles of radii R; and R, as shown. Their speeds are such
that they each make a complete circle in the same length of time T.

e ———

/// \\\

/ N

/ -~ ~ \
;S %& \
/ / - \
| ]
\ \ // /I
\ \\ \ /
\ \~/*\ /

N N4

\\
— —— = W

17 The ratio of the angular speed (measured in

18

degrees of arc per second) of the first car to
that of the second car is

Al:l

B M]iMz
C Mz:Ml
D thRz
E R22R1

The ratio of the speed measured in meters per
second of the first car to that of the second car is

Al:l

B M1:M2
Cc Mz:Ml
D RliRz

E RzZRl

19 The ratio of the centripetal acceleration of the

first car to that of the second car is

Al:l

B MI:MZ
C Mz?Ml
D RI :Rz

E Rz:Rl

20 The ratio of the centripetal force acting on the

first car to that acting on the second car is

Al:l

B M1R1 :Msz
C Mle 5M2R1
(0] M2R2 :MlRl
E MzRIZMzRZ

GO ON TO THE NEXT PAGE
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Questions 21-26 relate to the following situation:

A rocket has an initial mass of 100 kilograms, 90 per cent of which is fuel. This fuel is turned to gas and ejected
from the rocket at a rate of 1 kilogram per second. The velocity of fuel ejection is 500 meters per second relative
to the rocket. Suppose that this rocket is fired in the absence of any gravitational field.

21

22

23

The force on the rocket when it is just starting
to move is

A0

B 5.0 X 10° newtons
€ 10’ newtons

D 2.0 X 10? newtons
E 10* newtons

The force on the rocket after 50 seconds is

AQ

B 5.0 X 10% newtons
€ 10° newtons

D 2.0 X 10? newtons
E 10* newtons

The acceleration of the rocket after 50 seconds is

AQ

B 2.5 meters/sec?
€ 5.0 meters/sec’
D 10 meters/sec?
E 20 meters/sec’

24

25

26

After 5 seconds the velocity of the rocket will
be approximately

A 12 meters/sec
B 25 meters/sec
€ 50 meters/sec
D 100 meters/sec
E 200 meters/sec

The distance covered by the rocket in the first
5 seconds will be approximately

A 65 meters
B 120 meters
€ 250 meters
D 500 meters
E 2500 meters

What is the acceleration immediately after all
the fuel is burned?

AQ

B 2.5 meters/sec?
€ 5.0 meters/sec’
D 10 meters/sec’
E 20 meters/sec’

GO ON TO THE NEXT PAGE
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Duestions 27 -30 relate to the following information and diagrams:

A ball (I) having a mass of 1.0 kg and moving at a speed of 4.0 meter/second strikes a glancing blow on a
second ball (II). After the collision, ball I is moving at right angles to its original direction of motion, as shown
in the diagram, with a speed of 3.0 meter/second.

27

28

Before collision

at rest

The direction of motion of ball II after the
collision might be represented by the arrow
labeled

AA
BB
ccC
bD
EE

The momentum of ball II after the collision has
a magnitude

A 1.0 kg meter/sec
B 2.0 kg meter/sec
€ 3.0 kg meter/sec
D 4.0 kg meter/sec
E 5.0 kg meter/sec

After collision

gIII

A< > E
B D

C

929 Tt is found that the speed of ball II after the

collision is 1.25 meter/second. The mass of ball
IIis

A greater than 2.0 kg

B between 1.0 kg and 2.0 kg

€ equal to 1.0 kg

D between 0.5 kg and 1.0 kg

E less than 0.5 kg

30 The force acting on ball II during the collision is

A 5.0 newtons.

B 2.5 newtons.

€ 10 newtons.

D equal to the gravitational force between the
two balls when their centers are separated by
the sum of their radii.

E not determinable by the information given.

GO ON TO THE NEXT PAGE
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Questions 31-35 relate to the following information:

In answering the numbered questions below, you will need to make use of the following definitions in addition
to what you have learned about the solar system.

Definitions:

31

32

33

aphelion - that point in a planet’s orbit which is farthest from the sun
total solar eclipse — phenomenon caused by the moon’s passing directly between
the sun and the earth so that the umbra of the moon’s

shadow reaches the earth’s surface
perihelion — that point in a planet’s orbit which is closest to the sun.

The earth is at perihelion on January 4.

transit — the apparent passage of a smaller celestial body across
the disc of a larger celestial body, such as the passage of the

planet Venus across the sun’s disc

In what month is the apparent diameter of the
sun the largest as seen from the earth?

A June

B July

€ December

D January

E None of the above

In what month is the earth moving most slowly
in its orbit?

A June

B July

€ December

D January

E None of the above

In what month does the earth travel farthest in
its orbit during a given twenty-four hour period?

A June

B July

€ December

D January

E None of the above

34

35

In what month must a total solar eclipse occur
at a given region of the earth’s surface, if the
moon’s umbra is to sweep out the widest possible
path? ‘

A June

B July

€ December

D January

E None of the above

The orbit of the planet Venus is entirely inside
the orbit of the earth. Assuming that two of the
following statements can be true at the same
time, which combination would cause Venus to
appear largest during a transit of the sun, as
seen from the earth?
I Earth is at perihelion.

IT Earth is at aphelion.
III Venus is at perihelion.

IV Venus is at aphelion.

AT and IITI only

B IT and IV only

€ Iand IV only

B I and III only

E None of the above

IF YOU FINISH BEFORE TIME IS CALLED, CHECK YOUR WORK ON THIS TEST.

D55P10EX



TEST 7: Energy

DIRECTIONS

This is a 45-minute test containing 35 items. When you
are told to begin, turn this page and immediately begin
answering the questions.

Do not spend too much time on any one question. If a
question seems to be too difficult, make the most careful
guess you can, rather than waste time puzzling over it. Your
score is the number of correct answers you mark.

Each of the questions or incomplete statements is followed
by five suggested answers or completions. Select the one
which is best in each case and blacken the corresponding
space on the separate answer sheet. Make your marks heavy
and black. Note the SAMPLE on your answer sheet. If you
make a mistake or wish to change an answer, be sure fo
erase your first choice completely.

Sample Question

0 Which of the following is most directly measured by the
use of a clock?

A Mass € Length
B Time D Density
E Force

DO NOT TURN
THIS PAGE UNTIL
YOU ARE TOLD TO

© Copyright, 1959, Physical Science Study Committee, Educational Services, inc. All rights reserved.
Published by Cooperative Test Division, Educational Testing Service, Princeton, N. J. o Berkeley 4, Calif.

Test 7
Part 3

Chapters 24-26
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Directions: Each of the questions or incomplete statements below is followed by five suggested answers or com-
pletions. Select the one which is best in each case and blacken the corresponding space on the answer sheet.

Questions 1-5 relate to the following graph and information:

Force (Newtons)
N

T

1 2
—il Distance (Meters)

The graph above shows the force applied to a 2-kilogram body initially at rest but free to move on a horizontal:

frictionless surface.

1 Which one of the following graphs best repre-
sents the acceleration of the body during the

first meter of travel?

Time

s

Time

pog
Acceleration

w
Acceleration

Or
O

Time

(@]
Acceleration
©
Acceleration

Sy

0 Time
E None of the above graphs

2 After the body has moved a distance of 1 meter
its kinetic energy is

A 1 joule.
B 2 joules.
€ 3 joules.
D 4 joules.
E 19.6 joules.

3 After the body has moved a distance of 2 meters
its kinetic energy is

MY 6w

1 joule.

2 joules.
4 joules.
5 joules.
6 joules.

4 After the body has moved a distance of 3 meters
its kinetic energy is

A
B

@
D
E

1 joule.

2 joules.
4 joules.
5 joules.
6 joules.

5 After the body has moved a distance of 4 meters -
its kinetic energy is :

MO O® >

1 joule.

2 joules.
4 joules.
S joules.
6 joules.

GO ON TO THE NEXT PAGE
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Questions 6-10 relate to the following diagram and information:

o :.v V;;' 6 If the car is placed at C and allowed to slide

toward the left, starting from rest, its speed at
B will be

A 0

B mghc

C +2ghy

D v2ghc

E v2g(hc—ha)

If the car is placed at € and allowed to slide
toward the left, its speed at A will be

A0

B mghe

C V2gh,

D +2ghc

E +2g(hc—-ha)

If the car is placed at A and given an initial
velocity toward the right just sufficient for it
to reach point C, this initial velocity must have
a magnitude of

A0

B mghe

€ V2ghy

D +2ghc

E V2g(hc-ha)

9

The diagram shows the side view of a roller coaster track. A car of mass 72 can be placed at various pointson
the track and be given various initial velocities. Assume all frictional forces to be negligible. The acceleration
due to gravity has a magnitude g and is directed downward, as shown.

If the car is started from A toward the right and
is given a kinetic energy equal to mghe, its
speed at D will be

A V2ghy

B +2ghc

€ V2ghp

D V2g(ha-hp)

E +2ghc+2g(ha-hp)

If the car is started from A toward the right and
is given a kinetic energy equal to mghe, its
speed at F will be the same as its speed at

A point A.

point B,

D w

point C.

(¥

point D.

i}

none of the above.

GO ON TO THE NEXT PAGE
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Questions 11-17 relate to the following information and diagram:

A cart is propelled from the left into a vertical
radius of 2.0 meters,

“loop-the-loop” track, at the lowest point, 0. The track has a
as shown in the diagram. The mass of the cart is 0.2 kilograms; all frictional forces may

be neglected; and g may be taken as 10 meters per second per second.

B

11

13

2
meters

If the speed of projection is 10 meters per second,
what is the kinetic energy of the cart at this
speed?

A 2 joules
B 10 joules
€ 20 joules

D 200 joules
E Impossible to determine from the data given

If the speed of projection is 10 meters per second,
what is the potential energy of the cart at point A
relative to its value at point O?

A 2 joules

B 4 joules

€ 10 joules

D 20 joules
E Impossible to determine from the data given

If the speed of projection is 10 meters per second,
the speed of the cart at point A is

A +/10 meters/sec

B 34/10 meters/sec

€ /15 meters/sec

D 2+/15 meters/sec

E +/20 meters/sec

Assuming that the cart still makes contact with
the track at point A, what is the force exerted
by the track on the cart?

A /20 newtons

B 2+/15 newtons
€ 6.0 newtons
P 10.0 newtons
E 30 newtons

15

If the speed of projection is such that the cart ‘
has only potential energy at the instant it reaches
point A, what is its speed at point A? z

A Impossible to determine without knowing
the initial speed

B 0 meters/sec

€ 5 meters/sec

D 2+/5 meters/sec
E 20 meters/sec

If the speed of projection is such that the cart
just starts to fall away from the track at point
B, what is its speed at point B?

A Impossible to determine without knowing the
initial speed

0 meters/sec

5 meters/sec

24/5 meters/sec

20 meters/sec

W O

What is the minimum speed of projection which

will cause the cart to reach point B without

falling from the track?

A /20 meters/sec
10 meters/sec

B
€ 10415 meters/sec
D 50 meters/sec

E 100 meters/sec

GO ON TO THE NEXT PAGE |



Questions 18-21 relate to the following information:

-5-

A sealed container, which expands negligibly as its temperature is changed, contains helium (a monatomic gas).
It is heated from 300° Kelvin (27° Celsius) to 600° Kelvin (327° Celsius).

18 As a result of the increase in temperature, the
average kinetic energy of the molecules has been

20

Mg o’.p

halved.

left unchanged.

increased by a factor of V2.
doubled.

quadrupled.

As the temperature was raised, the average
speed of the molecules has been

mg6®p

halved.

left unchanged.

increased by a factor of v/2.
doubled.

quadrupled.

As a result of the increase in temperature, the
pressure exerted by the gas on the walls of the
container has been

mMYO®»

halved.

left unchanged.

increased by a factor of V2.
doubled.

quadrupled.

21 With the container kept at 600° Kelvin, a valve
is opened and some gas is allowed to escape. If
the pressure is reduced to the value that it had
at 300° Kelvin, it is necessary that

MU O W P

74 of the molecules escape.
34 of the molecules escape.
14 of the molecules escape.

14 of the molecules escape.
something else be done, as the pressure can-
not be reduced by this method alone.

GO ON TO THE NEXT PAGE
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Questions 22-26 relate to the following information and graph:

A body P is projected along a horizontal straight line toward another body @, in such a manner that it makes a
“head-on” collision with body Q. Each body has a mass of 1.00 kilogram. All effects that might produce heat
or permanent deformation of the bodies are negligible and any forces that may be acting depend only on the
distance between the two bodies. '

A stroboscopic photograph of the process is obtained and an analysis of it gives the data in the table below.
The position and velocity of the body P are indicated by #p and vp respectively; those of Q by %3 and vg respec-
tively. The last two columns of the table give values of the squares of the velocities for your convenience, if you
wish to use them in answering the questions.

Time #p %o vp v vp? vo? 23 Taking the potential energy of the system at
(sec) (m) (m) (m/sec) (m/sec) (m/sec)® (m/sec)? t = 0 as zero, the total energy at # = 0 1s
0.00 0.00 7.50 5.00 0.00 25.0 0.00 A 50.0 joule.
(.20 1.00 7.50 5.00 0.00 25.0 0.00 B 25.0 joule.
0.40 2.00 7.50 5.00 0.00 25.0 0.00 € 12.5 joule.
0.60 3.00 7.50 4.95 0.05 24.5 0.002 D zero.
0.80 395 7.54 4.56 0.44 21.8 0.19 E not determinable from the data.
1.00 4.80 7.70  3.86 1.14 14.8 1.30
1.20 5.48 8.02 2.1 2.09 8.46 4.37 24 1f the total energy of the system at time 0.00
1.40 5.97 8.53 197 3.03 3.88 9.19 sec is denoted by E, the potential energy stored
1.60 6.30 9.20 1.29 3.71 1.66 13.76 at time equal 1.00 sec is
The following graph shows the positions of bodies A zero.
P and Q@ at various times before and during the B equal to E.
major part of the collision: € equal to E minus 14.8 joule.
D equal to E minus 8.05 joule.
10+ L7 E not determinable from the data.
8+ . .
— 25 The maximum value of the potential energy
6l Xa ——— stored in the system occurs at a time
A 000 sec.
4t Xpy B 0.50 sec.
€ between 0.50 sec and 1.00 sec.
27 D between 1.00 sec and 1.40 sec.
o . ‘ ( ‘ ’ . i E greater than 1.40 sec.

00 02 04 06 08 10 12 14 16 18

Time in Seconds 26 After the collision between P and Q is over,

the final values of ¥p and ¥ can be expected to be

22 The results shown in the table are consistent

with the assumption that A vp = -5m/sec, vg = Om/sec.
] ] B vp = —4m/sec, vq = 3m/sec.
A there is no force acting between P and Q.
. ) € vp = —lm/sec, ¥o = 6m/sec.
B P and Q repel each other with a force that is b 0 s
independent of their separation. vp = Om/sec, vg = Sm/sec.
€ P and Q attract each other at distances less E vp = lm/sec, vq = 4m/sec.

than about 5.00 m and repel each other at
larger distances.

D P and Q exert no force on each other at dis-
tances greater than about 5.00 m and repel
each other at smaller distances.

E P and Q repel each other at distances less
than about 5.00 m and attract each other
at greater distances.

GO ON TO THE NEXT PAGE



Questions 27-31 relate to the following situation:

—7-

A pile driver having a mass of 600 kilograms falls 5.0 meters on a pile of mass 200 kilograms. After impact the
pile sinks 0.03 meter into the ground. Take the magnitude of g as 10 meters per second.

27

28

29

What is the speed of the pile driver when it
reaches the pile?

A /10 meters/sec
B 20 meters/sec
€ /2§ meters/sec
D 10 meters/sec
E /50 meters/sec

Assuming that the pile driver and the pile move
together following impact, what is the ratio of
the speed of this combination immediately after
impact to the speed of the pile driver just
before impact?

A 14
B 1:2
C 34
D 1:1
E 3:1

If the initial height of the pile driver is changed
so that the speed immediately after impact is
20 meters per second, it is found that the pile
sinks 0.20 meter into the ground. Assuming
that the pile driver and the pile move together
following impact, what is the kinetic energy of
pile and pile driver the instant after impact?

1.6 X 10* joules
1.6 X 10° joules
10° joules

10* joules

8 X 10* joules

MO O Ep

30 Under the conditions specified in Question 29,

what is the loss in the potential energy of the pile
and the pile driver during the time in which the
pile is driven into the ground (that is, between
the time of the impact and the time when they
come to rest)?

1.0 X 10° joules
2.0 X 10° joules
4.0 X 10* joules
1.6 X 10° joules
There is no loss in potential energy.

MO OWp

In view of the information given in Questions
29 and 30, which of the following best expresses
the average force of resistance exerted by the
ground on the pile and the pile driver?

6.0 X 10* newtons
8.0 X 10° newtons
8.0 X 10° newtons
6.0 X 10° newtons
1.2 X 10* newtons

mOOD

GO ON TO THE NEXT PAGE
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Questions 32-35 relate to the following diagram and information:

i

The above diagram represents the path of a projectile of mass 72 moving in a constant gravitational field

. . L) . _> 3 .
without friction. It is fired, with an initial velocity ¥1 from point I along the path as shown. The mazimum
height attained is /. Potential energy is to be taken as 0 at position 1.

32 The total energy of the projectile at point 3 is 34 The kinetic energy of the projectile at point 4 is
A l4mgh A mgh
el B mgh B l4mv;’
€ Ymv € Y%mv,’ - mgh
D 4mv,* 4 mgh D l4mv,® - 4mgh
E Ymv,’— mgh E 24mvi + J4mgh

35 The horizontal component of velocity at point

33 The kinetic energy of the projectile at point 3 is 1is
A 14mgh A v;
B mgh B V2w,
€ Ymv € V2gh
D 4mvy’ + mgh D Vvi-2gh
E 14mvy’ - mgh E +vi42gh

IF YOU FINISH BEFORE TIME IS CALLED, CHECK YOUR WORK ON THIS TEST.

D55P10EX
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APPENDIX D
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