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CHAPTER 1: IWfRODUOTION 

THE PROBLE!vi MID THE PURPOSE OF TH!!: THESIS 

The Froblem: 

A problem all too often found in high school physics classes 

is that students have difficulty when it comes to problems involv-

ing mathematics. Of course if the student has not mastered the 

mathematics necessary for a given problem in physics one would 

expect him to have difficulty; however the situation frequently 

arises ~ihere the physics student has given evidence of having mas-

tered the mathematics involved in a physics problem in \'rork which 

the student has performed in the mathematics classroom at an 

earlier date but he has difficulty when faced with the mathematical 

problem in the context of the physics ~lassroom •. The problem here 

would appear to be a difficulty in applying mathematics to a 

situation not garbed in the language of the mathematics classroom. 

Thus the problem can be seen to be twofold. First the ex-

pected difficulty \ihich the physics student will have liith a 

physics topic involving mathematics the student has not mastered, 

and second the difficulty which the physics student sometimes has 

in applying mathematica he has previously mastered to a situation 

in the phyaics classroom. 

' Boston Uni versltYl '. 
Sc_.o-Jl of Education 

LibrarY.. 



Purpose of the Thesis: 

The purpose of this thesis is to attack both phases of the 

above problem. The first phase, that of the physics student's not 

having mastered the mathematics involved in a given physics topic::, 

will be approached in this thesis by determining what mathematics 

is necessary for each topic generally taught in the high school 

physics course as evidenced by textbooks used in high school 

physics classrooms. Information of this nature will not guarantee 

that the first phase of the problem will be solved but it will at 

least provide a means by which the problem could be solved. 

As some high schools offer physics in the junior year and 

some in the senior year we will limit the thesis topic somewhat 

by considering only the relationship between the junior and 

senior year mathematics courses and the physics course as general~ 

ly taught in the high school. The junior year mathematics course 

is assumed here to be second year algebra. and the senior year 

course is assumed to consist of trigonometry, solid geometry, some 

analytic geometry, and some elementary calculus. 

After presentation of the connections existing between the 

mathematics and physics courses various ways in which the mathe-

matics teacher and the physics teacher might cooperate in the 

teaching of their respective courses will be discussed. Cooper-

ation between the two subject matter areas could insure that the 

mathematics necessary for a given physics topic would be presented 

before the physics topic and thus obviate the first phase of the 

problem to be attacked here. Cooperation between teachers in the 

2 
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two subject matter areas under discussion here would also tend to 

make the mathematics teacher more aware of the type of mathemati­

cal situation his students were likely to encounter and hence 

present him with the opportunity to prepare them for that type of 

situation while at the same time acquainting the physics teacher 

with the type of mathematical situation with which his students 

were accustomed, hence enabling him to assist in places where 

physics students encountered difficulty in applying mathematics 

to physics. Cooperation between the teachers could also enable 

students to see more clearly the importance of mathematics as a 

tool for physics. Thus cooperation between the teachers would 

provide an approach to the second phase of the problem, that of 

applying mathematics to new situations. A furthe: approach to 

this phase of the problem will be made by indicating a few physics 

experiments of a mathematical nature which could be performed in 

the mathematics classroom, thus providing training in applying 

mathematics to the physical world; using mathematics to describe 

actual physical phenom~a, an appre.ach that might well give math­

ematics more meaning to the student. 

Thus the purpose of this thesis is to attack the problem by 

finding out what mathematics is necessary for physics topics com­

monly taught in the high school; by suggesting w~s in which 

mathematics teachers and physics teachers might cooperate, to the 

benefit of their students; and by suggesting spec~fic w~s in 

which the mathematics teacher could help his students to apply 

their mathematics to situations not of the type generally 
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CHAPTER 2 

SUivlJ:.lARY OF PAST RESEA..'iCH 

That a problem exists in the physics student• s ability to 

apply mathematics to physics problema is well verified by the 

research on the topic. Ral~1 found that ~hysics students• know-

ledge, or memory, of facta was greater than their understanding 

of the principles involved and concluded that the understanding 

of simple mathematical concepts was the largest single factor 

hindering progress in physics. Kilzer2 constructed an inventory 

teet::, and found that the students handled the elementary mathema-

tics needed in high school physics very poorly. In another study 

Bryant3 found that high school physics students were weak in 

interpreting formulas and equations and in applying variation, 

ratio, and proportion. ALnost without exception the other studies 

cited in this chapter acknowledge this problem; this fact in itself 

indicating to some extent the seriousness of the problem. In addi-

tion to tbis problem students sometimes master the mechanical 

1. Lynn L. Ralya, "Investigation of A...ccomplishment in High 6chool 
Physics by Means of Diagnostic Tests n, Science Education, XXII, 
(November 1938),pp. 314-315. 

2. L.R. Kilzer, 11Hathematics Needed in High School Fhysies 11 , School 
Science and Mathematics, XXIX, (April 1929), pp. 260-262. 

3· Carroll Vv. Bryant, 11 Iv!athematics ift;;I{Etle:tiion.i-to Pby'.s:tce 11 , · 'Tne :: '1, 

Hathematics Teacher, XXX, (December 1937), pp. ;56;5-365. -

5 



JJtl.'th<tlfJStt-ilCal processes without really understanding them end con-

sequently encounter difficulty when approaching a new situation 

which involves mathematics which they do not understand but 

which they can manipulate mechanically if it is presented to them 

in the form in which they learned it. 

The Need for l'lathematics in Physics: 

The difficulty encountered by physics students when dealing 

with mathematics is viewed as serious due to the need for mathema-

tics in the study of physics. As indicated by Brownl mathematics 

can be used in conjunction with high school physics to: 

1. Simplif,y the subject and make it more intelligible 
2. Make it more directly applicable and useful 
). Enrich the concepts of physics 
4. Show the interrelations of the various divisions 

of the subject matter. 

To remove the mathematics from physics, i.e. to make it 

purely informational, would of course avoid the problem of an 

inadequate mastery of mathematics and would conceivably be suit­

able for some students; but this procedure, as stated by Breslich2, 

does not proyide the necessary background for those who wish to 

continue and who need an understanding of concepts and relation-, 

ships wbich are largely of a mathematical nature. Mathematics 

is -.t~d as the tool of physics. Hathematics, as indicated 

1. Emmett H. Brown, Mathematics in Physics, Sixth Yearbook, 
National Council of Teachers of Hathamatics, ( 19)1)1 pp. 1)6-
164. ,. 

2. E.R. Breslich, "Integration of Secondary School Mathematics 
and Science", School Science end Mathematics, XXXVI, (January 
19)6), PP• 58- 7. 

6 
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by Hall , is: 

• e·---H--·· 
------·--~~·--~ ... " 

1. A way of communicating 
2. A way of thinking about concepts 
). A WSif of problem solving 

and consequently is of great value in the study of a science such 

as physics. Hatbematics is viewed as the means used by the physi­

cist to express the laws and relationships which he finds 2• 'l'hus 

to teach physics without mathematics l"I'Ould appear to be teaching 

a series of facts to be memorized without the understanding of the 

interrelationships existing between them, an understanding 
' 

frequently obtainable through the use of mathematics. If it is 

possible to teach physics with this understanding, and it appears 

to be both very possible and in some cases accomplished, to do 

otherwise would seem not only pointless but actually a waste of 

time. 

The l'iathematical Content of High School Physics: 

Quite a namber of studies have been done to determine the 

mathematics contained in high school p'oysics courses; these 

studies invariably used high school textbooks as their source of 

information. These studies generally deal with the co:nputational 

abilities involved in solving problems and several lists have 

been compiled of the abilities needed, these lists being essent-

ially in agreement ;'lith each other. The list reproduced below 

1. Arthur vi. Hall, 11 Relations Between Science and Hathematics in 
Secondary Schools", Bulletin of the National Association of 
Secondary School Principals, XXXVII, (January 1953), pp. 92-95. 

2. Carroll vi. Bryant, op. cit. 

7 



is one made in a study of the mathematics required for physics, 

chemistry, engineering, and higher mathematics by :Nickle1 and is 

fairly representative. 

Algebra: 
1. Use of formulas, selecting the proper formula 

and making substitutions in it. 
2. Solving linear equations 
). Use of ratio, proportion, and variation 
4. Read a.11d construct graphs 
5. l~ake algebraic substitutions 
6. Hultiply and divide polynomials 
7. Solve quadratic equations 
8. Solve sDnultaneous equations 
9. Square a quantity 

10. Halce application of parentheses 
11. Form an equation in solving verbal problems 
12. Use of exponents 

Geometry: 
1. Compute linear measure 
2. Compute areas and volumes of common geometric 

figures 
). Apply pythagorean theorem 

Trigonometry: 
l. galee simple application of the sine, cosine, 

and tangent 

In another study, Reagan2 indicated that formulas, equations, 

ratio, proportion, and variation \'tere needed early in physics. 

Hausdoerffe; states that the general nature of problem solving 

and conversion of units are important and that factoring and sec-

ond degree equations are not used to any great eKtent. A somewhat 

1. George H. Nickle, 11 The Iviathematics Host Used in the Sciences of 
Physics, Chemistry, E:ngineering, and Higher l-1athematics 11 , The 
Hathematics Teacher, XXXV, (February 1942), pp. 77-83. 

2. G.',v. Reagan, 11 The 1-Iathem.atics Involved in Solving Eigh School 
Fhysics Froblems 11 , School Science and Ne.thematics, X:X.V, (He.rch 
1925), PP• 292-299. 

). i'/illiam H. Hausdoerffer, 11 The Hathematical Content of Tvto 
General College Physics Texts", Science Education, XXXVI, 
(October 1952), PP• 250-252. 

8 
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d 'f t t d d b 't l, ~ feren s u y was mae y Car er-. He attempted to ascertain 

the importance of tbe understanding of mathematical concepts, as 

opposed to computational abilities, in the reading and understand-

ing of high school physics texts using a list of thirty three 

mathematical concepts; examples of which are negative number, 

constant, parallel, equation, and variation. Be found that recog-

nition of mathematical concepts correlated highly with performance 

in physics, slightly higher than computational ability, and con-

eluded that it was an important factor in comprehension of 

physics materials. Thus we find that not only is a ce1~ain de8ree 

of computational ability necessary but also the ability to recog-

nize mathematical concepts when they appear, which recognition 

implies an understanding of these concepts. Curtis2 concluded 

from a study of the mathematical terms used in secondary school 

physics textbooks that the mathematics used in these texts implies 

a knowledge of arithmetic, simple algebra and geometry, and a few 

basic facts of trigonometry. Making the assumption, which is 

probably valid, that the frequency of mathematical 1-1ords in a 

given physics topic indicates whether more or less mathematics is 

needed in that topic than another (the more mathematical words 

found, the more mathematics is involved in the topic) she 

1. William R~ Carter, "A Study of Certain Hathematical Abilities 
in High School Physics", The Mathematics Teacher, XXV, (October 
19,2), pp. ,1,-,,o. 

9 
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concludes that of the topics generally taught in high school phys-

ics mechanics requires more mathematics than any other topic and 

atomic theorJ requires less than any other topic. Another study 

which was fcund useful for this thesis was done by Rannonl in 

which he made an analysis of the mathematical concepts necessary 

for a college physical science course. He breaks down the rather 

broad mathematical topic of formulas into formulas of various 

types and this itemization is employed in the list of mathematics 

topics used in this study (numbers ten to eighteen on the 

mathematics list presented in table one in chapter three). 

Suggested Solutions of the Problem: 

Accepting the assumpt'ion that it would be undesirable to 

eliminate the mathematics from physics for at very least the 

group which intends to go on in some field which will require an 

understanding of physics - an attempt was made previously to 

justifY this assumption, whether that attempt was successful 

must be judged by the reader - we m~ now proceed to survey w~s 

indicated in the literature by which the mathematics required 

for physics might be more effectively taught so that students 

would be better able to apply their mathematics to physics. As 

indicated earlier this process involves not only computational 

abilities but also an understanding of mathematical concepts. 

1. Herbert Hannon, .;;.;An~-='An--'-a~~s-Fi_s--:o.._-=-~~----~------~~-'!'-­
Necessa for a Colle e P sical Science Course, 
Ivlichigan College, Kalamazoo, l..fichigan, 19 

10 



Breslich1 enumerates several possibilities; _the first, already 

discussed, is to eliminate the mathematics from physics and to 

make physics purely informational. The second possibility is to 

leave the courses (mathematics and physics) unchanged and to sep­

arate the students into groups according to their levels of math­

ematical competency, running ~he different groups through the 

physics course at different speeds; this procedure makes no 

attempt to correct any mathematical deficiencies and presupp?aes 

at least two and possibly several physics courses, which factor 

alone would make it impractical in many instances. A third sug­

gestion was to administer a test in the mathematics needed tn the 

physics co~rse with those passing the test being allowed to take 

physics and those not passing being required to either do extra 

work in mathematics concurrently or to wait to take physics until 

they could pass the test. other suggestions concerned various 

degrees of interdepartmental cooperation; an agreement could be 

made between the two departments as to which one would take care 

of mathematical deficiencies, the physics teacher could inform 

the mathematics teacher when certain skillswould be needed and 

the mathematics teacher could provide them, further interdepart­

mental cooperation might involve transferring some experiments 

of a mathematical nature to the mathematics department. Finally 

Breslich states that the courses could be integrated, taught as 

one. In this manner principles common to both fields would be 

1. E.R. Breslich, op. cit. 

11 
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better understood, the mathematics would be more experimental and 

consequently more vivid to the student, time might be saved due 

t<). the avoidance of teaching the same mathematics twice (once in 

the mathematics classroom and once in the physics classroom), the 

student will see an application of the mathematics he is learning, 

and teachers would probably come to have a better understanding 

of courses other than their own. Wood1 feels that it would be 

desirable to eliminate the pure theory from physics (demathematize 

it) and to transfer the mathematical part to mathematics. i'/e have 

already discussed the demathematization of physics and to push a 

large quantity of physics into the mathematics course could of 

course detract from the amount of mathematics which would be 

taught; the desirability of doing that might be seriously ques­

tioned. Leucka in a study of the mathematical troubles of elemen-

tary college physics students states: 

The great majority of skills required in physics 
problems is acquired by the pupils in grades five, 
six, seven, eight, and nine. If the mathematics 
of physics were emphasized in first year algebra, 
the pupil would not possess the necessary acquain"'·· 
tance with science itself so as to give meaning to 
the work. There~:.:L!J.. also no immediate motive for 
doing the work. Learning is most efficent when there 
is immediate use for the knowledge gained. Hence 
we conclude that teachers of physics must themselves 
teach the mathematics which their courses require. 
We should expect the high school teacher to provide 

1,..:John W. Wood, 11Physics 11 , School Science and 1·1athematics, XXXVII, 
(June 19;7), pp. 710-71;. 

2. William R. Leuck, The Arithmetic and Algebraic Disabilities of 
Students Purauin First Year Colle e Ph sics, (University of 
Iowa, Iowa City, Iowa, 19;2 • 

··----=-----~~---·~---- ·-
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pupils with the general knowledge of his subject, 
but the specific applied mathematics of any course 
must be taught by the teacher of that course. 

This passage seems to imply that there is a special brand of math-

ematics necessary for elememtary physics (whether high school or 

college) or more likely that the high school provides only the 

manipulative skills and not the understanding~(in mathematics) 

necessary for, or the practice and training needed in, applying 

mathematics to other subjects. It is one of the purposes of this 

thesis to devise an arrangement whereby these siills might be 

provided through cooperation between the mathematics and physics 

d ep artment s. 

Bryant 1 states that the solution of the student 1 s mathematics 

difficulties in physics is to develop both subjects simultameously, 

which, he states, will give life to the mathematics and through 

its application will tend to fix it in the mind of the student. 

Young2 also proposes a simultaneous program but wishes to spread 

it out over a period of years. He feels that teaching the sub-

jects together would make both more interesting and that mathema-

tics would be seen as a necessar,y tool for physics. Spreading the 

physics out over a period of years (three or four) as he suggests 

might tend to destroy the relationships between the different 

parts of the subject matter in the mind of the student, but this 

1. carroll w. Bryant, op. cit. 

2. J. W .A. Young, The Teaching of Hathematics, (Longmans, Green, 
and Oo., 1937), pp, 185-188. 

1~ 



difficulty could probably be avoided if care were exercised. 

Bain1 states thatbbringing science into mathematics for explanatory 

purposes just makes the subject more difficult and suggests that 

the mathematics be developed apart from the science and then ap-

plied. Integrating mathematics and physics and using this tech-

nique will, he feels, assist the student in acquiring the tech­

nique of solving physics problems. The Groves (Ethel and Ewart) 2 

experimented with correlating second year algebra and trigonometry 

with chemistry and physics with some rearrangement of topics in 

each course. Ratio and proportion were taught early in algebra 

and logarithms was taught early in trigonometry. Since the sine 

curve (alternating current) and sine law (parallelogram of forces) 

were needed early in physics but could not be taught meaningfully 

that early in trigonometry the physics topics effected were post-

poned until later in the course. The authors report that pupils 

felt they got more out of both subjects this way and were able to 

see the relation between the subjects. Also transfer was 

facilitated. 

Research Relevant to This Topic: 

It is apparent that much of the research done in the field 

of high school mathematics and physics courses is relevant to this 

topic to one degree or another. A great deal of work has been 

1. Sherwood c. Bain, 11 The Hathematical Problems of High School 
Physics", School Science end Hathematics, XXX.XVI, (December 
1946) ' p p. 846-854. . 

2. Ethel L. Grove end E\-tart L. Grove, 11An &periment in the 
Integration of Hathematics Bl1d Science", School Science and 
Hathematics, LII, (June 1952), pp. 467-470. 

,-•:::: ,. ·-·- •- : ==::==-~'-:-:-.:----·••»•-•••••---:•·---:-:=::--:~ ----~U•--:::=--::------~·::--·--~~No"':-::--- ·-·-- ·- --~~- ·~----. • -"-: ~;------~ ---=-~---;.~ -----~ •• 
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done on determining what mathematics is needed in a high school 

physics course and tr1e problem attacked in this thesis is generally 

recognized as significant. There is also substantial agreement 

that correlating or integrating high school mathematics and physics 

will enhance both subjects but no extensive work was found on 

actual ways of accomplishing this goal. This thesis attempts to 

go a step further by showing ''~'hat mathematics is needed for each 

of the corrnnonly taught physics topics (as indicated in textbooks) 

and by indicating several physics experiments which might be per-

formed in a mathematics classroom (see table five in chapter 

three) as well as suggesting a possible arrangement of topics for 

a correlated or integrated mathematics and physics program. 

'·-- --~ --~-- .. ---- ·-·-·" -------
" .. 



CHAPTER) 

PROC~DUR$6 USED AND GENERAL ORGANIZATION OF YBE THESIS 

In collecting data for the thesis the objective was to as-

certain the mathematics needed for each topic generally presented 

in high school physics. In order to discover what topics -\'l'ere 

generally taught in the physics course the follo\'ling textbooks 

were used, the topics in them being listed: Practical Physics 

by Black and Davial; Modern Physics by Dull2, and Fundamental 

Physics ~ Sema~, the latter being a college text which was used 

largely as a reference and to expand, in some cases, on the treat-

ment found in the other texts. The same general procedure rtas used 

for the junior and senior year mathematics courses. For the 

purposes of this thesis a topic consists of a limited subject 

matter area such as Boyle' a Law or temperature scales in physics 

and functional change or the pythagorean theorem in mathematics. 

Since this thesis deals with the relationships between 

either junior or senior year high school mathematics courses and 

high school physics, those mathematical operations, skills, con-

cepts, and understandings which are not generally taught in this 

part of the mathematics prog~am are not considered in this thesis 

1. Black and Davis, New Practical Physics, New York, Hacmillan Co., 
19)2. 

2. Charles E. Dull, Modern Physics, New York, Henry Holt and Co., 
1945. 

J• Henry Semat, F\mdamentals of Physics, New York, Rinehart and 
Co., 1951. 

16 



with the exception of some topics in plane geometry. However 

there is no intent to imply here that certain fundamental opera­

tions in mathematics not included in this thesis are not necessary 

for physics. The fundamental operations of arithmetic, fractions, 

and decimals are of great importance in physics and some students 

do apparently have difficulty with these operations. However the 

primary concern here is with the relationships between the upper 

level high school mathematics courses and physics and since the 

fundamental arithmetic operations are not taught as part of the 

upper level hir;h school mathematics program, though they are es­

sential to it, they are not included here. 

Once having obtained a list of physics topics, the mathemat­

ics involved in each was ascertained from the previously named 

textbooks primarily from the text although some recourse was made 

to the problems also. Each physics topic was then ex~ained in re­

lation to the list of mathematics topics generally taught in the 

final two years of high school, note being made of the mathematics 

topics iihich appeared to be necessary or helpful for each physics 

topic in which mathematics was used. The list of mathematics 

topics was then revised, eliminating the topics taught in the 

final two years of high school which did not appear to be impor­

tant for high school physics. Topics such as signed numbers, 

multiplying a polynomial by a monomial, solution of first degree 

equations, and the geometry included in the mathematics list, 

which is presented in table one at the end of this chapter, are 

included despite the fact that they have generally been taken up 

17 
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prior to the junior year in high school. Their inclusion is in-

tended to give a more complete picture of the mathematics needed 

for each topic in physics and it is felt also that they are topics 

'l'rhich could easily be taken up for review at any one of several 

points in the final two years without seeming out of place or 

having any detrimental effects. Indeed the elementary algebra 

topics listed above are generally reviewed at the beginning of the 

second year of algebra. Once both the mathematics and physics 

lists were drawn up they were ~•indexed. Each topic in math-

ematics and physics was assigned a number, the topics then being 

cross-indexed by means of a table; the table appears in table 

three and the list of physics topics in table two at the end of 

this chapter. 

For each unit in physics, e.g. light, sound, heat, etc.,a 

tally sheet was drawn up showing what mathematics topics were 

useful and the frequency with which the use of each occurred; 

although the same information can be gathered from a perusal of 

table three. These tally sheets were found helpful in formulat~g 

the discussion of relating mathematics and physics courses to be 

found in chapter four. 

In some cases the mathematics involved in a given topic 

in physics did not appear evident from the description of the 

physics topic given and in these cases an explanation of the con-

nection or relationship was given in what we shall term the con-

nections index which will be found as table four at the end of 

this chapter. 
-~··- ~·-·- ·-~ . -· - ·-··· 
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Before proceeding further a comment. or two on the mathematics 

list presented in table one appears to be in order. Firat, the 

order in which the topics are presented is in no w~ intended to 

imply that they are, should be, or could be, taught in that orderi 

in many cases_ the order is quite arbitrary. The various subdivisions:. 

mf the list are intended to facilitate the location of any given 

topic. The topics in the area of trigonometry are included under 

one heading despite the fact that many of those listed are taught 

in the junior year or earlier while others are not taught until 

the senior year. The mathematical topics are indicated in the 

form of statements designed to make further interpretation of the 

list unnecessary here. 

In the physics list presented in table two the various 

physics topics are presented under the unit headings where they ~ 

are generally found in textbooks; e.g. heat, sound, etc. In pre-

senting the physics topics an attempt has been made to be quite 

brief; the general principle involved in the physics topic is 

stated and/or any key formulas are included on the assumption 

that this information will be sufficient to show what is meant by 

a given physics topic and that further information on the topic 

can either be deduced from the principles stated or obtained by 

reference to a physics text. 

Table three contains a cross reference table showing what 

mathematics topics were found to be involved in each of the physics 

topics listed. The topics are listed by number and also by a key 

word or phrase to he~p avoid the inconvenience of checking back 

···~ 
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with the lists of topics. The mathematics topics are listed down 

the page at the aide (from top to bottom) and the p~aica topics 

are listed across the top of the page. The numbers of the tonics 
·' 

are also listed on the other side of the table for the mathematics 

topics and at the bottom of the page for the physics topics to 

facilitate the use of the table. To find what mathematics is in-

valved in a given physics topic first locatethe physics topic and 

then read down the chart. Blank spaces indicate no significant 

relationship was found. The number i in a space indicates that 

an important relationship exists with the mathematics topic at the 

side and teuil.umber 2 in a space indicates that a significant re-

lationship was found to exist with the mathematics topic indicated 

at the side of that row but that the relationship was not thought 

to be of primary importance. An asterisk with a number indicates 

that the connection is explained or illustrated in table four. 

If a topic on the mathematics list is not included under any of 

the p~aics topics it has been included on the mathematics list 

because it is involved in one of the experiments included in 

table five at the end of the chapter and it is indicated in the 

cross reference table of the experiments and the mathematics 

topics following the description of the experiments. In table 

three the mathematics topics listed under any one physics topic 

are not generally all necessary for an adequate understanding 

of the physics topic. }.filch of the mathematics can be avoided if 

a physics topic is to be covered i'n.only a descriptive (information-

al) fashion and much more mathematics than indicated in the table 
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could frequently be used if an extensive study of the topic is to 

be undertaken. The objective in compiling the table was to indi-

cate the mathematics employed in the coverage found in the texts 

used in this study as a minimum. The mathematics topics needed in 

teaching a given physics topic will vary in some cases depending 

on the approach used in the physics course. Some mathematics 

topics which could be generally applied to much of physics, such 

as the use of the slide rule, are indicated only where they would 

be of particular significance, in the instance of the slide rule 

where extensive arithmetical work is called for. 

From a brief survey of table three it can be seen that the 

physics unit mechanics - force and motion is the only physics unit 

to involve much of the mathematics on the list below functional 

relationships, which end with topic 41. ·rhe unit found v1hich re-

quired the least mathematics at the elementary level ·a~ng those 

listed was atomic physics, while heat was found to be the only 

unit to involve no mathematics below functional relationships on 

the mathematics list. Some of the topics in functional relation-

ships appear more than virtually any other topic but in most 

instances these topics are not absolutely essential to the under-

standing of the physics principles though they are generally 

helpful. The topics which appear to be most generally important 

are ratio, proportion, variation, functional vatiat.i:on;.· .. , 

formulas of various types, and the ability to translate verbal 

relationships into the language of algebra. 

o-·---~- _, ___ , _ __.__~"- •-- ----~----··--· -·· . . - •-t --·- -



TABLE 1 

LIST OF MATHE11lA.TICS 'IOPICS FOUND IN THE HIGH SCHOOL 

PHYSICS TEx:TS USED IN THIS STUDY 

Review of First Year Algebra Fundamentals: 

1. Concept of similar terms; ability to determine what terms are 
similar and facility in combining similar terms in an algebraic 
expression. 

2. Signed numbers; an understanding of and ability to work with 
signed numbers. 

). Multiplication of a polynomial by a monomial; the ability to 
do so. 

4. Hul tiplication of a polynomial by a polynomial; ability to do 
so and also the concept of a square of a polynomial. 

5. Powers of monomials; ability to raise a monomial to a power 
and the concept of a power of a letter or a number whether 
part of a monomial or not. 

6. Root of a monomial; concept of the principal root of a monomial. 

7. Skill in expressing verbal relationships in terms of algebraic 
symbols and in setting up algebraic expressions. 

8. First degree equations and formulas; concept of what constitutes 
an equation or formula and skill in solving equations and 
formulas by use of the division, multiplication, subtraction, 
and addition axioms; transposition. 

9. Formulas; concept of what constitutes a formula and facility in 
solving formulas for one un~mown given values for the other 
unknowns. 

10. Concept of what constitutes a formula and facility in solving 
formulas of the form y= kx2 given values for all but one 
unknown. 

11. Concept of 'fthat constitutes a formula and facility in solving 

---·- -------~------- ··--~- _______ _. -:--;:--~':"":-::.---:··-. ---------:-.--~----·-
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formulas of the form y==~ given values for all but one 
unknown. 

12. Concept of what constitutes a formula and facility in solvin~ 
formulas of the form z=kxy given values for a.ll but one 
unknO'flno 

1,. Concept of what constitutes a formula and facility in solving 
formulas of the form z=kj- given values for all but one 
unknown. 

14. Concept of what constitutes a formula and facility in solving 
formulas of the form z==kxy2 given values for all but one 
unknown. 

15. ;concept of v1hat constitutes a formula and facility in solving 
formulas of the form z =~2 siven values for all but one 
unknown. 1 

16. Concept of v1hat constitutes a formu~a and facility in solving 
formulas of the form w =~ or ky given values for all but 
one unknown. 

17. Concept of what constitutes a formula and facility in solving 
for:rnu.las of the form w =~ given values for all but one 
unknown. 

18. Concept of v1hat constitutes a 2formula and facility in solving 
formulas of the form w=k¥ given values for all but one 
unlcnown. · 

19. Equations and formulas containing parei.1theses; skill in solv­
ing equations and formulas containing parentheses; involves 
the removing of the parentheses and the solving of the 
equation. 

20. Literal equations and formulas; skill in solving literal 
equations and formulas, finding what one varic.ble equals in 
terms of the other variable or variables. 

21. Concept of dependence as expressed in formulas; an understand­
ing of tbe concept that the value of one variable in an equa­
tion depends upon the value of the other variable or variables. 

Special Products and Factoring: 

22. Skill in factoring out a monomial from ru1 allebraic expression; 
involves the concept of a monomial. 

2,. ~uadratic trinomials; skill in reco[nizing and factoring a 
quadratic trinomial. 



24. The difference of two squares; skill in recogn~z~ng and factor~. 
ing the difference of two perfect squares. 

25. ~uadratic equations; concept of a quadratic equation and sl:ill 
in recognizing them. 

26. q,uadratic equations; an understanding of why quadratic equa­
tions can be solved by factoring and skill in doing so. 

27. Quadratic equations; understanding of the formula and skill 
in solving quadratic equations using it. 

Fractions: 

28. Complex fractions; understanding of what constitutes a complex 
fraction and skill in simplifYing them. 

29. Fractional equations; an understanding of what they are and 
skill in solving them. 

)0. Fonaulas and literal equations containing fractions; under­
standing of what they are and skill in solving them for one 
variable in terms of the others. We will consider a formula 
of the form z=~ as fractional. 

,51. Reciprocal equations; an understanding of ..,.;hat they are, how 
to reco~1ize them, and skill in solving them. The only recip­
rocal equations encountered in this study are of the type 
-+1:::::1. 
X y Z 

,52. Ratio; concept of and ability to work with ratio. 

,;,;. Proportion; concept of and ability to work with proportion. 

Functional Relationships: 

,;4. Dependent variable, independent variable, and constant; concept 
of dependent variable, independent variable, and constant and 
of the fact that the same equation in different forms may 
have different dependent and independent variables, i.e. the 
independent variable may become the dependent variable • 

.55. Writing formulas from rules, the ability to do so. 

,;6. The concept of function, functional notation, and functional 
change or variation. Skill in using functional notation and 
in perceiving the effect on the dependent variable of a 
given change in an independent variable. 

,57. The concept of and skill in working with direct variation, 
ratio of two variables as a constant. 
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)8. Concept of end skill in working with inverse variation, 
product of two variables constant. 

)9. Concept of and skill in working with joint variation, one var­
iable varies as the product of two or more other variables. 

40. Ability to construct and interpret graphs of formulas and to 
construct end interpret graphs from data fn,tabular form. 

41. Understanding of the difference between relative and absolute 
change, e.g. percentage change as opposed to change in units 
such as grams, or a given change related to two different 
frames of reference. 

Systems of Linear Equations: 

42. Concept of a linear equation as represented by a strait;ht line. 
I 

4). Concept of and skill in solving simultaneous equations both 
by algebraic and graphical methods. 

44. Finding the formula for a table of values relating two var­
iables. Involves establishing a straight line relationship 
so that the function is of the type y=ax+b, then substi­
tuting values for x and y from the table and solving for a 
and b using simultaneous equations. 

Fowers and Roots: 

-12 
45. Concept of scientific notation end its uses; e.g. ).16Xl0 • 

46. Concept of radicals, especially principal roote. 

47. Skill in finding the square root of a number by some process~ 
/ 

48. Concept of radical or irrational equations and ability to 
solve them. 

49. Understanding of the pythagorean theorem and how to use it in 
problems involving right triangles. 

Logarithms and the Slide Rule: 

50. Logarithms; concept of a logarithm and an understo.nding of 
how they can be used in certain arithmetical operations and 
why they can be so used. 

51. Skill in interpolating using logarithms. 

52. The slide rule; understanding of what it is and ho'ft and why 
it may be used to perform certain arithmetical operations, 

~- -• ---+0.----•- ,_:_•---. .-~. ~---•- -- • -·-·•·-~--~~--r• ••--·----· •-· ~-··--·~--·---~ - -----~---~-·--- -- ·-~ -c.•••--· .. ,.-. --·-• --~ • •- - -·· •••• • , ·r·-----
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also an awareness of its limitations. 

Trigonometry: 

53· Trigonometric functions; concept of the sine, cosine, and 
tangent; skill in determining their values from a table, and 
knowledge of the sine curve. 

54. Ability to interpolate in finding values of trigonometric 
functions from the angles or in finding the size of an angle 
from the value of the trigonometric function. 

55. Skill in solving right triangles. 

56. Concept of logarithms of trigonometric functions and skill in 
using them. 

57. Skill in using logarithms in the solutic:m of right triangles. 

58. Trigonometric functions of any angle~,(o to 180°); ability to 
find the value of a trigonometric function for any such angle 
and the concept of a trigonometric function having a value 
for any such angle. 

59. Understanding of and ability to use reduction formulas. 

60. Skill in lfrorking ,.,ith expressions containing sines and cosines. 

61. Trigonometric equations; ability to solve simple equations 
containing trigonometric functions. 

62. Law of cosines; an understanding of the law of cosines and 
skill in using it in the solution of problema. 

6). Law of sines; an understanding of the law of sines and skill 
in using it in the solution of problema. 

Solid Geometry: 

64. Volumes; ability to calculate the volumes of simple solids. 

Plane Geometry: 

65. Concept of an area and a perimeter and skill in calculating 
areas and perimeters. 

66. Concept of parallel lines and an understanding of their 
elementary properties. 

67. Parallelogram; concept of a parallelogram and an underst~ing 
of ita elementary properties. 
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68. The circle; concept of a circle and an understanding of its 
elementary properties. 

69. Concept of an ant;le and skill in working with them. 

70. Concept of a perpendicular or normal to a line or plane. 

71. Triangles; concept of a triangle and of congruent and similar 
triangles. 

Analytic Geometrr: 

72. Concept of the slope of a line. 

T;. The parabola; concept of a parabola and 1alowledge of its 
elementary properties. 

Rates of Change: 

74. Concept of rate of change and average rate of change in 
graphic (secant) and general form. 

75. Concept of instantaneous rate of change. 

76. Understanding of the delta process. 

77. Understanding of and ability to perform differentiation of 
second degree (or lower) polynomial functions. 

78. Understanding of and ability to perform antidifferentiation 
of second degree (or lower) polynomial functions. 
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TABLE 2 

LIST OF PHYSIJS TOPICS CONTAINFG lciATHm"1ATICS 

Symbols Commonly Appearing on the List: 

A - area 
a - acceleration 
d - distance 
E -voltage (E.l~.F.) 
e - efficiency 
F - force 
I - amperes 

m - mass 
p - pressure 
R - resistance 
t - time 
v - velocity 
w - weight 

c,k, and g are constants 

lviechanics - Force and 1-iotion: 

1. Units; the shifting of units within a system and between 
systems (construction and use of formulas). 

centimeters= 2. 54( inches) 

2. Hooke's Law; the displacement of a spring is directly propor­
tional to the force exerted upon it within the limits of use­
fulness of the spring. 

;. Vectors: 

l. 1 11

= A~ 
B 

2. 

x::: cF x =displacement 

2. R _ A 
sin( 180-9)- -s~in~4b=-=-ac 

4. Equilibrium under the action of three forces: 

N 

A 
b 2 2 2 

F-+-N=-w 

b 
N:::::w-

L 

28 



~. Momenta; in equilibrium the sum of all clockwise moments equals 
the sum of all counterclockwise moments. Levers. 

6. Uniformly accelerated motion: 
d v:::t 

V) -_v1 +V? v (average - r. 
! 

derivation (from the above) of: 

d=v1t+~t2 

2 2 
v 

2
::::. v1 + 2ad; when v1 == 0, v 2= -na:d 

Application of formulas to freely falling bodies (substi­
tution of g for a), concept of rate of change, application 
of calculus. 

7. Relative velocity; a body moving in a stream of water has a 
velocity relative to the water and also has a velocity rel­
ative to the bank of the stream. 

8. Projectiles: 

ul =initial horizontal velocity 

u
2
::initial vertical velocity 

x(horizontal position) =-U
1
t 

y(vertical position) ::::u
2
t - igt2 

y~ :2 x - t ~2Cx2 ) 
u1 1 To find the range of a projectile set 

y equal to O, to find what angle yields the maximum 
range set u1 equal to v(cosA) and u2 equal to v(sinA). 

9. Newton's second law: the unbalanced force acting upon a body 
produces an acceleration which is directly proportional to 
the unbalanced force. 

F~ma 

10. The inclined plane: 

F • 
sinA= mg' F ::= mg(sinA); ma== mg( sinA) 

a=g(sinA) 
v 

w= rag 



;: 

-~~O•H•- 'A•~-­

._.~·-. - ·-- ~ ... - -~---~~--. '"'"- -~ - ~-. 

11. The coefficient of friction: 

f(coefficient of friction)~ force needed to overcome friction 
weight 

The force of friction is thus directly proportional to the 
weight of the body. 

12. The inclined plane - friction: 

f -=coefficient of friction Fr 
force of friction( Fr) :=. f'N:: f'w( co sA)== fmg( co sA 

F 
F-= ma:::::mg(sinA) - fmg(cosA) 

: 
vN;:: me( co sA) 

A-=-----±----- ___ 1 
vi':: mg 

derivation of f=- tanAc where Ac is the angle at which the 
acceleration of the body is zero. 

1). Variation of the efficiency of the inclined plane: 

F=f'N 
Nr=w( cose) 
Fr = f'w( cos9) ~N 

w 
As 9 increases, cose and N decrease, and hence 

Fr decreases and the efficiency increases 

14. Impulse and momentum: the loss of momentum by one body equals 
the gain in momentum of the other body or bodies. 

Impulse::: Ft==- mv1+ mv2 

15. Circular notion: 

VB"'" VA t v .: 
::: --J 

v R 

l,6. Centrifugal force: 

~c AB=vt 
v A-=. v( speed) 

VB - VA v2 .. 
t :::R::=.a 

a. Centrifugal force is directly proportional to the mass 
of the body. 

b. Centrifugal force is inversely proportional to the radius 
of curvature. 

c. Centrifugal force is directly proportional to the square 
of the velocity. 

F: ma; for circular motion 

.. ~--~-- --~--~--------~--- --- -. ---- ·- . -
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17. Periodic motion; the pendulum: the period of vibration is 
directly proportional to the square root of the length of 
the pendulum. 

T= c"YL 

18. Periodic motion: 

T=period 
L =length 

T=period 
r ::::radius 

19. Law of universal gravitation; there is an attractive force 
between two bodies which is directly proportional to the 
product of their masses and inversely proportional to the 
square of the distance between their centers. 

J:!Iechanics - \'/ork, Power, and Energy: 

20. distance. \'/ork is 

\ i'/ork done 
F\A_ ~n stretc~-

: W ~ne: a spr~nP" 
0 - 0 

d W :=.work 

21. Conservation and transformation of energy: 

mgh:::-~2 

v=t/2i,h 

potential energy at a height h equals 
kinetic energy a distance h down from 
the previous point. 

22. Potential and kinetic energy: 

23. Power; power equals work per unit time: 

Power= work _ Fd :::::Fv: 
t - t . 

24. Efficiency of machines: 

e::: output = wh 
input Fd 

Fd Horse power:::: 550t 

25. I:Iechanical advantage of machines: 

Actual mechanical advantage:::resist~ng force 
act~ng force 

~---·-----------~------~-------·-- -------- ----~ . - . -·- ·-------~-·- --~ - ~------ ----'--. ~--~-- ~- ------. -· ~-- .. . -- -~ , . ··-----

v;hen d is 
in feet 

h::::height 
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ideal mechanical advantage= d~stance effort moves 
d~stance resistance moves 

e =actual mechanical advantage 
ideal mechanical advantage 

Machines: lever, pulley, wheel and axle, inclined plane, 
v;edge, screw 

Hechanics of Fluids: 

26. Fluids at rest: 

d m. p F ''~ :=-v' ==A or A 

d""' density 
V::: volume 

pressure is directly proportional to the depth of the liquid 
pressure is directly proportional to the density of the 

liquid 
pressure is independent of the shape of the container or 

body of liquid. 

27. Force of a liquid; the force on the Nii.ll of a dam is equal to 
the density of the liquid multiplied b<· the perpendicular 
area of the wall of the dam multiplied by the average depth. 

28. Specific weight: 

the specific weight of substance x::: density of x 
density of \vater 

29. Pressure in a confined liquid: 

Balanced colunms of liquids; p==h1d 1~h2d2 
hl dl 

d=" density 
h ::= heic:ht 

)0. The hydraulic press: 

F=pA; F=~ 

F =force exerted by large piston 
f::::: force exerted by small piston 
A= area of large piston 
a::: area of small piston 

Hechanical advantaue~ distance effort moves _resistance 
o distance resistance moves- effort 

)2 



31. Fluids in motion: 

for steady flo>v in a pipe 
A== cross section 

area 
L::: length 
V::.volume 

2 
h'ork =Fd-:: F'L-:: (p1 - p

2
)AL= (p 1 - p

2
)V= ~~v 

v:::: velocity 
d ==density 

P1 - p2- hdg; hdgV= -~v2; v =1f.2gh ~h 

32. Bernoulli 1 s theorem: V =v:Jlurne 

, 2 Ll 2 
P1 + ;:dvl =P2+·:z-u.V2 derived from work= (p

1 

d :=density 
p 2)v and 

2 K ::t' - "mv \.e.....:..•- 2 

Gas Laws and Kinetic theory: 

33. Boyle~ Law; at constant temperature the volume of a gas is 
inversely proportional to the pressure exerted upon it. 

v-:::. volume 
p ::::.pressure 

;4. Charle~ Law; at a constant pressure the volume of a gas is 
directly proportional to the absolute temperature, at a 
constant volume the pressure exerted by a gas is directly 
proportional to the absolute temperature. 

35· Kinetic theory of gases: 

plVl =p2V2 = K 

Tl T2 

·r =absolute temperature 
V =volume 

T and V sa::1e as in )4. 

36. Avat;adro 1 s hypothesis; equal volumes of gases at the same 
temperature and pressure have equal numbers of molecules. 

for two gases at the same volume, temperature, end pressure: 

N:::: number of molecules 
V:::: average velocity 
V::: volume 

sine~ ~he _t~n:;~erature a~d p2es~ure ¥e the same 
1'" 11. 1 - tL .i:!i. 2 and mf~'l = m2V2 
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Heat: 

37. Ter~erature scales: 

Centigrade 

Fahrenheit 

Absolute 

Tc= $< Tf - 32) 

T =~ + )2 f 5 c 

Ta= Tc+ 27). 2 

Tc =temperature 
centi.::;rade 

Tf:tempe~ature 
fahrenheit 

·r = temperature 
a absolute 

)8. 3pecific heat: 
S =specific 

)9. 

S heat capacity of x 
P heat capacity of water 

Thermal expansion of solids and liquids: 

a_ L - Li. 
- LiT ' 

b= V - Vi 
ViT 

L)= Li3(l +aT); 

L3= Li3(1 +)aT +)a2T2+ a3T3) 

V =Vi(l+ bT), b =3a approximately 

P heat 

a= coefficient of 
linear expansion 

b =coefficient of 
volume expension 

Li =length at 0° 0. 
T ::ter!lperature cent. 
Vi~ volume at 0° o. 
L =length 
V =volume 

40. Heat and work: H= heat; s =specific heat 
W =work; T =temperature centisr. 
J =conversion factor 

joules/calorie 

41. Laws of evaporation: 
a. The rate of evaporation increases with the te~perature. 
b. The rate of evaporation increases '"'ith an increase in 

surface area. 
c. THe rate of evaporation depends on the nature of the liquid. 
d. The rate of evaporation decreases with increasing pressure. 
e. 'f.he rate of evaporation decreases with increasing h~~idity. 
f. The rate of evaporation increases with the rate of change. 

of the air in contact with the surface. 

function, concept of dependence even thou,ch no exact 
relationship is given 

42. Heat of vaporization and fusion: 
Hf=heat of fusion 

H=mHv (water to steam) 
Hv=heat of vaporization 

H=mHr (ice to water) 
H= heat 

--· -· --·--------~· ·----~~ --· ~- -- -· -~----~-- .. -------~·· . - . - - . . --· ~· 



4). Transfer of heat: 

Temperature gradient= T1 - T2..0 
d 

T1 and T2= temperatures 
at different 
points on a 
conductor 

The amount of heat transfer is directly 
proportional to the cross-section area of 
the conductor and the temperature gradient. 

H::: heat transfer 

44. Heat radiation: 

for a black body R-= kT
4 

4 
for a non-black body R = ekT 

45. Conversion units: gasoline engine: 

"' D
2
N t10rse power=--

2.5 

Sound: 

t :=:time 
A::: cross-section 

area 

R :::radiation 
e :::emissivity of 

the body 
T =temperature centig. 

N == nw:2ber of cylinders 
D=diameter of cylinder 

in inches 

46. Speed of sound; at 0° centigrade the speed of sound is approx­
imately 1090 feet per second, the speed increases 2 feet per 
second for each degree increase in temperature. 

v::: 1090 + 2T ·r::: temperature centigrade 

47. Velocity,: wave length, and vibration: 

v::::Ln 
n ==frequency (vibrations per 

second) 
L =wave length 

48. Sound ranging; to determine the position of ru1 enemy gun ~ 
noting the times at which the report of a shot is heard at 
various points. See experiment seven in table five. 

49. Loudness: the loudness of a sound is inversely proportional 
to the square of the distance from the source. 

L= loudness 

50. Husic; laws of strings: 
a. lengths - vibration is inversely proportional to the 

length of the string. 
b. diameters - vibration is inversely proportional to the 

diameter of the strine;. 
c. tension - the rate of vibration is dire~tly proportional 

to the square root of the tension. 
~-:-.-:::::;:c--:------,-· ··---·-=----.-. -.. -... --.. __ . ·-. --· -c:-.,.---·--·-----··-~-:- -----
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Light: 

51. Light intensity; the intensity of light is inversely propor­
tional to the square of the distance from the source. 

Foot candles= O • .P. (candle power) 

d2 

52. Image formed by allowing rays from a light source to pass 
through a small aperture (image inverted). 

size of object 
size of image 

= object distance 
image distance 

5;5. Reflection; the angle of incidence equals the angle of reflec­
tion when a light ray is reflected from a reflecting surface. 

54. Lense formula for a concave mirror: 
F = focal 1 engt h ( _r_a_d_i_u~s_o.::f_c.;.;u;;;.r..;.v..;.a:..;.t_u;.;;;.r...;..e) · 

2 

55· 

l l l -+-=-
Do Di F 

size of object 
size of image 

Index of refraction; 

no ... object distance 
Di::: image distance 

object distance 
image distance 

I= speed in air _ sin A 
speed in substance x sin B 

I= index of refract ion 
A= angle of incidence 
B =angle of refraction 

56. Refraction - lenses: 
F =focal length (radius of curvature) 

2 1 l 1 -+-::.­
D D. F 

0 ~ 

D. and F are negative 
~ for concave lenses 

D0 =object distance 

D. ::image distance 
l. 

size of object = object distance 
size of image image distance 

57. Optical instruments: 
a. microscope 

magnification of the 

f =focal length of 
L :.length of tube 
F-:::.focal length of 

objective lanse=~ 

eyepiece 
lense 

objective 
lense 

tn.a.gnifiqatto..n of the eyepiece:=~ all lengths in 
centimeters 

total magnification= 25L 
fF 

b. telescope magnification:::~ 



58. Color: v:::velocity 
v=Ln n =frequency of vibration 

L =wave length 
Electricity and I>lagnetism: 

59. Hagnetism; the force between two magnetic poles is directly 
proportional to the product of the strengths of the poles 
and inversely proportional to the square of the distance 
between them. 

60. Alternating current; the sine curve. 

61. Current electricity; o~~s law: 
I=~ 

R 

62. Resistance in a wire: 
a. The resistance of a wire is inversely proportional to the 

square of the diameter, i.e. the cross-section area. 
b. The resistance of a wire is directly proportional to the 

length of the wire. 
c. The resistance of a wire increases 

erature in metallic conductors. 
with increasing temp-

1 =length in feet 

R:::~ 
d 

d =diameter in mils 
k:resistance of 1 foot of wire of 

diameter 1 mil 

6). Voltaic cells; resistance of a cell: 

64. Series grouping of cella: 

I= nE 
Re+nRi cells assumed to 

be identical 

65. Parallel grouping of cells: 

I:: E 
Re+ Ri -n 

66. Series wiring: 

cells assumed to 
be identical 

Ri = internal resistance 

R :::::external resistance 
e 

n =number of cells 
Ri=internal resistance 

Re== external resistance 

n =number of cells 
R.:::internal resistance 

l. 

R =external resistance e . 

R = ~ + R2 + R)+ • • • • • E = ~ + E2 +E)+ ...... 
I 1 ::I2 =I)::: ••••• 

67. Parallel wiring: 

ij'-H!-;i'-J..:.Il- "'2- ·-"3- •••.• 
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68. Effects of electric current; laws of electrolysis: 
a. The amount of metal deposited by an electric current is 

directly proportional to the length of time the current 
flows. 

b. The amount of metal deposited during electrolysis is dir­
ectly proportional to the strength of the current in amperes. 

c. The amount of an element deposited in a given time is dir­
ectly proportional to the electro-chemical equivalent 
of the element. · 

69. Heating effects of electric current (Joule's laws): 
a. The heat produced by an electric current is directly 

proportional to the resistance of the conductor in ohms. 
b. The amount of heat produced ~J an electric current is 

directly proportional to the square of the current in 
amperes. 

c. The amount of heat produced by an electric current is 
directly proportional to the time the current flows. 

2 2 
H:: kRI t; H ==. 24RI t H:: heat 

70. Fall of potential; the fall of potential along a wire of 
uniform resistance is directly proportional to the length 
of the wire. 

71. Electric power: 
,.2 

W = EI::. .!!i. 
R 

72. Voltage transformer: 

L= length 

W== watts 

1? 
~l _ number of turns of wire in the primary coil 
E

2 
- number of turns of wire in the secondary coil 

Atomic Physics: 

Einstein's law of relativity: 
c:velocity of light in centimeters 

per second 
B ::: eilergy 

74. Scientific notation: 

e.g. 6.)2 X l0-
21 

75. Charges on atomic particles; pdsitiva,,.negative, or neutral. 

-------- -----,--·· ,.- ::r-=--c::c -,---_ .. -. --------------,--,----- _--· 



TABLE ) 

CROSS REFERENCE TABLE OF FHYSIGS A~.JD HAT::i£:~l'ICS TOPICS 

The cross reference table fOun~ on page 41 has math-

ematics topics listed vertically at the left hand side of the page 

and physics topics listed horizontally across the top. The num­

bers of the topics correspond to the numbers of topics in 

tables one and two. 

To read from the table the mathematics topics found to be 

useful for a given physics topic locate the physics topic at the 

top of the page and read down the column headed by that physics 

topic. The spaces in that column which are left blank indicate 

that no significant relationship was found to exist with the 

mathematics topic listed at the .·left in the row in which the 

space is located. A number one in a space indicates that an im­

portant relationship was found to exist and a number two in a 

space indicates that a significant relationship was found to 

exist but that it was not considered to be of primary importance. 

To locate the physics topics which make use of a given 

mathematics topic read across the page in the rovr in which the 

mathematics topic is listed, noting the physics topics at the 

top of any column in which a number has been placed. 

An asterisk after any number in the table indicates that 



the connection between the mathematics and physics topics, indi-

,. 
=--~··-:::-:.-. -~-tftr-' .. =.,.--:-::c---

ii 

cated by the number, is illustrated or explained in table four. 

_. .. - ·~---- ·---L ~ . ><-· ----. 
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kxy/z2 

kx.y2/z 

Parenth 2 2 2 

Literal 1 1 1 2 2* 1 2 2 2 2 2 2 2 2 1 2 2 

2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 

• Fact mono 2* 2 2 2 2 

• Q.uad trino 2 2 
-t 

• Two squares 2 

• Q.uad equa 2 

So1v factor 2 

2 

• Fro.ct equa 2 

Recip roda1 

Ratio 2 1 

2 1 

1 

2 

2 

1 
-
2 

1 

2 

2 

a ngle 2 

1 2 
I 

expres 2 

equa 

1 



2 2 I 2 

2 2 2 _ _. 



Relativity 

Transformer (\J 

(\J 
(\J l 1.-i 

El Fo11er 
(\J r-i 1 Potential 

Heating (\J 

Electrolysis 

Par vriring 

Ser wiring (\J 

Parallel (\J 

Series (\J 

Cell (\J r-i 

l 
Resistance (\J l r-i 

Ohm's lavr (\J r-i 

60. Alternating 

59. llagnetism 
--

58. Color 

57. Optical (\J (\J 

Lenses (\J 

Refraction (\J 

Hirror 

• anging 

lJ-7. i'/ave 

46. Speed 

45. Heat engine 
r-i 44. Radiation 

(\J r-i 4). Transfer -~-~-
(\J r-i ----~-42. Fusion 

-P= 
(\J -----41. Evaporation 
(\J 

40. Heat work 
(\J 

39. Therm expan (\J (\J (\J 
r-i r-i 

)8. 
(\J 

57. 
(\J r-i 

)6. 
(\J (\J 

Gases 
(\J (\J r-i 

Charles 1 
(\J r-i 

Boyle's 
(\J r-i 

)2. Bernoulli 
(\J (\J (\J 

?)l. 
(\J C\1 

)0. Hydr press 
(\J 

29. Liquid pres 
C\1 

28. Sp weight 
(\J 

27. Liquid forck 
26. Fl at rest 

25. 

Pouer 



17. 

16. Cent force t N 

15. Circ motio~ -4- . (\] (\] 

14. :4omentum M M (\] 

1). Varia of c ! -~ (\] (\] 

12. Incl pl fric (\] rl M 

11. (\] M 

10. Incl plane (\] (\] 

9. 2nd law M r-i 

8. Projectiles (\] (\] (\] r-i 

7. 

6. (\] (\] r-i r-i 

5. (\] 

4. M 

). Vectors (\] (\] 

2. Hooke 's M r-i 

1. Units M 

0 :>. 
~ r-i 
0 0 s p., 

::1 a "0 >< >< m m 
M 

M Q) ~ 0 ~ •ri th :>. :>, Q) 
~ ..a m s M M :;: 0 ~ ~ 

•ri •ri 0 0 0 0 ..... 
til til 1-l< A.. p.. 0::: til li. 

• • . . . 0 • • • r-i (\] "" ...:::t Lf\ \() r- co 0\ 

, 
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TABLE 4 

INDEX OF THE CONNEOTIONS EXISTING BET\'13EN CEHTAIN 

~1A.TH&:1A TICS AND PHYSICS TOPICS 

Relationships which did not appear to be clear from the 

presentation of the mathematics and physics topics are explained 

below. The connection to be explained is indicated first by the, 

number of the physics topic followed by the number of the math-

ematics topic. These connections are those which are followed 

by an asterisk in table ). 

5. lvloments, 55· Right triangle: 

Used in finding force acting along BO at B. 

0 ··._..___ r----· :-:::-:--_c 

\\0 lbO 
8. Projectiles, 22. Factoring out a m~momial: 

In finding the range of 

y= u2:x: - 1f- x2 
ul ul 

a projectile: 

Set y equal to 0 and solve for x. 
In the process of solving, x is 
factored out. 

11. Coefficient of friction, 20. Literal equations: 

f=~ 

17. Pendulum, 10. kx2 : 

T= '1f"Vf; 

Solving the formula for w or F involves 
topic 20. 

0' 

square both sides, k ::.~ 

.f' 

,. 

.. 
t, 

} 
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'!'he following ten experiments of activities are of the type 

which could well be carried out in the :uathematics classroom. 

Each involves at least one of the topics on the mathematics list 

and each m~~es use of a fairly simple, elementary physics 

principle. 

At the end of this table there is a cross-reference chart 

showing what mathematics was used in each experiment. A blru1k 

space in the chart indicates that the mathematics topic listed at 

the side of the chart in that row was not used in the experiment 

whose number appears at the top of that column. A number one in 

a space indicates that the mathematics topic indicated is quite 

important in the experiment and a number two in a space indicates 

that the mathematics topic is useful but not of primary importance. 

1. Hooxe 1 s Law: Using a helical spring and various weir;hts which 
can be attached to it measure the displacement for several 
different weights keeping a table of values. Derive the 
relationship by use of proportion or by first establishing a 
linear relationship between the variables and then findint; 
the values of the constants by use of simultaneous equations. 

2. J .. fcrme:nts: Using a set of weights which can be attached to a bar 
or yardstick suspended or supported at the center so that it 
is horizontal when no weights are attached, attach different 
weights on either side of the center in such a manner that 
the bar rewains horizontal. :~ecord the weights and the dis­
tance of each i

0 rom the center ru1d allow the students to 
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derive tbe relationship. After the relationship has been 
derived a:~::ply it predictively. 

). Trajectory, Frojectiles: Use a stick Hith strings att8..ched at 
equal intervals Hith some s::1all object s.ttached to the ends 
of the strings to ,;;a.l-ce them clearl~r visible, the len.z:;ths of 
the strings bein.:::; proportional to the squares 1,4S, 16, 25, 
etc. pro.;eedin;:; from smaller to larger. l.t v;batever angle 
the stick is held the points at the end of tbe strin::;s form 
a parabola. This parabola can be fitted to a strac.ru of ~:P-ter 
co::::ing out of a tube to illustrate that t ha :c ath of t(ie 
water tnrou.r;h the air is a parabola. 

4. F en:lulum: UsG c. Rt.l" i:1b t1arL:ed off [::.t equill interv~~-ls , . .;i th s. 
Height atte.ch ai at the end. Use this apparatus as u 9er:;dulum 
•·rith. the vreight as the bob. l1!easure n1e period for different 
lent;ths of tbe p::mdulum and, using: t\~e values obtuined, 
establish the relationship. If it is desired to LO a step 
further the constant can be calculated. 

:; • Soc.p :;ub Lle :!~xperit11ent: Use of e, v;ire loop with a loop of 
string attached· to the wire loop by ueans of three other 
strings. Dip the ,,;ire loop in a solution such as a soap sol­
ution so that a film will be foroed e.nd nuncture the film in 
the string loop \Thile leaving the rest of trw film intact. 
·rhe loop vdll form a circle as the surface tension of the 
remaining film v1ill cause it to contract to the sms.llest ros­
sible area so that the loop will rossess the lari::est area 
for a fiLure of that perimeter. 

6. ,~.1 er...1perature 3cales: Derivation of tbe formula relating 
fahrenheit and centic;rade temperature scales usinr; r;roportion. 

7. 3ound Ran£;:ing: (an exercise) Determination of the location of 
& gun by obtaining the times at ;.;hich the report of c, shot 
was heard at various points. In the dia~:yam t':le report v;as 
heard at Doint B o:1e $Jecond after it was beard at noint A,. 
and: .O.Jl~, ~~cond_ be:t'o.r-e i t;.-l(as heiord .at point 0.: · Thet.ei'Q:t.e, 
u~il'lg.ll20 feet_:per second as the velocity of sound, .the 
sound of the report was on a circle of radius 1120 feet 
with center B and on a circle of radius 2240 feet with center 
0 when it Has beard at point A. ·rhe gun is located· at the 
center of the circle whose arc passes through A and is tangent 
to the circles ;.rhose centers are B and C. Use of tris.'.onmnetry 
to find the position of the gun using triangle ABC. 



j 

/ 
,.. .. 

':\ 

'. ! . \ 

·I ., 
-~ 0 

8. Bunsen Photometer: 'Jse light sources of known intensities and 
a. paper screen v.rith a. grease spot in the middle. ·.,/hen the 
grease spot is equally illuminated on both sides it disaH·ears. 
Using lit~ht sources of known intensities establish the rela­
tionship between the distance from the screen and the inten­
sity and then use that relationship to determine the intensi­
ties of unknown light sources. 

9. Optical Bench: Use of a.n optical bench with light source, 
screen, and various lenses. Tabulate object distances and 
image distances \'Tith several exa;nples for each lense and 
derive the lense formula frora the data. 

10. Current electricity: Test the fall in potential along dif­
ferent lengths of a wire, the more nearly uniform the wire 
the better, and derive the mathematical relationship 
betv1een the two variables. 
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CROSS REFEREt'iCE TABLE FOR EXPERHfENTS 

Experiment 

1 2 3 4 5 6 
1. Similar 2 

2. Signed , 1 

7. Symbols Ti-t2-l-2---+-l--+- 2 

8. First degree T21 1 1 -T- -~ 2 : 
-4--1---l---l--+--+-1 ---+------+--' 

: I I I : ' ' 9. Formulas i 2 1 2 1 2 . 2 ; I 1 i ! 2 : 
10. kx2 i -r-r2t l --~-j ·r- ~ , • 

~~: ::~:····r.L~l~- -t tit-~,l i ~ 2-

! ~-:---~ 

;~: ~=~::::: Ej 2 ~--F+--p;-+-:~ 
33· Proportion : 1 1 _;__: __ ., __ _, 

}4. Variable 2 1 i 1 ! 2 i 2 1 J 
~--~-+--~-~-~--

37. 

38. 

39. 
4o. 
41. 

42. 

43. 
44. 

Direct var · 1 i jl !1 i ' 1 ! 
_...,__---L,_ -~ +--+-J 

Inverse 

Joint var 

Graphs 

I t 2 l f I ~ 1 i I 

~--t----t--1-- -+--- i 

~--1 2 1 I i -l----~-_ _, _ 4 
: 1 : I l :2 ' , :1 , ' ; I I ! ' i . : ... I 

----~------t--t--- ----4·--·--+------------1---__j 

Relative ·, 2 i 1! ' ! : .- l i I 

\ I 1 , __l____L --1 
Linear ; 1 1 1 1 2 ; -;-- : ' i 1 

Simul taneoul2--·l·----r
1

1 

- +- ---~-------r~--r-~ 
~+--+-- --~~~--~---+--+---:--t 

Table jl j ) 

65. Area 
~ 

, 1 I 
68. Circle 

73• Parabola 

See note 1 

I )·-·+--+-+----+ 
I I Jl . ! . 

--+!l_l_l.l,_

1

' 1__._ ... -~-l-1__.___· .~-lll.....-1 t ilfrl-d 

Note: Experiment 
7 also includes 
some trigonom­
etry beyond 
that included 
in the list. 

Note 1: The ability to perceive a relationship between the 
variables. 
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OHAP'l'&rt 4 

Rii:LA :'IFG 11'>- TSEiviA l'IOS M:D P;iY8IJS CJOURS3:S 

As mentioned previously one of the objectives of this study 

is to set up in ~eneral outline a ~Jlan 1rbereby physics and math­

ema:t.ics courses tau:_::~1t in high school might be nore closely 

related. Before discussing a specific order in which the subject 

matter topics might be arranged it would be advisable to con:rrnent 

on the merits of the two principal methods vrhereby the t1·ro courses 

could be more closely related: integration and correlaJcion. 

Integration: 

If the mathematics and physics courses were integ;rated they 

would be taught as one course in the year in \'lhich physics vras 

taken; such a course could be taught by one teacher 11ith a suf­

ficient grounding in bo~h subjects or by two teachers coopera­

tively, the latter would require that both teachers be in the 

classroom at the s.a:r:1e time. In an inte;~~rated course the subject 

matter content v;ould be so arranged that any topic in mathematics 

necessary for a given topic in physics would be tau[';ht either be­

fore that physics topic or concurrently vlith it. This procedure 

1•rould have the advantage of providing a. use for that mathel!la.tics 

as soon 'lS it is tausht, thus tend ins to fix it in the mind of 

the stuEent rnore thoroughly than vwuld be possible othervlise. 
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Since the mathematics v1ould be taught just prior to the physics 

topic there 1wuld be no need for review of the mathematics topic 

as mi~~ht be the case if the student had not been exposed to that 

topic for sorue time prior to the need for it in physics and thus 

an econoli\{ in time might be effected. Approaching the subject in 

this manner vwuld also have the advantar;e of givin,:; the student 

traininc.; in applying the mathenatics; i.e. applying it to the 

real i'Torld about him a.Yld using matheEJ.atics to describe actual 

phenomena instead of confining Jp.a.thematics to the classroom. The 

student through vtorking with concrete materials and through expres­

sing physical relationships in mathenatical terms will come to 

understand both the p~wsical relationships and the mathematics 

better than if each \iere presented without any emphasis upon the 

interrelationship bet1-1een the t;to. ::-~ov1ever these interrelation­

ships must be emphasized if the student is to appreciate fully 

their significance. It seems to me that the best way in which to 

present these interrelationships would be to present the subjects 

together as one insofar as possible; that is to teach the math­

ematics along with the physics while at the sru11e time of course 

pointing out that mathematics is significant and useful for other 

reasons than its value as a tool for the pl:1ysicist. 

Theoretically it would seem that U;e most effective J.:J.anner 

in which to combine the mathematics and physics courses would be 

to have one teacher teaching a course we shall call math-p\wsics 

(or if you prefer, physics-math). The course iiOuld combine the 

time generally spent on mathematics and physics and where 
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appropriate vrould emphasize the mathematics with the physics, pro­

viding training in generalizing or applying the more abstract 

mathematics to the more concrete physical situation and in expres­

sing the more concrete relationships in mathematical terms. There 

would of course be topics in each subject area vrhere there was no 

significant interrelationship, at least at the high school level, 

and in these cases i:.here would be no point in attempting to 

artificially create an interrelationship between the two; they 

could be taught separately in these instances. Hovrever there are 

disadvantages to an arrangement of this nature. There should be 

some sort of safeguard to insure that one subject is not empha­

sized to the detriment of the other; any one teacher misht be bet­

ter versed in one subject than in another and might consequently 

tend to slant the math-physics course to,.,a.rd one subject or 

another causing complaints that Johnny was not getting enough 

mathematics or physics as the case may be. To provide a safe­

guard in terms of the effective teaching time spent on each sub­

ject would be virtually impossible due to the frequent occasions 

when it would be most difficult to determine h0\'1 much time had 

been spent on the mathematics and how much time on the physics 

>vhen working on a topic >;rhere the mathematics and physics were 

closely related. A safeguard might be provided in terms of the 

subject matter content to be covered in mathematics and physics 

but there could well be a difficulty inherent here in that classes 

of different ability levels would not be able to handle the same 

runount of material and a teacher mi~ht still emphasize one subject 

:r 
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more than another, i.e. teach it more thoroughly. 

Having two teachers in the classroom cooperating, one a 

physics teacher and one a mathematics teacher, might obviate any 

bias on the part of either one but generally spea.1dng any plan of 

this sort 'I'TOUld be out of the question due to the expense in terms 

of money and personnel of having tl-TO teachers teach the same class 

at the srune time. 

Although it is felt here that teaching a math-physics course 

with a qualified instructor viho would be virtually without bias 

tm<tard either subject v;ould be the most effective wa,y in 11hich to 

attack the problem there might be a practical difficulty in find:-

ing properly qualified teachers who would have a sufficient 

grounding in both subjects to carry through such a program 

effectively. It is true that many high schools, especially smal-

ler ones, have one teacher for both subjects nov.,r and in these 

instances an integrated math-physics program might vrell be tried 

and if results appeared favorable such a program could be put on 

a permanent basis. A program of integration might prove more dif-

ficult in a larger high school with more complete departmentaliza-

tion but is probably not beyond the realm of possibility. 

Correlation: 

The second possibility for relating mathematics m1d physics 

courses would be to correlate the two; that is to teach the courses 

separately but through cooperation betv1een the different teachers 

the subjects could be arranged in sucb a sequence that the mathe-

matics needed for a given topic in physics would be taught in the 

- ---~~,----~---- - ----
... >. ~ -

Boston Universit~ 
School of Education 

Library 
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mathematics course before or concurrently with the physics topic 

for which it was needed was presented in the physics course. A 

further degree of cooperation between the mathematics and physics 

teachers would be evidenced if some' of the simpler physics experi­

ments, a few of which are presented in table five in chapter three, 

were undertaken in the mathematics classroom to illustrate the 

mathematical principles involved. The experiments indicated in 

table five with an attached chart showing the mathematics involved 

in each- are not in any we:y intended to represent e. complete col­

lection. They are included largely to give an indication of the 

type of activity which might be profitably engaged in in the 

mathematics classroom. This sort of activity would also be a help 

in training students to apply their mathematics to situations out­

side the mathematics classroom. The physics teacher could coop­

erate ~ emphasizing mathematical concepts as they come up in 

physics, e.g. direct variation and functional change, and in 

this manner with the mathematics teacher using physical applica­

tions to illustrate mathematical principles and the physics 

teacher showing where and how mathematical principles are used in 

physics, the relationships between the two subjects could be 

brought to the attention of the students thereby enriching their 

understanding of both subjects. Using a correlation of separate 

mathematics and physics courses avoids to a large extent any 

detrimental effects of a bias towards his subject on the part of 

either teacher, for the physics would be supplementary to the 

mathematics course and the mathematics, beyond what was absolutely 
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necessary, would be supplementary to the physics course. There 

would also not be as great a problew. in finding qualified instruc­

tors. However it would be necessary for both the mathematics a.YJd 

physics teachers to maintain a close de[:;ree of cooperation betv1een 

the two departments and to continually emphasize the interrelation­

ships between the tvto subjects if such a pror;ram \·rere to be l'lost 

effective. The adva1'1tages of a correlated 2·1atheL1atics and physics 

course would be the same as those of integrating the two courses 

although to a lesser degree i.,hile the disadvantar;es attending the 

integrated course would be almost entirely absent. A disadvantage 

attending the correlated courses would be the additional vrork 

necessary on the part of the cooperating teachers, hO'\iever this 

would also be true in an integrated pro~r&!l regardless of whether 

it would be taught by one or two teachers •. Whether or not the 

results produced by such additional vrork ,.,ould be worth the effort 

is a question vthich cannot be answered conclusively here;; however 

the articles i'lhicb have been written, and v1hich are nentioned in 

chapter two, in ,.,hich a program Hith some degree of cooperation 

betvreen the two departments has been attempted have indicated 

that student response in terms of both~ interest and understanding 

was quite good. These experiments have z;enerally been fairly lim­

ited in scope but at least should present an indication of v;hat 

could be expected from more complete cooperation bet-v;een those 

responsible for mathematics and physics courses. 

Topical Arra.YJgements for a Cooperative Froer~~= 

The physics course is taught in either the junior or the 
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senior year, the year varying among different schools. Therefore 

we will consider an arrangement of topics for a physics course 

taught in the junior year and related to the junior year math­

ematics course (second year algebra) and also for a physics course 

taught in the senior year ~d related to the senior year mathema­

tics course (trigonometry, solid geometry, analytic geometry, and 

some calculus). In each case a possible order of topics will be 

discussed. The mathematics and physics topics will be listed and 

then discussed in terms of first an integrated and then a cor­

related course. 

In actually teaching in a program where mathematics and physics 

are related the question of timing becomes quite importanti for the 

purpose of even attempting such a program is to both insure that the 

student will have the requisite mathematics for a given topic in 

physics and to assist in his being able to apply that mathematics 

when the occasion does arise. In order that the student will have 

the requisite mathematics for a given topic in physics and will have 

it in readily usable form it would be best if that mathematics were 

taught immediately preceeding the physics topic so that the student 

would find a use for that mathematics aa soon as he had originally 

mastered it and while it was still fresh in his mind. The writer 

feels that to teach the mathematics concurrently with the 

physics could well result in making both subjects more diffi-

cult and consequently it is felt that that procedure is best 

avoided. The immediate application of the mathematics would rein­

force the mathematical knowledge gained and enable the physics 
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topic to be '.1astered with sreater facility than otlienrise. 

In order to accooplish the above o~jective it ~;pears neces-

sary to do a bit of juu.:;ling 'l'litb the trcditional ordar o:;: bo~~b 

uent is to be effected iG the junior 7ear. ·re ~~·":o.ll >C-'1! ccr·,sider 

lloen Fhysic s is Tau;:ht in the JttrJior :.'ear: 

Of the mathematics found necessary for physics ic, this study, 

tics GOLJ.rse. T'ois fact both enhances t;1e 1Jotential of a closer 

to maJr.e an evolvin,; of a workable pro.::;rD.lll more difficult clue to 

the mo...'1y interrelationships to be co:1sidered. It vrould saem advis-

able ir.. an inte~rated ruath-:::,hysics pro[:_,r8.L1 to teach both the r:tatb-

eillatics and tbe physics \'/ithout an appreciable breac in either, 

that is to ·ive t(1e student some matheillatics and some ~hysics, 

al thou;;:b not necessaril~r equal auo1..mts, every ::lay or c,L:1ost everf 

day. c;he purpose bere is to avoid breaks in continuity of pre-

sentation for tho subject matter and clso to insure some variety 

of subject r:w.t ter for t l1 e student. 

A possible list of topics in rc·at[Je'''atics and physics is 

presented beloH. T[·,ese lists are follov.red b~, a cliart indicatint; 

the wee'z in vrhich each topic might be started in a )6 'vree:c yec.r. 

Sacb topic is listed in ~.['Je Heek in whic:1 it could be started. 

Obviously aiW sucl'> arrao;::;ement presented bere must be ar;proximate 

due to t:ie var::ricl:; ~"bility levels of different cl::-sses e.nd to tc1e 

. -------·-----···-·· ----.. .. -



varyii'l£; der.;rees of e::1phasis "'bich would be placed Oi1 any one topic 

by different teachers. After t~1eir presentation the lists and 

chart oelo•·r vrill be discussed in relation to an inte:;rated and a 

correlated arrange;nent of the mathecJatics and physics courses in 

the jur1ior year, 

Physics: 
Atomic Physics 
Eeat 
3ound 
Gas Lavrs and Kinetic ;:'heory 
Lizht 
Electricity and Easr:etism 
Eecba:1ics - Force and lcotion 
llec~1anics - \'fork, Power, and ::!:ner::':'l 
Eecbanics of Fluids 

: athe'.:!atics: 
Ft..mda,:ental Operations 
Fil'st Degree Squ&tions at:.d Problems 
Fractions - Including findh;g an aritbaetical 

loHest co:muon denominator, ratio, and :prorior­
tion; not including wor~ involving factoring. 

Functional Relationships, Variation, 8-ra}1hs 
Slide ?.ule (:.iultiplication, division, pm.,ers, 

square roots) 
?.eciprocal Equations 
Special 1~roducts and FactorL1g 
Fractions·- 'l.'hose involving factorinc; end 
coc~lex fractions. 

~uadratic Functions and Equations 
l':'u:nerical Trigonometry - In.::ludin.:.; the sine end 

cosine laws. 
Logarithms 
Powers and Roots - To:::J ics not brou;;ht in before 

such as fairly coaplex uork involvin:::; radicals. 
SysteiJs of Linear Equations 
Other ·I'opics - Such as series, probability, 

analytic t:;eometry, etc. 
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29. '----_..:.. Fowers and Hoots 
30. 

An integrated math-physics proz£raru has t ... ;o prindpal advan-

tages over a correlated program. First the interrelationship 

betHeen the tuo subject natter areas is more easily seen end 

appreciated by the student and second the inte~rated course i·Tould 

-·--·····-·-·-···- .. _..,._..._ .,~~-·-·-~ + --~-~- .. 



appear to be far more flexible as to timing. There is no eat time 

that must be devoted to either mathematics or physics each day so 

that it is possible to arrange the timing whereas in a correlated 

arrangement it is mora difficult, though still possible, to do so. 

The discussion below is from the point of view of an integrated 

program. 

The first two topics on the mathematics list are a review 

of topics which in general are covered in first year algebra as 

are several other topics included on the list; e.g. special prod-

ucts and factoring. While the work covered in first year algebra 

is being reviewed it would seem to be best to cover a physics 

unit which is largely descriptive in nature at the elementary 

level. Of the physics units listed that of atomic physics seems 

to be most conducive to descriptive treatment and the little 

mathematics needed, such as scientific notation (using powers of 

ten to express ver.y large or very small numbers) could easily be 

introduced '\>Thile reviewing fundamental operations in the mathe-

matics course as can the problem of expressing verbal relation-

ships in terms of mathematical symbols though this topic could be 

avoided altogether in this physics unit if so desired. The formula 

of the type y= kx2 could be introduced l-Thile working on first 

degree equations and \'Thatever needed from po'l>rers and roots could 

be introduced there also. If after atomic physics some elementary 

properties of matter are considered, first degree equations could 

be utilized in the conversion of units from one system to the 

other and also within a given system, e.g. the metric syst.em. 

--------·--- -···-,------------~--~---~~- • ~-- ------"-~--·. -~------ -·•'< . .. . . 
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The second physics topic listed is heat. 1'1uch of the math-

ematics involved here is computational and the types of formulas 

needed for the physics and not previously taught in the mathema-

tics course could be brought up as need for them arises in the 

physics course. A simple experiment such as number six in table 

five relating centigrade and fahrenheit temperature scales would 

provide practice in working with proportion and \'Tould not neces-

sarily have to be introduced early in the unit if proportion had 

not yet been covered in mathematics. If the mathematics had pro-

greased sufficiently far, variation could well be brought in l-rhile 

studying heat. Sound, next on the physics list, gives ample 

opportunity for working with variation and proportion. 

In the unit gas laws and kinetic theory, the gas laws par-

ticularly, a ,.,orking knowledge of proportion and variation is 

virtually essential, giving ample opportunity for application of 

this phase of mathematics. The extensive calculations \"Thich are 

needed in working out problems involving tbe gas laws - given 

simultaneous changes in two of the variables (temperature, volume, 

and pressure) find the change in the third - provide a good oppor-

tunity to show the usefulness of the elide rule in performing 

extensive calculations and consequently the slide rule is listed 

after functional variation in the mathematics list. If it is 

desired to give students some understanding of why the slide rule 

\.,rorks, a short introduction to logarithms \'IOUld probably suffice 

and the actual oechanics of logarithms could be postponed until 

later in the course, unless of course it appeared that sufficient 

--------·-----~ _,- ----·------·-· . ----
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time was available to teach logarithms before the slide rule. amdLat.i]J._ 

insure that any needed mathematics topic would preceed the physics 

topic for which it was needed. 

The next physics unit listed is light and in mathematics 

the topic reciprocal equations is indicated, that topic being 

used in the mirror and lense equations in light. The trigonometry 

which could be used in the index of refraction can be easily . 

avoided; numerical trigonometry would probably tend to be more 

meaningful if introduced with mechanics where it is more widely 

applicable. After taking up reciprocal equations in mathematics 

all the mathematics needed for light will have been covered and 

special products and factoring which has little application in 

elementary physics could be taken up. Next the work in fractions 

involving factoring and complex fractions, which had not been 

taught previously, could be covered. Complex fractions, or form­

ulas involving them, are needed in the physics unit electricity 

and magnetism in conjunction with the voltaic cell. 

Mechanics - force and motion, the next physics unit, makes 

use of both some elementary trigonometry, the bulk of which would 

be treated in numerical trigonometry, and, to a limited extent, 

quadratic equations. In the mathematics list the unit logarithms 

is_ listed after numerical trigonometry but if possible it would 

be helpful to introduce logarithms previous to the trigonometry 

so that the logarithms might be used to assist in the calculations 

in trigonometry involved in solving right triangles. The next 

physics unit is mechanics - work, power, and energy, but this unit, 
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for which the previous one is prerequisite, involves no mathematics 

beyond that involved in the previous physics unit and the math­

ematics topics, or parts of mathematics topics, ignored or slighted 

previously could be taken up here. The last physics unit, 

mechanics of ~luids, involves no mathematics not already taken up. 

In general an attempt should be made to provide the generally 

applicable mathematics such as ratio, proportion, and functional 

relationships as early as possible and these topics could be 

emphasized where applicable thr!lughout the physics course if so 

desired. The mathematics needed at only one or a few particular 

points in the physics course should be presented at the appro­

priate point, or reviewed if previously taught. There are several 

mathematics units, such as logarithms and systems of linear equa­

tions, which could be presented most any time and may be postponed 

until toward the end of the year or inserted earlier in the year 

if there appears to be sufficient leewey in the timing. 

Although the above descript~on is intended for an integrated 

mathematics and physics program the same general list of topics 

could be applied to a program in which the courses were correlated. 

The timing would probably not be as good in relating mathematics 

topics to physics topics due to a lesser degree of flexibility 

and the relationship of mathematics as a tool of physics probably 

would not be as well emphasized in a correlated program; however 

the relationship between the two courses would be given far 

greater emphasis in a correlated program than in the currently 

accepted set up where the relationship is not generally recognized. 
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When Physics is Taught in the Senior Year: 

The senior year mathema~ics course is assumed to be composed 

of a little leas than half a year of trigonometry, some solid 

geometry, the rest of the time being divided between analytic 

geometry and elementary calculus. Since the greater bulk of the 

high school physics course does not draw upon these areas in math-

ematics it does not appear that there is as much to be gained from 

integration or correlation as would be the case if the physics 

course were taught in the junior year. There is however a definite 

interrelationship in several places. The index of refraction of 

light can be expressed in terms of the sine and cosine and conse-

quently the physics unit of light could be taught early in the 

physics course to show an application of these functions. The 

only other physics unite to make notable use of the.mathematics 

taught in the senior year are those of' mechanics - force and 

motion and electricity. 'Itle sine curve for alternating current 

is the us~ge of trigonometry in electricity and thus electricity 

could also be introduced fairly ear~ in the physics course, 

assuming here that the mathematics course is arranged in the 

order in which it is indicated above. The trigonometry involved 

in mechanics is largely connected with vectors and inclined plane 

problems and this unit could be started just after the sine law 

and cosine law had been taught in trigonometry. Later in the 

mathematics course the connection between projectiles and the 

parabola could be brought in when th~ parabola is studied in 

analytic geometry (see also experiment three in table five), and 

---·------ .. 
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uniformly accelerated motion could be brought in when teaching 

elementary aspects of the calculus. The rest of the physics 

could be fitted in where convenient. There does not appear to be 

a sufficiently strong relationship between the two courses if the 

physics course is taughtiin the senior year to justify an integrated 

program although it is felt here that there would be definite 

benefits to be derived from the correlation of the two subjects. 

In rlhich Year Should Physics be Taught: 

Actually it is beyond the scope of this thesis to propose 

in which year the physics course should be taught; however since 

high schools do vary in this aspect we shall comment briefly on 

the question in the light of the results of this study. There 

would appear, from the standpoint of this thesis, to be substan-

tial advantages to be derived from teaching physics in the junior 

year due to the close interrelationship with the mathematics 

course taught in that year, and further advantages to be derived 

from integrating or at least correlating to some degree the math-

ematics and physics courses. Presenting physics in the junior 

year would, by implication, relegate the chemistry course to the 

senior year. There would however be possible advantages to 

teaching the chemistry course in the junior year. There is a 

great deal of use made of ratio and proportion in chemistry and 

possibly other mathematical topics are widely used also, a poe-

aible topic for further research, >'lhich might indicate a possibil-

ity of correlating the junior year chemistry course \'lith the math-

ematics of that year. Also the work on the chemical electric cell 
. -·- ------·--··-~·--·-----~~·~----~---~~---·-··---- . .. . . . 
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and chemical effects of electric current presented in physics 

might be better understood with a chemistry background, although 

these topics could probably be as well understood in a senior 

chemistr.y course with a physics background, i.e. a class with a 

grounding in the physical principles involved. 'l'here is also the 

fact that in the outline of topics proposed for the junior year 

mathematics and physics program a few physics topics are covered 

descriptively due to the students not having had the requisite 

mathematics. However it is felt here that this is not a serious 

difficulty. However we shall rest on this point, that on the 

basis of this thesis there would appear to be subs~antial advan-

tages to teaching the physics course in the junior year although 

there are other factors which should be considered. 



CHAPTER 5 

Stnfl.r.ARY OF RESULTS ANTI OONOLUSIO:NS 

General Review and Conclusions: 

The conclusions stated at various points in the thesis 

will be briefly reviewed here. 

First there appears to be a very significant interrelation-

ship between mathematics and ph¥sics at the high school level with 

the role of mathematics being that of a tool of physics. The con-

crete relationships of physics are stated in mathematical terms 

and due to these relationships being so stated the physicist is 

enabled to 'I'Tork with them with much greater facility than other-

'trise possible. 

High school students apparently have difficulty when faced 

with physics problems of a mathematical nature due to a lack of 

the necessary mathematical knowledge or an inability to apply the 

mathematical knowledge the.y already possess. This problem is seen 

as serious due to the need for mathematics in physics. 

Tables one, two, and three in chapter three are the results 

of a stuqy of the mathematics involved in high school physics; 

being respectively a list of mathematics topics needed for high 

school physics, a list of physics tOpics involving mathematics 

which are commonly taught in high school physics, and a cross 
"'•• -r-·---- ~-~---- -~· - . 



indexed chart showing what mathematics was found to be needed for 

each physics tmpic listed and what physics topics made use of a 

given mathematics topic. The mathematics topics \'lhich appear to 

be moat generally significant are the ability to translate verbal 

expressions into algebraic symbols, formulas of various types, 

ratio, proportion, variation, and functional relationships. The 

physics unit listed which involved the least mathematics was 

that of atomic physics and that which involved the most mathema­

tics, both in quantity and in the spread of topics, was mechanics -

force and motion. 

It was felt that both causes of student's difficulties with 

the mathematics involved in high school physics could be success­

fUlly attacked by means of cooperation between teachers of the two 

subject matter areas, the principal means of cooperation being 

correlation or L~tegration although some degree of cooperation 

would be evidenced by the transferral of some pr~sics experiments 

of a mathematical nature, such as those listed in table five, to 

the mathematics course or by having the physics teacher advise 

the mathematics teacher as to when various mathematics topics 1-rould 

be needed in the physics course, and the mathematics teacher see­

ing that his classes were provided with these topics in time for 

them to be used in the physics course. It was felt that integra­

tion would be advantageous because it would: give life to the 

mathematics by making it more experimental in nature; tend to fix 

it in the mind of the student by providing an application for the 

mathematics and by showing the student one way in which mathematics 
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is applied would give him a better appreciation of the value of 

mathematics; integration would also tend to help the student 

understand both fields better through the stu~ of principles 

common to both; and li'Ould aid the student in developing tech-

niques of applying mathematics by making applications in the class-

room. A correlated course would have the same advantages although 

to a lesser degree and would possess the disadvantage of being 

less flexible so far as what to teach in a given d~ (how much 

physics and how much mathematics) than an integrated course while 

the integrated course has the possible disadvantage of a bias on 

the part of the teacher toward one subject or the other and a 

resulting lack of attention to the subject not favored. Either 

arrangement would assist in solving the general problem, this 

being the principal advantage in so far as the physics teacher is 

concerned in addition to the possible time saved by not being 

forced to review mathematics with a physics class before teaching 

them physics. 

The junior year mathematics course contains the bulk of the 

mathematics (of that used in the last two years of high school) 

used in the physics course and as a result it is felt that the 

greatest benefit would be derived from cooperation between the two 

departments if the physics course were presented in the junior 

year. Present~tion of the physics course in the senior year would 

probably necessitate ~he reviewing of several mathematics topics 

in the physics course. However there m~ be substantial advantages 

to teaching the chemistry course in the junior year of which I am 

--·· -·-· -·- -~---~--·-----·. -~-- ----·--·--- . . 
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unaware. There is still much of value to be derived from a cor-

relation of the senior year mathematics course with the p~sics 

course if taught in the senior year although the relationship 

between the two courses does not seem to me to be sufficiently 

strong to warrant integration. 

Suggestions for Further Research and Limitations of the Thesis: 

The research on this thesis was confined to investigating 

the mathematics contained in a few high school physics textbooks. 

Further study on the mathematics involved in the physics labora-

tory would probably reveal a very significant relationship there, 

especially in the area of graphs. Some indication of the possibil-

ities inherent here can be had b,y reference to appendix five. It 

· might be an interesting study to attempt to ascertain whether the 

pQyaics as actually presented in the classroom conformed to the 

mathematical content of peysics texts. It would seem to me that 

a study made of the mathematics involved in high school chemistry 

would assist greatly in ascertaining whether chemistry and peysics 

should be taught in the junior and senior years respectively or 

whether the order might be profitably reversed. Finally further 

work might be done on the work started in this thesis; this work 

might well take the form of a dq-by-day plan for a correlated 

mathematics and physics program. 
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