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Scope of Study: Studies were conducted in order to determine how
important the study of mathematics is to the high school student,
! if intending to enter the field of natural scieunce or engineering,
| and to determine what mathematics courses they should enroll

j in, in high school, if they are to have the prerequisites by

i the time they reach the second semester of their freshman year

i in college., & study was made of the economy of, and advantages

_ f gained, by taking high school courses in high school instead

~of waiting until they reach college.

‘Findings and Conclusions: Mathematics is a prerequisite to all

1 phases of natural science and engineering, in fact, mathematics
! is the very foundation of the above mentioned college fields

; of intensive study.

Colleges and universities of Cklahoma are in a squeeze between
the great number of students enrolling and the necessary finances
for classrooms, additional instructors and other factors
introduced by the large enrollment,

% FLeading colleges and universities are having to teach too many

| students courses that they should have had in high school.

As a result some colleges and universities are rejecting students
without the necessary background and it is highly possible that
most of the remaining educational centers will have to do the
same in the near future,

The national enrollment in mathematics courses in high school
is very low, percentage wise, this occurring in high schools

that offer the courses, therefore it is necessary to motivate
the students in order to eliminate this predicament.
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PREFACE

The intest of this report is Lo indicate the necessity of
making a thovough study of mathematics in high school if the student
‘éha@sea to pursue an iﬁﬁénsiwe study of natural science or engineering
in college.

Students nust make thelr decision early as to their life's
work, amd if they are presented with the requivements, they will
have to meet, @ much wiser decision should result.

The lack of interest in mathematics and selence was one of the
factors in the establishment of the Nationsl Science Foundation
Supplementary Training Program for High School Science Teachers and
various grants end scholarships to superior students. As a result,
I have made several references to various articles and publications
gnd instead of using f@@tnetes. have included s bibliography.

I am deeply indebted to many in@iviﬁuéls for their co-operation
in the preparation of this report. The constant encouragement and
co=operation of Dy, Jomes ﬁm‘ﬁant, adviser and director of the
?ﬂhﬁiﬁnal Science Foundation Supplementary Training Program for High
‘School Science Teachersy br, Gordon 6. Smith, Professer of Civil
‘Eﬂginearing; and to the members of the National Science Foundation
?ﬁﬁggiem@ntary Training Program for High School Seience Teaghers for

(their inspiration, constructive criticism and interest in this report.
!
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CHAPTER T
TRTRODUCTION

anning Now For Your Caroor,

The subjects yéﬁ take now, aﬁd the grades you get in them-éan
‘meaa»sueeéss or failure in your later life. There are two kinds
of jobs; (1) tha&e thgt Yequive é Spéniai tfaiﬁiﬂg-@r‘skiilland
1&%3 those that do not. Workers are dividéd inié two similar groups;
(1) skilled and (2) unskilled, 1n days wheﬁ.things were comparatively
simple; most of the people ﬁh@ worked were of the ungﬁilie& type |
with very fewrs&iiiéﬁ wgrkﬂrsm Those days did not last very long,
in fact, in the 1ast 17 yesrs great strides have heeﬁ.maﬂe“iu alz‘
types of livelihoods, from farming in the Scientific manner to the
move complex industries. A faxm&r;'wha in this day and a§¢ usesl
Wit and miss, buggy day mothods is not likely to get far‘wheh in
competition with the medern seientific farmer. The scienéifia |
farmer will have superior seeds, crops, enimals, time saviég ﬁé@icesﬁ
‘ﬁnﬁ‘ﬁhﬁmiﬁals in disease ond weed contrel with whieh the unsﬁiileﬁ
iia?mew'ﬁﬁﬂnﬁ% cﬁﬁp@teQ éﬁk@féammmn laborer is on his wey out and
will be ﬁeﬁlassé by 8 technician in the f&@@ apprﬂachiﬁg‘age of aute-
‘magi@ﬁ, ?u\meaﬁ the'ﬁémamé for the army af‘meéhﬂieians'tha; will be
1neeﬁad@ mathemﬁtéﬁa teachers mﬂSt'iak@ & mere practical apgfaaehv
Eto ﬁheiwvsnhject;”EITE |

Since there is such g large demand for skilled workers, it is
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getting increasingly horder and harder for the unskilled laborer
to locate a job. It is important that you give serious thought
:abﬁuﬁ what you are going to do for a living some day. You should
deeide on which type of work you sre most interssted, for thst is
the type of study and work in whigh you will be most successful.

Your guidance counselor should be interviewed and 2 decision reached

;in‘yeurgéarly days of high school. Of course, you will be interested
liﬂ training for the better paying-pesitiens‘but meoney is not QVEfY¢
thing «+ you will be happier with work in which you have the most
interest end, as mentioned before, you will be more successful in
that field.

The fellow who wants to¢ be an engimeey, chemist, physicist,
teacher, business man, administrator, sgriculturslist, docter,
veterinavien, geologist, or any other 1iae‘o£‘33@cializa£i@p must

have 3 foundation in mothematies.

3 Can Go to ﬂalle@e?

fherb was o Lime uhen all e g»reon needed to go to college was

a high sahao! diploma an@ the neeessary ign1ﬂaes. hewevey times have
changed and ave s 1 ghanging a% & fast temn@¢

T Let's take g look at some oi the items that ﬁavv auéeé thab
"squeeze™ in collsge eunrellment teday; ond whnch, apparnntiy, will
iﬁéiéésé as the yoars roll by and you ars ready for cnilage: €1}
more people want to go te college é~ with aur‘ihéreasiﬂg}p@guiatian
and the tremendous incresse in pepulation aé a result of the war
years and immediste post wer yasrs, classroom spece is insdequate
to serve everybody that wants t0~go. (2) our inerease in incomes

enables more families to send their children to college.  This puts
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Oklghoms State Sppropriations.

an additional load on the already scarce classrooms. (2) The increase
in the demand by business and industry for skilled personmel, with
%their higher salary scale, has token many of the qualified teachers,

thus leaving colleges short of trained persommel.

As a result of the above items, not everybody who wants to ge
to énilége will be sble to do so. The winners in this mad seramble
uill be those with good to above average in scholsrships snd a solid
?ba@kgrﬁﬁnﬁ of mbjﬁé‘t motter. The subject matter, by courses, will
depend an‘tﬁe‘par@ieﬁlav line of intensive trainming that the individuals
desire: A thorough background in English, sociasl science, science,
and mathematics will be the most desirvable. The latter twe will be
4 necessity if the student desires intensive training in the fields

of natural sciences or engineerimy.

The writer was able to pick up a leaflet in the Student Union
B ilding at Oklshome A. ond M. College, the contents of which ave:
MDuring the last three years, enrollments have increased 36 percent
in the colleges of Oklshoma. During that period appropriations for
support of colleges increased only seven percent. The state budget
officer's recommendation for the new biennial appropriastion for colleges
‘cali for &néfeases in operating funds of only four pereent.
RECOMMENDED INCREASES BY PERCENTAGE

Highways 21%

Mental Health , 1885

Public Safety and Defense 13%

Comon Schools : 12%

General Government ‘ 0%
Higher Education a4."
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Hhy Some Students Aro Denied College Admission,

"why will some prospective students be denied admission to ;
college? Sixty-one and one-half percent of those rejected were
jfor'the reason of ranking low in their high scheol graduating class.
Twenty~five and one~half percent were turned doun for lack of
;specifia subject matter, Only 13 percent of the applicants were
actually lacking in ahility,“£113

"The chief reasons for the denials, for college admission,” |
says the admissions officer of Illinois Institute of Technology, |
“rests on the spplicants insdequate preparation in methematies and
science., Many of these rejected students were slso ill-prepared
in Bnglish, including the lack of ability to read with ease and
proficiency, Approximately 75 percent of the denied spplicants
invelve velatively poor background in mathematies. About 30 percent
of the denials are related to inadequate preparation in physies and
chemistry, " 151 | %
 "Soventy-eight prominent college ndmissions officers revealed
ithat high school students may not be accepted if they ave not in
the upper half of their graduation czass.“ﬁi43

Not all major colleges and universities reject students but
in the future a great many, if not all, major ones will be forced
to do so, due to the following reasons: (A) As stated before, they
are overloaded with students due to increased number of high school
igraduates, and the increased financial means of the average American
jfamily@ This demands a great inerease in the number of elassrooms
;nauwﬁsary and a corresponding number of qualified teschers. (B)

The institutions ave unable to get the appropriations for the expunsion
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‘neﬁessary to build the classyooms and the additional number of
professors with advanced degrees. The foregoing causes @ heavy
drain on their budget and forces a halt when the maximum is reached.
‘@f course, when the institutions have to make rejections they will
veject those less suited to their qualifications. They are sceepting
those in the upper half of their graduating elass and whe have taken
the necessary solid cuurSeQ*iu ﬁi§h Séﬁéal. “Colleges and universities
have fuund‘tﬂat‘tha chances for an individual o succeed are clmost
‘diréctly‘pwcpnrtidnal to the quality of work he has done in high school.
The four-year period represents a vecord of the siudent’s sttitude
toward his work, the effectiveness and efficiency with which he con
perform, and the study habits which he has acquired.

 Anyone net presenting two and one-half credits in mothematics
is practically doomed to vejection, if working in patural science
and/or eugineering. S$o much emphasis is placed on wathematies because
it is the foundation to praciically all major fields of study, and
must be takenﬁsanner or later. HMost of the major colleges and
universities that ave not, as yet, rejecting applicants, have more
‘than fifty percent of their freshmen in high school courses, a feature
they cannot afford finsncially, especially since these courses should
have been taken while in high school. |

A léxge university reports that ome-third of its freshmen

who desire to pursue seientific studies found it necessary to take
high schoel mathematics in aallage,"ﬂﬁ]
J "One educator told congressmen about two schools of engineering,
at $tate universities, where 61 percent and 72 percent respectively

]

of the freshmen had to take remedial teaining in high schoel mathematics.”Lﬁ
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"The Nationsl Society of Professional Engineers is alarmed
at the lack of Imterest young people are showing in the study of
mathematies. The society reports that only 25 percent of high school

students are now studying mathemstics in high school. Frobably only

12 percent study chemistry and geometry, and the ismtcrest in physics

and chemistzy is so small that many high schools do net have the

5¢ﬁﬁ§$és;”£ggl‘

ihy Should I Take Mathematies In Hig

§ A student may ask, "Why should I take mathematics or physics

in high school when I want to majer in one of the liberal arts iﬁ
fcmllage?** Too often & student comes te college with a hiaﬁk against
mathematies or the sciences. The pwaparation for college must imelude
an understanding of the fascinating aspects of the sclentific froniiers
ias well as the vocational oppertunities presented. ", .. then it
began to be coparent that high school mathematics was one of the
move important training fields, i£ not the most impertant f@? seient«
ists end engineers, It is probably more iwportant thaﬁ;higﬁ sehool
seiences and almas@'eegt@inly méré'imp@rtaua zhaavgnllage‘maahematias
} in setting up @ career in science or engineering, It soon became
appavent that the h1gh school was the place to look fer an 1ncreased
supp” - of saxemtists.“i7}

Dr. Robert Maailear had this te say, "The aanaepts of ssxentlfxe
yrwbﬁem solving must be bdalt inte the scheol curriculum to bring
gd@gasaﬁn up to date. We have a horse and huggy.aarrxeuxam»an 8
jet propelled age. ‘It is mobody's fault in particular. Tt is o
result of the changes taking place in the world we live in@“ﬁlég»

“For several years, especially the past few years, college mud



university faculty members have heen concerned with the apparent
1ack of mathematical compatence evidenced by many entering freshmen.
évari@us tests and surveys have been taken and results correlated.
& particular one was conducted at the University of Cornell and given
ta‘évgrﬁup of students of which 99 pereent had taken gt least one
course in methemetics, 95 percent had taken twe, 69 pafeennfhaé 
taken three, 32 percent had taken four, end 15 percest had taken
more than four, It is elearly seem that the above graug'@f‘siuéenis
had been ¢xpesed to g sufficient amount of .athematiss;"ggj The
result of the test, for the group &s a whole, indieated the group
needed remedial study: - o

 *yithout necessury aduéﬁtiaﬁal bagkgrauna“Qﬁ end math as the
‘basis of this =~ it is impossible to progress to the job that moasi
more pay, mere security and less hard uninteresting wnﬁk;"ﬁgz

Another ltem to be considersd is the relative Impertance of
earolling in the courses. If eolleges are concernsd about mathe<
matical deflciencies in a group with an eppavent solid background,
iwhét about you, the average high school graduate with only one
‘unit/af‘mathgm&tiag? |
Apparently, it is the modevn opinion that regardless of how

much igh scheol mathematics a student has in his senior year of
high school, he sheuld enrell in a comprehensive course -- reviewing
Qaii methematics and srithmetic,

- Harrison Geiselmann has this to say: ™One possibility woeuld
be @ seninr mpthematics course reviewing the everydsy esseatials of
arithmetic and mathematics on o mature level. Otherwise, students

will continue to graduste, Insdequately prepared avithmetically
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simply because they have forgotien the fundumontals through disnsey"izﬂj
Harriette Durr has this to say about the low level of the graduated

‘high school students “How does it haoppen that 50 percent of the

hlgh sehoel graduates can oaly reach sixth grade achiovements in

mathemotics, If 55 percent of the schools offer st least two semesters

of noun~college mathematics sftey the ninth grade, shouldn't the high

sthool graduate rveseh a higher level of attgimment? The onswey

%&a@mﬁ to be that the high scheol studeuts do wet elect mathematics

even if‘ﬁvailableaﬁiﬁi

Irends in Wationel Eavollment in Hathemaiics,

Table I

 “Percentage of high school envellment in algebra,
geometry and trigonomstry by y&aﬁs;”is]

Year - Algebra  Geometry ~Trigonometry
1w 45.4 21,3 1.9
1900 563 24 L
me 869 : 32:9 | B W

1915 S 48 S 2685 - L8

1922 40.2 22.7 B 1

1928 35.2 B N B

1924 : 20.4 , 17.1 ' 1,3 .
1949 268 2.8 L0
1953 246 11.6 I A
1985 - 24.8 114 2.6

The above percentages @éra based‘bn the number enrolled in thev
classes,respeatxvely. in that partzcular year. For instance in 10 -,
45 4 parcent of the ninth graders were enrolled‘in algeb%éi 31;5-'
pereent of the 90§hoﬁﬂr@s‘weve - relled in geometry and 1.9 paraent
wf the juniors and seniors enrolled in trx@unemetry. |

Fuw hex study revealed that 07c4 peremnt of the hxgh schoal



'graduates will hove had plane geometry; 44.5 percent will have had
- - general methemetics; 64.5 percent will hove had Algebra ¥ 20,5
‘pergent will have had Algebra IT and 13 percent will have had

‘trigonometyy and/or solid geometry.

Median Incomes.

The 1950 census report tells us that in 1949, of all men 25
years and older, those who completed eight years of grade school
lﬁeﬁaiva@ a median income of $2,533. Those with four years of high
school received a medisn wage of $3,285. Those who stuck out four
yoars of college received a median wage of $4,407. |
| Now money is mot the chief aim of life. Yet without it, your
1ife partwer will experience worry and monotonous teil. Your own
children will not have their share of the good things of life.

‘Yéa and your fomily will not have 3 good house in @ good ﬁaigﬁb&t&ﬂa&;
You will probably reproach yourself for not being able to provide
your dependents with the things which, in your honest moments of
‘self-analysis, you know yﬁu owe them.

| How many more yesrs afa‘ﬁon going to spend in the ¢lass room?
It a1l of course; aapanﬁs on how much education you are going to

got. Regurdiess of which path you take, you will seoner or later

be out on your own;

Have you any idea what you will be doing for a living? Perhaps
you do not carey maybe you do not want to be bothered about it now.
izf,yn& feel this way about it you could be wrong; for it will be a
tremendous adventage to you to think abeut it now, while you ave in
high sehool, How will you feel when you face your admissions officer?
- | This matter rests with you, let us get organized before it is too

late. Your chance comes but on * in a life time,
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"“Whether one aspires to become a seientist or on &ngineér; the
training in high school may be the same. The immediate requisites
‘are mathematics and science. In methematics, one should master
1algebra througk gquadrstics, plane and solid geometry, and trigonometry.
The important sciences are physics, chemistry, and biology.  Time
%may‘not permit the high scheol student to schedule all of these |

sciences, nor would I urge him to saerifice other important subjects =-
‘such as English, history, languages, and the social sciemces == in
order to study all three of these natural sciences. However, the
really serious student should undertale to build this foundation
liﬂ'mathEM%ﬁiﬁﬁ and as much science as pessible, without negleeting

the humanistic studies which are so important in the art of living.

"Never before in the history of the world have such exeiting

professional adventures been available to well-trained young men

and women @s exist in this new age of atomic encrgy. Physicists,
gﬁhemi%smetallurgists, mathematicians, biologists, and engineers =«
all,havé an important and challenging role to play i# the yesrs
féha@&i To achieve the stature yequired, one must commence his
training in high school so &% to build & firm foundation in science
and mothematics., Only if the pupil finds these subjeets both inter=
Qe@ﬁiﬂg.aad absorbing should he contemplate a professional carser

of vesearch and development in the rapidly expanding ficld of atomie

energy. 1]

10



CHAPTER IX

MATHEMATICS: THE FOUNDATION OF NATURAL
SCIENCE AND ENGINEERING

Importance of Mathematios.

Mathematies is geing to be important te you no matter who
you are or what you expect to hecome after school. Some people
¢an get along with nothing move than arithmetie, others need algebra,
jg@ﬁmetry or both. A lavge percent need mmch knowledge of mathematics,
‘like trigonometry and caloulus and move. Business and industry

todey are faivly complicated, The demand for technicians and engineers
exceeds greatly the source of supply.

To be a druggist, you have to be a chemist and to understand
chemistry, a knowledge of algebra is necessary. To be a nurse,
you must know the biological sciences, sueh as bacteriology and how
jtexmmthamatically figure out dosas ond solutions of chemiesls, medicines
jand.&imi},lar things, which alse include » thorough understanding of
‘mathemaﬁias for technicians, engincers, chemists and physicists.

Days were when the farmer could recondition his auto or tractor
immtor‘on the ferm. Today it tekes a technieian or specialist to
faa¢&mplish tasks that in.the past an unskilled person could perform,
lduevto‘the‘inareaSEd precision of machines. He has to understand

ond operate complicated tools and machinmes, for all of which an

L

<;J ) understanding of algebra and geometry is necessary.

11
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To get this training in college, let us take a lool at the

‘mathemotics entrance requirements amd the mathematics courses that

will be necessary as you proceed through college.

A LIST OF MOST OF THE MATHEMATICS COURSES

WITH PREREQUISITES

Algebra 1
Algebra 1Y
Plane Geometry
High Sehool Trigonometry

ﬁ&ﬁlid‘@ﬁ@metry
General College Mathemetics

Intermediate Algebra
(equivalent to Algebra IT)

College Algebrs

College Trigonometry
Analytic Geometyy

Galculus (elementary)
Caleulus (intermediate)
‘Advanced Analytic and Calculus
‘Theory of Equations

College Geometry

Solid Analytic Geomeiry
Differential Equetions
‘Advanced Celeulus

Vector and Tensor Anelysis
‘Advanced Eng'r. Mathematies

‘Intfnﬁuatiun to the Theory of
Matrices

Fluid Dynamics

Theory of Functions of a Complex
Variable

Portial Differential Equations

High School Courses

College Courses
Plane Geometry

Grade School Arithmetie
Algebra 1

Algebra I

Plane Geometry end Algebra I

Algebra I
Algebras I {equivalent)

Plane Geometry and Algebra II
Plane Geometry and Algebra 11
College Algebro and Trigonometry
Anaslytic Geomeiry

Caleulus 1

Analytic Geometry and Calculus
Caleulus and Analytic Geometry
Plane Geometry

Theory of Equations

Calenlus and Analytic Geemetry
Caloulus and Analytic Geometry
Caleulus

Differential Equations

Theory of Equations

Advanced Calculus and Vector and
Tensor Analysis

Advanced Calceulus or Advanced
Eng'r. Mathematies

Advanced Caloulus snd Yector
and Tensor Analysis



 [(intermediste algebra) or mathematies 103 (plane goon
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ended that students who wish te enrell in

"1} It is recomm

Oklahoma xnémituié:af'féaﬁﬁnlagy take physies and chemistry in
high &ﬁh@ﬂlf

(2} @&e first enrallm&at in an aigabra aaurs& p@iar to t&a
algehra plucement test is as follows:
| "¢a)  Less than one unit of high school algebra yau mast:ﬁake
\mathamatias 145 ih@ginﬂxng and intermediate algebra)

|
. "(b) - One and anﬂwh@if units or more of high ssﬁeal ‘algebra,

|

take mathematies 165 6?“1?%-53& 183, (College algebxa and tri@mnomgtryi

college algehra* trigva@matry respectively.) '
“ﬁathematies 145 (beginning and intermediate algebra} 143 -

etry) used to

‘make up dafieienai@s in algebra and plane geometry caanat he useé

~ for meeting the raquiram&nts for graduation.

'”?raﬁgeaﬁive students ave Edﬁiﬁeﬂ.ﬁﬁ‘ﬁ@ﬁplﬁté one unit of plane

' geometry before enrolling in college. 1f th@y ave deficient in this

subject they must complete methematics 103, (plan& geametry) before
\enmlimg in mamemmms léw (ecollege algebra anﬁ wiganm&wy}

ot m&th&m&tleﬁ 183 ftrﬁgenamatry?; Although not requir&d it is
uﬁg@& that sazld gﬁametxy be taken in high s¢ﬁae&.

"It is recommended that mathematies 413 (ﬁifferential eqnatxanﬂ}
and mathematies 443 (advanced engineering matﬁematiﬂﬁ} be teken as
&1&&&&&@ eourses in thase ecurricula wkara it is net required. w[19]

“For & student entariag~ﬁklaﬁemavinsnitat@ of Technology, without
chuasing a particular or specific field, the general. curritula is

the same even if a specific field is thaseﬁ.
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i “Below are the listings for only ﬁathématics and science courses
‘ﬁﬁz‘engineéxiag students for the first semester of the freshman year:
First semester:
| Mathemstics 173, College Algebrs
ﬁa%hémaﬁi@s i@%,'@iaﬁe'?rigahﬁmatfy

»‘af-métﬁematiaé 165, cellege azgehrazmd Trigonometry)

. Chemistry 114, General Chemistry. W£20]

?ér'%ﬁetsecén@ semester and ﬁéliewing‘SEmesters the vequire=
\maﬂts vary, depeading on the 1nt@ﬂsiva line of study chosen. “Iﬁ"'
‘eﬂteileﬂ in Agr;culﬁural Eng1ne&xing, the second semester. freoshman
 year courses of mathematics and'natutal‘saxﬁnse are Mathemptics 205
(analytie Geometry and galaulﬁg); and Chemistry 124 (Genersl Chemistry).
For the first semester sophomore yeor; Mathematics 225 (Caleulus) |
‘and thsxes 215 (Mechanics, Sound and Heat). wl21] o
1 In cheeking the remainder of the bulie&in th@ vqrxgﬂs department&
iiigt»thﬁ some general requiremantﬁa |
| A Jtigai ﬁeametxy and Calculas should be in the student®s
pfﬁgram by sesend semester of his freshman year. By refﬁxran to
ith%-ﬁhﬂh&»th&ﬁ follows, you will see ‘why mﬂﬁhemaﬁiaS is ﬂ&cQSSer"

' in high school, S

| “rhe professional education of the engineer does not start in‘
jﬁhﬂ university, it storts in the high schoul. The most important
contribution of the high school to the engineer's education is the
‘work in mathematies. |

niversity of Illinois is increasing its entronce requivemenis in

*Action on this assumption the college of engineering of the

mathematics. Begimning in 1953, freskmen-wili take aﬂalytiﬁ geometry
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in the first semester, This will permit them to study caleulus in
the second semester. Effective September 1, 1953, the regular
four-year curriculum of the college of engincering will begin with
a“alyti“'@eém@t”y% There will be two methods of admission to full

standing in the eollege of engineeving of the University of Illinois

Algebra 1 unit

Bolid Geometry 1/2 Qni"ﬁ

Trigonometry  1/2 unit
"As an alternative te the procedure named sbove, students who
do not submit four units in the specified subjects but who meet all
~other requirements may be admitted to full standing by passing o
‘prafitianﬁy examination which will indicate that their preparation

is adequate for entramee to analytic Qﬁﬂﬁi@ttyﬂ‘ﬂlﬁ:}

A Tree of Mothematics For Engineering

College
or

University
Study

Sehool

Sebost | T

*An Engineering student should be enrelled in Aualytic Geometyy
the second semester of his freshmen year.
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This school was set wp to train men and womsn for occupations
‘which have & position between highly scientific professions and the

skilled erafts. Research shows that for every engiuveer in industry

‘there is 2 need and demand for from five to eight technieians.
| The training period is frém one to three years, with a two year
program at Oklahoma A, snd M. College. The curricula comtains:

Air Conditioning ond Refrigeration

Avistion Technician Training

 Automotive Technology sud Service Management

Building Construction

Diesel and Stationary Gngines
 ;;ﬁrafting'anﬁ'aesigA ‘

iﬁlaetriéal’ﬁﬁ@hnﬁxagy&.~ -':f‘:»f

Fire Protection
 Machine Shep -
‘ Radio and Electronics

Welding and Metallurgy

. pdmiseion te one of the abave currieula requires a high sehool
diplema, however, under special circumstonce, exceptions may be

made. In general, Algebra I, Algebra 1Y, plone geometry, physies,

and chemistry courses in high school weuld be an invaluable aid

in these courses, howsver, they are not required for admission.

During your study in one of these departments a few or all of the

above mentioned courses will be studied.
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in all its forms, with the intevsvelations of metter with enmergy,
fanﬁ\mi%h the structure of matter, ound is the foundation on which
!@agin@ériﬂg and a1l technology are huilt. Physies, with its companion
seience chemistry, has probably excrted a more powerful influence.
on the eultursl, intellectusl and cconomiv life of the world over
the past thirty years than has any other human activity,

Prior to Worid War II, employment of physicists was mostly in
teaching, although the use sf physicists in industrial laboratorles
already had begun %o inercase at the beginaning of the emeigency
pevisd., 0fF the physicists, who have the destor's degree todey neurly
half are soployed by educational inmstitutions, nesrly onesfourth
‘ﬁy industry and obout one~tonth by govermment, The United States
Civil Service lists various grades of professiomal physicists with
ibase solaries ranging from approximately $4,400 to $15,000 per yeor,
In the asademic field, salaries ave slightly lower, while in industry
they sve somewhat higher.

| Lot us toke & look st o few oclementary physics problems aad

ianalyzﬁvﬁhe methemotics employed.
i A picture iy suspended from a nail ss shown. The string will
break if a tession of more than 50 pounds iz applied. ﬁhe twé halves
of the string meke on angle of 60°

\with the other. Q@mexmine tha,maximuﬁz;/éi

permisgible weight of the pieture. /),

i@?awra»£afaewparaiialagramf,raprE%

senting TY and T as 50 1bs. each.

The diagonsl OR is equal in magnitude
!ﬁat,egpﬁﬁite in direction to the weight of the piecture,

|
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In right trigngle OCP-sssemcmmnsvsssmvnsuessPlaone Geometry

=T % Cos 30° = 50 1bs, x .966 = 43.3 1bs. = Trigonometry
% © Plane Geometry
= 2 x 48.3 ‘
= 86,6 1bs. B Algebra 1
| A body slides down a frictionless ineline which makes au angle
‘of 30° uith the horizontal. Compute the velecity after slidisg

800 cm frem 1ast

cemsahsm st ennes Dlane Geometry

¥ = Velocity

a = Aoeeieration = gravity, g = 980 cm/secg, o »
The aeeeieranien due te gravity may be resalved into two ﬁmmpenents,

‘ parpendiﬁﬂlar anﬂ parallal tﬁ the glaﬁa 4 and | sin 3@9}

V = Y2A$ = Ifag Szn 3&” X S b Azithmetic, Triqanometry and ?hyszcs

\ *fVé x @iﬁ ﬁmfsﬁc % x/a x 8@@ on ~«w¢fvfﬂ:5;tz i Eearie System

' : )
oy 32%5 M/Sﬁﬁ v o "13" - g ._igfiﬁi.’."“;i i v e v ﬂlgebxa 1

The ahava examples are of the very simplest physics problems..'
Ia aﬁditian te th& abave atems we eoulé add innumerable maﬁipulatieus
invazving ﬁlgehra II, triganemetry and geometry. A fbw manapulatians
‘wbnlé B& 1ogarithms, ewponantial uatatiaas. quadratia equatiens,
rectangalar eéardinate graghing e complex numbers. It might be
well to add thas a wﬁrking Knuwledge of a $lide wule is a valuahle.
tima saving, and ﬁthérwise ﬁenef1@1a1 teai.

The pfeeeeding prablems are minute examples ef the mast elementary

'physies prﬂblams. Needless ma.say, that as ang,pxﬁaeeds apward



»
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through the various courses, the mathemotics advances with the

};}ﬁyﬁi{zs' gourses until one proceeds through caleulus, differvential

‘équations and ever upward.

A Tree of Mathematics For Physies

College
Mathematics

High School
Mathematics

Chemistry is the seience that deals with thﬁ‘g@mpégigiug‘gf‘agg
;saiwmﬁ@es; and with changes in the @ﬁﬁ?@ﬁiﬁi&ﬁ x;f‘suh&tam@s; all
%Wﬁﬁiﬁf is made up of extremely small building blocks known as atoms,
one job of the chemist is to vearrange the atoms of known substances
in order to produce other suﬁémmeé. In this way he can make
inew materials and improve and modify natural products, ﬁhemim

and chemical engineers have cooperated in helping develep thousands

of new and useful products which kﬁaxré improved our standard of lwmg

Now let us take a look at some of the most eiem@ntafy:ﬁhemigzgy
problems that begimning college students will encounter.

If a gas containing 50 ml. volume, at 268°A and 745 mm pressure,

19



5@ ml(74$vmm) Vz{?ﬁﬁ mim)

‘& therough knowledge of mathematics isfneaasﬁaﬂT 

is redueed to standerd conditions, what is its new volume?

Substitution - Algebra I

© Solving an equation for the
unknown ~ Algebra I and II

A & ,‘ | Multiplication snd Division »
% 49,6 ml, | Avithmetie (siide rule)

PH = log vy = wlog [B%] o [0¥] =10PF  algebra Iz

e who has had nﬁ'déﬁtaat with chemistry, probably will not
understand the above fﬁrmﬁia equation. -Ha@ﬁweﬁ;iit is nﬁt'impariéﬁt
here as we are interested in the mothematics -- which we See consists
of 1aga@ithm,ana‘axpnaéﬁtial notations (Algebra ID). We might sum

it up by sayiﬁg the following tyy@ menipulations asre needed in

chemistrys:

1. Significant figures and rounding off.

2. Addition, mulmiplieatian. division, and subtraction including
fractions and deecimals,

3. Exponents.

4. fixponential notations.

5. igogévimhm ibésé Ié?

6. Square root.

7. Equations.

The ahove lxst is by no means camplete, hawever. it servea the
puwpose of zudiﬂating the very besic mathematical manipulotions

involved in chemistry. As one proceeds to higher levels @f‘@hﬁMi&try;




Mathematics Requirements:

’ : College Algebra

| College Trigonometry
Analytic Geometry
Calculus (2 courses)
i Advanced Analytics

Prevequisites For Biological Seience, Botany, Zoclogy, B  ;;;  ;g1;
and;?h;@iilfftgr ' S oot AL ALt

The mathematical requirements are:

General College Mathematics

College Algebra (needed in order to get the mest out of two
courses in general chemistry plus additional chemistry)

College Trigonometry (necessary for the required physics
pourses)

The above mathematical requirements are to point out, more or

less, the minimum mathematical requirements and makes no mention of

high scheol mafhematics'saurSes that are prevequisite to these.
Some typical @rahlams taken direatly from the above fields
‘f@llﬁw* | | |

5_.5

(a+ )’ =g +5a4b+1eab +1@a23

+ Ba b + b
i The above faxmn1a i§vu§aﬁ in znulngy to get the probability
‘thaz'in a family hf’fiwé,-tﬁiee.of the children would be blue ayedf
}and two brown eyed. fﬂwéwﬁvayés are d@minaﬁt.ta bliue eyes and the
‘parents are heterzygous)

1:3(3!4}%/4}

- Becteriology < Convert lavta_Micransﬁ. Here a knowledge of the metric

‘system found in physies and chemistry is necessary.

} =1 %107 m

1 =1x100 m

14 =1x 1072

The above is typical of some work in the field of biolegy,
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bacteriology, etc., or in any field that requires a study of bacteria

N
(O oy microorganisus.
‘ "
\ In the calibration of a microscope in order to measure the size

of orgsnisms and making bacterial counts a knowledge of arithmetic

is necessary. In this process a calibrated slide is placed on the -
~stage and an ocular micrometer is placed inside the eye'gieﬂﬁ. After
‘taking readings the ocular divisiens are expressed in microns and
the field diameter and eres must be determined for cach of the
objective lenses, thus;

49 ocular divisions equal 68 slide divisions

1 ocular division equals 1,38 slide divisions

1 ocular division equals .0138 mm equals 13.8 microns.
After the field diasmeter is measured, simple arithmetic will

give the field area.

"Physical science covers a general field of chemistry, geology,

mathematics, astronomy, statistics and physies. tha high school
mathematics concerned is Algebra I, Algebrs 11, trigonemetry, dnd
plane geometry plus the college @anrse& of general college mathematics,
college algebra, trigonometry, and analytic geometry. |

The phySiaal science program is set up for these students desiring
a broader prégram of study in the physical sciences than is afforded
by the field of concentration within o Siﬁglevdépaftment_v It is of
épeaial importance te-prnﬁpemnive‘éeiance teachers.

Geology is a study of history of the earth as revealed by its

structure and physical makeup., A knowledge of geology is very useful

<;) in chemical, civil and petroleum engineering, and agriculture.
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| Astronomy is the sciense dealing with the sun, moon, planets,
lstars and comets. . xt.ﬁanaists'af the study of laws gavezﬁing'their |
motion and othex phenanéma such as surface festures, composition,
size and their effects upon one another.

‘ ﬁﬁtranemy is an interesting study ond 3 hobby of mony people,
‘hgw&var; it is an invaluabi@ aid to navxgatars, surveyors, and -
phy&inxsts. also the chemists,

The mathematical requirements for Physiecal Seience is Hathematies
{133, {gen9231 @@11ege maihemaﬁieé} or 145 (begiwaing snd intermediate
algebra).
| Beginning end intermediate algebra is equivai@ﬁt ia the two
‘high school courses consisting of Algebra I and Algebra II1.

Basic chemistyy and general physics ave also required, which

wmake‘ﬁhaiﬁaansas of Algebra I and Algebra II necessary from another

- standpoint, |

1 The mathematics requived far geelngy is: ﬁathamatics 173 |
1{¢ellege algebra), Mathematics 1%3 (college Erxgonametry) mathe~
maties 193 (analytic geometry) is a suggested elective.

‘ Calculus may heireqnir@d, depending an'tha field of S§EGializa#
3tiéx‘a selected,

#athematics required for astronomy is Mathematics 173 (sallegé
algebra), 163 (college trxganometry) 193 (analytic geemetry}

Mathematics 213 (ecaleulus) or Mathematics 205 (analytic geometry

| and aalﬂulus}.”ilaj 1t should be apparent by now that before

 Mathematics 205 can be taken, there are several prerequisite courses.

| Can you name them? Which are considered as high school courses?
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OTHER BEASONS FOR ENR&&LING IN
MATHEMATICS 1IN HIGH SCHOOL

“Expenses for a year's education at Oklahoma A. end M. College

are about the lowest in the nation. The overall cest of education,
housing and books is from $750 te $900 a yesy. This includes board
and room, books and Supplies. The geneval fee is $84 per semester.

The general fee ig a charge whieh includes the individual charge

previously made for registration, library, gemeral laboratory, health
service, and student activity building fee, and the other student

serviee fecs and all regular laboratory fees,

Begular semester, (except for veterinavy medicine students) =

per semester hour = 37; nonsresident - per semester hour - $11.

Books and supplies used by the college may be secured at elose
‘to cost at the college bookstore. Additional incidental and personsl
{exp@nsas such as clothing and entertaimment will depend upon the
choice of the individual stadent@”clgz‘
| As this is being wfi%tén@ the state legislature is taking actien
‘sn‘tﬁe appropriations for the various state institutioas and appear
‘ungble to raise enough funds to meet the budgets of the colleges and

-’ ‘wniversities. It has been reported that enrollment fees will be

\ 24
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~ increased approximately $84, for a total of $168. 1If this comes to

‘yass the above figures would have to be increased accordingly.

Plane geometry, intermediate algebrs (Algebra II), solid geometry
‘and trigonometry carries a total of eiaven semester hours., At seven
dollars per semester hour this would cost you seventy-seven dollars
to enroll in these high school courses, of course all other expenses
‘would have to be taken into consideration. A little mathematical
caleulations on your part would show that the above listed courses
would cost approximately six hundred twenty dollars to earn credit

in them.

If a person tried to caleculate the approximate cest of obtaining
credit in these courses in high school he would have s difficult
time as it wauld‘he:neﬁt to impossible to estimate the cost of
board and room at home plus the lower clothing expenses, ete., but
in the long run & person would have to admit that it would be much
more economical to get credit in these courses in high school.

1f these courses are not taken in high scheol, ynh will find
by referring to page 15 that en additional one to three years will
‘bw necessary to complete the ﬁaqular f@ur year ¢ourse, Now by esti-

mating an approximate cost of $1,000 per year to attend college plus

‘one to three years late in arriving on the job after graduation at

an approximate salary of $350 to $500 per month, totals up to $5,200

to $7,000 per year. If it should take you an additional three years

‘then you have lost $15,600 te $21,000.

The more fundemental education the high school graduate brings

to college the faster they may be able to c¢limb to success.

25
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By veference to the chart on page 15, it is»eaéily'seenfthat '
without the mathematics and science courses im high school, the student
will aot be ready to comprehend the regular engineering courses when
they should be taking them. For example, the student should be enrolled
in caleulus duving the second semester of his freshman year. To
comprehend caleulus, rvigoreus and thovough courses of Algebra I,
Algebra 11, plane geometry, trigonometry, cellege algebra, e@iiege
trigonometyy, and analytic geometry are absolutely necsssary;Yﬂﬂf‘ |
course, you wéﬁlize-tha‘m@staring of these courses in one geméater’
or at most, one year is impossible, thus s regular four year éﬁﬂrse
‘becomes a five year course, "if" the student's high school baé&gfd&ﬁd
is insufficient, - |

With tha‘excagtiom'cf’tha‘TeéhniaaI Training School, the fv
Institute of Techuolagy at @klahama A. and M. College raqnxres that
the student be enrolled in college algebra, plane trigonometry
the first semester of his freshman year and ana&yti@ gepmeﬁry*and\
‘caleulus the second xamestéﬁbbf,his freshman year. The fa&egdiagf‘
is for ncrmai‘studént who will graduate in four years of stﬁdyl’7¥ff
any of the rerequmsxtes ar@ 1aeking¢ then the time taken to aaqnlre

these courses will have to be‘added to the normal fouw yaar peviodw

} ~ what are the r&qniwements ot prerequisites to analytic geamatry
‘and caloulus? Parhaps the fallawing diagram will suftica. |

Course E o Prer@quiszte

Plane Geometry . : - One year high school algebra

Intermediate Algebra ~ One year high school algebra

Solid Geometry SR . Plane Geometry

College Algebra Plane Geometry and Intawmediate
College Trigonometry = Algebrs -

Anslytie @eﬂm@try College Algebra and ?rlgonometry

Caleulus . - Analytic Geometry
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1f the college freshman has credit for Algebra I, Algebra II,
and plane geometry he should be asble to finish in the normal four
year period. If not, a minimum of one semester and possibly two
will have to be added to complete these gonrses hefore procecding
with the normal course.

When Professor Arthur Bestor of the ﬂhi@ersity of Tllinois
was asked, "Suppose that tomerrow it was decided by all the colleges

and universities to turn out scientists, aud suppose they made the

‘study of mathematics and scientific subjects a compulsery thing -

‘would the students who had no background to speak of in those subjects

in the public schools and high schools be able to swing those gourses?

‘He answered, They could do it by adding two or three years to their

4eallage training., By buckling down to seme havd work, most of them

eould ﬁwabahxy make up thelr deficiencies, But only by sacrificing

two or three years of their uar@am.“ﬁgi

?hefhigh“su&anlvmathemati@s instructors of today have to meot
rigid specifications in order to receive s teaching certificate.
They have taken & definite amount of apecialized training and have

enviched this training by actusl experience in the school rooms.

Teaching has been chosen as their life's work, they arc dedicated

to the task, and they have preparved lesson plans far in advance.
| Colleges and universities ave feeling a pineh from two directions
| :

‘as far as teaching persommel is concerned. First, enrollments have

increased approximately 36 percent while increases in their budgets

 nave amounted to approximately seven percent. The future appears

even davker. Second, teaching personnel with Doctor's degrees are

not plentiful., The small salary the colleges are able to offer is

27




insufficlent to atiract enbugh professors, therefore, colleges and
<;) ‘universities have to use senior and graduate students in order to
‘supplement their staff. Ordinarily the studemt teachers are nssigned
‘to teach the lower level courses, especially the $@*3@11@ﬁ h1gh-schug1
" courses. |
ﬁiﬁh'alild“@“féﬂﬁect to the student teachers, for they have
‘paﬁfﬁrmﬁﬁ a wonderful job under the circumstances, it can hardly
héfsaiﬁ that their teaching, as a whele, could measure up to the
‘proficiency of the high school professor. The student teacher has
inaﬁ completed his education. iﬁ;maay i“St&n@eS»he.dogs vot. knon
1he will bave to teockh until the class is ready to start or has
‘already started, The writer knows of an instance where the student
teagher did not start teaching until one week after classes started.
0f course, this student had already emrolled in a full load of courses,
“end with 5o advance notice, he could not have been prepared with
legson outlines, ete. With a full load of courses, his time, that
‘he could possibly devote to class preparation, was limited. As
a result you should be able to obtain instruction from a higher \g
'11@?e1 in your own high scheol.

|

l - puring your enrcllment in Algebra I, Algebra II, and plane

geometry, you will spend five hours per week for thirty-six weeks,

a total of 180 class hours in each course. If these same high school
- courses are token in college you will spend three hours per week
| for eighteen weeks, & total of 54 class hours. Tt is readily seen
~ that the high school inéﬁructor will have over three times as much

P

s/ ‘Gime to spend on the course as will the student imstructor. From
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which ¢lass sﬁauxﬁ you be able to gain the greatest knowledge?

| Another factor that should be considered is the size of classes.

In an advanced mathemetics class in high school the average class
entollment is approximstely 20 or less, iu‘edllﬁge the average

¢lass enrollment for the same courses average approximately 45 studenmts.

‘Now which instructor will be able to give you the most individual

sttention?




|  SUMERY AND CONCLUSIONS

Ia‘éacana yaars a‘ﬁignifieﬁﬁ% @hénga §35 @c¢vrraé iﬁvtha number
i@ﬁ high gﬁhéé‘i graduates end the number entering @mega@ As a result
‘gﬁilagas and universities do not have sufficient ﬂﬁmbef of ¢lassrooms,
prafassats and equ&pm&nt to adequately accommodate them.v
| Colleges and universities ave not gettiag snfficient appropriatxana
'to alleviate the asbove situation, in fact, in Oklohoma the increase
in agyf@@figﬁigna‘is not keeping ﬂp'@i@hzingrgasﬁd enrollment, not

ﬁﬁﬁéié@ﬁin@f@hajiﬁﬁr@aﬁed‘¢ﬁ$€$ of operation. ‘fhe situatiaﬁ is
further aqgrﬂv;ateﬁ by the fact that a larqe percent mf tha hzgh school
graﬂaat&s do not have an adequate mathematias and sezenae ba@k@reuad.
‘amuaing aall@gas aa& aniversitias to have to teaah high scheol courses,
\theraby innraasing the burdan,aa thear axraady @verzaaded @Iassranm
and insﬁrnatﬂr preb&emf o _

Thig repert was written, uith the apiuian, that 1f high saheel
‘studeats and parents were presented the faats. f majarity @f ‘the
‘stuéeatg waald enroll in szienee and mﬁthematigs in high sahaal aud
due to the demand, thaae high schools nat offering these ﬁaursas* |
waulﬁ da so, @hefehy reduaing the above problems of the c@lleges

and univar&ities and be a tremendous benefit to the individual.
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