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T H E  TEACHING OF MATHEMATICS FOR 
ENGIh7EERS ' 

MBTHEMATICS,from the standpoint of 
the engineer, is a means, and not an  end. 
I t  js an instrument or tool by which he may 
determine the value and relations of forces 
and materials. 

The usefulness of tools depends upon 
the sort of work which is to be done, upon 
the lrinds of tools which are available and 
upon the skill of the mall who uses them. 
We may inquire, therefore, what are the 
uses to which the engineer may apply 
mathematics? What kind of mathematics 
does he need? And what skill should he 
possem in their use ? 

First, then, what work is to be done by 
the young men who are now taking engi- 
neering conrses? LA few-and only a few 
-will be original investigators or de-
signers who will need mathematics as an 
instrument of research. A considerable 
number will regularly employ elementary 
InathenlatiCF; in more or less routine cal- 
culations. Many will have little use for 
mathematics, as engineering courses are 
recognized as affording excellent training 

for various business, executive and other 
non-technical positions, particularly in con- 
nection with manufacturing and operating 
companies. I t  has been stated by the vice- 
president of a large electric manufacturing 

that not Over ten per cent. 
the technical graduates elnployed by that 
'Read before Sections A and D of the American 

Association for the advancement of and 
the Chicago section of the American Mathemat- 
ical Society, at the Chicago meeting, December 
30, 1907. 
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con~pany are fitted by tempcrsimcnt or by 
education to take up with succcss the work 
of pure engineering. A recent classifica-
tion of the graduates of Sibley College, 
Cornell University, sho~vs that about half 
are in  occupations which require no ad-
vanced inathematics and it is probable 
that  inany of thc 36 per cent. classed as 
mechanical ancl electrical engineers seldom 
go beyond the rules of arithnietic. Iience 
a goodly proportion of engineering gradu- 
ates do not need to be mathematical ex-
perts. Their mathematical studies need 
not aim to prodnce experts, but should 
have as a principal object the nzatheinatical 
training which is a most efficient kind of 
training in  an  engineering course. On the 
other hand, the engineers who will have 
practical use for the higher inatheiliatics 
will find their ability as enqineers is in a 
large measure deter1nined by their ability 
as mathematicians. 

Second, the cluestion, what Binds of 
mathematics does thp engineer need? is 
closely relatecl to the class of svorli he is 
to do. I n  general a great deal of engineer- 
ing work is done ~ v i t h  niuch less rise of 
higher nlathen~atics than niost professors 
probably ima qinc. ; and fnrthcrmorc, i t  
may be remarked, with iri~lch less than 
coulci profitably be employed. Engineers 
are apt  to use ordinarily the mathei~xatical 
methods with which they are most familiar 
and which mill bring the result with the 
least effort. One inan employs calculus, 
another clraws a cliagram, another writes 
out formulm, while another gets his results 
by mental arithmetic. The ol~ject is to get 
the result. 

The funclalnental idca that n~athernatics 
is something for the enginper to use finds 
many illustrative analogies in orrlinary 
tools. Adaptatioli is the first reqnisite. 
Tools should be suited to the work to be 
clone. A n  expensive machine tool with its 
refincd atljustnimts is quite nnnccessary 

for executing a piece of ~ ~ - o r l i  canwhich 
bo done with sufficient accuracy by a few 
minutes' application oP a file. An ordi-
nary calculating slide rule is infinitely 
better than ii table of seven-piece logar- 
ithms in every-day work. 

On the other hand, it is particularly 
wasteful to attempt to execute a dif5cult 
and intricate piece of work with inade-
quate tools. But  rnore important than the 
tool is the slrill of the n ~ a n  who uses it. 
A skillful n7ork1nan can accomplish results 
with a few simple tools which others can 
not get with tlie inost elaborate special 
equipment. 

l'hird, thcrefore, slitill in the use of 
mathematics is the really essential t b i n ~ .  
A judicious use of arithmetic with a little 
algebra or a sin~plc diagrarn often leads 
to innre satisfactory results than others 
secure through elnhorate processes involv- 
ing lengthy equations ancl coirlplicatcd 
operations. In the latter, errors are liable 
to occur, the comnion-sense import of the 
problem is ap t  to be overlool;cd, assump-
tions may be made to facilitate calculations 
which are physically un~varranted as one 
loses sight of the physical problem in the 
intricacy of the niatherriatieal sohrtion. 
Abstract mathematical studies, if pursued 
as a kind of intellectnal calirthenics, inay 
produce n pure matbeniatician, but  they 
may ilnfit a nlan for practical engineering. 
X nlatheii~atician is not necessarily an 
enqineer; nor is an elocntionist necessarily 
a good lectui.er, nor is a tool expert a suc- 
cessful manufacturer. 

llatheniatics is used in engineering to 
express the quantitative relations of nat-
ural phcnorricna. The math~matician de- 
liqhts in the relations: he tlivorces thein 
fronl the phenomena and gives them ab-
stract expression, wliilc the engineer is con- 
cerned with the natural phcnomena ; lie 
demands the physical conception ; the nie- 

http:lectui.er
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dium of expressing these relations is of 
secondary consequence. 

The mathematician evolves the equation 
for a parabola and finds a convenient 
illustration in the law of projectiles. The 
engineer fin& that a physical result fol- 
lows from the application of certain forces, 
and uses the fornlula merely as a con-
venient method of expressing the law. The 
analogue in the case of mechanical tools is 
found by regarding a set of drawing in- 
struments or a transit or a lathe, as soine- 
thing intelligently designed, properly pro- 
portioned, accurately made and finely 
finished, the merit of xhich lies in its own 
inherent excellence; or, on the other hand, 
by considering them as tools adapted for 
doing a certain range and character of 
work with a sufficient degree of accuracy 
and at  low cost. 

A manual-training school gives familiar- 
ity with mechanical tools and mathe-
matical study gives familiarity with in-
tellectual tools. In  work with the manual 
tool the bop uses it for making something 
-he learns the principle on which i t  
operates and the way to use it, by making 
something; if it is something useful it 
awakens a higher interest than does some 
fancy device. Likewise training of engi- 
neers in mathematics should be by doing 
something, by the solving of problems, by 
dealing with real rather than abstract con- 
ditions. Let this training be secured while 
applying mathematics to its normal and 
legitimate purpose as an auxiliary in the 
study of other branches. 

In the teaching of mathematics for its 
own sake stress is apt to be laid upon the 
processes of deriving results rather than 
the real meaning of the results themselves. 
An engineer who uses logarithms has no 
more concern regarding their derivation 
than the ordinary user of the dictionary 
for finding the pronunciation of words has 
in their etymological derivation. The 

ability to reproduce demonstrations in 
higher mathematics from memory with the 
book shut is often not as important as it 
is to understand them with the book open. 
I n  general an engineer, who has occasion to 
use higher mathematics, ill not be inter- 
ested in evolving difficult equations, nor 
will. he appeal to his memory, but with 
text-book or reference before him he will 
seek the things he wants to use. He should 
know where to find them and how to use 
them. 

In  emphasizing tsihat a skilled mechanic 
can make with very ordinary tools, or the 
true engineer can accomplish with the 
parallelogram of forces and the rule of 
three, there is no intention of discrediting 
the value of fine equipments, either me-
chanical or mathematical, if there be the 
ability to use tl-iem. 

Possibly the practical utility of mathe- 
matics may appear to be urged too 
strongly, particularly as the w i t e r  really 
believes in thorough mathematical train- 
ing, but he has seen so many cases in which 
mathematical instruction has never been 
digested and assimilated, he has seen simple 
problems confused by unnecessary mathe- 
matical complications, he has seen men 
satisfied with results which are absurd 
because of some mathematical equations- 
sometimes quite unnecessary-which seem 
to obliterate common-sense perspective, 
and he recalls the new insight into mathe- 
matics which came through "Analytic 
3lechanics" under Professor S. TV. Robin-
son at  the Ohio State University, and 
"Problems in 31echanics," under Dr. 
Fabian Franklin a t  Johns Hopkins 
University, that he feels there is little 
danger in over-emphasizing the importance 
of concrete training in mathematical 
study.2 

Both of these teachers of mathematics had 
been trained as engineers and. had practised the 
profession. 
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The practical questions which the dis- 
cussion of this subject presents are these : 

What mathematical subject-matter should 
be covered? And, 

I-low should it be taught? 
The first difficulty is that there is not, 

and can not be, a differentiation in tech- 
nical education which is at  all comparable 
with the wide range of occupations into 
which gradnates will enter. We may as- 
sume, therefore, that we are considering the 
case of the average engineering student, 
taking for granted that options may be 
used by the best students for enabling 
them to take up the mare advanced and 
difficult mathematics. Obviously the stu- 
dent should have enough mathematics to 
enable him to demonstrate the important 
engineering la~vs and formulas and to read 
intelligently mathematically written engi- 
neering literature. While only the rela- 
tively simple mathematics is conlmonly 
used by engineers, yet the ability to handle 
new problems with confidence requires a 
thorough understanding and appreciation 
of the significance of the lnatheinatical and 
physical basis of the laws and phenomena 
he is to use. A man who is a thorough 
mathematician and Imows how to apply 
his knowledge has a great advantage over 
the pure mathematician or the man with- 
out mathematical equipment. The better 
knowledge one has of the complex, the 
more certainty he has in applying the 
simple. A student should understand 
something of the power of the advanced 
mathematics and the field of its effi-
cient application. Although he may 
not be expert in using i t  himself, he 
will Bnom when to call for a ~nathernatical 
expert. 

An engineer of fairly wide experience 
remarked a short time ago: "The ordinary 
engineer does not use higher mathematics 
because he doesn't know how. IIe clws 
not have the proper conecption of the 

fundamental principles of the calculus be- 
cause the subject has been taught by men 
whose ideals are those of pure mathe-
matics. '' 

If mathematics is something for engi- 
neers to use, let its use be taught to engi- 
neering students. After the fundamentals 
a w  learned, the stndents should attack the 
engineering problem at  once and bring in 
mathematics as a means of solving it. 
Mathematics is often advocated for de-
veloping the reasoning powers and the 
ability to reason from cause to effect. 
There is danger, however, that mathe-
matical machinery may make the mere 
process obscure the cause and the effect. 
Let them be foremost, with the process 
secondary or auxiliary to them. 

The way nlathematics is brought to bear 
on some engineering problems reminds one 
of the story of the old lady who greatly 
admired her preacher because he could 
take a simple text and make i t  so very 
complicated. 

Old traditions have not wholly disap- 
peared, the fear of degrading the pure 
science of mathematics by applying i t  to 
useful things still lingers-in influence, if 
not in precept. We must go further and 
adapt mathematics to engineering, not only 
in subject matter, but in method. A 
mathematical teacher with no patience for 
anything except mathematics will probably 
teach a kind of mathematics which has no 
connection with anything except mathe- 
matics. Engineering mathematics may be 
better taught as a part of engineering by 
an engineer, than, as a part of mathe-
matics by a pure mathematician. Tlae 
maker of levels and transits who is expert 
in the constvuction of the instruments and 
an enthusiast over the accuracy of the sur- 
f<aees, the excellence of the bearingsl the 
near approach to perfection in the gradua- 
tion and the general refinement and beauty 
of .vrrorlcman~liip,may make a good in-
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structor on instruments, but a poor teacher 
of civil engineering. 

After all, i t  is not so much abstract 
courses as i t  is personal men with which we 
have to do, i t  is not mere knowledge of 
facts or facility in mathematical manipula- 
tion, but i t  is training. The young man 
is to be developed, his native individuality 
is to be the basis, he is to increase not only 
his knowledge, but his powers and the 
ability to use them. It is not mathematical 
skill so much as a mathematical sense, or 
mathematical common-sense, which is 
wanted. With pure mathematics as a sci- 
ence we have no quarrel--and little affilia- 
tion. 

If you ask men who use engineering 
graduates what qualities they should pos- 
ses ,  you will find that special prominence 
is given to "common-sense" and "the 
ability to do things." I n  mathematical 
training i t  is quality rather than quantity 
which is of first consequence. It should 
develop the facility for systematic and 
logical reasoning, thus furnishing a general 
method ' a s  well as a specific means of 
getting results. 

We are concerned with applied mathe- 
matics. The ability to state a problem; to 
recognize the elements which enter into i t ;  
to see the whole problem without over-
looking some important factor; to use good 
judgment as to the reliability or accuracy 
of the data or measurements which are in- 
volved; and, on the other hand, the ability 
to interpret the result; to recognize its 
physical significance; to get a common-
sense perspective view of its meaning and 
the consequences which may follow; to  
note the bearing of the various data upon 
the final result; to determine what changes 
in original conditions may change a bad 
result into one which is practical and effi- 
cient-such abilities as these are of a 
higher order than the ability to take a 
stated problem and work out the answer. 

I t  may be urged that all this is not strictly 
niatheniatics. But  i t  is just this sort of 
judgment and insight which makes mathe- 
matics really useful, and without them 
there is danger that they may be neither 
safe nor sane. 

The trend in education is to a closer re- 
lation to the affairs of life. Science and 
applied science, scientific and engineering 
laboratories, are overcoming old ideas and 
prejudices. Modern engineering develop- 
ment brings its transforming influence to 
bear upon education as well as the utilities 
of modern life. The engineering school 
has had a phenomenal growth within the 
lifetime of the recent graduate-a growth 
in ideals and methods as well as students 
and equipment. I t  has raised and agitated 
broad questions as to what constitutes 
efficient education for producing effective 
men. I t  has aimed to combine not only 
the abstract with the concrete, the lecture 
room with the laboratory, and the scientific 
experiment with the practical test; but i t  
has sought by various means to bring the 
work of the school into close relation with 
active professional and comnlercial prac- 
tise. I t  has a definiteness of aim and pur- 
pose which other educational courses are 
apt to lack. I t  sets out to produce men 
who can deal with forces and materials 
according to scientific principles. It de-
velops men whose contact with physical 
facts and natural laws at  first hand and 
whose ability to reason logically fit them 
for dealing with new problems. The 
training which fits men for handling engi- 
neering problems is the kind that is needed 
for dealing with the organization and di- 
recting of men. The sphere of the engi- 
neer is one the scope of which will con-
tinue to increase as engineering education 
and training produce men whose contact 
with natural phenomena gives them an in- 
herent respect for facts as their premises, 
who axe able to think straight to logical 
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and common-sense conclusions, who have 
an  equipment of technical knowledge and 
who can produce results. 

I n  discussing thc teaelling of mathe-
matics lo  engineers, me should emphasize 
not the mathematics nor the engineers, hut 
the teachilig. dsicie froni the imparting 
of Bliowledge and technical ahility, the 
teaching of rnat l le~~~at ics  gives opportunity 
for training in  the use of logical methods 
and ill the drawinn of intelliqcnt concla- 
sions fronl unorganized data which ~vi l l  
malre efscielit men, whethcr they follow 
pure engineerilig, or semi-technical, or 
business pursuits. Such teaching does not 
conie frorn the text-book; it must be per- 
sonal-it comes frorn the teacher. I Ie  
lnust be in sympathy with eligineering 
TV~I-lr a just appreciation of its ant1 havc 
problenls and its ~nethods. I-le must be 
imbued with the spirit and the ideals of 
the engineer. 

CRAS. F.SCOTT 

THE IJ01S7' OF V l E W  IY TJ$.iClirliVG 
ESGTI1Ih1ER1SQ $14 Zf171?1111TTCA 

I HARDLY know why I shoutld havc been 
askrd to address you a t  this conference. 
Possibly, ho~vever, the fact that I am a 
civil engineer by profession, without hav- 
ing been pcrrnittcd ever to practise this 
professioli, and the additional fact that I 
have been a professional teacher of 1n:ithe- 
inatical physics, without having been per- 
rnittecl to continue i11 this worlr, have led 
your colnmittee to thinlr that I might 
furnish a conspicuous illustration of thcl 
failures to ~IljcTi collcqes and universities 
may lead in these lines of encleavor. 

Having listened attentively to the three 
formal papers just read, 1 find i t  essential 

* F,xtempore lemarl,s before Bcctior~iA ant1 D 
of the  Anieriran -4~\*sociation for the Ailvancc.mcnt 
of Scic.nrc and lllc Clticago Section of l l ~ c  Alncl- 
ican ?rInll~e~xlaticnl Socirty, nt  tlrc Clliclgo meet. 
ing, Dercnlbcr 30, 1'307. 

to revisc my progranl and instead of fol- 
lowing sinlilar lines to those of the preced- 
ing spcalrflrs, i t  seems essential to take 
direct issue with them. This I am dis-
posed to do, not so niuch because I differ 
~vholly froin the views they hnve set forth, 
as hecause it seelns necessary to have other 
sides of the questions they hnve discussed 
representetl. 7'he preceding spealters ap- 
pear to rile to have taken themselves some-
what too serioirsly. This is a general 
fault  of both theoretical and practical eclu- 
cationalists. N y  own experience leads me 
to conclude tha t  in educatiolial affairs the 
teacher, the school, the college and the 
university play a niuch less important rBle 
than we conllnoilly suppose. I n  fact, I 
have reached tllcl provisional coliclusioli 
that the lnajority of our students turn o r ~ t  
fairly well in  the 11-orld not so much by 
reason of the acailemic instruction they 
receive as in  spite of it. 

Rly itnpressioii also is that in talring our- 
selves too seriously as teachers of one sub- 
ject or another, ~ v e  ]lave, as a rule. quite 
uiiderestiinated the rr~agnitude and the dif- 
ficulty of the psychological problems with 
which we have to cleal. We have, as a 
rule, quite overestiinatcd the capacity of 
our average student, and havc thus 
usually cxpectecl too much froin him. I t  
is, of course, tlcsirahlc to set our idilal 
high and t ry  to rise to an elevated in-
tellectual level ; but in  doing so 1ve have 
conln~only neglected the influence of 
heredity as well as of environmrnt. 1 aril 
inclined to think Dr. Rolnies was right 
\vhen he said that it is cssential in the 
geiicratioa of n gentleman to begin four 
hundred years before he is born. So also 
is i t  necessary, if rve to develop a~ ~ i s h  
student into a first-class scllolar, to begin 
back some generations before we take up 
the fornlal morl; of training in our col-
leges or schools of engineering. It is an  
important fact, also too conztnonly over-


