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IHTRODUCTIOIJ 

I n  t h e  ca ta loe  i ssue  of the  Bul le t in  o f  F l o r i d a  

S t a t e  Universi ty ,  t o  be published sometime d ~ r i f l g  1950, 

i w i l l  ap.gear a. c h a l l e n g i q  innovation: the  General Edu- 

ca t ion  course I n  n a t h e m t i c s ,  t i t l e d  Xatnemt ics  105, 

w i l l  be lis-Le& under the  senera1 a rea  o f  Cornmilcation 

tnrou& La.nguase. T l i i s ,  40 fa% as the  wr i t e r  i s  a b l e  t o  

a sce r t a in ,  will be tize f i r s t  time a course i n   ath he ma tics 

has been s o  l isLed i n  any univers i ty  ccttalor,.  

It w i l l  be the pmrpose of t h i s  Faper t o  essnine 

some asnec ts  oT the  historica.1 d-evelopaeat of m t h e m t i c s  

t o  ju . s t i fy  such a c l a s s i f i c a t i o n  and to explore some o f  the  

implicat ions of  such an a,pproach for t k e  teaching of mathe- 

rmtics .  

1 



%e need foi- quant i ta t ive  exppession aic? comaununi- 

ca t ion  ,would seem t o  be near ly  as ancient  as t h e  neecl f o r  

orl;anized co-municatioa of 2;ny kind. Recent s tud ies  indi-  

cz te  t h a t  ' I . .  . the  rudiments o r  mat;hemtlcs appear f i rs t  i n  

c lose  corfiection w i t h  lansuzge anrl lan,%uase forms ; and. some- 

times it i s  d i f f i c u l t  t o  d i s c e m  then clear ly ." '  Be t h a t  as  

it may, mathematics has not  usua l ly  been thougnt o f  as a 

language but r a t h e r  as a s t ruc tu re  having 2 twofold na ture :  

on the  one hand p r a c t i c a l ,  i n  i t s  r o l e  as  a tool f o r  deal ing 

with quainbitative an?" ssa . t ia l  re la t ionshzps ,  a:z& on  the oth- 

e r  specula t ive ,  in i t s  r o l e  as a, pu-re, c r ea t ive  art o f  de- 

duction. Tnis d.ichotoniy w3.s born lvith mathem+-tics, and i s  

tkr iv ing  todzg as evidenced by t i e  d - i v i s i o n  o f  tfle subjec t  

i n to  'buren and 2pplied" ma-themtics  
r ,  ,- - 

II 

In t h e  beginninz, the sneculet ive s ide  o f  mzthemat- 
1 

i c s  a?peare& as mgic . '  A s  l o i i g ;  ago e s  the  Stone A7e, r e l i g -  

ion ha2. magical numbers su.ch as th ree ,  ? o w ,  end seven, and 

!nag;ical f igures  such a s  the  Pentalgha an.3 tine Swastrlra. 
4 

'Y.x. Werkmeister A Philosophy of Science, (r'ew YOPIC: 
Ha-per 

Wiiittles_e~r Zouse, 1946 ) , I,. 30 .  

(Eostm:L!FIou&iton X i f f l i n  Comp2ny, 1939) ,  p . l .  

d Brothers,  194Oj, p. 140. 
?! E.T. Bell, T;?e Xa5ic o f  Xumbers, (iJev York :  

3Vera Sanford, A Snort 3 i s t o r j r  o f  Xathemztics, 

D i r k  J.  Struilrr, A Concise X i s t o r y  o f  L a t n e m t i c s ,  
(!:e+: Yark: Dover Publ ica t ions ,  194C) , I 1, 9. 



ht p r a c t i c a l  x i t h e m t i c s  has al!rays been prosaic?.llg prac- 

t i c a l ,  i t s  o ldes t  exazple ' > e h s  a ta l ly  s t i c k  for coimtins 

which da tes  bqck t o  p a l e o l i t h i c  t h e s ,  and i.rhich was found 

i n  1937 i n  Xorsvla. 5 

ATparently t h e  e a r l i e s t  orsanized matiiemvtics was 

the  vork of the  32,bylonians and the  Egyptiaxs. It i s  not  

clear Jus t  ?Ji?ich T J ~ S  f i rst ,  if e i the r .  Un t i l  recent ly  it 

was general ly  tho1q;i.t that the  Xoscov Papyrus (s. 1850 B.C.) 

and the  m i n d  Papyrus (s. 1650 B.C. )  were the  o ldes t  e x a q l e s  

,- 3 

of s y s t e m t i z e d  mt.them,tics extant  ." But T r o f e s s o r  Archibald 

.mkes neiition o f  the  Baby lo r i in i  Tzblet ,  PlLmton 322 (s. 
1900 - 1600 G.C. )  recent ly  t rar is lnted by  Professor  Beugebauer. 

The i n t e r e s t i n g  th ing  i s  t:?z,t 2.11 oi" these ,  while l a r e e l g  

p r a c t l c e l ,  a l s o  ind ica ted  ai i n t e r e s t  i n  sgeculat ive m t h e -  

E 

rwLics I n  the  Torn of recrea t iona l  p-oblems. 9 

In China where ~ h i l o s o T h i c  speculat ion ~ 2 s  ear ly  ven- 

e ra ted ,  speculat ive m h e g s t i c s  flowered wtth much i n t e r e s t  

cen ter ins  on ma.gic sqT.mres. Legend has i t  t h a t  the m g i c  

squzre was discovered by t h e  E q e r o r  Yu (ca.2290 - B.C.) , who 
1 1  found it on the  back o f  a t o r t o i s e  near t h e  Yellow River.- 

10 

5 
c :i n 

Ibid.  
Me term Eabylonian" i s  here  u.sed t o  include all 

7 Flor Ian  C a  j o r i ,  A 3 i s t o r y  of E?themztics, (Xew Yorl;: 

6 Tawiond Clzre A r c h ~ x J f i ,  

3 Sari- UP. CLL.,  :L .c .  

- 
r. 

the various peoples o f  t n e  Xesopotanian Valley. 

The Xacuillan C o E p a y ,  lnol), 1>.3.. 

Mathematics,"~Tlle American Xathemt ica l  %onthly,  LVI (1940), 3 .  
n Outl ine o f  the  History o f  

10 _ 1 _ 1  Ib id .  n, 4. 
il 

- -  m. 0. 74. 



In  t h e  u t i l i t a , r i a n  Vest, however, the  bull< o f  

m t h e m t i c s  rem-ined a p r a c t i c a l  neans o f  calcElztl%& build- 

ing and commercial needs un t i l  the  advent o f  .the Greeks. A s  

we have seen, tYYere tias some i n t e r e s t  i n  recreat iona, l  prob- 

lems p r i o r  t o  the  Greeks, but the change i n  emphasis wrought 

by t h e  Hel len ics  was s o  marked t h a t  one scholar  exclaims: 

B o t h  l og ic  end an i n t e r e s t  i n  pure Icnor.ledge were in t ro-  

ductions of the  u t t e r l y  novel genius of  Class ica l  Greece. 

It behooves us,  then,  t o  103!: next a t  these  renarkable Greeks 

n 

n 1 2  

?Lost s tud ies  i n  t 3 e  h i s t o r y  of philosophy begin with 

so a l s o  I t  one o f  the  

does Creek Nathematics begin with !Thales. 

Produced t h e  study o f  geometry i n t o  Greece. 

merchant, whose wealth gave h i m  l e i s u r e  f o r  t r a v e l  amd study, 

Thales observed with g rea t  i n i e r e s t  the  geometry of %gmt .  

This geometry wa.s l a rge ly  a, r e s u l t  of bu i ld ing  needs15and 

Thales, too, appl ied his  SeoInetry in  p r a c t i c a l  vays a.t f i rs t .  

‘We a r e  t o l d  t h a t  he  was able  t o  ca lcu la te  the  he i&t  Of a 

?gramid by neasurins  i t s  shadow, E u t  h is  phi losophical  :a- 

t u r e  soon asser ted  i t s e l f  ¶ znd Thales became concerned with 

t h e  na ture  o f  l o s i c a l  proof. He in t e re s t ed  h inse l f  i n  t h e  

Seven Wise Nen,” Thales o f  Miletus.  

I-:e it IXLS vii0 in- 

A successful  14 

16 

l2 F, Sheriiood T a y l o r ,  The l h r c h  of IEnd, (Ne1 
The Kacmil lan Company, 1339), p. 14. 

13 C Y . ,  IJiilton C .  Nahm (eSi. 1, Selec t ions  f r o E  
Greek PhilosoDhy, (New York: F.S. Crcfts an6 Conpany, 
o r  a n y  s t  ildard % s t o r y  o f  Philosophy. 

1% Cajori ,  op. c i t . ,  p.  17. 
Alfred Hooper,  i hke r s  of !&,thenaticn, (New 

4 F &  19481, p. 28. Random ii -., p. 37. 

rr York: 

YorB:  



a b s t r a c t  and more zenera l  , declar ing  t h a t  they were worthier 

of  deep study than the intui t . ive or sens ib le .  '7 m a l e s  it 

xas  vho began the  stu&y of  demonstrative geometry and who 

?:'as t h e  f i rs t  h o v m  LnndiviCual 3:rith whom d e f i n i t e  mathemat- 

18 

i c a l  d i scover ies  a r e  associated.-  '9 
n I, Once ini t ia ted. ,  t h e  sf~u3y o f  8.e$xctive, or ? r e ,  

m t h e m t i c s  move2 rapid-ly t o  t,he foref ront  o f  Greek Mathe- 

nii t ics.  P m c t i c a l ,  "applie?," Fat'!em,tics Ira.- rele:gated t o  

the  counting house and a d i s t i n c t i o n  vas ma?e between -4.rit.3- 

metic,  which d e a l t  with a'osolute, a b s t r a c t  iiunbers, and 

Logis t ic ,  which d e a l t  with ordinary a r i thmet ica l  operations.  

This d i s t i n c t i o n  reached full bloom Tviith PgVnagoras. One 

fel low Greek, Aristoxengs, exclaimed about tne  a r i thmet ic  

~ rh ich  Pyth-a.soras . . . advanced and tool,: out o f  t5e re,Tion o f  

comerc ia l  u t i l i t y .  tt2' yqe agpra isa l  wads indeed J u s t ,  f o r  

with Pgthasoras t h e  stu&y of mmbers becane no l e s s  than a 

r e l ig ion .  It i s  conjectured that the  discovery bg 

PyYnagoras t h a t  musical hcriroi-ies de?erde?. on nuner ica l  

20 

I t  

22 

24 
Vhztever the sc:xc.e, :,lie f ac t  i s  beyond 2ispJ.te. 

Pythz,&ores ax1 h i s  f o l l o w e r s  tau.zj?t tha . t  a l l  YninSs were 

l7 ii .VI .  Turnbull, T2e Great Katherraticians., (Londoc: 

--O Sanford, 03. c i t . ,  p. 0 .  

2 1  Cited by S i r  Thomas Heath, A K2;aual oi" Greek 
u , t h e m t i c s ,  (Oxford: The  lar red on Press ,  19311, p. 57. 

22 F o r  a complete account of  the Fythagorean r e l ig ion  
see Bel l  or). c i t . ,  p .  37. 

53 i:eatli, op. c i t . ,  p. 37. 
2 L I  C f . ,  any h i s t o r y  o f  philosorjl?g. 

_ _  liiethuen +x,l Corrigzcy, 1925), g. 5. 

'Toid. ~ p. I?., 

,- 

Archibald, on. c i t . ,  3 .  18. 

- *  



numbers, even the s o u l  o f  a mn.  25 

Aink  vrs have discovered t;lc nz ture  of an individ-ual, sag 

tinat we have h i s  ~nu.mi:er?" This mystical  e q h a ~ s i s  i n i t i a t e d  

by Pgthasoras has never been l a i d  t o  r e s t .  O n l y  r e c e i t l y  a 

renoimed s c i e n t i s t ,  S i r  James Jeans, exclaimed: "The Great 

Archi tec t  o f  t h e  Universe n o w  besins t o  2.ppea.r ?!s a pure 

mithema t i cian . " 
well t o  no te  'chat i n  s 9 i t e  o f  t h e i r  complete absorpt ion with 

t h e  nystical aspec t  of  nuabers, they inedvertent ly  made many 

cont r iba t ions  t o  p r a c t i c a l  mat'nem;Lics such as the  fanous 

Py tna~orezn  Taeorem. 

DO we not  todag, vilrlen we 
L 

I, 

3ei"orc leav lnz  tlie Pythsgoreans, it i s  
26 

Pla to ,  we a r e  t o l d ,  vias much ?.nfl1->.ence$. by t h e  Py- 

t!ia,sorean coccept im of number, 27 but with less r e l i g i o u s  

enghasis. Ins tead  of  w c r s h i p i q  numbers P-S such, he sow.@t 

t o  m k e  use o f  the  a b s t r a c t  concey-ts o? perfec t  ncmbers z;ld 

per fec t  ,;eonetricel forms t o  prove the  exis tence of abs t r ac t  

ideals i n  ge i e ra l .  T h ~ s  T l z t o  bas Socretes say t o  G l a m o i :  

You a r e  aware iAat s tude i t s  o f  geometry, 
a r i thmet ic ,  a.nd the  kindred sciences a s s m e  the  odd 
and the  even and t i e  f i p r e s  and t r e e  kinds o f  engles 
zmd tl?e l ike i n  t h e i r  several branches o f  science; 
these aye their  hypotheses, x3:ch they an6 every- 
body a r e  su?posed t o  know, arid therefore  the;. 50 not 
deim t o  give any zccount of t lzem e i t h e r  t o  tliem- 
se lves  o r  o thers ;  but they begin with- then ,  and go on 
u n t i l  they a r r i v e  a t  las t ,  and i n  a cons is ten t  manner, 
a t  t h e i r  conclusion? _.. ax1 do you not  know a l s o  tha t  

25 ~ a u l  J. Glenn, yqe Xistomy 
(St. Louse :  B. Eerder Book Conpany, 1345 

( Bdt imore  : .The. Williams and i.Jilkins Coinpany , 1971) , p . 2 0 .  
3b Cited by E.T. B e l l ,  Tile ::ueen o f  t n e  Sciences, 

27 3el l ,  The :ia:ic of  XuEbers, 2. l@!-. 



although they m k e  use of the  v i s i b l e  fo rms  an? 
reason about Yfien?, Y.ey a r e  t h i n k b g  not  o f  these ,  
but o f  the  i d e a l s  Tvhich tileg resemble; not  o f  the  
f i w r e s  which they draw, but of the  absolu te  square 
axid t h e  absolute  diameter, and so on - t h e  fo rms  
which they draw or E k e ,  . . . a r e  converted by them 
i n t o  ivnges, bu.t they a r e  r e a l l y  seeklng to behold 
t h e  th in@ themselves, which can ' i i l y  be seen with 
t h e  eye o f  t 3 e  mind? 

Because mt3ematics  i l l u s t r s t e d  t h e  i dea l s  s o  wel l ,  

28 

P l e t o  cnnsidered trainYn3 i n  mathemtics  e s s e n t i a l  t o  Yne study 

o f  philosophy. It i s  repor tea  t h a t  t h e  door o f  his s c h o o l  bore 
'I ,129 t h e  admonition: Let  no one d e s t i t u t e  o f  geometry en ter .  

Conversely, P l a to  had l i t t l e  o r  no use f o r  p r a c t i c a l  mathematics 

P lu ta rch  said t h a t  P l a t o  blac!ed those who t r i e ?  t o  reduce t h e  

dupl ica t ion  o f  the  cube t o  cons t - rx t ioas  bj. means o f  nechanlcal 

instruments,  

l o s t  and destroyed, a s  it i s  thus Lm?e t o  r e v e r t  t o  t h ins s  Of 

sense ins tead  of betng d i rec ted  u?war? and. g ~ a s p i n g  a t  e t e r n a l  

and incorporeal images. 

11 on the  g,rouqd t'nat the  zood o f  geometry i s  thereby 

1130 

5 o t  a l l  Greeks f e l t  s o  s t rongly about the  degrading in- 

Altllou& f l u e i c e  o f  appl ied mathematics a s  did  P la to ,  hovever. 

Eucl id ' s  most famous t r e a t i s e  was his one on pure geometry 

ca l led  the  Eleaents ,  it i s  well  t o  remegber t n a t  of t h e  f i v e  

complete Euclidean t e x t s  ava i lab le ,  t k ree  a r e  on z.gplied mathe- 
31 

r a t i c s ,  namely on phaenomena, o s t i c s ,  and music. And Archimedes , 

one of tne  g r e a t e s t  of all matherat jc ians ,  worked equally i n  pure 

and appl ied mathema.tics, u s ins  them t o  re inforce  each other .  32 

28 m e  Re ub l i c  t r a n s .  Beijamiil Jowett (;Jew ? O Y k :  
Eiar les  S r ibncr  P 1 a t o t s e :  n.  270. '& Heath, op. c i t . ,  p. 171. 

31 Archibal.3, op. cif;., G. 21, 
32 Heat'?, on. e%, 317. 277-288. 

0 Cited by Heath, op. cit., p. 72. 



The Romans were as p r a c t i c a l  mxded i n  t h e i r  mathe- 

na t i c s  e s  they 1:iere in  everyYain:~ e l s e  and had l i t t l e  use for 

t h e  spedulat ive s ide  o f  Greek IkYnemtics .  I n  fa.ct, Pro- 

f e s so r  Senford observes , "Cicero spoke disparagingly of  the  

Greek i n t e r e s t  i n  Seometry, conEratulatiag h i s  couztryxen be- 

cause they were concerned only  with t h e  mathemtics  that i s  

needed i n  measuring and i n  reckoning. " 33 

t e r e s t  i n  pure mathematics i s  necessary for t h e  aavmce o f  t h a t  

subjec t ,  for the  R o m n  adac?. nothins  t o  t l e  theory o f  mtlic- 

91 I t  

Apparently sone in-  

The only Roman one f inds  in  t'ce var ious 3 i s t o r i e s  

o f  mathemtics  i s  BoeCzius, and h e  only because he s u m r i z e d  

t h e  mathematics then ex tan t .  

m t i c s .  34 

35 

Vith the  f a l l  of the  Romn Empire a l l  o f  Europe entered 

an l n t e l l e c t u n l  dec l ine .  Tze recorded advances i n  mathemtic3 

were v h o l l y  the  contr ibut ions o f  t h e  Xindu, end l a t e r  t h e  

Arzb end Persian, mathematicians. They seemed t o  have some ac- 
36 cess t o  the  riorlc o f  t h e  Greeks 

o n  pure mthercatics.  E i e i r  most  notable  cont r ibu t ion  was, of 

course, t h e  indispensible  number nota t ion  which %-re c a l l  Hindu- 

Ara.bic numerals. wibh Yfle decl ine o f  We l-:osloro Exgire,  

mathemt ics  stazs-ated t o  such an ex ten t  VnaL the  s t a t e  of 

mathematics i n  Dmo3e in 1490 -,-rrins not  subs t an t i a l ly  b e t t e r  

t'nan i n  Islarc 500 years  before.  

ancl continued Yne emphasis 

37 1.7. & 

I, 

I, 38 

3ecforB, 17. C!.t., n. 13. 3' I",,,., 2. 13 
Gajori ,  op. c i t ,  99. 81-83. 32 Sanfogd, ou. c i t . ,  -I. 14 

37 H.C.  ~ ~ l m ~ ~ l e ,  r . ~ .  Golser, aid T.L. wade, 

Ja T a y l o r ,  OP. c i t . ,  p. 103. 

- 
Basic ?,:athematics f o r  General Ed-ucation, (Xew York:  Prent ice-  
Xall, 1 9 3 ~ ) ~  p ~ .  12-17. 



CFAPTW I1 

Tne Renaissance was Fel t  i n  m t n e m t i c s  2,s in  every 

other p&se o f  i n t e l l e c t u a l  l i f e  i n  the  s ix teenth  century. 

A p o u n d  svrell o f  mathemt ica l  c rea t ive  a c t i v i t y  a rose  t h a t  

reacked the  proportions oY a t i d a l  wave during t h e  two suc- 

ceedin,g centur ies .  I n  1533 was published the  f i r s t  b o n e a n  

s y s t e L t t i c  exposi t ion o f  plzne and spher ica l  trigonometry, 

which introduced t h e  s ine  and cosine funct ions.  Trigonome- 

try 1:'c7.s here  divorced f r o 3  astroimny and thus given a 

aspect .  

ever ,  alrld mnde i t s  bicl witn Vne pub l i ca t io i  in 1491 o f  t h e  

n pure" 

"Applied" mathematics was not  t o  be s l igh ted ,  how- 

,z 
f i r s t  account o f  doubleLentry bookkeeping. 

count of the  multitudipous 2.-.dvaiees of the  s ix teenth  century 

i s  i r r e l evan t  t o  o u r  purpose. Ve ray note  t h a t  Francois 

A cletailed ac- 

2 Vieta c o n t r i h t e d  2 grea t  aclvzrce t o  a1gebraj.c symbol i sm,  

and renark ih t  t h e  pure z~id appl ied f i e l d s  of endeavor con- 

t inued  t o  advance approximte ly  equal cleiras upon m e i i ' s  a t -  

ten t ion .  

The seventeenth century wzs s o  r e p l e t e  wit:? out- 

standing developments i n  mathew,tics Ynat melitioii nust  be 

l imi ted  t o  t h e  bares6 ou t l ine  o f  sone o f  th-e more notab le  

Archibald, 0-3. c i t .  >. 33. 
i b i d . ,  3 .  33. 

5 Saaford,  O D .  c i t . ,  >. 2 Q  ,". 

9. 



cont r ibu t ions .  Fernat l a i d  the  foundations for modern num- 

ber  tlneory, t3e  purest  of nure na thexat ics ,  c o n t a i n k g  mny 

PyYnasorean overtones. Pasca l  and Desa rpes  opened new 

f i e l d s  f o r  pure geometry. Descsrtes wedded r;eometrg and a l -  

gebra. Huygens advance$ t i e  theory of probabi l i ty .  :':e;.rtoi 

2x3. Lelbniz geve us  t k a t  stsnda,rd sophomore study, t h e  ca l -  

culus , mid Napier shortened conputation v i t h  1ogarithn;s. 

Fure an2 ap2lied matheimtics weye both  investisa,tecl srlth 

fever i sh  i n t e n s i t y ,  more ~L;'ilan ever before boosting and sup- 

pleixenting each o ther  without l o s i n s  t h e i r  respec t ive  iden- 

t i t i e s .  

4 

Especial ly  s ign i f i can t  f o r  us were the  works of 

Descartes and Xewton, for these  .two e f fec ted  what has s ince 

been ca l led  the  Cartesian revolut ion aid t h e  lIe,wtonien 

r.~Orld-mxhine.5 

s i r g l e  s t i r r i n g  revolu t ion  i n  thought, for vhzt Descz-tes 

i n i t i a t e d ,  Ne:.rton develope3 i n t o  a c o q l e t e  mechanical in-  

t e r 2 r e t a t i o n  of Yne world i n  exact ,  mztlienm,tical, dedidctive 

terms. Others contributod p e a t l y ,  o f  course, bv.t it wa,s 

Descawtes !.<no s e t  up t:ie hypothesis,  and Xewton who, in h i s  

grea t  XaChematicsl Pr inc ip les  of 1Jatayal Philoso&g, forniu- 

They were r e a l l y  t h e  aloha a~.d omem of a 

6 

l a t e d  and conipleted the  work." Newton himself mde two out -  

standing d iscover ies  : he  found the  mat!iematical method Ynet 

L; 
K StPUi!:, 03. C i t . ,  11, 125-160. 

Eusene G .  Bebikes and o thers ,  Experience, Reason 
and Faith (Ketz Y o r k :  Harper and Brothers,  l9L!.3), pp.450-&56. 
7 John Herman Randall, Jr., The :-Laking of t h e  Kodern 
Xind (Eostoii: Houg-rton 12iff l in  Company, 19401, _op. 253-279. 

7 m., p. 260. 



would descr ibe mechanical xotion, aiid he  ,-.?plied i t  unl- 

versa l ly  . a 

That :';e:,.ton invented the  calculus  i s  pcrlizo.ps an zc- 

c ident ;  Leibniz,  bui lding on Descartes '  ana ly t i c  geonetry, 

a r r ived  a t  it independently;9,.rhile severa l  o ther  mathemti-  

c ians ,  Pssca l  f o r  one, seened a l cos t  03 the  verge o f  it. Be 

t h a t  as it may, it was inevi tab le  that a f t e r  the  Frenchman 

had broupat a l sebra  and geometry togetner ,  men shoulc ad- 

vance aid a3ply a l sebra  a l so  t o  matron. Descartes had shorm 

how t o  f i n d  t'ne equation tha t  would represent  any curve, a n B  

thus convei ient ly  and accura te ly  measure it en& enable cal-  

culzted predic t ion  t o  be anpl ied t o  a l l  f igures ;  but t h e  

science of niechenics, and. vith. it any measurenent o f  the p ro -  

cesses o f  chan-,e i n  t h e  v o r l d ,  demnds a, ?ormula f o r  t h e  la?-: 

o f  t h e  gro!;'tn o r  fa l l ing-of f  of a curve, t h a t  i s ,  t a e  d i rec-  

t i o i i  o f  its movement e t  any point .  Such a metliod of  meesur- 

iPg movenent and continuous growth Newton discovered. He 

had ar r ived  a t  the  most potent  Fnstruxent ye t  found f o r  

brin.;ins the  wor ld  i n t o  sxbject ion t o  ran.  Since any rer;u- 

lar motion, be it  of a fa l l in-5 body, a i  e l e c t r i c  cur ren t ,  or 

the  cooling of a. molten IESS, c m  be represe l ted  by a curve, 

he  had found the  means by ivhich -to a t t ack  not  o n l y  tne  Cig- 

ui-es, but the  processes of na ture  - t h e  l a s t  l ink in the 

10 

c 



mthemat ica l  i n t e rp re t a t ion  of the  world. 

This inat'nematical approach t o  na ture  had an over- 

whelains success and proved t o  be 2. ti-en1.endous s.kimulus t o  

bo th  pure and zpplied mathematics - but sometfling new had 

been added. 

Hi ther to ,  a s  Tve have seen, pu.re m t h e m t i c s  had been 

undertake:? f o r  f a i t h  and f o r  fun, while appl ied  inathemtics  

foxnd i t s  ra i son  d ' e t r e  l a r e e l y  i n  the  counting-house a.nd in 

bu.ilding and surveying needs. 

ua iverse  i t s e l f  i n  mtii.e!mticcil t e r m  - and it worked! Con- 

sequently,  th inkers  who previously hp,d 3ad no  Lnterest  i n ,  

or need f o r ,  the  pure o r  f.mcti.ona.1 study o f  na thenat ics ,  

discovered tliet i T  they would understand other  men's expla- 

na t ions  of the  physical  Lmivei-se they mst understan3 Z t S  

descr ip t ive  mt'nem,t i c a l  terms . 

.. uow men were exFlaining the 

Xor was tlflis "ixttheiw.tizing," cmf ined  t o  the physi- 

c a l  universe .  F ie ld  a f t e r  f i e l d  or s-tu-dy f e l l  uxder the in- 

f luence o f  tne  mathematical ap7roaciz with vzryin!g success, 

aitil even such a remote d i sc i> l ine  8,s e t h l c s  :.:as gfven 

mathematical form by Spinoza. 

Once f u l l y  ;u?deiq way, this quan t i t a t ive  approach t o  

t'nings was never de te r red  sild m n ' s  communicative need f o r  

me.themetics became ever more nppareEt. By 1904, Xr. H.G.'dells, 

i n  h i s  Xankind in  the  N?,kin~, was l ed  t o  decla,.-e: 

Beneaict de Soinoza, Tr,e Pnilosophg o f  Benedict 
de Sninoza,  t rans .  R.H.1:. Elives (Few Yor!?: Tudor  Publishing 
Company, 19361, PF. 39-277. 



The new mathemetics i s  a s o r t  of s u p  
plement t o  languzge, a f fo rd ins  a zeans o f  
thought about form and quant i ty  and a means 
o f  expression, more exact,  compact, a.nd 
ready than ordinary languase . 
body o f  physical  science,  a p e a t  Seal  o f  
e s s e n t i a l  facts of f inanc ia l  science,  and 
endless soc ia l  and F o l i t i c a l  problems a r e  
only a,ccessible and o i l y  t3inkable  t o  
t hose  wlio have a sound t r a in ing  in mathe- 
mzt ical  ana lys i s ,  and the  t i o e  m y  not  be 
very remote vher? it ! . r i l l  be understooc? 
that  f o r  corg le te  i n i t i a t i o n  as an  e f f i -  
c ien t  c i t i z e n  o f  oize of the  new g rea t  com- 
Flex world-wide s t a t e s  t h a t  a r e  nol i  aevel- 
oping, it i s  as necessary t o  be ab le  t o  
compute, t o  th ink  i n  averages , a3d naxina 
and minima a s  it i s  now t o  be a,ble t o  read 

,The g rea t  

and wri te .  1 2  

Yhile X r .  Xel ls  was miking this  prophecy, t h e  con- 

cept of  r a t h e m t i c s  2,s a l a : y y s ~ e  vas be ins  bols te red  

from anoYner Cirect lon.  A s  the  s c i e n t i s t s  grew more SUC- 

cess fu l  i n  descr ibing t i e  iror16. in  which we l i v e  i n  t e r n s  

o f  m t h e m t i c s ,  t h e  rmthernaticians were E k i n g  new dis- 

coveries  ab& t h e  na ture  of m t h e m t i c s  i t s e l f .  

t h e  f i r s t  half o f  the  niiietcentii century,  Lolx-tc?.emQ 

published a s t a r t l i n g  geometr;i that 6eniecl m e  of %uClld's 

y s t u l a t e s  a32 get  remaiced cons i s t e i t .  

t o t t e r e d  u90a i t s  foundations,  but soon recovered x?.d be- 

gar? t o  rebui ld  on f i r l rer  sromd. 

'alezed paths u n t i l  by  the time of t:he publ ica t ion  of such 

vorlcs 8,s Hi lbe r t  I s Grundlagen der G-eomctrie , ( 1599 1 , and 

During 

Kathemt ics  

Other ner, trod t3e ne::;ly- 



t h e  Pr inc ip ia  Nathemt ica , (  1910) , o f  Yhitehead an3 Russe l l ,  

t n e  d e f i n i t i o n  o f  mathematics had vndersone considerable 

rev is ion .  No longer vas mathematics t o  be defined simply 

2s the  science of quant i ty  and space. Ins tead ,  such 2 

mat'nemtical 9hilosocher a s  Professor  Kztsoff l i s t s  no less 

than eleven de f in i t i ons .  

s t a t i n s  that  "it l m t h e m t i c d  ca.nnot be uniquely defined 

by s t a t i n g  i t s  s t ruc tu re  o r  i t s  f i e l d  of appl ica t ion  a lone ." l5  

He concludes by saying, "It i s  a l m o s t  poss ib le  t o  s a y  t h a t  

mathematics i s  a language and that i t s  elements (groups or' 

symbols) a r e  the  'words' of the  languaze. It would then 

appear t o  be poss ib le  t o  annlyze mathematics l i n ~ u i s t i c a l l y .  

He introduces t h e  problem by 14 

11% 

Poss ib le  indeed, f o r  nvch an  ana lys i s  was published i n  1932. 4 

Dr. Katso f f  reservedly s t a t e s  t h a t  t h e  concept of  
11 m t h e n a t l c s  as a 1anguag.e i s  a l m o s t  poss ib le , "  but o thers  

were more d e f i n i t e .  Let ils c5 te  t w o ,  one a s c i e n t i s t ,  t h e  

oYner a l i n s u i s t .  I n  Jhat!ematics for the Mi l l ion ,  

Lancelot Hogben . . r i t e s :  Mathematics i s  a 1ang.age i n  which 

we descr ibe t h e  s i z e s  of things i n  eogt ras t  t o  the  ordinary 

languazes which w e  u s e  t o  descr ibe t h e  sorts of thinss in  

the  V J O r l d .  Mr. Hoghen soes s o  f a r  a s  t3 devote an e n t l r e  

n 

14 ~ o u i s  0 .  Ica , tsoff ,  A Pnilosophy of  ath he ma tics 
(Ames: Iowa S t a t e  College Press .  1948). m. 9-13. , - -  $2 - * 7  Ibia P. 15. -., Ib id  p. 16. 

A . F .  Sent ley ,  A L inguis t ic  Analysis of Mathematics 
(Bloorin ton: Fr inc i>ia  Press, 1932). 

(New York: W.W. Norton and Corr,ga?y, 1937), p. 13- 
f8 Lancelot Hogben, Xathematics for t h e  N i l l i o n  



I t  1s cha.pter t o  "Tie Grarmmr of S ize ,  Order and. llvmber. 

K.K.  Lewis ,  a l h g u i s t ,  s a y s :  . . . lo:;ic a n d  metaphysics 

and even mathemmtics a r e  i n  esscrce soc ia l  s t ruc tu res  fun- 

dar?entall$ l inSuLst ic  i n  nature .  

I 1  

(,a9 

In 1867 a leading linzuis~t, I1.D. biki&my -wrote: 
11 The e s s e n t i a l  cha rac t e r r s t i c  o f  oi3.r speech i s  tn s t  it i s  

F o ~ r  i;l a l l  o f  t h e  def i -  a rb i t ra ry  n~.2 conventional . . . . 
n i t i o n s  assembled 1-y D r .  Ratsof'f thcne i s  one Cuali ty  t h a t  

firids n o  disagreement, nzxelx Y h z t  ra thena%ics i s  ar%itrery 

acd convcntlonal. The stu.2.y o f  moderr m t h e m t i c s  ?;:zs Yflus 

l endins  phi1oso:)hical susport  t o  t h e  func t iona l  concept of  

mthematlcs  as a la,np.?.T.rjc. 

I ,  21 

Iiowever, i n  l?OLl ,  when 1I.G. Yells ?ostl.ilated the 

need of mathemtics  a s  a necessary t o o l  f O r  cormmication 

and understanding, it ires s t i l l  noss ib le  t o  kee? up w i Y ?  

m e  deverlpnent o f  science by o ther  means. F o r  by t h e  use 

o f  nodels,  axmlogles, o r  verbal  descriptio?x, it Va,s poS- 

s i b l e  t o  t r a n s l a t e ,  ae  it were, these  3eTr d.iscoverier 

f r o m  Yle m t h e r a t i c a l  l angi .a~e  of science in to  t h e  tongue 

thz:L; a l l  could umcierstand. And there  -<rei-e r e~y  who irere 

thus en.saged i n  poimlar iz ins  . the  e,c:iievements of science.  

some thin^ fu r the r  war, needed. t o  e s t eb l i sh  2 tri5esnread need 

f o r  this  nevlg recognized languaSe, and it. 3ras  not  loa5  i n  

L. 

I, tl 

II 11 



16. 

coming. 

N r .  Wells made his prophecy i n  1904. I n  1900 

Professor I k x  Planck suggested t h a t  enerqy was atomic OF 

an2 the  new quantum physics was granular  i n  charac te r ,  

born.  In  1905 Eins te in  formulated h i s  spec ia l  theory o f '  
23 r e l a t i v i t y .  

t o  na ture ,  physics became increasingly dependent on m t h e -  

na t i c s  f o r  descr ip t ion  and understanding, and t r a n s l a t i o n s  

i r o m  t'ne langiage of mathematics t o  our ordinary lansuage 

became ever more d i f f i c u l t .  I t  became v i r t u a l l y  impossible 

by  1925, for it was then that Heisenberg, i n  seeking t o  re- 

solve some of the d i f f i c u l t i e s  o f  quantum physics,  decided 

tha t  much o f  the  t rouble  so  far encou-ntered was YDe r e s u l t  

of assuming too simple a model for the atom. He t r ied  a 

new philoso.shica1 approach, which met with g rea t  success.  

Wmt i s  important for us  is that Heioenberg discarded all 

modeis, p i c tu re s ,  and parables.  

l y  t o  observat ional  niinerical  da ta ,  with the  consequence 
24 

that  his r e s u l t s  were inevi tab ly  mathematical i n  form. No 

longer could one r e l y  upon such analogies  f o r  an  accura te  

descr ip t ion  o f  man's observations of  h i s  universe .  

22 

With the  development of t3ese  new a g r o a c h e s  

a 

i-Ie l imi ted  himself s t r i c t -  

Nor was science alone i n  i t s  increasing dependence 

upon mathematical languase. This same first quar te r  o f  the  

twentieth century saw an ever grea.ter use of  mathematics i n  

9 Eiandall, OD c i t . ,  7 .  473. 

Tlie $'Lacmillan Company, 19441, p .  155. 

'3 I b i d . ,  p.* 
24 =James Jeans,  Physics and Phllosouhy (New York: 



m.ny f i e l d s .  S t e t i s t i c s  f lour i shed ,  t h e  i n t e l l i s e n c e  quo- 

t i e n t  cane in to  q-oninence, pol l - taking became a sciel;_ce, 

and a t  l e z s t  one notable  psychologist became so aimre of 

the  psychological use o f  multiple f ac to r  analysis t h a t  he  

wwte  an important book on t ! e  ~ u 3 j e c t . ~ ~  T h a t  medium of 

the  day-by-day repor t  upon the  s t a t e  of t'ne v o r l d ,  the  

y e s s ,  i s  re ly ing  more ai.6 mope on paphs,  t ab l e s ,  business 

curves, moving averages, e t c . .  Tru ly ,  the  time when the 

e f f i c i e f i t  c i t i z e n  must . . . be ab le  t o  coE.:mte, t o  t "&~Ic i n  

ave?ases, a2d na:ci~a. an& z ~ i n i m .  . . ,'I ii other  words t o  read 

mathematics, i s  ra9Vtly a??roachin.Z. 

I1 

Tnat this need i s  ~ a i n i ~ i ; ~  vide recogni t ion i s  evi- 

Cenced by t'ie larse mmbezc DL? rz.t.henatica1 hooks, 130th 

t e x t s  and popvlar  w o r k s ,  r.i;?ich devote a~t l e a s t  a chapter t o  

the  la9Suer;e of m,thernatics. Al:red Korzy'oski has labored 

n i & t i l g  t o  convince the  world that i f  we -xi& t o  understand 

t he  wor ld  ,7.nd oui-selves, it f o l l o w  tnat we should use a 

langua.;e 7:hose s t ruc tu re  corresponds t o  physFcal  s t ruc tu re ,  

and t h a t  we possess t h e  model f o r  sTJcii e language i n  matlne- 

matlcs.26 Perhaps most conv inc iq  i s  t h i s  gJovrin5 t r i b u t e  

f rom the  ?en of Stua.rt Chase: 

nr 

L o u i s  Leon Thurstone, The Vectors o f  Hi ld  

AlYred R o r z y b s k i ,  Science nnd Senitg ( new York: 

r 3  

(Chicago: l inivcrs i ty  o f  ~ i i c e ~ o  Press, 1935). 

In te rna t iona l  Non-Ar i s t o t e 1 Ian Librarg p;?jli s3 in2 Com9ac:r , 
1941). 

26 



There i a  however one langu-age which i s  
casable o f  expressing t'2e s t r u c t u r a l  r e l a -  
1,1011 found i n  t h e  1moTwn v o r l d  2nd i n  the 
nervous system. It i s  used w i t h  equal fa-  
c i l i t y  by a Japanese, a Russian, e Chilean, 
o r  an American. The name of this use fu l ,  
ihrell ordered lan-ymy,e i s  mathematics. I 
d i s l i k e  t e s t i n o n i n l s ,  %xt honesty seeas t o  
denend tiiern i n  t h i s  subjec t ,  znd here  i s  a 
tes t imoniz l  on m,them,tTcs. Colmrircerl 357 
Xorzybsb i  t b t  a:? ~ ~ n f i e ~ s t z n d i n ~  o f  natlhe- 

L. 

m t i c s  irfproves comxinicztion , I 'oo?i,$?t a 
l i t t l e  book, Calculus %<.e E a s ~ : ,  127 3.P. 
ThcKpson, acd s e t  t o  vor:;. ~n a few days o f  - 
hard- swea.tilc_iy I brush-ed. un ~wlh3,t hi&ex' TCathe- 
m't ics  I h?.d learned i j l  t h e  i.la,ssa,cllusetis 
I i i s t i t u t c  of Technolosy.. . . Tien I returned 
t o  ICorzgbski 's  account of Alnstein.  
f i r s t  time 13 ny ]-??e, a-13. in w i l c ?  exc i te -  
ment, I cau&t a senmine ~limner of thte nea.3- 
i n s  oi' re1a:tivity. It <Lias not  a %?.tier of 
words; it was an inner  meanins. I tkirl: it 
i s  safe t o  say t h a t  no lza~ujuege but  m3. a e  
n a t l c s  could have @veri ne this li.%:it. 

Clear ly ,  YIe a:>woach Vna t  m,thematics i s  a lansLtase 

-. 

-. F o r  t h e  

n I1  

3:, - 

i s  a ~ u s t i l i 2 b l e  one. It i s  de rded by p r a c t i c a l  consider- 

a t ions  and well  supported by philosophical  speculat ion.  It 

i s  ne t  t o o  much to sag that for many people, j u s t  as f o r  Wc. 

Stuart Chase, t:ie lanzp,ua%e function roalr be the  most u se fu l  

and in t e re s t ing  r o l e  th,t ia t l lenz t ics  can play.  



CHAPTER I11 

IKPLICATIONS FOR TEACHING 

One of  the  chief d i f f i c u l t i e s  confronting the  teacher 

o f  mathematics i s  the problem o f  s t imula t ing  i n t e r e s t .  

Hi ther to  t h i s  problem has seemed t o  have t w o  p r inc ipa l  Rn- 

swers. There a r e  always some s tudents  who de l igh t  i n  the  

problems and processes of mathematics for t h e i r  own sake. 

From this  %:roup come our pure" nathem~.t ic lans .  They re-ore- 

sent  5u t  a small minority of a l l  s tudents ,  however. There i s  

a l a r g e r  gr0u.p Twhich i n t e r e s t s  i t s e l f  in  the  p r a c t i c a l  o r  ap- 

p l ied"  aspec t  of mat:lematics. f i t u r e  ensineers ,  s t a t i s t i -  

c ians ,  ohysical  and s o c i a l  s c i e n t i s t s ,  e t c . ,  recognize t h e i r  

need of mathematics. 

11 

II 

Eut the re  remains a very g rea t  number o f  s tudents ,  

pephaps a. ma.?ority, who hz,ve ne i ther  a l i k i n g  f o r  mathemtics  

per  s e ,  nor any i n t e r e s t  i n  tAe p r a c t i c a l  uses o f  computation- 

a l  skills. These people would, i n  the main, f a l l  i n t o  t h a t  

g o u p  p r i m r i l y  in t e re s t ed  i n  l i t e r a t u r e ,  a r t ,  r e l i g i o n ,  his- 

t o r y ,  e t c . .  W i t h  many excegtions,  o f  course, it hs,s been a 

very chal lensing task  t o  i n t e r e s t  such s tudents  i n  matlnematics. 

I f  we can convey t o  this l a t t e r  group the  f a c t  t hn t  mt'nemat- 

i c s  i s  n language, 

understood of any, but the  shor tes t  a l s o ,  and t h a t  f o r  some 

I' . . .  not  o n l y  the  s i ap lea t  and most  ea s i ly  
,I 1 I t  

'H.L. Brougham, c i t ed  by R.E. M o r i t z ,  Nemorablia Mathe- 
matica (Kew York:  The I;Iacmillan Company, 1914) , p .  194. 



o f  the  more complicated aspec ts  of na ture ,  mathematics provides 

the  only key; f o r  every day a c t i v i t i e s  i n  the  Power Age, it 

provides a very usefu l  a i d  t o  c l ea r  th inking ,"2  and we s h a l l  

have added a very usefu l  t o o l  for the  t a sk  of  s t imulat ing in- 

t e r e s t .  

The words of  ordinary language f i r s t  cume in to  use  as 

noups. -4 simple word represented some concrete cb jec t .  A s  

the  language grew o lder ,  there  developed words t o  reoresent  

ac t ions  and mope a b s t r a c t  ideas .  ?h i lo log i s t s  t e l l  us t'nat 

the  an t lqu l ty  of  a language can usually be measurea by the 

number of words represent ing hi?&-order abs t rac t ions .  T h i s  i s  

a l so  an ind ica t ion  of the  complexity of  the  c i v i l i z a t i o n  which 

fos te red  the  languase. Paradoxical ly ,  as  a language grows 

m r e  a b s t r a c t  it gains  i n  preciseness.  There a r e  more words 

t o  express f i n e  and subt le  d i f fe rences ,  nuances of meaning. 

Similar ly  mathematics has developed a l a r s e  group of 

terms having the  same two general  cha rac t e r i s t i c s  - ever more 

abs t r ac t  and ever l e s s  ambiguous. Yr~hy i s  this  important t o  

the  teacher ,  and u l t i m t e l y  t o  the  s tudent ,  of mathematics? 

Becau.se: 

Xothins is more impressive that t h e  f a c t  that  
a s  ma,thematics withdrew increasingly i n t o  t h e  upper re -  
gions of ever % r e s t e r  extremes o f  abs t r ac t  thousbt ,  it 
returned back t o  ea r th  with a corresponding growth of 
importance for tfie ana lys i s  o f  concrete f a c t . .  . .The 
paradox is now f u l l y  es tab l i shed  t h a t  the  utmost ab- 
s t ra .c t lons a r e  th3 t r u e  veapons t o  cont ro l  OUT thou&t 
of concrete f a c t .  

It i s  not  proposed tha t  the  teacher attempt t o  con- 

vince a l l  s tudents  of t h e  d e s i r a b i l i t y  of pursluing mathematics 

Chase, op. c i t . ,  p. 142. 
Alfred Xor th  Vhitehead, Science agd t h e  Modern World 

( N e w  Pork:  The New American L i b r a r y ,  19Ll@), p .  34. 



n II i n t o  the  ugger regions x n t i o n e d  here .  However, armea with 

an understanding o f  t'nis function of  mathematics, t h e  .Leacher 

should be ab le  t o  convince a,lmost any student Cant ... a b i l i t y  

t o  handle a l i t t l e  a lgebre m d  geometry, t o  p l o t  a few simple 

graphs - i s  wor th  having. It hel-ps t o  solve mng p ? O b l e m S  of 

cumminication and l earn ing .  

seen, r ia themt ics  i s  i n  f a c t  rap i&ly  becoming t??e & means 

:.re heve of commmicatinG idees  about Y ? e  most v i t a l  ecd i n t e r -  

es t ing  f a c t s  concerning our very exis tence - the age-old ques- 

t i ons  o f  why, how, what, when, and r.rhere. Especiel ly  s ince  

t h e  advent of the  quant-an and r e l a t i v i t y ,  zc tua l  mthema.tlca1 

symbols, terms and equations have ':~eco:~ie O L ~  :.rkole stock o f  

tror3s b;r vrkich :.ie can express 0u.r find.';,gs a.bout the  n a t i P e  o f  

things.  '5e misht sa:; thz5 tine symbols a ;d  terms are our  i l o m s ,  

the o:3erailons our verbs, a r d  the  eqxations o w  sentences.  

tl 

Indeed it 8oesI As we 'nave 11 4 

S t i l l ,  one m i & t  ask how all that can he r e l a t e d  t o  a 

clnssroom s i t u a t i o n .  Tile answer m , y  be f o ~ ~ d  .in tcle f a c t  

t h a t  a s  OUT? denendence upon riat:?emztical concegts and nota t ions  

f o r  descr ibing t i e  na ture  o f  the  physical  and social world  

p o w ,  o u r  l i t e r a t u r e ,  our per iodica ls ,  an'i OUT clailg press 

make increasing use of t h e  hqu.a-3.e gf rraCi;.rr;..tics. The teach- 

er can r ead i ly  f ind  u n y  exenylcs y:i~t'l v?.iich he  cEn crei..te e 

pupi l  avereness of the  need for 2,n a b i l i t y  t o  r ead  nntAemetics. 

The wri t e r  has, for ins tance ,  successfklly used 

Human Destiny, a very popular book, t o  introduce the  stu5y o f  

s c i e n t i f i c  no ta t ion .  Usually a, rnajoritq o f  t h e  c lzss  w i l l  have 

it Chase, OD, c i t . ,  p. 142. 



read ,  a t te@ted  t o  read ,  o r  heard of t h i s  boo!?. The r e s t  can 

be quickly in t e re s t ed  in  a. v i t a l  point  made by  the  book, which 

i s  the  c'r?_aince, or probabi l i ty ,  t h a t  l i f e  could 3 a . w  s t a r t e d  by 

accidegt  an Y o i s  p la2e t .  C l r i o s i t y  concerning th i s  poin t  is 

Trac t i ca l ly  univsrsa l ,  am3 a t  t h e  proper peal-, o f  interea:, the  

wr i t e r  presez ts  the  book's  2ns1.1er which is 2.02 :< 10 

Here i s  En i l l u s t r a t i o n  of s c i e n t l f i c  no ta t ion  v?-ich reaches 

and. s t i m l a t e s  a very hi$. percentage of t i e  s tvdents .  Vith 

an explanation that a s h o r t  stuAy of s c i e n t i f i c  no ta t ion  w i l l  

em.ble one t 3  read uiiderstandiir;ly m n y  such t e r n s ,  the s t u d y  

-32i3 

i 8 l au i i  ch ed ~ d v a i i  t zg  e OU. s 1y . 
Tne everyaay readins:. wor ld  grows d a i l y  l e s s  r e t i c e n t  

about usln.5 mathematical lansuase such a s  i n  €3e i l l u s t r a t i o n  

offered above. Recently Harvey's, a magazine supposed t o  he 

on the  high school read-ins l e v e l ,  car r ied  a s e r l e s  o f  th ree  

a r t i c l e s  ent i t lee .  Tlie Universe a i d  Dr. Eics t e in .  

e r t i c l e s  t h e  author, Lincoln 3a rne t t ,  labored hard t o  avoid 

eny c r i t i c i s m  o f  being t o o  m t h e m t i c a l  i n  languuap. Yet i n  2. 

paragrxph concernins t h e  Lore f i t z  trans?orm.tion :'re rezd: 

6 

117 - m these  I t  

Suppose, f o r  exaliple, that s* s;rstem, o r  reference 
body,  i s  moving i n  a c e r t a i n  d i r ec t ion ,  then according 
t o  the  olcl TrincipLe of the  addL~Lio3 o f  velocit 'es,  e. 
a i s t a m e  01- length x' , measured with respec t  t o  a r e l -  
a t i v e l y  s ta t ionary  system, by t'ne equation X't X f V T .  
wilere V i s  the  ve loc i ty  of the  moving system and T is 
t h e  t ime. .  . .Here a r e  the  eqvations o f  the  Lorentz 

Lecomte du Nouy, Humn Destiny (Few Yorlr: Longmans, 

Haricer's KkKazine CXCVI (1946), 393. 
Greei an; Company, 1947) , p .3!!., 

Xarper ' s ?&;.,azine, CXCVI (1946) , 303-312, 465-476, 529-539. 
,I 7 Lincoln Barnett  "The Tniverse erd Dr. Eins te in ,  



transformation which have supplaiited t h e  o lder  and 
evident ly  inadequate r e l a t ionsh ip  c i t ed  above :8 

A h i t t e d l y ,  the  avera le  gerson t o d a y  doesn’ t  have t o  

know these  terms, and doesn’t  have t o  read Harper‘s o r  Ruman 

Destiny. 5.ut whenever ce r t a in  t e rns  are neeessarg t o  explain 

o r  aescr ibe somethin?, i n t e r e s t  i n  the  t e r n s  use? i s  bound t o  

increase i n  d i r e c t  r a t i o  with i n t e r e s t  i n  tlie th ing  d.escri’nec1. 

And people a r e  general ly  in t e re s t ed ,  i n  varying degrees,  i n  

the  na ture  o f  the  world and the  l i f e  on it. T%e:r a r e ,  a f t e r  

a l l ,  p a r t  of that  l i f e .  Te l l  them t h a t  t‘iley a r e  composed of 

e lec t rons  and tney w i l l  want t o  k n o w  more. T e l l  them 2.n elec- 

t r o n  can bes t  be described as a f i e l d  of g robabi l i ty  and they 

w i l l  want t o  understand more about probabi l i ty .  

\*,%-en Albert  E ins te in  pred-ictc?. the  curvatur-e o f  li&lt, 

and Lise  Keitner sucggested t h e  p o s s i b i l i t y  of s p l i t t i n s  t h e  

atom, v i a  pure mathemt ics ,  they performed feat,. o f  C;mxt pub- 

l i c  i n t e r e s t .  This i s  r e f l ec t ed -by  t h e  pogular i ty  o f  such 

books a s  One-Two-Three-Infinity, Nathematics f o r  the  !<illion , 
e t c . ,  and by the  appearance of authors  l i k e  Alfred N o r t h  

W‘n3.tehead i n  the popular paper bound pocket-books. 

read news rmgazine, Time, recent ly  car r ied  a, l ead  a r t i c l e  on 

Tne widely 

‘Barnett, 11 The Universe and. Dr. Eins te in ,”  o o . c i t . ,  p. 

p .  472. 



.. . . 

Dr. Robert Oppenheimer and ::is work i n  tne  I n s t i t u t e  For Ad- 

vanced Studies  a t  Pr inceton w i t h  ii.0 apologies t o  t h e  ordinary 

reader .  3 

Surely this  adds un t o  the  f a c t  t h e . t  t h e  teacher  o f  

mat!iematics has been -provided with agothe? t o o l  with which 

t o  s t imulate  i n t e r e s t .  A s  the  use of matheumtics as a laliguage 

becomes more v?idespresd, it w i l l  see? through i n  mounting 

quant i ty  t o  newspapers, advertisements,  science f i c t i o n ,  2nd 

the  l i k e .  Iiere a r e  the  a ids  that m y ,  with discr iminat ing 

se lec t ion ,  be used even on the  lower l eve l s .  Prom an adver- 

t i s enen t  a y e a r i n r ,  i n  C o l l i e r ' s  we take  these  words: "The 

Eurricane has a comnression r a t i o  o f  7.4 t o  l... 

i c e ' s  youngsters have e grea t  dea l  of  i n t e r e s t  in anything 

per te in lng  t o  m o t o r s ,  S O  such advertisements a,s t h e  one men- 

tionec? Frovide eas i ly  accesszble  ?uids for provokins b t e r c s t  

i n  tlie lan$guage of mst'neniatics. 

. "'O Amer-  

There remains t o  be consiciered Cne qu-estion o f  wheth- 

e r  provoking i n t e r e s t  i n  mathemtics  as a language I s  kin t o  

arousing i n t e r e s t  in  schoolbook mthem.?"tics. In a senera1 

way the  answer i s  yes. Ally l anwage  whatsoever cannot escape 

a ce r t a in  a m o u n t  o f  syntax which must be mastered t o  some e x -  

t e n t  i f  the  langua,se i s  t o  become a usefu l  t o o l ,  and mathe- 

matics i s  no exception. Pure mathemtics  a a y  be l ikened t o  

pure g r a m w ,  and usua.l ly j.f there  i s  an i n t e r e s t  i n  a lan- 

guase there  i s  some i n t e r e s t  i n  i t s  gramm-. If,  2 s  seem 

hishlg poss ib le ,  the  capable teacher  can evolke i n t e r e s t  in  



m ~ t i i e m t i c s  as a lanZJage, there  w i l l  be a coro l la ry  inkeres t ,  

t o  some degree,  i n  schoolbook n a t h e m t l c s  . 

'>re may sun vp then hg saying t h a t  tine teachino, impli- 

ca t ions  i n  aoproaching mathemtics  as a lanEuage a re  that 

s h c e  it can be demonstrated that  mathemtics  i s  a necessary 

la.nguage, with a M,gh f ac to r  o f  use  and i n t e r e s t ,  ire have 

here a new implement f o r  motivating the  study of  mathematics 

and for reaching g rea t e r  nunhers of s tuaents .  
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