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application. They may ri 'el l be told that
goocl u'orl i in generel metirematics de-
mancls as nruch t ime ancl  cxel t ion as
algebra.  I t  is  a fatal  errol  to imply thet  in
general  nrathenret ics an1' th ing u ' i l l  c lo.
Shop teachers of  the l ight  l i incl  certainly
exl lect  &ccurac] '  in conrptr tat ion and meas-
rurement l-.re1'ond anvthing recluiled in the
orcl inarv aceclemic c l r rss.  Gencl l l  methe-
matics m&\' seer]r Ar] ee-qier corlrse than
algebra,  l tut  thr t  f rct  e ione n' i l l  not  st ig-
mat ize  the  cou lse  in  the  op in ion  o f  a  s tu -
rlcnt bocll ' .

Clessi f icat ion - .hould not be besed on
al . l i l i t1 '  e lone. In t  strong mat l iemet ics t le-

l i l l tnrent sonre of  t l ie l - rcst  pupi ls in the
n in th  g ra t i c  u ' i l l  be  s tuc lv ing  genera l
l r r r thernt t  ic 's.  Di f fcrent iet ion to avoid
t rou l r l c  fo r  c i t l r c ' r '  g l 'ou l ) , - - . l tou l t l ,  { IS  l res
lrcen srrggcstci l ,  be btsed pr imeri ly on &
r l i f fercnce of  gol ls.  A good algurncnt for
genr:r ' l l  nrat i rcnrat ics is thet  e mastery of
t l rc  csscnt i r l s ,  es  ou t l inec l  in  thc  Chcck
List ,  l r - i l l  rcnrovc thc-feel ing of  insccur i ty
f loni  n l {u lv nint i r  grecle pupi ls r i 'ho l tet 'e
nevcr har l  t l ic  sat isf : . rct ion of  achievc-
nient.  

' f l re 
best cr i tcr ion,  obviousl l ' ,  for

selcct ing e pupi l  for  the algebre c l lss is the
desire ancl the abil it l '  to clo u'ot'k of e high
order of  exccl lence. Tl icrcfole,  unsat is-
fectorl, r i 'orl i in algebla shoulti be toleratecl
for  onl l '  a bl ief  t r ia l  per iocl-a semester
rvoulc l  seen to be much too long. I t  should
be noted that in guic l ing the pupi l  into the
appropriate coulse, neasttfe.-. of reacling,
intel l igence, and computat ion are al-so r-ery
helpful .  Teachers should scrut in ize cr i t ical-
11'  a l l  matel ia ls used in the guidance of
pupi ls to make certain that  they do not i I r -
c l t r t le statenrents that  p le j r ic l ice l t r rp i ls
: rseinst  the Eent le l  mat l iemat ics cot t rses.

One or more general  nrathetnat ics sec-
t ions and at  lea-st  one algebra sect ion
should be schedt i led at  the same hour in
orcler to faci l i tate the t rausfer of  pupi ls.

The pupil r i-ho, at the encl of a 1'ear of
general nrathetnatics, l ' ishe-c to studl' alge-
l)r '4, nrxr', i f I ie hes pror-icletl convincing
er- i t lcnce of  r i r ieqLrate abi l i t l ' ,  be en-
coulased to elect  t l ie second semester of

first-1'ear algebra. Finall l ' ,  i t should be
noted that the real hazarcl to genelal
mathematics is the undesiral t le label  un-
consciousl f  in the mincls of  menl '  t ledi-
t ional iy '  t ra inecl  mathematics teachels.  In
schools ri 'here teachers of mathernatics
t 'ecognize the \ -e 11: great inrportance of
general  methem&tics in the total  of fer ing,
it rcacli l.r '  l-rccor)tc-q a 1tr-rltrrler c()u|se for
r)r&r l . \ '  pupi ls.  ' f  hc load to algeble should
be open to the pupil u'ho Inatulcs slou'I1'
in mathematics,  and generr l  tnat l iemet ics
rvil l  be more l i ighly regarded Li1' pupils if
i t  is  made cleer that  i t  contr i l tutes to the
succe-ssful pursuit of l l tft l tv things. The
gol l  of  a st long mtthemlt ics t le l ter tment
should be to have eler ' - \ '  ptr l r i l  i r t  the ap-
propr iate col l rse rv i fh no t l isst t is f icc l  ct ts-
tomer in anv cless.

Thesis 13. In, most schools ftrst-ycor algc'
bra shoukJ be cualuatctl in ternts of good

Ttracticc.
Let no ()ne &s-slrnrc t l iat  a l l  is  rvcl l  l ' i th

fir 'st-r-clr nlgt'bla. 
' fhclc is a rvit ltr glrlt i- ie-

t  u 'ccn f i ls t - r 'crrr  l lgcir le as i f  is  cot t l -
nronlv teught encl  u 'het  good teachers
cvct '1-n ' l iet 'e l - rave long clenron-"t t 'ated. The
si tuet ion c lescr ibccl  in the fo l lo l ' ing quota-

t ionr3 me1- st i l l  Lre found in tnanl '  schools
al though i t  u ' rs l ' r ' i t tcn t l 'ent1 ' - f i \ 'e ) 'ears
ago:

The  s i tu r r t i o r t  t h l t  t t ceds  to  be  ruc t  n te l -  bcs t  be
i l l us t ra tcd  b1 '  t hc  c t sc  o f  e lgebra .  Or . r r  c len ien t -
a11 '  e lgcb r r r  i s ,  i n  t l r co r l '  end  symbo l i sm,  sub-
s t r rn t i e l l l '  u ' h l t  i t  r vas  i t r  t hc  scvcn tecn th  cen-
tur l ' .  

'1 'he present shndards of  dr i l l  tvor l t ,  lergely
on non-esscnt ia is,  u 'cre set  u l t  about f i f ty  1 'cars
ago .  A  cons ide rab lc  numbcr  o f  t cec l i c rs ,  bo th  i n

the  seconder l '  sc l too ls  and  thc  co l l cgcs ,  be l i eve

th r t  t he  enoun t  o f  t ime  spcn t  by  pup i l s  on  ab -

s t r l c t  n 'o rk  i n  d i f f i cu l t  p ro l . l l cms  in  d i v i s io r t ,
f  lc to r in g,  f  t ' r r  c  t  io  ns,  s im r , t l t r i  nco us cqt t l t ions,
rad ice ls ,  c t c . ,  i s  cxccss ive ;  the t  such  u 'o rk  l e lds

t o  n o t h i n g  i m p o r t e n l  i n  t h e  s c i e n c c ,  a n d  a d d s

bu t  l i t t l c  to  fec i l i t f  i n  thc  tn ln ipu le t i on  o f  e lge -
b re i c  fo rms

13  Qr ro tcd  f ron r  a  n l cnomr l r l r rm  addrcsscd  to

thc  Gcnere l  Educ r r t i on  Bo l rd  i t 1 '  a  con rm i t tee
ren resen t ine  thc  \ Ie thcmet i ca l  Assoc ie t i on  o f
. . \mcr i c t .  Th is  memorend t tn t  secu rcd  gcnerous

f  unds  fo r  t l i c  suppor t  o f  t i r e  Nr t i one l  Commi t t ce
on  \ I l l hcml t i c r i l  Rcqu i rc tncn ts .  I t  i s ,  t l t c re fo re ,
o f  spcc ie l  i n t c t ' es t  t o  thc  s t t t dcn t  o f  n ' r : r t he rna t i -
ca l  educ l t i on .
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Hon'ever, let us turn to the brighter sicle
of the picture and see n-hat is happening
in the c la.ssrooms of  competent teachers
of f irst-year algebra in some parts of the
country. It is l ikell '  t l iat there are feu.,
if &D)', high-.school subjects that har.e
been improved as much during the last
cluarter of a century as has first-year
algebra.

The list of desirable trends is a long anci
impressive one. Todal' good teachers of
algebra (1) reduce the manipulat ion of
s-. '"mbolism (nests of parentheses, four-
storl '  fractions, involved c&ses of factoring,
di f f icul t  cases of  s imult&neorrs equat ions,
e tc . ) ;  (2 )  in t roc luce  a  un i t  o f  f  rom four  to
six rveeks'  c lurat ion on the tr igononretr l ,  of
the r ig l i t  t r iangle;  (3)  enrphesize the no-
t ion of  depenclcnce or funct ion;  (4)  teach
with great care the meoning of  a formula;
(5) appll '  graphic techniclues u'iclell ' ;  (6)
tuse the ne\\ 'er  test i r rg proccdures for in-
st luct ional  pur l toses; ( i )  intr .ocluce, s] 'm-
bc, l ism graclual l l .  and thlougir  a var iet l ,of
geonre t r i c  anc l  o ther  i l l us t ra t ions ;  (8 )  d is -
carcl  the c lef in i t ional  appr.oach ancl  m&n&ge
nreter ia ls so that c lef in i t ions as rvel l  &s
pr inciples,  proccsses ancl  concel>ts stenr
from nunlerous and simple mathematical
expcr icnces; (9) make better pror- is ion for
incliviclual clifferences b1- plovicling prob-
lc.n-is of gracle'cl cl iff icult l-; (10) u-se & morc
sensible prognlm of  "c l r i l l "  busccl  on the
fact  that  a pupi l  lealns more qtr ickl-r -  ancl
remembers longer the th ings t l iat  he
tunderstancls fu l l -v;  (11) use a ferv s imple,
interest ing,  ancl  pract ical  appl icat ions to
mot ivate each ne\r '  pr inciple and topic;
(12) st l ive to improve the problem ma-
ter ia l  b1- select ing funct ional  appl icat ions
(aviat ion,  the school  shop, general  science,
e tc . ) ;  (13)  make sagac ious  use  o f  the  bu l -
let in board ancl  other v isual  a ic ls to enr ich
the  sub jec t ;  (1a)  t r t i l i ze  u 'hener -er  poss ib le
Iaborator l -  or  in ' , 'est igat ionr l  technic lues
and seek to give the mathematics c la.ss-
room the furni tu le,  ecluipment,  ancl  at-
mosphere of  a rvorkroom; (15) knon- that
reacling abil it l '  f ixes a low' ceil ing as to
rvhat can be achievecl in problem soll-ing

in the case of  nany pupi ls;  (16) recognize
that it is far better to teach a ferv concepts
*'ell than to teach many concepts super-
ficiall.r ' ; ancl (17) do n'hat thel' can to re-
strict f irst-1'ear algebra to those pupils rvho
should stud,r' it and provicle a course rvith
sufficient rigol and continuiti '  for subse-
quent courses.

IV. MATHEMATICS IN GRADES
TEN TO TWELVE

The traditional secluential courses in-
clucle the elements of algebra, plane ge-
ometr.r ', solid geometry, and trigonome-
tr',r ' . In some schools thel' ma1' also include
the elements of statistics, anrrl l ' t ic geome-
trr', and the Calctrlrrs. \\ 'hi le an attempt is
often nucle to corleltrte these variotrs sub-
jects, in general, thel' &r'e taught sep&-
rately. The very ftrct that the sequential
coulses are the olclest nratlternatics courses
in the high school makes it cl iff icult to
change them. I{ou'cver, thele is great op-
portuni t l '  for  improvement.  r \gain \ r 'c
might do u 'e l l  to fo l lorv the cxlnrple of  the
indu-*trirrl ists ancl go foru'arcl rvith im-
provecl nreterials ancl nrore efficient meth-
oct.-".

Thesis 14. 7'he scclueril ial corlrses should
be resert'ctl for thosc pttpils u'ho, hating the
requisite al,,ility, dcsire or nccrl such uork.

Al l  the pupi ls in t l ie higl i  school  need
training in c l t rent i tat ive th inking, but i t
rvould be a nristake for thi.s reason to re-
cl t r i re al l  of  thcnr to take the sequent ia l
coutses in mathematics.

Pupi ls of  abi l i t " r 'shoulc i  be informed t l iat
the sequential program in niathematics is
a clefinite prerequisite fol m&n]' l ines of
u 'ork.

The need for careful  t la in ing in mathe-
matics ior those planning careers in the
ph-vsical  sciences, engineer ing,  archi tec-
ture, ancl similar f ields is trniversally rec-
ognized. In order to give adequate prepa-
ration for these technical f ielcls, the se-
cluential courses must give attention to
many phases of mathematics that are
mol'e detailed and abstract than is neces-



SECO\D REPORT OF THtr CO}I}IISSION O\ POST-WAR Pi,ANS 209

sar]'or de-"irable for most pupils. If the se-
quential courses are to fulf i l l  the purpose
for ri-hich thel' are intended, thel' cannot
be enrasculated to fit the needs of those of
lon'abi l i ty  and u-eak purpo.se.

Thesis 15. Teachers of the trotl it iortal se-
qttential courses nntst entphasize funclional
competence i.n mathentatics.

It has been a-qsumed that pupils stud1.-
ing algebra, geometrl ' , ancl the higher
branches of  nrathernet ics of  the high
school  not onl l '  retain their  ski l ls  in ar i th-
met ic  and o ther  impor tan t  top ics  o f  the
junior high school  but gain fur t l ter  unclcr-
standing of  these topics.  This is not elu 'evs
the case. Thc s 'ar  has taught us thet  suc-
cess in the t racl i t ional  sequent ia l  courses
does not guarantee masterv of  a l l  the i tenrs
in the Check List .  For th is reason the
studl '  of  the funclernentals of  ar i thmet ic
and of  other phases of  e lementar l '  mat l tc-
mat ics taught in graclc.s 7 rncl  I  must bc
cont inuec l  in  the  scn io r  schoo l .

J lost  of  these topics cen l - re f i t ted into
the regular sequentiel rvolk end ber:onrc &Il
integral  part  of  i t .  For 'exatnple,  instcecl  of
being content rv i th the understencl ing of
principles in algebra and geometrl '  and ep-
pl icat ions of  t l ie- .e pr inciples in numerical
e.xercises u-it ir ."rtrt l l  l 'hole numbers as is
of ten done, good pract ice in ar i thnret ic can

be obtained b1' using larger nuntbers, frac-
t ions,  mixecl  numbers,  ancl  decimals.

I t  fo l lorvs that  provis ion should be macle
for pel iodical  checks on pupi ls '  under-
stancl ing of  these topics.  Topics not c lear l -v
undelstood should be retaught ancl acle-
quate pract ice provided for those students
u'ho need it.

Thesis 16. The main objectite of the sc-
quential courses should be to clewloTt mathe-
matical pouer.

Dr i l l  on the menipulat ion of  mathema-
t icel  s1'rnbols not accol l tp&nied by c lear

understancling of the unclellf ing concepts
ancl principles is of l i tt le valtte. \\ 'hen such
'tlr i l l  is di.scontinuetl, t l ie abil ity is soon
lost .  Pon'er is at ta ined rv l ten the learner

understands the relationshil ls involved

n-ell enougli to appl.v them in neri' and

variecl situations.

Thesis L7. The u:orl; of each ycar shoul'd'

be orgonizul into a few large units built

around l ;ey concepts and f  undamcntal  pr in-

ciple s.

In a sequent ie l  cot l rse the n-rejor etnpha-
sis shoulc l  be on concel t ts l r tc l  p l inciples.

It has long been urged that son-re of the

nlore complex nrani l tu let ions in algebra be

treeted l ight l l '  or  omit ted al togethet ' ,  pro-

vided the l-resic icleas at'e tnestered. For fu-

ture u'ork in methenretics tncl the sciences,

the basic idces rlre Inol'e imll<-' l ' tetrt than

colnlrlex tletri i ls. The sttrclent rvlto knotvs

the fundemelt ta l  mcenings etrd l t r ls  com-
plete mesterl '  o\-er the simplcrr tnlnilttt la-

t iond in tonnect ion rv i th thc l ;nsic ideas

can gain the conrlt lex clcteil-s u'l letr end if

nece.ssar] ' .  For examlr le,  in e f i rst  cot t rse in

nlgcbra, one of the l:u'ge ttnits tntl '  u'ell be

"algebra as genert l izet l  er i thmet ic."  The

unit devi.secl otr thi,q it lelr u'otrlcl l loint tu'o

\\ 'avs, becks.ertl to :u'it lrnretic alreadl'

lcarnecl, and fonvartl to ntore advencecl al-

gebra.  I t  woulc i  earrv u ' i th i t  the s; 'mbol-

ism of algebla, ri-oti lcl bring togetlier and

clarify nlen\: of the relationships of erith-

met ic,  and give meanit tg to e l iost  of  iso-

lated topics u-.uallr- considelecl as merelv

formal algebra.
Then too, \\ 'e -"hotrld not contintte to

gir-e so much time to contintlotls logical

c levelopment in geometrr ' .  Once e student

has learned ivhat it meens to plove a state-

ment decluctively, it is not necess&r-\ 'to de-

vote an ent i re ] 'ear to c leduct ive proof.  Of

course, u'e shoulcl contintte proofs through-

out the ] 'e&l', and in sttbsequent 1'errs; just

AS \\-e should contintte arithrnetic. I lean-

ings and skil ls are not estelt l ishecl once for

al l .  Some of the t i reorems cen be postu-

latecl after careful laltoretort ' u-ork, ri 'hi le

others can be discussed inforniell l ' .

In solid geometrl '  ploofs nright be re-

stricted to tl iose theorems l 'hich deal with

lines antl pl:.rnes itr slt lce, lnti lvith the

geometrl '  of the slthet'e. 
' I 'he nretric prop-
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erties of solids, ineluding the sphere, may
well be der-elopecl informall-v.

A common eonrplaint of teachers is that
there are so m&ny topics to teach in an1-
one )-ear that thel' cannot "finish tl ie
book." If u-e teach in terms of the me*ster1'
of key concepts and funclamental icleas,
the pages not covered u'i l l  not matter so
much.

\Yhile there is consiclerable continuit.v
in the sequential courses, there is not as
much as has been generalll' believed. As
taught, the various topics in algebra ancl
geometry seem, to the pupil at least, to be
quite unreltrterl. ' lhe 

continuity can be
seen better in ternts of largc ideas rather
thln in tcrms of cletail.s.

Planning & r'e&r's rrork in terms of large
tunits built around ke1' conccpts and fun-
clamentel principles wil l al-.o help to soh'c
the problerns of integration of the variou-s
subjects. It is olrr-ious that netural inter-
lcL-rtions betn'cen algebra, gcoruetrl ' , ancl
trigononictrl '  shoulcl bc emphesizecl.

Thesis'18. Srzrple ancl sensible applica-
tions to many fielt ls nrust appear much more

frequently in the scquential corrrses than they
haue in the past.

Applieations of mrthenretics to prob-
lems of industr,r ', ph1'sical scienee, aviation
and business shoulcl be u-*ccl for purposes
of motir-ation, i l lustration; encl transfer.
I lathematics teachers must become suf-
ficientl-i' familienrith the.se fielcls so that
thel' can choose the applications rvisell ' .
But mathematics cannot be tlught solel,v
through its applications. A ferv simple ap-
plications at er-ery advancecl step should
be used for motivation ancl as a means of
increasing the possibil i t l '  of transfer. The"v
cannot be an encl  in themselves.

Thesis 19. A-er.u and better clurses should
be pror:idecl in the high schools for a large

f ractiort, of the school's population uhose
nmthematical needs are not uell ntet in the
traditional s eqtLential cour s es.

,\s everl 'one l inon's, there are pupils-
very large groups-ivho clo not elect the

seqrrential course-s, ancl manl' of rvhom are
malrrdjustecl itr case thel' clo. Streh pulti ls

as these rvil l  ncvcr bc slt isfiecl ivith I purelr'

academic progl'am. Ilanl' of them have
the abil ity to rencler valuable serr-ices n'ith
a bii of mathema,tic&l training as is evi-
clenced b1' the several hunclreci thousancl
bo1's l 'ho held important semi-technical
jobs in the military activit ies as a result of
mathematics they studied a/er they left
the reguler schools. The militarl '  training
program took these bo1's and taught them
a sirnple technical science and the related
mrlthenltt ics. \\-e must give more atten-
tion to the neecls of inclustrl ' , s' lr. ieh the
treclit ional mathematics teacher has ne-
glectecl far too long. \\-e mttst provicle a

more reel ist ic curt ' icul t tm for ' the large

nunrber of persons rt 'ho rvil l  continue to be
absorbecl fairly earl.v in l i fe bf industrl ' ,

tr:.rcle, ftrm, and business. Then, too, t i 'e

nrust provicle & course that u'i l l  give them
greeter n'rethemetical secttrit.v in practical

affrrirs, strch as bttclgets, in-"ttrance, t lxa-

tion, ancl the Ii l ie.
Since thcrc are in ottr high schools tltese

large groups of ptrpils *-ltose needs cattnot
pos-:ibl1'be met by traditional matheme-

tics courses, the scnsible thing to do is to
pror-icle gooci courses trith rerl '  cl ifferent
goels ancl cxperienees for groups u'ith dif-
fcrent ncecls. I iut'thet'more, &s hes been
suggested eet' l ier, \\ 'e mttst someltorv clo

thi.: in & mlnncr that ctoes not offertcl an1'
group.

\\-hat kincl of cotrrses &re suggested by

these variecl neecls? It is obviotts that a
ye&r or even trt-o )'ears of ntathematics
perelleling the -ceqttential courses, in gracles

10 and 11, u ' i l l  serve a t tseful  purpose for a

r-er- l ' la lge pel t  of  the iotal  school  popula-

t ion.  The content oi  th is methematics
rvoulcl cleerll '  embrace strltstantial materi-

als from at leasb several of the follon-ing
&re&s: mlthematics as related to t rades
and shop n'ork; commerce ancl business;
industry;  agr icul t t r re.  I t  is  a lso c lear that

every pupi l  is  potent ia l l l '  both c i t izen ancl

consumer;  hence al l  pupi ls should be given

some unclerstancling of the persistent prob-
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lems that confront nost of  our fami l ies;
t ' i2., sociel -securit.\-, taxation, insurance
against the numerous hazards of l i fe, and
\\ 'a)-s and means of stretching the dollar in
order to bu1' the nlrimunr of material
comforts ancl value-r rvith a gir,en income.

To Jre sure, this cloes not pleclude the
l tossi l t i i i t - r '  t l i r t  cel ta in sclrool-r  in cert l in
irre&,s u'i l l  deenr it adriseble to tr.eat these
sepalate are&s nlol 'e extensivelv anil slte-
cif icall l '  through specil l izetl course-c.

In the eell l '  nronths of the \rcr, & re-
f leshcr coursc in rnl themrt ics n 'as popular
onlong scniols in the high schools.  Even
though thc ternr "refre-.her" n){tv disep-

l )c l l r ' ,  t l rc lc n ' i l l  prol t lh l l -e lu- lvs be pupi ls
in thc letc vcrr ls r . r f  the . :eniol  h ig l i  school
u 'ho har-c e fccl ing of  insccul i tv u ' i th rc-
spcc' t  to tnr t l rcn'ret ics.  I t  u 'oulc l  seenr thr t
thcrc is e l i lrrce, lt lelst in t l ie hlge irigli
sc i iool ,  for  a course thl t  rctctches the es-
scnt in ls of  nrethcnrnt ic.s u ' i th ne\\ '  and
freslr  nretc l i t ls  consi . : t ing of  l t r lc t icel  ep-
pl icrr t ions t l iet  arc s inr l t lc  lnr l  interest ing.

'f l icn too therc u'i l l  l trobeltlv eln'ars bc
sonlc pul t i ls  n 'ho r l r ive et  the eler-enth or
tu'clft ir gleclcs rvithout hrving tlken en.l '
nrathcmat ics bc1'ond the eighth gracle.
' l ' i icsc pLrpils nrev wisli to rectif l- a mis-
telic, ancl so u'i l l  l-rnt & coul'se that l- i l l
nreke tirem es conlpetent as possible in a
relrit ivell. short period of t inre. The Con-
nrission believe.s that, so long as this need
exists, the larger schools, rt lea.st, should
continue to provicle I cour.=-e for pupils in
the eler-enth ancl tu'elith glecles n-ith &
content for  the most part  as out l ined in a
relrort errtit led Prciuluctiort Corrr"*cs in
) I  athcnnt ics.ra

Tirele is here no i rnpl icet iurn that  the
tradi t ional  sequent ia l  courses r i ' i l l  be less
irnportnnt in the futule than thel '  hn e
been in the pest.  Since the tuln of  the cen-
tur'1' the l i igh school hrs been facing a dou-
il ls lg.spon-.i lt i l i t) ' . It niust trt in for leeder-
ship,  rnd i t  must provide a broacl  ecluca-
t ion in terms of  ef feet i i 'e c i t izenship,  in the
lurnre,  t l ie conrnrtrni t r ' ,  the state and the

t 'S r . c  Tnn  l I . r ' r ue r r . r r t cs  Tn . rc r rsR  fo r
I l r r c h  1 9 4 3 .

l-orld. It is not a question es to n.hether
special attention ."hall be gir-en to either
grorrp; both jobs nrustbc done. Horver.er, it
is the mnin thesis of t l ie Commission that
there are lt present l lrge neglected groups
of pupils ri 'hr-rse needs clnnot ltossibli, be
nret in treditional courses, ancl for l-hom
neu' ancl better courses should 11s11; l;s pro-
vided.

Thesis 20. The small high school can and
should proride a bettcrprlgran in ntathe-
nntics.

)Ien5' persons do not reelize thlt nore
thnn tu'o-tl i ircls of all high schools ere
snrel l ,  u- i th ccl ta in l . r '  f t 'n 'cr .  t lu in 200 stu-
rlents encl proltl lr l.r '  feu'cl t lutn S tctchcr-r.
Such smell ir igh .scliool.s enroll in rl l  more
then a mill ion pupils. Plcifcs.*ion:rl l i tere-
ture deal ing rv i th the mnthemetics of  the
srnall high .school is nreager. For cxenrple,
the important corumit tec rcpol ts on math-
eruatical educetion dcvote ver-r' l i tt le sp&ce
to this ltroblem. In enrlzing frshion a con-
siclerable frection of the population of or:r
high scliools hes becn or-erlooked alto-
gether in formuleting prograrns for the
betterment of rnethemetics.

The mathemeticel offering of the small
school is necessaril l ' l imited by 15u follorv-
ing condi t ions:  (1)  the late of  tu lnover of
teachers is high; in a given J'ee.r, most, in-
cleed all, of the teachers may be nel' to
their positions; (2) the teachers have lit-
t le experience; in a three-teacher school,
all may be beginners; (3) the rnember of
the staff teaching mathemetics mty heve
had litt le or no training in the field; (1) the
cost of instruction per pupil is high; (5) the
library and the storage space u'ithin the
classrooms for supplementary materials
are inadequ&te; (6) there is seldom a class-
room devoted exclusivell '  to the teacli ing
of mathemetics, end (i) the teacher of
nrathematics ma.r'heve to teach in two or
more other fielcls.

As a result, the curriculurn in matliemat-
ics is meager ancl remote from the pupils'
needs. Thus, a smlll high school rvith five
or six pupils in a class mey offer only trvo
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)'ears of mathematics. These tu-o )'ears
may be organized according to an1'one of
man]' patterns that are in most cases un-
realistic n,hen evaluatecl in terms of the
pupi ls '  mathematical  needs. For example,
a school ma1' offer it )-e&r of formal alge-
bra and & \'ear of clemonstrative geometrl ' .
Presumabl"r' the aim in this case is to pre-
pare all ptrpils for college even though the
school ma1' have sent relativell '  fes' of its
graciuate,s to college in its entire history.
At the othel  extreme a school  mal 'of fer
only one ] 'ear of  commercial  ar i thmet ic
ancl  a year of  agr icul tural  mathematics
\ \ ' i th l i t t le emphasis on basic concepts ancl
funclamental  pr inciples.  Then too, m&n) '
schools of fer  onl l '  a I 'ear of  general  nrathe-
mat ics ancl  a 1 'ear of  commercial  ar i thme-
t ic.  In strch schools the occasional  pupi l
u 'ho should be preper ing himsel f  for  future
leaclership in science ancl  mathematics,
gracluates rv i th far  less of  the sequent ia l
mathematics than he shotr lc l  har-e.

\ \ -hat  constntct ive st tggest ions can be
macle for  the improvement of  nrnthematics
for the smal l  school? Let us assunle that  n 'e
are deal ing u ' i th a school  that  has only s ix
pupi ls in each gracle f lom 9 to 12 inclusive.
Let r,rs further &ssume that rve can ttse only
as mtrch of  one teacher 's t ime as is repre-
sented by one-third of  the school  da1'  ( t rvo
per iods of  an hour each).  For th is smal l
school  the Commission makes the fol lorv-
ing suggest ions.

(a) O[er ttt 'o clurses simultaneously
u*ithin the same c/css period. In-steacl of
general  mathematics or algebra,  one or the
other,  i t  is  proposecl  that  both be taught.
The teacher of  the one-room ntral  school
has alu'a1's taught f rom six to eight
groups simultaneousl l ' ;  i t  seems re&sona-
ble thai  a high school  teacher can teach
tn'o.  In fact ,  an exper iment in Indiana has
clemonstrated the feasibi l i ty  of  such a pro-

ceclure.  In our h1'pothet ical  school ,  one, or
perhaps tu'o, of the six ninth-gracle pupils
might,  under proper guidance, elect  a lge-
bra and the remaincler sttrdy general math-
emat ics.  A generous frect ion of  each hour
period should be a u'ork-period w'ith an up-

to-date textbook. The algebra pupi ls
might not need more than thirt l '  minutes
per rveek for the ehecking and guidance of
their n'ork. There are instances on record.
u'here pupils have done a year's rvork in al-
gebra to prepare themselves for rigorous
college entrance examinations rrithout
uti l izing more than a dozen hours of a
teacher 's or tutor 's t ime. The not ion that a
pupil mu-qt recite for fir'e hours a n-eek is
outmoded.

Our hypothetieal school might, in the
tenth year, offer both geometry' and &
course in consumer mathematics to n'hiclt
pupi ls in the tenth,  e leventh,  ancl  t rvel f th
grades might be admit tecl .  Thtrs the math-
emat ics of fer ing of  & smal l  h igh school
might rrcll be broadened ancl macle more
flexible. If a school can afforcl instmction
in mathematics for  three or four per iods of
the school da1', its offerings cah, b1' thi.s
plan, be as rv ic le as is non'commonly found
in much larger high schools.

(b) Pror:ide correspondence eourses in the
srnall high schools. The smell school can ex-
tend its mathematies offering by encour&g-
ing interested and capable pupi ls to elect
corresponclence courses. A great variety of
corresponclence courses are no\r' provided
b1' comrrrereial organizations. I ' Ioreover, it
seems rea.sonable to a-ssume that the many
corrcspondence eorlrses no\r &vailable to
the men and u'omen of the armed services
ma1. be mede available also to public edu-
cation in the postrvar periocl. It is gratify-
ing to note that at lea.st one state (Wiscon-
sin) has authorized school boards to bu1'
correspondence courses, and in other states
there seem to be no legal obstacles in the
rvay of a scliool board that desires to pa-v

for correspondenee courses. The \\-isconsin
law' reads as follorvs:

The board of  any school  d istr ict  which op-
era tes  a  h igh  schoo l  may  con t rac t  r v i t h  the  un i -
ve rs ib -v  ex tens ion  d i v i s ion  o f  the  Un ive rs i t y  o f
\ \ ' i scons in  fo r  ex tens ion  courses  fo r  pup i l s  en -
ro l l ed  in  such  h igh  schoo ls .  The  cos t  o f  such  con-
t rac t  sha l l  be  pa id  ou t  o t '  schoo l  d i s t r i c t  f unds
and  sha l l  be  inc luded  in  the  cos t  o f  opera t ion  and
ma in tenance  o f  the  h igh  schoo l  d i s t r i c t s  w 'h i ch
en te r  i n to  such  con t rac t  fo r  the  pu rpose  o f  com-
pu t ing  tu i t i on  cos ts .
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During the n 'ar ,  o\-er a mi l l ion men have
taken corre-cpondence course.s under condi-
tions that t lere often \-er\- diff icult. It
u-ould seem that pupi ls in the smal l  h igh
school  n-ould have a much better chance to
succeed in con'espondence courses than
men in the armed forces for the reason tl iat
the local  mathentat ics teacher r l ight  ser\ . -
ice such t-ork in the cour-ses that he hap-
pens to be teaching. Under th is plan a pu-
pil n'ho rvi.shes to studl' f irst 1-eer algeltra
might at tend the cla,ss in general  mathe-
rnat ics or in geometrr ' ,  ancl  take a corre-
spondence course in algel t re unclcr  the gen-
erel  sul terv is ion of  the teachcr.  Since thc
teacher of  our h1'pothct ical  school  hns onl1.
a feu- regular student,s,  the inr l t lenrcntat ion
of a corrs-sponclence cour. ,se for  one or t rvo
pupi ls rvould <-,bviouslv not Lrc en inrpos.si-
ble ta.sk.

(c) Increase the nurnber of courses by
cycl ing.  Our h1'pothet icel  school  might rvel l
of fer  a lgebra ancl  genelal  n iathernat ics one
)-e&r,  geometr.r '  and $encral  nr l themtt ics
the nc-r t  ) 'ear,  ancl  gencrel  nrnthematics
and another course consist ing of  a th i rd
semester  o f  a lgebra  and a  semester  o f
t r igononietr f  in the fo l lorv ing r-ear.  Under
adeqtrate guidance and b1- careful  l r lanning
eal l f  in his high school  career a pupi l  can
thus get aL least ts'o )'eor-q of generel
mathernat ics or even three J-eal 's of  se-
quent ia l  mathematics by the t jme he grad-
uates from higli school. It is a.ssumed thet
some schools might rv is i r  to subst i tute a
cour.se in related mathematics,  commerciel
ar i thmet ic,  consumer mathematics,  and
the l ike,  for  an1'one of  the cour ' -ses used in
the preceding i l lustrations. Hori-er-er, in
c1-cling, careful planning ancl adequate
guidance are necessary in order to avoid a
situetion in rvli ich a prerequisite course
has been offered in the \\ 'rong 1-ear for a
group of stuclents.

From the foregoing, i t  becomes obvious
that the offerings of the -qmall high school
do not need to be as l imi ted es thel-  so
often are.  Incidental l r ' ,  b1' th i -s l r lan c lasses
u'i l l  l-re approxinratel-r ' i lotrblecl in enroll-
nrent u ' i th the co.st  of  mathematical  in-

struet ion per pupi i  sharply reduced.
Finall1., it is sugge.sted that the superin-
tendent and the board of  educat ion employ
at least  one teaeher rv i th & respectable
minor or major in rnathematics in order
that the extended offering ma1. lte properly
taught.

V. MATHEMATICS IN THE
JUNTOR COLLEGE

It  is  nol '  rather general lv agrced that
one of  the main funct ions of  the junior
college is to serve &s sonleu-ltat of a ,,com-

munitv inst i tute" provic l ing eclucet ional
opportuni t ies,  u-hich othelu- ise might be
inaccessible,  to a large numbcr of  eclucable
1'outh.  Tire cur l iculum of eech junior col-
Iege, thelefolc,  beconres something of  a
local  enterpr ise in thet  i t  ncecls to be or-
ganized and adrninistercd in rc let ion to the
ltettern of l ir-ing in it.s conrnrunitl.. This
statement does not restr ict  t l ie curr iculum
l ' i th in the nar lou'  i imi ts for  i iv ing alr i .avs
in that  communit l - ;  r 'at l ier  i t  cal ls at ten-
t ion to t l re pcrsl tect ive nceclcd for  a real ly
funct ionr l  eclucat ionl l  program.

I'ronr the point of I ' ieu. of inter.e_st in
mathernat ics,  the student l , iod1. of  the
junior col lege r i ' i l l  c l i r . ic le i tsel f  into three
major groul l .s :  Group /- those students
s'ho desire sonle knon-ledge of rnatitenta-
t ics merei \ , '  &s & part  of  their  cul tural  beck-
ground; Group 11-those -qtudents u.ho
need a minimum of certain mathematical
prerequis i tes because of  their  c lesire to
fol lorv s l teci f ic  vocat ionel  interests;  Group
11l-those sttrdents l 'ho har-e rnajor
nrathematical  needs because thel '  p lan a
ca,reer in some field such as engineer.ing,
natural  science, or pr l re mathernat ics.

Thesis 21. '1'he junior college sltoti ld ofer
at least one Aeor of nnthentatics uhich is
general in appeal, f lcrtble in purpose, cltal-
Ienging in content, antl functional in sert,ice.

In anv junior coi lege there is l i l<eI1,  to
be a groult of stuclents u'ho feel that the-v
clo not cere to t t l ie a t radi t ional  course in
mathemet ics  (Group I ) .Thc l '  a le  no t  in -
terested in intr icete calculet ions and ex-
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ce.s-sive manipulation. Nlanl' of them do
not her-e, at lea,st they think the,r' clo not
hr\.e, the special aptittrcle necessary for
tunderstanciing such u-ork. It cloes not fol-
lon', horvever, that these stucients \\-oulci
elect to by-pass all mathenatics corrrses.
I lanl 'of  them might f ind intcre.st ing chal-
lenge in courses containing those mathe-
nlatic{Il icleas ancl experiences rvhich are
an es,qential pert of a l iberal eclucation. r\
basic general course in mathematics rniglit
ofi 'er these inclivicluals opportunities for
cleveloprnent rvhich the traditionrl courses
in fre-chm&n mc,thenr&tics clo not offer.

A course sucl i  &s the one suggestecl
above cotrlcl also have clcfinite culturl l
content.  This 'w'oukl  be plr t iculrr l l l '  t rue i f
the methematicel  concepts ancl  techniqtres
cler-elopecl \\ 'ere plesentecl as an inrpoltant
plrt of the historl '  of thought, ancl u-ere
interpretecl  in te lmrs of  socir i l  usefulness.
Such a prescntat ion of  nreter i r r ls  rvotr ld
enhence the opportuni t ies for  r ic t rer s igni-
ficrtnce, clceper apprecilt ion, ancl clcaler
trncierstencling of all nrrrtherrurtical con-
cepts ancl  techniqucs. Those stuclents u 'ho
have an interest  in methenret ics onl l '  as e
part  of  their  l iberal  eclucat ion u 'ould learn
from such a course something of  the v i t l l
s igni f icance of  mathematics as an integrr l
e lement of  the cul tures of  the rror lc l .

Thesis 22. T'he junior college prograrn
sltoulcl prouitle for a one-!/ear pre-uocational
cour sc in rnathcnmtics.

Thele is a w'icle r&nge of vocations u'hich
recluire that  mathernat ics in varf  ing
amounts be gir-en a significant place in the
progran) of pleliminary' training, ancl the
number is l i l ie l l ' to incrcase in the post-u 'ar
per ioci .  I t ,  therefore,  fo l lou's that  the st t t -
dents of  Group I I  rv i l l  verJ '  l i l ie l l '  be one
of the Iargest and most important groups
in an1- junior college prograrn. Tlie methe-
maticai rccluilements of man)' of these
vocations rvil l  be such that they' can be
setisfied by o one-).e&r' progranr in basic
mathematical  concepts ancl  techniques. I t
i s  the  respons ib i l i t l ' o f  teechers  o f  methe-
met ics to ctetennine this boclv of  basic

mathematics ancl to organize it into &
general one-)'errr program n'hich tvil l  take
care of the pre-professional requirements
rvhich this group of students rvil l  need to
meet. For example, there are many pro-
spective teachers of other school subjects
n'ho are not preparecl for, and n'ho, there-
fore, cannot be expected to become inter-
estecl in conventional courses in college
algebra and trigonometry. There is, horv-
ever, an abundant resen'oir of mathe-
mat ical  informlt ion of  r ich cul tural  value
and essential educational significance to all
rvho aspire to telch in our netion's school.s.
Similarl l ' ,  there &re ntany students pre-
pering for phllrlr i-rcJ', nreclicine, busines.s,
agriculture, inclustr'1,', ancl l l t&ny other
fields of sclvice, rvho are forced to elect
traclit ionll f lesltnran mrthenutics insteecl
of bcing chrrl icnged bl' & n'rore functionel
progrilm of nrlth e rnet ical trrrining.

There is r grcrrt neecl for a basic one-]'e&r
progrtrn'r in nrathcrnetics at t l ie jtrnior col-
lege ler-el sr"rch &s hes been otrtl inecl by
the Joint  Conrnr ission. ls Neecl less to sA1' ,
in a mot'enrent so )'oung as the junior col-
lege, considcrrrbie experinrcntation rr' i l l  be
necess&r ' \ '  to detelmine the desirable con-
tent of such a coLll 'sc. ' lhe function of
such a coursc u'i l l  incleecl var-v from timc
to time, ancl froni one contmunibl' to an-
othcr.

Thesis 23. I ' l te junior college prlgranl
shoulcl rrtctke antple prouisiort for the studen,t
uith a major interest in, rrtathenmtics.

One of  the imporant funct ions of  the
junior col lege is thet  of  prepar ing i ts stu-
clents for subsecluent n-orh at a more acl-
vancecl  level  of  instr t rct ion.  The thirc l
gfoLtp of stLrclents, namel,r ', those rvho ha', 'e
a mrr jor  interest  in mat l ienrat ics,  shoulc l
be proviciecl u'ith the opportunity for be-
coming more ploficient in fr-rndamentll
mathemetical  techniques and for broaden-
ing their  contacts u ' i th basic methematical
concepts and ski l ls .  Tl ie i r  hor izon of
met l temat ical  neecls u ' i l i  \ '&f  v consider i rb l l '

U  R e p o r t  o f  t h c  J o i n t  C l o n r n r i s s i o n ,  o p .  t : i t . ,
D .  I D V .
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from the more modest clenrand-q of the less
technical  phases of  b io logl '  to the nrar i -
munr prescr ipt ions of  a major in mathe-
rnatics. The proglant for thi.s groulr of
students should l te charactel ized b1. &
clear current of  chal lenging rnat i remat ical
thought ancl  meeningful  l r ract ice.

A progrenr al lorv ing for such f ler i l t i l i t l '
o f  mathernat ical  t r l in ing as i -c suggc-qted
in th is leport  u ' i l l  great l l '  enhtnce the
opportuni t ies of  the junior col lege for ef-
fect ive eclucat ionel  - .crv ice.  I t  shouid be
of part ictr lar  s igni f icance in the inrnredi l t te
post-u 'er  pel iod,  u-hen the vnrving cle-
nrencls c.r f  the letut 'n ing u 'ar  lcterens u ' i l l
tcncl  to nrake thc planning rncl  at lnr in istcr ' -
ing of  ct lucat ionel  proglanls \ -er ' \ '  r l i f f icul t

VI .  THE EDUCATION OF TEACHERS
OF MATHEMATICS

A. Is Gn.'r.ors 1-S

) [os t  rn r t l r r ' rnn t ics  courses  in  t l rc  c ]e -
nr ( ' r t t r rv  s t 'hoo l  a rc  ta r rg l i t  l r v  tc l rchcrs  u ' l ro
h lve  lcspons i l r i l i t i cs  u ' i t l r  lespec t  to  o ther
boc i ie .s  o f  sub jcc t  n r t t te r ' .  On th is  uccount
t l ic  p lopo.:^als to bc rc l r -enccr l  belorv arc
offcred l ' i t l i  fu l l  lccogni t ion of  the ncces-
si ty to prep&l 'e teac' l icrs for  c iut ics in eddi-
t ion to those rc lat ing to ar i thmet ic (ele-

.mentar l '  nrethenlet  ics) .

Thesis 24. All sludcnts u'rt0 are l ikcly to
tcach mathemolics irt, Grades 1-S shoulrl, as
a nt in i tnum, dantonstrate contpctence l l ,er
the uhole ro?tge of ntbjcct nattcr u'hich nny
be taught in thesc gracles.

I t  is  a mistake to assume thnt teachers
need to knol '  onl1 '  t l ie subject  matter
rr'hich they n-il l  teacli. In the fir 'st place,
the1. should be expected to her-e more
nla,thematical competence than ri 'e sliould
insist  upon for the &\ 'erage adul t .  In the
sccond pl lce,  thel '  cannot ol ient  their  i r t -
st luct ion l t loper l f  i f  thel 'do not lecognize
the potent ia l  consecprences nf  their  in-
st luct ion for  succe-.sful  accomlr l ishnrent
on the part  of  their  pupi ls in later grede-s.
For erample, primar'1'-glade tctchet's mnl'
see l i t t lc  sen,qe in tcaching the nature of
our number s1'sten if they clo not under-

stand iron- this l inori ' leclge facil i tates the
meaningftr l  lealning of  conr l tutat ion in
Glades 3 to 6.

Each i t rosl ;ect i r -e teachel  shoulc l  be ex-
pected to achieve and to c lemonstrate
r r - ra themat ica l  conrpetc .nce . ' l ' eechers  o f
Grades i to 6 shotrld clo this on their ol 'n
responsibi l i t l ' ,  n- i thout course crccl i t  for
rvhatever special stucll '  thel' nrel' neecl to
make. Insteed, u ' i th or u ' i t l iout  coeching,
such stuclent.s should pl'epnl'e thenlseh'es
unt i l  thel '  c 'an nrai ie a snt i : - f lc torv score
on an  acceptab le  examinat ion .  I t  i s  sug-
gcsted that t l i is scol'c rnight 1..,e crluir-elent
to the tcnth grecle nofnls in coniputet ion
encl  problcrrr  -qolv i l lg on sonle cortr l t lehen-
.s ive enr l  lc l i r i l r le stanr l t lc l  tcst .  I ror  tcech-
ers of  Glncles 7 encl  I  th is crr i te l ion is
l 'ho l l f  inac lequete ,  fo r  conrpc tcncc  needs
to bc assurecl  over e nruch l ' i r lcr  l lnge of
.sub jcc t  met tc r ,  to  inc lu t le  somcth ing  be-

1'ond the clenrents of  a lgcbra,  gcometr-v,
encl trigonr,.rmctr'1' u' l i ich are involvecl in
the cour.se.s fol Grecles 7 anrl S.

Thesis 25. 7't 'oclrcrs of tttalhcntatics in
Grarlcs 1-S shoukJ ltarc s1tcct'ol course u:ork
rclating to sultjcct ntuttr:r os u:cll as to the
tcaching prlce s.\, as dctuilcd br' lotc.

Thesis 2,1 alror-e nrelelv es.sures nlnthe-
mat ical  competence as such conrpetence
has tradi t ional l l '  l . ;een couccir-ecl .  An ear-
l ier  sect ion of  th is repol t  mede clear the
-.hortconr ings of  th is concept ion,  at  ]east
as  fa r  as  a l i th r rc t i c  i s  concernec l .  I t  there-
fole becon' le.s I lecessarv to otr t i inc other a.s-
pects of  nrathenrat icrr l  prepalat iotr ,  notv too
commonl l '  neglectecl ,  rvhich al 'e t rcverthe-
less indispensable perts of  t l ie ecl t r iprnent
for ef fect ive teaching. As l ' i l l  be er- ident,
the provis ion of  th i -s plofessional  equip-
nrent places l ieevv responsibi l i t ie-s ulron in-
structors in the coi lege courses rvhich are
callecl for. Thi-q is lr l l t iculell l '  true in the
case of  coul 'ses for  teachers i t r  Grades 7
and 8.  In such cour ' -ses the instructors
might s 'e l l  be mathematic ians r t 'ho,  be-
sides their  interest  in the impt 'ovement of
instruct ion,  havc l ich bacl igrorrnds of  ex-
per ience in the social ,  r 'ocet ional ,  and
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industrial uses of mathematics.
(a) Theory and background of elernentary

mathematics.-To l ive effectivell '  and in-

te l l igent ly in our cul ture u 'e must of  course
be able to compute and to solr-e verbal
problems quickll ' , accuratelr-, ancl confi-
dently. But u'e must also be equipped n'ith
meanings, generalizations, apltreciations
of relationships, and the l ike. In a rvord,
rve need to knorv something of the theory
ancl backgrotrnd of elementary mathe-
mlt ics.

Inrportant as this knorvledge is for the
avelage cit izen, it is vastl-l '  more import-
lnt  for  teachers.  Lacking i t ,  teachers n ' i l l
scercel l 'be c l t r l l i f iecl  to help thei l  pupi ls to
:.r"ccprire it. Hence, at some point in their
eclucat ion,  prospect ive teachers of  Grades
I to 0 neecl to learn a good cleel about the
nrr ture of  our decimal t rumber system ancl
the stor '1 'of  i ts  der-elopment,  the evolut ion
of f r lc t ionel  notat ion,  the theor,r '  and his-
tor '1 'of  mc{Isurement,  the funct ions of  the
funclanientr l  opertr t ions u ' i th u 'hole num-
bers,  f  r i tc t ions,  and decimals,  and t l ic
rrrt ionele ancl hi.story of conrltutation.
Teachers 6f  Glades 7 and 8 neecl  a l l  th is,
but they' obviotrsll '  ncecl much ntore than
this.  Their  course u 'ork in algcbrt ,  geome-
tr_v, anci trigonornetrl '  shoulci be con'e-
spondingl- l '  extenclecl  to include the social
ancl  h istor ict l  beckglotrnci  of  these nlore
lch'anced mat l ienret ical  subjects.

(b) Important appl tcat ions.- ' fhe fore-
going p&r&grc,phs are intended to suggest
the t1'pe of preperation teachers shotrlcl
have in older to real ize as fu l l l '  as possiblc

the mathematical  a im of  their  subjecf
metter.  But steps neecl  a lso to be taken to
&ssLlre ecluivalent preparat ion in order that
thel' ma1' realize the sociel aim as u'ell. It
is  possible to knou- mathenrat ics &s t .
clo-.ecl s1'stenr of icleirs ancl skil ls s-ithotrt
being able to appl l -  i t .

Teachers of Gracles 1-O u'ho knorv alith-
metic in thi.s nai'rori-\\ 'a)' are insensitive to
the contr ibtr t ion of  ar i thmet ic to sociel
progress and to sottncl ancl effective inclivi-

dual  adjustnrent in our present cul t t t re.
The course in the te lc l r ing of  ar i thmet ic

should remove this deficiency. Ib can do so
if the topics mentioned in the preceding

section are treated rvith respect to their
social implications and if stucients are en-
couraged to note s)'stematically the appli-
cations of mathematical concepts and
processes to ever;.clay l ife. The same gen-

eralizlt ion applies in the case of teachens
in Grades 7 and 8, of course rvith due rec-
ogni t ion of  the expanded area of  their
mathematical subject matter. Beyond the
rnaterial rvhich thel' r i ' i l l  teaeh they need
backgrounds in the social ancl economic
uses of  mathematics.  Thus, to be able to
teach l ' i th conficlence and assul'&nce such
topics as btrf ing A home, the cost of run-
ning an autornobi le,  meking plovis ion for
the future (savings, insurance, social  secur-
i ty,  ancl  investments),  protect ion against
large los-qes ( f i re ancl  l iabi l i t f  insurance),

the prospectir-e teecher neecls coLtrse rvork
and real  esper iences in these econornic ap-
pl icat ions of  nrethemrrt ics.

(r) Sttpplcntentary in,structional equip-
ntutt.-Prospective teechcrs shotrld have
&cce.is to nc\\ ' tcxtbook lrnd rvorkbook
ser ies,  to sonre of  the bettcr  cot t rses of
studl ' ,  to stenclnrd tests,  and to t l te nervet '
devices anci ait ls for telching, sttch a.s
nroclels, f i lnr-q, f i lrn stl ips, sliclcs, and the
l ikc.  The- i '  shoulc l  have &ecess to a reason-
el-r le anrount of  th is ecluipmcnt;  but ,  more

than thi .s,  thcl '  shoulc l  have opportuni t l '
to examine i t  cr i t ical l l '  ancl  to note special
aclvantages anci  l imi tat ions.  \o s ingle

textbook or rvorkbook scr ies,  for  example,
has a monopol.r 'on good s1'stems of  organ-
izat ion,  on super ior  methods of  meet ing
incliviclual clifferences, on ingenious testing
clevices,  ant l  on commendtrble c levelop-
mental  explanat ions.  Ancl  teachers shott lc l

not expect to find all that is good ancl all

that i.s important in the -series rvhich thb"r'

happen to teech. \ Ioreover,  they should

kno* '  and understand the value of  the

n)&n]' excellent multi-sensory aids rvhich

&re being made available in increasing

numbers.  (See Sect ion \ - I I  of  th is report . )
(d) ]tethods of teach'ing.-In courses in

the teacl i ing of  mathemrt ics,  th,e methods

1 r *
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u'hich are most commonl)' described and
exemplif ied are those u'hich relate to facts
and to mechanical skil ls. \\- ith ne\\ ' em-
phasis on the mathematical  a im of  ar i th-
met ic,  prosl tect ive teachers must learn
horv to develop meanings, understandings,
general izat ions,  a sure gr&sp of  re let ion-
ships,  and the l ike.  Ancl  u ' i th the ne\\ 'ern-
phasis on the social  a i rn,  thev must knou'
hou, to engender in their  pupi ls sensi t iv i t l '
to the usefulne.ss of nunrber and of nreas-
urement in l i fe.

(e) Sttdcnt tcachir ig.-Provi .s ion should
be rnadc for adequate cxper ience in stu-
clent teaching. In con-sider ing th is necd, see
' l 'hcsis 

32.
(f) Procedurcs for conrprehensit 'e ctalua-

t ion.- I t  u 'as stated ebove that prospect-
ive teachers -shoulc l  knou'  ebout the better
s tanderd  tes ts  in  n re themat ics .  But ,  good
as thel' are for sorrle pul'poses, these in-
stnrments {u 'e inadequate for  compre-
hensi  ve evalu at  io n.  r \  I  lnost  rv i thou t  excel)-
t ion t l ie l '  nre&.sure ski l l  in cornputat ion ancl
abi l i t f  in l t roblenr solv ing and the-se out-
cor]re.s onl l ' .  I f  the other outcomes u' l i ich
&r 'e inherent in the mat l iernet ical  ancl
soci l l  a ims are to be evaluated at  a l l ,  thc1,
rnust be evaltrated b1' nleans other then
published test.s.

Fol  complehensive evaluat i r - rn prospec-
tive teachers neecl, f irst of all, to have a
clear concept ion of  the purposes of  rnathe-
mat ics .  The l 'need,  second,  to  knon 'and to
be able to iclentif l '  the kinds of behavior
rvhich n-il l  be exhibited both b1. their
pupils *'ho are achieving these purposes
and b1' those rvho are not. Third, thel'
must heve considerable ingenui t f  in devis-
ing s i tuat iorrs for  test ing,  observing, and
inten'ieu'ing, in older to elicit crit ic:.rl
t- l 'pes of behavior. And, fourth, thev must
have confidence in their jr.rdgrnent, hori '-
ever subject ive i t  may be, es a basis for
evaluating progless in learning.

(g) Research l iterature.-In the encl, it
r i ' i l l  be through competent research that
u 'e shal l  arr ive at  g leat l f  improved teach-
ing procedtrt 'e.s. There are at pre-sent more
than tu'o thousand publi.shed reports r.rf

quant i tat ive inve,qt igat ions,  son)e good,
some bad, on the teaching of  mathentat ics.
Yet,  manv teachers are una\\ 'are of  th is
large bocll. of information, and sti i l  fen'er
rnake use of  i t .  This condi t ion should be
remedied.

OnlS'  a ferv teachers u ' i l l  become pro-
clucers of  re.search, l tut  a l i  of  t l iem can end
should become intel l igent consurners of
research. This lat tcr  purpose can l te
acli ieved if at .-qon']e tinie in their educa-
t ion thel '  can l - re brought into contect
u ' i th a feu-selectecl  lcseerch rel tc-r l ts.  These
rel tor ts thel '  s l r r - , t r l t l  s tucl l '  uncler guic lance,
n' i th thc v ieu'  to c leveloping heir i ts of
clit icel rrntlr ' .sis. \\ 'hr:n thet' lrc po.sses."ed
<-,f thesc irebits, t l icl '  crrr) 1rlofit imnre-
dietel l '  f ronr t l rc f indings of  ncu'  studies
rather thun have to l 'a i t ,  us is nou'  the
c&se, for  these f inr l ings to u 'ork their  rvav
slon'lv into textbr-r<,rks end coul'ses of
studr ' .  In th i -q connect ion the Yer.r ' l ;ooks of
Thc \at ional  Counci l  of  

' l 'cachcrs 
of

] Ia then ie t i cs  shou l t l  be  l re lp iu l .

B .  Is  Gn. . roes  9-12

1"he optt 'nr iurr .  t la i r i ing of  nrut i rer t rct ics
teecher--  for  g l lc les 9-12 should be based
on the funct ions thel '  should be able to
pet ' form and on the object ives thel '  shs*14
seek for their  pupi ls.  A l 'e l l -prepared
teacher of  rnethematics should have ade-
quate t ra in ing so t i ret  he can meet al l
c lassloont s i tuat ions rv i th that  assurance
rvhich can be based onlr- on rvide knori '-
leclge and rich backgrouncl. The follorving
the-ces, based on this opt inrum training,
suggest course ri 'ork and studf in mathe-
mat ics,  educat ion,  and le leted f ie lds or-er
a period of f ir-e )-eals.

Thesis 26. 'I 'he teocher of nmlhernatics
should hote a u: idc background i r t  the sub-
jecls he uil l  bc callccl upoll to tcaclt.

I t  l ' i l l  not  bc pos-r ib le to accompl ish
this prograrn completel l '  u. i th mo-. t  pro-
spect ive teachers c lur ing their ,  r inderglad-
uate t ra in ing. l lou'ever ' ,  enough training
ma1'  be given to enable the teacher to get
u 'e l l  on the u 'e1'  to complete ecct-rmpl ish-
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ment. This thesis ne&ns that the teacher's
sttrdy of mathenatics mttst include cottrses
in college mathemttics ancl not be merely
a revie*'of high school rnatirematics (alge-

bra, plane and solid geometry', ancl trigo-
nornetrl ').

. \  teacher cannot teach mathematics
rrith competence unless he knorvs enottglt
abotrt the strbject to ttncler-stancl rvhat ele-
ments &re important for  ptrpi ls in their
possible l ife neecls or future stucll ' . He can-
not intelt igentl l '  aid in reorganizing the
high school  curt ' iculum in ntathematics
n'ithotrt &n aclequete re,cerve of mathe-
mat ical  knou' ledge. \ \ - i thotr t  th is l t ind of

training he u'i l l  trot see thet pttpils neecl

basic unclet'strrnclings as u'ell as nrrnilttt-
lative skil l  i f thel' at'e to cler-elop ltou'er in

cleal ing u ' i th quant i tat ive s i f t i i t t ,ns.
The nrethernaticll blckglotrncl shoulcl

inclucle u'orl i in t l igonon-retr'1' ancl solid
geometrf if the-*c htr-e trot l>een stucliecl in

high school. It sl ioulcl al.so include anell-t ic
geonretr-r ' ancl calculr-ts (elements of these
subjects ale t t rugl t t  in t t r r tn l 'h ig l i  schools)
ancl e cotu'se in collcge geometrl '  bel'ond

the seconclary course in s1'nthetic geon're-

tl ' \.. ' \ lso aclvisnblc &rc it cottrse in the

theory of  eqtrat ions ancl  a cot t rse in spher i -

crr l  t l igononrctr 'y '  rv i th appl icat ions to
glol-ial gcometrl ' , astronon)', and map-
pir lg i  so also is t t  cotrrse in the histor l '  o i

nr l t i renr l t ics,  u- i th cnt l t luts i - .  on thc hi- ' -

tor ic l l  c lcve' lo l t t t rent  o i  cotnl t r t tat ion ant l  o i

e lenrert t  a11'  methert tat ics.
Sonre knou' ledge of  the fotrnclat ions of

nr.athematics is indispen-.eble for a n'ell-

t ra inecl  te i t ,cher of  methemetics.  I t  is  not

l ikel-v that  st t rc lents s ' i l l  get  i t  ot t ts ic le of

class n-oll i . It ntel ' errsil l- be incltrclecl in the

coLu'ses in college elgel;r ' l  attcl geometr'1'.

. \ t  sonie t ime in l i i .s  t ra in ing the teacl ier

s l iotr lc l  learn the t rse of ,  ancl  the element-
a11'  problems of ,  t i ie t rer ts i t ,  sextant,  s l ide

nr le,  other mechlnical  conrpt t ters,  and

reletecl  e lementary problems. Not to be
neglecteci  is  the hebi t  of  broiv-" ing in the

col legc l ibrar l '  thet  g i r -es a knou' lecige of

t  hose rec reat ional  t  opics s o t tsef  t r l  in

concluct ing methcnt l t ics c lLtbs.  Col lege

mathemai ics c lubs, and the sponsor ing of
high school clubs cltrring apprentice teacli-
ing n'i l l  help greatl l ' .

0ther courses from rvhich selections
ma1' be made and rvhieh will *'iden the
teacher's baekgrouncl al 'e: elementary
statistics ancl educational mensurements,
the elements of non-euclidean geometrl ' ,
project ive or descr ipt ive geometry,  and
the nathematics of f inanee. Selections
should not, hou'ever, be made from these
courses at the expense of the other train-
ing out l ined above in th is sect ion.

Thesis 27, The rnstlternatics teaclter
shoulcl hat'e a sovnd bacl;erou,nd in related

fields.

Courses in phl'sics, mechtnics, astron-
ornJ', navigation, economics, business
problems, ancl  the l ike add much to the
teacher's abil ity to clrarv upon othcr f ielcls
lncl  to unclerstancl  and use vi t t r l  appl ica-

tion-. fronr these fielcls in his tetching.

Thesis 28. 'I 'he nruthenutics tcachcr
shoultl lnt 'e odequate train'ing irt thc teaching
oJ nathc nntics, including ar it lunetic.

The baekglound clevclopecl in previotrs
prrrgr lphs is of  l i t t le usc to the teacher
turuless he can tcech rvilh skil l . Therefore
he shotrld take courses in the l i istory ancl
philo.-.oph1' of eclr"rcation, 1ls1'r 'hologl', attcl

the tcchniques ancl  probiems of  teaching
in gcnerul, rs rvell as specific methccls in

one or  r l ro rc  rne theml t ies  su l r j cc ts .
The mathematics tcacher shoulcl be

thoroughll '  familiar rvith the methocls of

teaching arithmetic. The rvar l ias shou'n
a need for emphasis on ar i thntet ic b1' l t igh
school  teachers.  There is a rather rv ic le-
-.plerrcl belief &mong high school teachers
that a knou' ledge of  h igher mathematics
carr ies u ' i th i t  ski l l  in teeching ar i thmet ic.
Such is not the case. A teacher cannot acle-
quatel,r ' remecl,v earlier clefects in arithrne-

tic teaching u'ithout a know-leclge of horv
arit irnretic shoulcl be taught, nor can he,
ri-ithouf strch knorvledge, clevise adequate

diagnost ic tests or conduct remedial  rvork

in arit l imetic. The need is for specific

t-it,i
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training in arithmetic for ltrospecti le
l i igh-school  t  eacher.s.

As a ltart of hi.s training in teaching
methocls he sliould become acqueinted
u'ith those multi--ssn-.e1y aids that are
availalt le t irrough commercial sources,
motion picture-s, f i lnt stl ips, and models.
In t ime he should become adept in devis-
ing and mali. ing for his ou-n class use sim-
ple moclels, devices, and er-en fi lrn strips,
to aid him in teacl i ing.

Thesis 29. T-he courses in mathematical
subjcct maller for the prospcctiue ntathe-
matt'cs tcaclter should be prof essionalizcrl.

Sincc t l re ol t ject ives to l te sought in
training a high school  teecl ier  ere obvi-
ousll '  no t thc s&n)e &s the oltjcctives
sought in t ra in ing & r 'esearch scholar ol '  an
cngir tccr,  col lcge instructor ' -s in mrt the-
met ics shoukl  be c losel l '  connected l ' i th
t l rc tceclr ing of  nr : r thcuut ics in seconclalv
sc'hools,  shoulc l  heve rur int imate l inou' l -
c t lgc  o f  t l re  p r -o l> lems th l t  teache ls  in  such
scl iool .s her-c to nrect ,  lnr i  shorrk i  l - ie eble
to tie in the college courses n'it l i  l troblenrs
in seconclely teeching.

Thesis 30. It is desirable that a mathc-
ntatics tcacher acquire a background of er-
perience in practical f iekls u'hcrc mathe-
matics is trsctl.

He should have opportunitl '  fol expe-
rience in such fields es the genell l shop,
machine shoir, the mlking rnd reacling of
simple blue print.s, ancl sun-ef ing. A fen'
collegcs and universit ies &re provicling
cour-ses for prospective teachers of mathe-
matics l 'hich inclucle a semester of expe-
r ience in holding a job in an inclu-str) 'or  a
business. It l-ould seern feasilt le and cer-
tainl.r '  clesirable for a teacirer of mathe-
matics to devote at least & sumner or tn'o
in learning & r'arietl 'of jobs in one of the
lerge manufacturing plants. All such ex-
periences provide i l lustrations of mathe-
rnat icel  u,qes.

Thesis 31. T-he minintutn training for
mathcntatics teachers in small high schools
sltould be a college ntinor in mathentatics.

This report u-ould not be complete
n' i thout ment ion of  teachers in the smal ler
high schools n'ho must teach one or more
subjects be*.ides ntathematics and rvho
may har,e a major intere. : t  in some sul t ject
other than nrathenrat ics.  Lnt ler  these cir-
cumstance.s the training outl ined for ma-
thematic.s teechers in larger high schools,
n'hose tnajol intere-st is in mathernatics,
cannot be expected or ol t ta ined. In sug-
gesting e minimurn training for such teach-
ers tl iere is aln'a1's the chence that the
minimum rnr\: be nrisintelpreted as a
satisfactor'1' stanciercl. Tiris errol ' must not
be macle. If these teachels continue to
te: ich mathenrat ics,  thel '  should plan to
t:rke uncicrglecluetc or greduate l 'orl i to
trr ing thei l  bacl ig lound end training up to
t l rc stenr l r r lc l  strrgestet l  in thcsc t l ieses.

Since the tr l in ing out l inecl  in th is t l iesis
must bc consic lered ls an ebsolute mini-
mun, t l ie state should insist  that ,  i f  the
tercher is to cont inue tceching mathe-
matics, he must improve his prelraration.
This inrprovement should fo l lo l '  the sug-
gest ions nrat lc et l i icr  in th is scct ic.rn.

Thesis 32. Pro,^iston shoultl be ntade for
the continttotts educatiott of teachers in
sertice.

Proslrective teachers for all grades
should hrve extensive oppol tuni t ies to
engage in stuclent tetc i i ing uncler ski l l fu l
supen'ision ancl guidance. To sa]' that
one learns to teach b)' teaching is not to
disparage the nrolc fornral enci academic
n-spects of teacher ecltrcrtion. It is simply
to recognize that strch inst luct ion gains
greatly in meaning and effectiveness s'hen
i t  is  t ranslated into the act iv i t ies of  con-
crete teaching exlrel icncc.  Ic leal l l ' ,  s tudent
teaching shor-rlcl bc startecl in a campus or
laboratorl- school u'hele good teaching and
competent strperr- is ion is,  in general ,
rather eesil l '  proliclccl. It shoulcl l. le sup-
plemented b-r '  exper ience in s i tuat ions in-
volving run-of-tl ie-nii i l  pti lr i ls, a feeiing of
fu l l  responsibi l i t - r '  for  t l ie rcsul ts ploduced,
and at lee.st relsouabll '  goocl supelvision.

A terci icr  shoukl  serve An intern-si t ip

r
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rvhich rvil l  enable him to observe good

teaching and, ttnder the guidance of &

crit ic teacher, allorv him to practice rvhat

he has observed. A training school ,  no

matter hon' f ine, can not prorricle all the

varietl '  of experiences necessary. A stu-

dent teacher needs an internsli ip uncler

competent strpervis ion in a typical  school

situation rvith about half a teeching ioad

and rvith enough pe)' so that he can con-

centrate on becoming a good teacher.

VII. MULTISENSORY AIDS IN

MATHEMATICS

Thesis 33. tr[athematics teachers neecl to

giue careful consideratiort, to the possibilities

of multi-se nsor y ofris. 16

The schools of the armed forces har-e

macle extensive ttse of training aicls w'hich

ma1'  be l is ted a.s,  (1)  mot ion pictures,  (2)

f i lm str ips and sl ic les,  (3)  graphic charts

ancl  p icture.s,  (4)  models ancl  othcr equip-

ment, ancl (5) recordings. The figures for

product ion ancl  use are f ' rnta 'st ic.r7 As of

Januarr', 19{4, 2200 fi lm-strip subjects

hecl been producecl by' the Training Film

Section of the Nar'y' alone ! Figures on the

use of other l ' isual aids, charts, graph's,

models,  recordings, etc. ,  r i 'ot t ld l ikervise ex-

ceed the i rnaginat ion.
Training aicls are useful in & great

r .ar iet ] '  of  test ing and leerning si t t rat ions.

Training aids are being ttsecl in the armeci

forces in about ever.v t1 'pe of  t ra in ing and

in about every conceivable s i tuat ion'  For

example, training aicls ale used in tests of

factual  memory,  for  inspirat ional  pur-

poses, in the development of  concepts,  in

the pract ice of  ski l l - . ,  in or ientat ion to nerv

si tuct ions,  and especial ly in teaching the

relat ionships of  pal ts of  an operat ing ma-

chine. In fact ,  the range of  appl icat ions

rd SLae l tu l t i -Sensory Aids in '  the 7 'eaching of

l [ a thenn t i cs .  The  lE th  ] ' e : r rbook  o i  The  Ne-

t i one l  Counc i l  o f  
' I eechers  o f  ] I a themat i cs .  The

Bureau  o f  Pub l i ca t i ons ,  Te : rchers  Co l lege ,  525

\1 - .  120 th  S t . ,  \ e rv  York  27 ,  N '  Y .  P r i ce ,  $2 .
t?  Fo r  &  n ro re  comp le te  p i c t ,u re  o f  the  w idc

use  o f  t ra in ing  a ids ,  the  re lde r  ma-v  w ish  to  re fe r

t o  t h r e e  a r t i c l e s  b - l ' L i e u t e n a n t  C o m m l n d e r

Franc is  W.  Noe l ,  U .S .N .R . ,  i n  the ,Sc f roo l  E rccu -

l l ue ,  Febru r r r l ' ,  ) l a , r ch  and  Apr i [ ,  l 9 - l { .
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seems to be l imited onll '  b1' the imagina-

tion, the resourcefulness, ancl t l ie compe-

tence of  the t ra in ing personnel .

Since this amazing clevelopment of

training aicls is essentially the product of

the thotrglit, research, and efforb of pro-

fessional educators now sert' ing as \\ 'ar-

time officers, it is safe to preclict that
multi-sensory aids n'i l l  be u'iclell '  used in

the post-\\ 'ar period provided that the
public is rvil l ing to furnish large funds for
mater ia ls and personnel .  I t  is  a lso obvious

that mtrlt i-sensory aicls are especially use-
ful  in teaching science and mathematics.

Thesis 34. 1'he resourctf uI teacher of
nathematics shoultl be git 'ert contpeten,t
guidance in the production,, selection, and

use of slicle Jilms.

There &re good reasons for bel ieving

that a teacher of  mathem&tics c&n m&ke &

signi f icant improvement in his w'ork l ry

the rvider use of slicle fi lm.s. l, 'he slicle fi lm

or f i lm str ip con-" ists of  a ser ies of  " f  rarnes"

thab m&] '  be l t ro jected on thc ordinery
u'al l  of  a c lass rocm. I t  hes the ver-r '  great

acl i 'antege that & s ingle s l ide or f rame
mly be held on the screen ortvtl l l  for a
per iod of  t ime thet is edeclul te for  careful
stucl l ' .  Fortunatel l '  f i lm str ips are nof too
expensive to procluce nor too cliff icult to
clesign bl' a resottrceftrl teacher. It is con-
ceivable t i rat  a teaeher * ' i th imeginat ion,

in a favorable school  s i tuet ion,  ma.v be

ci isposed to exper iment u ' i th s l ide f i lms.

I f  th is should happen, the iotal  number of

such teachers in the nation rvil l  be more

than necessa,ry to provicle a complete set

of slide fi lms for all cttrriculum units that
can be i l luminated b" '*  t l i is  technic lue, i f
p lo l>er l l '  cooldinatecl .  The increasecl  inter-

e-qt in multi-sen,.ory aids is l ikell '  to pro-

duce a l 'ast number of slicle fi lms-some
excel lent ,  f rom rrhich the teacher mttst

make a select ion.
' fhe Counci l  is  the appropr i l te organiza-

t ion to sponsor,  guide, and coordinate the
product ion of  an excel lent  col lect ion or
library- of slide fi lms. The Council coulcl
promote such a program by (a) prol ' id ing
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the necessarl ' ci irections for making a slide

f i lm, (b) giv ing generous recogni t ion and

rea..onable con'rpensation to the person or
persons creat ing the s l ide f i ln is,  (c)  ut i i iz-
ing the audience si tuat ions at  regional  and

nat ional  meet ings fo l  the select ion of  the

be.st slide fi lms, (d) arranging for the ef-

fect i le di .str i l - rut ion of  i ts  f i lms b-v an or-

ganizat ion that rvoulc l  operate on a lorv

sen' ice charge and t t t rn over & smal l
prof i t  on each f i l rn to the Counci l ,  and (e)

giving rvicle pultl icit l '  to the fi lm stri l ls

s l )onsorc( l  l>1'  the Cotrnci l .
Thotrgh the fi lm strip seems at the

monrent to of fer  the most promising possi-

bi l i t ies for  nr i themat ics,  i t  is  obviousl .v

not t l ie onl l 'one of  t i re ne\\ 'er  a ids thet  de-

serves study and exlterinlentation. The

frct  that  thc lSth 1 'earbook of  t l ie Counci l

del ls * ' i th the broacl  topic of  rnul t i -

sensor) '  a ids is evidence of  the importance

of other aids.  Qtrest ions and proposals

relat ing to t ra in ing aids c leserve crref t t l

s tudl-  b1'  a special  commit tce of  the Cotrn-

ci l .  
' l  hc Conmi-.- . ion,  therefore,  has reconl-

mended to the Board of  Directors of  the

Counci l ,  that  a standing commit tee on

multi-sen-.or1' aids be createcl t,o ,qtudl'de-
velopments,  to keep the cor lnci l  informed
and up-to-date,  and to make informat ion
about the best mtr l t i -sensor l 'a ids general ly
avai lable to rnathematics teachers.

In conclusion, let  i t  be rel teated that the

foregoing Report  is  tentat ive and pro-

visional. It cloes not offer' f inal solutions,
but submit-q a set of theses n-hicli, i t is

hopcd, ui l l  s t imulate fur t l ier  c le l iberat ion
end discus-" ion emong the nat ion's edu-

cators,  adn- i in i ,str l tors,  and teachers of

methematics. It shoulcl also be st,atecl that

the Reyrol t  is  the resul t  of  intensive grot lp

conferences attcl c.,f mtrch cot' l 'esllonclence.
Such cl iscussion,s b] '  local  grot lps should
rosolve differenccs of olt inion as to certain
detai ls.  Absoiute { igreement t tncler ordi-

nary c i rcunrstances is not to bc expected.
\*everthclc.ss most of  the theses of  th is

report \\ 'ere enciorsed ttnanimotrsll '  and all

others \\-el 'e npplovecl lt1'a substantial ma-
jo r i t l -o f  the  nrembcrs  o f  the  Commi- .s ion .
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i.  ' Io  
rsp  Hrcn  Scnoo l  Sruor r r

\ \ - r r r  -should 1 _stur l1,  ntathcmet ics?
\\ ' lut t  good u- i l l  mathcmat ics be to nre?
I'crlurps 1'<.ru har-e askecl l.ourself thesc
t lrrc-stions. If so, 1,ou har.e a right to
gu-.r alts\r 'ers, and 1.ou u-il l  f ind thern in
thc fo l lon' ing pages.

'fhc 
ltrrrposc of t l i is report i_q to clesclibe

for 1'ou some occupations in rvli ich mathe_
mtt ic-s i .s imltortant.  you u- i l l  lcarn al tout
thc lnrot int  ancl  k incl  of  mathematics that
is uscd and the school  le i -e l  at  u,hich i t
should bc taken.

. 
trIanv pcople discor.er only after they

hlve bcgurr  to u-ork that  their :1ob .equi , ,e.
a t1 'pe of  t la in ing in mathematic:s tho,
have not had. At t irnes the1, are alt le to get,
th is b.r 'at tending night school ,  taking cor_
t'esltonclence coulses, or studl,ing at home.
Hou'ever, this n-ar. is costly onJtinru .orr_
..uming. Also, it is r-ery l. isk1,, for thel, ma;,
not have learned _some things r..ell enough.

Tliere is no l 'eason rvh1,1-ou shoulcl make
an elror of this t)-pe. If the occupation in
ir ir ich J'ou are interestecl is not rnentionecl
in t l i is  pamphlet ,  ask )-our teacher for  the
lecessAr ' \ '  infolmat ion.  you can be qui te

,_ -  
*  I .  j r ra l  repor t  o f  t hc  Comnr i . : s ion  on  po .s t_

\ \  r r r  I ' l nns  o f  the  Na t iona l  Counc i l  o f  Teacher .s
i f  J le thcmat ie ,s .  The  f i r . s t  gu idance  m l i t e r i r r l s
15  ing  to  a  schoo i  . sub jec t ,  t o  bc  usec i  w i th
, i L  e  hoo l  pup i l s  and  b1 j  gu i . l "n . "  pc rsonne l ,
, { l . r r .nt .sr  and aclrn in ist r : r tors.  Bouncl  rcpr. ints o i
h i . s  r cJ ro r t  may  be  he t l  f o r2JCcach ,  pos tpe i< i  f rom'HE 

J[ . r rHerrarrcs Tr: . rcuEn, : t i i t  \ i - .  l20th: t , . ,  Neu '  \ -o rk  27 ,  \ .  Y .

sure t l iet  ntethent l t ics in sonte form is
nccrlecl.

It istr 't l ikcli,- thet .r.ou ri. i l l  u.ant to reacl
all of this repor-t. I{on.er-er., -\.ou may fincl
somc parts tlrtt n-i l l  intercst )-ou \.ery
much especil l l . l- i f 1-oti discuss tl iem not
only u'ith )-our tcacher.", but l. i th ),our
percnts ancl f l icncis. ' Ihcn 

.\.ou ltre almost
ccltl in to get & goocl 

"nr.l... 
for your

quest ion,  " \ \ -hy s l roulc l  f  st t rc iv mathe_
nra t ics?"

II. \I.rrsnu-rrrcs FoR pnnsox,r.r, Usn

Freil lookecl up from his trigonometrl.
u'hen he heard tl ie drone of a great sky
liner. Far up in the blue sk,v, l ie san, it
merge into tl ie recl and orange of the
setting sun. Soon it rroulcl be clark. But
evef on\\ 'ard, r ' iding the beam, roars the
great l iner l 'hi le the navigator, u-ith his
computer (a moclif iecl slide rule), his
charts, his lrrclar, his radio aicls, his sex_
tant,  and his rnathematical  ta l t les,  stancls
b1'alert  ancl  readl ' for .&n-v emer.gency. The
fifty' or mot.e passengers go to sleep ri, i th a
feeling of securitv. The1. ride l, it l i  mathe_
rnatic.s !

Fred l -atched unt i l  t l re gr.eat i iner r .an_
ished in the golden cloucls.  , , - I 'her.e,"  he
said,  "gocs m) '  a lgc 'bra,  geometry and
tr igonometr.v;  for  u ' i thouf them there
u.ould be no airplanes or navig* l r t ion. , ,

Navigation is onl-r- one of a great many
ficld,s ancl professions for u.hich methe_

, )  L . )
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matics is basic-engineering, medicine, re-
search, chemistrl ' , ph5'sics and the l ike.
In fact, it rvoulcl be eesier to name tn-entl '
professions for u 'h ich a strong mathemati-
cal backgrouncl is clesirable than to think
of tn'o in n'hich sr-rch prepa,ru,tion rrould
not be useful .  I i  1 'ou take the long rorrd to
a scientif ic c&reer it means )'e&r's of s1's-
temat ic stuclv of  mathematics;  ] -our studl '
of algebra, geometr'1' ancl trigonometrf is
just  a beginning.

81' this time ]'oLr mir.] '  be thinkiog, "I
am not going to be an engineer or a c loctor.
I 'n ' r  nol  the lerrst  b i t  interestecl  in science;
in f r rct ,  I ' r 'n not e! 'en th inking about col-
lege. So I ' l l  sk ip nrr t l iemet ics."

\\ ' ir i t t l  nrinute ! You &re l iving in &
mrrchinc u'orlcl. You u'rrnt to rerrcl thc
ne\\ 'spi lpcrs intel l igent l l ' .  You t t lk  to
pcoplc rrboLrL the aclventures oi  science.
You listcn crit icr-rl l1' to the rricl io *' i th ln
el ] r  for  thc "n 'holc t ruth ancl  nothing but
hc tnr t l r . . "  \ \ - i t i rotr t  n i r r themrrt ics 1 'ou u ' i l l

not  knon' thc scorc in a scient i f ic  r rge. ] fven
i i  1 'ou nre not helc lcci  f , r r  science, \ 'o i r
r rcvcr thclcss hrvc & pcrsonql  usc for '
nr l thcnrrr t ics.

' \ t  th is point  a n 'orc l  of  ceut ion is in
orclcr. In grcel grrrncli l thcr's cLrr', & pel'son
coulc l  get  a long feir ly '  rvcl l  i f  he c l ic ln ' t
knou'hon'  to rc lc l .  Ancl  he got along somc-
hon'  i [  hc could c lo onl l '  a l i t t le f igur ing
u' i th l 'hole numlters ancl  conlnron [r lc-
t ions,  lncl  kncr ' , '  a bi t  a]rout c lccinr l ls  ancl
per cents.  Btr t  that  u 'on' t  c lo tocl l l ' !  This
shr inking rror ld c loesn' f  me&n too much
to a person rrho crn ' t  re lc l .  In l ike m&nner
& gre&t c leal  more mathematics is requirecl
for personrrl use toclri-v then rr'as neeclecl
in  p ioneer  t in res .

Let 's t i rke a look at  the methemetics
thl t  1 'ou u ' i i l  t rse in the home, in com-
nruni tV l i fe,  in |e. lc l i r rg ne\\-spirpers lncl
mrgrlzines, lncl in er,-er1'clt l] '  occLrpations.

lIatlr.entctl, ics z'n the IIone-All through

1'our l i ie 1'otr u'i l l  be figuring monel' anct
nlone)' r 'elues. There's no clenf ing-1'oti ' l l
neecl n good brrckgrouncl in arithmetic for
the br-r , - rkkeeping job of  mrrneging some
kincl oi rr" housch,rlt i  btt, it iet. A.: a consul'r ler

)'ou must be able to 6gure rrrpicll l '  t l ie
"best bu-r ' "  f rom goods that look pr.et t1.
n'ruch alike.

In-cttl lment buf ing is a boobv trirp for
man] '  persons. For esample:  Supposc ]-0u
try this problem on ten or more gro\\.n-
trps: --[ sccon"d-hand bicycLe fs rnarl'erl .t?L)
ccrsft. Salty buys this bicycle by paying 8?
dovn artd 82 per ueek for 10 u'eeA's. I\- l;at
is the rate of intcrest per year that Sal|y
pays? You probr' lbly srrl '  "L0%." So u'i l l
some gro\\ 'rr ups. A feu' mav srrl '  50fi.. 1
goocl irns\\ 'er is 9-1.5ft, another is 10!rqc
per ycar.* \\ 'hen ] 'ou avoicl pitfrrl ls lr i '
f iguring intere-;t r:.ttes on installnrent
buf ing accuretc l ) ' ,  a goocl  sol ic l  foot ing ip
nr l thcnr l t ic-r  conlcs in nr ight l '  hrrnr- l1 ' .  I r 's
rerrl l l '  surprising horr nlLrch mone)' ci lr l l)c
sr'uvctl through n'isc bultrng.

In the f tqnre,  the mln-of- thc-housc hls
to clerrl u-ith 6gures tr hcn ltc br>r'rorvs
mone) ' ,  checks his brrnk Account,  f in l rnces
lr  l rome, prr l 's  intcrest  on the nrr- i r tgr ige,
nrrrkes rrn. investment,  or  p:rvs t l ro t lses.

Likerrisc tl ie housuriie uscs figtrrcs rvhen
she mlnlges thc foocl  budget,  prr l 's  ] r i l ls
pronrpt l l '  to get a c l iscount,  mlkes Jrrne a
clresr., u'eighs the beb.v, checks crtlorios in
thc c i r i lv  n lenu, chlnges o recipe, or pi r rns
l  p r r t l ' .

The long encl  short  of  i t  is  thr ' r t  ln ef-
f ic ient  home uscs m:rthemlt ies in nlrut l '
\ \ ' rvs.  But the mcmbers o[  the f r rnr i l l ' r . r re
probrr,bll '  not much more i l\\ '&re oI it thrrn
thel '  ere of  the air  thel '  breathe.

lfathematics for Citizenship-Is r cit i-
zen in c,  communit l '1 'our f i rst  job is to t tse

] 'our mathematics in providing for the se-
cur i t l '  o i  vour home ancl  fami l l ' .  In u 'hrr .b
rral '? Through n'ise bu1-ing of variotts
fornrs o[  instrm.nce, as for  esrrmple' ,  l i ic ,
hel l th,  rccic lent ,  unemploy'ment ancl  at t to-
nrobi le.  Preprrre for  u ' i r l t  the futLtre n1:1] '

br ing.  Remember th l t  t l ie t ime mtr cunlc '
u 'hen votr  ex.n ' t  e i ' i rn ] 'our l i r ing;  so kccp

&n e)'e on secr.rrity' in r, ' lc[ age.
\\-ith sufficient mathematicel brrck-

'  There  3 re  scve ra l  l ccep t l l - , i c  n rc thoc l . : . o i
con rpu t ing  in te rcs t  pe r  ] ' e t r  i n  p rob lcn r -s  l i kc '  t i t t s
n n F l



groLrncl  ] 'ot t  can unr- lerstancl  i t - 'c l l .  s t l te.
end feclerr l l  taxat ion ancl  something about
t l ie cr , ' l lect ion and use of  publ ic funcls.

fou r i ' i l l  reecl  e greet c lerr l  of  stat ist ics
c le r r l ing  n ' i t l r  pu l t l i c  we lhre ,  na t ion l l  de-
fense, ancl  go\-enrnlent lorrns.  And then
t l iere &re cc. imnruni t l .  chests,  chtrrches,
schoo ls ,  anc l  o fhe l  agcnc ies  the t  a f fec t
con)nlur l i t1 '  l iv ing.  . \s a nrenrber of  some
groLl l )  c leal ing n ' i t l i  such ploi- . ' lenrs 1 'ou u- i l l
r rccr l  not  onlv c l tnntot l ,  scnsc, but t lso
rt t t tn l . tcr  seusc. \ \ - i thout i t  1 'ou nret-  not  be
eir lc to c io )-or. l r  f r r i l  shr i lc  in conrmunitv
plr-r jcct  s.

I-or I rLttl l igott I i tadlttg o/ -\-cu'spopcr.s,
) [ugo: l t tc, . ,  orrr l  Bu//c l i r rs- I t  nurv l . rc th l f

J 'or t  u i l l  not  \ \ .c i1 l '  out  ntr t r rv penci ls in
( 'onr l ) l r t x t ion .  BLr f  1 'ou  u ' i l i  l r robab ly  re ld
l t  v l is t  r r t rnrber oi  pegc's th l t  r -ou cen ne\-er
qr i i t c  io l lou '  un le - *s  J 'ou  undcrs t r rnc l  t l r c
nrcrrnirrg of  nrrr t i renr l t ic l r l  te lms t i ret  l rc
r rscc l  r tg r t in  t t t r l  r tg l i t t .  

' I ' l r i s  
n i l thcnut ic l l

l r rngru tgc  i t t c lu t l c . :  s t tc l r  u 'o l r l s  rs  un i t ,
r r r t  i<.r .  l iver i rge,  1rc,r 'ccnt  ugc. proport ion,
v l r i r i l - , I c ,  cons t l  n t ,  c l i r r rens ion ,  anr i  fo r ' -
nr rr lrr .

. \nc l  t i r c lc  i s  son)e th ing  e ise .  You shou ld
irc able to rerci  s in i l r le t r rb les.  i ine gr- tphs,
l r l r  g r r tphs ,  c i rc le  g t ' lphs , .anc i  p ic tog l 'ams.
Books, megazine-. ,  rncl  Lrui let ins are using
these c lcv ices  n)ore  ln r l  n ro le  to  mlke  the
ir lees c leer to the rei lCler.

' f  he c la i l l '  ne\ \ 'spi lpcr bl ings to our
honres  f igures  lnd  s t r t i s t i cs  on  emplo l ' -
ment ,  over t ime sc l tec iu les ,  o l r in ion  po l l s ,
s l reecl  l imi ts,  inclexes, rr r in ie l l ,  br ' rnk rutes,
i re ight  l r r tes,  stock at tc l  br-rnci  summrr ies,
nl t ionrr l  c lebts,  tAres,  c lerr th r l r tcs,  spccr l
l inr i ts.  bou' l ing evcrrges. brrscl-rr l l  s tant i -
i n q s .  u - t . t t h o r  r e n n t ' t s  r r r r l  r ' ' r t ' i { ) l l S  c l r l C u l l r -^ r r 5 . - ' ,  r r  L r r r r ( L

t i ons  o f  a  mach ine  age.  As  sonreone h ls
sl ic l  " r ' r r t ios,  l imi ts.  r rncl  nccelerat iot ts are
.  .  .  pho tog l lphec l  u l )on  cvcr ' \ '  p lge  o i  our
er is tc r r t 'e  .  .  .  t l r c  In l i t l  o f  th r '  n r r rc l t i t te  age
is  l t  c ' l l cL r l l t ing  r ' t t i t - t t i l . "

[ :or  I i r lyday Qgcupol iorrs-Ot 'c l inar '1 '
jobs rcclrr i lc  Sr-rmc nrr . t l rernrt ical  knol ' l -
er lge unt l  ski l l .  \ \ ' i rcn , r 'ou et t tcr  1 'our f i r ' , - t
j c ,b  vor r r  enrp l r . , r ' c r  u ' i l l  &ss t tn lc  t l re t  vo t t
l ' : r r ' , . ,  r !  l r t i r  tna t l r t ' rn l t t i cu l  l - , t cksruu t r , i .

You rri l l  be handicappecl if 1'oLr ciln't keep
lr  s in ' rp le &ccount.  n l tkc chnnge, or solve
con'rnron prolr lcms oi  communicrt ions,

.  t lave l ,  and t ranspor t r r t ion .
Bu-. iness requires thr i t  goods be kept

nroving ani l  not  g lo\ \ '  s ta lc in stock.  This
meiins that nit it lr€rl l l t iclri inventolies must
be nrade to guic le f r i r t l rer  acl ion.  The of f ice
force is responsi l t le for  monc\- .  stock,  and
credi t ;  i t  r lso keeps t l ie books nncl  r rnalr-zes
the busincss.

Craftsnren must r-rsc their  ntetsur ing in-
stnrments : rccur l tc i l '  l tncl  sr- , lvc their  prob-
lenrs in r  hurrr ' .  ] Iost  of  thcnr learn deci-
ml ls on thc j r t l t  enr l  u ' is l i  t i iev hr.c l  le l rned
t l rcnr in school .

Est inr l tors n ' rust  f igulc c losc ctrougl i  to
gc t  the  job  u-hen con ipc t ing  u ' i th  o thers .
At thc -stnre t inre t l rcv rnrrst  f igure high
enougir  to rnlke I  prof i t  ior  t l ie f i rm for
u 'h ich  the l  u 'o rk .

Strcccssiul  furnrers musf kuorr  cnough
nr l r themlt ics tc i  cst inretc net prof i ts.  I {ou'
is th is done? B1'  f igLrr ing Sr ' , tss leceipts
anci  deduct ing r lcccsst l ' \ '  c \pcrrscs rvhich,
migh t  inc luc lc :  t ruck ing ,  fc r t i l i zc rs ,  l lbor ,
seeds, spr{ i , \ 's ,  fcecl ,  anci  r th l t  nut .  Farmers
can' t  unclerstancl  govelnlnc 'nt  bul lct ins
u-r i t ten for  thenr unl tss thel '  understand
hon' to reld graphs ancl  unclerst lnd c lear l .v
the merning of  sucir  nrethcnrr . t icr l  ic lees as
pnr i t l '  and indices.  \ \ -e have been t l lk ing
about successful  fermers.  Thelc are st i l l
lots of  fe lmels rr 'ho c lon' t  keep books and
the.r 'have been knou'n to operr . te for  vears
l ' i thoul  real iz ing thet ther-  r i re l t loke.

. \ -or i '  for  a plels:rnt  surpr i , .e! ' \ l l  these
conrputat ions t l iet  sorrnd so cl i f l icul t  are
usual l l '  br i - .ecl  on s imlt le er i thnlet ic dcel ing
l ' i th rrhole nun'r l ;ers,  f ract iuns,  decimals,
percentages, lnci  conrnlon uni ts of  meas-
l l l ' A

But- lncl  l ie lc ' - .  e s l ight-  l i i tch-_.srzcce)s-

/ul  l -o lkels in er-en'c l r i '  jo i r - .  r 'c l ic l  technical
books  ln t l  l r t  i c l c , :  u  lL ic l r  inc lu r ie  bas ic
mat i remlt ics t lu i t  gocs be-\ 'oncl  nrere com-
putat ion.  ' l 'o  gct  l r ip i r , l  pronrot ions on
scmi-technic l l  jo l rs in industr ' \ '  \ -ou have
to be sonrething nrole t l ierr  nrc lc l l '  a good
conrputer.
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Comptrtation rvith ri 'hole numbers, deci-

mrls, frlctions, and per cent comes first

but there is something more that you

ought to knon'. How much mathematics is

& "must"  for  every c i t izen? I t 's  t ime to

gei that straightenecl ottt. Hele is a Check

List of 29 questions. I i you cil lr sa,y "yes"

to nearly alt of them )'oLt ctln feel pretty

secul'e when it comes to clerrl ing rvith the

problems of everl 'daY affeirs

THs Cnncn L ts r

l. Conr.ptrtatiott ' . Can 1'ou add, srrblrr 'ct, multi-
ply', ancl divicle effectivell '  n' ith whole num-
ir*.s, aot.nton fract ions, l t lc l  cl t 'c inrals?

2.  Per ients .  C ln  ] 'o r t  use pc ' rccnts  unders tend-
i n o l v  o n d  n o c r t r l t c l r ' ?t l l i r v t  4 r . u . r u L !

S.  Ri . t io.  Do y 'ot t  h lvc t  c le:r r  undt ' rs tonding of

r l  t i o  ?
4 .  I s t i nn t fng .  Bc io re  1 'o t r  pe r [o t ' n r  I  compu la -

t i on ,  c lo  1 'o t t  es t i n ta te  thc  r cs t r l t  f o r  the  p t r r -

posc  o f  check ing  1 'ou r  ans r re r?

5.  
' l iou.nt l ing 

nuntbers.  Do 1 'ot t  knorr '  lhe mean-

ing  o f  s ign i f i c ln t  f i gu rcs?  C ln  1 'o t t  round

nu mbcr.s propcr l . r '?

6 .  Tah les .  Can  -vo r r  f i nc l  co r rcc l  v r l t t es  i n  te -

b l c - . ;  e .g . ,  i n t c rcs l  enc l  i nconrc  t i r ' s?

7 .  Graphs . -C l r t  1 'ou  rc ld  o r t l i n : r r1 '  g r r r ' phs :  bs r ,

l i nc  nnc l  c i r c i c  g r lp l r - r?  thc  g r : rph  o f  a  fo r -
- t ' 1 , . ?

.S.  Sla l is l ics.  Do 1 'orr  kno* '  lhe rr ts ' in guides that

o t r c  s l i o u l c l  f o l t o u ' i o  c o l l u c t i n g  a n d  i n i e r -

p re t i ng  c i : l t e ;  c$n  ] ' ou  L tsc  & ! ' c r l t ges  (meen ,

n rec i i gn ,  n roc le ) ;  can  ] ' oL l  c i r l r v  l nd  in te rp re l

a  g r lph?
9. Tie nnlure of  t t  r r rea,suret t tenl .  Do 1 'ou knorv

thc  me ln ing  o f  a  l l l e . ! - r t t r cn tcn t ,  o f  a  s tand-

a rc l  un i t ,  o r  thc  l e rgc - ; l  p ' : rn r i ss ib le  e r ro r ,  o f

to le r : l ncc ,  o 'n t l  o f  t hc  s t l t c t t r t : t t l  t ha f  "a

mcr l s t t ren ren t  i s  & l l  { rpJ ) r ( ) \ i  n l r t i c rn "?

10.  L 'se of  ureasur ing dcutce's.  Ulr t l  - r 'o t t  use cer-

ta in l t rc lsrr r ing t le l ' iccs,  st t r : t t  e ' ;  l r 'n  ordinarY'

ru l c r ,  o lhe r  r t r l c r . s  (g r ld t r : r t ec l  t o  t l i i r t y -sec -

onds ,  to  ten t i l s  o f  an  inc i r ,  nnc i  t o  m i l l i -

me le rs ) ,  p ro t rac to r ,  g rs ,p l r  pxper '  l ape ,  ca l i -

pe r  m ic ron te te r ,  and  the rnu ln tc te r?

I  l .  Sq r ra re  roo l .  Cc 'n  l ' ou  f i nc {  t l r t :  squere  roo l  o f

s  number  b1 '  t rb le ' ,  o r  b - r '  d i v i s ion?

12 .  Ang les .  C t rn  1 'o t t  e . s t i n t r  l r ,  r01c l ,  and  con-

s t r t t c t  a n  l n g l e ?
13. Geontetr ic  cot tcepls '  Do , ' ' , ' r - ' t t  t t lve an under-

s t l n c l i n g  o i  p o i r t t ,  l i n ' : , 3 ' n g l c '  p r r e l l e l  l i n e s '

p ' ' epcn , l i . , r l l r  l i nc ; ,  t  c i : rng l . '  ( r i gh t ,  sca le .ne ,

i sosce les  l nc l  cc lu i i r r l c t ' r r l ' ,  p r " r ' l l l e log ram ( in -

c l t r c l i ng  squarc  en t l  r . ' c ' . l r , n r i c - \ ,  t r&p€zo id ,  c i r -

c [ c ,  r cg r t l l r  p , l l ' , ' gon ,  p r i sn t ,  c r ' I i nc te r ,  cone ,

a n d  s 1 ; h e r e ?
I  l .  7 ' t te i -4-5-rc lot ion.  Crr , t t  \ - ( )Lt  t lsc the P- l ' -

t hegore rn  re l s t i onsh ip  i n  n  r i gh t  t r i aag le?

15 .  Cons t ruc t i o r t s .  Can  1 'ou  n ' i t h  ru le r  and  com-

ps ,sscs  cons l ruc l  a  c i r c le ,  a  sc i l - r : 1 re ,  o 'nd  a  rec -

rong le ,  t rans fe r  a  l i nc  s i l gm ' | - ' n l  snd  an  ang le '

b i sec t  a  l i ne  segment  and  en  ang le ,  cop ! '  &

t r i sng le ,  d i v ide  a  l i ne  segment  i n to  n ro

thgn  tn 'o  equa l  pa r l s ,  d ro . r v  a  tangenb  to  I

c i r c le ,  and  c l r s$ 'a  geomet r i c  f i g t r re  to  sca le?

16. Drouings.  Can you read end interpret  re l -

sonsbly j  n 'e l l ,  meps,  f loor 1; larrs,  nrechanical

dran' ings,  and bluepr in[s? Can you f ind the

d is i snce  be tn 'een  tn 'o  po in ts  on  a  mep?

17. I -ectors.  Do 1 'ou understsnd the meening of

vector ,  and can 1 'ou f ind the resul tant '  of  t i ro

forces ?
lS.  l . Ie l r ic  systen' .  Do 1 'ou knon'how to use the'

mos t  i n rpo r tan t  me l r i c  un i t s  (me te r ,  cen t i -

me te r ,  n r i l l ime te r ,  k i l omete r ,  g r&m,  k i l o -

gr l rm)?
19 .  Co , rue rs f rn .  I n  measur ing  leng th ,  a ree ,  l ' o l -

un re ,  r r ' e igh t ,  t ime ,  tempera tu re ,  ang le ,  and

spced ,  csn  ) ' ou  sh i i t  f rom one  con lmon l ; -

t isecl  s l rnderd uni l  to anot t rcr  rv idely used

s tsnd l rd .  t t n i t ;  e .g . ,  do  1 'o t r  kno r r  the  re l s ' '

t i on  be tn 'ee r l  1 'a rd  and  foo t ,  i nch  and  cen t i -

n re te r ,  e l c  ?

20.  Algebraic syntbol isrru.  Can ) 'ot l  use Ict ters to

rep resen t  nun tbe rs ;  i . e . ,  do  yoo"unders tadd . . ,

t hc  sy -n rbo l i sm o i  a lgebra -do - ] ' ou  know the
' .  , , r . *n in l  o f  exponen f  and  coe f f i c i cn t?

21.':F oi,nuris. Do' -vou;Idoir: '"th'e nreariing of a

fo rn ru l t - c rn  1 'o i i ,  f o r  ex lmp le ,  n ' r i t e  en

ar i thmet i c  ru l c  a .s  a  fo rmt r le ,  cnd  c&n  l ' ou

sul-rst i lu te g ivcn I 'a ' lues i r r  ordcr to f ind the

v r r l t t c  fo r  a  requ i r cd  unknor t ' n?

22. Signer l  nt tntbers.  Do I 'ot t  undc' r^stend s igncd

t t , i n tbc rs  & t l r l  c$n  ] ' o t l  usc  them?

2;3.  L 'sfng l l rc  at ionts.  Do 1 'ou t tndcrstancl  rvhs ' l

1 '0 l . ,  o r .  do ing  t vhen  you  t t sc  the  es ion rs

. l r *ng .  thc  fo rm o [  g  fo rn l t t l s  o r  r v l t en  ;

f i nc l  i hc  vs , l uc  o f  an  unknon 'n  i n  a  s in rp re

cclr rst io n?
2-1.  Picct tcal for t r t t i la ,s ' .  Do 1 'ou knorv f ront  mem-

orv  ce r la in  r r i dc l - v  uscd  fo rmu lss  r c l s t i ng  to

"r . , . . ,  
l 'o lumcs,  ancl  intcresl ,  and to d is-

t tnce ,  ra tc ,  and  t i n rc?

1 .1 .  S fn i /a  r  t r i ang les  and  p ropo t ' l f on '  Do  ) ' o t t  un -

du r , i t s ,nc l  t he  tncs ,n ing  o I  s in r i l e r  t r i l ng i cs '

and do 1 'ot t  knon'  horr ' - to t tsc the fsct  thgt  in

s in i i t o ,  i r i r ng les  thc  ra t i os  o i  co r respond ing

siCu'S &re '  cc lual? Can -vou nr ln&gc & propor-

t i o n ?

26. 7 ' r igortornetry.  Do 1 'ot t  knorr '  lhe meaning oi
- -  

l r ng .n i ,  s ine ,  cos ine?  Can  ; -ou  c l cve iop  thc i r

* .Jning.  by means of  scalc c l r lw- ing' ;?

27.  Fi r . ; l  s lep.s i r t  bt rs iness ar i thntet tc '  Are vou

nt t ' "he me t  ical  l -v  co nd i  t io  ned f  o r  s l  t  is  f  r rc lor ] '

a r t j us lmen l  to  a  f i ' r s t  j ob  in  bus incss ;  e 'g ' '

l , r ve  1 'ou  a  s le . r l  i n  unders t r ' nd ing  thc  keeP, -

ing  o i r t .  s i rnp le  accoun t ,  mak ing  ch : rnge '  end

t l re  l r i t hn re t i c  theb  i l l us t ra tes  l he  n tos t  con r -

rnon  p rob lcm 's  o f  comnr t tn i cs t i on ' s  anc t  eve r ' l '

c l r " ' a t T l i r s ?
2S. ,>tratc[  in 'g the c lo l lar .  Do 1 'otr  i r&! 'e a bs 's is for
-  -  

c lea l i ng  in te l i i gen t l v  w ' i t h  the  ms ' i n  P rob len ts

o f  the  cou ;u*e t ;  e .g ' ,  t he  cos f  o f  bo r ros r tng

nlon.1 ' ,  in^:urance to secure cdequate plo! : . .c-

t i on  ag l i ns t  l he  numerous  haz : r rds  o I  l t l u . '

1 [g  r v i se  m&n&gement  o f  mone-v ,  and  bu l " i r t g

I



\ r . i th  a ,  g iven income *qo as to  get  good r .s , lues r  .
as re'gards brrth qua-nti t l '  u; l  q;-: i , l l  

'4rusr \ \ ' lser to take sonie of the more general29' "Procceding front hypirhesis 
' to 

conclu,sion. courses u'e l iat 'e cle-.cr ibecl.

ff.";'';:0";llJi;iffi'llxT;':r"t 
in u nenr*r'"- It is unfo|tunete thar la|ge nuniber.s of* hr:thcr the sugge.,. , i - ." ' . i " . i '1ffo;. l , i l  stuclents frr i l  to reei izc th. ; ; ; ; ,1,.n..  offo l , l6 . ,n '  f rom thc g i 'cn  fsc ts  or  as. ; ;p ; ; ; i  ga in ing sk i i ls  a .c i  , ,n , l . , - * t *n- , i , , , *_ .  in

rrris rittie kit of toors ti*t 1.ou har e ff:::l';fi;li'i :':i^i:ri:";li:1;1xll ' ,eer l  l l l l ' ing * ' i t l i  i^  the abo'e check Jre 'e,  ancl  .s l iould i rar-e,  nrester.ccl  t 'e f .n-Li- . t  i . :  €r l r -u 'nrouql l -  u- .eful  in solr- ing sonje c lantental*s of  nr l t l ier lat ics t l rat  , , re r .e_'el ' \ '  col l lPl icetecl  l l .oblenis i .  p 'ese' t -dr i1 '  quirecl  in nrost  : "L.  For the'r  r .c ' r r in t 'ei i fe '  I t  is  thc ba's ic mlt l tcntat ic.s 'necclccl  e. 'ening sch.. , , . , ls  a. t i  prr . t - t inrc c. l r rsses ori ' I  g 'e r t  n ran ] '  jobs '  \ ' ou  * i l l  ac imi t  tha t  home s tuc l l - i f  the l -c les i .e  to  j c r r r . .  t ' e  fu^ -t l rc l i . : t  is  short  ancl  * 'c  hope t l rat  sonre ch,r .  ar- ,nr . , , i " l .  , , , . r j j . ; r . .
i t  *  i l l  sccn i  l l l - t t r .d l l ' s in rp le !  \ c ' c . the less  I t  * .o t r l c l . , r "be- - f l i r .  to  1 .ou  i i  r 'e  c , ' c lcc lntr i>t  bt ts i l tcssnten u-ho hir .e higlr  .school  th is c l i ,scus._" ion of  nr . t l , . ,n. t ics for .  1rc,r .sr , r .a lg t ' r t t l t t r t t cs  * 'o t t l c i  l ;e  g .e l t l l '  p lc r i sec l  i i  . se  r ' i thor r r  ' re r t ion i .g  , t joynr t  tL l  andr 'ot lc 's ( ' r in lc to thcnr ;k, to, t : i , tg 

th is -ctufT ct i turc i l r ' l ruc.s.  i t r . , .  is  r ' r r r , , l r  nr()r .c i .  t .cf r r i ' l '  * ' t ' l i ' "  
, , , , r r r ^  *^  ^ ' .  : - - - .  -  

s t t rc l l '  o f  n re thcnra i i . . ,  t l , . , r  the  \ .oc l i t io .a l' \ t r ' l  r tot t '  \ \ 'c  c ' ( r I t )o to an inr1ro. t . ' t  c l r rcs- r-el . . rL.-  T5.; . ;1, ; ; ;  thc cc. t r r r . ics t 'e.et i . ' '  \ \ - ] r . t  mnt l icntat ics shot i ld 1 'o.  st , ,c i . '  hr 'e been * in-r-  pcr. . ions * . r ro i ' . ,c  c '_r 'c lct '  to gct  *  het  1-ou ncecl  fc,r  pc.sonr l  jo1'ecl  ; ; ; i i l .  io.  i ts  o*.n s*ke. There" c? I r l  sonle schools a fe* '  of  ihe best i ,  a p 'ccious curtur.el  r . l lue t6rr t  comes to-s t t t t le t t t s  c r t l l  gc t  a l l  th is  b1 '  t l i c  cnc l  o f  t i r c  those * 'ho  lc r r rn  to  lp ' r . cc in te  t i re  cont r ibu-e ig l r th  g rac lc '  f  Ios l  p t rp i l s ,  l to t t 'g1 's1 ' ,  * 'o r r l c l  t ion  o f  n r l thenr r t i cs  to  c i r . i l i ze t ion- tot tcct l  to cont i t t t tc ge.eral  mlt l tcnrat ics fc i r  the progre-cs of  ' l rn.  rou are cnt i t recl  too l le  o r  t t t ' o  \ ' s t t ' s ,  i t r  o rc lc r  to  n i l s te r  * 'he t  kno l - (1 )  thn t  fe* -s t t rc len ts  i f  a ' . r -  * .ho  arethe  chcck  L is t  c l l l ' s  fo r '  con ipe ten t  in  n ra thenra t ics  L" , .e  c \ -e r  re -I f  1 'o t r  a .e  th ink ing  about  inc l t rs t r l ' then  gre t iec l  t in re  spcn i  in  t . * , .n i .g  t5e  s r r r . r jec t ,'ou ar:  luck'  i f  1 'oLr rr .e in e school  b ig 1z;  t t  
" t  

mathe' iat i ,enot'gii to pro'icl. 
" 1'.o. o. ,,ro''. of shof r,-.tt ta.glir ;i i;ttt ll,:ili.tl:j;..l,,tjmethenrat ics '  

,  enhl^  ̂ r  +L^ : r ,  
carefr i i l f  i t .p t r - , ] . i .p,  ancr (B) thr t  grere\-ou can leern sonre of  the i tems in the are fen.subjects, , . f r i . f ,  s tuclent-s l ike bettercheck l i ' : t  b: '  taking & course in business than ma-themrt ics,  pro ' ic le6 i t  i .s  * .e l lar i thmet ic '  I {or i 'e 'er ,  } 'ou c ln lear '  the taught.  so,  t i  i ; ;  e. jo1.  nrrr t r re ' r r t ics,same th ings  and nro t 'e  in  a  ne \ \ 'e r  cou 'se  take  no  thought  o f  the  r -oca t io . l l  r i ses  incal iecl  "Consumer l lathematics. ' ,  In re- the tonrorro\ \ ._srr f f ic ient  for  t I is  c l l r - is  thecent 'ear-r more and mo.e scrroors hlr-e good, the,eof .

aclc lecl  th is coLlrse as an elect i r -e in the
eler-enth ancl tn'elfth gracle.s. IIL l l- lrurrr-{.rrcs Usen nr- 'ru.'rsr_o

An1-one * 'ho takes four ) 'ears of  t r rc l i -  \ \ -onxens
t ional  nrathematics (algebra,  geomet.r ' ,  rn ge'eral  t i re mathemrt ics usecl  b 'etc ' )  * ' i l l  get  mo-st  of  the basic nrethe- ski l lecl  ancl  senr i - . r i r i .a *-or.ke.s c loe.  noi
H:i;' ,::..1:::,,,t"f.^o::::1"]^::.: 

rhere require. t.rining L,er.r,.ct ttre high school.
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trotr l t l '  .o ciottbt,  be son)e geps as t irese If  1'o. hrrr-e,,  gi,r . f i , ' , ; i ; i : :- i l t*: : i ; : :
c( r t t l ' s€- 's  l l re  no\ \ 'o l 'gat r izec l  anc l  t l iught . . . \ l  t ra in ing in  th i .  n [L t l rc rn i l t ics  ( .our . :eS inI t l '  r ' r i te '  i i  the n t l then la t ics  for  pcr . :o . r l  h igh schoui ,  1 'o , ,  e ,c ' ,1 , , * l i f i cc l  t .  ] r t i l r l  l i . r . -[ '  ,  r l l  t l r r r t  - r 'ou r 'A. t ,  t .e 'er ing t r - re t r . r r -  one of  r - , , ,n . r .e , fs  o i1, . , t ,s  t r , " t  r .cr . r i , . " " i_d i t i on l t l  . t - r l l d  * ' o t t l t l  be  l 1 l . c t t 1 ' ex l r c . s i ' e  p l i ec l  e r i t hmc t i c  , , , , 1  t l r c  . i r r t hc ' r l t i c s\ \ ' 41 ' '  s i  gc t t i r t g  i t .  } - ou  * ' r r r l c l  P r . oh l i b l l ,  l t e  ' r r t l i r r c r l  i .  t l r r :  C . l r ock  L i s t  i n  t l i c ,  l t . ece t l i . g
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section. Brief descriptions of a fen' such

opportunities are given belorr.

l .  Bookkeequs

A bookkeeper is & person in a btrsiness

office rvho keeps trirck of all business trans-

actions. His is r prett-"- big job ! He has to

keep cash books, leclgers, e\pense &c-

counts, int'oices, ancl vottchers straight'

Not to mention notes, pli l 'rolls, inven-

tories, and brrnk statements u'hich he has

to check.
The bookkeeper's f iguring is clone rvith

the -"comnton grrrclen vlriety of arith-

16slig"-u'hole nttmbers, frirctions, deci-

mals, ancl per cents. Br-rt he's got to be on

his toes. FIe mtrst be able to figure ac-

curatell ' , r 'apicll.v, and n'ith confidence.

Ancl  i t 's  t rp to hinl  to spot errors,  take'

-"hort  ct t ts,  est imete rcsl t l ts ,  ancl  check

thc rrork. Ltrckil-r ', enotrgh cr-rlctrhr,t ing

nrechines, nr: l themlt ic l l  t lb les,  ancl

gr:rphs are ttstt:rl l1' lroLtncl to lcncl him a

he lp ing  h lnc i .
The busines; cle'plrtmcnts of ptrblic

high schools antl private btrsiness colleges

give t ru in ing for th is k incl  o[  u 'ork.  Thc

nrathenrttics ttrlt ] 'otl rrottlcl ncecl in

bookkccping incl t tc le 's t tob onl l '  b ls ic

ar i thmct ic,  bt t t  r lso btrs inc-*s ar i t l tmet ic,

boohl tcel>ing, encl  sonr.e lccottnf ing.  Adcl i -

t ionl l  tn in ing in Engl ish,  ccotronr ics,  ancl

business l lu '  helps a lot .  ' \  bookkeeper '

s' it l i  more training nllr l '  lcit 'r-tnce trt an ac-

count lnt .  Jtrst  r i 'here l>oo- l tkeeping leaves

off rnci accottnting begins is not elsy to sal'.

Noir ' for  a bi t  of  f r r ther l l '  lc iv ice.  Unless

)'ou her-e goocl generr'rl ebititl' anci are

frrr  bet ter  th ln average n'hen detr l ing l ' i th

f igures,  steer c leer oi  bookkeeping. Ihnl '

s tuclents u ' i th lon'  abi l i t - r '  take commercirr l

ar i thmet ie in.high scl tool  n- i th the fut i le

hope thr i t  thel '  u i l l  be al l  set  for  book-

keeping. I t  j t r . r t  l r 'on' f  l i rppen!

2. C'lt. r ical l l '  orl;ers
' fake a l t , rok.r t ,  th is t i r . l ' ' le '  Yr ' 'Lt ' l l  acimit ,

u 'on' t  1 'oLt ,  thet  1 'otr  c l ic ln ' t  knott '  the es-

tent to lr 'hich nlen ltre entplol 'ecl &s secre-

tar ies,  stenogrrrphers.  t1 'p i . - ' ts .  J l r l re thr"n
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women! If you have abil it l ' ,  one step to-
ri 'ard a job n'ith a big fat selerl 'might be
to serve for a ri 'hi le as & secretar-v to some-

one in a large corporation.

Cr,nRtcAL Wonncns EuProl-uo
(19-10 Cessss)

J I  en  19 'amen
9 2 , 0 0 0  9 , 0 0 0

3 1 , 0 0 0  2 8 , 0 0 0

2 0 , 0 0 0  7 , 0 0 0

Agents ,  misce l laneou-r .  .  .
Altendants, ph1'sici tns'

anrl  dc'nt ists'  off ices. .  .
Attcndlnts lr ,nd a.ssist-

n ,n t ,s ,  l ib rar -v . .  .  .  .  .  .  .  .
T icket ,  s ta t ion and ex-

p r o - r s  a g e n t s .  . .  .  .  .  .  . .
Col lec tors ,  b i l l  tnd &c-

{ 0 , 0 0 0  2 , 0 0 0

c o u n t  4 { , 0 0 0  3 , 0 0 0
Of f ice mact r ine operators  6{  ,000 5 t  ,000
Sh ipp ing  and  recc i v i ng

c lc . rks  230 ,000 I  ,000
Stenographers ,  t1 'p is t .s ,

enc i  sc 'c ru ter ies .
Clcr ics l  and k indrcd

I  , 1 7 5 , 0 0 0  g s s , 0 0 0

n 'o rkc rs ,  n r i sce l l sn t ' o t t s  1 ,97 -1 ,000  630 ,000

1'he trrblc also shou's thc tl ' f i , oi rrork-

ers in the clerical f ielcl. 81' obsen'ing the

totl l nttmber oi nlen ancl \\ 'omen enr-
plol 'ecl 1'otr get sonle idel oi the impor-

tr rnce oi  th is rvork.  In rccent 1 'c l rs the

neeci for clerical rt 'orkct's ir lrs becn great.

In some plrrces recrtr i t ing agcnts hlr 'e .
becn meking the rot tncls of  schools to pick

tup stuclents as soon &s thel' grarltrlte.

\ \ 'hen business and inctustr-r 'booru,  c ler-

icrrl rrorkers are in clcmrtncl. Even in hard

t inres the secretary thet  is  tops rr i l t  l ikel l '

h lve  a  gooc l  job .

\ot  ever l '  secretar l '  mlrr ies the boss's

son or cletrghter. For thc long ptrl l 1'otr hlcl

better rest 1'ottr ftttttre ls n clerical rvorker

on fine personal clttalit ies, n'rental alertness,

rncl good training.
As fer as mathematics is concernecl, rt 'e

sn] 'once more "Bear c lo* 'n on the i tems in

the  Check  L is t  p rges  3 lE-3 i9 - "  Th l t ' s

rrbout nl l  the mlthemr,t ics 1 'otr  s ' i l l  neeci '

Oh! n 'e almost forgot.  Instr t tct ion rncl

pract ice u ' i th conput ing,  pt tnch cercl ,  ancl

carcl sorting mechines u'i l [ help. And bv

the u'41' ,  i t  isn ' t  cort 'ect  to cal l  a c ler ic l l

rrorker rr 'ho operir.tes nrlchines a "statis-
t ic ian."  As 1 'ot t  n ' i l l  see l r r ter ,  a stat ist ic i rn

is something else.
If 1'ou ere in a school ttret cloes not ofTer
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btrs iness ar i thmet ic.  general  mrthematics,
encl  prrrct ice rv i t l r  nracl i ines,  perheps 1-ou
can pick these up some t in ie in night
schooi  or  l r ] '  t  tk ing cofresl)( l r lc lence
cottrses.

3.  C'r{ lsncn

I-Ion' nrtrl\ '  nren. clo J'ou suppose e&rrl
thc i r  i i v ing  e t  sonrc  sk i l led  t l l c le?  The
tns\ \ 'c f  is  rnr- , t 'e t i r r r t t  s i r  nr i l l ionl  f i rere t r re
scol 'cs oi  ski l let l  t r r rc les.  I t  nr ight  l te furr
for  vort  to scc hou'  nr lnr-  ] 'ou c i . l r l  nrnrc-
l r r ick l r r l 'cr ' ,  cr- t t 'pcnter ' ,  c l ressnrrrkcr,  c lcc-
tr ic i r rn,  p l r t r t r l . rct ' ,  nrccl te i i ic  e lc.

Tlr ink t r i ' ice bcfore vou l ) i ls . - i  up l l l  o i
t l r csc  jobs .  I i  r -ou  h lve  l  f l l i r  fo r  a  sk i l l c t l
t r r r r ic .  r 'ou u ' i l l  get  srr t is iect ion al l  vour l i fc
in  t l rc  r lo ing  o f  thc  u 'o rk .  Pr rv  i r r rs  bccn  in -
c rces i r rg  r rn< l  in  f r i c t  i s  bc t te r  th rn  t i ra t  o i
u ' h i t c  c o l l r i r  t v o t ' k c r s . ' f h c  h o u r s  u ' i l i
l ikc l i '  r l rc.rJr  , . t i1 l  fur t l ter .  You tr .otr ld l ieve
t imc rnd cnergr to r i 'ork in t i re gardcn or
l t  sonrc  l ro l )b r ' .  Peop le  r l lp rec i l te  end ho ld
the  sk i l l f t r l  c ra f tsnren  in  h ig l i  lespec f  .

I Iorr  do I 'ou get into one of  these ski l lecl
t l r rc les? . \pprcnt iceship is the rold to most

If 1-ou \\ 'ere an apprentice, 1'ou'd get a
\ \ 'age that u 'oulc l  be automat ical l f  in-
crcased at le'gular inten'als. At the end of
a certrrin ntrnrlrer of 1'ears -r-otr u'ould com-
plete t r r r in ing and thus i recon'rc a craf ts-
mltn or journer-nran.

iJou'  do . r -ou get to be an apprent ice?
' fhat  

t l r ics in thc di f ferent t rades and
lccording to h-rcal  -s i t r r r r t ions.  In some
pltces ) 'ou nl tv neer l  to heve a relr . t ive in
the trade. In nrrnr '  l l laces r-ou u 'oulc l  neecl
to  app l l '  to  the  hcad o f  the  loca l  un ion .

St-rnrct inrc.s mcchenicel  npt i tut le tests
are  g i rcn  fo r  cn t r tnce  to  l l t l t ren t icesh ip .
' fh is 

is c lonc l t  thc ( lor-c lnnrent Pr int ing
Of f i ce ,  t .  S .  \ l r - r '  Y l rd ,  nnc l  in  cer ta in
l ;n ' r ' ( '  i n r l r rs t  r i c .s  $ i1g1t  tcs ts  i l i q |11r le  c rues-, . . . 5 -  L L , r g J  a r r L r r ( \ r L  \ l L { l J

t i ons  on  c lenrcn t l rv  t r igonon ic t r l ' ,  s in rp le
nr lc i r incs,  intcrpletnt ion of  c l ru,u ' ings lnd
dirgr ln is,  ancl  metsurement of  f igurcs ancl
so l ids .

f 'here &rc scorcs of  apprent iceable
trrrc les.  Oi  thesc,  the fo l lou' ing require
trade nrr thenrat ics,  especiel ly measure-
ment in sonre fo lm.

. \PPn  I r \T IC ITABLE T I t . \DE .S

I ] tke. r  (h lnd)  2  ' \u to t t ro t ivc  {
B l r c k - * r n i t h  - {

B o i l c r n r e k c r  - 1

Br i ck ie i ' c ' r  3
Cab i r te tn r l kc r  ' l

C t r p c r r t e r  {
C c n r e n t  f i n i s h e r  2
Clo t  he-; -c lc 's i  g ner - l

C0nrpc ' - r i 1o r  5 -6
C'oo k 2
C o o  p c r  3
Coo l )c r - rn ) i t l l  +
Core t r tekc r  {
Den t : r l  n t cc l t rn i c  {
D i e m e k e r  - 1

Dr r f t smen  -1

])rc.ssmr,kcr  2
Dr r t l l - f s rogP 1
I ' . l c c t r i c i r n :

A i r c r r r i f  4

I l u i l d ing  1 -5
Linesnr ln - l

Elect  ro f  v  prr  r '  5
Enqr rve r  7
Fur r ie r  3
G e r m e n l  c u t t c r  3
G laz ic r  3
C i l e n i t e  p o i i s l r e r  2
L les t  t r ce te r  {
I n s t r u t n c r r t  m e k e r  {
Jen'e ler  J
I  o t h o "  9

Le l the r  r vo rke r  3
T  p n r  o r i n d n r  J

I  i f h n o r q  n h n r  I
! r l l . v :

l l ech in i s l  4
\ f e r t  c u t t e r  3
] I e c h s n i c  {
I l ech r .n i c  l l i sc l .  -1

T I IAT REQUIr r i t
\ I i l lmen  - l

\ I i l l n ' r i gh t  I
\ I o d e l  m a k e r  {
) Io ld  l o f  t sn rs ,n  - l

t r Io lder -1

\ t . \ T I {E } IAT ICS '

I i e d i o  t e c h r r i c i e n - l
S h c c t m e t e l  r v o r k e r  4
S h i p f i t t c r  {
.S i r i p * ' r i g l r t  - l

S la l i one r '1 '  cng incc r  4
S tcsn r  f i t t c r  5
S t o n e  c l r v e r  {
S t o n e  m l s o n  3
S t rL rc lu re l  s t c .e l  n ' .  2
Tai lor  - l

T i l e  s e t t e r  3
Too lmeker  - l

L  pho ls te rc r  -1

\ \ 's , tchnrekcr - l
\ \ - i r c  l ' eave r  {
\ \ ' t , o , I  r vo l ke r ,  e i  r c ra f  t  - l

Of fset-prc- .snren I
Opera t inq  cne inec r  2 -3
Ornanren ta I  i r , rn

u'o lkcr  - l

P s i n t c r  a n d
peperhenr re r  3

Papcr  n r t k t r  - l

Pa t te rn rnekc r ,  n re ta l  5
Pe t te rnn r r . ke r ,  r vood  5
P ipe - f i t  t e  r  . i
P l a s l e r c r  {
P luml - ,e r  5
Po t te r -v -k i l n : r r rn  3
Pres.smen 5
P r i n t e r  i

o f  then).  In general  : . In xpprent ice is l r
learner oi  not  less t l i rn 101'ears of  age rr 'ho
u 'o rks  L rnc lo r  thc  d i rcc t  su l le rv is ion  o i  I
ski l lcc l  u 'ot 'ker or jouuic l 'nt i . ln.

As a ski l icc l  n 'orker ] 'ou must have a
goocl  knon' lcclge of  methenrat ics especial ly
as appl iecl  to t l ie pert iculu ' t r tde in u 'h ich
t'ou lt l 'e enrplol 'ed. There nrc&surcment is a
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first  considerat ion.  Each tr lc le has special
tuni ts of  measure rr i th appropr i l te measur-
ing instruments.  For esample,  in the
machine trade-c,  craf tsmen use such in-
stnrments as the steel  scale,  micrometer,
vernier cal iper- . ,  insic le and outsic le cal i -
pers, and gilLrge blocks.

Tire beginner in anl' trrrde nrust master
certain {undanrentals of  nrathematics as
taught in seconclary school :  abi l i ty  to
make irncl lertcl simple clrau'ings, make
simple geon'retr ic construct ions,  use r ight
lngles,  and r ight  t l iangles;  mlke, reacl  ancl
interpret  graphs, ancl  solve problems by
the use of  rzr t io.  l le must also be able to
tuse let ters &s nLrmbers in s imple formulas,
end be quick ancl  accurrr te u ' i t i r .  f ract ions,
c lecinrrr ls,  lnd per cents in shop si tuat ions.

' f  
l l in ing for  ski l led u 'ork mlr ] .  be

stertccl  in the seconcl l rv school , ' l_rui  sel-
c lom cirn be f in ishecl  there.  In school  the
Ielnrer beconres acctrstonred to t r . : ing s im-
ple fornruhs, per iorming funclemental  op-
erirt ions u'ith algebriric s1'mbols ancl ex-
pressions, learning the s igni f ic&nce of  posi-
t ivc lncl  negat ive numbers,  using r ight
t r iungle formulrrs,  ancl  masler ing log-
l r i thms and the i r  app l i ca t ions .  When he
enters apprent iceship he is usual l .v gir -en
crecl i t  for  I  ccrt l in tnrount oi  school  t ime
rgrr inst  the rccluirecl  nurnber of  \ .errs.

.1 .  la rn rc rs

I f  a fernler nl tkes i r  goocl  l i r - ing on &
smll I  f r rm, he musl  have I  gooci  r rork ing
knou' leclge oi  business ar i thnret ic as of-
fered in the publ ic schools.  Such abi l i t . l ,
concerns computat ions involv ing t ' * , 'hole
numbers,  common anci  decimal f ract ions,
per cents,  rat io ancl  proport ion.  FIe deals
u' i t l r  per imetels,  are&s, r 'o lumes, l 'e ights
ancl  merrsl l res,  ancl  musl  solre problems
having to c lo n ' i th ' l ic lu ic ls (sucl i  as mi lk) ,
sol ids (r-egetabls- . ) ,  ancl  gases ( funr igants).

Those rrho at tend agr icul tur l l  col leges
&re recluired to take a k ind of  methe-
mrt ics coLrrse thet combines algebra,
t r igononre t r , r ' ,  geomet l r ' ,  and  s ta t i s t i cs .
Some of the topics nrosl  o i ten cor-ered in
such a coLrrse concerr l :  I "Lrndrrmentrr l  op-
erat ions,  f racbions, racl ic l l . ;  ancl  exponents,

l inear equat ions,  mixtures ( feeds, con-
crete),  rat io anci  proport ion,  logar i thrn5,
ancl solution of triangles.

5. .\ urses
'I 'he 

rrLrrse, trstr:rl l1' a \\ 'onl&n, neecl.s
( l )  e lementar l '  ar i thmet ic compLrtat ion,
(2) & thorough knowledge of r-ariou.:
systems of l 'eights and measures, (3)
competence in hlndling proportions, ancl
(1) skil l  in reacling scales ancl me&sur-
ing instruments. SIie neecls to be familiar
enotrgh nith computations to solve rrith
precision, conficience, ancl spcecl the prob-
lems that concern the prepar ing of  solu-
tions, food values, crrlories, closage, metts-
trrernents b1' n'eights ancl r-olume, anrl
chenging metslrrements from one scirle to
another (avoirc lupois, .  - t roy,  b-pothecarf ; ' r
ancl metlic n'eights.) A nurse mtrst be ac-
ctrrate ! She cloes not neecl higher nrlthe- 

3

metics' 
suurr.rnr-

The nrathemetics neeclecl b1' skil led anci
semi-skil lecl rrorkers ancl lr) '  persons in
other occuprr t ions descr ibecl  in th is sect ion
is prettl '  much the same as for pcrsonr,l
tuse. Here also the fundumentals appl ied to
rvhole ntrmbers,  common fract ions,  c leci-
mals, and per cents &re \-ery irnportant.
Accurtcv in trircles is perhaps e!-en more
important than i t  is  in the methematics for
personal use. You cln make mistakes in

]'our personal affairs rrithotrt losing 1'our
j o b .

In orcler thrt too ma,n)' cloors clo not
close on ) 'oLr ear ly ' in l i fe,  the minimum of
higli school mathematics for 1-ou rvould
seem to be one or trro 1'ears of general
m:,r themat ics.  A ] 'ear oi  mathematics,
l lbellecl "shop mrrthematics" rror.rld cer-
t r r in l l '  be good for some pupi ls.  A hl l i

] 'ee,r of sla/isl ics taken in. high school
*'oulcl be e.rcellent, but trnforttrnatelf it is

offerecl in onll '  & ferr schools. And as
concerns promot ion to the more re-
sponsible posi t ion in the ski l led t rades
the more mathematics the better!  This
might ri 'el l take the form of four y'ears oi
nrathematics including algebra, geometry,
and trigonometry.



I \ ' .  \ I . r ' r 'nElrA'1-rcs rolr  Clor,r . r . :cu
I ' r t . r iP. \R.r t ' to\

"  \ \ -ha t  n ra thenra t ics  s l ra l l  I  t r rkc  fo r
co l lege en t r r rn ( ,e?" ' l ' f r r r t  perh l l t s  i -s  the
r l r rest ion nrost  o l ' f  en nsker l  b i '  h ig l r  school
s t  uc len ts .

The Ans\\ 'er  c lc l tencls ul)on tu.o r-r ther
cluest ions.  (1)  \ \ 'hr t  ptr . t iculrr . r .  col lege n. i l l
1 'o r r  a t tenc l?  (2 )  \ \ -ha t  a re  ) 'ou  p l lnn ing
t o  r l o  i n  l i f e ?

Il ' lmt Co1lr,gc;2-\-ou can fincl collcges
th l t  u ' i i l  ac ln r i t  s t r rc lcn ts  u - i thout  anv  h igh
sc l roo l  n ra thenr l t i cs ;  some &re  r .e r1 ,  gooc l
onL.s,  including sonre of  our gr.er i t  state
trnivcr ' . i t ics.  Btr t  c lo not be nr is led b1. t l i i ,s
f rct ;  r 'crrc l  crr lc iu l l l -  the pr l rngl .a l )hs th l t
io l l r tu ' .  In  thc  seconc l  p lace  n t&nv  ins t i tu_
t io r rs  n - i l l  l t c ln i i t  1 'ou  to  s l tcc i l l i ze  in  e  gooc l
n ' I i i n \ '6e lc ls  l ' i thou t  har . ing  fo r .n ra l  e l_
gcltrrr. geontetr\ ' , ol. tr igononrctrl ' . For e.r-
ln rp le ,  1 'ou  cen take  a  co l lege mr jo r  in
speech,  d ranr l ,  h is to r l ' ,  lenguages,  po l i t i_
crr l  scicnce, anr, l  journal isnr u- i th l i t t le or.
no refertnce to l i ig l r  -*chool  nrathenrat ics.' f l rcrc 

are,  l rou'gver ' ,  nt tn\-  c loors to oppor-
tuni t ics n 'h ich u. i l l  l_ ie c loser i  to you in col-
lege  i f  1 -ou  h lve  no t  s t r r r l iec l  n ra themaics
in  h igh  schoo l .

Ftrr thernrore,  \ -ou c i l r r  not  er-en entel .
n lat ' r \ -  p lofessional  - .c l rools rr i thout at  lee.st
one vear in l r igh schor.r l  r r lgebr i r ,  and one
1'ear in plane georrretr.r-. '1'hus 

colleges r_rf
l th l rnt tc l '  t rncl  c lent i -stry requir .e rr t  leest
one veal '  of  a lgel ; r r r ,  ancl  one )-eer of  p lane
geonre t r f  in  t l re  h igh  schoo l .  I i  1 -ou  c lo  no t
take  the . :e  cou l ' ses  u 'h i le  in  h igh  schoo l .
] 'oLl  n)&v f inr l  t l iut  1 'ou n- i l l  be in t r .oulr le
\ i 'hen 1'ou get to col lege. Col leges are l .e-
lur : tant  to ofrc l  h ig l r  schort l  coulses for
c rec i i t  a l though n tan \ -a l 'e  fo lcec l  to  c io
just  thrr t .  \ -c,Lr u ' i l l  l rave to fo l lon- a patch-
\-ork progr i inr  th loughr_r i r t  J-oLrr  col lege
) 'eal ' . i  u 'h ic l r  u i l l  keep 1-r . i r r  otr t  of  step u. i t l r
] 'our fe l iorr  strrr lent-r  in t l re s i . lnrc f ie lc l
t tn les-< \ 'o l r  i r r r '  prel l t lcr l .

I l ' h t t t  , \1 t ,  r ' i r t l i y . ' - l i  . r . , r r r  \ \ . ln t  to  l . r r . ,  r r
s r ' i t , r r t i s t .  s r i l  l r  t l r r . r ) t i " t .  r - r , t t  s l r o r r l r l  t i r k e
a l l  t l i e  n r r t t l re r r r : . r t  i t . s  g iv t , r r  i r r  i r  goot l  scc-
o t tc lu r ' ] '  sc l ro , , i  ( r r lg r ' l r r . r t .  p l tnc  u r rd  so l i r I
$ocrmCt l ' \ ' ,  i t r l {  I  t r iL lo r ro r t r r ' t r r . ) .

l [ l t r r l  i r r . shmen t r f te r  en tc r . i r rg  r ,o l legc

c icc i t ie  t l r l t  the1 .u .au f  to  tuke  ( ,ou l .ses
for u'hich thcl- lr:.e not lrreltru.ecl in mathe_
matic.<.  f  i te i -  f incl  r t t  least  one 1.errr  of  col_
Iegc nnthenrtrtic.s is rerltri leci itefor.e thev
c,an stal t  their  t l i r in ing l ) l .ogl . run for.  th l
c i t leel '  t i ie l -  u ' lnt  to fo l l r tn. .

But  tha t  i s  nor  t l ie  cnc l  o f  the  s to r r , .
In cel ta in f ie l r ls  \ -ou c lu l  tuke tn.o or three
elcnrentar. l -  col iege cout.ses u. i thorr t  nrathe_
rnat icrr l  t ' r i i . i .g,  i - l r r t  the i rd 'er 'cecl  courses
Itecortre sonrcu'hat technicrr l ,  espccial i l ,  as
legr i rds st l t is t ics.  Tl .p icrr l  examl>les at .e
ccon om ic-r, geclgri l ph r-, I ncl -"oc iolog)..

In an1'  er-ent,  ) -our ctr .cer as I  t .escarch
n.or' lter ol. r ' is a r.eacler oi resclrcli reports
iu menl-  nrar l \ -  6elds ls,  for .  e.r ln ip le,  b i_
ologl ' ,  agr. icrr l tL l r .e,  ect_rnonr ics.  et lucat ion.
sociologl', ft_rr.estr..r-, rulri busincss a..l,uinisl
t lat ion,  is  b l r . rckcci  u. i thout a sorrrrd foun_
cl l t ion in high schor_i l  nr l thenrat ics.

The lcss ).ou elc sLrr.e r.rf the nrole 1-ou
u' i l l  necd to 1>len. So i t  nr ight  bc n.el i  to
kecl t  thc f r . i l lou. ing gLr ic les in ni incl :

l .  As  ea t '11-as  l toss ib le  senc i  fo r . t l i e  c&ta_
log of  the col lege thl t  1.ou har.e in nr ind.

2.  See u'hat t i ie lcclui rcnrents l re,  not
onlv fo l  enl l r rnce l t t r t  a lso of  the c iepart_
nrcnt cor lccl .necl .  Fol  evmlt le the require_
nrents for  n iecl ic ine rr . i l l  probablv l te di f_
ferent f rom engineer. ing.

3.  I f  ) -ou pl ln to t lke onc of  nror.e
coLl l 'ses in col lege in .science or nrathe_
mrrt ic-s.  then \-oLr should probr i l r l i -  t i rke
iour J 'e i l l 's  of  e lgebr. l i .  geonrctrr- ,  and.
t rigcinrtnret r.1'.

-1. If vt_rur. school hrs :r gootl cottr.se in
genelal  nr l r theni l t ic_. ,  lnci  i i  such a course
i s  a c c e l t t c c i  i c , r ' e n t r . n n c e  c r . e d i t  i n  t h e
c 'o l legc  t ' f  vor r f  chc , icc ,  the  non_sc ience
s tLrde ' t ' r igh t  r 'e l l  s tu t l f  i t  i . s re r r r r  o f  i l re
t  mc l i t ionr r i  scc lL re t rcc  o f  c , - lu t .scs .

\ - .  J I . r . ' r 'n  E l r  \ . r ICS nor t  l r r to l - r . t_csro- \ . {L
\\-6 p.1;61-,st

\ \ ' l r l t ' s  a  profe*os ionr- r l  n l r thenrr r t ic ian
l i ke?  \ \ - i r l t  k i n r  l  t _ , f  l  l r i r . r  l  i s  l i e  . ,  , \ n r l  n .ha t
r i o c , .  l r t ' c l , r ?

'See  t t l s , r  t u .o  bu l l r , t i r r s  puL l i s l r t , r . l  l r v  t l r c  Ok -
l r t . l rur r r r  - . \gr . i r : r r l tu r . l l  r rn t l  J lce lur r r i , . r l  l i i f "S"
( 'S t i l l r l a t e r ,  Ok l rho r r r r l  c r r t i t l e  d  (  l 1  \ - oce r i on l l
Op rpo r tun i t i c s  f o r  - \ l e t hen re t i c i , , , i s  l r r r l  ( . 2 )
J I t t t  l rcnr r t t  ics- I t .s  \ - r rcut i r . rn l t l  . - \_ . l r r l t r .

;:)
r l
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Roughll '  spei.rking, there are tit 'o kinds:
(1) ri 'orkers in ptLrc nrathcnrctics, and (2)
rvorkers in appliccl mathenatics.

Let's tr.ke a look at the pure mathema-
tictarr.. There are peoplc *'ho l ike to pla.v
u' i th nrrr thenir t ical  l l rvs and pr inciples just

to see u'het r r i l l  luppen. Thel 'have mathe-
nurticrrl curiosit.r ' . Thel' lre not especiall l '
intere-;tecl in u'hether &n)'one ever fincls
ftn]' use for the lesult or not. The"v have
the' fun oi  l 'ork ing their  problems, ancl
thrrt is the onll '  retvarcl t l iel '  ask. Believe
i t  or  not .  there is l  l r r rge gioLrp of  men and
\\'onren getting plicl goocl srrlnries fol har'-
ing strch f r rn.  Tlref  i r re the pure mathema-
ticirrn.;. For tlrc mosf prrrt thel' are on
col lege ancl  univcrsi t l '  f r rcul t ies.  Some,
Irou'cver,  l re enrplol 'cd b1'  bt ts iness lncl
inclustr i r r l  f i r 'nrs.  Out oi  the phr l '  o i  t l r .ese
purc nr l thcnr l t ic i r rns hr ' rs corne some of the
nr()st  i rnportrrnl  thcol ics rrnd iormul: . rs in
nrt . ,c lern scicnce..  I 'c t ' l r rps 1 'otr  st i l l  hrrve thc
for- i l  11e1ion t i r r r t  tht '  l ,ng hr i i rcd "proies-
sor ' "  i r l l t 's  i r \ \ ' l ) - l r i . ;  t inre in his I r -o11'
'1'ou'er 

l looI it 'ont t lre' u'orkl of affir irs.
\ \ 'c l l ,  t lur t  ju.st  isn ' l  t r t re ln1'nrorc.- i f  i l
cver \ \ ' l r*r .  I ' , r 'cn i f  inctustrv or govert tmcnt
isn' l  nblc to tenipt  h inr  u ' i th a pcrmr,nent
jrtb, hc i.: l i l icl-r ' to scli 'c rIs l1 cortsultant
t in l .c ln ' I  r iguin on \ 'orr  p l r rct ical  projects.

' fhe scconci  group oi  profcssionr l  rvork-
ers in nr l t l icnr l t ic-s at 'c intcrestecl  in rvhet
is krrorvn ns appli,:r l matlrcmalics. Thel'
n 'ork ut  nrr tnr , '  prol t lcnts in business, in-
i l r - rst11' ,  governnrcnt,  in-* t r r l rnce, sociolog] ' ,
p-r1'chol,rgr', ancl thc sciences. The s]'m-
bols ancl  l r rn 's oi  methemrt ics can be used
to s impl i i r ' ,  an,1 in mlnv crses to make
poss ib le ,  thc  so lu t ion  o f  such prob lems.  In
br ie i ,  thc plrrct ical  rnrr t l remet ic i r .n helps
r i .o lker ' . :  in olhcr f ie l r l - . .  In f r rct ,  he of ten
operrr t r ' .s  unr, let '  thc r l r tn le of  ph1's ic ist ,
chenr is t ,  economis t ,  anc l  so  o t l .

Pe'r 'hrp-.  three i l l t r .str i r t ions u ' i l l  help
nuke clelr  n het lppl ie.d mathemlt ic- . is .  (a)
Can 1'ou - .ee atomic energv in the formtrh
E:nrc2? I l instein did!  He, along rv i th
other nrathenet ic i r rns ancl  scient ists,
rrorkccl u'ith this form'lh mrnl' 1-errrs be-
fore i t  led them to thre se'crets of  the

atomic bomb. (b) Tn'o mlthenrnticirr.ns
s'ere able to use mr.thematical formuhrs to
locate accuratel.v lr planet that neither
thel' nor tn]-one else hrcl seen. Lo and
behold ! The planet \\ 'as verv neirr ntere
the niethematicirrn saicl it rroulcl be. (c)
Ilathematicirrns rrorking l ' i th insurrlncc
companies use the mathemr,tical l iurs &n{[
formulas of chance to aicl them in prepar-
iug ingurance rirtes rrncl policies. 'Ihe

number oi  appl ied mathematic i lns em-
plol'ecl b"r- both governnlent and industr-r-
hls increasecl consiclerirbll '  sinee the rvar.

1. Teachcrs of lIathetrrclico.

Probrii-rl1' the greatcst number oi prr_r-
fessionrrl s'olkers n'ho. trse mlthcrnltics
lre enrpLtl 'ecl as teachers. In the iollurring
sectiorls 1'ou rvil i  f incl dgscript.ions of i lrs.
nurt lte melige i t rrr itring neecled b.r' d i ffcrent
t1'pes oi terrchers.

t .  ) [atht t r tct t ic .s J ' t - t r  tcacl tcroi  zn c l tntcnlury
sc/rools

Therc t rc ovcr I  hel I  nr i l l ion te lcher.s in
our  ekn lcn t r r r l '  schoo ls .  Not  r l l  o i  t l r cm
hrrve to tclch trrithmetic. Some lle cle-
prrrtnrentl l izecl. I i  ) 'orr shoulcl n' ish to
qtnl i i l '  for  such a posi t ion,  the nr l in re-
qttirenrettt rrottlcl bc thlt 1'ott ror,lrrsland
erithmctic. You cr.tnnot tclrch rrhlt -r 'ou
clo not knon'. l lcrc is the arithmetic thrrt
vorr  r roul t l  heve to teach in the f i r 's t  s is
gracles.

1. Br'rsie concepts, proces-.es, nncl \ 'o-
c lbulrrr l '  of  ar i thmet ic

2.  Our c lecimel s.1 'stem o[ numerl t ion,
inclucl ing the concept of  decimal f r rc-
t ions

3. Clomput l t ion,  t 'hole numirer. ;  ancl
corrimon ancl clecimal frirctions

4 Pr ine io r l  r rn i ts  o f  measurement  fo r
ever] 'c lxv use

5. Soltrt ion of problems invol,, ' ing conr-
putat ion ancl  uni ts of  metsurement

6.  Ident i f rcat ion of  geometr ic f igures
7. Use oi  s imple graphs
E. Est imat ion ancl  checking of  ansrrers

to problems
In gracles 7 ancl I ] 'ou n'ould telch

general  mathematics l 'h ich inclur- les:  In-

II
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11,
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l lanl '  teachers in oLlr  e lementarv
schools c lo not as 1.et  har.e fou.  1.ears oi
t ra in ing in col lege. The better school  sr .s_
tenrs emplol '  on11, col lege gr lc lLrates.

I f  1 -ou  are  p lenn ing  to  teech in  the  e le_
mentarr-  school ,  three things are r-en. inr_
por tan t :  ( l )  a  good methoc ls  cour - .e ;  (2 )
at  least  one cour_se l .h ich u. i l l  g i r .e r .ou
sub jec t -mat te r  b lckgrounc l  fo r  t i re  ml ihe_
nra t ic .s  ta r rgh t  in  g rac les  one th ror rgh  s i . r ;
(3)  et  leest  one course that u. i i l  g i \ .e vou
sub jcc t  n ra t te r  b rckgrounc l  fo r  ieach ing
the gcncr.rr l  methemetics of  graclcs . . r . .n
and c igh t .  , Iun io r  h ig l r  schoo i  te lchers  o f
n ra t l ienr r t i c .s  s l tou lc l  h l r -e  a t  leas t  a  n t inor
in  co l l cge  rna thenr l t i cs .  Th is  shou lc l  in_
cl t rde & J-exr of  generr . l  mathcmet ics in
coi lcgc,  & cor l r rce in stet ist ics,  t  course in
the rnt thenret ic.s of  inr-estnrent,  tnci  a pro_
fe.ssiorel izecl  cotrrse i^  the strrr ject  nrat ter
taught in t l iese gracics.

Neer l l -  a l l  the  teacher .s  in  the  e le_
mentnrv  sc l ioo l  e re  \ \ -on lcn .  l lon .ever , the
elcnientrn- scl iool  is  e gr. lncl  f ie lc l  for  a
J 'oung nran u- l io is a f ine person ancl  a
conr l tctent n 'orker:

b. )Iathcntalics for teacher.s in higlt. school
To an increasing e.r tent  i r igh school_s are

pror - i c l ing  & "doub le  t rack ' ,  in  n ra the-
mat ics .  The h igh  schoo l  s tuc len t  mn\ -
choose e i ther  ( l )  thc  t rec i i t iona l  co i lege
prepar l tor \ -  coul 'ses,  or  (2) e ser ies of  gen_
eral  nr l t l renrat ic_c cor l r_ces.

The trucl i t ional  col lege prepar i r torv
courses  r rs r r l l i r -  beg in  n . i th  e lementar . l -  a l -
gebra (9th gracle),  fo l lou-ecl  b i .p lene geonl_
etr . r ' ,  nnci  fur ther algebra.  I_arge high
schools also pror- ic ie aclc l i t ional  cour is
that ntaf  inciucle t r igonometrv,  - .o l ic l  qe_
ometrr- ,  col lege algebr.a,  anel l - t ic  geome_
trv,  rncl  surr-er- ing.  Of coLrrse smal l  schools
cannot  p r .o r - i c lc  th is  ln l themet ica l  fe r is t .
FIor |eVcr ' ,  n lo l 'e lnt i  mor.e _.chools l t re I ) t .o_
t ' ic l ing as1'1.6 ' -sponclcncc cor l r ,ses to sLr l tp le_
r n e n t  t h e i r . o f f e r i n s . .

1 ' l re  cour - {cs  r - r r r  t l r c , , r - r ther  t r . l . rck ' ,  i r r -

Posi t ions f t r .e ol)cn to Lroth nlen ancl
\ \ -omen u- l to holc l  terrching ccrt i f icetes.  In
some s te tes  the  nr in imun l  s l l l l r -  fo r  the
beg inn ing  h igh  schoo l  te r rcher  l . i th  four
le i t ls  of  col lege t l r r in ing hrrs l rc,eo f i recl
l t  52100;  tnc l  in  a  fe t .a t  ,q2000.
c. )[othenralic.s for tcachts irt. l i te jtmior

col le 0P

I f  r -c . r r r  l l c  l t lepur . i r rg  t r . r  tc , l t r .h  r r i l thc_
n re t i cs  i n  t l i e  j r r n i r - r r .  co l l e ,gc .  r . r t r r , r hou l c l
hrve one c) l '  n lL) t .c  \ -enr . .s  o f  _gr . r ,J t r l t te  t .o lk
r tnc l  a t  le l is l  l  n ) l ts tcr . 's  t - lcg i .ee in  nr l the_
r t te t ics .  In  ac lc l i t i , ) r r  \ . ( )Lr  shoulc l  lu r r -e  a  sub_
-s tant i t l  p r .e l tar . l t i r_ . ,n  in  son le  o ther  f ie ld
t l i an  n ra them l t i c s ,  l s  f r i r .  e . r un ip l c ,  ph1 .s i _
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fornial  geometrr , ,  ar i thmet ic,  nre&sure_
ment,  graphic repre_sentat ion,  ar i thnret ic
in personal  and comnruni ty,  problems, ancl
first steps in algebra.

c lude such elect i r -es as (a) generel  mathe_
mltic.s-non- n.iclel1, offe.ecfrs Arl alterna_
t i r -e  to  a lgebra .  in  the  n in th  g lade;  (b )
shop mathematic.s,  tncl  (c)  for)  the later
] 'ears of  t i re senior l i igh school ,  consumer
mathemat ics  anc l  poss i l_ r l r .  s t l t i s t i cs .  S tu-
clents in conrnrerciel  .ot . , , . . ,0.- .  nte] :  e lect
business ar i thnret ic sonict inte. :  as 0&r.11, s5
the  n in th  g r lc le .

Thesc gcnc. i r r  ml i l renr l t ics coLlr ,ces are
provided for.  r r  ler .ge nunrbcr of  pupi ls in
the pre-sent-r lar-  h ig l i  school  l .ho do not
desirc t l ie col lege pl .c lx l l . i t torr-  n-ork or for
l 'hom suc l r  co t r r res  seent  t rnsr r i t cc l .

Thus  i t  i s  obr . io r r . :  tha t  in  p l r rnn ing  r .our
coi lege cou] 'scs es a futrrr .e tc,rc.her l  ln a
high school  r . r ) r r  shoulr i  pr .e l t r lc  1.otu. .scl f  to
tc r rch  tn -o  k i r t r l s  o f  cor r r . . :es  r r . i t l r  r .e l r .  c l i f_
ferent gol ls for  tu.o c l i fTcr.cnt  t r - i ;cs oi  l i ig l r
schoo l  pup i l s .  I t  i s  to r_r  l , l c l .  l , r i t  t r .ue ,  tha t
the  t1 -p icn l  co l legc  c locs  no t  o f fc r . too  much
the t  i s  he lp f r r l  in  l t rcp l l ing  1 .o r r  fo r  teech_
ing the gcner.el  rn l thcnret i .s co, , r .ses that
no \ \ -  enro l l  e  ml jo r i t r .  o f  thc  h igh  schoo l
p u p i l s  i n  t h c  c o u n t r . r . .

As  e  tc rcher .  o f  n re thenrn t ic .s  in  a  h igh
schoo l  1 -ou  neec l  no t  on l r .  an  ep t i tuc le  fo r
nrathent l t ics,  brr t  a lso t  hose per- .onal
quel i t ies nec'es.sar. \ .  for  a l l  goocl  tcachers.
L 'sual lv requirements for  . , , .1,  ;o l r_.  include
the bachelor ' .s c legt .ee. ancl  for  la lge c i t ies,
the mlster 's c legree n- i th I  nrajor in
n i l r themat ics .  I t  o f tcn  l r r l rpens  the t  a
te lcher  n rus t  t l so  teach tno t l te r .  s r rb jec t  in
adc l i t ion  to  mt themat ics .
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cal science, biological science, business,

economics, or f inance.

cl. IIathematics for thc college teacher

The t-vpical teacher of coilege mathe-

mat ics hes a doctor 's c iegree (Ph.D.)  or

is u'ell along tou'arcl completing his u'ork

for that degree. The cotlrses that 1'otr
might be calleci ttpon to teach are: college

algebra, solicl geometrl ' , tr igonometr.v,

anll l ' t ical geometry, ancl cil, lctt lus. Be,vond

this point courses branch otrt into nr&ny

special t ies t l iat  concern stat ist ics,  f inAnce,

pure methematics,  ancl  other phase of

rrork of interest onl.v to those specializing

in higher mrthematics,  or  those intencl ing

to enter the gracl tur te school .

e. JIathenatics for tcoclLcrs in tlrc graduatc

school

\ \ ' i th ferv c.rccpt ions te lc l tcrs r-r f  mlthe-

mlt ics in gl l ic lurr te -"chools lurvc the c loc-

tor 's (Ph. l ) )  dcgrec.  In t i re Uni tecl  Slates

thcrc rre fcrt 'ct ' t lurtt ottc lttttrclred schools
rrhich ut t ' i r t 'c l  t i r i .s  c lcgrcc.  I t  n l : l l 'bc

tlrrrt ] 'ou i l l 'L' l i lrcrrcll '  thinking l l l lottt

such I  school .  In that  c i tsc ] -o l t  u. i l l  f int l

t l iesc inst i tut ions l is tcd on pegc 337.

f. JIathematics for scicncc teachers

] [ l themat ics,  as 1:ot t  knon' ,  is  thc tool

of  the scienccs. I f  y-ou plrrn to bc a sciencc

terrchcr, some da1'-y'ott rri l l  ncccl al>ottt the

senrc k incl  nncl  amottnt  of  h ig i r  school

mathematics l rs ! 'ot t  r rot t lc l  i I  r 'otr  \ \ 'ere

going to teacir  mathernrr t ics.  \ \ ' i th goocl

t r l in ing in science tnd mrr. thcni l t ics 1 'ot t
can shi f t  into ei ther f ic lc l  an1'  t ime in thc

first tw'o ] 'ears of college.
The numbcr of  science teachers in the

high schools is ver l '  hrge. The total  for  a l l

sc iences is onl l '  s l ight l l '  less th ln for '

mat i remlt ies.
Aclminist t ' l r tor$ of  h ig i t  schools tencl  to

fru 'or  men whdn empk-,1- ing tenchers o[
phl'sics ancl chenristr-r '. Hon-er-er, & \\ 'ontl ln

rvho is t 'ell preprrrecl u'i l l  have a choice of
posi t ions under present concl i t ions.  Srr l -
ar ies of  science teachers in high school  i r re
alrout the s i rme as for  mathemtt ics teach-
ers.

2. Statistician

To be & stet ist ic i ln,  f i rst  o[  l l l ,  \ 'ou
should be able to pronounce the s 'orc l l
The mlin thing, hotvever, is to have a
thorough kno*'leclge of methematics. Stl-
t istics is not an end in itselfl. It is a /ool
rvhich is used very'ln' icielf in moclern l i ie.

You hlve nll seen "r' i tal statistics" in
the nel'spilpers. At f irst, statistics sen'cd
onll ' to provide the public rvith drrta reht-
ing to bir ths,  c leaths,  exports,  imports,  anct
of cotrrse censLls figtrres.

Government and inclustry realizecl hon--
evel', that these mtsses of data helcl in-
fornl t ion nlore valulble t i tan just  "r t 'h l t . "
B1' strit isticrtl stuclies, thel' coulcl cliscover
the "rrhr'" of cvcles rrnd trends. Life insur-

ftnce con'rprrrties, br using statisticrrl meth-
ods, cotrkl preclict tccurrrtell '  hos' mrtl l.\ '
people in f t  p l r t iculrrr  grot tp rvotr l r I  d ie
cluring a ccrtrin .\ 'eu', anct t le1' cotrlt l  f is
their  r l tcs tccorcl ingly ' .

In thc lrrst trrcntl '  1'errrs, statisties rrs r 't

sc iencc hes clevclopccl  into a pon'erf t r l  tool
u'l i ich trikcs nrttclt guess rr'ork otrt oI l lhltt-
n ing rrnt l  prccl ict ing.  For cxrtmple,  i f  the

Cirrl lup Polt rvltrts to ktton' hort' nlxn]'
pcople lre slt i.sfied rvith their jolrs, nob

el-er] ' pcrson hls to ltc clucstionctl. ' \ stl-

t is t icrr l  sr tmplc r ight l l '  c l toscn rv i l l  g ive the

rns\r 'er .  Agl in,  i t '  the Nlvy is btr f  ing I

huge orclcr  oI  c lcctr ic l ight  btr lbs,  noL

c\-crv btr l l> crrn be tcstecl .  A goocl  stat ist ic l l

srrnrplc u i l l  bc highll '  slt isiactor-r'. Btt."i-

ness ancl cconomic r.gencies lelrn helvil i '

on st t t is l ics in ptrrchasing, aclver l is ing,
and market anl l - l 's is.

A stat ist ic i ln of ten pl lns,  c l i rects,  coor-

c l in l te-q,  ancl  concl t rcts stat ist ical  rescrrch'

Poring over ancl polishing research reports

i :  l l - .o a plr t  of  h is l 'ork.
Strrtistici lns u-ork in mlnl' f iclds as for

errrmple v i t l l  s tat ist ics,  b iometr ics,  met l te-

nrrrticrrl theor-v, inclttstriel statistics, ecltt-

c l t ionl l  u 'ot 'k ,  ptrbl ic opinion pol ls,

u'errther forecasting, ancl ball istics.
And of course they opertrte ttnder nrrln)'

title-r. Thus the economic statistician, *'ho

collects ancl interprets clata dealing rr-ith
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mone)', banking, f inance, the cost of l ir ing
and labor relat ions ma1'  be knon'n as tn
economi.st ,  engineer,  or  inclustr ia l is t .  The
Jinancial  inst i t t t t ion stat ist ic ian deals l - i th
carnings ancl  c l iv idends of  corporat ions,  in-
dtrstr ies,  and secur i t ies.  The physical
.scicrrce stot  is t ic iarr  c leals n ' i th quant i tat i re
prol t lcrr is in exact sr : icnces such as chenr is-
t r1 ' ,  l r l i r -s ics,  nrethenr l t ics,  or  b iochenr is-
tr1'. 

' i ' lre 
scie nttlf.c statisticiarr u'or.ks in oue

of  the  epp l ied  sc ienccs  such e- "  chcmis t r . l ' o r
p t rvs ics ,  c le l l ing  u ' i th  qur i l i t l t i r -e  p lob lcms.
' l ' lre .>'rtc"iaI .sc'iorcc stat.isti,cian hlndles
c l r t tn t i t l t i r -c  p ro l t l cnrs  in  econonr ics ,  soc i -
olog-r ' ,  enr l  psr-chologr ' .

, \ r 'c  \ ' ( ) l l  s t i l l  cc insc. ious? Or c l i i l  t l rcse
b ig  u . r , r ' r l s  s t t rn  vou ?  - - \ t  anr -  r l te  t  he  gr . ldu-
: r tc  s t r rc l l ' o f  s t rch  f ie lc ls  as  ccononr ics .
sociologr ' ,  psr-chc, logr- ,  cclucrt ion requir .es
a  grce t  amor rn t  o f  s ta t i s t i c -s .

' \ rc 1-t- r r r  11\ \ ' t l 'c  of  t  he ncn'cst  arrr l  f : rst-
es t  g rou ' ing  tpp l i ce t ion  o f  s ta t i s t i c -q?
1' : rkc rytal i ly  conlrol !  \ \ -hat 's that? In a
rr , t l t l  i t  is  to control  thc c lur l i t l -  of  e plocl-
uc t  l rv  s t l t i s t i c l l  tec i in iq r rcs .  Y<_ iu  tesb  a
prct t l '  snr l l l  sarnl t lc  atrc i  gct  a f r r i r l l '  rc l i -
a l ; lc  l r r t ing of  the n ' i ro le.

Sonrc engincers in Bel l  ' fe lephone 
hlc l

th is bl ight  idea lbout t l 'entr '  ] 'er . r 's  ago.
Drrr ing the \ \ 'ar  bot i r  the Arnr l '  nnd

\:ar'f ired to bu1' or prirchlse r-a,:t
amounts of  goocls.  Obr iousl l '  not  er-elr-
a r t i c le  cou ld  be  checked.  .So qua l i t l - con t ro l
tras introducecl n-iclel-v ancl lapicilr-.

In the post\\-c.r period ler'-qe inclustries
are f incl ing out th l t  i t  p i l ) 's  them to use
thesc  s ta t i s t i ca l  tec i rn iques .

During the \ \ ' r t r  methemii t ic ians ancl
stet ist ic i lns ancl  actuar ies l 'orkecl  n ' i th
chenr ists,  phvsic i - . ts,  educat ionists,  end
ps1'chologists on terrms using stet ist icai
nrethocls to studl '  men, mttel i r r ls ,  ancl
processr.s on the jo l t  and in opcrat ion.  - \ t
thc  r r r te  cpra l i t  r -  con t ro l  i s  g lou ' ing  the
i i lee oi  e terrm of  scient i - . ts ancl  -qtet is-
t ic i lns r i 'ork ing on l  problenr nr l r -  be com-
nro t t  i t t  inc lL r -s t t ' r '  " [ou t  de1-  t f te r  tomor -
ro\\'.

So  f r rs f  i s  thc  idea o f  aur l i t v  con t rc ' l

sprerrding that alreadl- the demand for
J 'oung engineers rv i th t l ie proper stat ist i_
cal  t ra in ing is \ -er)-  gre&t.  I t  u.ouldn' t
surpr ise us i f  1 'ou or some br ig i r t  c l lssmate
u'ould be elrning t  goocl  salar l .  in th is
ficld some clrrl-.

t r la1 'be  1 'ou 'c l  r . t r thc r .u -or .k  fo r  Unc le
Srrnr.  Al l  r ight ,  hc nceds st t t i -ct ic{rns not
r tn lv i r r  c lurr l i t l '  cr- intr .cr l  l tut  l l .so in reserrch
projects of  g lerr t  v l l ic t l -  arrd c l i f f icrr l t l .  in
such f ie lds  as  lg r icu l tu re ,  edLrca t i , . in ,  l l bor ,
cconomics .  and the  l i ke .

l lar- l ;e lhe salar. l '  u. i i l  Iook plet t , , .  goocl
to  J 'oL l .  A  s ta t i s t i c i ln 's  su la r . r .  in  C i r . i l
Scrvice I ' i .tngc-c frortr ,S5g05 to SggiJ 1>er
J 'e&r.  To cpnl i iv  for  t l i is  t i i l i -  -* t rn i  ) .ou
n r u s f  h n v c  l b i l i t v  t o  ( I )  l l l l n  t n c l  c l i r e c t
s t l t i s t i cn l  l csee lc l r  i r lo jcc ts  o f  g rea t
l t lcedth ant l  d i f f icrr l f r ' ,  (2)  edr- isc go\-crn-
nrcnt of f ic ie ls on complex adnr in ist lat i r .e
or rc,ceAl'ch prrtl; lenrs in thc fielcl of sta-
t ist ics,  (3)  prcper.c the n.el l - r i . r i t ten stat is-
t ic l l  rc l tor ts of  e pr.ufcssional  st l f r .  As for
l .xrckgrouncl  . r 'ou l ' i l l  ncccl  to (1) shorr  a
t l iorough nrasten- of  stet i .st icel  theor l .  ancl
techn ic lue  cspec i t i l r -  as  i f  app l ies  to  a  spe-
ci f ic  sul t ject-niat ter  f ie ld,  (2)  c&r ' ry out
cl i f f icui t  professional  assignments in sta-
t i s t i cs  u - i t i r  l i t t le  o r .  no  techn ice l  super -
v is ion ,  anc l  (3 )  c lee l  sa t is f l c to l i l v  u - i th
J 'oLrr  fe l lon'  u 'orkers.

\ \ -hat  does r l l  th is adcl  up to? A stet is-
t ic ian nrust  knou'  h is stuf f  in ntelhe-
m e t i c s !  T h a t  m e A n s  t a k i n g  a l l  o f  t h e
methemetics of fered in higir  schort l  in
preparat ion for  col lege entmnce ancl  as
much more as vou can tuck in.  In acldi t ion
to col lege courses in mathematics i t  is  a
rn igh t l '  gooc l  th ing  fo r  t l i e  s t l t i s t i c i ln  to
be trainecl  in some other f ie ld in rvhich
stat ist ics nrav be appl ied;  as for  er lnrple,
econonr ics,  eclucet ion,  l thvsic*. .  This is
pu t t ing  i t  n r i t l i l '  fo r  t le in ing  in  another
f ie ld is prrrct ic l l l ] '  l t  "nrust"  for  anJ-one
u ' l ro  i s  go ing  to  n t tke  use  o f  s te t i s t i cs .

I t  i s  perh lps  necc l less  to  sev  ther .e  i s  a
s e r i o u s . s h o r t r g e  o f  s t a t i s t i c i l n . s  u t  t h e
present t inrc.  This is lergelr-  c lue to recent
gron' th in strr t is t ical  projects in go\-ern-
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m.ent, resea,rch contn.cts of colieges and
universit ies, psl'chologicll testing, market
research, comnlercial survey's, research in
biologicai sciences, ancl qull ity' control.

If 1'ou like to rrork l-ith figures, and are
cloing rvell in yoLrr high school mathe-
nratics coLrrses, it is l ikell '  thlt there are
verv green pastures for you in the field of
statisfic-s.

3.  Engineer

Are I 'ou iriterdstecl in engineering as a
career? There are mftn)' t1'pes of engineer-
ing act  i r , ' i t ies.  Aeroneut ict t l ,  c iv i l ,  chemical ,
construct ion,  e lectr ic l l ,  inclustr ia l ,  me-
clurnical, metallurgicr.rl, ancl srrnitary are
among the more in ' rport i rnt .  Some of these
&reos cal l  for  more aclrrrncecl  stur i l '  o i
mtthenra, t ics thrrn c lo others.

A high school  s ludenf interested in be-
coming an engineer s i roulc l  take al l  the
nrlthernrrtics offerecl in school-at lerrsl
t rvo )-el t rs oI  a lgebla,  phrnc geometn' ,
sol id geometrr ' ,  anct  t r igononretry ' -be-
cf l ,use he nrus[  h i rve t i re pou'er to th ink in
tcrnrs o[ nunrbcrs, forrnLrhrs, ancl algebriric
s1'mbols. He nrust t iren spencl at le:.rst four

)'ears in a college of engineering. In ma,n]'
ty 'pes of  u 'ork the engineer - .hould htve
nr l themat ics through cl lculus i i  he e\-
pects to be a leacler in his profession.

The t1-picaI  engincer ing f resman in col-
lcgc accorci ing to I i .  \ \ ' .  \ 'aLrgl tn (Journ,al
of  Engir tecr ing [ :c lucat ion,  Octobcr,  lg]5)

I)os. icsses t l re fo l low' ing c lurnrcter ist ics:
] I r r le:  17 y 'ears oi  age on l r rst  b i r thday' ;
gncluate of  a publ ic school  o i  500 or more
stuclents locatecl  in the sanle state as the
col lege at tenclecl .  i { is  h igh school  mathe-
rrurt ics courscs inclLrclecl :  Algebra (2 years),
p[ lne geometr.r '  ( l  1 'ear ' ) ,  sol ic l  geometry 'or
plane tr igonomctr . r , '  ( l  sernester) .  His
science colrrses included General  Science
( I -r-errr) , chenrist rv or ph)'-. ics (1 year) .
About  ha l i  o f  the  s tuc len ts  took  mechan i -
ci.rl cirau'ing for I 1'errr. Those u'ho avoici
sr-rctr  sulr jecls shoulc l  choose some other
career th ln engineer ing.

4. .  Sun'eyor

Strrvef  ing is the se i , :nce of  measLrr ing

cl ist i rnce. I i  is  r r  p l r t  of  the t ra in ing oi
e\-er] ' cir. iI engineer. The surr-e]-or nreils-
trres heights, clistances, areils, anci locates
the position of important points. l le u-.cs
this information in all fornls of construc-
tion, map making, lancl valurrtion, mining,
and manl '  other projects.  He is held re-
sponsible for the accurt' lc] ' of his measLrre_
nrents, calculations, ancl records.

Ser-eraI semi-skil leci u'orkers assist the
sLrrve)'or. For e.rample, the instrument
nren adjusi  the survef ing instnrments;
the chainmen n'olk in pairs measur ing
clistrrnces s'ith a chain; ancl ,the roclmcrr
hold the level  rocls at  points indicatect  b1-
the strrvel'or.

Tire 19+0 censLrs enunrer i r tecl  13,2+3
men tncl l0l n'onren srrrvel'ors. In adcli-
t iorr, therq \vere 7,553.ucn ancl 19 rromen.
u'ho ,irorkec[ as assistants. [ inrrl l-r. t l tcr.e
rlre n'rirrr) ' rrorkers in other fields-forestr',-
sclv ice,  mining engineer ing,  etc. ,  r rho neeci
goocl  t ra in ing in survef ing.

The concl i t ions for  becorning l  l icensct l
sul'\ 'e] 'or \ ' :.Ir) '  n' ith different states. l[:rnr-
st i r tcs recluire gr i rduat ion f  rom &n &p-
proved school  of  survef ing.  Scver i r l  vc l rs
pract icc ol '  apprent iceship is a gener i r l  re-
quirement.

Prcparrr,t ion for surr-ey'ing nl:.I) '  bc begun
in high schools that  of fer  shor l  courscs for
ttre preparrr,t ion of l ielpcrs in survef ing
pro jec ts  anc l  apprcn t icesh ip  i s  impor tan t .
Survef ing is t r rught in any'  c iv i l  engineer-
ing col lege, but courses are not sta,ndlrd-
ized. Al l  of  them &ssLrme goocl  b lckgrouncl
in high school  mathematics.

Some high schools offer short courses in
sun'ef ing n'hich nlc,) ' be found ver,l '  help-
ful  in learning the beginning of  the subject .
Apprent iceship u ' i th an exper ienced sur-
vevor rri l l  also help grer-r,t lf in learning the
tr i rc le.  The bls ic mathematics for  s imple
surr-ey'ing inclucles geometr.l ' , algebre, lnci
t r igonometrr ' .  In c iv i l  engineer ing,  use is

nrade of  mlthen'r l t ics through calculus in
the stud-v ancl  appl icat ions of  survef ing.

5 .  Accountan t

Do not plrrn to be. : l r l  r rccolrntant unless
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] 'ot t  can beconte agi le i '  t r . rssing f igu. .s l 'e l*<or ls f ' r .  c l i f ie.ence.s l rcr tu.e0o pr.ojectccl8l 'Q11161'  ' ro 
l lc  s l l l 'e  l l l ln '  lccortntants f igr . 'es anr l  thr-rsc * .h ic. l r  r .esul t  f ronr opel .&-gu in  t l ie i r -sk i l l .n ,o ] , .1 r . , -e . rper ience than l , r .  t i c rns  uc t rn t l J . r .  l t c r . i .o ln rec l .t .a i . i 'g.  But t j re f la i r  f r_. , r . f igu'cs hls t r ,  l , r ,  f ,c.r ' r ,  t . r  l , , . , ._.  h.r-e gir .c,rr  great i*_in  the  l t i c tu r .e  a t  t l r c , .e , .1 .be l iun ing .  pe tu .s  to  u r .c r r r . r i t c  u ( . (_ .c ) r r l ) t ing  r rnc le r  ap_' r i re  

i t cco t t t r ta t t t ,  b . r ' t ' r r in i .g .  a .c l  i r r  i . , r ' , r r ' . . .1  r t ' r l  r rcc .cp t i , t i  . cc : r r rn t i .g  p ' in -pl ' i l 'c t ice '  i 's  I  Jru ' : i t tess at t r t l r - . : t .  Accur l te c iPIe-" .  - - \cc.<-rrrnt i r rg &s i t  is  kno*. .  anclt 'cct . r l ' t l i t tg cr f  f i l t l t t r t ' i l t l  I  I ' l l l l r : tct i ( ) r )s i .  P.r ict iccr i  t , r l r t . r -  l ras . r r rc1,  r . r . r , ic l  end inr-t ' r t l tcnrr t ' t i . r t l  terr t ts is e.s. :c. t i r l  to the. .uc- ; " ; i ; ; r ;  ; , ; t , l ;J  s i rct ,  i l re inrugu.rr t ion of( ' r 'ss , f  I In l '  cot t t t t ret ' t ' i l l  cnter '1t . i - te.  Ti ie i i re I"eclc ' l l  i .c , . )c t* . \  h, , .s , ,n l l r r r .c '  l ,r l c r - 'o l r . t r r r r t  . r r rs t  tho .o .ghh-  u .c le rs t l . c l  ig  l3 .
" t lc l r i t  l inr l  r : r 'c t l i t "  ternts gct tct ' l l l ' t rsecl  br-  ' l ' l re 

t ' . i .c t r  .cct-rrr . t r lnt  nr l '  chr-ro-qe hisb t t ' i t tess  in  i t s  boo l tkccP ing  p .occc lu .c  to  ac t i r - i t1 .  in  t t , .  n . l i , i  
' r i ' i r , , ' i ' * ' . ' , , ' Jo ' . , , , t lng

i t i ' t t l ' c ' t l r i - t  l t cc r t l ' 11( ' \ - " { t t  ncco tur t ln t  c len ls  * ' i r c lc  l r i . s . t , r ' r - i r . r -s  r . ( l  c .1111rs l  a r .c  soughtt 'h ic f i l - '  c rcc l - r t  i l t  s l l c t ' i r r l i zcc l  f i c lc ls ,  * ' i t l r  i .  n i i  1 r i r . . : cs  c , f  rcc . r r r r t i ,g  ' r . r i c t i ce  anc l( ' \ ' t r l ' \ ' r l r r - r -  l l ' i t l l r l l c t i c l i l  I t ' occsscs .  l tn t l  r r i t l r  cornp le . r  i r rcor r rc  t l t . r  l r r . r , l r l c r rs - . r r  5e  mayl ) ( ' l ' cc l l t l l gc 's '  t l cc ' in r l t l s '  l tnc l  t ' l t i ' r s .  c l ioose l r  pu- . i t i r , rn  i - rs  rcco ' ' tnn t  * . i th  aSor r re  c , f  t l i c  l r lu l rk ,n rs  u . i t  I i  u .h ich  l re  s i r rg l r r  cnr l r lo r .c r .  in  p r . i v l r te  inc l r rs t r r . .r leals ( , r ) .c,cr . r ) :cr_r^ ' r1- , r r t i 'g s i . r , le rn, : l  co, . , . ,_ - l - . r .e i . i r ig 
i , ,  

" . .o, , , , ; ; i ; ;  
, r . , r i i ' . i ; , ,  in 7gI)ol ln( l  i r l te.cst ;  f int l i r lg c l isc ' t l t t t t t  r t r tc l  p.cs- col ieges l incl  u, . , i r -c.s i t ics lnci  i .  . i r rn1.  i . -c ' t t t  ' r r l i tc ' i ;  l tsccrtairr i r rg f r rnr leci  c lebt  c lepcnclc ' t  p ' i r - r r tc busi*cs.s col lcges, ast tec ' r l s ;  c t - r r . l ru t i r lg  s i r rk i r rg  f r r r r r l  . cq t r i . c -  *c l l  as  th rc , .gh  co . .es 'onc lcnce s tuc l1 , .t t i c t l t s  t t t t r l c ' t ' l - i r : t t t r l ' i l t l  f t l t ' t t r t tL rs ;  l ' r l j ' z i .g  S incc  i r ' s i r ] c - .s  a .c l  i . r l t r - r t . r .  i s  se t t in .i t rst l l l r r r t ' t r t  l r t r ' i r rg;  * ' ( l  t lcrr l i 'g * ' i t l i  nror 'o a.c l  *r-rr .e ." , r , r r i . , . . .* j ' t i  t j , ] ' ; t "Tt l f iP t ' ' rb le l l t s  , f  i t t s t t l ' r t t t cc  t ' r t tes  rnc i  l rcne f i t s ,  l i l t c l l ' th l t  t l re  s r rpp l l ' o f  gooc l  accountan ts

Pct is i r ' r t t  l ) l i l l l s '  s ' r ' i l l  sccr r . i t '  t t res ,  : . r l ) -  * - i l l  ca tc l r  r rp  , , . i t l ,  ihe  c le r ' rnc i  i .  t i re . \ .eersp . . i . s r l - * ,  l r . c l  o t l rc .  r ' l t l u r t ion* .  j t rs t  aheac i .
In  l r l r l i t i on  to  n . r l thenr l t i cs ,  l ie  must  l te

t  l r r  i r recl  in i , , r rs ine,ss l t r r rct ict ,  l rnnking, 6.  Act tLctry
f in l t icc '  t l i rat iot l '  cconomics'  cor 'porat ion Have ) 'oLl  e\-er i l -oncicrecl  ho*.  insuranceInrt- '  inve' : tntet t ts,  e l tc l  inst t t 'ance co|er l l -qe.  conr l t r , rn ics c lecic le on thc | r i tcs \ .h ich t l ievFIe t t r r tst  Ie l r r tc l l t ts iness enterpr ise 1o charge for r - r r . i<,rus k incls of  i , r . , , ; "n. . rccotrot t t ic  act i ' i t ics '  I {e t t t r tst  t rnr lerst l .c l  ' rhese 

conr l r ru ies errrpior -  actuar ics * .hothe pr inciple 's unclet ' l f  i .g ' l t ' ious account-  stucl1- t i ie c jata al-rout c ierr t6s,  accic lents,ing record' t - - l io i l '  
-ccl l l t l 'o l l in-q accounts thef ts,  ancl  a l l  concl i t ions *-hich af fect  in-f t tnct ior t -u ' l lc t r  

-  acl ju- ' t ing entr ies l i r 'e sLn'ance. ' f l ien 
on t i re ba-. is of  th i -c st .c l r .nece' : ' : r l l ' \ - - thc c l i f fcre.ce-s bei \ \ 'een pl t ' t -  ancl  b '  appr l f  ing ' retheruat ics to i r , ' ; ; , ; inct ' - 'h i l l  r r t tc l  col ' l )o l 'ete organiz l t ion*the f igule oLrt  * 'hat  r .ates to c i r r rge so that t5ept l lpo-se of  del l l 'eci r r t ion.  ancl  the p 'obienrs .onr1r, . , r1 'c i . l11 nrect  a l l  i ts  e. \ l )e. . :es.c'f 'r ' luation and liqtricletion. He must be 'r ' l-re 

ircturrl iel f ielt. l  is snrl"l l  crlnl '&r€cleble to i ) re l )xre i re| iocl ic br l rnce sheets u ' i th othcr occupat ionel  f ie l r is ,  ancl  p lecesancl  1 l rof i t  l rnd l r lss str t tet t tet t ts,  * 'h ich ale of  emlr lo ' inc,nt  &r.e f t ,*- .  f '5e r i .or .k is sot i le  bus iness  cha | ts  o f  f in lnc i l l  eonc l i t ion  h igh l r .  spec i r l i zec l  t6 l t  t  i r c .c  n .e  on l 'Rnc l  opcra t ing  t renc l '  nbout  300 rc tue . ies  in  t l re  L ' . i te r l  s# :T h e  q . a l i f i c ' l l i c c o l t t t t l l r t  c - r f  t ' . , r l l r ' n r t r s t  * ' h o  h l l . e  . r t , t  t h e  ( ' r . u r i ' . 1 i , . - <  s e t  f o rL tnc le t ' - ' t l nc i  the  1 l I inc i l r les  o f  l ru { lge t i } l ' \ '  t l ,enr .  I t  i s  cs t i rn r r tcc l .  l r r - , r r .s1-1 ,1 . .  t l re t  r . tcon t t ' r l l - l t r ' r t t ' to  g r r t l re t ' l t t c l  cor lcL i te  the  lc ts t  1000 co t r l , l  l t r .o f i t r r l r l r - l , c  L rsec l  in  ther letrr  f t ' r '  i r t tc lgcts- l ior '  to plr , r j t 'c t  f inen- insurencc coni l -x in ie.s alo.e.r ' i r r l  concl i t i , tns anr l  o l terr i t int  r .c. :u l t .s_ Conccrning c\nnr inrr t i t - ins,  thc actrrrrr . ia l__lrnt l  l r , t t '  t r l  l r t t l l 'zc lncl  rc l lot ' f  on the societ ies *  iekl l  e str .Lrns i r f l r renr:c i .  s l rut ; -

it
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ing mathematical requirenrents, ancl in
cletermining str indrrrc ls for  actuar ia l  jobs.
The-r '  set  a group of  n ine examinat ions
n'hich appl icants must pass before they are
qual i f ied acturrr ies,  t  pon passing al l  g
e.raminat ions,  i in appl icrrnt  becomes &
Jel lov of  the societ ies.  About 13 fel lon.s
are adclecl  annual l r ' ,  ancl  in al l  there are
-100 oi u'honr 300 are located in the Unitecl
-State-..

The actuar. i l l  c lepar. tments of  insurance
companies,  prrr t icular l l '  those locatecl  in
Connect icut  aud Nerr yolk i r le the hrgest
com nrercirrl enrlr lol.ers o f nrrt t hcma ticians.
lc lutr ics rre r t lso enrplol .ccl  b] ,  such
Fcclerrr l  lgencics ls t i re Rl i l rcacl  Ret i r ,e-
nrenl  Boerr l ,  r rncl  Socirr l  Secur. i t l .  Boarcl .
l. 'he. Civil Se.r'r. ice Commis-rion u.i lt gir.e
int 'ornrrr t ion nboul  l r 'n) ,  opcnings in gc_
trrrr l i r r l  u 'ork in the fecleral  gor.ernment.
Pr ivrr te inst i tut ions of  ten enrplol ,  cor l -
-sul t i r rg lctur i r . ies in r .cger. t l  to pensions,
l rnntr i t ic-s,  scr. i - icc t r rbks,  o lc l_ l rge benef i ts,
v i t r r l  s t r r t is t ics,  accic ient  l . i t tcs,  l -ncl  popul , r_
t ion  s t t rc l ies .

Tlrc t r . r r in ing I 'cquirecl  oI  actrrrr . r . ies is so
rtrggccl  thut  those u. l ro f inal t1.  qul l i f l ,  arc
rr-. '-rrrcci of jobs. Algebr.rric stitts are neces_

cleatists, and 100,000 pharmacists:.
There are, of course, man). other.classes

in this group as for example 
,diet i t ;anslosteopathic physicians, dental nl.grenrsts,

occupational ther.apists, *_.'oy. te;b;icia;,
ph1'sical therapists, professional ou.*.O
optometrists, meclical pathologists. Ti1;
training of all these groups resc,\ r.ert..
largely on the basic sciences.

- If you are planning to enter any one ofthese fields, you rvill neecl & sure founcla_
tion in high school matirematics. I tore_
over, 1'ou shoulcl not unclerti.rke a fielcl like
meclicine unless .r,ou har.c goocl aUifityi
rugged health, a flrril for thc*u.or.k, n U.a_
sicle-personalitl-, ancl a grett ur.ge to cloit ,  fol  the tr; i ining pcr, iocl is long on,ir igorous.

As re.gar.cls the futurr.  outiook in themeclical sen-ices, there is conr. incing evi-
clence of a shor.t irge in thc .r.errr.s lhead.

E. ^Sciorl iftc Rt,saurcltt, r.
Chernists,  b io logists,  phl .s ic ists,  astron_

omers, geologist s, nre t tr I I u r.gi.s ts, eco.omists
archi tec[s,  and ot ] rer  scier, t is ts neecl  t ra in-
ing in methernl t ics &s *.el l  &s in their
spccirr l t ies.  \ Ian1. such n.orkers are enr-
plol 'cc l  in the go\-entnrent,  founclrr t ions,  in_
clrrstr . l - ,  insur. l ince conr l ; l in ics,  cngineer. ing
fir 'ms, ancl other. tgcncies. .I.hese 

nrathe-
mat ic i r tns ancl  scienf ists rnake use of  strch
mathemrt ics as calculur. ,  stat ist ics,  c l i f fer-
ent i r r l  equat ions,  ancl  r .ector analy,s is;  and
the_v anirl l-ze clata in such fielcls as bal-
I ist ics, c r.r'p t -a ne l).-.is, fl u ici cl"r.nrr m ics, and
the  I i ke .

s r r l v  l t  u l l  t imcs ,  anc l  i1  rcspon- . ib lc  ac_
tLr l r l -  nr t rst  knou. nrathenrat ics throtrgh
r lgelrrrr ,  culculus,  t l reor.r-  of  probrr .b i l i i \ - ,
r rnr l  t l re c l lcrr lus of  f in i te c i i f fercnces, l t . i
u 'e l l  as t l rc eppl ic l r t ion.s oi  nrr i themat ics
to vrrr iccl  problems of  l i ie insurance. Feu.
trniversi t ies of fer  out-r tancl ing t ra in ing in
actuar i r r l  mtthemlt ics.  Th; Iarger in_
.sru ' i tnce companies concluct  their  o\ \ .n
training pl 'ogf&ms to f i l l  the gaps. There
f l r 'e tu 'o societ ies of  actulr . ies in n.hich
menrbership is b1. e.r lnr in l t ion:  ( l )  Ac_
t ur l i r r l  ,_ lociel)-  o i  Anrer ic i r ,  Bg3 7th
Avenue, . \ :eu- york Ci t1. ,  anci  (2)  Anrer i_
cr in  In . ; t i tu te  o f  Ac tuar ies .  lB i  S .  L "S* l t .
S t rec t ,  C : l r i cago 3 ,  I l l i no i_ . .

7. lfedical and Other IIealth Sertices
The gr.oup of n.orkers tirr.t pre,,.ent ancl

cLrre ph1's ical  ancl  mental  c l iseeses is r .er .1.
l l r 'g.e.  For eranrple in lg l0 there r \ .ere
n)ol 'e thrrn 175.000 ph1.. : ic i r ins,  0I ,000

Ph1'sicists arc recluir.ed to her.e a thor-
l ,gn 

t ra in ing in ach.ancud nrathematics.
Denrrncls for  men trained in th is f ie lc l  are
rurgent.  The u.ork c leals n_i th precis ion in-
stnrments,  h igh tempelature me&sure.
ntents,  automabjc electr ic controls,  Air
conci i t ioning, ancl  the use oI  nerr_ pr.oducts
ancl  mater ia ls,

Biologists use mnthenrat ical  methocls
especiall l , in phy,sirt logl,, genetics, hered_
ir1 ' , .  medic ine, ancl  p, , f r f i ,  heal th.  Nen.
f ie lc ls in bioph,r .s ics ancl  b ioeh.n. , is t ry are
beconr ing increirs inglr-  inrpo.t*nt  espe-
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cial lv in understancl ing the nature ancl
ef fects of  radioact i r - i t1 ' ,  X-ravs,  u l t r l_
I ' io let  l ight ,  ancl  thc electronic micro:-cope.

The clemanci  for  scient i f ic  u.orkers in
the reseerch laborator ies in inclustr l -  has
gro\ \ -n b1'  leaps ancl  l . rouncls in the last
c luarter of  a centur '1- .  For e.ranr l t le,  a l is t  of
s r rch  I l l to ra to l ies  fo r  1920 inc ludes  2g7.
T i re  con 'es l lonc l ing  l i s t  fo r  Ig {0  inc iL rc les
2264. In 19lr l  t l icr .e \ \ -er .e el tout  J i ,000
scient ists in inclustr ia l  i r i l . ,or l tor . ies plus
35.000 techn ic r l  u 'o rke ls  rnek ing  a  to t r r l  o i
pcr-rons u 'ho nccd gooi l  nr l themlt ic l l

I E I . D  . { \ r . ,  I ' r . . . r c c  o r  J j r u , l . ( ) )  l  i ; . r . r .  ( t s / f  l  t t t l t , ,  l  g . , ; T )

B.  F.  Goodl ic i r  Conrpanl . ,  Akron, Ohio.
Tire staf f  incluclcs .Sg chenr is l - r ,  15 ph1.si_
cist-s,  2 biologicr i l  sc ient ists,  1 metal turgist ,
26 engineers,  lnd one mlthenrr-r t ic i ln l . i th
I  09 addi t iont l  pcr- .otrnel .

There is & r-er '1-  inrportant table just
ahetd .  I t  no t  on l l -  shou-s  t l re  nunrber  o f
scient i6c u 'or .ker. . :  in industr . l .  at  present_
57,000-but  a lso  the  sc ien t i f i c  popu la t ion
in Feclerrr l  g. . , , .er .ntnent ancl  in t i rc col leges
and the  un i l c r ' . i t i es .

\ :o n ' i r r thcnrrr t ic i ln.s t rc shou.n in t l re
t l l t le t rnr ler '  " Inclu.str ie l  Lrbr-rr . l tor ies. , ,

.S t : t  g  s ' r ' t s ' t '  I to t ,uL . rT t r l . s  I  r -  I :

l ' l e  l r t  O l  \ \  o r k -  l c t l c r r r l  Co l l cgcs  lL r r , l
G o l c r n m c r r t  U n i r l - c r s i t i c s

I r r c l r i . t r . i l l
Lrr  bor: i tor ic ; T o t l l

;  , 9 0 0
I  , 2 0 0

550
s , 0 0 0

4  , 7 0 0
5  , 1 ' 0 0

I  3  , 5 0 0
1 ; , D 0 0

g  ,000

I  , 7 5 0
:5(J

2 7 , ; 0 0

l 2 . r i 0 0
s ,.q50

r  . r  .300
; i3  ,000

3  , 9 0 0
5 ,  S 0 0
5 , S 0 0
?  , 0 0 0

2 , s 0 0
22  ,000

2 , 7 0 0
I ' l n g i n t . c r i r ) g .  .  .
J i i s c r . l l r r n c o u . s .  .  .  .

l l  , 1 0 0
950

2  I  , 500
5 ,. \00

{  I  , 000
0 , 7 5 0

T o t : t l 3 0 , 0 0 0 5 0 , 0 0 0 56 ,  S00 r 3 7 , { 0 0

t r r r in ing  o f  about  90 ,000.  In  add i t ion  the
Irborrr tor ies in inclustr l '  enrplol .ed about
15.000 aclministr .at i r -e,  c ler . ical ,  and mrin_
ten lnce  pe l ' sonne l .  L 'hus ,  the  gr tnc l  to tn l
of  u 'o lkers in researc]r  hbor l tor . ies ancl
inciust lv in 19{0 \ \ 'as aroLlncl  135,000. The
nunr l . ler  of  profes-. ional  n-orkels in these
lesearch l tborator. ies has gro\rn f r .om
about  35 ,000 in  1910 to  55 ,000 in  lg -16 .

I t  ma1'  be of  interest  to 1-ou to note the
meke-rrp of  a research st l i f f  tnd so \ \ -e pl .o-
v ic ie tu 'o i i lLrstrat ion,r .  (a)  The Don.
Ciremical  Companl ' ,  ) I ic l lancl ,  ) i ichigen.
The stafr  inclucies 650 chenr ists,  chemical
engincers,  ph1's ic ists,  b io logists,  nrecheni-
ca l  eng ineers ,  enc i  mct t l lu rg is ts ,  and 500
acldi t ionr- i i  personnel  to calr ' \ .  on the re-
ser rch  t 'o rk .  I f  1 'oLr  u -a lkec l  in  the  l i t t l c
t r - rn 'n  o f  J l i c l l l nc l  r ,n  Sr r t r r r . r luv  n igh t  r -ou
nr ig l i t  jos t le  a  goor l  n la r ) \ -Ph.D 's .  ( t , )  The

' fhe  
mr in  reason is  the t  the  number  i s

cl t r i te sni l l l -per.hnl ts l i0-but th is f igure
n'oulc l  not  te i l  the stort . .  Feu. re. .ea ch
u 'o rkers  har -e  thc  t i t le  , ,mAthenra t ic ian , ,

for  the reesor l  t i rat  u-hen & pul .e mathe_
matic i ln takes a l tosi t ion in & research
laborator '1 '  and al tp l ie. :  h is metheniet ics to
some other f ie ld,  l ie usul l l l .  opcr l tes l . i th
a t i t ie that  suggests the f ie lc l -ph1.sic ist ,
engineer.  ancl  , .o on.

F ina l l l - ,  the  gr lnc l  to te l  o f  about  137,000
is r-er.r '  impres.s ive.  For el l  of  these research
n'ol i re ls neecl  not  onl 'u.  e.rcel lent  t r l in ing
in  mt r themt t i cs  a t  the  h igh  schoo l  leve l ,
but  a lso & greir t  deal  of  nt l theniat ical
t r l in ing in col lcges lnci  unir-er.s i t ies.  Their
rvot 'k lcclu i r .e.s t l ie highest t1.1te of  t r r . in ing
in epl t i icr l  mlthcnr:r t ics lnd reselrch ancl
t l r i s  t r t in ins  r rcc t l s  to  l rc  cur l l t iner . l  u . i th
cleat ive rbi l i tv  lncl  r l r . i r .c.  l 'he nr l the-
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meticirrn in tl i is rcselrch gr()ttp ncects a

cloctor 's (Ph.D.)  c legrec ol  i ts  ccluivaient

in mrrtheuratics.

If 1'ou are clefirl i teif iooli ing fonrit 'rcl to

lr cilreer in indtrstri lr l nrlt l temltics, 1'ott

shoulcl cousttlt & \-er)' helpful p:rmphlet*

b1' Tholnton C. Fr1', \Irrt ltenraticlt Re-

sea.cl ', Director, Bell Teleprhone Labora-

tor ies.  (Reaclers uot cspccir l l f  iutcrested in

nuthemltics ml1- uon' t l l ie lr "ser-enth in-

ning stretch.")  I lere f l l 'c  sol l re s lmples of

,r ' l ' , , i t 1'ort u i l l  f incl in t lr is intcresting pxnl-

p l t l e t :
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ni l t l rc tn : r t ics ,  f rom n 'h ich i t  d i f fers  nrore esscn-

t i r l l r  in  mst ters  o f  lengt rege and r iqor  thgn o i

genere l  ph i losophic  a t t i tudc.  : \ t  t i ie  moment '

i l ' ,creio.e, engideering schools nrttsl- be lool iccl

upon &s ihe most  hopefu l  sot l rces o i  indust r i : r l

mr. thcnlnt iciens.
.  .  .  s imple proccsst 's  ls  l lgebr l ,  l r isonomc-

tr - r '  rncl  the elenrents of  c l lcr l l t ts  are the mosl

.o, ' , ' ,n ' ,o, , .  ancl  the most prcdt tct i re in.mot iern in-

c iustr i l l  re 'se$rch.  Thel '  f r t 'quenr l -v lc lc l  to re ' -

i u l t s  o f  t he  g re 'a tes l  p r te t i ce i  impor t l nc t ' '  Thc

-. ingle s ictcbanci  s} 's tent  of  c l t ' r ' i t ' r  t r l t rsmission'

ior ' . **n ' tp le,  n 'cs r r .  nrr thcmrrt ic l ' r ' l  inrent ion '  I t

r - i r tuel iy-  c loLr l l lec l  the nt t tn l rer  o i  long dist lnce

. , . t t t  t t , * t  coulc l  l re h lncl lcc l  s i rnt t l t l t tcousl ; -  ovcr

"  
g i . ' cn  l i ne .  Ye t  the  on l l '  n r l t l t t ' n r t t i cs  i nvo lve ' l

i n ' i t s  c le ' ve lopn len l  n ' r s  a  s ing le  t r i gononr r : t r i r '

L ' q tu r t i on ,  thc  i o rmt t l : r ,  f o r  t l t c  s inc '  o f  t he  sum o I

t \ \ ' o  1n { l cs

[r1' l loints otrt thlt nlrrthcnratics iS lr" ' '" '

lrrngr,urgc u'hich sinlplif ies tl ie i lroccss oI

thinli irg ancl nrrrkes it nr?-f 'e rclirtbic' Thi's

is i ts pr inciprr l  servicc to inclLrstn" I Ie thcn

l ists c ig l i t  u ' r t1 's in rr l r ich nrrr t l temlt ics is

ruscf  t t l  to int l t tstr -v:

/ ' ' i , ' . s l :  I t  1 , t ' , l v i , l t ' s  I  l r r r s i s  fo r  i r r t c r ' 1 l t ' c t i ng

, l , r  t  r  i n  t c rms  o f  i r  I ) r t ' co t t cc i vc t l  t h t :o r - r ' '  t i t t t s

n, , r " [ i  
"g 

i t  po-<. : i l . r lc  to c l r r - r rv t lcr  I t tc t ions f  r r tnr

i j ' "n ' ,  i i ' l . " r t i ing th inS' ;  rvhi r :h cot t l ' ' [  not  bc ob-

se  rvc , I  co r t ve t t i t ' t r t l l ' ,  i i : r t  l l l '

, \ n  i l i us t r l t i on  i s  t l t e '  s t r rn ' l r r t t  me fho ' I  i o r

l oc r r t i t t g  f r t t l t ' ;  on  t c l t 'Phonc  l i n t ' s '  ] J r r thc 'n r l f i c l l

, f " 'o , : t l - . i , " rvs thrr l  I  i r r t t l l  rv i l i  l [Tcct  thc inr-

i , " ' ' i , , ^ . .  o f  t he  i i ne  in  { r  \ \ ' 11v  r l i r i ch  v l r i cs  r r i l h

i ; . ' ; i , " ; i . ) , : rn t t  t ha t  thc  c l i s t l ncc  f rom thc  p l r t ce

oi  mclst t t 'cmenl  to the f l t r l t  crr t t  l - le  t lc t l t tccct  l l

n , , " . ] -  i r on t  the  f r cqucnc ies  a l  u 'h i ch  the  im-

r)r - ' ( l i . r r Icc i . ;  nrosl  cor ispicuousl l '  : r f fcct t r ' ' t '  Thi 's  i 's

: , i , ; ' i ; ;J t r  mucl ' ,  *or .  .on ' 'c t r - iut t t  th. .n ht tnt in3

t  l ic  f l t r l t  t l i  rc 'c t l1 ' .

Sccoru r l :  \ \ -hen  d l t l  r re  i ncomp l t i b le  s ' i t h

t l r c  p rcco r t ce i vec [  l heo r -v ,  a  m l thcm: r t i c r r l  s t t l ( t v

i , , ' q i t " ' , t f  l '  a i c l . :  i n  pc ' r i cc t i ng  1 [ r '  [ f i go r ' f  i t se ] f '
I t l , , - l  

" l * r . i c : r l  
i l l t r s t r : t t i o r l  i .  p t " ' ' - ' sc i c . cc  i ' s  t1e

, i i l . " t . . t - t  o i  t hc  p l : t nc t  \ ep tL tne '  The  mot ion

, i  , n " -  p l : rne t  Ur rn t r s  r r ' ' r s  fo r tnc t  to  bc  i t t con -

.  - i . t u r , i  r v i t h  thc  p rec l i c t i o r r s  r - ' f  t hc  Nerv ton i rn

th , :o rv  o f  g r r r " ' i t : r l i on ,  i f  t h t :  so l r r c  - r ] ' s t ( lm  con-

. i . t , , , i  o n l l :  o i  t h e  s e v e n  p l : r n e t ' : . . t h c n  k n o r r - n '

] t r r t hcmr r i i c r l  i nvcs t i s l t i ' r n  i nc l i c i r t c t [ '  ho r r ' -

c r j c r ,  t h , r t  i i  r rn  c igh th  p l r rne l  o i  r r  cc r t r r i t t  s i z t '  t r ' : r - '

" . . r . , i . . . : l  
to l ;c  m-ovi t lg in I  cer t r r in orbi t '  thr 's t l

, 1 ' . i r . f f rnc i , , -<  
c i i . r rpp t r rec l .  L -pon  tu r r t i ns  a  t c l c -

. f  , , 1 , , ,  t o  t t r r - '  . ' J , , ' l  i r i ' t ' ' I i e t c r t ,  t l t r l  t re t v  p l r t t r t ' t  t t  r t '

l ' r ) l i l l ( 1 .

1 '  l , . i  r ,  ! :  i  t  i . :  f  t  cc l t  t t ' t ,  l l  - v  I r { ' c ' - ' : ' i i ' r  r . t '  i  t r  1 - l  I ' uc  l t t ' ' '

t r )  ( ' r t t l t p o l l t e  t c s t  c i a t l l  f r r - r n r  o r l c  ' * e b  o l  ( t i -

( r l t , r r : i r ) r r . i  t , , : . '  r r l i r l t ' l - r ' c l i f f c r e n t  s e t '  a n c [  i n  s t r c ] r

( : i . r i , , , :  ) o n l t '  > o t I  c r f  I n , r t h r - ' t n t ' t i c l r l  h l r c k g r u t t r y l  i '

' 1 r  1 1 1 r  r -  t '  r ' - < i , - '  t r t i : r l .

. \ r t  es l r r r r l ; [ ' . :  i s  1 r t ' " r ' i '  [ c '  I  l ' ' r '  - \ t t  '  U  
' l ' ' .  I "c i ' ' l '

f ) i r c c t o r  n i  i ' . ' l t r c , r i i o t r  o f  t l i ' :  I ) o L r g l r t ;  ; \ i ' r c t ' r 1 1 "

C o r l l o r l r t i r r l r :

. . .  I n , l t t s t r i : r l  n r r t l r t ' n t r t i c s  i s  l ; c i n g  c a r r i e d

un  i , r ' g r , . , ! t t l t t cs  o f  cng i t t c t ' r i t t g  o r  p l ' 1 ' s i cs  no l  s ( )

n l , t . i ,  i , . . , . ' , r .  o f  t l r e  ' ' i " l t t "  o i  t t r r r t  t r : r i n ing  as  l l e -

; ; r . , . ;  o i  t l r e  r vc r t k t t cs - '  o i  l r t t t l t c r t r r l t i cn l  ec l t t c l t ' -

i i " t ,  i ^ - f  t t t c r i ca .  T l r c  p ropc r !1 '  t r l i ncc l  i nd t r s t r i : t l

n , , r t t , . n , * t i c i rn  sho t r l i l  t ' i t t ' " ,  l - r t ' ] ' onc l  t i t c  t t s t t l l l

aot . , , ' . taa of  col l t 'gr l  gt ' l ' t le ' ,  l r '  goot l  t r  r l lk ina l ' r : rc l i -

s ; . ; , , ; " i  o i  l l gc l , i r r ,  ( l r t r t r i r : t ' s ,  t c t r so t  t l r eo r l ' '  e t c ' ) '

son i r r  g1 . ' o t r l c t r - \ ' ,  p r t r t i c r r l l r l l '  t l r r - '  t ruu l l ' t i c  so r t '

i . l , . i  
" . ' u t , , "1 ,  

, , i , , , , 11 ' ' i ,  
" i  

I " '  
" *n  

l l l r s . r l r  / f t l t t r : t i r ' r n

iJ ' . lor l ' ,  t  l rcor-r '  oI  t l i tT ' ' r 'c . t i r r ' l  l tnr- [  i t r t t 'g . r r l  cqt l : t -

i i , r t r . ;  t r r  t l , o s t n l l  f r t n c t i o n ' ,  c l r l c r t l r t s  o f  v r r r i : r -

t i , r , t s ,  c ' t c . ) .  t l r r - ' sc  shor r l r l  l t l l " ' c  l r t e  t t  t l r r t g l r l  l ' i l l r

" n  
n t l i l r r t t c  s 1 ' n t 5 r : r t l r c t i c  t o  t l r t ' i r  r p p l i c r r t i o t r s '

, . , t ' c l  , . - . i , t f n ra . , t  l r ! '  t hc r . r r c t i c l l  c r i t t r s r - ' s  i t r  so t l t t r l '

i , . ' * , ,  i i s f t t  rn r l  c l cc t r i c i l l ' ,  l nc l  l r - r '  l r e l v - r '  cmp l i r ' ' -

; i " . '  i ip , ' ; t  n r , :c l '  I  n i , : , * ,  c l  rs  t  i , '  i  t  - r ' '  I  i  1 'e l  t 'oc l  1 '  n: t  t t  r i ' 's '

i t , . rn ,oa ' , ' naLn l i cs  n 'n t l  e l r - c l ro t r t r rgnc t ie  f i t ' l t i  t l " ' -

o . t .  I I , ,  i l , c , r r l t l  t t nc l c t ' s t l r . t t r t  n ' l r r t f  r i { o r  i s  so  t i r l t

h .eJ  *  i l l  1o t  r r r r r y i l t i ng l . v  i n t l  t r l ' : , '  i t r  t t uso t t t t t [  : r r l f  t t -

i . , , , , , , t ,  6 t r t  l r , _ . s 6 o , , l , i , r l - , t  g l r i t r  c x p c ' I ' i t l n e c  i *  s t t c l L

tusc i t t l  l r t t  I  s r ,n tc t i n t r ' ' :  t r c l r r ' 1 " : ro t l t  p r l e t i c t - ' s  l l s

the  t t . . e  o I  t l i v t ' r g t ' r t t  - "e  r i os  o r  the  tno r l i f r ca t i on  o i

i " . n l - .  i n  c l i f i c r cn t ie l  t ' t l r t l t i ons '  l [ ' :  sho r r l c l  h l vc

" , . r " "g f ,  
l , : r s i c  i ' l ' 1 ' s i cs  tnc l  c l ) { . ' t r r i s t r v  o f  t hc  cs -

nc r i r r i r - ' n t l l  s r ) l  t  t o  g i ve  l r i n t  I  r t r l l i s t i c  o t t  t l r l oL  c 'n

i ; ; ^ ; r " ; ; ;  r s  r vc l l  n ' ;  t hc  Pc . i l ' '  o i .  cxpc r imcn t . l

i . . t , i , i , 1 " . .  I l i '  t hc  t i n rc  t r c  l i r s  r ' t ' c l r r i l ed  th i s  tn r in -

i "s i ' ' . - " t i i r  t i .sLtr l l .v  l l ' - 'o  I r : r 'c . l r ' ' : i l t r i rcd n '  Pl t ' I ) '

, i , ]u,1." ,  bt r t  thc Ci 'gr ' ,c  i tsc l i  is  I I r ) t  l1o$' '  anr- l  is

" " i  
i i k t ' l v  t o  bccon tc ,  t l r c  r l n ros t .  i nd i ' ' pcns r ' l ' l r r

p re rco . , r i i i t c  to  en rp l r - r - r ' n re r r t  t l r r ' t  i t  i s  i n  u t r i vc r ' -

s i t . r ' l i f e .
T l r c ro  i s  no tv l r c r ' - '  i n  - - \n t c r i c l r '  s '  schco l  r vh r t  t '

t l r i s  t r l i r r i r l g  c { i l I  l i c  l r c r l r i i r r - ' t i  '  No  ' ' r l l i oo i  l t l s  r ' ' " t -

; ; ; . , i i ; . i  i o = ' r r i l , l  I  f * c r i i t l ' o i  n r r i l r c m a t i c s  * ' i t l L

. r . , l i i  t . * i " i ng  in  m in ' l '  I l t ' t r ' ' , '  i n r l t t s ' " r ) ' h rs  h rc l .  t r r

n , " t . "  sL r , ' h  : i l r i i t  r r s  t r r i g l r f  l ; r r  n  i t l r  e rsa lz  mr " lhc -

i n L t i c i l n s  c r r l l c c l  f r ' ' . ' n i  c t ' ' l r r r r l n t c n t ' ;  o f  p l r r ' ' i '  -

ar ' ,c l  engi , rer- ' r ing.  To ln l r 'kc l r l&t t t ' rs  \ \  orsh) '  l r  : t t i -

t l cn l  $ ' i t i r  s t rong  t l r l r r r t ' t i . l r l  i t L t c rc - ' t ' s  n 'ho  en t ' u l l '

in  pt . , . , . . ic .  t l rcse c l r l  - r  i5 l r l  i t r r - ls t  cer t r in to spt l t t t t

n roJ l  o f  l r i - r  t i t nc  c ' t i  n t r ' ' t l ' ' t ' t r  n " r t l l cn l l " t i c : r l  p l i - r . ' -

i r ' . ,  r r l r i c l r  i n s i s t . : t l n , o - - l : . ' s  l i l f  l t  l l l r o n  f i t l e l i t - v  t t '
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" I I c . r e  i t  i s  o b v i o u s l _ r . i m p r . r r c t i c a b l e  t o  p c r _
i r r rn t  f u l l -Sc r r l c  t cs ts  o f  . "uch -  pa r . t s  as  , r . i r rgs  . , r .
f r r se l rg r , ,  much  less  r , f  c r r t i r . e  a i r . c r  n i t ,  an , l  t hc
r : x t r l l i r , , l a t i c ,n  f r .om the  resu l t s  i , f  u . i r r c l_ t r rnu r l
r ) ) r t s u r e n t c . r r t s  t o  t h t ,  f r r l l _ : s c l l e  c l r a r l c i c r . i s t i c s
, , f  e i t ' p l a n c s  r t r r r s t  l r t ' l r l s r , r l  o r r  t h c o r , . t i c l l  e o r r _
; i c l c l l t i o n . : . "

[ ' o t t r l l t :  - \ I r r t hcn r r r t i cs  f r cq r rc r r t l - r .  r r i t l ;  i r r  1 r r .u -
n t o t i l t g  L . c c ) l t o m \ .  c i t l r c r .  b - r .  r . c d u c i l r g  t h c  l m r r u r r t
, , i  c x l , c . r ' i n i c r r t r r t i r , r r  r . e q t r i r . c t ! ,  r , r  l ; r l  r . c l l l l c i n g  i t
c t r t i t c l - t ' .  I r r - t : r r r c c s  o f  t l , i s  k i r r , l  l r l c  m e t  c r . e r r . _
l  h c l e  i n  i n c r u s t r ' - r ' ,  r r o t  o r r l r . i n  r c s c e r c h  a c t i v i t i t i . ,
l . , u t  i n  1 . l c l f r . c t i ng  thc  t l cs i sn  o f  a l r l x r r . r t t L l .S  on r l
i r r  i t s  s r r b i c q u c r r t  n t r r r r r r f r r c t u r . c  l r s  r r  c l l .

I " i _ f  i i L :  Sc , rne  t  i r nc . .  cx l re  l imc r r t s  r r r .e  r . i r t u l r l l r .
i n r ; ; os .> ib le  e r r r l  rn r r t . hcn t l t i cs  n tu_ i t  6 l l  t hc
l , l  L . l l ch .  - { r r  e r -a rnp lc  con rcs  to  n re  f r .on i  ) I r . .  I [ : r l l
C ' .  I  I i i r l r e r . t l ,  \ - i ce  l ) t ' c - i r l en t  ; r . nc i  Ch ic f  I l ns i r r c t  r
r r f  r h e  I - o c k h c c d  . . \ i r . c r . l f l  C o r D o r e t i o n :' ' r \ n  u r r f , . r r t u ru r t c  l r l r c r r c r l r r cno r r  t l t l t  n ru . : t  be
t l , : l r l t  *  i t h  i r r  e i ' c r r r f t  r l r . - . i g r  i s  a  t  r ' 1 rg  r r f  r . i , l c . r r t' ' , ' i b r r r t i o n  u  h i c h  r n l r .  b c  s c t  u l )  i r i  

' t h c  
u  i n g s  i i

t he  p l r r r r c  i s  f l c - ' u .n  too  f r r s t .  I t  i s  k r ros .n  l s  f l u t t c r . ,
l r r r t l  i s  i r i r h i l .  c l l t r r g c r o u s ,  . : i r r c c  t i r c  v i l i i . r t i o n s
l r t l t v  l . i c  o f  . ruch  in t c r r sc  ch r r r r c . te  r  l r . s  to  c ru r ; c  l r_ rss
o i  c o n t r r - . , 1  o r  c \ . ( , t r  s t r u c L r r r l r l  f : t i l u r . c .  T h c  t c c l r _
r r i c l l  p r o l ; l c m  i , s  t l r c r c f o r c  t o  l t c . < t r r . c  t h l r f  t h c
c ' r ' i t i c a l  s f ) e c r l  e t  u . h i c h  f l u t t c r  r r . t , u l i l  ( r c c u r  i :
l r i ! : l r c r  t l r l n  l r r ) - \ -  l t  u  l r i ch  t l r c  c , r . : r i t  r r . ou l t . l  c r . t . r .
l , r , f l r _ ' r v n .  I t  i s  I  p h c n o m c n o r t  r r . i t h  r c s t ) c c t  t o
r r  l r i c l i  r v i n d  t u r r r r c l  c . x p c r i n r c r r t r r t i o n  i s  r l l i [ c u l t ,
r L r r c l  l i i g h t  t t , . t i r r (  \ . r : r ' \ . t l r u r g c r o r r s .  I t  h r r s  b c c n
t l r c . s u b j c c t  o f  e  r r r r r n i r c r  o f  r n l t l i c n r l t i c l l  i n _
vc . : t i g l t i ons ,  thc  r . csu l t s  o f  u .h i ch  h r r l c  r c r r che i i
I  s u l l c i c r r t l _ r ' a d r . l n c c < l  s t u g c  t h e t  t h c v  r i " c  n o \ \ .
l r c ing  r r scc l  t o  p r .ec l i c t  t hc  c r i t i c r r l  sncc ,_ l s  n r r , l
f l u t t e r  f r c r l r r c n c i c s  o f  r i r c r e f t  r r h i l c  s t i l l  i n  t h , :
r l es i (n  s t rg , - . .  E r . cn  mor .c  impor . t l l r t ,  t hc  mr r thc_
n r e t i c l l  i n v e - . t i g e t i o n  o f  t h i s  p r o l t l c r n  p o i n t s  t h c
rvn . l ' t o  mod i f i c l t i ons i  o f  c l c *s iqn  u .h i ch  n . i l l  i nsu rc
t h r l  f l u t t e r  c r r  u n o t  o e c u r  i n  t h c  u s r r l r l c  s p c c t l
r i u l g e . ' t  

'

-S i r / [ :  J l r t heml t i cs  i s  f r cqucn t l v  usc fu l  i r r
r l c r i s i r rg  . s r . . , - ce l l e t l  c r .uc ie l  e . rpc r . imcn t . ;  t o  c l i _ ._
t i n g r r i s h  o n c c  e n c l  f o r  a l l  b e t r r . c c n  r i r . : r l  t h e o r i c - .
A  i ' r rmous  cs ln rp l c  i n  the  f i c ld  

-o f  
ph r . s i cs  r v l . r

t l , c  s t u r l y  c , f  t h c  r c f r a c t i o n  o f  s t e r . l i g h i  n e e r  t h c
sun 's  c l i , . c ,  n 'h i ch  e f fo r r l c r l  l l  mc t l l s  o f  r l cc i c l i ng
b t - tu 'een  \e r r  t ou i r tn  l n r i  re l : r t i v i s t i e  me .ch ln i cs -
In  th i s  c i r s r ' ,  r r r s thc .met i ca l  i n r .es t i ga t ion  shor r .e , l
t h r t  t he  re . :u l t  t o  be  e \ l )ec tcd  , r - , r i  d i f f e .en t  ac -
co rd ing  to  the  tw .o  theor i c . s ,  enc i  as t r .onomica I
o b s c r r  r t i o n s  c o n f i r m e d  t h e  p r . c c l i c t i o l  o f  r e l l -
t i v i s t i c  m e c h r n i c s .

S c l c n l / r :  l l a t h c m e t i c s  e i s o  f r c q u e n t l l ,  p e r _
fo l rn : -  i i  r l eg r t t i ve  se r r - i cc ,  bu t  one  r i . h i ch  i s -somc_
t i m c s  e r f  v e r  v  g l e e t  i m p o r t & n c e ,  i n  f o r . e s t a l l i n q
the  se l r ch  fo r  the  impo- "s ib le ;  f o r  mrn r .  c le - . i r . _
a i - , l c  o l r j c c t i v c s  i n  i n t _ l u - . t r ] ' a r e  r s  u n e t i e i n r b l e
l t s  p e r p u t u r l  m o t i o n  m l c h i n c s ,  l n c l  f r c q u e n t l r -
the  c ,n l v  r v r i l  t o  r ccogr r i ze  the  iec t  i s  bv -mcr r rx
o i  i r  m r t t h c n i : i t i c r l  a r . q u m e n t .

- - \  c ' r_ ' r ' t r r i r r  t - r ' ; i c  o f  e lec t r i c  u .e r . c  f i l l c r  n .h i c l r
i s  u - u r i l l v  r c f e r l e , c l  t o  t . : : r n  " i r l e e l "  f i l t c r  n . o r r l , . I
i r c  v c r - \ ' u . c . f r r i  i f  i t  c , r u l d  b c  p r o r l r r c c c l .  I I o r r -
r . r ' t ' r ,  i l  h l i - r  bcc r r  - .ho r r . r r  nu r th t , rn : t t i c r r l l - 1 .  t h l i l
s l t ' l r : t  s t r u c t u r c  \ \ . r ) u l { l  l . ( i . > l ) ( ) n r l  t o  r  s i g n r r l  b e _

f o r c  t h c  s i g n e l  r e r r c h e r l  i i ;  i r i  r , t h c r  u . o r d s ,  t h a t
i t  r r -ou ld  ha ' , -e  the  q i f t  o f  1 ; r .oph , : c1 . .  S ince  th i s
i s  a l t su rd ,  i t  f o l l on . . :  t h - r l  r ro  . i r r ch  f i l t e r  can  be
l r r r i l t ,  and  con_ruc luu r r t l r .  r r t t  o r :e  I r . i es  to  bu i i c l  i t .

E igh th . .  F i r r : r l l r - ,  rn r t thcu r r t i cs  f r cquen t l l .
l r l l 1 ' . s  u r r  im l lo r t ru t  p r r . l  i n  r . r : r l uc ing  conr l i l i ca te i
thco r r - ' t i ce l  l es r r l t s  l r rd  co rn i_ , l i c l t c i , r , . t Lo , l .  o f
c r r l c r r i : r t i r rn  to  r r - ' uc i  i i - r .  l vu i l rb l c  r vo rk ing  fo rm.' f l r i . - .  

i l lu . : t r . r r t i t . r l r  contos f i .onr l I r .  I { " ibberJ,
| i c c - p r e s i , : l c n t  r r r t l  C h i c f  I _ r r g i n c e r  o f  t h e  L o c k _
h e  c c l  A i r c r e i t  C o r l r o r - l t i o n :

' ' I n  r r i r . c r . u i t  r l c . . i g r r  t h c  r n r t r r l  s k i n ,  t h o u g h
t l r i r r ,  c , t r r t l i l t t i t c s  1 1  l r r r { u  l ) i l f t  o f  t l r c  s l r u c t u i e l
. s t r c r rg th .  \ u rc r t  I r c , l , - , . . ,  . : uch  th in  mt , t l l l i c  p le tes
u ' i l l  b u c k l c  o r  u . r . i n k l e  l f r e r . r r  c L - r . t : r i n  c i i t i c a l
I o r i d  i s  c \ c c c t l e e l .  I l t \ . ( r r r r l  1 1 i i _ r  l l o i r r t  t h c  u s u a l
s t r r r c t u r l l  t l r e r " r r . i c s  c r r t r  r r u t  L c  : i p p l i c c l  d i r e c t l l .
r r r c [  i t  i s  t l r c r . c io l . t :  r r t cc : : l l . _ r . t c ,  i n t r .o , . l ucc  ne rv
m c l l r c , c i s  r , f  l t t t r r r . k  t ,  1 , r . . : , l t c t  t l t c  u l t i r u e t e
s t r c l g t l t  o f  t h e  . : t r u c L r u ' e . ' 1 ' l r c s t ,  ; t i l i c r r c r l  p l e t e s
r i r r :  r l i i l i c r r l t  t o  r - l e r r l  r r . i t l r  t i t c o r u t i c r r l l r . ,  b u t  b 1 ,
i r r t r . r ' l r r c l i r rg  th , , ' c f f t , c t  r , f  t l r c  - r t i f f e  r r c r . s  i r ' s  cqu i r .e_
l c r r t  t o  l u i  i r r c r c r r . s c  i n  p l r r t c  t h i c k n c s s  o r  e  d e _
c r  t :  i r s c  i r r  p l e t c  r v i , l t h ,  t h c  c : r l c u l r r t i o r r s  c r r , r r ,  b e
l - r r o r r g l i l  r r i t h i r r  u : c i u l  b u u l r , i . s . , ,

. l [a(hcnat ics tn Sonrc par l icular

I  nCustr ic s

I ' e t ' l n t1 t - .  J ' r , r t t  l l e  eyc l l  l l o \ \ ' i t t t c l . J . j . . e ( l  i n
i i  l ) iu ' t ic i r l r r I  i r r r l r rst t ' \ -  rs for  exrrnrple com_
n1L l l l i ca t  ion . : ,  c lcc t r i c r t I  n t t l r lu f tc tu l ing ,  the
pctroicum inciLrst l r , -  ot '  i r i t .crxf t  nrenu-
l ' tc t t r r ing.  Tlr .ese fc ' rur .  in, l r r . t r ie.s enlpio- l -  a,
\ - r ls t  numlt l l  of  tccirnicrr l  u-olkers.  Lef  us
see \ \ 'h i i t  Fr '1-  sr .1.s lbout t l re nlr themat ics
r leecleci  in etch oi  thcse fr_rul  inclust l ies.

I .  Cornntu)t ica( lon,s.-The comnrunice_
t ions f ie id i , .  the r-rne in n- l i ich nrathematical
met l io( is of  re.seerch l ier-e been rnost f reely-
I rsecl .  This is duc l t l r r l r -  to the fact  that
tLre i r r rnsnr ission of  e lcct l ic  s- l r -es along
\\- i l 'es i tncl  th lough the ether f r t l lon-s lan-s
rvhich err '  l )xr t icul l r l r -  c.nlel r&ble to mathe-
ntat icr i l  s tL i ( . l ] - ;  pert l l '  a lso to the f r rct  that
so nlLrch of  the l 'esel l .ch hes been central-
ized in a s ingle l tbol l tor . r - ,  t i ius l ; r inging
togct l ter  & i r l i 'ge nLrnt l )cr  of  engineels into a
single conrpr lct  grorr l ) .  &ncl  just i i l - ing the
enlplo\-melt l  ( l i  cun,.ul t l t i r -e special ist-s.
l los t  i rnp , t l t r rn t  o f  e l l ,  hou-er -e r ,  i s  the
fact  t l i l t  thcle l t rL '  t \ \ 'o de \- ices-\-&cuLrm
tuires rul i l  e lcctr icel  l let \ \ ' ( i rks-\ \ . i thout
u- l i ich nior lenl  long-r l i ;1tnqg tc lephonl .
\ \ 'oulc l  bc inr l tossi i - r ls . ;  i tncl  onc of  t l rese, fhe
c lcc t r i c l i l  ne t \ \ 'o r l i .  i s  anr i  hes  bccn s ince
i ts cur i ic 'st  c l r r - r -s l lnto,<l  err t i re l - r -  c.  product

...{dl-
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oI mrrthenrrr t ical  rese&rch. \ Iathematics
hls thus been as essent i r r l  to the c levelop-
ment of  nr t ion-n' ic le te lephonl '  &s copper
n' i re or carbon microphones.

2.  Electr ical  t r [  anufactut ' i r tg.-Substan-
t i r r l i i - l l l  the research in the po\\ 'e l '  f ie lds is
crrt ' iecl on b1' a fen' electrical manttfac-
turers. 'Ihe porrer comp&nies usuall l '  ac-
cept rncl  exploi t  such equipment as the
nrrrnufrrctLrrers suppl l ' ,  lncl  contr ibute to
inrproveci  design pr incipl l lv  throtrgh thcir
c l i t ic isnrs of  prrst  pcrfornrrrnce. I Ianl '  of
their  enginecls,  hon'cvcr,  are incl iv ic lurr l ly '
r rct i re in the invent ion i rncl  c levelopment
oi  improveci  ecluiprncnt.

3.  The Pctrolcu;n Indusl t 'y . -The pe-
troleun'r  incluslr l '  consists of  man,r-  proclr tc-
ing rrni ts of  vru ' ious s izes,  h ighl l '  conpet i -
t ivc in clirtrrrcter', i .1n(l surn'ouncled bl' &
t t t tml, ,cr  of  copstr l t i .g scr ' ice ot 'grrniz l r -
t ions.  r r l l  o i  u 'h ich l rc snrrr l l .  ' fhc 

l r r rger

1rr ' , rc lLrc ing comprrnics-rrnt l  l ' i t t r in thei l
r 'o, ior t fccs,  t l ro sen' icc t rn i ts l l .so-ml in-
trrin rescarch lrrltorelorics.

+. --Lircraft lI an ttfuctrrrc.- 'fhc lrircrrrit
inclu. : t r '1 '  r lso consists of  r r  number of  in-
c lepcnr lcn t  un i l s ,  rnc l  i s  h ig l r l l '  compeL i -
t ivc.  Ib is I  neu'  inclustr f  in * 'h ich rapir l
teclrnic l l  c lcvcloprnenb ancl  r r rp ic l  increase
in s izc hl .s bccn thc rule.  I t  i r r r ;  c lepenclecl
pl inrrrr i ly-  upot l  g() \ 'ernnlcnt-suppor lcr [
l i r .bor l tor ies ancl ,  to a lcsser e.r lent ,  upon
the universi t ics for  i ts  resclrch,  anci  h ls
busieci  i tsel i  rv i th thc esploi t r r t i t tn of  thet
reserrrch in the ad'n ' lncenrent oi  a i rcra[ t
c lesign. No uni l  oI  the incirrstr l '  hes hacl  or ,
fo l  th l t  mrrt ter ,  norr  lurs & research leb-
orrrtor,r ', in the sensc in u'hich the n'orcls
u'oulcl bc usecl in olclel rrncl h'rrger busi-
nes.:cs,  but  the beginnings of  reseerch
cleprrr tments have appeared, anci  inci i r - ic i -
Lrr l l  l 'e ic i l rchers ancl  research projects are
clerr ri1' recognizrlrle.

I t  i sn ' t  l i ke l l ' t l u l  lhere  u ' i l l  be  an  ove l '
sLrppi l '  o i  top f l ight  reserrrch scient ists in
the 1'errrs ahelcl. I i  1'ou c.ln m&nilge to
secLrlc r.-r, g,rocl blrckglounci oi se-ience rrncl
rnl lhenrt t t ic . ;  in the high schrrol ,  1 'ou rr ' i l l
prolrr,blr ' f incl cmplo]-nlent e.'pr-cirrl l l- n' it l i
onc.  of  thc mociern industr ia l  corporet ions

that speci l l ize in electr ical  and scient i f ic
ap pli lnces. -\nrl zing applica t ic,ns of h igher
mathemltics rrere macle clt ir ing the rvl,r
and have since been developect further in
such fielcls rs electronics, television, radar,
te lephonic ancl  te legraphic communica-
t ion.

9. ..l's;-islarils /o Research. ]l'orAcrs

fotr clon't hrrve to heve forrr or f ive

]'ei1rs of college trir ining to gel a goocl jolr
in a reserrt 'h lrrborltor,l ' . \I ln1' &gencies,
incl t td ing the go' , i rnment,  emplol" 'as-
sist:.rnts" n'ho are trrrincci in speril l  f ielcls
t-rnci u'hn'hrrve a goocl nilthcn'rlt ical brrck-
gl'ourlri.

These u'orkers opellte trntler nt&ny'
t i t les ls f , r r  e. \ i . lmple,  " junior strr t is t ic i r rn,"
"sc ien t i f i c  conrp t r le r , "  "cng ineer  a ic l , "
etc.  Tirel '  f inr l  enrplovnrcnt in prrr t icul l r
f ie lc ls rrhere rcserrrch projccts are being
crr . r r iecl  on.  Goot l  i l l t rstr l t ior ls &l 'e engineer ' -
ing,  chernist i ' r ' ,  gcologl ' ,  malhcnurt ics,
mcteorologr', ph1'sics, lncl rrrclio. I luch oi
thc u'ork is done in the laltorrrtor'] '  or nc&r'-
i-r}'.

As &n "r . rssistant"  ] 'our c lut ies mighl
inclucle lc i r l ing long columns oi  f igures.
But c lon'r  get  sclrecl  at  th is suggest ion.
You u'oulcl plobabll '  bc cloing thc ehl"'o-
rrr tc comput l t ion n ' i th mlchincs.  Ancl  the,r '
nr ight  ntr l  be orcl inur l '  compul ing mt-
chines.

Hlven' t  1 'oLr been reecl ing in popular
mrrglz ines about the nerr '  g i lnt  machines
that are I  mi l l ion t imes fe. : ter  then the
ttnrr ic lecl  huma.n brein? These monster
computers rrre norr  being operrr ted,  de-
signecl ,  o l  bui l t  in more thi rn f i f t1 '  labortr-
to r ies .

I t  is  srr id th l t  in a fe i ' , 'hours these magic
compul:er. ;  coulc l  solve prol . r lems that
u 'oulc l  keep al l  mlthemrrt ic i lns busl '  for  e
hunclrecl  ] 'err . j .  Some respeclrrble scient ists
srr l '  that  the-.e new. machines u i l l  change
l i ie on 1[ i , r  p l i inet  more t l i ln i t 's  er-er been
chrrnged beiole hrgely '  b1- contrr , r l l ing ancl
precl ict ing anl ' th ing that crrn be measurecl .
As for  exrmple rreather ant l  economic
f o rce.s.
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Ars an irs.,qistent on _sonte project in in_
dustry,  insurance, eclucat ion,  or  go\-ern_
nrent ,  J -ou  u .o t r l c l  hand le  much o f  therout ine r i -or .k of  n ianaging the hborator l :
n r l te t . ia ls ,  co l lec t i r . ,g . , ,n . l  con tp i l ing  da ta ,
ancl  l t r .eptr ing regular.  report .s.

As 1'ou n-otrlcl gucs.s ,.a,-l. ing clegrees oft ' l in, i .g 
.a.d i ) r 'er) i*at ior l  

-a.e" 
necessal . \ , .

JrLn l . te c letr  on th is i to int :  these l r .o, .ke, .s
nrus t  I re r -e  l . l i r r t  rn l themat ica l  t ra in ing  iso f fe r .c r l  in  l r igh  sc l roo ls_ar i th rne t ie ,  a l_gcbre,  gconrctr .1. ,  l tn i l  t l igonom., . r .

In at l r l i t ic ,n f t  nr l jor .  in .o,r_,o-f i . i .1 ofsciencc is u.sefLr l .  I ' inr l i r .  ] .oLlr  .hrn. . .  . r .in rp ror -ec l  i f  1 .ou  hr r .e  i * i .n  ,o rn"  o f  thefol l r rn ' ing col legc cour.scs:  col lcge algebre,
t r igononrct l . r . ,  ln l l l . t ic  g.orn. t l .1, ,  thcorr .r - . r f .  cclurt ions,  &nt l  dctcr . r i r in-r , i ; :  i , . . ,  , ;n r in t i  t l i r t  nunrc r . i cn l  conrpr r t r t jon ,  n re t i r_
o t ls .  o f  in tc r 'p r , , l r i t ion ,  

" , , r : t  
. , " i i s t i cs  a rei ikel l '  to I ' rc \ -e l .J.  u.seful .

-  nrat ic i r l  t r .a in ing u.ho r i .ent  into mi l i tar l ,-  sen- ice,  c l id technical  u.ork in communica_
I t ions,  a i t .nar. iget ion,  ancl  

" . .ofogr, .  
Others'  becanre contputer. .  ancl  cr . l ,ptographer.s.

fn Fecler.rl Cii. i l  'q.,.,. i .., .,.o'rn.n traineclin nr l thenrat ics helpecl  , , : i "  in.  u.x1 f1,their .  splencl ic l  . , .or i  in t ; . "^; , ; ' ; r , r . ; ,

Lt-*nt Cor'p.., ancl [ngin..,] 'Lo,,rs of the\ \ -ar .  Departnrcnt.  i , r  the \ - r . .ot  ResearchLr r l to 'u to r .1 - ,  the  I r .B . I . ,  thc  
-Bur .eau 

o f-Stanclurr l .s.  lnt l  t l re Co.r t  .na Geoclet ic
Surr-cr- .

Ytru lr.e ltrobrr.lt iv u.onclering if u.onrenItre ncccier l  in such l .ork nou. t is t  the u.aris r . . rver ' .  Incleecl  ther.  ;111.1 T. i , ; ; .  is  e bigf ie ld  fo r  tc rc l i ing  nr . t f , .n r l i i . .  in  h ighsc' l iools ancl  col leges. l .h;  c. . rmlretent\ \ 'o r ) tnn  is  sor rgh t  t l - .o  fo r  coml t r r t l t iona l
r tncl  stat i .st ical  n.or.k u. i th insr, i .*n. .  ,n, Ibrrs ine-ss f i r .ms, govcl . l imcnt agencies suchrrs thc Buleau of  Strncl l , .c l . ,  .n ' j - inclustr ie l
concer. l ls .  As st l tecl  e] .seu.hcre,  the f ie ld of-stat i -st ics is grou. ing so f l -st  thei  t l ie le r i . i l lb.e lt -"hortege of tr.rinecl p...o*.,t for somet inre to comc. Ti ien ioo,  

- l ,onl .n 

u. i thI 'h.D's.  in mlt l renrat ic.s . . , ,  f in, l  posi t ions
s-*peciel l l -  in teacher. :  col leges. l loreor-er
t l rere is at  present 

"  
r 'a l r i t f  erpenr. ion ofjun io r  co l leges .

, 4 .

.r

VI. \\ 'orrE.\ r.r* l l . lruErr.\Trcs
, \ r .e t  l rer .c,  orr l - r .  u fcu.  g i r ls  in J.our.t t  igononretr '1-  ent l  -*ol id * .on-r . i . r .  c lasses?Don ' r  bc  foo ie t l  in to  th lnk i ; ; - t i ra t  ther .eir .n ' t  & charrcc for  g i r . l .s  in t l rc n. ja of  rnathe_

nrat ic.s.
Befor.e \ \ -or lc l  \ \ - r r r  I I ,  rnost  g i r ls u.hontt j r , r rcr l  in nret l

t er c rre r s oi,,,.,'ril'llil;:.1" ;i' :'ff, 3; il;f i t ' lc l  is  st i l i  u- ic le opcn, ancl  i t  a ln.11-5 u. i l i  befor st  rong cancl idate.s.
\\-hen the u'lr eante ther.e \\. its & terrif icc lenrencl  for  \ \ .onlen tr . r r ined in mathe_nrat ics for  u.olk in inclustr . . r . ,  in gor-ern_

nrent.  tnd in le- .car.ch inst i tu i ions t r .e1[ ing
orl gr_,r1-sl.pnrent 1;roject.s. At one '-omen,s
co l lege e \ -e r . \ -  m l thenre t ics  ma jor  hac l  herclroice of 2i jolr.s in inclrrstr.-r: 

"nA *o,r,-..n-n r e n t  I

,B::id... 
clenrancls in teaching ancl cleri--t 'al Jrl l]; rn l;usines.s firnrs, there \\-ere ne\\-c lemlnds in conrput ing , , .o.k in inclustrv

anr, l  gor-e.^me.t .  \ \ -o.ren 
"h;  

f ; ; ; j " , , ;_
te res t ing  emplo l .ment  in  a i l  k inc ls  o fengincer ing rvork.  Those l .ho hacl  com_b i n e . d  t r a i n i n s  i n  p h l . s i c s , r , i r n  t h l t  i nni l i thelnat ic. .s c l ic i  imytor. t l rn t  r .c-seer.ch w.or.k.

I )ur ing t l re u. i - . t1. ,  \ \ .unten n_i th mathe_

So girl,s, if 1.ou
nroving! Yotr'r.e cirr

l i ke  n ra thenr l t i cs ,  keep
the r . ight  t . r .eck.

\ - I I .  l l . l t iErr . { r rcs UsEo nr.  Crr . r l
SEnr . rce  \ \ -onxrns

An1'  c l isctrs_sion of  gor.ernnrent n.ork assuch u 'ou ld  dup l i c r r te  th is  en t iL  r r ! r r  "  w L ( r L r  L r L r u l l c i l t e  t i t t s  e n t i r e  b u l l e t i n ,
.s ince al l  t1-pes of  jobs in matherr . r r , i . . .  n.rpn_

:i'1:,' *i;, ",,;;h;- ffi.*n"'il:JJ:;,4  v e L l  d / l

! , " , : :  and local.Cir. i l  S..r i . . .- ihe fol lol .

r ia t i cs  men-

ing discussion is conf inecl  fo the Fecleral
Civil ,ser.r-ice. There is no .p..i.f pr.cpara-
t ion for  go\.er.nnrent u.ork i , ,  g.n. .*1,  but
appl icat ion.s for  job_. nrrrst  b.  in e s i reci f ic
ne  IL t .

Br ief l1, ,  Feclerai  gor-elnment,
through t i re U. ,q.  C' i r . i l  S. , r . i .  C,ommis_
sion, \ \ -ashington..  I ) .  C. .u, f ior .  e\ .erv

l r -1r :  
of  mrthcmrrt ic ian ment ioncc_i  in th is

uuuet l r l -_ l rorn r .oLrng clel i r ' . l r l  l .o lkcr. .s to
exper ienced p.oie.s io i l l  d i re; to; : .
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In the f ie ld of  mrrthematies an indiv id-
trel must f irst clecicie trpon the nature oi
rrork that tpperrl.; to him and that he
hopes to enter.  He then preprres for  that
special t f  in the usual  manner,  choosing
an1'  goocl  approvr.c i  eclucat ionaI inst i tut ion
for t r r r , in ing.  \at ional ,  r 'egionrr l  ancl  pro-
fes-sionrrl associlt ions accreclit or appror-e
schools and colleges; the Fecleral go\-err-
ment does tod approve or recommend an-r'
educat ional  inst i tut ion.

\\-hen & person is preparect in his field,
he ma1' rrish to lerrrn about openings in
the governmcnt.  The proceclure is to rrr i te
to the Civ i l  Sen' ice Comnrission and re-
quest &nnolrncenrents of  examinat ions in
his f ie lct  of  interest .  These onr louncements
are also posLecl  on thc bul let in boards of
post of f ices ancl  other publ ic pl lces.  I f  he
chooscs to applv for  a posi t ion,  he f i les the
proper al tp l icat ion bLtnk,  or  takes the
requirecl  e.xrrminl t ion as c l i rected in the
&nnoLrncc,nrcnt.  In t  l r is  cornpet i t ion he
bcconrcs onc of  n l i lnr  r rp l t l icants for  the
job. Finrr l l_r '  onel  incl iv ic lu l l  * - i th the
highcst qual i f ic l t ions is selected to f i l l  a
specific vi.'r.c&ncJ'.

For the low'er c ler ical  posi t ions,  appl i -
crrnts gc.ne.r'al11' Ire &ssembled and gir-en
tests rr i r ic l r  inclucie s inrple ntrr , themat ics
problems. Those l 'ho pirss the test  are
el ig ib le for  jobs.  Clcrks c lurr l i f f  ing for  thc
lon'est  beginning grrrr- le th l t  recluires
mathenr r t i ca l  t r l in ing  (CAf -1)  en ter
go! 'ernment ernplovnrcnl  at  a beginning
sahr l '  of  $1750. Esrrminat ions are oi ten
annolrncecl  for  c ler ical  w'orkers in the four
lorrest  gr lc les rvhere beginning salar ies
range from Sl756 to 9239{ a }'er.r.

Top grecle jobs under Civ i l  Service
carr) '  sehr ies thet  range up to 59975 a
yei l r .  In 1917 a few'  of  the prolessional  an-
nouncenrents crr l i ing for  ne\\ '  u 'orkers
inc lude:

I Iathematic ian.  Selrrr . r '  S7,102 to $9,975
a )'eiir-annoLrncecl Jrrnuar,r' 21, 19{7: The
eclucat ion requirement for  th is posi t ion is
statecl  as fo l lorrs:

-{  f  r r l l  { -y 'ear coLlr iL.  in r  col lege or  univers i i .v
o I  ru .cogn ized  s tn  nd ing ,  [ r : rd ing  to  a  bache lo r ' s
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dcgree in  mathenre i ic -s .  Th is  s tudy nrust  hr r .c
inc luded courses in  nrgthemat ic . :  cons i .s t ing o f
lectures and recitat ions total ing at leasi 2.t
senester  hours ,  and in  addi t ion,  courses in  t t re
phl 'sical sciences (engineering, physics, gcolog_r.,
es t ronomy,  chemist ry ,  e tc . )  to ta l ing t2  scme.s tcr
ho tr rs.

The alrol 'c courses in nrethematics nlust
hnve inc luded anal l ' t i c  geometr .y ,  d i f ferent is l
ca lcu lus,  in tegra l  ca lcu lus,  and io  addi t ion anr .
3 of the fol lowing: (o) theory of equations, (bt
vector anal.r 'sis, (c) higher algebra be-r.ond ete-
mentar-v col lege algebra, (d) dif ferential equs-
t iorLr, (e) advanced dif fereotial celculus, (/7
sclvsnced integral calculus.

Although no \\ ' r i f ten examination rvas
required, applicants \\ 'ere rated on a basis
oi  their  educrr t ion and exper ience as sho\vn
on their  appl icat ion bhrnks.

t lccou,ntanl .  Sir lary S+, i49 to ,55,905 a
J'errr-&nnounced Feb. 1i ,  1947.

This annoLrncement 'Crr l ls  for  four types
oi  accountents al l  for  the Secur i t ies and
Eschange Commission ; Reseilrch AccoLrrrt-
rnt ,  Off ice of  the Chief  Account: . rnt ;
Finlncial  Accountant,  Corpor i r t ion Fi-
n r lnce  D iv is ion ;  Pub l ic  Ut i l i t i es  Account -
rnt ,  Publ ic Ut i l i t ies Div is ion;  Secur i t ies
Accountant, Tracling and Exchange Divi-
sion and Field Offices.

Eriperienced u'orkers are sotrght, but
rppl ic lnts nnry '  strbst i tute educat ion ( l

I 'ei ir of stucly' for g months' experience)
fcr not more than 3 1'eerrs of e.rperience
runder cert l in condi t ions.  For example:
Stucl f  in account ing,  f inance, busiuess
tdministral ion,  or  banking successf ul ly '
completecl in a college or universit.v of
recognized slanding, or at  & residence
school  above high school  level .

Statisticta/l. $5,905 to 59,975 a )'ear-
announcecl  February l l ,  19+7 has been
discussed under the topic "stat ist ic i&n."

I\. Nl-rrsErr.r.rrc{L Oncrsrzrrrols

Acluar ia l  Societ-v of  America,  393 7th
Ave.,  Nerr 'York,  N. Y.

American Inst i tue of  Actuar ies,  135 S.
LaSal ie St. ,  Chicago 3,  I l l .

American \ Iathematical  Society,  con-
cernecl u'ith research in methematics,
531 \ \ -es t  t l6 fh  S t . ,  Neu 'York  27 ,  N.  Y .

Econometr ic Societr ' .  interested in the

I

I
i
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l i l ' .  J . c . r i r r s t o r r  . .  . . .
L: t .  i l : r t r - r r r  I i r - 'uge
. \ l r l .  J i r t l t i m o r . e

L ' t , l l e  ge  l r l l r . k .
\ t. \ l : r> ; .  L ' r t  rn l . r r i d6 l c

C ' r rmbr i r l gc
Cr r rn l l r . i t l gu

l l i c l r , \ r r r r A r b u r .  . . . . . .
J l i r r r r .  ) I i r r n c : r p o l i s .  .  . . .  : . .
I I r - ' .  C o l u m b i *  . . . . . . .

S r .  L o u i s  . . . . . . . .
- { t .  Lou is

\ c l r .  I - i r r c o l n

. \ .  , ] ,  t ; , i r i . " i o t i .  .  .  . . . . . . . .
\ .  \ - .  I r h r c e

\ err- \ 'ork'1'ror ' .  
.  .

\ cri. t'ort
N .  C .  Du rhsm

Chrpe l  I i i t l .  .
O l r i o  C i n c l n n a t i . . . . . . . . . . . .
_  Co lumbus
P l .  P h i l a d e t p h i a .  .  - - - . . . . . .

P h i l a d e l p h i : . r .  .  .  .  .  .  . . . .  .
: . .  _  P i t tsburgh
ry .  L  Pror . idence
Tenn .  \  esh r . i l l e
Tcx.  ru- . l in .  .

llotis io n
] _ l  C h a ' - i o i i e s t . i r i * . ' .  .  .  . . . . .
\ \ ' uh .  Sea t t l e .  .
) ) . ,  \ ' *  r i ; ; ; ; ; t o " ; , . .  . . . .  . .
t i  l S .  - \ l s d l s o n

J I i l w . c u  k c e

mathemeticel  theory of  economics,  Uni_
versi tv of  Chicago, Chicago 37, I i l .

Cent la l  Associet ion of  Science and l lathe_
matics Teachers,  fnc. ,  p.O. Bo.x -10S,
Oak Pr rk ,  I l l .

Ins t i tL r te  o f  l la themet ica l  S ta t i s t i cs ,  con_
cern€'c l  u ' i th the methematical  theor l .  o i
s te t i . r t  i cs ,  1  l6  Rackham Hel i ,  Un i_
ver ' .s i tv oi  ) I ichigi tn,  Ann Arbor,  l l ichi_
gan.

I lathemrrt icel  As-*ociat ion of  - {merica,
c lcvotcd to the interests of  col lesiate

mlthematics, Unir-ersity of Buffalo,
Buffalo I+,  ̂ \:. Y.

\at ional  Counci l  of  Teachers of  l lathe_
ntatic.q, c0ncerned \\-ith problerns of
r l )xthemetics educat ion,  525 \ \ ; .  i20th
Sf  . ,  \eu-York ,  N.  y .

\ .  Se  lec rED REFERENCEs
Bool:s and pamphlets

The Out look Jor l f 'cmen in l la themal ics ar td.  Sta_
/ is t ics.  L ' .  S.  Deparbment of  Labor,  \ \ .omen's
IJ  u  reau .

Personnel and Tratning prohlerns Created bu llrc
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Recent Crouth of Applied ^Slardsrdcs in the
L:nited Slaleo',  National Research Counci l ,
2 l0 l  Const i lu t ion ' \ r 'e . ,  \ \ -ash ington,  D.  C.
(pr ice 25 p) .

"Quali f icet ions for Profes-qionsl Posit ions in Ap-
pl ied Nlathemetics and Related Scienl i f ic
F ie lds. "  R.  .q .  Bur l ington and D.  C.  l la - r ' ,
. Iournai of E ngtneering Educatton, \ 'ol .  37,
No.  E,  Apr i l ,  19{7.

Statrstrca/ l[etltotls lor Re.search, Il'orker.r'. R. A.
Fisher.

Careers for l l -onten in Bankinq and Finance.
Dorcas Campl-rel l ,  N. \ ' . ,  Dulton rt  Co. 194{.

Bookkeeping, Success \-ocstional Informgfion
Seric's, \o. 20. Chicago, I lorgan-Dil lon & Co.
1937 ,  2 {  p .  32 i .

Actuarial Era nt inal ions, P rel inr, inary. .{ctusri ir . l
Soc ie t l '  o f  Amcr ica,  393 Tth Avc ' . ,  N.  Y. ,  I ,
N.  Y.  snd J .nrcr ican Inst i lu te  o f  . { ,c tusr ics ,
135 So. Ln,Srl le St.,  Chicrrgo, I l l .  l916-.17, 20
p. Fre.e.

A Career as : lctuary. Actus,r ir l  Sociel l '  of Am.
.t --\nr. In-st i tutc of Actusrics ( ls nbove) l9{6.
8  p .  Free.

Job De.script ions f or O!f ice Occupations. \ \ 'ar
)[anporuer C'onrnrission, Dir ' .  of Occupr-
t ir)n{r l  Anl l l 's is. \ \-ashington, Governmenl
Pr in t ing Of i ice .  1915,  20{  p .  $1.2 ; .

C' ler ical Occupation.i .  -qclrocrl) ancl ] [cdskr. Clr i-
cago, Seic.nce I ic-scerclr lssocirrtcs, 22E So.
\ \ ' r l rn . . l r  . { r 'c . ,  19{0,  4S p.  50C.

Jolt Dt.:cr ipttons for the Conslrucl ion Industry.
L- .  S.  I in rp lo- r 'menl  Scrv icc .  \ \ 'ash ingLon,
Gov ' t , .  Pr in t ing OfT icc .  Ju ly ,  1936.  5  vo ls . ,
1539 p.  So ld  in  sc ts  on l - r ' ,  S5.75.

) 'ot ional t lpprenltce;hip Prograrn. \ \ 'ar tr le,n-
porver  Conrrn iss ion,  \ \ -ush ington.  25,  D.C.  19{{ ,
E p. I i rce

Accountancy (r.r a Career Field. Gco. .{.  Splul-
d ing.  \ \ 'e .sh ing lon,  D.  C.  \s , t ion$,1 Counc i l  o f
Bus ines. ;  Schools .  l9 { -1 ,  1{  p .  10C.

Engineers' Counctl  Io, Professional Deuelop-
tnent, Annrtal Report.  Enginccring Societ ies
I l l dg .  2 i  \ \ ' .  39 th ,  N .  Y .  26  p .25  .

Careers in. Science. Phi l l ip Pol lack. New York,
Du t ton  c t  co . ,  1915 ,  222  p .  S? .75 .

Opportunit ies for Stat i . : t ical l l 'crkers. Donald E.
\ ' .  I ' Icndcrson. Chicago, Scicnee Resegrch
Assoc ie tes.  1938,  5S p.  60 i .

P erio'ltcal.s

School Srience art. ,L JIathenoti ,cs. P.O. Bos {0S,
Orrk  Park ,  I l l .  9  cop ies a  yet r .

Scr ip ta  l [a thentat tca.  Ants t , ] r 'd lm Ave.  & lg5th ,
N .  Y . ,  N .  \ - .  Qu r r r t t r l l ' .

Th.e tr[athernal ics ' I-eacl, .er. 5];  \ \ ' .  l20th, \ .  l - . ,
\ .  \ ' .  I  copies & l 'e: lr .

, lourna[  o j  lhe Anter ican Stut is t tca l  Assoc ia l ior t .
] [enr,:hl,  \ \ ' - is. Qurrterly.

In  the \ I : r rch 19-15 nunrber  see thc fo l lou ' inr
a r t i c l cs :
Rolc  o i  the.  Amer icun St l t is t ic r l  Assoc.

Helen \ [ .  \ \ ' r lker .
Oppor  tun i t i t - .s  for  s t : r t i - . t ic r r l  w 'ork  in  thc

Fec lera l  Gor ' ' t .  1 \ - .  P, .  Leonerd.

Oppor tun i t ies  for  s ta t i .s t ica l  n .ork  in  State
loca l  Govt 's .  D lv id  I [ .  Schnei r {er .

Oppor tur r i t ies  for  teach ing and re- .er rch.
Certrudt-.  I [ .  Cox.

Oppor tun iL ies for  s ta t is t ic i lns  in  indust r r . .
John B.  Cat l in .

In  the June l9{5  number  see the fo l lo rv ing
art icle.-. :

Tr l in ing s . l  thc  profess ion l l  leve l  for  s t l t is -
t ic l l  r rork  in  agr icu l ture  and b io logv.
\\ ' .  G. Cochran.

On the t r r r in ing o f  s te t is t ic i *ns.  ] [ i l ton c [
Si lvt Rogregues.

A nerican l Iathenatical l I  onthly. Oberl in, Ohio.
l0 i . :sucs elch I 'err.

Bul leltn, of 7'he Anerf,can ) lathemattcal Society,
12 issucs each yc l r .

JI alhe nattcs )[aga:ine (Formerl,v r\otfonal
I I atlrc nnt tc.s I I ag a :ine) .

Acrso t r ' r .c  Dc ] tENTS

Thc  io l l on ' i ng  pc rsons  con t r i bu tec l  copy  fo r
L I r c  r c . l ro r f  :  ' - , t

Frccl  Bccl ior t l ,  Str tc.  Teaclrers Col lcge,  . Ier-
se . r ' ,  C i t l ' ,  N .J . ;  \ f  i l l i r n r  I3e tz ,  Pub l i c  Schoo ls ,
I iochcst . t : r ,  \ .  l - . ;  \ [ r r rgc.ne O. Faddis,  Fnncis
Prt_vne Bol lon School  of  \  r r rs ing,  \ \ 'estcrn f , .e-
sc rvc  [ ' n i ve rs i t - r ' ,  C lcvc l l n , l ,  O l r i o ;  S te l l&  Goos-
t r l l ' ,  I ) i r cc to r ,  .Sc l roo l  o i  \ u rs ing ,  Ch i l c l ren ' s
| [e . rp i t t l ,  I ] os ton ,  ] [ l ss . ;  l r ug t :n i c  C .  H lus le ,
Publ ic  School .s,  Ne.w York Ci t .v ;  Dln ie. l  B.  L lo_vd,
Coo l i c lgc  I t i gh  Schoo l ,  \ \ ' as l r i ng ton ,  D .  C .  \ ' .
D .  ) l oo re ,  Ind i l n l  S te tu  Tcachers  Co l l cgc ,
Terre l larr te. ,  Int l . ;  C.  \ ' .  \crr 'sonr,  Obert in
C lo l l egc ,  Ober l i n ,  Oh io ;  [a r l  Our_v ' ,  Cc r t i f i ed
Pub l i c  Accoun tan t ,  R r rsb .v  &  Ou11 . ,  Ch icago ,
I I l . ;  I  I .  \ ' c rnon  Pr i ce ,  Un ivc rs i t y  o i  I ows ;
\ \ - .  L.  Sr- . l r l : r f ,  Brookl-vn Col lcge,  Nerr  York
C i t - v ;  C l l r l  \ .  Shus tc r ,  S te te  Tc rchers  Co l lege ,
T renhrn ,  N .J .  S is t c r  )L  He len  S t r l l i van ,  O .S .B .
l f t .  S t .  Sc l ro l r s t i c r  f l o l l egc ,  . \ t ch i . ; on ,  I { sn . ;
] [ nson  t r .  \ \ ' c - *co t t ,  l ss i s tan t  P ro fcsso r  o f
J l l t hcn ra l i cs  and  S ta . t i . : t i cs  \o r t t r r res te rn  Un i -
vcrs i f - l ' ;  F.  f ,vnrvood \ \ ' ren,  Cler>rge Perbody
C 'o l l cge  [o r  Tc . rchers ,  Nashv i l l e ,  Tenn . ;  James
Ll .  Znnt ,  Oktahonrs A , . t  \ [  Col lege. ,  St i l l r rater ,
Ok i r . ;  N la rguer i te  Zep , r l con ,  Ch ic f ,  Emp lo .v -
n rcn l  Oppor tun i l i es  Sec t i r>n ,  \ \ : omen 's  Buce lu ,
U .  S .  D i :pa r tn renL  o [  Le f ro r .

Thc  Conrmiss ion  i s  cspcc i l l l . r '  i ndeb te .d  to
I ' , r r t h t rn r r  B l l es  Schor l i ng  rvho  rend  the  manu-
sc r i l r t  r v i i i r  - r ' o r r th fu l  c . res ;  end  to  ) i i ss  Ver . v l
Schu I l ,  supc r l ' i so r  o |  mr r . t I r cm l | i c -s ,  \ \ ' a - .h inq lon ,
D. Cl . ,  r r ' t ro g l ' , 'e  hcr  t inrc ancl  energ-r '  uu; t int ingl) '
i n  e id ing  t t re  cc l i t o r i : r l  con rn r i l t r .D .  Then  too ,  th , - '
C 'onrnr is.s ion is  grc l t [ - r '  obl igaicd t , t  FIgrr , r '  Jegcr,
C lh ie [ ,  OccLrp r t i on r l  I n fo rn r l r , t i on  and  Gu id '
l nce  Seru ie . t ,  Fu .d , : r r . l  Secur ib l . . {gene1 , ,  U .  S .
O i t r cc  o f  E r luca t ion ,  fo r  h i s  g r .ne rou . i  coopers -
t i o n .

Finrrl i l ' ,  this repolt nright never hxr'e
becn publ i - -heci  u ' i thoui  the l ie lp of  \ \ - r i l ter
J.  Greenlel [ ,  rv l io hls rr ' r ' i t len a gooci l . r '
number of  gLr ic l : rnce lerr f lets fo l  the U. S.
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Office of Education. It l-as he l.ho or_
genized the mater ia ls submit ted bl ,  manv
pel 'sons in a fot .m appropr iate to a cuic l_
ance pamphlet  and u.r .ote the f i rst  o ler_al l
c l raf t  of  th is rel tor t .  Hou.er.er. ,  he should
not be helc l  responsible for  the s l ior tconr_
ings of this report for the r.eason that the
e:, i tor ia l  comnri t tee of  the Conrnr is*. iorr
reu'r 'ote mnn) '  of  the plr ts in the ef for t  to
gelr  the vocabular. . r -  and the ic ieas to the
higir  school  ler-el .

' i 'he 
Conrmis.sion has lerinecl or.er. back_

u'rrrt ls in its effort to get & guiclincc
report free,rfr.onr rrnfail pr.olraglncla for.
mr i theml t i cs  ns  a  . "choo l  .sLr l t j cc t .  To  tha t
encl  \ r 'c  subnr i t tccl  th is relror. t  to the
f t t l lou' ing cur.r iculunr _spcci l l is ts for  cr . i t i_
cisms anr l  comments:  Thonres I - I .  Br. iggs,
H. I i .  l )ouglrs.s,  J.  paul  Lconnr.c l ,  .n, i l .
Ccci l  I t r r rkc ' r ' .

' fhcsc 
qrrotat ion.s u- i l l  g i re the reacler e

gener l l  p ic tu re  o f  t l i e i r  rc tc t ions :
' l ' ironrts 

I{. Br.iggs :
I  

. t h i r r k  thc  gu ic le r rce  rcpor t  i . s  a  r .e r -v  gooc l
j o l - r ,  qon t r i b r r t i ng  nc "d l c l  i n fo rmet ion  to
. \ ' oung  pcop le .

i l l r l  l l .  Douglrrss:
I  h : rve looked o\ .e  r  r .our  , ,Cuic l r rnce Ler f le t_
- \ h thcma t i cs , "  and  I  t h i nk  i t  i s  . sp l cnd id .  I t
hes  l vo idc r l  a l l  o f  t hose  r r i l d ,  uns i rppo r tob le
c la im.s  for  the va lues of  mathemat ics  n .h ich
teochers  u ,ce to  rccru i t  s tudents  for  the i r
cla-".--cs.

.L  Paul  Leonar .c l :

I  am . "ur .e  anv h igh school  bo1.  or  g i r l  s .ou ldprof i t .  grc : r t l1 .  f rc ,m rending i t  ana I  am sure i t
] : :u l , l ,  

g i r .e  mo_. t  o i  then- i "  n . , r .  idcr  o f  thermpc r t r . nce  o f  mr them l t i c s  t o  cc r t a i n  j obs .
I t  i .s  a t t rac t i r .e l . r .  r r . r i t ten .n i - i .  remarkablv
author i ta t ive ar id  complc te  ;  t . ' . ; " ; ; ; ; i . ; .
I  recomrnend i t  . : t rong l_v to  h igh school  1 ,outhand to  gr r idance coun, .c l -or . .  "

J .  Cec i l  P r r . ke r . :

The gu iderrce rcpor t  is  a  gor_,c l  jo l ;  anc i  r r i l lbe genuinc l l '  uscfu l - to  
. tc rc t rcr . ,  .o , rnse lo .s ,

. . f l l f  i l .  a r rd .perents .  I f  -qhoulc i  he ip  tn  . . .J1rL 'a l  need IOr  sr_ , 'Und i l fo rml t ion upon r r -h ich
to  b lse cho icc .s  o f  cour .ses end expcr icnce inh igh - .chool .

I i l l e i gh  Scho r l i ng  (Ch l i l n r l n ) ,  Un i_
vc rs i t v  o f  ) I i c l i i gan ;  \ \ ' i l l i r rm  Be tz ,  pu l r l i c
Schools ,  P.oc l rcs ter ,  \cn.  york ;  \ \ - i l l ianr
. \ .  B ro r rnc i l ,  Duke  Un i ve rs i t r . ;  \ \ - a l t e r  H .
Carnehln ,  Purc lue Univcrs i t l : ;  I iugenie  C.
I {eu.s le ,  PLrb i ic  Schools ,  \eu.  } -or l  C i t1 , ;
\ - i rg i l  S .  l Ia l lo r l . ,  l lontc l r r i r  Teeeher .s
Col lcge;  C.  \ ' .  \eu-*sont ,  Ober l in  Col lege;
l h r l '  Pc i t t e r ,  P r r l t l i c  Schoo l s ,  Rac ine .
\ \ - i - .cons in ;  H.  \ -ernon pr ice,  Uni i .ers i tv
I { igh School ,  Iou.a  Ci t1 . ,  Iou. r r ;  \ \ - i l l ian L .
Sch l r f ,  B rook l l - n  Co l l egc ;  Ro l l enc l  R .
Smi th ,  Publ ic  Schools ,  Spr ingf ie lc i ,  l lassa_
chu -se t t s ;  Ru th  Sumner ,  pub l i c  Sehoo l s ,
Ork lend,  Cal i for .n ia ;  F .  Lr .nu.ooc l  \ \ - ren,
C-ieorge Pealtocl l-  Col lege For Teacher.-";
J rnres FI .  Z tn t ,  Ohlahonra ' \  anc l  t I
Col lege.


