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f u of work commo ly cov r d r cour
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fu d m l id of d v lo m m h i f c

h m h m ic c o r i ci ly div d d i o com r m
wi h r l b l h v b h b i of doi g
how i l u i y h rmo y i r l y b w
gr ld i o whi ch m h m ic ro rly div id d
ly i g om ry
fur h r fu d m l f ur of h i work i i c u o

i l lu r io dr w from ld wi h wh ich ordi ry ud
r l ri c u hor b l i v h i l lu r io k from
lif dd cul ur l v lu of co r m h m ic which
hi i l lu r io di cu d M h m ic i l ly m l
di ci li l o ow rfu l oo l of ci c l i g

r d v lo m of c ivili io o h of h f c
co i u lly m h i d h i f rom o of
ro ch

ud who m r d m ri l wh ich
r d wi l l m im wi hou r o h v
cquir d r l r ci io of m h m ic l rob l m of hy ic
of gi ri g of ci c of i ic of ci c g r l

di i c ly f ur of work i roduc io of ri of
mi g rci y of rob l m wh ich ud
c d d v o lmo m ch i c l b i li y im which
giv rob l m who l ly iv ho d

i r d ci i c k owl dg co c r i g wh
c d of fr hm h i i u io u i g h i wi l l k

om wh d i d r cord of im c u l ly m d by grou of
h r ud u hor v co r io of ch r of
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ch r i l ig r di g i r r io of

gr m h ch r d i ll i g i
ow r h dl di gr m r ci io of v i l
im or c of m hod ho ogr h ic i l lu r io hou ld
l o u d om wh imi l r m r

m ri l cov r d wi hou m ic omi io
cour wh ich d vo hour k for y r udy of
m h m ic In four hour cour h r c r omi io
wh ich m d by ch r di cr io hr
ch r o li d ly ic l g om ry commo ly r d

ordi ry cour ch r o l o l r
l o omi d rci um rou h ch r
m k l c io which v ri d d ir d ucc di g

y r
No m b d i oduc rm o lo y of

c lcu lu fou d h h r m l m ri l mor
m ry ld w ch hould cov r d b for ud mb rk
u o wh ro rly c l l d h igh r m h m ic ow v r
fu d m l id of d riv iv r d u il d wi h

rmi o logy
u hor gr l i d b d l rg umb r of h r co l

l gu who h v b mo g rou fur i h i g r l i l lu r io
v riou ld rof or N of r m of
hy ic U iv r i y of M ich g v v ry r
v lu b l comm um rou c io ddi io f r i h i g

b u fu l o cil logr m of l r i g curr rof or J
u y of ro i b rv ory fur h d m r ur

ch r giv g rou ly of i di cu io of
o omic l rob l m d d l m ry rof or J

J igg A r i r igb i J rk r o
J M r gg i g r m of

of g r g Un v r i y of ich ig h v iv v lu
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om y of roi i d b d for i form io co c r i g
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h l l gr fu l ch r who wi l l i r movi g
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roof b c r fu l ly r d by rof or V u i g o
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of i ci i M y b l mi h h v b r mov d m y im or

ddi io ch g h v b m d h ir dvic
r d h w of U iv r i y of M ich ig rof or

o d of T gricul ur l o l l g h v r d g l l y
roof giv um rou c l l ugg io rof or
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A I
U B AL B A

e re n i in With given unit

length ed point reference c lled the origin the

po ints upon g iven l ine loc ted by numbers The un it

le gth p rts thereof l id in both d irect ions from the

origin loc te further points e ch point corresponds

numb r a symbol only one e ch number corre

only point We c l l this corre

po nt upon the l ine reference corresponds

evide tly nother po int symmetr ic l ly pl ced with respect

the origin Th is symmetry is ind ic ted the symbols by

us ing s me symbols twice dist ngu ishi g by

qu l ity S igns points one S ide h ve the

S ign pre ed to the symbols des ign t ing them wh ile the

correspond ng po ints the other s ide t e the s me symbol s

neg t i ve S ign Thus represent

metri lly pl ced po ints the s c l r l ine The li e Of refer
ence is now c lled c l ine numbers represented

by points th is line the represented by th t the

points wh ich lie the right h nd is c lled the gre ter

Such l ine is the l ine ordinary thermome er to e ch

number then there corresponds further certain temper

re Thous nds physic l m teri l interpretations



UNIFIED MAT EMATICS

the poi ts upon such l ine the corresponding numbers

poss ible

Thi s sc l r l ine the b ve is termed necess r ily

st ight l ne Thus the equ tor is s c l r l ine it

sented upon globe w th the zero the nt rsect ion ith

the mer id i reenw ch distances give in degrees

e ch represe t ng p rt the equ tori l circumference
the e rth represented this l in by E

PROBLEMS
I t rpret s c l r l ine represent ing d i s t nce upon the

m in l ine the ichig n entr l il ro d from D tro it

e st west

h t i s the signi c nce poi ts the left the origin

when the l i e repre ents your b n ccou t

I erpret the l i e repr s nt ng we ights

I terpret the l ine the prime m erid i n t length

is represented by circumference e rth is mil s

I terpret the sc le represent ng percent ge

foods

epresent the F hre heit s c le s ide such

l i e the Centigr e upon the other m i g the ero

the the Centigr de s c le f ll upon the

the F hrenhe it note th t conven ient tot l length

F hrenhe it be t en correspond ing centimeter

one h lf inch

e number i ive in e r The symbols

senting the po ints upon l ine bove c lle re l num

bers lem ent ry lgebr i s l rgely study Of such numbers
combined ccord ng certa n r les The r es the g me

lgebr we term it be studied ent irely p rt

from physic l ppl i c t ion but the study is fund

mental mportance bec use the p rt which lgebr ic num

bers pl y the s ciences However a nowledge the l ws
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lgebr p rt from the pp l ic tions necess ry en ble
to pp ly the numbers e fective ly phys ic l problems

The re l numbers sub iv ided i to o
numbers nother cl si c tion into o o
numbers the r tion l numbers be ing further d i v ided intof o Numbers represented by the letter

Int gers were undoubtedly conce ived long before beg n

to wr ite The ide i teger involves the notion

group ind ividu l Obj ects correspondence

The ide notion wh ich is common groups obj ects

wh ich be pl ced correspo de ce with the

obj ects given group i s c l l d the number of the g iven
group Obj ects Thus the pen ies be pl ced

in correspondence w ith some segments l ine

with the group symbol s wh ich correspond these

segments with the individu ls one of in nitely

m ny other groups number wh ich h ve the one

property th t they be pl ced in correspo d

ence with e ch other The de n ition is recent the ide is
correspondence ppe rs frequently phys ic l

problems in the correspondence between degrees
entigr de degrees F hrenhe it bove
Integers be used represent segments l i e

ref re ce from reference po int w ith some length
unit me sure i d ividu l of the group The

f rthest from m r ed with the integer corre

the number Of the segments between th t po i t
v idently cert in groups segme ts include

groups other groups segments The number the includ

ing group is c lled gre ter th n the number Of i cluded

group the included group is sm l ler its number is less

t an the number the nclud ing group Thu the group
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c lled e ight the sm ller groups

I I I I I I I I I

i ive i e er fun ent l l w de iti n s u ti

t e r s iven pos it ive integer and the s ingle

group composed the indiv idu ls from dist i ct groups

Obj ects represen ed by respectively i s represented

by nother number the which l tter we term

The process nding such number is c l led

is ind ic ted by writ ing the S ign between the

given numbers By the sum of three numbers is
meant the number Obt ined by dd ing the th rd the sum

the rst s im i l rly more numb rs th n three The

following ssumptions theorems concerni g ntegers

I given integers the sum e ists

I I dd it ion commut tive the order

dd itio is imm teri l

I I I c the ssoci tive
dd ition

iven the the summ nds

the other summ nd e ists is the number w ch dded to

g ives This de es the Oper t ion Of is

represented by the S ign to be pl ced between the

the given summ ndBy de n it ion the present this

me n g only when is les s th n termed is

termed is the

Thu iv v d ly r m mb h
o r io of di io dd d iv Giv or
h v h of d v lo m umb r which i

iv co di io

I f c c nversely

The converse is equiv lent to the a iom if equal s be dded
equ ls the sums are equ l
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Suppose th t e ch ind ividu l group

Obj ects consists of individu ls Of nother type ro s
e ch dots then the s ingle group

consist ng the second type Of
indiv idu ls involved is c lled the prod

The oper tion c lled

c o represented by

the S ign between by

period sl ightly elevated between by s imple ju t

position n mbers and c lled f ctors is
termed i s

o the commut t ive multipl ic tion
evident from the gure

I I I c the ssoci tive

multipl ic tion

IX multiplic t ion is d istribu ive with

respect addition Th is corresponds precisely ord i

n ry method multiplic tion

X iven the product f ctor is de
ned by th is relat ion the number which multiplied by gives

Th i s Oper t ion is l im ited num

bers which rel ted th t is one the products

Obt ined by multiply ing by integer

The process nding c lled is represented

by the S ign or by pl cing over i s termed

the o is the is termed the o

These l ws concerning posit ive integers const itute s imply

restatement facts w ith whi ch the s dent is f m i l i r The

four fund mental Operations to this po int have been con ned
to the eld positive integers evidently the operation

division when the divisor applies only those positive

ntegers which are mul tiples Simil r ly the oper tion

subtraction from is l imited integers rel ted th t
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We e t nd eld numbers by removing these
l im it tions Thus if wish have number wh ch

m ltipl ied by g ives nd it mong the pos itive

integers you then dec ide cre te such number c ll ng

it the symbol ndic ting the de ition genesis

the new numb r Such tens ions the number eld

brie y i dic ted in the ne t section

i l num zer fr ti n ne iv int r
Th se fu d mental equ l ities de n itions from I X

e tend d by remov ng l im itatio s e cept noted

below upon the numbers c Note th t on y the

Oper tions dd ition subtr ction multipl ic t ion divis ion

i cluded thi s po int

of when de es zero

wri ten By de n ition then de nes

negative numb r wh ich i s written The eg ti ve h re

is Sign qu lity by de nit ion is the result of subtr ct

when de nes the neg t iv number

which i s the neg t ive

Subtr cting neg t ive numb r now be Shown to be

equiv lent dd ing pos itive number S imi rly the other

rules element ry lgebr rel ting the a dition

tr ction positive neg tive qu nt ities Th t the pro uct

Of numbers with l i e S igns is pos it ive the product

numbers with un i e S igns is neg t ive fo l lows from the

bove development

A negat ive number i s pl ced in line of reference

symmetric lly the correspond i g pos itive number w ith

re pect the origin negatives the tow rd the
right c l led the gre ter

of for v lues e cept

Th s e tens ion mean number which mul ipl ied
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g ives introduces new numbers the type r tion l fr c

tions wh ich positive neg tive integers
Integers i cluded in this de ition if f ct r Of
if equ l D ivision by is e plicitly e cluded

o z

rules oper t ing w ith fr ctions fol low from the

de n it ion Of from preced ng development Thus

b b Further by de nit ion

when b th po s it ive if

whe both pos i ive if

wh n both pos it ive if

os itive fr ct ions thus be rr nged in determined order

upon our l ine refere ce the v lue Of the fr ct ion determ ines

the pos it ion gr ph ic l method loc t ng the

sc l r l ine is i d ic ted in the ne t sect ion neg tive fr ctions

pl ced sym etr i c l ly to the correspond ing pos itive fr c
t ions w ith respect the or igin

two r tion l nu bers is gre ter th n

if is pos itive when is pos itive pos i

t ive length must be dded g ive consequently

must l ie the right of I f the l i e reference

po ints t en ed po ints g ives the

t nce from the rst point the second this e pres s ion is

pos itive if neg tive if

Th t there d ist nction b twee used signs

Oper tion w ith pos it ive integers in the preced ng section
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and used qu l ity signs is pparent Th

ind ic te th t is be subtr cted from some preced ing
number ndic te th t the d is t nce is ta en

the negative side the or ig n The f ct th t the

ddition neg tive g ives the s me res t subtr c

from re di y shown by the graphic l
method Of sect ion bel w This t pe rel tionsh p obv ates

need for c refu distinction b tween the poss ible me n

ings these s igns es sep r te symbols necess ry

W en S ign i s used with number symbol the S ign

nderstood

E ER ISES
pl in the d i s tinct ion between between

r ite in the three forms correspond g to

Which i s gre ter or pl i

i s the d fference bet een

Wh t fundamental i s s sumed in the common process

of multiplic t io in by lso by

I s there correspond ng ssumption in div is ion

Which gre ter gre ter less th n

pl n

W t is the product Of by by by If

product is zero wh t l imitation is imposed upon the f ctors

e re n on r um er cross sect on

p per r tion l fr ction can epresented usi g r er

compass U sing d ivisions to represent uni y e ch divis ion
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epresents unit represent me sures

un ts the l ine of reference units

second l ine through the origin convenience use cross

Gr hi l ivi i

of r r d hori o l li of r f r c

tion p per Connect the e ds through the po int

nit from the second l ine dr w a l ine p r llel to

The intersection point the reference line represents the

fr ction Simil rly any fr ct ion be represented

The series p r llel s through the rst unit points

the vertical a is w ill cut pl ne geometry theorem

qu l p rts of the horizontal is

Gr hi l ivi i

r d d cim lly
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cross section p per somewh t better method

quotient i s move out the l ne Of reference

u its up u it connect ing th is point w ith the or igin

g ives str ight l ine w ch be used to re d the des ired

quotients Thus S ince uni ts

it follows th t whence equ l s

obt in nd the point un ts from the

vert i c l d is t nce the Obl ique l ine represents

Irr i n l nu ber simple f m ili r il lus

rel tion which is not s tis ed by r tion l

number with integers geometr i c lly the di gon l
Squ re w ith S ide u ity

is represented by

r t ion l number I f you w ish

the length th is d i go l

pr ct ic l purpose you
use

The
uses foot i ches

fe t in the d i go l

every foot of side with

Gr hic l r r i error One
cent The ser ies r tion l

numbers wh ich be i de n tely

tended lw ys the series lw ys decre s ng

w ith const ntly decre s ing d i erence

l im it betwee correspondi g terms together de ne the
irr tio l number c l led the squ re root r tion l

number s tis es the rel tion no number is the end of

either ser ies but e ither ser ies determines de ite po i t
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l ine lgebr c ly de es number wh ch we w l

ca the squ re root

f o ssume that

r tion fr ction lowest term s w ith i t gers

c nnot be even numb rs either Odd i s

I f is Odd Squ ring cle r ng fr ctions but

Odd h ve even number equ l Odd
number He ce c nnot be Odd number ssume

th t is even th t is fu ther let

Then g n we h ve Odd

equ l even number ssumpt ion th t

le s that Odd number equ s even

number

Describe bout the origin with r dius circle

us ng protr ctor me su e ngle degree The

l ngth the perpend icu r

the p rt by the

from the end t is

l i e de ite prec ise

po ints wh ch computed

degree ccur cy de

s ired r t ona number rep
resents these length wh ich

trigonometric irr ti n l ities

series const ntly ncre s ing

r tion l numbers be fo d

such th t here is gre te st

series represent li es

wh ch a w ys shorter t n the given l ine other

series term s const nt y decre s ng but ppro ch i g to the

terms Of the rst ser ies be fo nd l rgest number

can be found in the rst series sm lest in the second

both sequences together de ne we say an rr tion

number

ri i i l



Write terms the decre s ng s ries de n ng

is the series de ning the l ngth the circum

ference c ircle Obt ined Wh t umpt on is m e

F ind the seri d ning the squ re root by

ppro im tions

Inscribe squ re equil ter l tri gle in the

c ircle r d ius the S ides

n n v ri b le very f ed poi t the l ne

reference is ed is tance from the po nt reference

the dis t nce is cons tant We thin a po int mov

ing the l ine in e ther direct ion The d is t ce from

then v ries we Spe the distance v r i ble Thus

l o the pr ice whe t dur ng term ye rs or in d ferent

p rts Of the worl is v ri ble the weight n m l

ges is v ri ble We th n the v r i ble qu ntity

t ing series v lues u der divers e cond itions We

represent the v ri ble d is t nce point from l ine

by the si gle letter which then the v rious poss ibl e

pos itions the l ine be thought pos itive neg tive or

zero r tion l irr tio l This letter represents then

v riable qu nt ity is es senti lly number subj ect

the oper tions lgebr ic qu ntit ies noted bove In gen

er l we design te the v ri ble point by the s ngle letter

the dis ta e from which the length direction

from is ind c ted by the number v ri ble poi t

the l ne is represented by s ingle letter c lled the

c the point The ed poi ts the l ne

quently represent d by the letters c by

e ch which represent po nt upon the l ne

i n odern lgebr with the system t ic

employment l i er l coef cients l etters represent gener l

const nts introduced by the gre t French m them tician
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s tatesm n i te i te used the

conson nts represent nown qu nt ities vowels

present u owns usi g c p ital s both The use the

Symbols Oper t ion in equ tions d tes lso from bout the

s me time equ l ity S ign i troduced by obert

ecorde nglish phys ici n m them tici n whose

Whetsto e W itte i s the rst tre t ise in the

l ish l ngu ge lgebr The symbols due

erm Widm nn d te from

e me ri uiv len r und m n l er i
ddi i The oper t ion Of dd it ion is

sented gr ph ic l ly by pl cing the length upon the l ine

from the point in the direct io hysic l ly

add ition is the resul t in gener l d i erent c uses

Thus weight Of pounds weight pounds vertic l

velocity due the ction Of gr v ity on f ll ng body

vertic l velocity due some other force tr n porta ion

tr nsl tion from point nother nother tr ns l tion

in the s m e direction successive rot tio s Of wheel

ab ut its is these f mi l i r e mples ddition

ub r i n
Wh tever the rel tive posit ions the l ine

with respect to the position

these representing d irected l ine segments In words the

equ l ity st tes th t the d ist nce from

point directed l ine to second po int on the l i e is
given by the bsciss the second po int mi us the bscissa
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the rst with respect th i rd po nt the li e

origin

we represent the dis t nce from by the letter

we h ve or Subtr ct ion represent d

by the d istance from the rst point the second point which

F l r r y r i ir li

equ s S inc in phys ic l problems the d is t nce

represents the r i se or f ll in numeric l v lue phys ic l v lues

gr phic l subtr ction i s more frequently noted th n dd ition

We the temper ture risen degrees f ll en

degrees having in mind the orig n l the n l re d ing

the iro has e p nded inch precise v lu ble

physic l me ning when the in iti l the n l le gth the

bar nown The oper t ion involved me suring the

e p nsion is str ictly subtr ction

c u l i l i i n divi i n r p c l mu tipl ic tion

and divis ion upon cross section p per nvolv ng theorems con

cern g simil r tri ngles l ends itself numeri c l wor where

gre t ccur cy not necess ry Some conven ent length is

t en represent un it the horizont l s c le

length un it the vertic l s c le th ee pl ce

accur cy sheet cro s section p per cons ider b ly l rger
th n the p ge this boo wou d be necess ry I f mult ples

quotients of des ired

ta e the nit the horizontal s c le use

inches represent the numbers up vertic l l ine

above the the hori ontal S cale represent
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d agr m below we h ve used horizontal unit

sent the vert ic l s c le gre ter ccur cy would be

tta ned by using longer length un t on the vertic l sc le

The tenths represented by the vert ic l lengths from

the poi ts the hori ont l sc le the l ne

j oi ing the intersection of the sc les the po nt un its
bove the po nt on the hori ont l s c le multiply

by the vertic l length bove the poi t the

Gr hi l ul i l i i

T h h dr d h r r d by v r ic l l

horizont l sc le this length is for you inter

pret this sim il rly for you interpret this
vidently or

whence In divis ion the length corre

to the d iv idend the divisor the quotient is

then given the horizont l d i st nce correspond i g the

given d i v idend Thus is Obt ined gr ph ic lly
by d ng the horizont l d is t nce which the l ine units

bove horizont l sc le cuts the given blique l i e this

ppe rs be u its mu t be interpreted

the pos it ion the decim l point must be ed by the

puter The e pl n tion would be trifle e s ier if the l ne

length were pl ced d irectly bove the u t dista ce but

slight error in the pos ition Of the upper po i t would produce
errors the right end the l i e l ine be used

ndic ted mu t be ept the p per it must be dr wn

between points wh ch close together



UNIFIED MAT EMATICS
PROBLEMS

epresent the squ re root g ometric lly t ng

qu rt r inches present squ re root
n te p p r u ing me sc le epresent the squ re roo t

co rd i te p per t e horizont l length h lf

i ches and the right e trem ity dr w v rtic l l i e h l f

i ches long Dr w the l i e co ecting the e trem ity the

vertic l ne the left e trem ity the horizont l l in dr wn

Use the divis ions the cross section p per to re d tenths
F i d C ange must m e to re dX

e the vertic l l ine in length re d tenths

F i d ppro im te ly nterpret

the oblique l ine problems nd where the

vertical di t nce bove the hor i ont l l ne is
th s the hori ont l l ne Th s re d tenths per h lf

i ch represents the quotient

the quotie t divided by F nd d ivided by

respect ively F nd

Dr w semicircle di meter of h lf nches Note

th t the perpend icul r point th is di meter is by

pl e geometry me n proportion l between the segments

the di meter e d the me n proportion l be tween

the vertic l l ine dr n the point on the d i meter

un its from the center e d the me n proportion l between

S im i rly between between

eg rd the preced i g c ircle having r dius qu r

ter nches F ind ppro im tely from it

These the
verti c l l ngths the po ints d iv id ing the diameter in the
r tio
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T e circle di meter h lf inches from it

pro im te Note
th t from these
ppro im te See d i gr m p ge

the preced ng circle chec the geometric l f ct th t

e ither s ide right tri ngle is me n proportion l between

the whole hypotenuse the j cent segment of the

nuse by the perpendic ar from the verte the right

ngle



A

LICATIO LG B A TO A IT M TI

r i hme i i n science de n te progress is
l ly i t im t ly ssoci t d with the rithmet ic l nvestig tion

the d ta the science ven in med ic ine biology sociology

chemistry rithmetic pl ys large r e in physics s tron

engi eer ng comput t on bso lutely essenti l The
student m them t ics must ta e ccount the numeric l

S ide m them tic l wor constantly pply ng the theoret ic l

wor de n ite numeric l problems

The ccur cy Of computed results in scient c wor depends
upon the ccur cy the observ tion me su ements upon which
these comput tions b sed Th is be ta en lmos t
iom tic henever numb rs given representi g me s

the comput tions involv ing these numbers shou ld

be c rried beyond the point which these me surements

j ust ify

r i hme i l l i i n l ebr i f rmu s lgebr ic

formu s methods frequently be ppl ied

problems with gre t s ving l bor pr ctice with nu

meric l e mp les is bsolutely essenti l succes s

The student is e pected co s ta tly the es given in

element ry rithmet ic for multiply ing div d ing by

by these numbers mult iplied by int gr l powers

Of Thus mult iply by multiply by nne i g

ero d iv id ng by sim il rly either m l iplier

divisor is cons idered so w th the other liquot p rts

wh ich h ve bee ment ioned I t is better in gener l

use these ru es w ith the few numbers mentioned and their
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decim l multiple r ther th n e tend th is wor other

l iquot p rts whose occurrence is les s frequent

I ST ATIO wri wri

wri wri
im dividi by di l c
im or of im
im

The four formul s of element ry lgebr wh ich e j oy

widest undoubtedly

g ives s imple rule the product two

teens

Thu or

into words this formul st tes th t the product Of
numbers between i s equ l the whole one plus

the u its the other th is is be mult iplied by

th is product is to be dded the product the un its

RUL o o

of o z

of

If is t en the correspondi g rule

the product of two pl ce numbers h vi g the s me

dig it is the two numbers the un its the
other the is to be multipl ied by the tens digit
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zero nne ed the product this number the product

Of the un its
Thu

Such products most e s ily found evidently if the

units dig its

mental wor with numbers wor from

not from right left de l i g rst with the numbers gre ter

S igni c nce
p rticul rly useful in the comput

t ion squ res numbers three pl ces b g nn ing with

or

wh r Ob i d by rul for roduc of

Frequently it is more conve ient use these form s

rr nged follows

Thu

Si c
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The squ re number between is Obtained
from fol lows

Thu

RULE
c

f
z

Thu

numbers between the squ res be

or
noting th t is your g iven number whose

squ re sought

Th

Frequently of course only three four s igni c nt gures
are des ired the methods mentioned give the S igni c nt
gures rs t

lso be used squ res thus

u i or h
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PROBLEMS

ultiply mentally

U se the rule g iven bove give the table from

ultiply me t lly

ult iply mental ly

Wh t is the product x x

Wh t the rst three gures of

N ote the rst three
gures in you must wh ich

cre ses the rs t to

From the preceding nswers in write the rst three

gures of

Write the squ res

ppro im tely much gre ter is th n

th n th n th n

th n

Note th t from rst by or by

a l ittle more th n units the i s usu lly negl igible

Squ re by using the d i erence

between these numbers ccord i g the rule

U s ng the preceding nswers squ re

O commo rul d rmi o i io of
d cim l oi

Us ing the formul s

wr ite the fol lowing squ res T ime yourself on writing

S imply the ns ers the e ercis Shou d be completed in

minutes
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Usi g the resu ts the preced ing e ercis e compute to

four S igni c nt gures the following squ res t im ing yourself

mploy ing the formul for wr ite the

following products the e erc ise Should be completed in

mi utes

t i n r t e tr ction of squ re root the

method success ive ppro im t ion Should frequently be

employed

Thu
wh r i mu umb r uch h

qu l ro im ly l c Show h qu l
which doubl d iv c

or

l h h c l h umb r
of hu dr d h or hou d h vid ly SO h
m ly rou h ly li h ly l r
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The rule i s commonly give t e rs t

m tion where in sm ll comp red with

The process l lustr ted fol lows this rule but suggest th ing

mult ipl ic tion inste d div s ion Thus in the squ r root

ppro im tely is be dded

however it is e sier th in whence

qu ite try ng s ince the term is to dded

gives of which the squ re

must be number such th t wil l give

m tely is evidently to one decim l pl ce
i s co rrect four s igni c nt ures g iven

r im e r nother method Of ppro im t ing
squ re root is d ivide the g iven number by the rst

m tion then the ri thmet ic me n the numbers

second ppro im tion Thus t i g

the ppro im te r ot gives second

ppro im tion gives the ver ge

is w ith n the correct v ue

S imil rly the cube root be Obtained Thus

is the rst ppro i m tion

ne rly T ing the ver ge gives second

ppro i m t ion the

ver ge g ives which is correct

within

PROBLEMS
Wh t is the ppro im te squ re root of

I s the squ re root of ne rer to to

O
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By success ive ppro im tions nd four decim l

pl ces comp re w ith ordin ry process e tr ction

root
T r ro im io
F ind the cube root by this proces s us ing

rst ppro im tion

F nd the ppro im tion one decim l pl ce the squ re

ro tsI T rd wh c mu rou hly
Write the squ re roots the following numbers correct

decim l places Time yourself

n e i di i i re in r he r The ord in ry
process divis ion p rt ic l rly the bbrevi ted process

coe cients frequently be ppl ied

putation

o ic h of b wri hr im of
b wri hr im of b wri hr

im ch of h r r im ly co ci of
hi h r m i rm l o co f ci of corr o di
rm quo i Fur h r o h b mul i li d by
by by roduc c b dd d
corr o di rm of d v d d
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T i r r divi io by
b r l c by ub r c io b r l c d by ch of

Si ddi io r m i d r h v b wri m r d
quo i wh ch wri b low

Divide

I r r d div d d by iv quo i
r m i d r

The bove Oper tions l so be nterpre ed

ub i u ri h h d m mb r r duc
rm l f h d m mb r ori i l r io wi h

ub i u d for imil rly ub i u i for how h
r m i d r Ob i d by di idi by qu l o l r
io wi h ub i u d for

I f r tion l integr l lgebr ic e press ion in is d iv ided

by be neg t ive the d ivis ion bei g conti ed

u t i l the rem inder does conta n the rem inder equ l

the orig n l e press ion w ith put Let represent

by e press ion of his ind e press ion cons i st ng

only the lgebr ic positive integr l powers

with const nts coef cients

Then you d iv ide by Obt ini g quotient

lso fu ction rem inder wh ich does not

co t in by de n ition of d ivis io
substitut ing for

or E

The common chec by n i es re d i ly be proved by

the rem inder theorem

When wh ich be written



APPLICATION ALGEBRA ARITHMETIC

in powers d iv ided by the rem i der equ l
the orig in l e press ion w ith put Hence the re

when d ivided by or

s ince d ivided by g ives rem inder

Thu c divid d by
iv r m i d r

Division by gives rem inder the sum the

coe cients les s the of the even coe cients counti g

from un its pl ce course be dropped it

occurs be dded m e the rem inder a positive

number

lu r ive e le D iv id ing by the method of detached

coe cients

by by

Divide by by

o h ub r c d m lly Si c
much b k w y or

dd d r m i d r i much
b k w y h c dd d r m i d r

r wh k w y h r ill r m i
ub r c d i c divi or
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D ivide by by by

l ittle pr ctice will en ble perform the dd itions
ment lly wr iting

or bbr vi d

In hi div io r m i d r wh d vid
by mu o d m lly hu l
iv wh c r m i d r from which

ub r c d imil rly l iv
which dd d m lly
r c d l v r m i d r

umber pl ces ending in can be used divi
in short divis ion form Thus
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hi k wi h r m i d r
i h ivi by iv wi h

divid d by
iv wi h r m i d r

by iv

Thi k of divi or
r m i d r

r m i d r Si c
much b ub r c d

r m i d r

r m i d r l

PRO LEMS
Div ide

by emp loy ing synthet ic d iv is ion inter

pret results

Divide by

Wh t is the v lue th i funct ion

by

Div ide by Wh t i s

the v lue for

Divide by by syntheti c d ivis ion

D ivide

Divide by
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D iv ide by by short divisio

D ivide by

D iv ide by F ind the
quotient rem inder

F ind the v lue of when

F ind the root by repe ted d iv is ion
ppro im tion indic ted

Wh t is the ppro im te v lue the squ re root of

ppro im te the cube root

erform the fol ow ng d iv is io s synthetic d iv isio
give quotient rem i der time yours lf m inutes is

mple l low ce

f
by

by

Divide by the method corresponding synthetic divi

s ion t ime yourself c rry the div is ion to four S ign i c nt
gures

by

by

c by

by

by
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er en e err r Vhen me urement Of physi

obj ects is given the me sureme t cert i l imit

ccu cy determ ned in p rt by the instruments methods

me surement p rt by the very n ture the th ng

me sured In me ur ng the d is nce the from the

e rth some ed ti e the me urement be given

miles m iles m iles with n

mi l l io m il es the thic ness w tch spr g be me s

inch w ith poss ible error thous ndth of
nch inch H owever from the point

vie the physic ist m them t ic i the dis t nce the

is more ccur tely g iven th n the thic ness of the w tch

spri g the percent ge error r t io pos ible error

me ured v ue the c se the sun s dist nce is S l ightly

more th n of the dist nce wh i le in the other c se it is

more th n the th ic es s the spring

very nu ber wh ich represents me surement involves

this type Of error bviously in comput t ions with such

numb rs results s ign i c nt only with in l im its determined

by the percent ge error

i ni n The Sig i c nt gures in num

ber representing me surement thos e wh ich g iven by

the me sur ment i clude those i it i l t rmin l

eros wh ich determ i d by the u t in wh ich the me sure

ment is m de The t rmi l zeros in not S ig

gur s the un it Of me surement here evidently

m i l l ion m iles the me sureme t be m de further

pl ce the d ist nce be written in st nd rd form

m iles mi l s in which o ly s ign c nt d igits
ppe r in r t f ctor comb i ed w ith powers In the

th ic ness inch the initi l ero s igni c nt gure

it is pp r t th t the me surements m de thous ndths
Of inch st nd rd form this i s i ches

e surem n m u i ns r du the length

a rect n le is me ur with an error less th n its



UNIFIED MAT EMATICS

true v lue the bre th is g iven b olutely the true

area wil l be given with the s m percent ge error the
lengt But if the breadth i s l so on y ppro im tely me s

the possible error in the r obt ned the product

will be gre t r th n if only

f ctor involves o ss ible error
The gr ph represents the righ

h nd end rect ngle whose

le gth bre th me sured

cm

where it understood
th t the m e surement o ly pre

tends give these d im ns i on
wit n i l l imeter

tenth c nt imeter The

me n ng these gures then is

th t the length l ies between

cm the

bre dth between

The rst is error Of
less th n the

Of les s th n The

cert inty re due the pos

s ible error in length indic ted

by the re s the r ight end

with d imen ions cm by
Measurement an cm cm by cm the

uncert inty in re due the

bre dth me surement di

cm by cm cm by The re

uncertainty is then most cm by cm

sq cm re Th i s error evidently fect the th ird

gu e in comput tion the re hence in product

the gures beyond the third pl ce signi c nt give

re l inform t ion concerning the actu l re in question
Note th t the re the pro uct by

r c l m r d
cm by cm
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but the in ccur cy measurement the length

me ns th t there is uncertainty re the right h nd

end mounting cm and simil rly the
uncerta nty i the total uncert inty Of

re mou ts to more th n should be given

cm Commonly Of course the me sure

ments cm me n th t the re been

me sured h lf the l st un it given thus th is re

ctu lly f ll s between rect ngles dimens ions by

and by even in this c se the re unce t inty

is greater by precisely S im il r re soning th n cm

is ppro im tely g ive the rea

th s me sured rect ngle is giving nonsense in the l st

pl ces it should be given

Let k represent me sured qu ntities g iven with

sible errors Of respectively ssumed
sm ller th n in common pr ctice the bsolute

v lues these me sured qu ntities l ie between k

between

The true product l ies then between

in other words the true product

v ry by from the computed product is

disreg rded if less th n S ince the fr ction is les s

t n Of In the gr ph the product

is represented by of the sm ll corner squ res with

s ions by cm

l l tr iv l roduc of by wh r i ch
corr c wi h u i d com u d o ly four h

i i c rc rror r of
i c ro im ly or of
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r r h or of rror roduc
r or of of of mb r

c r i ly f c four h l c rob bly ff c h rd l c
umb r c h r oi wh v r c rry h com u
b yo d four l c

b i wi h
k c rryi how v r from
k c rryi of

roduc of iv
iv c u l r h r r dim io

of r c l m ur d hr i i c ur li b w
In r c ic k roduc four

c ur hich iv r li h ly mor cc r ly h our
m ur m u ify

rev i e u l i l i i i l The abbrevi ted
process multipl ic tion ppl ies p rticul rly wel l decim l

fr ctions but the method be e tended to integers quite

well nd correct four decim l pl ces

b i wi h hi h di i of mul i l r r four h
d cim l l c iv f h d cim l l c
co i u i h co d hird l c c rryi from

k hird co d l c c rryi from or
which mor h u i f h l c

or c rri d from
i roc cro l u r di i

u d h h r would cro d r h h
lly
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If ch ck d ir d mul i ly i r v r i ord r of
f c or hu

b i wi h
k ddi from roduc
k ddi from roduc
k ddi from roduc
d hi four l c

bviou ly if h w r i r you could roc d m
wri i l roduc wi h four ro

S im i l r bbrevi t ion be e fected in division by drop

ping e ch time the l s t gure of the d iv isor used using

rem in ing p rt the origi l d iv isor new d ivisor

Thus divide by or by you proceed

follows

r u d r divi or h u d r i l
roduc dd d di i of di i u cro d

h k divi or roduc dd d di i
of k iv di i of h u d
c rri d ov r from

r n e e e t err r in divi r divisor i s

o n be l rge too sm l l by de nite percent ge

itself the quotient will be respect ively sm l ler l rger th n

the correct quotient smal l per cents by ppro im t ly the

same per cent
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division

v lue l es th n is less th n

les s th n

respectively Hence error from

e cess the divisor me ns an error de ciency v ry

ing lso from with n from

from in the qu tient

v lues error de ciency

in the divis r me ns the s me er ror e cess in the quotient
within thi error The me ning in phy ic me sure

ments these resu ts is th t when the divis r i s correct nly

to the third sign c nt g re with pos ible err r

unit in the third pl ce the quotient wil l be c rrect to bout
the s me degree ccur cy

three pl ce numbers the divisor v ry from

The poss ible error unit me ns th t must

be repl ced by j by j

ppro im t ly the quotient will v ry fr m

times the obt ined quotient Hence the

quotient obt ined is v lu ble at most the fourth pl ce

frequently not beyond the third pl ce

i iven h is d ivided by wh ri i n
in qu ien w d ch n e divi r
r du e

u e h in e h uld h ve been d h
err r in err r d iv r
m re h n le h n d ivi r err r in

qu ien m re h n le h n ince
re ec ively qu ien

en where b ined by u d ivi i n ven
err r uni in vi r ffec hird l ce in qu ien

b ni here in in c rry n
w r bey nd l ce v lue h w h err r be ween
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fur her l ce n hin cur y fr i n
in c un i err r mi h w l u edcen h ve in l er c e

rec i n ivin qu ien c u l qu ienc rry d ivi i n mul i lic i bey nd de ree ccu
r y w rr n ed by d

I lu r iv mul i ly by
b in re l nu eric lly c rre dec i l l e if

r re en d i e er c ircle me red c rrec ly en h
inc f e er r duc by

ive v lu ble re ul r ircumferen ec nn m u ed c rrec ly fur h r rc n e ccur cy
h n h w i h which d i me r me ured re

here w i h e nin nly f ur i i c n ure f c
err r i ch in di me er m ible err r
qu re in he in re c nvenien ri e r duc fr
lef ri h dr in w r bey nd e nd deci l l e

d e ure r duc
ircu ference

r c ic l ur e c ur e in ndin
hi re

nly l ce re ined

re

re f und c rre nd d
re
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ROBLEMS

The di tance the e rth from the sun v ries e tween

X miles mi e The length the

e rth s orbit lies between ci rcles h v ng these lengths r d ii

etween wh t v lues doe this orbit l ie Wh t is the

p ro m te orbit l speed e rth in miles per h r

The me n dist nce the e rth from the is

miles Compute the circumference the me n

peed c mp re by pe rcent ges with the p receding

Compute the speed point on the e rth due the

rot tion t ing th t l ti ude the r dius of the circle

l titude is m les C mp re the r tati n l speed with the

revoluti n l speed

Wh t the c mputed vel city wo d it h ve

t e n te d would cor rect your

d ivis ion divis r fter h ving obt ined the

tient dividi g by wh t ch nge wou d us i g

stead ef ect in the c mputed vel city

The dist nce the m n fr m the e rth v r ies between

miles me n di cuss the length

the p th the m on the velocity the mo n which

period c time d ys

whose s l ry is p ys rent

Wh t per cent is this his s l ry Suppose th t he e rns

in ddition to s l ry wh t per cent is the rent p id

his income Compute only tenths one per cent

I f with ncome p ys pe r n um

food clothe l ife insur nce

higher l ife s ves the b l nce c mpute budget by

per cents

Given th t pendu um length cm m kes beat

oscil l tion in seconds con ected by the rel tion

nd the length deci l pl c s when



LIC TIO AL E A TO A ITH ETIC

Wh t e ect d es ch nge fr m

duce Wh t decim l pl ce in would be ected

Wh t error would the use inste d

ntroduce

The number vibr tions pendulum length

when is the cceler ti n

due gr vity the f rmul for the number vibr

tions is given by the formul

for the seconds pend um when it

is Supp se th t the mount n di
minishes this pendulum length loses be ts per

wh t is the pp ro im te percent ge los s The

percent ge los s in is ppro imately double this s i ce

T e of

iven c mpute in the formul of
p r blem W t m imum e fect on w uld a ch nge

from cm produce

Compute the weight table top h rdwood

sions correct fo t X inches Weight

wood p unds per cubic foot

If t ble top simil r to the bove weighs pounds

compute the weight per cubic foot the wood

If w ter weighs pounds per cubic f ot compute

the spec c gr vity of e ch the preced i g woods

cub ic f w dcub c f w er

The p th of the e rth is ppro im tely circle r dius

miles which the center ppr im tely mil

l ion mi es from the Compute this circumference

comp re with the result in problems
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nen w conven ence the product by

itself is represented by by
o o f ctors by In this not tion i s c lled the

ponent the b se The f llow i g l ws evidently hold

I

I I when

I I I

o

In the de nition as given represents the number

f ctors ssumed to be positive nt ger However it

is found poss ible to de ne re l v lues fr ction l

neg tive zero irr tion l of h ve the resul ti g

numbers combine ccord ng the four l ws given bove

Thus if I is cont nue to hold

hence must be de ned equ l s nce mul tiplying

number it gives th t number be j usti ed in us i g

zero e ponent with this me ning the other e ponent l ws must

be show old when either is zero but in I I o y

cou d be zero this point

neg tive nteger if I is hold must be

de ned such number th t o hence

we de ne the reciproc l of the l ws

I to be shown hold under this e ension the

me ning of
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Simi rly if I I I is to hold must represent number

w ch r ised to the power equ ls is thus de ned

the r ot the power of T ing this de nition

L ws I be shown hold wi h this e tension in

poss ible v lues s sumed be integers

fr ction l e ponents fth is intr duced

irr tion l v lues of is de ned by limiting p rocess

Thus de ned the l imit the series

wherein the success ive r tion l e ponents de ne the squ re

root

The oper tions of element ry lgebr with r dic l

m de subj ect the e ponent l s

Thus
by success ive ppl ic ti n of

The oper tion r ising p wer indic ted by with

integr l is c l led inv lution The inverse oper tion

nding when is given equ l c lled evoluti n

r t m o

The rel tion written

the e ponent which pplied gives

is the log rithm of the b se

un ent ri

t r u

If

log o log log
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In the l ngu ge log rithms tr nsl ted into ordin ry

l nguage this theorem is f llows

I

in words o c

c o

r m u ient

log

I I

in words

o o

ri wer

If x o log

l

o of
Si ce e ponent l ws h ld for v lues of these

theorems hold for v luesy ssumed be pos itive numbers for compu

purposes is commonly t en the b se

th t the log rithm incre ses the number

incre ses This be re dily proved from the f ct th t
o m tter sm l l the is ositive

qu ntity is gre ter th n positive fr ction

represents the root the power of wherein

integers wil l be integer gre ter

th n the root this integer will be number

gre ter th n for it wil l be number which r ised to the

pow r equ ls some gre ter number I t

could not be les s th n every positive integr l power of

a number less than is lso less th n
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These positive numbers middle columns rr nged

vertic lly in order m gnitude the e ponent left

log rithms right lso rr nged vertic l ly in order

cre sing from from indic ted by dots bove

the num

ber incre ses the log rithm incre ses l cing number

not integr l power in its proper pl ce m gni ude

such di gr m the log rithm integr l p rt the

log rithm the preceding number in the t ble Thus

f lls between its log rithm will be
f lls between its log ri hm will be me n

ing plus some positive fr ction
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r m teri ti n i pl ce
number l ies between the log rithm will l ie

tween f ur pl ce number l ies between

the l g rithm will l ie between since

the number incre ses the log rithm i cre ses The fr ction

is gre ter th n less th n the log rithm is then

gre ter th n less th n

The log rithm number between is fr c

tion e pre sed c mm nly decim l between

The log rithm of given number which is e pressed in

decim l not tion be e pressed integer positive or

negative c lled the c c plus the positive decim l

fraction the which is the log rithm th t number

between h ving the s me success ion digits the

given number In ti l eros ncluded in the success ion

digits

k

k

log

Thus s nce is the ppro i te

squ re root

log log

log log log

on y the is neg tive

s nce equ ls

The m nus s ign over the indic es that only the charac

is negative the ltern te forms writing neg tive

ch r cteristic frequently found convenient p rtien

in e tr ct ng roots
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R L

c c c c

c o

o c c c c

o c c

o c o

c o

c o

u n r t m Log rithms ctu lly
by series derived from formul s obt ined in higher

m them tics However s imple lthough l borious method

comput ng log rithms ppro im tely m e the

c nce the log rithm somewh t cle rer

E idently s ince is gre te r th n

less th n

E tr cti g the twentieth root

Hence is gre ter th n with e ponent les s
th n with e ponent

and gre ter th n
by gre ter

th n gre ter than

x whence whence

Simil r ly is greater th n less
th n hence log l ies between the computa

tion e sily m de by using mul
e ch time by inste d by the p rtial product

by the does need be rewritten


