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Dedication

Thistextisdedicatedto

MilesBland
and

J.Pryde

forhavingwritten

AlgebraicalProblems
and

ExercisesandProblemsinAlgebra

bothofwhichhavebeenwellandtrulyplundered

inthecreationofthistext.

Ihavetriedtotakethingsabitfurtherthanthesemendid.

Butweallstandontheshoulderofgiants--

evenifsomegiantsaresmallerthanothers.

(I'mquiteasmallgiantmyself.Almostmidget-like.)
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Preface

I'mnotgoingtolietoyou--thisisabookaboutwordproblems.Idon'tlikethem.

AugustusDeMorgandidn'tlikethem.IsaacTodhunterdidn'tlikethem.You

shouldn'teither.Ifyoudolikethem,keepittoyourself.DeMorganwrote:

Thereductionintoequationsofsuchproblemsasareusuallygiveninthe
treatisesonalgebrararelyoccursinmathematics....[N]ostudentneedgive
agreatdealoftimetoit.Aboveall,letnoonesuppose,becausehefinds
himselfunabletoreducetoequationstheconundrumswithwhichsuch
booksareusuallyfilled,that,therefore,heisnotmadeforthestudyof
mathematics,andshouldgiveitup.

Butmathematics,unlessitissimplyaboutitself,isalsoaboutrepresentingstatesof

affairsintheworld.Weusetheformofnumbertomodeltheworld.AndDeMorgan,

Todhunter,andIagreethatthisisbothusefulandworthwhile.Itjustshouldn'tbea

full-timejob.

Thistextexaminesthesimplestoftheserepresentationswhichusetheformeitherof

alineorofaquadraticcurve.Thereisn'tmuchtoeitheroneoftheseforms,three

termsmax.Sogivenaparagraphofconundrum,weshouldbeabletodiscernwhichof

thepuzzlie-bitsgotowhichtermwithoutstrainingourbrains.And,asbestwecan,

let'scomeupwithamethodicalwaytodothissothatlazinesscanhaveitsrightful

placeinourwork.
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Introduction

Ifweareevergoingtomodelanythingwiththeformofnumber,weshouldprobably

startwiththeeasiestformsandworkourwayup.Thetwoeasiestformsaretheones

thatyoufindinpublicschoolalgebratexts:thelimeandthecocoanut.Orrather,the

lineandthequadraticcurve.(Agoodwriterknowshowtohandlehistypos.)We

knowthatthesearetheeasiestformstomodelthingswithbecausepublicschool

studentsaresometimesratherdim,liketheirteachers,andwiththisinmind,ifthere

wereeasierforms,thesetextbookswouldstartwiththoseeasierformsinstead.So

thinkaboutwhatwe'vegothere.Aline:

y=mx+c

andabendyline:

y=ax²+bx+c

TakeyouraverageEuclideanplane.Drawalineonit.Pickanarbitrarymidpoint.

Spinit.Andwhereveritstops,it'sstillaline.Ifyoubendituniformlybeforeyouspin

it,youhaveaparabola,whichisasinglequadraticbendyline.Andspinningitdoesn't

changeitsunderlyingformeither.

Inbothcases,wecanforgettheybecausethat'swhatwegetformessingwiththis

stuffinthefirstplace--it'safreebie.Andwecanforgetthex,includingwhenwe

squareit,becauseit'stheunknown.Sobydefinition,wecan'tknowanythingaboutit.

It'sobviouslymysterious.

Sointhefirstcase,weonlyneedtofindthemandthec.Themistheslopeoftheline

andthecistheline'sinterceptontheY-axis.Inthesecondcase,wehave,weirdly,a

parabolawithalineaddedtoit.Theax²isaparabola.Thebx+cisaline.Andthis

linefunctionsasadistortionfunctionontheparabola.Thebtakeseveryax²and

makesitbtimesxbiggerorsmaller.Andthenthecmovestheresultingpointupor

down.Wedon'tusuallyaddlinesandparabolas.Butit'sfuntothinkabout.We

usuallymultiplytwobinomialstowindupwithaquadratic.Whichisclearlylessfun.

TheconclusionIcometoisthattheseformscanonlyrepresentsimplethingswhich

canbedescribedbyaslopeandapointortwopointsortwobinomialfactorsgivingus

somekindofstraightorbendyline.Therearetonsofsuchrepresentationsinold-

schoolmathtextsmisrepresentedas"wordproblems".Theseactuallyrepresent

statesofaffairsthatcanbedescribedusingonlytwoorthreemathematicalterms.So

let'stakeabunchofexamplesandorganizethembyhowtheyhidetheirpuzzlie-bits.

Theupsidehereisthatwecanusewhatwelearntoactuallymodelsimplestatesof

affairsintheworldwiththesetwosimpleformsofnumber.Thenwecangolookfor

moreinterestingstufftomodelusingmuchmoreinterestingforms.
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Instructions
Learners

Thisisnotanormaltextbookfullofproblemsforyoutofigureout.Bookslikethat

arebigandheavyandfullofcolorpictures.Hereisacolorpictureofaquadratic

equation,theysay.Thesepictureshelpnooneexceptthetextbookcompanies.No

onelearnsmathfromcoloredpictures.Justlookatthegraduatesthesecolored

picturesproduce.Theycanhardlydoanymathatall.Weallknowthis.Mathisabout

wordsandsymbolsandideas.Hereisacolorpictureofmylargewhitex.Seehow

thatworks?Nowyouarethinkingaboutwhatthevariablexstandsfor.Thinking

aboutideasisgood.(Goodluckonsolvingforthatwhitex.)Also,acolorpicturemay

beworthathousandwords.Butthosehavetobewordsyoualreadyknow.Canyou

actuallygetathousandofthewordsyoualreadyknowtofiteverypictureyousee?

Andwhatdoyoulearnfromthat?We'llskipthepicturesandthenormalproblems.

Thisbookisabouttheformsrepresentationscantakewhentheyarebasedonstraight

orbendylines.Soforeachmethodwecanfind,therewillbeasetofexamplesforyou

tostudy.Readeachproblem.Figureouthowyouaregoingtoassignthevariables.At

first,youwillhavetoguess.Soguess.Thenchecktoseeifyourassignmentistheone

usedherebeforeyoucontinue.It'ssimplerthatway.Thentrytosolvetheproblem.

Whetheryousolveitornot,studythesolution.Thepointofthistextistohelpyou

learnhowtodiscernwherethestraightorbendylineliesinthedetailsofsomestate

ofaffairsintheworld,howtoassignthevariablestoyourrepresentation,howto

buildtherightmodelandworkoutitssolution.Theseareallthreeimportant.And

thefirsttwoarewayharderthanthethird.

Thiswillnotbealongbookbecausethisstuffisn'tinterestingenoughtogoonandon

about.YouandIbothhavebetterthingstodo.Butlearninghowtomodelsomething

withmathematicsisdefinitelyworthwhile.Andtodothisyouonlyhavetomakea

genuineefforttounderstandeachproblem,checkthevariableassignment,solveasfar

asyoucan,andstudythesolution.It'sactuallynotaboutgettingtherightanswer.Ifx

istheweightofafish,nooneactuallycaresabouthowmuchthisfictionalfishweighs.

Youwillneverseethisfishagain.Butyoumightneedtomodelsomethinglikeitsome

dayusingalineoraquadratic.Andbyslowlycomingtoanunderstandingofthese

methods,youwillbeabletodojustthat.

Themostimportantquestionsare:

1. Wherearethepuzzlie-bits?

2. AmIcorrectlyassigningthevariables?

3. AmIalgebraicallyconstructingthecorrectlineorquadratic?

Everythingelseisarithmetic.
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Teachers

Please,please,please,donotteachtheseformsofsolutionasiftheywereecclesiastic
dogma.Forinstance,Ihavesevenformsforsolvingawordproblemthatusesaline.
Buttherearereallyonlythreeformsofthis:sum,ratio,andx+n-x.Andthatmightboil
downtoonlytwoforms.Thepointisthattheseformsareallheuristicsforgrasping
whatisimportantinthedatasoyoucanconstructasimplefirstorseconddegree
equation.

Soitwouldbestupidtoaskstudentstofindsuchandsuchaforminaproblemor
whichformaproblemtakesorsimilar.Mostofthe"forms"areineveryproblem.All
problemsusingalinearealsoproblemsoftheintersectionoftwolines.Everythingis
everything.Thebestapproachistoacquaintthem withthesimplestform,give
problemswherethatsimplestformiseasilyapplied,andbuildupfromthere.Weonly
wanttofindtheline,constructit,andthensimplysolveit.Theseformsarejustmeans
toanend.

Ihavegivensolutionsandexplanationsforeveryprobleminthistext.Everyalgebra
textinbookorPDFformatwillbechockfullofthesekindsofproblems.Andyou
won'thaveanydifficultypickingoutexamplestomatchthisorthatformofsolution.I
recommendthePDFofTodhunter'sAlgebrafortheUseofCollegesandSchoolsfor
goodexamplesofthesekindsofproblems.TodhuntersharedDeMorgan'sdisdainfor
puzzlieword-problemsandonlyoffersintelligentexamplesthatactuallyincrease
yourunderstanding.Thereisalsoaseparatehandyanswer-keyvolumetohisbook.
Bothareavailableonarchive.org.

Theproblemsinthisbookaremoreorlesstwohundredyearsold.Ifyoulookat
severaloftheseproblembooks,youwillseethatmanyoftheproblemsmakethe
roundswithonlyslightchanges.Ihaveleftthespelling,punctuation,andgrammarin
the18thcentury.Alittlediscussionofthesearchaicformswillrelievethetediumof
doingtoomanystupidword-problems.
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TheLine

Wearegoingtolookatvariousstatesofaffairs,whicharepresentedasword
problems,andfitthemtoformsofsolutions.Nostateofaffairsintheworld
ofexperiencehasasingle,uniqueformofsolution.Thesefirstformsare
meansoffittingthedataintotheformofaline.Wetrytograspthedataand
itsrelationsassimplyaspossibleinordertodothis.

Notethatthereisalinearformofsolutioncalledtwocouriers,wheretwo
somethingsaretravelinginspaceortimeandyouhavetofigureoutwhenor
wheretheymeetorwhenoneistwiceasoldastheother.Thetwocouriers
formcanbecomequitecomplex.Anditcanbenuanced,inthatthetwo
somethingsmayhavealreadymetormaynevermeet.Thisform ishandled
indepthinEverymind'sDeMorgan'sElementsandwewon'trepeatanyof
thathere.

Line

Thesimplestrepresentationusingtheformofalineisaline.Youlookattheproblem
andyousay,"Hmm,line,"or,"Onestepawayfrombeingaline."Theylooklikethis:

1.Whatnumberisthat,tothedoubleofwhichif18beaddedthesumwillbe82?

Letx=thenumberrequired.

Thenbyhypothesis, 2x+18=32;
(-18) 2x=14
(÷2) x=7

Anylineisy=mx+c.Hereourxisdoubled,orhasanmof2,andthecisclearly18.

2.Whatnumberisthat,tothedoubleofwhichif44beadded,thesumisequaltofour
timestherequirednumber?

Letx=thenumber

Thenbyhypothesis, 2x+44=4x
(-2x) 44=2x
(÷2) 22=x

Samerepresentationas#1.Itisalsothebalanceformbelow.Buthereit'ssosimple,
it'sjustaline.
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3.Whatnumberisthat,thedoubleofwhichexceedsitshalfby6?

Letx=thenumber

Thenbyhypothesis, 2x-x/2=6
(×2) 4x-x=12
(-) 3x=12
(÷3) x=4

Iftheform oftheproblem doesnotsimplyappearinyourmind,writeoutthe
hypothesis.Havingwrittenit,youcanseethatwhenyoucombinethex'syouhavean
mof(2-1/2)andacof(-6).Thislinetakestheform

1.5x-6=0

whichmeansthatthesolutionistheX-interceptoftheline.
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∑X

Thisformispronounced"sumx"and,intheseproblems,assoonasyouidentifythe
unknown,youseethattherearetwoormoregroupswhichmustbecombinedto
maketheunknown.Youneedto"sum"allthese"x"togethertomakethedatafitthe
formofaline.Thelinegivesyouthex,whichoftenhastobeputbackintoitssummed
bitstogiveyoutherequiredvalues.Notethatthecoefficientofthesumisagainthe
slopeofyourmodel'sline.You'llseewhatImean.

1.Agentlemanmeeting4poorpersonsdistributedfiveshillingsamongstthem:tothe
secondhegavetwice,tothethirdthrice,andtothefourthfourtimesasmuchastothe
first.Whatdidhegivetoeach?

First,youhavetoknowthat12d.=1s.wheredarepenceandsareshillings.Soyou
mightaswellmakethe5s.into60d.tobeginwithandavoidafractionalmessofs.

Letx,2x,3x,4x=pencegivento1st,2d,3d,4thpoorperson

(layingoutthex) x+2x+3x+4x=60
(summingthex) 10x=60
(÷10) x=6

∴ourfourpoorfellowhumansgot6d.,12d.,18d.,24d.each.

2.AGentlemandyingbequeathedalegacyofL.140tothreeservants.Awastohave
twiceasmuchasB;andBthreetimesasmuchasC.Whatweretheirrespective
shares?

Here,L.isthepoundsignfortheoldpoundsterlingands.isshillings.
Thereare20s.inL.1.

Letx=C'sshare

∴3x=B'sshare
and6x=A'sshare

(layingoutandsumming) (6x+3x+x)=10x=140
(÷10) x=14

∴A,B,CreceivedL.84,L.42,L.14
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3.FourMerchantsenteredintoaspeculation,forwhichtheysubscribedL.4755;of
whichBpaidthreetimesasmuchasA;CpaidasmuchasAandB;andDpaidasmuch
asCandB.Whatdideachpay?

Letx=numberofpoundsApaid

∴3x=numberBpaid
4x=numberCpaid
7x=numberDpaid

(layingoutandsumming) (x+3x+4x+7x)=15x=4755
(÷15) x=317

∴theycontributed317,951,1268,and2219poundsrespectively.

Forfiguringouthowmanyx'sgowitheachMerchantorsimilar,itisfastertocalculate
ifyouwriteeachbitdownthanifyoutrytoholditallinyourheadtogetthe
multipliers.Aisx.SoBis3x.SoCis(AandB)is4x.AndDis(CandB)is7x.And
youseeitasyouwritethemdown.

4.ADraperboughtthreepiecesofcloth,whichtogethermeasure159yards.The
secondpiecewas15yardslongerthanthefirst,andthethird24yardslongerthanthe
second.Whatwasthelengthofeach?

Letx=numberofyardsinfirstpiece

∴x=15=2dpiece
∴x+15+24=x+39=3dpiece
∴x+x+15+x+39=159
(algebrate) 3x=105
(÷3) x=35

∴lengths35,50,74

Apurertaxonomistwouldcomeupwithanotherformthan∑xtoputthisin.Butwe
don'tneedabunchofforms.Weneedaworkingheuristic.Ifyouhaveseveralpilesof
x's,youdon'tcareiftheyaremultiplesofeachother(x,2x,5x)orjustdifferent(x,x+5,
x+23).Wejustfindthex'sandsumthem.
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5.Acaskwhichheld146gallons,wasfilledwithamixtureofbrandy,wine,andwater.
Initwere15gallonsofwinemorethattherewereofbrandy,andasmuchwateras
bothwineandbrandy.Whatquantitywasthereofeach?

Letx=gallonsofbrandy

∴x+15=gallonswine
∴2x+15=gallonswater
∴x+x+15+2x+15=146
(algebrate) 4x=116
(÷4) x=29

∴29gallonsofbrandy,44ofbrandy,73ofwater

6.Apersonemployed4workmen;tothefirstofwhomhegave2shillingsmorethan
tothesecond;tothesecond3shillingsmorethantothethird;andtothethird4
shillingsmorethantothefourth.Theirwagesamountedto32shillings.Whatdid
eachreceive?

Youshouldhavenoticedbynowthatinthisformofrepresentationwestartbyusing
thesimplestofthesummedpartsasx.

Letx=sumreceivedbyfourthman

∴x+4=sumof3dman
∴x+7=sumof2dman
∴x+9=sumof1stman.

∴x+x+4+x+7+x+9=32
(algebrate) 4x=12
(÷4) x=3

∴theyreceived12,10,7,and3shillingsrespectively.
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7.AFathertakinghis4sonstoschool,dividedacertainsumamongstthem.Nowthe
thirdhad9shillingsmorethantheyoungest;thesecond12shillingsmorethanthe
third;theeldest18shillingsmorethanthesecond;andthewholesumwas6shillings
morethan7timesthesumwhichtheyoungestreceived.Howmuchhadeach?

Letx=shareofyoungest

∴x+9shareof3d
∴x+21shareof2d
∴x+39shareofeldest

∴x+x+9+x+21+x+39=7x+6
(algebrate) 63=3x
(÷3) 21=x

∴eachreceived21s.,30s.,42s.,and60s.respectively.

NowIcouldmovethisproblemdownintothebalancesection.Butnostateofaffairs
intheworldisstrictlya∑xorabalanceoranythingelse.Wegraspitasfittinginto
oneofourformsofrepresentation.Andalmosteverytimewepickaform,wehaveto
fudgesomethinginthedatatomakeitfit.Soherewedidn'thaveatotalontheRHS.
Butwecanusethe7x+6asthetotal.

Notethatifwesimplifyitto4x+69=7x+6,weareaskingwheretwolinesintersect,
wherelineshavetheformy=ax+b.Sotheymeetatpoint(21,153)asyouwillsee
fromputting21intoeithersideofthislasteqn.

8.Asumofmoneywastobedividedamongstsixpoorpersons;thesecondreceived
10d.the3d14d.thefourth25d.thefifth28d.andthesixth33d.lessthanthefirst.
Nowthesumdistributedwas10d.morethanthetrebleofwhatthefirstreceived.
Whatdideachreceive?

Letx=sumof1stperson

∴x-10=sumof2d
∴x-14=sumof3d
∴x-25=sumof4th
∴x-28=sumof5th
∴x-33=sumof6th

∴6x-110=3x+10
(algebrate) 3x=120
(÷3) x=40

∴Theyreceived40,3026,15,12,7pencerespectively.
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8.Itisrequiredtodividethenumber99into5suchparts,thatthefirstmayexceed
thesecondby3;belessthanthethirdby10;greaterthanthefourthby9;andless
thanthefifthby16.

Letx=1stpart

∴x-3 =2d
x+10=3d
x-9 =4th
x+16=5th

∴x+x-3+x+10+x-9+x+16=99
(combine) 4x+14=99
(-14) 5x=85
(÷5) x=17

∴thepartsare17,14,27,8,and33

9.Whattwonumbersarethosewhosesumis59,anddifference17?

Letx=thesmallernumber

∴x+17=greaternumber
∴x+x+17=59
2x=42
x=21=smallernumber

∴38=greaternumber

Hereyourtwodifferentpilesofxaredeterminedbytheirdifference.

10.Atacertainelection943menvoted(womencouldn'tvoteyetbackthen),andthe
candidatechosenhadamajorityof65.Howmanyvotedforeach?

Letx=loser'svotes

∴x+65=winner'svotes
∴x+x+65=943
2x=878
x=439

∴thenumbersofvotesare439,504
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11.AMercerhavingcut19yardsfromeachofthreeequalpiecesofsilk,and17from
anotherofthesamelength,foundthattheremnantstakentogetherwere142yards.
Whatwasthelengthofeachpiece?

Firstnotethatallfourpieceswereequal.

Letx=thelength

∴x-19=lengthofallthreeofthefirstremnants
∴x-17=lengthoflastpiece

∴3(x-19)+(x-17)=142=alltheremnants
3x-57+x-17=142
4x=216

∴x=54=originallengthofeachofthefourequalpieces

12.Bought12yardsofclothforL.10.14s.ForpartofitIgave19s.ayardandforthe
rest,17s.ayard.Howmanyyardsofeachwerebought?

L.10.14sinshillingsis10⋅20+14=214s.Alwaysdothistosimplifythings,avoiding
fractionsof,inthiscase,poundssterling.

Letx=numberat19s.ayard

∴12-x=numberat17s.
∴19x =priceoftheformer
∴17(12-x)=priceofthelatter

∴19x+204-17x=214
2x=10
x=5

∴5yardsat19sand12-5=7yardsat17s.
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13.AandBbegantotradewithstocks.InthefirstyearAtripledhisstock,andhad
L.27tospare;Bdoubledhisstock,andhadL.153tospare.Nowtheamountofboth
theirgainswasfivetimesthestockofeither.Whatwasthisstock?

Letx=thestock

Then3x+27=A'sstockafteroneyear
∴2x+27isgainabovehisoriginalx

and2x+153=B'sstockafteroneyear
∴x+153=B'sgain

∴5x=2x+27+x+153 [1]
2x=180
x=90

Notethat[1]saysfivetimesthestockofeither=A'sgain+B'sgain.
Everyalgebraicalstatementupuntilthestepsofcomputationmeansomething.

Also,youcouldcallthisabalanceformorsomeotherform.Butinthedoingofit,you
aresimplylookingforsomestufftosumupandsetequaltosomething.Andwhatthat
stuffiscannotbeseenuntilyoustartputtingthestatementstogetheraslittlebitsof
algebra.

14.ACountrymanhadtwoflocksofsheep,thesmallerconsistingentirelyofewes,
eachofwhichbroughthim2lambs.Oncountingthemhefoundthatthenumberof
lambswasequaltothedifferencebetweenthetwoflocks.Ifallhissheephadbeen
ewes,andbroughtforth3lambsapiece,hisstockwouldhavebeen432.Requiredthe
numberineachflock.

Letusnotethat,therealityofstock-breedingbeingwhatitis,thatifhisstockhadall
beenewes,therewouldhavebeennorams,andthereforenolambs.Butletus
proceed.

Letx=numberinlesserflock

∴numberoflambs=2x=differencebetweenflocks
∴3x=numberingreaterflock

∴4x+(3⋅4x)=432
16x=432
x=27

∴flockshave27and81sheep
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15.AGeneral,whosehorsewas1/3ofhisfoot,afteradefeatfound,thatbeforethe
battle1/12-120ofhisfootand1/12+120ofhishorsehaddeserted;1/4ofhis
wholearmywasingarrison;and3/8remained,therestbeingtakenprisonersorslain.
Now300+thenumberslain=1/2ofthefoothehadatfirst.Ofhowmanyofeachand
totalwashisarmy?

Letx=numberofhorse

∴3x=numberoffoot
∴4x=total
∴3x/2-300=numberslain

∴x/4-120+x/12+120+x+3x/2+3x/2-300=4x
Whatarethe5elementsoftheLHSofthatlastline?
3x+x+48x-3600=48x
4x=3600
x=900

∴900cavalry,2700infantryforatotalof3600men

16.TwopersonsAandBbothhavethesameannualincome.Alaysbyone-fifthofhis;
butbyBspendingL.80perannummorethanA,attheendof4yearsfindshimself
L.220indebt.Whatdideachreceiveandspendannually?

Let5x=theirannualincome
Why5x?

∴4x=A'sannualexpenditure
4x+80=B'sannualexpenditure

∴4x+80-5x=80-x=B'sannualdebt
∴320-4x=220
4x=100
x=25

∴theirannualincomeis125pounds
A'sannualexpenditureis100poundsandB'sis180pounds
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Redux

TheproblemssofarhavebeenBland's.Let'sgobacktosimplerproblemsusing
Pryde'sbookandworkourwaybackup.ThistimeIwillstatetheproblemandassign
thevariable.ThenIwillgiveafewhintsand,finally,theanswers.Yourtaskistouse
thedataandthehintstoconstructthelineorquadraticequationwhichproducesthe
givenanswer.Iwillgivefewerhintsaswegoalong.Theonlypointtoallthese
exercisesislearninghowtocreatearepresentationofthedatausingalineora
quadratic.Therestisarithmeticandyoucanalreadydothat.

17.AgentlemanbequeathedL.210totwoservants;toonehelefthalfasmuchasto
theother;whatdidheleavetoeach?

2x=whatthefirstreceivedandyoudon'tneedahint.

Answer:70,140

18.AprizeofL.864wasdividedbetweentwopersons,AandB,whosesharestherein
were5to7;whatwastheshareofeach?

5x=A'ssharewhichprettymuchtell'syouwhatB'sis.

Answer:A'sshareis360andB's504

19.AsumofmoneyistobesharedbetweenAandB,insuchamannerthatasoftenas
Agets10pounds,Bgets7;nowAreceivedL.30morethanB;findthesumshared,and
theshareofeach.

10x=A'sshareandsetthemequalhandlingthe30correctly.

Answer:A'ssharewas100,B's70.Total170.

20.AbankruptowedtwocreditorsL.560:thedifferenceofthedebtswastotheless
as4to5;whatarethedebts?

4x=thedifference
IfA>BandA-B=C,wehaveC:B::4:5

Answer:L.200andL.360
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21.Dividethenumber198intofivesuchparts,thatthefirstincreasedbyone,the
secondincreasedbytwo,thethirddiminishedbythree,thefourthmultipliedbyfour
andthefifthdividedbyfive,mayallbeequal.

Letxbethecommonelementinthefiveparts.Thenthefirstpartwillbex-1from

1st+1=2d+2
1st=2d+1
1st-1=2d

Figureoutwhythe2dpartisx-2andyoushouldbeabletojustreadofftheother
parts,andsumthemasequalto198.

Answer:23,22,27,6,120
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Balance

Thebalanceformcomesfromhavingtwoequallinesinthesamestateofaffairs.As
with∑x,youhavemorethanoneinstanceofthesameunknownsbutwiththeirdetails
correctlyappliedtheyareequaltoeachotherlikeweightsinabalance.Orthinkofit
ashavingabunchofx-pileswhichnaturallyfallintotwopilesinsteadofone.Then
yousetthemequaltoeachother.

22.ABooksellersold10booksatacertainprice;andafterwards15moreatthesame
rate.Nowatthelattertimehereceived35shillingsmorethanattheformer.What
didhereceiveforeachbook?

Letx=thepriceofabook

Then10x=thepriceofthefirstset
and15x=thepriceofthesecondset

Byhypothesis, 15x=10x+35
(-10x) 5x=35
(÷5) x=7

So7s.perbook.

23.Whatnumberisthat,thetrebleofwhichincreasedby12,shallasmuchexceed54
asthattrebleisbelow144?

Letx=thenumber

∴3x+12-54=144-3x
(algebrate) 6x=186
(÷6) x=31

Bythetimethesestatesofaffairsgetthiscomplicated,youneedadiagram.Andin
algebra,adiagramisanalgebraicstatement.Numbertrebledandincreasedby12is
(3x+12).Theexcessofanumbermover54is(m-54).Somisthetrebledthing∴
(3x+12-54)givesyouyourLHS.
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24.Twopersonsbegintoplaywithequalsumsofmoney;thefirstlost14shillings,
theotherwon24shillingsandthenthesecondhadtwiceasmanyshillingsasthefirst.
Whatsumhadeachatfirst?

Letx=thesum

Thenafterplayingtheyhadx-14andx+24
Whichgivesus x-14=x+24 for1stguy=2dguy

Wehavesetthingsuphere.Butit'snotreallyequal.
Because2dguyendedupwithtwicethetotalofthefirst

∴ 2(x-14)=x+24
(distribute) 2x-28=x+24
(algebrate) x=52

Makesureyouunderstandhow2dguy'shavingtwicethe1stguy'smoneycausedus
tomultiplythe1stguy'smoneybytwotogetequality.Itiseasytogetthatbackwards.

25.TwoRobbersafterplunderingahousefoundthattheyhad35guineasbetween
them;andthatifoneofthemhadhad4guineasmore,heshouldhavehadtwiceas
manyastheother.Howmanyhadeach?

Letxbethenumberonehad.

∴35-xisthenumbertheotherhad
∴35-x+4=2x
∴39=3x
∴13=x

∴Theyhad13and22guineasrespectively.

Youcouldn'tsolvethiswithoutplayingaroundwiththedataabit.Donottrytomodel
theworldinyourhead.Doitonpaper.Onceyouhavethe35-x,youcanusethe4.
Andonlythendoyouhavethe2xtobalanceitwith.

Mathematicsisthescienceofdiagrams.Andlittlealgebraicstatementsarethe
elementsofanalgebraicdiagram.Inasense,thisisallyouhavetoworkwith.And
onlyasthebitsappearonpapercanyouthinkabouttheirrelations.
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26.AFarmerhastwoflocksofsheep,eachcontainingthesamenumber.Fromoneof
thesehesells39andfromtheother93;andfindsjusttwiceasmanyremaininginone
asintheother.Howmanydideachflockoriginallycontain?

Letx=numberrequired

∴x-39andx-93arewhatremainandthelatterissmaller
∴x-39=2(x-93)
x-39=2x-186

x=147

∴Eachflockhad147sheep.

27.AfterAhadlost10guineastoB,hewantedonly8guineasinordertohaveas
muchmoneyasB;andtogethertheyhad60guineas.Whatmoneyhadeachatfirst?

Letx=A'soriginalsum

∴60-x=B'soriginalsum

ThenafterplayingAhasx-10andBhas70-x

∴x-10+8=70-x
2x=72
x=36

∴Theyhad36and24guineastobeginwith.8

28.TwoworkmenAandBwereemployedtogetherfor50days,at5s.perdayeach.A
spent6d.adaylessthanBdid,andattheendofthe50dayshefoundhehadsaved
twiceasmuchasB,andtheexpenseoftwodaysover.Whatdideachspendperday?

Letx=whatAspentperdayinpence(5s.=12d.)

∴60d.(12d./s.⋅5)=whatAsavedperday
∴54-x=whatBsavedperday

∴3000-50x=5400-100x+2x Whatdoeseachterminthislinemean?
48x=2400
x=50

∴Aspent50d./dayandBspent56d./day
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29.AandBbegantotradewithequalsumsofmoney.InthefirstyearAgained40
poundsandBlost40;butinthesecondAlost⅓ofwhathethenhad,andBgaineda
sumlessby40poundsthantwicethesumAhadlost;whenitappearedBhadtwiceas
muchmoneyasA.Whatmoneydideachbeginwith?

Letx=thebeginningequalsum

∴x+40=A'ssumafter1styear
x-40=B'ssumafter1styear
2/3⋅(x+40)=A'stotalafter2dyear
(x-40)+2/3⋅(x+40)-40=B's2dyeartotal

∴2⋅(2/3⋅(x+40))=(x-40)+2/3⋅(x+40)-40 Whatdothetermsheremean?
2/3(x+40)=x-80

2x+80=3x-240
320=x

∴Bothbeganwith320pounds.

30.AandBbeingatplayseverallycutpacksofcardssoastotakeoffmorethanthey
left.NowithappenedthatAcutofftwiceasmanyasBleft,andbcutoffseventimes
asmanyasAleft.Howwerethecardscutbyeach?

Let2x=numberAcut

Then52-2x=numberAleft
∴x=numberBleft
∴52-x=numberBcutoff

∴52-x=7(52-2x)
52-x=364-14x
13x=312
x=24

∴Acut48andBcut28

Thesimplestvalueinthisproblemisx.Above,thiswastakenaswhatBleft.ButA
couldtakexleaving52-x.ThenBmusttake7(52-x)andthen

x=2(52-(7(52-x)))

andthatwillworkoutasx=48forAandthenB=7(52-48)=28.

Hereistheimportantthing:Everythingyouwritedownmustmeansomethingwith
respecttothestateofaffairsyouarerepresenting.Youmustbeabletosayeach
algebraicstatementinwordsrelatingtotheproblembeingmodeled.
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31.Whatnumberisthatwhoseone-thirdpartexceedsitsone-fourthpartby16?

Wewilllaterhaveaformoffractionxwherewewoulduse¼and⅓inthisproblem.
Butwecanuseleastcommonmultiplesforthesamething:lcm(3,4)=12

Let12x=thenumber

∴4x-3x=16
x=16

∴Thenumberis12⋅16=192.

UsingLCMinsteadoffractionssimplifiesthearithmetic,ifnothingelse.

32.Apersonboughttwocasksofbeer,oneofwhichheldexactlythreetimesasmuch
astheother.Fromeachofthesehedrew4gallons,andthenfoundtherewerefour
timesasmanygallonsinthelargerasinthesmaller.Howmanygallonsweretherein
eachatfirst?

Letthecaskscontainxand3xgallons

∴4(x-4)=3x-4
x=12

∴Casksheld36and12gallons.

33.AsumofmoneywasdividedbetweenAandB,sothattheshareofAwastothe
shareofBas5to3andA'sshareexceeded5/9ofthewholeby50pounds.Whatwas
theshareofeachperson?

Thisisanexampleofdatawhichhasaratio(5:3or5/3)butdoesnotreallyfitthe
ratioformofsolution.

Let5x=A'sshare

∴3x=B'sshare
∴8x=wholesum

∴5x=5/9⋅8x+50
45x=40x+450
x=90

∴Shareswere540and270.

Notethatyouneededthe3xtogetthetotalof8xbutdidnotneed3xintheequation.
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34.Beingsenttomarkettobuyacertainamountofmeat,IfoundthatifIboughtbeef,
whichwas4d.apound,IshouldlayoutallthemoneyIwasentrustedwith;butifI
boughtmuttonwhichwasthreepencehalfpennyapound,Ishouldhave2s.left.How
muchmeatwassentfor?

We'regoingtouse2xforthenumberofpounds.Trytofigureoutwhybeforeyougo
on.

Let2x=numberofpounds

∴8x=priceof2xpoundsofbeef
7x=priceof2xpoundsofmutton

∴8x=7x+24where24d.=2s.
x=24

∴48lbs.ofmeatsentfor

Ifyoudoublethemuttonpriceof3½d.youget7.Sodoublethebeefto8.Sodouble
thexto2x.AndBob'syouruncle.Justrememberyouaresolvingfor2xintheend,
notforx.

Youcouldalsosetthisupas4x=7/2⋅x+24.Hiswayclearsthefractionsbeforeyou
start.Thiswayyou'dhavetoclearthemonpaper.Butthiswaymightbesimpler.

35.AFishwascaught,whosetailweighed9lbs.;hisheadweighedasmuchashistail
andhalfhisbody;andhisbodyweighedasmuchashisheadandtail.Whatdidthe
fishweigh?

Let2x=numberoflbs.thebodyweighed

∴9+x=weightoftail

∴tail+head=9+9+x=2x=body
∴x=18

∴9(tail)+27(head)+36(body)=72lbs.

Here,2xwaschosenbecausethedatasaid"andhalfhisbody."Itisasimplewayto
dumpfractions.
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36.Somepersonsagreedtogivesixpenceeachtoawatermanforcarryingthemfrom
LondontoGravesend;butwiththiscondition,thatforeveryotherpersontakeninby
theway,threepenceshouldbeabatedfromtheirjointfare.Nowthewatermantook
inthreemorethanafourthpartofthenumberofthefirstpassengers,in
considerationofwhichhetookofthembutfivepenceeach.Howmanypersonswere
thereatfirst?

Let4x=numberofpassengersatfirst Why4x?

∴x+3moretakenin
∴3x+9=sumdeductedfromjointfare

∴24x-(3x+9)=20x
x=9

∴36originalpassengers

Canyousaywhatthe24xandthe20xmean?

37.Inamixtureofwineandcyder,halfofthewholeplus25gallonswaswine,and
onethirdofthewholeminus5gallonswascyder.Howmanygallonswerethereof
each?

YouwantthewholetobeLCMfrom½and⅓.

Let6x=numberofgallonsinall

∴3x+25=gallonsofwine
2x-5=gallonsofcyder

∴6x=3x+25+2x-5
x=20

∴85gallonsofwineand35ofcyder
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38.AandBengagedintrade,AwithL.240andBwithL.96.AlosttwiceasmuchasB;
anduponsettlingtheiraccountsitappearedthatAhadthreestimesasmuch
remainingasB.Howmuchdideachlose?

Letx=B'sloss

∴96-x=whatBstillhas
∴2x=A'sloss
∴240-2x=whatAstillhas

∴240-2x=3(96-x)
x=48

∴AlostL.96andBlostL.48

39.AGeneralhavinglostabattlefoundthathehadonlyhalfhisarmyplus3600men
left,fitforaction;one-eighthofhismenplus600werewounded,andtherestorone-
fifthofthearmy,eitherslain,takenprisoners,ormissing.Ofhowmanymendidhis
armyconsist?

Letx=totalofarmy

∴x/2+3600=fitforservice
x/8+600=wounded

x/5=remainder

∴x=x/2+3600+x/8+600+x/5
3x/8-x/5=4200
15x-8x=7x=168000

∴x=24000
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40.A,B,andCenterintopartnership;ApaidinasmuchasBplusone-thirdofC;B
paidinasmuchasCandone-thirdofA;andCpaidinL.10andone-thirdofA.What
dideachmancontributetothestock?

Let3x=A'scontribution

∴10+x=C'scontribution
10+2x=B'scontribution

∴3x=10+2x+(10+x)/3=B+⅓C
2x/3=10+10/3
2x=40
x=20

∴A,B,Ccontributed60,50,and30pounds

41.Fromeachof16coinsanartistfiledtheworthofhalfacrown,andthenoffered
theminpaymentfortheiroriginalvalue:butbeingdetected,thepieceswerefoundto
bereallyworthnomorethan8guineas.Whatwastheiroriginalvalue?

1guinea=21s.
halfacrown=30d.=5sixpences

Calculatevalueinsixpences.

Letx=numberof6d.eachcoinwasworth

∴x-5=numberof6d.eachworthafterfiling

∴16(x-5)=16⋅21=416
16x=416

x=26sixpenceeachor13s.
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42.AGentlemangaveincharityL.46;apartthereofinequalportionsto5poormen,
andtherestinequalportionsto7poorwomen.Nowamanandawomanhad
betweenthemL.8.Whatwasgiventothemenandwhattothewomen?

Let5x=poundsmenreceived

∴46-5x=poundswomenreceived
x=oneman'smoney

8-x=onewoman'smoney

∴56-7x=46-5x WhatdoestheLHSmean?
2x=10
x=5

∴menreceived25poundsandwomen21pounds

Youcouldalsosetthisupas

1/5⋅x+1/7(46-x)=8

anditwouldgiveyouthetotalformenforx.Oryoucoulddo

46-5x=7(8-x)

whichIwillletyouinterpretforyourself.

43.ALandlordlethisfarmforL.10ayearinmoneyandcorn-rent.Whencornsoldat
10s.abushel,hereceived10s.anacrefromhisland;butwhenitsoldfor13s.6d.a
bushel,hereceived13s.anacre.Ofhowmanybushelsdidthecorn-rentconsist?

Letx=numberofbushels

firstcase:
∴10x+200=annualincomeinshillings(10pounds=200s.)
∴x+20=numberofacres

secondcase:
13.5x+200or27/2⋅x+200thendivideby13andrationalize
(27x+400)/26=numberofacres

∴(27x+400)/26=x+20
27x+400=26x+520

∴x=120=numberofacres
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44.Whenthepriceofabushelofbarleywantedbut3d.tobetothepriceofabushel
ofoatsas8to5,ninebushelsofoatswerereceivedasanequivalentforfourbushels
ofbarleyand7s.6d.inmoney.Whatwasthepriceofabushelofeach?

Workfromtheratiotoassignthevariable.Moveeverythingtopence.

5x=priceofbushelofoats

∴8x-3=pricebushelofbarley

∴45x=32x-12+90
13x=78
x=6

∴pricesare30d.foroatsand45d.forbarley

Youcouldalsogethepriceofbarleythisway:

x=barleyprice
x+3:4/9⋅x+10::8:5
∴5(x+3)=8(4/9⋅x+10)andalgebrate.

Youwillseemoreproportionslikethislater.

45.AGentlemanhadsomeofhishorsesatgrassat3s.aweek,andtherestatlivery
stablesat10s.aweek.Thehorsesinthestablescosthimtwiceasmuchaweekasthe
horsesatgrass.Buthefindsthatifhehadsent3horsestograssoutofthestables,the
expenseofthestableswouldhavebeenonly6s.aweekmorethanthegrass.How
manyhorseshadhe?

Letx=horsesatgrass

∴3x=weeklyexpensegrass
6x=weeklyexpensestables
∴6x/10=numberhorsesinstable
6x-30=expenseofstablesafter3horsessenttograss
3x+9=expensesofgrassfortheswitchedhorses

∴6x-30=3x+9+6=3x+15
3x=45
x=15

∴15horsesatgrassand9instables
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46.ASilversmithreceivedinpaymentforacertainweightofwroughtplate,theprice
ofwhichwasL.10,thesameweightofunwroughtplateandL.3.15sbesides.At
anothertimeheexchanged12oz.ofwroughtplateofthesameworkmanshipasbefore
for8oz.ofunwrought(forwhichheallowedthethesamepriceasbefore),andL.2.16s.
inmoney.Whatwasthepriceofwroughtplateperounce,andtheweightofthefirst
sold?

Letx=numberofounces

∴200/x=priceofwroughtoz.
125/x=priceofunwroughtoz.

∴2400/x=1000/x+56
1400/x=56
25/x=1

∴x=25=ouncesandthepricewas8s.perounce

47.InchangingabillofL.85intoguineas(1g.=21s.)andshillings(thenumberof
shillingsbeing¼ numberofguineas)onexaminationtheyallprovedadulterated
belowthestandardvalue,totheamountinthewholeofL.8.5s.Tomakeupthe
deficiency,ninemoresuchguineaswerepaid;andfoursuchshillingsandthreegood
onesreturned.Requiredthenumberandvalueoftheguineasandshillingspaidat
first.

Giveitatryandwhenyourbrainhurtscomeseeonewaytodoit.

L.85=85s.⋅20=numbers.+4⋅21⋅numbers.=85⋅number

∴20=numberofshillings
80=numberofguineas

Makesureyouunderstandeverythingsofar.
Letx=valueadulteratedguineas

∴(1700-165)=1535=80x+20⋅valueofadulteratedshilling

∴valueadulteratedshilling=(1535-80x)/20=(307-16x)/4

∴165=9x-3-307+16x=25x-310
25x=475
x=19

∴badguineaworth19s.∴badshilling=(307-16⋅19)/4=3/4=9d.
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Youwillgainmoregoodnessthanyouwouldexpectbyworkingwiththatlast
problemuntilyouunderstandthemeaningofeveryline.

48.Thecrewofashipconsistedofhercomplementofsailorsandanumberof
soldiers.Nowtherewere22seamentoevery3gunsand10over.Also,thewhole
numberofhandswas5timesthenumberofsoldiersandgunstogether.Butafteran
engagement,inwhichtheslainwereone-fourthofthesurvivors,therewanted5,tobe
13mentoevery2guns.Requiredthenumberofguns,soldiers,andsailors.

Let3x=numberofguns

∴22x+10=numberofsailors
Becausesailors+soldiers=5⋅soldiers+15x
∴soldiers=¼(22x+10-15x)=(7x+10)/4
∴allmen=(7x+10)/4+22x+10=(95x+50)/4
∴survivors=4/3((95x+50)/4)=19x+10
∴3x/2(13-5)=19x+10

∴x=30
∴guns=3x=90
seamen=30⋅22+10=670
soldiers=(7⋅30+10)/4=55

Itisinsanewhatonecandowiththesekindsofproblemsifyoubecomegoodatit.
ThisnextoneisthekindthatwouldappearintheCambridgeTriposwhichyouwould
takeafterstudyingmaths.Seewhatyoucando.
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49.Waterflowsuniformlyintoacistern,capableofcontaining720gallons,througha
pipe;andatthesametimeisdischargedbyapump,workedbythreemen,whotake
fourstrokesinaminute;butthisnotbeingsufficient,thecisternbecomesfullin6
hours;theythereforenowputinanotherpump,ofsuchpowerthatthequantity
dischargedatonestrokebythispumpistothequantitydischargedatonestrokeby
theformer::2:3;butbeingobligedtodetachoneoftheirnumbertoworkthepump,
theformergroupmakesonly10strokesin3minutes,andthelatter5strokesin2
minutes;bywhichmeansthecisternisemptiedin12hours.Howmuchwaterwas
dischargedbyeachpumpatonestroke?andhowmuchflowedinthroughthepipein
oneminute?

Let3x=numberofgallonsdischargedby1stpumpatonestroke

∴2x=numberdischargedby2dpump
12x=quantitydischargedby1stinoneminutewith3men
∴6⋅60⋅12x=quantitydischargedin6hours
∴6⋅60⋅12x+720=720(6x+1)=quantityintroducedbypipeinthattime

Addadditionalpump:
10x=discharge1stpumpinoneminute
5x=discharge2dpumpinoneminute
∴15x⋅12⋅60=entiredischargein12hours

∴15x⋅720=720⋅2(6x+1)+720
15x=12x+3
3x=3
x=1

∴1stdischarged3gallons,2ddischarged2gallonsatonestroke
Waterintroducedbypipeinoneminute=(720⋅(6x+1))/(6⋅60)=2⋅7=14gallons

Redux

50.Inamixtureofwineandbrandy,halfofthewholeplus15gallonswaswineand
one-thirdofthewholeminus3gallonswasbrandy;howmanygallonswerethereof
each.

Let6x=thewholeamountwhichgivesyouintegercoefficientsforthehalfandthird.

Answer:51gallonsofwineand21gallonsofbrandy.
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51.Fromeachof16equalcoinsanartistfiledtheworthofhalf-a-crown(30d.),and
thenofferedtheminpaymentfortheiroriginalvalue;butbeingdetected,thepieces
werefoundtobereallyworthnomorethan12guineasinall;whatwastheiroriginal
value?(1guinea=21s.)

Letx=numberofsixpenceseachwasoriginallyworth.

Answer:x=18s.3d.

52.AhasL.600,andBL.460;ifAincreaseshiscapitalbyL.4permonth,andBbyL.1
permonth,inhowmanymonthswillAbetwiceasrichasB?

Letx=themonthsneededandcalculateA'sandB'sincreasesfromthat.

Answer:x=160months

53.Abesiegedgarrisonhadsuchaquantityofbreadaswould,ifdistributedtoeach
manat10ouncesaday,last6weeks;buthavinglost1200meninasally,thegovernor
wasenabledtoincreasetheallowanceto12ouncesadayfor8weeks;requiredthe
originalnumberofmeninthegarrison.

Letx=theoriginalnumberofmen
Then7days×6weeks×10xouncesistheamountofbread

Answer:3200men.
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n=x+n-x

Rememberwhenwebought12yardsofsilk,someat19s.andtherestat17s.,we
boughtxat19s.andtheresthadtobe12-x.Foreverynumbern,n=x+n-x,which
isveryusefulwhenweneedtoknowwhatxis.Anditgivesusaplacetostart.

54.Dividethenumber197intotwosuchpartsthat4timesthegreatermayexceed5
timesthelesserby50.

Letx=thelesser

∴197-x=thegreater

∴4(197-x)=5x+50
788-4x=5x+50

738=9x
82=x=lesser

∴115=thegreater

Nowtrythesameproblembymaking197-xthelesserandxthegreater.Isn'tthat
weird?Conceptually,itisabitweird.Butwhenyouthinkaboutit,whatdetermines
thingsaretherelations:thefourtimes,thefivetimes,theexcess.Theactualvalues
mustobeytherelationsnomatterhowyousetitup--ifyousetitupcorrectly.

55.Dividethenumber68intotwosuchparts,thethedifferencebetweenthegreater
and84mayequalthreetimesthedifferencebetweenthelessand40.

Letx=theless

∴68-x=thegreater

∴84-(68-x)=3(40-x)
16+x=120-3x

4x=104
x=26

∴thegreater=42
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56.Amanatapartybettedthreeshillingstotwouponeverydeal.After20deals,he
won5s.Howmanydealsdidhewin?

Letx=numberofdealswon

∴20-x=numberofdealslost

Nowheisbetting3s.to2s.Soifheloses,heloses3s.
∴hewins2xandloses3(20-x)
∴2x-3(20-x)=5=the5s.hewon

5x=65
x=13

∴Hewon13deals.

57.AGentlemanemployedtwolabourersatdifferenttimes,onefor3s.andtheother
for5s.aday.Nowthenumberofdaysaddedtogetherwas40andtheyeachreceived
thesamesum.Howmanydayswaseachemployed?

Letx=numberofdays2demployed

∴40-x=numberofdays1stemployed

∴5x=3(40-x)
x=15

∴1stemployed25daysand2demployed15days

58.AFieldofwheatandoatswhichcontained20acreswasputouttoalabourerto
reapforsixguineas,thewheatat7shillingsanacre,andtheoatsat5shillings.Now
thelabourerfallingill,reapedonlythewheat.Howmuchmoneyoughthetoreceive
accordingtothebargain?Aguineais21s.

Letx=acresofwheat

∴20-x=acresofoats
∴7x=priceofreapingwheatinshillings
∴5(20-x)=priceofreapingoats

∴7x+100-5x=6⋅21=126
2x=26
x=13

∴7⋅13s.=91s.=L.4.11s.ishispay
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59.Itisrequiredtodividethenumber91intotwosuchpartsthatthegreater,divided
bythedifference,thequotientmaybe7.

Letx=greater

∴91-x=lesser

∴x/(2x-91)=7
x=14x-637

13x=637
x=49

∴Thepartsare49and42

60.If10applescostapenny,and25pearscosttwo-pence,andIbuy100applesand
pearsfornine-pencehalf-penny,howmanyofeachshallIhave?

Letx=numberofapples

∴100-x=numberofpears

∴x/10+(100-x)/25=9.5 Whatdoesthislinemean?
25x+20(100-x)=2375
25x-20x+2000=2375

5x=375
x=75

∴75applesand25pears

61.Apersonhastwosortsofwine,oneworth20d.aquart,andtheother12d;from
bothofwhichhewouldmixaquarttobeworth14d.Howmuchofeachmusthetake?

Letx=amountof20d.

Letthewholequart=1
∴1-x=amountof12d.
20x=valueofthefirst

12-12x=valueofthesecond

∴20x+12-12x=14
8x=2
x=1/4

∴Hemustuse1/4qt.of30d.and3/4qt.ofthe12d.
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Redux

62.Bought24yardsofclothforL.21.8s.ForpartofitIpaid19s.ayardand17s.a
yardfortherest;howmanyyardsofeachwerebought.

Letx=yardsat19s.

Changethemoneytoshillings.Thatwillequalthesumoftheyardstimestheircost.

Answer:10yardsat19s.and14at17s.

63.Dividethenumber197intotwosuchparts,thatfourtimesthegreatermay
exceedfivetimesthelessby50.

Rememberthatxcanbethegreaterorthelesser.

IfAexceedsBbyC,howdoyousetupanequalitywithAononesideandBonthe
other?Usetinynumberstofindout.

Answer:115,82

64.Dividethenumber68intotwopartssothat84diminishedbythegreatermaybe
equaltothreetimes40diminishedbythelesser.

Letx=thelesssothatyoucanwrite3(40-x)whichissimplerthan3(40-(68-x))

Answer:26,42
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FractionX

Whenthevaluesarefractionalandtheydon'tlendthemselvestousingLCM,itis
easiertojustgowiththefractionsandputupwiththeextraarithmetic.Thisreally
isn'titsownformofsolution.Hereweareonlylookingatdifferentwaystohandle
fractions.

65.Uponmeasuringthecornproducedbyafieldof48quarters;itappearedthatit
yieldedonlyone-thirdpartmorethanwassown.Howmuchwasthat?

Let4/3x=whatwasproduced.
Thiscomesfrom3/3beingallofwhatwassownandyougotone-thirdmore.

∴48=4/3⋅x Thislineisactuallytheanswerinthiscase.Youcouldstophere.
36=x

∴Thequantitysownwas48quarters(whateverthoseare…)

Youcouldalsodothisas3x=quarterssownthen3x+x=48thenx=12and3x=36.

66.Afarmersold96loadsofhaytotwopersons.Tothefirstone-halfandtothe
secondone-fourthofwhathisstackcontained.Howmanyloadsdidthatstackcontain?

Let4x=thenumberofloads Why4x?

∴2x=what1stbought
∴x=what2dbought
∴2x+x=3x=96

x=32

∴Stackcontained4⋅32=128loads

Thiscouldalsobesolvedas3/4⋅x=96.

67.AGentlemanbequeathedL.210totwoservants;toonehelefthalfasmuchasto
theother.Whatdidheleavetoeach?

Let3/2⋅x=thewholeandhalfshares

∴3/2⋅x=210
∴x=140andtheotherservantgot70

Orlet2x=thegreaterandx=thelesser
∴3x=210∴x=70andthegreaterwas140
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68.AGentlemangaveto3persons98pounds.Thesecondreceivedfive-eighthsthe
sumofthefirstandthethirdone-fifthofthesecond.Whatdideachreceive?

Let8x=amountoffirstperson

∴5x=amountofsecondperson
∴x=amountofthirdperson

∴(8x+5x+x)=14x=98
x=7

∴Amountsare56,35,and7pounds.

Youcouldalsosetthisupasx+5/8⋅x+1/5⋅5/8⋅x=98

69.AandBbegantopaytheirdebts.A'smoneywasatfirsttwo-thirdsofB's;but
afterAhadpaidonepoundlessthantwo-thirdsofhismoneyandBonepoundmore
than7/8ofhis,itwasfoundthatBhadonlyhalfasmuchasAhadleft.Whatsumhad
eachatfirst?

FromA:B:2/3:1::2:3 solet2xand3xbeA'sandB'sstartingsums

Afterpayment:
2x/3+1=A'sremainingtotal
3x/8-1=B'sremainingtotal

∴2x/2+1=3x/4-2
8x+12=9x-24

x=36

∴Ahad72poundsandBhad108

70.Itisrequiredtodividethenumber36intothreesuchparts,thatone-halfofthe
first,one-thirdofthesecond,andone-fourthofthethirdmaybeequaltoeachother.

Let2x=thefirstpart

∴x=⅓2dpart∴3x=2dpart
x=¼3dpart∴4x=3dpart

∴2x+3x+4x=9x=36
x=4

∴Partsare8,12,16
[cont'dnextpage]
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Andthatmethodisokayifthingsstaysimple.
Anothermoregeneralwayisthis:

Threeparts:a,b,c:a/2=b/3=c/4anda+b+c=36
Nowweseteverythingintermsofa

∴b=3⋅(a/2)=3/2⋅aandc=4⋅(a/2)=2a
Nowletx=a

x+3/2x+2x=36
2x+3x+4x=72

9x=72
∴x=a=8b=3/2⋅8=12c=2⋅8=16
Nexttime,savethex=aandjustsolvefora.

71.Dividethenumber116intofoursuchparts,thatifthefirstbeincreasedby5,the
seconddiminishedbyfour,thethirdmultipliedbythree,andthefourthdividedby4
theresultineachcaseshallbethesame.We'lldothisthesametwowaysasthelast.

Letx=thethird
∴3x=halfthefourth
6x=thefourth

3x+4=thesecond
3x-5=thefirst

∴3x-5+3x+4+x+6x=116
13x=117
x=9

∴partsare22,31,9,54

OR

a+b+c+d=116
a+5=b-4=3c=d/2
Putallintermsofa:

b=a+9c=(a+5)/3d=2a+10
∴a+a+9+(a+5)/3+2a+10=116

Solveforaandyouget22andtherestfollows.
Formethissecondwayismorestraightforwardandthefirsttakestoomuchthought.
Butyourmileagemayvary.
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72.Apoormanwithawifeandsevenchildren,foundduringascarcitythathecould
onlyearnsufficienttoprocure¼ofawhiteloafofbreadperdayforeachofhisfamily,
himselfincluded.Hethereforeappliedtotheparishofficersforassistance,bywhom
beingallowedadailysum=½hisearnings,andmixedbreadbeingmadebyorderof
Parliament,whichwascheaperthanwhiteinproportionof4to5,hewasnow
enabledtoprocure⅓ ofamixedloafperdayforeachofthefamily(himselfstill
included)andhad1s.7½d.over.Requiredthesumallowedhimbytheparish.

Letx=priceofwhiteloafinpence

∴9x/4=whatheearned
9x/8=whatparishallowedhim
4x/5=priceofmixedloaf

∴12x/5+39/2=9x/4+9x/8=27x/8
96x+780=135x

39x=780
x=20

∴Heearned45d.andhad22½d.fromtheparish.

Redux

73.Whatnumberisthatwhosethirdpartexceedsitsfourthpartby16?

Let12x=thenumbersoithasintegercoefficientsforitsthirdandfourthparts.

Answer:192

74.Asumofmoneywasdividedbetweentwopersons,AandB:A'sshareexceeded
5/9ofthewholebyL.50andA'ssharewastoB'sas5to3;whatwastheshareofeach?

Let5x=A'sshare.YouknowwhatB'sis.Use5/9oftheirtotaltogetx.

Answer:A'sandB'sshareswere450and270pounds.
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Ratios

Whenwerepresenttwonumbers,a,b,asa:bweareusingEuclid'sratios.Andwhen
wehavea:b::c:d,Euclidissaying"aistobascistod".Nowhisratiosandproportions
(thatlastthing)arenotstrictlyfractions,asyouwillsee.Butfractionsusingnumbers
fallunderallofthelawsofratioandproportion.Sowecantreata:b::c:dasifitmeant
a/b=c/dandwewon'tgowrong.

Moderneducationtendstoignoreratioandproportion.ItcompletelyignoresEuclid.
Allthisignoranceisstupid.Ratioandproportionarepowerfultools.Setthemupas
fractionsasyouworkthroughtheproblemssoyoucanseewhatisgoingonfromstep
tostep.Moreaboutthisaswegoalong.

75.AprizeofL.2329wasdividedbetweentwopersonsAandB,whosesharestherein
wereinproportionof5to12.Whatwastheshareofeach?

HereDr.Blandmeans"inratioof5to12".

Let17x=alltheparts(5+12)

∴17x=2329
x=137

∴Agot5⋅137=685andBgot12⋅137=1644

Sowhereistheratioorproportioninallthis?
Youcanworkoutforyourselfthatifa:b::c:dthenbc=ad.
SointhisproblemwehaveA:B::5:12andatotalof2329.

∴12A=5B∴B=12/5⋅A
∴A+B=5/5⋅A+12/5⋅A=17/5⋅A=2329
∴SoAgot685andyoucanfigureouthowtocalculateforB.

Onthetop,wejustcalculatedthingsbytheratio.Below,wetreateditasaproportion.
Someproblemscomeintheformofaproportionandthesimplerwayisn'tavailable.
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76.AsumofmoneyistobesharedbetweentwopersonsAandB,sothatasoftenasA
receives9pounds,Btakes4.NowithappensthatAreceives15poundsmorethanB.
Whataretheirrespectiveshares?

Letx=B'sshare,thesimplestdatahere.

Youcansolvethisbythinkingintermsofaproportion:

9:4::x+15:x
∴9x=4x+60
5x=60
x=12isB'sshare

∴27isA'sshare.

Oryoucouldlet9x=A'sshareand4x=B'sshare

∴9x=4x+15or5x=15orx=3

Agets9x=27andBgets4x=12

77.Whattwonumbersareas2to3;toeachofwhichif4beadded,thesumswillbe
as5to7?

Letthenumbersbe2xand3x

∴2x+4:3x+4::5:7

a:b::c:d⇒ad=bc

∴14x+28=15x+20
x=8

∴Numbersare16and24.
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78.AjointstockoftwopartnerswhoseparticularsharesdifferedbyL.40wastothe
shareofthelesseras14to5.Requiredtheshares.

Let14x=jointstock

∴5x=lesser
9x=greater

∴9x=5x+40
4x=40
x=10

∴sharesare90and50pounds

Or2x-40:x-40::14:5

Heretotal=x+x-40=2x-40
So10x-200=14x-560

∴x=90=A'sshareand90-40=50=B'sshare

Thefirstmethodusestheratiodirectlyinthevariablecoefficients.
ThesecondusesitinaproportionwiththetotalandB'sshare.

79.ABankruptowedtotwoCreditors140pounds;thedifferenceofthedebtswasto
thegreateras4to9.Whatwerethedebts?

Let4x=thedifference

∴9x=greater
∴5x=thelesser

∴(9x+5x)=14x=140
x=10

∴debtswere90and50pounds

OrwecandoA+B=140andA:B::x:140-x

∴A-B=2x-140
∴A-B:A::4:9
∴2x-40:x::4:9

Usea:b::c:d⇒ad=bcandalgebrate.
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80.AandBmadeajointstockofL.833,which,afterasuccessfulspeculation,
producedacleargainofL.153.OfthisBhadL.45morethanA.Whatdideachperson
contributetothestock?

Injointstock,eachreceivesaproportionofthegainequaltotheproportionheorshe
putsin.

Letx=B'sinvestment

∴833:x::153:9/49⋅xwhere153/833=9/49
∴9/49⋅x-45=A'sgain

∴18x/49-45=153
18x/49=198

x=(49⋅198)/18=49⋅11=539

∴BinvestedL.539andAL.294

Ifyoutryad=bchereyouget9/49⋅833x=153xor153x=153xwhichisnohelp.

Youneed,geometricallyspeaking,the-45togiveyoualinewithAthatsumswithB's
linethroughtheorigintoequalthegivengain.Thenyouhavesomethingtosolve.

81.Soldapoundoftobaccofor19s.,partatoneshillingapoundandtherestat15d.
Nowthefirstparttothelatter::3/4:2/3.Howmuchwassoldofeach?

Wecanfirstworkwiththeratio3/4:2/3::9:8from3/4=2/3.

∴9x=lbs.oftheformer

∴8x=lbs.ofthelatter
9x=numbershillingsthefirstsoldfor

∴8x⋅5/4=numbershillingsthelattersoldfor(from15d.=12d+3d=5/4s.)

∴10x+9x+19x=19
x=1

∴9lbsat1s.and8lbs.at15d.
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82.Supposethatforevery10sheepafarmerkept,heshouldploughanacreofland,
andbeallowedoneacreofpastureforevery4sheep.Howmanysheepmaythat
personkeepwhofarms700acres?

Letx=numberofsheep

Nowthenumberofacresploughedpersheepisx/10andthepasturex/4
(from10:x::1:ploughedand4:x::1:pasture)

∴x/10+x/4=700
2x+5x=700⋅20

x=20⋅100=2000sheep

Thisisanexampleofhowratiocanbeusedtoestablishvaluesinyourmodel.

83.Apersonwasaskedthehourandansweredthatitwasbetweenfiveandsix;and
thehour-andminute-handsweretogether.Whatwasthetime?

Letx=timepast5

Minutehandgoes12timesforeveryhours1time
∴12:1::5+x:xwhere5+xisfiveo'clockplusxminutes

Nowifyoureallyknewproportions,youwouldknowthatthisproportionequals
11:1::5:x.Butyouwillhavetotakethelongwayaroundwithad=bc.

∴12x=5+x
11x=5
x=5/11ofanhour

∴Timeis5o'clockand27.27minutes.

Forthestalwart-hearted,youcouldalsouse

12:1::x:x-5/12

andalloftheseareproportionsareminutes:hours::minutes:hours
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84.Dividethenumber49intotwopartssuchthatthegreaterincreasedby6maybe
tothelesserdiminishedby11as9to2.

Letx=greaterpart

∴49-x=lesserpart

∴x+6:38-x::9:2 Whatisthe38-x?

Usethenumbersfrom9:2tofigureoutwhatisgoingonhere.
Thisisthepowerofproportions.

∴x+6:44::9:11
x+6:4::9:1

∴x+6=36
x=30

∴Partsare30and19.

Again,inordertomakesenseofproportions,laythemoutaspairsofequalfractions.
Thenfigureoutwhatwasdonetoeachside. Proportionsasa/b=c/dare
homogeneousexpressions.Sowhateveryoudowithoneside,youcandowiththe
other.Forinstanceifa:b::c:dthena+b:b::c+d:dor(a+b)/b=(c+d)/d.
Likewiseyoucanmultiplyordividenumeratorordenominatorbyconstants.Just
lookatthemandlearn.

85.A,B,andCmakeajointstock;AputsinL.60lessthanBandL.68morethanCand
thesumofthesharesofAandBistothesumofthesharesofBandCas5to4.What
dideachputin?

Letx=A'sshare

∴x+60=B'sshare
x-68=C'sshare

∴2x+60:2x-8::5:4 Whatdoesthislinemean?
x+30:x-4::5:4
34:x-4::1:4

∴136=x-4
x=140

∴A,B,Cputin140,200and72poundsrespectively.
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86.Itisrequiredtodividethenumber34intotwosuchparts,thatthedifference
betweenthegreaterand18shallbetothedifferencebetween18andthelesseras2:3.

Letx=greater

∴34-x=lesser

x-18:x-16::2:3 (figureoutthex-16)
x-18:2::2:1 (3-2=1issymmetricallywherethe1sttwocomesfrom)

∴x-18=4
x=22

∴Partsare22and12.

87.ABooksellersellstwobooks,onecontaining100sheetsfor10s.,theother
containing50sheetsfor6s.,eachbeingboundatthesameprice.Whatwasthatprice?

Letx=price

∴10-x:6-x::100:50(byextension)::2:1
∴4:6-x::1:1
∴4=6-x

x=2=priceofbindinginshillings

Wecanalwaysextendaproportion.Seeingthe100:50,wereduceitto2:1,anduse
the2:1fromthere.

88.Amanwishedtoencloseapieceofgroundwithpalisadoes,andfoundthatifhe
setthemafootasunder,heshouldhavetoofewby150;butifhesetthemayard
asunder,heshouldhavetoomanyby70.Howmanypalisadoeshadhe?

Letx=numberofpalisadoes

∴x-70::x+150::1:3wherethelasttwoareperyard
x-70:220::1:2
x-70:110::1:1
∴x-70=110

∴x=180=numberofpalisadoes.

CanyoutellIliketheword"palisadoes"?
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89.AFootman,whocontractedforL.8ayear,andaliverysuit,wasturnedawayat
theendof7months,andreceivedonlyL.2.3s.4d.andhislivery.Whatwasitsvaluein
pounds?

Letx=liveryvalueinpounds

∴12:7::8+x:13/6+x::48+6x:13+6x
Canyoujustifythe13/6?Andwhatabouttheextension:48+6x:13+6x?
∴5:7::35:13+6x
1:7::7:13+6x
∴13+6x=49

6x=36

∴x=6=livery'sworthinpounds

90.Whatnumberisthattowhichif1,5,and13beseverallyadded,thefirstsumshall
betothesecondasthesecondtothethird?

Letx=numberrequired

∴x+1:x+5::x+5:x+15
x+1:4::x+5:8
x+1:x+5::4:8::1:2
x+1:4::1:1
x+1=4

∴x=3

91.AMarket-womanboughtacertainnumberofeggsattwoapenny,andasmanyat
threeapenny,andsoldthematarateoffivefortwo-pence;afterwhichshefoundthat
insteadofmakinghermoneyagainassheexpected,shelostfourpencebythem.How
manyeggsofeachsorthadshe?

Letx=numberofeggsofeachsort (bothsortsequal)

∴2:x::1:x/2(or2d.:x::1d.:x/2)=priceofeggsattwoapenny
Sym.x/3=priceofeggsatthreeapenny(3:x::1:x/3)
Addingthefirstthreetermsandusingthe5for2dinthefourth.
5:2x::2:4x/5

∴4x/5+4=x/2+x/3 Sowhatdoesthislinemean?
∴24x+120=15x+25x

∴x=120eggsofeachkind
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Youwilloftenhaveoccasiontousetheaboveideaofn:x::m:n/x.Besureyou
understandwhatthisissayingintheproblemabove.

92.Amanandhiswifedidusuallydrinkoutavesselofbeerin12days:butwhenthe
manwasout,thevessellastedthewoman30days.Inhowmanydayswouldtheman
aloneemptythevessel?

Letx=numberofdaysrequired

∴x:12::1:12/x=partdrunkbymanin12days
30:12::1:12/30=2/5=partdrunkbywomanin12days

∴12/x+2/5=1
60+2x=5x

60=3x
20=x

Thisideaofpartsaddinguptounityisimportant.

93.Acisternintowhichwaterwasletby2cocksAandB,willbefilledbythemboth
runningtogetherin12hours,andbycockAalonein20hours.Inwhattimewillitbe
filledbycockBalone?

Letx=numberofB'shours

x:12::1:12/x=quantityfromBin12hours
Sym.Asupplies3/5in12hours

∴12/x+3/5=1
60+3x=5x
60=2x
x=30

Don'tletmeconfuseyouhere.Butthereisanothermethod.Adoes12togetherand
20alone.Sowehave12/20andtherefore12/20+8/20=1.SoratioofB:Ais8:12.
Then8/12=20/x.Thislastactuallysayssomethingandworksouttox=30.Ifyou
understanditsmeaning,thenuseit.Ifnot,leaveitaloneuntilyoudo.Itissimplya
quickermethod.
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94.Theholdofashipcontained442gallonsofwater.Thiswasemptiedoutbytwo
buckets,thegreaterofwhich,holdingtwiceasmuchastheother,wasemptiedtwice
inthreeminutes,butthelessthreetimesintwominutes;andthewholetimeof
emptyingwas12minutes.Requiredthesizeofeach.

Letx=numberofgallonsinlesserbucket

∴2x=gallonsingreater
∴4x=thrownoutbygreaterin3minutes
∴3:12::1:4::4x:16x=quantitythrownbygreateroutin12minutes
Sym.in12minutes,lesserthrowsout18x

∴18x+16x=34x=442
x=13

∴gallonsinbucketsare13and26

Youcouldalsosetthisupas

2x⋅2/3⋅12+x⋅3/2⋅12=442

whichagainisfasterifyouknowwhatyouaremeaningbyit.

95.Ahare,50ofherleapsbeforeagreyhound,takes4leapstothegreyhound'sthree;
buttwoofthegreyhound'sleapsareasmuchasthreeofthehare's.Howmanyleaps
mustthegreyhoundmakeifthegreyhoundwouldtakehare?

Ihatetheseleapyproblems.Here'sthemostpainlessapproach:

Let3x=numberofleapsgreyhoundmusttake

∴4x=leapsmadebyhareinthattime
∴4x+50=totalhareleaps (50beingitsleadonthedog)
∴2:3::3x:4x+50

∴9x=8x+100
x=100

∴3x=300leapsforgreyhoundtotakehare

Ifyouleftoutthe50,yousolveforwhenthedogreacheswherethehareisatthe
beginningoftherace.Butyouwanttheendoftherace.Also,thinkaboutwhatx
actuallymeanshere.
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96.Apersonengagedtoreapafieldof35acres,consistingpartlyofwheatandpartly
ofrye.Foreveryacreofryehereceived5s.;andwhathereceivedforanacreofwheat
augmentedby1s.istowhathereceivedfortheryeas7to3.Forhiswholelabourhe
receivedL.13.Requiredthenumberofacresofeachsort.

Letx=acresofwheat

∴35-x=acresofrye
∴175-5x=priceofhisreapingtherye

3:7::5:1+priceofreapingacreofwheat=35/3
∴priceofreapingacreofwheat=35/3-1=32/3
∴32x/3=priceofreapingallthewheat

∴32x/3+175-5x=260(=13poundsinpence)
17x=255
x=15

∴15acresofwheatand20ofrye

97.Twopiecesofclothofequalgoodness,butofdifferentlengths,werebought,the
oneofL.5,theotherforL.6.10s.Nowifthelengthsofbothpieceswereincreasedby
10,thenumbersresultingwouldbeintheproportionof5to6.Howlongwaseach
pieceandhowmuchdidtheycostayard?

Letx=numberof10shillingseachyardcost

∴10/x=lengthoftheleast
13/x=lengthofthegreatest

Here,apoundis20s.or2×10s.
Sotheshortcomesto10×10s.andthelongcomesto13×10s.

∴10/x+10:13/x+10::5:6
10(1/x+1):3/x::5:1andthisisa:b-a::c:d-cfroma:b::c:d
2(1/x+1):3/x::1:1

∴2((x+1)/x=3/x
2x+2=3

2x=1
x=½

∴Priceperyardis5s.andthelengthsare20and26yards
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98.Beforenoon,aclockwhichistoofast,andpointstoafternoontimeisputbackfive
hoursandfortyminutes;anditisobservedthatthetimebeforeshownistothetrue
timeas29:105.Requiredthetruetime.

Letx=timefirstpointedto

∴x:x+6⅓::29:105 Whythe+6⅓?
x:19/3::29:76
x:⅓:29:4

∴x=29/12=2hrs25min

∴addthistothe6hr20min(6⅓)andthetruetimeis8:45

Again,ifyoucanunderstandeveryalgebraicstatementandeveryvalueinthesolution,
youwillhavelearnedagreatdeal.Studyingsolutionsisabigpartofourexperiencein
mathematics.

99.AMerchantbuysacaskofbrandyforL.48,andsellsaquantityexceedingthree-
fourthsofthewholeby2gallonsataprofitof25%.Heafterwardssellstheremainder
atsuchapriceastoclear60%bythewholetransaction;and,hadhesoldthewhole
quantityatthelatterprice,hewouldhavegained175%.Requiredthenumberof
gallonscontainedbythecask.

Let4x=numberofgallons Why4x?Twopossibleanswers.

∴12/x=originalpricepergalloninpounds

∴100:125::12/x:15/x=firstsalebecause125%of12=15
100:275::12/x:33/x=secondsaleforsamereason

∴(3x+2)⋅15/x+(x-2)⋅33/x=wholegain=30-36/x
∴100:60::48:30-36/x
5:3::8:5-6/x

24=25-30/x
30/x=1

x=30

∴4x=120gallons
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Redux

100.AandBmakeajoint-stockofL.870,which,afterasuccessfulspeculation,
producedacleargainofL.174.OfthisAreceivedL.36morethanB;whatdideach
contributetothestock?

Letx=sumAcontributedtothestock

Youneedaproportionof:

totalinvested:A'sinvestment::totalgain:A'sgain

togetatermforA'sgainwhichisusedtocomputeB'sgainasaterm

Answer:AandBcontributed525and345respectively.

101.Dividethenumber49intotwosuchparts,thatthegreaterincreasedby6maybe
tothelessdiminishedby5as7to8.

Letx=theless

Answer:Thepartsare20and29.
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Diagrams

Ifyoucandrawadiagramforanythingyouaremodelling,thediagramwillhelp.But
sometimesadiagramisessential.Bydrawingthediagramandfillingitinwiththe
data,youshowyourselftherelationsthatmustexistinthemodel.Sometimes
diagramsarepictureslikeinthisfirstexample.Sometimestheyarelistsofalgebraic
data.Inbothcasesyoucandiscerntherelationsbylayingoutthediagram.

102.FourplacesaresituatedintheorderofthefourlettersA,B,C,D.Thedistance
fromAtoDis34miles,AB:CD::2:3,and¼AB+½CD=3BC.Whatarethe
respectivedistances?

Let2x=AB

∴3x=CD
∴x/2+3x/2=¼AB+½CD=2x=3BC
∴BC=2/3⋅x
∴2x+3x+2/3⋅x=17/3⋅x=34
∴x/3=2
∴x=6

∴AB=12,BC=4,andCD=18

Youcouldalsosetthisupas
2x=ABand3x=CD
∴BC=34-5x
∴¼⋅2x+½⋅3x=3(34-5x)andalgebrate

Inthefirstversion,themodelisAB+BC+CD=34andthesecondis¼AB+½CD=3BC.
Butallyouneedisanythingtruethatwillgiveyoux.

103.Apersonatplaywontwiceasmuchashebeganwith,andthenlost16s.After
thishelostfour-fifthsofwhatremained,andthenwonasmuchashebeganwith,and
countinghismoneyfoundhehad80s.Whatsumdidhebeginwith?

Icallthiskindofalgebraicdiagramatrace.Youlistwhatgoesoninanalgebraicway
andthenusethelisttobuildyourequation.

x beganwith
+2x won
-16s loss
-4/5(total) lost4/5oftotal
+x wonbeginningamount
80s. totalatend

∴x+2x-16-4/5(x+2x-16)+x=80
Andthisresolvesdownto8x=416
∴x=52
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Youcanalsolookatitthisway
Takeitto3x-16above.Ifheloses4/5,hehas1/5or(3x-16)/5
And(3x-16)/5+x=80andagainx=52.

Ifyourtraceiscorrect,anythingyoucorrectlybuildwithitwillwork.Youwillmake
fewermistakesifyoubeginbybuildingthesethelongwayandgraduallydevelopyour
ownmethodsofshorteningthem.

104.AShepherd,intimeofwar,wasplunderedbyapartyofsoldiers,whotook¼of
hisflock,and¼ofasheep,anotherpartytookfromhim⅓ofwhathehadleftand⅓
ofasheep;thenathirdpartyto½ofwhatnowremainedand½ofasheep.After
whichhehadbut25sheepleft.Howmanyhadheatfirst?

Letx=numberofsheepatfirst

Herewebuildthetrace:
∴(x+1)/4=numberfirsttaken
∴(3x-1)/4=numberremaining
Aftersecondpartytakestheirthirds
2/3((3x-1)/4)-⅓=(x-1)/2=remainingsheep
Afterthirdpartytaketheirhalves
∴(x-1)/4-½=(x-3)/4remain

∴(x-3)/4=25
x-3=100
x=103

105.Amanbeingatplaylost¼ofhismoney,andthenhewon3s.;afterwhichhelost
⅓ofwhathehad,andwon2s.;lastlyhelost1/7ofwhathethenhad;thisdonehehad
but12s.left.Whathadheatfirst?

Let4x=totalatfirstinshillings Why4x?

Buildatrace:
3x=after1stloss
3x+3=afterhewon3s.
2/3(3x+3)=2x+2=after2dloss
2x+4=afterwon2s.
6/7(2x+4)=(12x+24)/7=afterfinalloss

∴(12x+24)/7=12
x=5

∴Hebeganwith20s.
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106.ATradermaintainedhimselffor3yearsattheexpenseofL.50ayear;andin
eachofthoseyears,augmentedbythatpartofthestockwhichwasnotsoexpended
byone-thirdthereof.Attheendofthethirdyearhisoriginalstockwasdoubled.
Whatwasthatstockinpounds?

Letx=numberofpoundsrequired

Buildatrace
∴x-50=sumnotexpended,withwhichhetraded
∴(x-50)/3=1styeargain
∴4/3⋅(x-50)=sumhehadatendof1styear
∴(4x-200)/3-50=(4x-350)/3=sumhetradedwithin2dyear
∴4/3⋅(4x-350)/3=(16x-1400)/9=sumatend2dyear
∴(16x-1400)/9-50=(16x-1850)/9=sumtradedwithin3dyear
∴4/3⋅(16x-1850)/9=sumatendof3dyear

∴4/3⋅(16x-1850)/9=2x
32-3700=27x

5x=3700

∴x=740
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TheBendyLine

Aquadraticequationissimplyauniformlybentline.Ittakestheformax²+bx+c.
Andithasonlytwofactors.Wearegoingtolookatsimplestatesofaffairswhichcan
bemodelledbyasimplequadraticequation.Tosolvethese,youwillneedtoknowthe
"quadraticequation"whichisastupidnameforthesolutiontoallquadratics:

x=-b±√(b²-4ac)
2a

Onceyouhavethequadratic,yousimplypluga,b,andcintothatformulaandyou
havethetwovaluesofxwhichmakef(x)=ax²+bx+c=0.Thesearetheroots.In
somecases,onlyonerootcanbethesolution.Ifyouwanttoknowhowmuchwheat
thereis,thewheatcanneitherbenegativewheatnorimaginarywheat.Buttheroots
cansometimesbeeitherorbothofthese.

SimpleQuadratics

107.Whattwonumbersarethose,whosesumistothegreateras10to7;andwhose
summultipliedbythelessproduces270?

Let10x=theirsum

∴7xand3x=thegreaterandlessernumbers (Bothtakenfrom10:7)

∴30x²=270
x²=9
x=±3

Thenumbersare21,9and-21,-9.

Here30:21::-30:-21::10:7.Sothenegativevalueswork.

108.Therearetwonumbersintheproportionof4to5,thedifferenceofwhose
squaresis81.Whatarethosenumbers?

Let4xand5x=thenumbers

∴25x²-16x²=9x²=81
x²=9
x=±3

Thenumbersare±12and±15.Whenwehavenumberslikethiswiththe±sign,it
indicatesthatwecantake++or--.Ifwewanttotakethemwithoppositesigns,we
use:±12and∓15.
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Thesesimplequadraticswhereyouhaveax²=carecalledpurequadratics.Andyou
don'tneedtousethe"quadraticequation"tosolvethem.Youjustneedthepositive
andmaybethenegativesquarerootofc/a.

109.Whattwonumbersarethose,whosedifferenceistothegreateras2to9,andthe
differenceofwhosesquaresis128?

Let2x=theirdifference

∴9x=thegreater
∴7x=thelesser

∴81x²-49x²=32x²=128
x²=4
x=±2

Thenumbersare±18and±14.

110.AMercerboughtapieceofsilkforL.16.4s.;andthenumberofshillingswhichhe
paidforayardwastothenumberofyardsas4:9.Howmanyyardsdidhebuyand
whatwasthepriceofayard?

Let4x=numberofshillingspaidperyard

∴9x=numberofyards
∴36x²=324 (324=whathepaidinshillings)

x²=9
x=±3 (Can'tusethe-3.)

Consequently,therewere27yards,at12s.peryard.

111.Findthreenumbersintheproportionof1/2,2/3,and3/4;thesumofwhose
squaresis724.(Whatdoweevendowiththeproportionthing?Well,ifweputthem
overacommondenominator,thenumeratorsareinthesameproportionandare6,8,
and9.Tryitandsee.)

∴6x,8x,9x=thenumbers

∴36x²+64x²+81x²=181x²=724
∴x²=4
x=±2

Thenumbersare±12,±16,and±18.
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112.Whattwonumbersarethosewhosedifferenceistothelessas4to3;andtheir
productmultipliedbythelessisequalto504?

Let4x=thedifference
and3x=thelessernumber

∴7x=thegreaternumber

∴63x³=504
x³=8
x=2

Andthenumbersare6and14.

113.Whattwonumbersareas5to4,thesumofwhosecubesis5103?

Let5x,4x=thenumbers

∴125x³+64³=189x³=5103
x³=27
x=3

Andthenumbersare15and12.

114.Anumberofboyssetouttorobanorchard,eachcarryingasmanybagsasthere
wereboysinall,andeachbagcapableofcontaining4timesasmanyapplesasthere
wereboys.Theyfilledtheirbags,andfoundthenumberofappleswas2916.(Good
job,orchardthieves!)Howmanyboyswerethere?

Letx=numberofboys

∴x²=numberofbags
∴4x³=numberofapples

∴4x³=2916
x³=729
x=9

Therewere9boys.Sowhatdo9boysdowith2916apples?
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115.Apersonboughtforonecrown(=5s.)asmanypoundsofsugar,aswereequal
tohalfthenumberofcrownshelaidout.Insellingthesugarhereceivedforevery
25lbs.ofitasmanycrownsasthewholehadcosthim;andhereceivedonthewhole
20crowns.Howmanycrownsdidhelayout,andwhatdidhegiveforapound?

Letx=numberofcrownslaidout

∴x/2=numberofpoundsforonecrown
∴x²/2=numberofpoundsinall
∴x/25=sellingpriceofonepound

∴x²/2⋅x/25=20
x³=1000
x=10

Helaidout10crownsandgaveoneshillingforapound.

116.Adetachmentfromanarmywasmarchinginregularcolumnwith5menmorein
depththaninfront;butupontheenemycominginsight,thefrontwasincreasedby
845men;andbythismovementthedetachmentwasdrawnupinfivelines.Required
thenumberofmen.

Letx=numberofmeninfront

∴x+5=numberindepth

∴x²+5x=5x+4225 Whatdoesthislinemean?
x²=4225
x=65

Thennumberofmen=5x+4225=4550

117.Acertainsum ofmoneyisdividedeveryweekamongthemembersofa
corporation.Ithappenedoneweekthatthenumberofmemberswasthesquareroot
ofthepoundstobedivided.Twomen,becomingmembersthenextweek,diminished
thedividendofeachoftheformermembersbyL.16s.8d.Whatwasthesum?

Letx²=suminpounds

∴x=numberofmembersandalsothesumeachreceived

∴x-4/3=x²/(x+2) Whatdoesthislinemean?
∴x²+(2/3)x-8/3=x²

2/3⋅x=8/3
x=4

∴x²=16poundsdividedamongmembers
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118.TwoworkmenAandBwereengagedtoworkforacertainnumberofdaysat
differentrates.Andtheendofthetime,Awhohadplayed4ofthosedays,had75s.to
receive;butBwhohadplayed7ofthosedays,receivedonly48s.NowifBhadonly
played4days,andAplayed7days,theywouldhavereceivedexactlyalike.Forhow
manydaysweretheyengaged;howmanydideachwork,andwhathadeachperday?

Letx=numberofdaysworked

∴x-4=daysAworked
x-7=daysBworked

dailypay:
75/x-4=A'sshillingsperday
48/x-7=B'sshillingsperday

∴75(x-7)=48(x-4) Whatdoesthisequalitymean?
x-4 x-7

25(x-7)²=16(x-4)²
5(x-7)=4(x-4)

x=19or17/3

Theywereengagedtoworkfor19days
Aworked15andBworked12.
Areceived5s.perdayandB4s.

Andwhathappensifyouuse17/3days?

Note

We'llputallthepurequadraticreduxes,plainorwithratios,withtheimpure.
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SimpleRatioandProportion

Inolderbooks,ifa:b::c:d,weknowthatad=bc.Andinnewerbooks,ifa/b=c/d,we
stillhavead=bc.Andundereitherofthese,lieEuclid'sratiosandproportions.Soif
thereisanxinbothaanddorbothbandc,weendupwithanx²andour
representationofthedatabecomesaquadratic.

119.Itisrequiredtodividethenumber18intotwosuchparts,thatthesquaresof
thosepartsmaybeintheproportionof25to16.

Letx=greaterpart

∴18-x=lesserpart

∴x²:(18-x)²::25:16 (Whichcouldbewrittenx²/(18-x)²=25/16)
x:18-x::5:4
x:18::5:9 (Howdidwegetthis?)
x:2::5:1 (Andthis?)

∴x=10

Thepartsare10and8.

Doingitthisway:x²/(18-x)²=25/16
Youcanstillget:x/18-x=5/4becausewecan'tusethenegativesquarerootsanyway
Thenyouhave:

4x=5(18-x)
4x=90-5x
9x=90
x=10

Butifyouwilltakethetimetolearntheolderway,itismuchmorepowerfulfor
handlingmorecomplexrelations.ButI'mnotyourmom.Doasyoulike.

120.Itisrequiredtodividethenumber14intotwosuchpartsthatthequotientofthe
greaterdividedbytheless,maybetothequotientofthelessdividedbythegreateras
16:9.

Letx=thegreater

∴14-x=lesser
∴x/(14-x):(14-x)/x::16:9
x²:(14-x)²::16:9
x:14-x::4:3 ∴x:14::4:7 ∴x:2::4:1 ∴x=8

Andthepartsare8and6.
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121.Anumberofshillingswereplacedatequaldistancesonatablesoastoformthe
sidesofanequilateraltriangle;thenfromthemiddleofeachsideanumberofshillings,
equaltothesquarerootofthenumberinthesideweretaken,andplaceduponthe
cornershillingoppositetothatside;itthenappearedthatthenumberoneachside
wastothenumberpreviouslyuponit,as5to4.Requiredthenumberofshillingson
onesideatfirst.

Thisproblembegsthequestion:"Whatisthispersondoing?"
Butwecan'tanswerthat.

Letx=numberofshillingsonaside

∴x:x-√x::5:4
4x=5x-5√x
x=5√x
√x=5

∴x=25=coinsonoriginalside

122.TwopartnersAandBdividedtheirgainofL.60.andBtookL.20ofthis;A's
moneycontinuedintrade4months,andifthenumber50bedividedbyA'smoney,
thequotientwillgivethenumberofmonthsthatB'smoney,whichwasL.100,
continuedintrade.WhatwasA'smoney,andhowlongdidB'smoneycontinuein
trade?

Letx=A'smoneyinpounds

∴50/x=monthsB'smoneyintrade

SinceBgained20pounds,Agained60-20=40

∴4x:5000/x::2:1 Wheredothefactorsof4and100comefrom?
x:2500/x::1:1 Usefractionstoderivethislinefromthelastone.
x²=2500
x=50

A'smoneywasL.50,andB'smoneywasonemonthintrade

Intheline4x:5000/x::2:1theelementsa:b::c:d
pounds:pounds::shareA:shareB
a:A'smoneyxcontinuestotradefor4months∴4x
b:B'smoney100continuestotradefor50/xmonths∴5000/x
Ifof60pounds,Agot40andBgot20,theratioofsharesis2:1whichisc:d

Sometimesyoutrytofigureoutsomethinglikethisandyoujustcan't.Soletitgofor
nowandmoveon.Youlearnsomethingfromeveryproblemsolongasyouactually
trytosolveitandthenreallystudythesolution.Eventually,youwilllearnenough
thatyoucancomebacktothingsyoudidn'tunderstandandyouwilleasily
understandthem.Youhavetogiveyourselftime.
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123.TwoTravellersAandBsetouttomeeteachother,AleavingtownCatthesame
timeBlefttownD.TheytravelledthedirectroadCD,andonmeetingitappearedthat
Ahadtravelled18milesmorethanB;andthatAcouldhavegoneB'sjourneyin15
and3/4days,butBwouldhavebeen28daysinperformingA'sjourney.Whatwas
thedistancebetweenCandD?

Letx=numberofmilesAtravelled

∴x-18=milesBtravelled

x-18:x::153/4:63x/(4(x-18)) Whatdoesthatlasttermmean?

HerewehavemilesB:milesA::daysB:daysA.
AndthesamebelowbutwithAandBswapped:

x-18:x::28:(28(x-18))/x

Takethetimetounderstandthefourthtermsinbothoftheseaboveproportions.

∴(28(x-18))/x=63x/(4(x-18))
16(x-18)²=9x²
4(x-18)=±3x

∴x=72or102/7

Atravelled72milesandBtravelled54∴CD=126

124.AandBlayoutsomemoneyonspeculation.AdisposesofhisbargainforL.11,
andgainsasmuchpercent.asBlaysout;B'sgainisL.36,anditappearsthatAgains
fourtimesasmuchpercent.asB.Requiredthecapitalofeach.

Let4x=B'scapitalandA'sgainpercent.

∴x=B'sgainpercent.

100:4x::x:36
4x²=3600
x²=900
x=30

B'scapitalis120

∴220:100::11:A'scapital=(11⋅10)/22=5pounds
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125.TheCaptainofaprivateerdescryingatradingvessel7milesahead,sailed20
milesindirectpursuitofher,andthenobservingthetradersteeringinadirection
perpendiculartoherformercourse,changedhisowncoursesoastoovertakeher
withoutmakinganothertack.Oncomparingtheirreckoningsitwasfound,thatthe
privateerhadrunattherateof10knotsinanhour,andthetradingvesselattherate
of8knotsinthesametime.Requiredthedistancesailedbytheprivateer.

Youwillwanttodrawadiagramforthisone:LetA,Bbetheoriginalplacesofthe
privateerandtrader,D theplacewherethecaptainchangedhiscourse,CE
perpendiculartoAC.AB=7,AD=20.

10:8::5:4::velocityprivateer:velocitytrader
::AD:BC::20:BC

∴BC=(20⋅4)/5=16
∴DC=16-BD=16-13=3
∴DE:CE::5:4andletCE=x

∴√(9+x²):x::5:4
9+x²:x²::25:16
9:x²::9:16
x²=16
∴x=4

∴DE=5∴AD+DE=25milestravelledbytheprivateer.

Thinkofthatasaseriouslessoninthepowerofproportions.

126.AVintnerdrawsacertainquantityofwineoutofafullvesselthatholds256
gallons;andthenfillingthevesselwithwater,drawsoffthesamequantityasbefore,
andsoon,forfourdraughts,whentherewereonly81gallonsofpurewineleft.How
muchwinedidhedraweachtime?

Thisisnoteasy.Butthemodelisanimportantonethatyouwillseeagainifyougo
intothesciences.

Letx=gallonsdrawn1sttime

∴256-x=wineleft
256:256-x::x:(x(256-x))/256=quantitydrawn2dtime
∴256-x-(x(256-x))/256=(256-x)²/256=quantityleftafter2ddraught
Sym.(256-x)³/256²leftafter3ddraught
Sym.(256-x)⁴/256³leftafter4thdraught
∴(256-x)⁴/256³=81
Andaftermuchstrenuousalgebration:x=64

Thequantitiesofwinedrawnoffeachtimewere64,48,36,and27gallons.
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AdfectedQuadratics

Wheretheformax²+bxhasbeencalleda"purequadratic",theformax²+bx+cisan
"adfectedquadratic"inoldertexts.Whatthismeansforyouisthatthesolutionswill
oftenrequirethequadraticequation.I'm goingtoassumethatyouareusinga
calculatortocomputethequadraticequation.

127.Therearetwonumberswhosedifferenceis9,andtheirsummultipliedbythe
greateris266.Whatarethosenumbers?

Letx=thegreater

∴x-9=thelesser
∴x(2x-9)=266
2x²-9x=266
2x²-9x-266=0

∴x=14,-19/2
x-9=5,-37/2

Sincenothingwassaidaboutthenumbersbeingintegers,youshoulddetermine
whetherthefractionsarealsoasolution.

128.Itisrequiredtofindtwonumbers,thefirstofwhichmaybetothesecondasthe
secondisto16;andthesumofthesquaresofthenumbersmaybeequalto225.

Letx=thefirstnumber

Nowyouknowfromthefirstdegreeequationswithratiosthatif

first:second::second:16⇒16⋅first=second²

∴√(16x)=secondnumber
∴x²+16x=225
x²+16x-225=0
x=9,-25

Onesolutionisclearly9,12.Whatdoesthe-25giveusandisitasolution?
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129.ApersonboughtsomesheepforL.72;andfoundthatifhehadbought6morefor
thesamemoney,hewouldhavepaidL.1lessforeach.Howmanydidhebuy,and
whatwasthepriceofeach?

Letx=numberofsheepbought

∴72/x=priceofeachinpounds
∴72/(x+6)=priceofeachifsixmore

∴72/(x+6)+1=72/x
72x+x²+6x=72x+432
x²+6x-432=0
x=18,-24 Hewasnotgiven24poundseachtotakethesheep,so:

∴Hebought18atthepriceof72/18=4poundseach.

130.Theplateofalooking-glassis18inchesby12,andistobeframedwithaframe
ofequalwidth,whoseareaisequaltothatoftheglass.Requiredthewidthofthe
frame.

Theareaoftheglassis12⋅18=216

Letx=widthofframeininches(equalwidth=samewidthallaround)

∴areaofframe=(18+2x)(12+2x)-216
∴(18+2x)(12+2x)-216=216
4x²+60x=216
x²+15x=54
x²+15x-54=0
x=3,-18

Thewidthis3inches.

131.Therearetwosquarebuildings,thatarepavedwithstones,afootsquareeach.
Thesideofonebuildingexceedstheotherby12feet,andboththeirpavements
contain2120stones.Whatarethelengthsofthebuildings?

Letxandx+12=lengths

∴x²and(x+12)²=numberofstonesinthesquares
∴x²+x²+24x+144=2120
2x²+24x=1976
x²+12x-988=0
x=26,-38

Thebuildingsare26and26+12=38feetlong.
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132.Alabourerdugtwotrenches,oneofwhichwas6yardslongerthantheother,for
L.17.16s.andthediggingofeachofthemcostasmanyshillingsperyardasthere
wereyardsinitslength.Whatwasthelengthofeach?

Letxandx+6equalnumberofyardsineach

∴x²+(x+6)²=356s.
2x²+12x+36=356
x²+6x+18=178
x²+6x-160=0
x=10,-16

Thelengthswere10and16yards.

Isitonlycoincidencethattheunusablerootinthelasttwoequationswasthenegative
ofthesecondlength?

133.AcompanyatatavernhadL.8.15stopay;butbeforethebillwaspaid,twoof
themsneakedoff,whenthosewhoremainedhadeach10s.moretopay.Howmany
wereinthecompanyatfirst?

Letx=originalnumberincompany

175/x=numberofshillingstheywouldhavepaid
175/(x-2)=numberofshillingstheydidpay

∴10=175/(x-2)-175/x
10=175(1/(x-2)-1/x)
10⋅x⋅(x-2)=175⋅2
x²-2x=35
x²-2x-35=0
x=7,-5

Therewere7peopleinthecompanyatfirst.
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134.AgrazierboughtasmanysheepascosthimL.60;outofwhichhereserved15,
andsoldtheremainderforL.54,gaining2s.aheadbythem.Howmanysheepdidhe
buyandwhatwasthepriceofeach?

Letx=numberbought

∴60/x=priceeachinpounds

∴(x-15)(60/x+1/10)=54 Whatisthe1/10?
(x-15)(600+x)=540x
x²+45x-9000=0
x=75,-20

∴75sheeppurchasedat4/5pound=16s.each

135.AandBsetoutfromtwotownswherewere247milesapart,andtravelledthe
directroaduntiltheymet.Awent9milesaday;andthenumberofdays,attheendof
whichtheymet,wasgreaterbythreethanthenumberofmilesBwentinaday.How
manymilesdideachgo?

Letx=numberofdaystravelled

∴9x=milesAwent
247-9x=milesBwent
(247-9x)/x=milesBwentinaday

∴x-3=(247-9x)/x
x²-3x=247-9x
x²+6x-247=0
x=13,-19

∴Awent117milesandBwent130
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136.Apersonboughttwopiecesofclothofdifferentsorts;whereofthefinercost4s.
ayardmorethantheother;forthefinerhepaidL.18;butthecoarser,whichexceeded
thefinerby2yardsinlength,costonlyL.16.Howmanyyardswereineachpiece,and
whatweretheirpricesperyard?

Letx=yardsoffiner

∴x+2=yardsofcoarser
∴18/xand16/(x+2)=pricesoffinerandcoarserperyardinpounds

∴18/x=16/(x+2)+1/5 Whatisthe1/5?
90x+180=80x+x²+2x
x²-8x-180=0
x=18,-10

∴Therewere18yardsofthefiner,20ofthecoarserandtheircostswereL.1and16s.

137.AsetoutfromCtowardsD,andtravelled7milesaday.Afterhehadgone32
miles,BsetoutfromDtowardsC,andwenteveryday1/19thofthewholejourney;
andafterhehadtravelledasmanydaysashewentmilesinoneday,hemetA.How
farapartwereCandD?

Letx=distanceCD

∴x/19=milesBtravelsperdayandnumberofdaysbeforehemetA

∴x²/361+32+7x/19=x Whatdoeseveryterminthislinemean?

We'lldothistheold-schoolway:

x²/361-12x/19=-32

Completethesquare:

x²/361-12x/19+36=36-32=4

(x/19-6)²=4
x/19-6=±2
∴x/19=8,4

∴x=152or76

Andbothanswertheconditionsoftheproblem.SoCD=76or152miles.
Wewouldneedmoredatatodeterminewhichoneistheactualdistance.
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138.Abodyofmenwereformedintoahollowsquare,threedeep,whenitwas
observedthatwiththeadditionof25men,asolidsquaremightbeformed,ofwhich
thenumberofmenineachsidewouldbegreaterby22thanthesquarerootofthe
numberofmenineachsideofthehollowsquare.Requiredthenumberofmeninthe
hollowsquare.

Letx=numberofmeninsideofhollowsquare

∴x²-(x-6)²=thewholenumberofmen

x²-(x-6)²+25=(x1/2+22)² Whatdoeseachtermheremean?

11x-44x1/2-495=0

x-4x1/2-45=0
√x=9or-5
x=81or25

Thewholenumberwas936.

Sowhatsthedealwithx=25?

139.AMercerboughtanumberofpiecesoftwodifferentkindsofsilkforL.92.3s.
Therewereasmanypiecesboughtofeachkind,andasmanyshillingspaidperyard
forthemasapieceofthatkindcontainedyards.Now2pieces,oneofeachkind,
togethermeasured19yards.Howmanyyardswerethereineach?

Letx=numberofyardsinonepiece

∴x=numberofpiecesandalsothenumberofshillingsperyard
19-x=numberofyardsintheotherpiece
x³and(19-x)³=priceofeachkind

∴x³+(19-x)³=1843s.
57x²-1083x+5016=0
x=11,8
19-x=8,11

Bothofwhichanswertheproblem.Sotherewere8yardsinoneand11intheother
andweneedmoredatatoknowwhichiswhich.
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140.Asquarecourt-yardhasarectangulargravel-walkroundit.Thesideofthecourt
wants2yardsofbeing6timesthebreadthofthegravel-walk;andthenumberof
squareyardsinthewalkexceedsthenumberofyardsintheperipheryofthecourtby
92.Requiredtheareaofthecourt.

Startwithadiagram and,giventhisdescription,expecttogetitwrong. All
mathematicsusedtobewrittenoutinwordslikethat.Algebra,withitslackof
ambiguity,isthereasonwegotbeyondbasicmathematics.

Letx=breadthofwalkinyards

∴6x-2=sideofthecourt
4x-2=sideofinteriorsquare

∴20x²-8x-92=4(6x-2) Whatdoeseverytermheremean?
20x²-32x-84=0
5x²-8x-21=0

x=3,-7/5

So(6x-2)²=16²=256istheareaofthecourt.

141.AMerchantbought54gallonsofConiacbrandy,andacertainquantityofBritish.
Fortheformerhegavehalfasmanyshillingspergallonasthereweregallonsof
British,andforthelatter4shillingspergallonless.Hesoldthemixtureat10s.per
gallon,andlostL.28.16s.byhisbargain.RequiredthepriceoftheConiac,andthe
numberofgallonsofBritish.

Let2x=gallonsofBritish

∴x=numbershillingsforonegallonofConiac
54x=priceofallConiac
x-4=numbershillingsforonegallonBritish
2x²-8x=priceofallthebrandy Wheredoesthiscomefrom?

∴ 2x²-8x+54x=10(54+2x)+576 Whatdoeseverytermheremean?
2x²+26x-1116=0
x²+13x-558=0

x=18,-31

Hebought36gallonsofBritish,theConiaccost18s.pergallon,andthewholeprice
wasL.48.12s.
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142.Duringthetimethattheshadowonasun-dial,whichshewstruetime,moves
fromoneo'clocktofiveo'clock,aclock,whichistoofastbyacertainnumberofhours
andminutesstrikesanumberofstrokesequaltothatnumberofhoursandminutes,
anditisobservedthatthenumberofminutesislessby41thanthesquareofthe
numberwhichtheclockstrikesatthelasttimeofstriking.Theclockdoesnotstrike
twelveduringthistime.Howmuchisittoofast?

ThisisoneofthosepuzzlesthatDeMorgan,Todhunter,and otherreal
mathematiciansdisliked.Dowhatyoucanandlearnfromthemethod.

Letx=numberofhourstoofast.

Thentheclockstrikes(x+2)+(x+3)+(x+4)+(x+5)timesinthisperiod
whichequals4x+14

Sothenumberofminutes=x²+10+25-41orx²+10x-16

∴x+x²+10x-16=4x+14 Explainthismodelusingitsmeanings.
x²+7x-30=0

x=3,-10

Thenumberofminutesis23sotheclockistoofastby3hoursand23minutes.

143.AnUpholstererhastwosquarecarpetsdividedintosquareyardsbythelinesof
thepattern.Heobserves,thatifhesubtractsfromthenumberofsquaresinthe
smallercarpet,thenumberofyardsinthesideoftheother,thesquareofthe
remainderwillexceedthedifferenceofthenumberofsquaresinthesmallercarpet,
andthenumberofyardsinitssideby88.Alsothedifferenceofthelengthsofthe
sidesofthecarpetsis6feet.Requiredthesizeofeachcarpet.

Letx=numberofyardsinsideofthelesser

∴x+2=numberinsideofgreater

(x²-x-2)²=x²-x+88
(x²-x-2)²=x²-x-2+90
(x²-x-2)²-(x²-x-2)-90=0
∴x²-x-2=10,-9
∴x²-x-12=0andx²-x+7=0 Whywon'tthesecondonework?
x=4,-3

Thecarpetscontain16and36yards.

AndwhydoesanUpholsterergethistitlecapitalizedwhenmostworkersdon't?How
poshisanupholsterer?
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144.AManplayingathazardwonatthefirstthrow,asmuchmoneyashehadinhis
pocket;atthesecondthrow,hewon5s.morethanthesquarerootofwhathethen
had;atthethirdthrow,hewonthesquareofallhethenhad;andthenhehadL.112.
16s.Whathadheatfirst?

Letx=numberofhisshillingsatfirst

∴2x=numberhehadafterfirstthrow
√(2x)+5=aftersecondthrow
√(2x)+5+2x=afterthirdthrow
(√(2x)+5+2x)²=whathewononthirdthrow

∴(√(2x)+5+2x)²+(√(2x)+5+2x)=2256
(√(2x)+5+2x)²+(√(2x)+5+2x)-2256=0
√(2x)+5+2x=48,-47andwecanignorethelatter

∴2x+√(2x)-48=0
√(2x)=6,-7

2x=36,49
x=18,49/2

Sohestartedwith18shillings.

Butwhatifhestartedwiththe24s.6d.--doesthatwork,too?

Redux

145.Whatisthatnumber,fromthesquareofwhich,ifwetakeseventimesthe
number,theremainderwillbe44?

Justwriteitout.

Answer:Thenumberis11.Willthenegativerootwork?

146.Findanumbersuchthatifitsthirdpartincreasedbyoneismultipliedbyitshalf,
theproductwillbe30.

Letxbethenumber.Thenusefractionsofxtosimplysetuptheequation.

Answer:12,-15Dotheybothwork?
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147.Thedifferenceoftwonumbersis13,andtheirproductexceeds7timestheless
by135;findthenumbers.

AsthedifferenceofCofA-Bis13wecanusesands+13forthenumbers.

Answer:9,22

148.Itisrequiredtofindtwonumbers,thefirstofwhichmaybetothesecondasthe
secondisto16;andthesumofthesquaresofthenumbersisequalto225.

Letx=thefirstnumber

Usea:b::b:ctocalculatethesecondnumberandthensetuptheequation.

Answer:9,12

149.Adraperboughtsomepiecesofclothfor180crowns(1crown=5s.);hadhefor
thesamesumreceivedthreepiecesmore,eachpiecewouldhavecost3crownsless;
howmanypiecesdidhebuy,andwhatwasthepriceofapiece?

Letx=numberofpiecesthen180/x=priceofapieceinpounds.Nowjustsetupthe
equation.

Answer:Hebought12piecesfor15crownseach.

150.Agentlemanboughtahorseforacertainnumberofpounds;andhavingsoldit
forL.119,gainedasmuchpercent.asthehorsecosthim;whatwaspaidforthehorse?

Letx=thepriceofthehorse.The"asmuchpercent.as"iswherethex²iscreated.

Answer:Thehorsecost70pounds.

151.Twoflocksofsheep,onecontaining5sheepmorethantheother,weresoldfor
L.106.5s.Eachsheepcostasmanyshillingsasthereweresheepintheflock;required
thenumberofsheepineachflock.

Letx=smallerflock∴x²istheircost.Nowdothelargerflock.

Answer:Flockshad30and35sheep.
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152.AtailorboughtapieceofclothforL.73.10s.,fromwhichhecutoff12yards,and
soldtheremainderforL.64.15s.,gaining5s.peryard;howmanyyardsweretherein
thepiece,andwhatdidhepayforayard?

Letx=numberofyardsinthepiece.Convertyourtwomoniestoshillings.Costper
yardismoney/(somethingwithxinit).

Answer:Hebought49yardsat30s.peryard.

153.Whatnumberisthatwhichbeingaddedtoitssquareroot,thesumwillbe552?

Justdon'tdoanythingstupid.

Answer:Thenumberis529.

154.AgrazierboughtasmanysheepascosthimL.50,outofwhichhereserved15,
andsoldtheremainderforL.54,bywhichhegained2s.aheadonthosesold;how
manysheepdidhebuy,andwhatdidhepayforeach?

Letx=numberbought.SomeoftheseproblemsarePryde'sreworkingsofBland's
problems.Thenumbersaredifferent.Ifyoucan'tgetthisone,gobackandlookat
howBlanddidhis.Thereisnoshameinthis.Everymathematicianlearnsbyrelating
hisproblemtoasolvedproblemwhenpossible.Thisisatrivialinstanceofthat
approach.

Answer:Hebought75sheepandpaid16s.foreach.

155.Thereisafieldintheformofarectanglewhoselengthexceedsitsbreadthby20
yardsanditsareais6300squareyards;requireditslengthandbreadth.

Again,don'tdoanythingstupid.

Answer:70and90yardswhichyoucouldreadoffthearea,right?

156.Apersonbeingaskedhisage,answered,iftohalfmyageyouaddthesquareroot
ofmyageandsubtract12,theremainderisathirdofmyage;requiredhisage.

Letx=hisage.Thenletussmackhimforbeingsassy,anddon'tdoanythingstupid.

Answer:Heis36andthereforetooldtobesuchasmartmouth.Smackhimagain.
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157.Whatnumberisthat,thesumofwhosethirdandfourthpartsislessbytwothan
thesquareofitssixthpart?

Letx/3beitsthirdpartandgiventhe"lessbytwo"don'tmessupwhenyousetthe
sidesequal.

Answer:Thenumberis24.

158.Thebaseofaright-angledtriangleislessthantheperpendicularby3andless
thanthehypotenuseby6;requiredthesides.

Letx=thebaseandusethePythagoreanTheorem.

Answer:Sidesare9,12,and15.

159.Whattwonumbersarethosewhosedifferenceis3,andwhosesummultiplied
bythegreaterequals405?

Youshouldn'tneedanyhelphereonthisbynow.

Answer:12and15.

160.Therearetwosquarecourtspavedwithstones,eachstoneafootsquare.The
sideofonecourtexceedsthatoftheotherby10feet,andthetwopavementstogether
required3092stones;findthelengthsofthesidesofthecourts.

Letthesidesbexandx+10.

Answer:34and44.

161.AfarmerpurchasedanumberofoxenforL.112,andobservedthatifhehad
purchasedonefewerforthesamemoney,eachofthemwouldhavecosthim2pounds
more;requiredthenumberhepurchasedandthepriceofeach.

Letx=numberpurchasedand112/xisthenthepricehepaidforeach.

Answer:Hebought8oxenfor14poundsahead.
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162.Apersonbuys18ellsofcloth,partblueandpartgreen;foreachlothegave40s.,
andhepaysforeveryyardofthebluecloth1s.perellmorethanthegreen;howmany
ellsofeachkindwerethere?

Letx=ellsofblue.Setupthegreen,thepriceofbothperell,thentheequation.And
putthe"+1"onthecorrectside.

Answer:8ellsofblueand10ofgreen

163.Thelengthofarectangleexceedsitsbreadthby12,andthesumofthesquaresof
thelengthandbreadthis20880;whatarethesidesandareaoftherectangle?

Knowingthattheareahereistheproductofadjacentsides,youshouldn'tneedany
help.

Answer:96,108,and10368.

164.Twotravellerssetouttomeeteachotherfromtwotowns,AandB,whichare
120milesapart;thefirstgoes6milesaday,andtheother1mileadaymorethanthe
numberofdaysinwhichtheymeet;inhowmanydayswilltheymeet?

Letx=numberofdaystilltheymeet.Thenx+1istherateofthesecondtraveller.

Answer:8days.

165.Twodetachmentsoffootareorderedtoastation39milesdistant:theybegin
theirmarchatthesametime;butoneparty,bytravelingone-fourthofamileanhour
morethantheother,arrivesonehoursooner:requiredtheratesoftheirmarches.

Letx=theslowergroup.Andsetupthetimesofeach--toequate--justlikeyoudo
pricesperyardgiventhetotalwhenthenumberofyardsisavariable.

Answer:Theirrateswere3and3¼milesperhour.
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166.Divideeachofthenumbers21and30intotwoparts,sothatthefirstpartof21
maybethreetimesasgreatasthefirstpartof30,andthatthesumofthesquaresof
theremainingpartsmaybe585.

Letx=firstpartof30.Then3xisthefirstpartof21.Takeitfromthere.

Answer:Thepartsare18and3,6and24.

167.Aregimentoffootwasorderedtosend160menongarrisonduty,eachcompany
tofurnishalikenumber;butbeforethedetachmentmarched,threeofthecompanies
weresentonanotherservice,whenitwasfoundthateachremainingcompanymust
furnish12additionalmen;requiredthenumberofcompaniesintheregiment.

Letx=numberofcompanies.Setupeachcompany'snumberofmentheymust
supplylikeapriceabove.Thenyouneedapricefor3companieslessthanthat.Then
puttogetheryourequation.

Answer:8companies.
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AdfectedRatioandProportion

168.AMerchantsoldaquantityofbrandyforL.39,andgainedasmuchpercent.as
thebrandycosthim.Whatwasthepriceofthebrandy?

Letx=priceofbrandy

∴100:x::x:solveforthegain=x²/100

We'reusingthedatatogetthegain.So100partsistothepriceasthepriceistothe
(price)×(thepriceaspercent).Nowweusethegainwiththesellingprice:

x²/100=39-x

∴x²+100x-3900=0
∴x=30,-130

∴30=priceofbrandyofbrandyinpounds

Ishouldpointoutthatyoudon'tneedacalculator.Gobackto

x²=3900-100x
x²+100x=3900

From(a+b)²=a²+2ab+b²wecanviewx²asa²and100xas2ab.
Thismakesb=50.Sowecancompletethesquareas:

x²+100x+50²=3900+50²
(x+50)²=6400
x+50=±80
x=30,-130
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169.Boughttwosortsoflinenfor6crowns(1crown=5s.).Anellofthefinercostas
manyshillingsastherewereellsofthefiner.Also28ellsofthecoarser(whichwas
thewholequantity)wereatsuchapricethat8ellscostsasmanyshillingsas1ellof
thefiner.Howmanyellswerethereofthefiner,andwhatwasthevalueofeachpiece?

Letx=ellsoffiner

∴x²=priceoffinerinshillings

Wherewehadasmuchpercentaspriceitwasx⋅x/100.Thisissimpler:asmany
shillingsasellsorx⋅x.Nowwewantthepriceofthecoarser.Weuseaproportionof:

ellsfiner:ellscoarser::costfiner:costcoarser

8:28::x:solvingforthis=7x/2
∴x²+7x/2=30
2x²+7x=60
2x²+7x-60=0

∴x=4,-15/2

Nowtheshopprobablydidnotpayhim15sixpencetotakethefinerlinen.

Sox=4andthefinercosts16s.andthecoarser14s.

170.TwopartnersAandBgainedL.18bytrade.A'smoneywasintrade12months,
andhereceivedforhisprincipalandgainL.26.AlsoB'smoney,whichwasL.30,was
intrade16months.WhatmoneydidAputintrade?

Letx=moneyAputintrade

∴26-x=poundsAgained

Weuse[moneyboth:moneyA::gainboth:gainA]togetourquadratic.

12x+16⋅30:12x::18:26-x
x+40:x::18:26-x

∴18x=(x+40)(26-x)
x²+32x-1040=0
x=20,-52

Thenegativevalueissenseless.
∴Aput20poundsintrade.
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171.AandBsold130ellsofsilk,ofwhich40ellswereA'sand90B's,for42crowns
(1crown=5s.).NowAsoldforacrownone-thirdofanellmorethanBdid.How
manyellsdideachsellforacrown?

Letx=numberBsoldforacrown

∴x+⅓=numberAsoldforacrown

x:90::1:priceof90ells=90/x
x+⅓:40::1:priceof40ells=120/(3x+1)

Wedidthoseusingthefirstthreetermstocalculatethefourth.

∴42=90/x+120/(3x+1)
21x²-58x-15=0
x=3or-5/21

∴Bsold3ellsforacrownandAsold3⅓foracrown.

172.ThreeMerchants,A,B,andC,madeajointstock,bywhichtheygainedasumless
thanthestockbyL.80.A'sshareofthegainwasL.60;andhiscontributiontothe
stockwasL.17morethanB's.AlsoBandCtogethercontributedL.325.Howmuch
dideachcontribute?

Letx=A'scontribution

∴x-17=B'scontribution
325-(x-17)=342-x=C'scontribution
325+x=thewholestock
325+x-80=245+x=wholegain

∴325+x:x::245+x:60
245x+x²=60x+19500
x²+185x-19500=0
x=75,-260

ThestocksofA,B,andCwere75,58,and267pounds.
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173.Thejointstockof2partnersAandBwasL.416.A'smoneywasintrade9
months,andB's6months:whentheysharedstockandgain,AreceivedL.228,andB
L.252.Whatwaseachman'sstock?

Letx=A'sstock

∴228-x=A'sgain
416-x=B'sstock
x-164=B'sgain
∴64=wholegain

9x+6(416-x):9x::64:228-x Andthefourtermsmeanwhat?
3x+2(416-x):3x::64:228-x
192x=(x+83209228-x)=189696-604x-x²
x²+796x-189696=0
x=192,-988

Thestockswere192and224pounds.

Easieronthisonetocompletethesquare...

174.AVintnersold7dozenofsherryand12dozenofclaretforL.50.Hesold3dozen
moreofsherryforL.10thanhedidofclaretforL.6.Requiredthepriceofeach.

Letx=priceonedozensherryinpounds

∴x:10::1:numberdozensofsherryfor10pounds=10/x
10/x-3=(10-3x)/x=numberdozensofclaretfor6pounds

∴(10-3x)/x:1::6:pricedozenofclaret=6x/(10-3x)

∴7x+72x/(10-3x)=50 Findthemeaningofeveryterm.
292x-21x²=500
21x²-292x+500=0
x=2,250/21

Sothepriceofadozenofsherrywastwopoundsandadozenofclaretwasthree
pounds.

Nowifyouhadsolvedthatbycompletingthesquareinsteadofwithacalculator,you
wouldhavethat250/21insteadof11.904761904761…whichisanapproximationno
matterhowfaryouextendit.Thefurtheryougetintomath,themoreyouwill
appreciateandneedtheactualandexactfractions.Getacalculatorgoodenoughto
producefractionsordecimalsandsetittofractions.
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175.AandBhiredapastureintowhichAput4horses,andBasmanyascosthim18s.
aweek.AfterwardsBputintwoadditionalhorses,andfoundthathemustpay20s.a
week.Atwhatratewasthepasturehired?

Letx=originalnumberofB'shorses

∴18/x=payofeachperweekinshillings
∴72/x=whatApaid
72/x+18=priceofpasture
x+6=B'shorsesintheend

∴x+6:x+2::72/x+18:20::72+18x:20x

Donotcontinueuntilyouknowwhatthelastlinemeans.

20x²+120x=18x²+108x+144
2x²+12x-144=0

x²+6x-72=0
x=6,-12

Bhad6horsestobeginwith∴72/6+18=30s.wasthepriceofthepasture.

Redux

176.Inacourttherearetwosquaregrass-plots,asideofonewhichis10yardslonger
thanthesideoftheother,andtheirareasareas25to9;whatarethelengthsoftheir
sides?

Letx=sideoftheless

(greaterside)²:(lessside)²::25:9

Answer:15,-33/4
Thenegativevaluecan'tbeanykindoflength.Butdoesitworkmathematically?

177.AmerchantsoldaquantityofbrandforL.39,andgainedasmuchpercent.asthe
brandycosthim;whatwasthepriceofthebrandy?

x=costandgain

Use100:x::x:thegaintocalculatethegain.Thensetuptheequation.

Answer:ItcosthimL.30.
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178.Thesumoftwonumbersis16,andthequotientofthegreaterdividedbytheless,
istothequotientofthelessdividedbythegreateras25isto9;findthenumbers.

Letx=thelesser.Setuptheproportionandthenfroma:b::c:dtheequationis
ad=bc.

Answer:Thenumbersare6and10.

179.Findanumber,tothequadrupleofwhich,if80beadded,thesumwillbetothe
squareofthenumberas2to9.

Letx=thenumber.Thensum:square::2:9,right?

Answer:30
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Afterword

Ithinkwecanagreethat,evenwhenyoucandosomeofthemcorrectlyandhave
someideaofwhattodowiththeonesyoucan'tactuallysolve,wordproblemsstill
suck.Butitcouldbeworse.Iwillgivetwoexamples.Thefirstisthekindofword
problemyouwouldfindintheoldCambridgeUniversityTripos,thebighardtestfor
mathematicians.

180.ThreehorsesA,B,Cstartforaraceonacourseamileandahalflong.WhenB
hasgonehalfamile,heisthreetimesasfaraheadofAasheisofC.Thehorsesnow
goingatuniformspeedstillBiswithinaquarterofamileofthewinningpost,Cisat
thattimeasmuchbehindAasAisbehindB,butthedistancebetweenAandBisonly
1/11ofwhatitwasafterBhadgonethefirsthalfmile.Cnowincreaseshispaceby
1/53ofwhatitwasbefore,andpassesB176yardsfromthewinningpost,the
respectivespeedsofAandBremainingunaltered.WhatwasthedistancebetweenA
andCattheendoftherace?

Answer:Let11x=thedistanceinyardsbetweenBandCattheendofthefirst1/2
mile,33x=distancebetweenBandAattheendofthefirsthalfmile.WhenBhasgone
11/4miles,Bis3xaheadofAand6xaheadofC;thereforewhileBwent3/4mileor
1320yards,Awent1320+30xyards,andCwent1320+5xyards.

Hence,afterCincreaseshispace,thespeedsofA,B,Cwillbeproportionalto
1320+30x,1320,and54/53(1320+5x)respectively.

SinceCpassesBwhenheis176yardsfromthepost;thereforewhileBwasgoing
440-176or264yards,Cwent264+6x.

Therefore 1320:54/53(1320+5x)::264:264+6x
therefore 1320+30x=54/53(1320+5x)
therefore x(1590-270)=1320
therefore x=1

AlsoitwillbefoundthatC'sincreasedpaceisequaltoA's;thereforetherewillbethe
samedistancebetweenthemattheendoftheraceasthereiswhenBis1/4milefrom
thewinningpost,namely3xor3yards.

EndofAnswer

Oh,yeah.Justshootme.ThatwasproblemnumbertwoinTodhunter'schapterfor
Triposaspirants.AndIchoseitbecauseyouprobablycouldhavefiguredoutthefirst
andeasiestoneifyouhadreallytried.
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Thenextwayinwhichthingscouldbeworseistohavetosolvewhatyoucannow
solvebutbydoingitwithoutalgebra.Notthatlongago,educatorsthoughtthatpeople
yourage(assumingyouareinmiddleorhighschool)weretoostupidtounderstand
algebra.Sotheykeptyouinthetenthcenturywheretherewasnoalgebraandyou
hadtosolvethesameproblemsinamuchworseway.Letmeshowyou.

181.Amanlost3/5ofhissheep;nowhefinds5andsells3/5ofwhathehasforcost
price,andreceives$18;butifhehadlost5andsold3/5oftheremainderforcost
price,hewouldhavereceived$6;howmanysheephadheatfirst?

Answer:

5/5=numberofsheephehadatfirst.
3/5=thenumberhelost.
5/5-3/5=2/5,thenumberhehadafterlosing3/5.
2/5+5=numberhehadafterfinding5
3/5of(2/5+5)=6/25+3=thenumberhesold
2/5-5=thenumberhadhelost5
3/5of(2/5-5)=6/25-3=numberhewouldhavesold
$18=what(6/25+3)sheepcost
$6=what(6/25-3)sheepcost
$12=$18-$6=what(6/25+3)sheepminus(6/25-3)sheepor6sheepcost
$2=1/6of$12=whatonesheepcost
$18=what18/2or9sheepcost
But$18=what(6/25+3)sheepcost.
Therefore6/25+3sheep=9sheep
Therefore6/25=6sheep
Therefore1/25=1/6of6sheep=1sheep
Therefore25/25=25timesonesheep=25sheep=numberhestartedwith

Oh,yeah.Thatwaseasytofigureout.Nexttimeyouhearsomeacademicbozosaying
studentsaretoostupidtodoalgebra,youcansendhimbacktothetenthcentury
wherehecandiscoverwhatotherprogresshasbeenmadeintheinterim.The
academicrecentlyinthenewsforsayingsuchathingthinksthatonlythe
mathematically-talentedcanunderstandquadratics.Thosearetoohardforordinary
people.Thatmakesallofusheregeniuses,right?Orhimreallystupid.Youdecide.


