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Aboutthebook
Educationisakeyforacountriesdevelopment,butitbecomesahindrancewhenitis
unequallydistributed.Thisbigproblem ofdisparityinEducationsystem canbesolved
throughtechnology.Henceit’shightimeweembracetechnologyinEducationsooner
thanlater.

Teacherswillthereforeusethebookintheirlaptopstoteachandevengivestudents
notestoreadonlineafterrevision.

Thebookisdividedintothreeparts:

Partone–paperone

Parttwo–papertwo
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MATHEMATICS(121)
PAPERONE

ALTERNATIVEA

INTRODUCTION

 Questionsinthispaperwillmainlytesttopicsfrom Form 1and2.

 Thetimeallocatedforthispaperis2½hours

 Thepaperconsistofatotalof100marks

 Thepapershallconsistoftwosection::Section1andII

SectionI
Thissectionwillhave50marksandsixteen(16)compulsoryshort-answerquestions

SectionII
Thissectionwillhave50marksandachoiceofeight(8)openendedquestion,forcandidatesto
answeranyfive(5).Thestudentsshouldnotethatanyattemptedquestionsinthissectionwill
bemarkediftheyarenotcancelled
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CHAPTERONE

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Identify,readandwritenaturalnumbersinsymbolsandwords;

b.)Roundoffnumberstothenearesttens,hundreds,thousands,millionsandbillions;

c.)Classifynaturalnumbersaseven,oddorprime;

d.)Solvewordproblemsinvolvingnaturalnumbers.

Content
a.)Placevaluesofnumbers

b.)Roundingoffnumberstothenearesttens,hundreds,thousands,millionsandbillions

c.)Oddnumbers

d.)Evennumbers

e.)Primenumbers

f.) Wordproblemsinvolvingnaturalnumbers

Introduction

Placevalue
Adigithaveadifferentvalueinanumberbecauseofitspositioninanumber.Thepositionofa
digitinanumberiscalleditsplacevalue.

Totalvalue
Thisistheproductofthedigitanditsplacevalue.

Example

Number Hundred

Millions

Ten

Millions

Millions Hundred

Thousands

Ten

Thousands

Thousands Hundred Tens ones

345,678,901 3 4 5 6 7 8 9 0 1

NATURALNUMBERS
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769,301,854 7 6 9 3 0 1 8 5 4

902,350,409 9 0 2 3 5 0 4 0 9

Aplacevaluechartcanbeusedtoidentifybothplacevalueand totalvalueofadigitina
number.Theplacevaluechartisalsousedinwritingnumbersinwords.

Example
 Threehundredandfortyfivemillion,sixhundredandseventyeightthousand,nine

hundredandone.

 Sevenhundredandsixtyninemillion,Threehundredandonethousand,eighthundred
andfiftyfour.

Billions
Abillionisonethousandsmillion,writtenas1,000,000,000.Therearetenplacesinabillion.

Example
Whatistheplacevalueandtotalvalueofthedigitsbelow?

a.)47,397,263,402(placevalue7and8).

b.)389,410,000,245(place3and9)

Solution
a.)Theplacevaluefor6istenthousands.Itstotalvalueis60,000.

b.)Theplacevalueof3ishundredbillions.Itstotalvalueis300,000,000,000.

Roundingoff
Whenroundingofftothenearestten,theonesdigitdeterminestheteni.e.iftheonesdigitis1,
2,3,or4thenearesttenisthetennumberbeingconsidered.Iftheonesdigitis5ormorethe
nearesttenisthenexttenorroundedup.

Thus641tothenearesttenis640,3189tothenearestis3190.

Whenroundingofftothenearest100,thenthelasttwodigitsornumbersendwith1to49
roundoffdownwards.Numberendingwith50to99areroundedup.

Thus641tothenearesthundredis600,3189is3200.

Example
Roundingoffeachofthefollowingnumberstothenearestnumberindicatedinthebracket:

a.)473,678(100)
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b.)524,239(1000)

c.)2,499(10)

Solution
a.)473,678is473,700tothenearest100.

b.)524,239is524,000tothenearest1000

c.)2,499is2500tothenearest10.

OperationsonwholeNumbers

Addition

Example
Findout:

a.)98+6734+348

b.)6349+259+7954

Solution
Arrangethenumbersinverticalforms

98

6734

+ 348

7180

6349

259

+79542

86150

Subtracting

Example
Find:73469–8971

Solution
73469
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- 8971

64498

Multiplication
Theproductistheresultoftwoormorenumbers.

Example
Workout:469x63

Solution
469

X63

1407→469x3=1407

+28140→469x60=28140

29547

Division
Whenanumberisdividedbytheresultiscalledthequotient.Thenumberbeingdividedisthe
dividedandthenumberdividingisthedivisor.

Example
Find:6493÷14

Solution
Weget463and11istheremainder

Note:

6493=(463x14)+11

Ingeneral,dividend=quotientxdivision+remainder.

Operation Words

Addition

sum
plus
added
morethan
increasedby

Subtraction
difference
minus
subtractedfrom
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Wordproblem
Inworkingthewordproblems,theinformationgivenmustbereadandunderstoodwellbefore
attemptingthequestion.

Theproblem shouldbebrokendownintostepsandidentifyeachotheroperationsrequired.

Example
Otegohad3469bagsofmaize,eachweighing90kg.Hesold2654ofthem.

a.)Howmanykilogram ofmaizewasheleftwith?

b.)Ifheadded468morebagsofmaize,howmanybagsdidheendupwith?

Solution
a.)Onebagweighs90kg.

3469bagsweigh3469x90=312,210kg

2654bagsweigh2654x90=238,860kg

Amountofmaizeleft =312,210–238,860

=73,350kg.

b.)Numberofbags=815+468

=1283

EvenNumber
Anumberwhichcanbedividedby2withoutaremainderE.g.0,2,4,60or8

3600,7800,806,78346

lessthan
decreasedby
reducedby
deductedfrom

Multiplication

productof
multiply
times
twice
thrice

Division
quotientof
dividedby

Equal
equalto
resultis
is
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OddNumber
Anynumberthatwhendividedby2givesaremainder.E.g.471,123,1197,7129.Thenumbers
endswiththefollowingdigits1,3,5,7or9.

PrimeNumber
Aprimenumberisanumberthathasonlytwofactorsoneandthenumberitself.

Forexample,2,3,5,7,11,13,17and19.

Note:
i.) 1isnotaprimenumber.

ii.) 2istheonlyevennumberwhichisaprimenumber.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic
1.)Write27707807inwords

2.)Allprimenumberslessthantenarearrangedindescendingordertoform anumber
a.)Writedownthenumberformed

b.)Whatisthetotalvalueoftheseconddigit?

c.)Writethenumberformedinwords.
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CHAPTERTWO

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Expresscompositenumbersinfactorform;

b.)Expresscompositenumbersasproductofprimefactors;

c.)Expressfactorsinpowerform.

Content
a.)Factorsofcompositenumbers.

b.)Primefactors.

c.)Factorsinpowerform

Introduction

Definition
Afactorisanumberthatdividesanothernumberwithoutaremainder.

Number Factors

12 1,2,3,4,6,12

16 1,2,4,8,16

FACTORS
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39 1,3,13,39

Anaturalnumberwithonlytwofactors,oneanditselfisaprimenumber.Oranynumberthat
onlycanbedividedby1anditself.Primenumbershaveexactly2differentfactors.

PrimeNumbersupto100.

Compositenumbers
Anynumberthathasmorefactorsthanjustitselfand1.Theycanbesaidtobenaturalnumber
otherthan1whicharenotprimenumbers.Theycanbeexpressedasaproductoftwoormore
primefactors.

9=3x3

12=2x2x3

105=3x5x7

Thesamenumbercanberepeatedseveraltimesinsomesituations.

32=2x2x2x2x2=2
5

2 3 5 7 11

13 17 19 23 29

31 37 41 43 47

53 59 61 67 71

73 79 83 89 97
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72=2x2x2x3x3= x2
3
3
2

Toexpressanumberintermsofprimefactors,itisbesttotakethenumbersfrom thesmallest
anddividebyeachofthem asmanytimesaspossiblebeforegoingtothenext.

Example
Expressthefollowingnumbersintermsoftheirprimefactors

a.)300

b.)196

Solution
a.)

2 300

2 150

3 75

5 25

5 5

1

300=2x2x3x5x5

= x3x2
2

5
2

b.)

2 196

2 98

7 49

7 7
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1

196=2x2x7x7

= x2
2

7
2

Exceptions
Thenumbers1and0areneitherprimenorcomposite. 1cannotbeprimeorcomposite
becauseitonlyhasonefactor,itself.0isneitheraprimenoracompositenumberbecauseit
hasinfinitefactors. Allothernumbers,whetherprimeorcomposite,haveasetnumberof
factors.0doesnotfollowtherules.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic
1.)Expressthenumbers1470and7056,eachasaproductofitsprimefactors.

Henceevaluate: 14702

7056

Leavingtheanswerinprimefactorform

2.)Allprimenumberslessthantenarearrangedindescendingordertoform anumber
(a)Writedownthenumberformed

(b)Whatisthetotalvalueoftheseconddigit?

CHAPTERTHREE

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

Thelearnershouldbeabletotestthedivisibilityofnumbersby2,3,4,5,6,8,9,10and11.

DIVISIBILITYTESTDIVISIBILITYTEST
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48

Content
Divisibilitytestofnumbersby2,3,4,5,6,8,9,10and11

Introduction
Divisibilitytestmakescomputationonnumberseasier.Thefollowingisatablefordivisibility
test.

DivisibilityTests Example

Anumberisdivisibleby2ifthelastdigitis0,2,4,
6or8.

168isdivisibleby2sincethelast
digitis8.

Anumberisdivisibleby3ifthesum ofthedigits
isdivisibleby3.

168isdivisibleby3sincethesum of
thedigitsis15(1+6+8=15),and15is
divisibleby3.
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Anumberisdivisibleby4ifthenumberformedby
thelasttwodigitsisdivisibleby4.

316 is divisible by 4 since 16 is
divisibleby4.

Anumberisdivisibleby5ifthelastdigitiseither
0or5.

195isdivisibleby5sincethelast
digitis5.

Anumberisdivisibleby6ifitisdivisibleby2AND
itisdivisibleby3.

168 is divisible by 6 since itis
divisibleby2ANDitisdivisibleby3.

Anumberisdivisibleby8ifthenumberformedby
thelastthreedigitsisdivisibleby8.

7,120isdivisibleby8since120is
divisibleby8.

Anumberisdivisibleby9ifthesum ofthedigits
isdivisibleby9.

549isdivisibleby9sincethesum of
thedigitsis18(5+4+9=18),and18is
divisibleby9.

Anumberisdivisibleby10ifthelastdigitis0. 1,470isdivisibleby10sincethelast
digitis0.

Anumberisdivisibleby11ifthesum ofitsdigits
intheoddpositonslike1st,3rd,5th,7th

Positions,andthesum ofitsdigitsintheeven
positionlike2nd ,4th,6th,8th positionsareequalor
differby11,orbyamultipleof11

8,260,439sum of8+6+4+9=27:
2+0+3=5;
27–5=22whichisamultipleof11

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!
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PastKCSEQuestionsonthetopic

CHAPTERFOUR

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)FindtheGCD/HCFofasetofnumbers.

b.)ApplyGCDtoreallifesituations.

Content
a.)GCDofasetofnumbers

b.)ApplicationofGCD/HCFtoreallifesituations

Introduction

AGreatestCommonDivisoristhelargestnumberthatisafactoroftwoormorenumbers.

WhenlookingfortheGreatestCommonFactor,youareonlylookingfortheCOMMONfactors
containedinbothnumbers.TofindtheG.C.Doftwoormorenumbers,youfirstlistthefactors
ofthegivennumbers,identifycommonfactorsandstatethegreatestamongthem.

TheG.C.Dcanalsobeobtainedbyfirstexpressingeachnumberasaproductofitsprime
factors.Thefactorswhicharecommonaredeterminedandtheirproductobtained.

Example
FindtheGreatestCommonFactor/GCDfor36and54is18.

Solution
Theprimefactorizationfor36is2x2x3x3.

Theprimefactorizationfor54is2x3x3x3.

Theybothhaveincommonthefactors2,3,3andtheirproductis18.

Thatiswhythegreatestcommonfactorfor36and54is18.

Example
FindtheG.C.Dof72,96,and300

GREATESTCOMMON DIVISOR
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Solution

72 96 300

2 36 48 150

2 18 24 75

3 6 8 25

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.)Findthegreatestcommondivisoroftheterm.144x3y2and81xy4

b)Hencefactorizecompletelythisexpression144x3y2-81xy4 (2
marks)

2.)TheGCDoftwonumbersis7andtheirLCM is140.ifoneofthenumbersis20,findthe

othernumber

3.)TheLCM ofthreenumbersis7920andtheirGCDis12.Twoofthenumbersare48and

264.Usingfactornotationfindthethirdnumberifoneofitsfactorsis9

CHAPTERFIVE

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Listmultiplesofnumbers.

b.)FindtheLCM ofasetofnumbers.

LEASTCOMMONMULTIPLE
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c.)ApplyknowledgeofLCM inreallifesituations.

Content
a.)Multiplesofanumber

b.)LCM ofasetofnumbers

c.)ApplicationofLCM inreallifesituations.

Introduction

Definition
LCM orLCFisthesmallestmultiplethattwoormorenumbersdivideintoevenlyi.e.withouta

remainder.Amultipleofanumberistheproductoftheoriginalnumberwithanother
number.

Somemultiplesof4are4,8,12,16,20,24,28,32,36,40,44,48,52,56…

Somemultiplesof7are7,14,21,28,35,42,49,56…

ACommonMultipleisanumberthatisdivisiblebytwoormorenumbers.Somecommon
multiplesof4and7are28,56,84,and112.

WhenlookingfortheLeastCommonMultiple,youarelookingforthesmallestmultiplethatthey
bothdivideintoevenly.Theleastcommonmultipleof4and7is28.

Example
FindtheL.C.M of8,12,18and20.(usingtables)

Solution

8 18 20

2 4 6 10

2 2 3 5

2 1 3 5

3 1 1 5

3 1 1 5

5 1 1 1
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TheL.C.M istheproductofallthedivisionsused.

Therefore,L.C.M.of8,12,18and20=2x2x2x3x3x5

= x x52
3
3
2

=360

Note;
UnliketheG.C.Dtables,ifthedivisor/factordoesnotdivideanumberexactly,thenthenumber
isretained,e.g.,2doesnotdivide9exactly,therefore9isretained.Thelastrowmusthaveall
values1.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic
4.)FindtheL.C.M ofx2+x,x2–1andx2–x.

5.)Findtheleastnumberofsweetsthatcanbepackedintopolythenebagswhichcontain

either9or15or20or24sweetswithnoneleftover.

6.)Anumbernissuchthatwhenitisdividedby27,30,or45,theremainderisalways3.

Findthesmallestvalueofn.

7.)Apieceoflandistobedividedinto20acresor24acresor28acresforfarmingand

Leave7acresforgrazing.Determinethesmallestsizeofsuchland.

8.)Whenacertainnumberxisdividedby30,45or54,thereisalwaysaremainderof21.

Findtheleastvalueofthenumberx.

Anumberm issuchthatwhenitisdividedby30,36,and45,theremainderisalways7.Findthe
smallestpossiblevalueofm.
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CHAPTERSIX

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Defineintegers

b.)Identifyintegersonanumberline

c.)Perform thefourbasicoperationsonintegersusingthenumberline.

d.)Workoutcombinedoperationsonintegersinthecorrectorder

e.)Applyknowledgeofintegerstoreallifesituations.

Content
a.)Integers

b.)Thenumberline

c.)Operationonintegers

d.)Orderofoperations

e.)Applicationtoreallifesituations

INTERGERS



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 24

Introduction

TheNumberLine
Integersarewholenumbers,negativewholenumbersandzero.Integersarealwaysrepresented
onthenumberlineatequalintervalswhichareequaltooneunit.

OperationsonIntegers
AdditionofIntegers

Additionofintegerscanberepresentedonanumberline.Forexample,toadd

+3to0,webeginat0andmove3unitstotherightasshownbelowinredtoget+3,Also to
add+4to+3wemove4unitstotherightasshowninbluetoget+7.

Toadd-3tozerowemove3unitstotheleftasshowninredbelowtoget-3whiletoadd-2to-3
wemove2stepstotheleftasshowninbluetoget-5.

Note;
 When adding positive numbers we

movetotheright.

 Whendealingwithnegativewemove

totheleft.

Subtractionofintegers.
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Example
(+7)–(0)=(+7)

Tosubtract+7from 0,wefindanumbernwhichwhenaddedtoget0weget+7andinthiscase
n=+7asshownaboveinred.

Example
(+2)–(+7)=(-5)

Startat+7andmoveto+2.5stepswillbemadetowardstheleft.Theansweristherefore-5.

Example
-3–(+6)=-9

|__|__|__|__|__|__|__|__|__|__|__|__|__|__|

-4-3-2 -1 0 1 2 34 5 6 7 8 9 10

Westartat+6andmovesto-3.9stepstotheleft,theansweris-9.

Note:
 Ingeneralpositivessignscanbeignoredwhenwritingpositivenumbersi.e.+2canbe

writtenas2butnegativesignscannotbeignoredwhenwritingnegativenumbers-4can
onlybewrittens-4.

4–(+3)=4-3

=1

-3-(+6)=3–6

=-3

 Positiveintegersarealsoreferredtoasnaturalnumbers.Theresultofsubtractingthe
negativeofanumberisthesameasaddingthatnumber.

2–(-4)=2+4

=6

(-5)–(-1)=-5+2

=-3

 Inmathematicsitisassumedthatthatthenumberwithnosignbeforeithasappositive
sign.
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Multiplication
Ingeneral

i.) (anegativenumber)x(appositivenumber)=(anegativenumber)

ii.) (apositivenumber)x(anegativenumber)=(anegativenumber)

iii.) (anegativenumber)x(anegativenumber)=(apositivenumber)

Examples
-6x5=-30

7x-4=-28

-3x-3=9

-2x-9=18

Division
Divisionistheinverseofmultiplication.Ingeneral

i.) (apositivenumber)÷(apositivenumber)=(apositivenumber)

ii.) (apositivenumber)÷(anegativenumber)=(anegativenumber)

iii.) (anegativenumber)÷(anegativenumber)=(apositivenumber)

iv.) (anegativenumber)÷(appositivenumber)=(anegativenumber)

Note;

Formultiplicationanddivisionofinteger:

 Twolikesignsgivespositivesign.

 Twounlikesignsgivesnegativesign

 Multiplicationbyzeroisalwayszeroanddivisionbyzeroisalwayszero.

Orderofoperations
BODMASisalwaysusedtoshowastheorderofoperations.

B–Bracketfirst.

O–Ofissecond.

D–Divisionisthird.

M –Multiplicationisfourth.

A–Additionisfifth.
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S–Subtractionisconsideredlast.

Example
6x3–4÷2+5+ =(2-1)

Solution
UseBODMAS

(2–1)=1wesolvebracketsfirst

(4÷2)=2wethensolvedivision

(6x3)=18nextismultiplication

Bringthem together

18–2+5+1=22wesolveadditionfirstandlastlysubtraction

18+6–2=22

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic
1.)Thesum oftwonumbersexceedstheirproductbyone.Theirdifferenceisequaltotheir

productlessfive.Findthetwonumbers. (3mks)

2.) 3x–1>-4

2x+1≤7

3.) Evaluate -12÷(-3)x4–(-15)

-5x6÷2+(-5)

4.)Withoutusingacalculator/mathematicaltables,evaluateleavingyouranswerasasimple
fraction

(-4)(-2)+(-12)(+3) + -20+(+4)+-6)

-9–(15) 46-(8+2)-3
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5.) Evaluate-82+12x9–4x6

567x2

6.)Evaluatewithoutusingmathematicaltablesorthecalculator
1.9x0.032

20x0.0038
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CHAPTERSEVEN

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Identifyproperandimproperfractionsandmixednumber.

b.)Convertmixednumberstoimproperfractionsandviceversa.

c.)Comparefractions;

d.)Perform thefourbasicoperationsonfractions.

e.)Carryoutcombinedoperationsonfractionsinthecorrectorder.

f.)Applytheknowledgeoffractionstoreallifesituations.

Content
a.)Fractions

b.)Proper,improperfractionsandmixednumbers.

c.)Conversionofimproperfractionstomixednumbersandviceversa.

d.)Comparingfractions.

e.)Operationsonfractions.

f.)Orderofoperationsonfractions

g.)Wordproblemsinvolvingfractionsinreallifesituations.

FRACTIONS
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Introduction

Afractioniswrittenintheform whereaandbarenumbersandbisnotequalto0.Theupper
a

b
numberiscalledthenumeratorandthelowernumberisthedenominator.

a→numerator

b→denominator

Properfraction
Inproperfractionthenumeratorissmallerthanthedenominator.E.g.

,
2

3

1

4

Improperfraction
Thenumeratorisbiggerthanorequaltodenominator.E.g.

, ,
7

3

15

6

9

2

Mixedfraction
Animproperfractionwrittenasthesum ofanintegerandaproperfraction.Forexample

=2+
7

3

1

3

=2
1

3

ChangingaMixedNumbertoanImproperFraction

Mixednumber– 4 (containsawholenumberandafraction)

Improperfraction- (numeratorislargerthandenominator)

Step1–Multiplythedenominatorandthewholenumber

Step2–Addthisanswertothenumerator;thisbecomesthenewnumerator

Step3–Carrytheoriginaldenominatorover
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Example

3 = 3×8+1=25

=

Example

4 = 4×9+4=40

=

ChanginganImproperFractiontoaMixedNumber

Step1–Dividethenumeratorbythedenominator

Step2–Theanswerfrom step1becomesthewholenumber

Step3–Theremainderbecomesthenewnumerator

Step4–Theoriginaldenominatorcarriesover

Example

= 47÷5 or

5 = 5 = 9

2
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Example

= 2 = 2 =4½

ComparingFractions
Whencomparingfractions,theyarefirstconvertedintotheirequivalentformsusingthesame
denominator.

EquivalentFractions
Togettheequivalentfractions,wemultiplyordividethenumeratoranddenominatorofagiven
fractionbythesamenumber.Whenthefractionhasnofactorincommonotherthan1,the
fractionissaidtobeinitssimplestform.

Example
Arrangethefollowingfractionsinascendingorder(from thesmallesttothebiggest):

1/2 1/4 5/62/3

Step1:Changeallthefractionstothesamedenominator.

Step2:Inthiscasewewilluse12because2,4,6,and3allgointoi.e.Weget12byfinding
theL.C.M ofthedenominators.Togettheequivalentfractionsdividethedenominatorbythe
L.C.M andthenmultiplyboththenumeratoranddenominatorbytheanswer,

For½wedivide12÷2=6,thenmultiplyboththenumeratoranddenominatorby6asshown
below.

1x6 1x3 5x2 2x4

2x6 4x3 6x2 3x4

Step3:Thefractionswillnowbe:

6/12 3/12 10/12 8/12

Step4:Nowputyourfractionsinorder(smallesttobiggest.)

3/12 6/12 8/12 10/12

Step5:Changeback,keepingthem inorder.
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1/4 1/2 2/3 5/6

Youcanalsousepercentagestocomparefractionsasshownbelow.

Example
Arrangethefollowingindescendingorder(from thebiggest)

5/12 7/3 11/5 9/4

Solution

X100=41.67%
5

12

X100=233.3%
7

3

X100=220%
11

5

X100=225%
9

4

7/3,9/4,11/5,5/12

OperationonFractions
AdditionandSubtraction

Thenumeratorsoffractionswhosedenominatorsareequalcanbeaddedorsubtracteddirectly.

Example
2/7+3/7=5/7

6/8–5/8=1/8

Whenaddingorsubtractingnumberswithdifferentdenominatorslike:

5/4+3/6=?

2/5–2/7=?

Step1–Findacommondenominator(anumberthatbothdenominatorswillgointoorL.C.M)

Step2–DividethedenominatorofeachfractionbythecommondenominatororL.C.M andthen
multiplytheanswersbythenumeratorofeachfraction

Step3–Addorsubtractthenumeratorsasindicatedbytheoperationsign
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Step4–Changetheanswertolowestterms

Example

+ = Commondenominatoris8becauseboth2and8willgointo8

+ =
4+7

8

Whichsimplifiesto 1

Example

4 – = Commondenominatoris20becauseboth4and5willgointo20

4 = 4

– =

4

Or

4 – =4 =4
12-5

20

7

20

Mixed numberscanbeadded orsubtracted easilybyfirstexpressing them asimproper
fractions.
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Examples

5 +1
2

3

4

5

Solution

5 +1 =5+ +1+
2

3

4

5

2

3

4

5

= + +(5+1) 2

3

4

5

=6+
10+12

15

=6+
22

15

=6+1 =7
7

15

7

15

Example

Evaluate +
-2

3

-1

5

Solution

+ = =
-2

3

-1

5

-16-3

24

-19

24

MultiplyingSimpleFractions
Step1–Multiplythenumerators

Step2–Multiplythedenominators

Step3–Reducetheanswertolowesttermsbydividingbycommondivisors

Example

× = whichreducesto
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MultiplyingMixedNumbers

Step1–Convertthemixednumberstoimproperfractionsfirst

Step2–Multiplythenumerators

Step3–Multiplythedenominators

Step4–Reducetheanswertolowestterms

Example

2 ×1 = × =

Whichthenreducesto3

Note:
Whenopposingnumeratorsanddenominatorsaredivisiblebyacommonnumber,youmay
reducethenumeratorand denominatorbeforemultiplying. Intheaboveexample,after
convertingthemixednumberstoimproperfractions,youwillseethatthe3inthenumerator
andtheopposing3inthedenominatorcouldhavebeenreducedbydividingbothnumbersby3,
resultinginthefollowingreducedfraction:

× = = 3

DividingSimpleFractions
Step1–Changedivisionsigntomultiplication

Step2– Changethefractionfollowingthemultiplicationsigntoitsreciprocal(rotatethe
fractionaroundsotheolddenominatoristhenewnumeratorandtheoldnumeratoristhenew
denominator)

Step3-Multiplythenumerators

Step4–Multiplythedenominators

Step5–simplifytheanswertolowestterms



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 37

Example

÷ = becomes × whichwhensolvedis

DividingMixedNumbers
Step1–Convertthemixednumberornumberstoimproperfraction.

Step2–Changethedivisionsigntomultiplication.

Step3–Changethefractionfollowingthemultiplicationsigntoitsreciprocal(flipthefraction
around so theold denominatoristhenew numeratorand theold numeratoristhenew
denominator)

Step4-Multiplythenumerators.

Step5–Multiplythedenominators.

Step6–Simplifytheanswertolowestform.

Example

3 ÷2 = becomes ÷ becomes × =

Whichwhensolvedis × = whichsimplifiesto1

OrderofoperationsonFractions
Thesamerulesthatapplyonintegersarethesameforfractions

BODMAS

Example

15÷ of12=15÷ (westartwithofthendivision)
1

4 ( x12
1

4 )
=15÷3

=5

Example

+ x =
1

6

1

2 {+
3

8 (-
1

3

1

4)}
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Solution

1/3–1/4= = (westartwithbracket)
4-1

12

1

12

= (Wethenworkouttheouterbracket){+
3

8

1

12} 11

21

+ x = + (Wethenworkoutthemultiplication)
1

6

1

2

11

48

1

6

11

48

+ = (Additioncomeslasthere)
1

6

11

48

19

48

Example

Evaluate +½

+
1

2

1

3

of(-)
1

7

2

5

1

6

Solution

Wefirstworkoutthisfirst

+
1

2

1

3

of(-)
1

7

2

5

1

6

+ = =
1

2

1

3

3+2

6

5

6

of = x =
1

7 (-
2

5

1

6) 1

7

7

30

1

30

×30=25
5

6
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Therefore +½=25+½

+
1

2

1

3

of(-)
1

7

2

5

1

6

=25½

Note:
Operationsonfractionsareperformedinthefollowingorder.

 Perform theoperationenclosedwithinthebracketfirst.

 If(of)appears,perform thatoperationbeforeanyother.

Example

Evaluate: =
1

2{+ of1 ÷5
3

5

1

4(-
7

3

3

7) 1

2 }
Solution
=

1

2{+ of1 ÷5
3

5

1

4(4021) 1

2 }
=
1

2{+x x ÷5
3

5

1

4

40

21

3

2 }
=
1

2(+ x ÷5
3

5

10

21

3

2 )
=
1

2(+
3

5

5

35)
= = x =
1

2(21+535) 1

2

26

35

13

35

Example
TwopipesAandBcanfillanemptytankin3hrsand5hrsrespectively.PipeCcan
emptythetankin4hrs.IfthethreepipesA,BandCareopenedatthesametimefind
howlongitwilltakeforthetanktobefull.

Solution
1/3+1/5-1/4=20+12-15
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60

=17/60

17/60=1hr

1=1x60/17

60/17=3.5294118

=3.529hrs.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1. Evaluatewithoutusingacalculator.

2. Atwodigitnumberissuchthatthesum oftheonesandthetensdigitisten.Ifthedigits
arereversed,thenewnumberformedexceedstheoriginalnumberby54.

Findthenumber.

3. Evaluate

4. Converttherecurringdecimall intofraction

5. Simplify withoutusingtablesorcalculator

6. Evaluatewithoutusingtablesorcalculators
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7. Mr.Saidikeepsturkeysandchickens.Thenumberofturkeysexceedsthenumberof
chickensby6.Duringanoutbreakofadisease,¼ofthechickenand1/3oftheturkeys
died.Ifhelosttotalof30birds,howmanybirdsdidhehavealtogether?

9. Workout

10. Evaluate -4of(-4+-515)+-3–42)

84-7+3--5

11.Writetherecurringdecimal0.CanasFraction

12. Evaluate withoutusingacalculator.

13. Withoutusingtablesorcalculatorsevaluate.

14. Withoutusingtablesorcalculator,evaluatethefollowing.

-8+(-13)x3–(-5)

-1+(-6)÷2x2

15. Express asasinglefraction

16. Simplify ½of 3½+1½(2½-2/3)

¾of2½½

17. Evaluate:

2/5½of4/
9–11/10

1/8–1/6of3/8

18. Withoutusingacalculatorortable,workoutthefollowingleavingtheanswerasamixed
numberinitssimplestform:-

¾+12/7÷3/7of21/3
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(9/7-3/8)x2/3

19. Workoutthefollowing,givingtheanswerasamixednumberinitssimplestform.

2/5½of4/9–1
1/10

1/8–1/16x3/8

20. Evaluate;

23. Withoutusingacalculator,evaluate:

14/5of25/1812/3x24

21/3–¼of125/3 leavingtheanswerasafractioninitssimplestform

24. Therewasafund-raisinginMatissehighschool.Oneseventhofthemoneythatwas
raisedwasusedtoconstructateacher’shouseandtwothirdsoftheremainingmoneywas
usedtoconstructclassrooms.Ifshs.300,000remained,howmuchmoneywasraised

3/8of73/5–1/31¼+31/3x22/5
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CHAPTEREIGHT

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Convertfractionsintodecimalsandviceversa

b.)Identifyrecurringdecimals

c.)Convertrecurringdecimalsintofractions

d.)Roundoffadecimalnumbertotherequirednumberofdecimalplaces

e.)Writenumbersinstandardform

f.)Perform thefourbasicoperationsondecimals

g.)Carryouroperationsinthecorrectorder

h.)Applytheknowledgeofdecimalstoreallifesituations.

DECIMALS
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Content
a.)Fractionsanddecimals

b.)Recurringdecimals

c.)Recurringdecimalsandfractions

d.)Decimalplaces

e.)Standardform

f.) Operationsondecimals

g.)Orderofoperations

h.)Reallifeproblemsinvolvingdecimals.

Introduction

Afractionwhosedenominatorcanbewrittenasthepowerof10iscalledadecimalfractionora
decimal.E.g.1/10,1/100,50/1000.

Adecimalisalwayswrittenasfollows1/10iswrittenas0.1while5/100iswrittenas0.05.The
dotiscalledthedecimalpoint.

Numbersafterthedecimalpointsarereadassingledigitse.g.5.875isreadasfivepointeight
sevenfive.Adecimalfractionsuch8.3means8+3/10.Adecimalfractionwhichrepresentsthe
sum ofawholenumberandaproperfractioniscalledamixedfraction.

Placevaluechart
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DecimaltoFractions
Toconvertanumberfrom fractionform todecimalform,simplydividethenumerator(thetop
number)bythedenominator(thebottom number)ofthefraction.

Example:
5/8

8  Addasmanyzerosasneeded.

48

20

16

40

40

0

Convertingadecimaltoafraction
Tochangeadecimaltoafraction,determinetheplacevalueofthelastnumberinthedecimal.
Thisbecomesthedenominator.Thedecimalnumberbecomesthenumerator.Thenreduce
youranswer.

Example:

.625-the5isinthethousandthscolumn,therefore,

.625= =reducesto
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Note:
Yourdenominatorwillhavethesamenumberofzerosastherearedecimaldigitsinthedecimal
numberyoustartedwith-.625hasthreedecimaldigitssothedenominatorwillhavethreezero.

RecurringDecimals
Thesearedecimalfractionsinwhichadigitoragroupofdigitsrepeatcontinuouslywithout
ending.

=0.333333
1

3

=0.454545454
5

11

Wecannotwriteallthenumbers,wethereforeplaceadotaboveadigitthatisrecurring.Ifmore
thanonedigitrecursinapattern,weplaceadotabovethefirstandthelastdigitinthepattern.

E.g.

0.3333……………………….iswrittenas0.
̇
3

0.4545………………………iswrittenas0.
̇
4
̇
5

0.324324………………….iswrittenas0.
̇
32
̇
4

Anydivisionwhosedivisorhasprimefactorsotherthan2or5formsarecurringdecimalornon-
terminatingdecimal.

Example
Expresseachasafraction

a.)0.
̇
6

b.)0.7
̇
3

c.)0.
̇
1
̇
5

Solution
a.)Letr=0.66666-------(I)

10r=6.6666---------------(II)

SubtractingIfrom II

9r=6

r=
6

9
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=
2

3

b.)Letr=0.73333---------(I)

10r=7.3333333---------(II)

100r=73.33333---------(III)

Subtracting(II)from (III)

90r=66

r=
66

90

=
11

15

c.)Letr=0.151515---------(I)

100r=15.1515-----------(II)

99r=15

r=
15

99

=
5

33

Decimalplaces
Whentheprocessofcarryingoutdivisiongoesoverandoveragainwithoutendingwemay
roundoffthedigitstoanynumberofrequireddigitstotherightofdecimalpointswhichare
calleddecimalplaces.

Example
Round2.832tothenearesthundredth.

Solution

Step1–Determinetheplacetowhichthenumberistoberoundedis.

2.832
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Step2–Ifthedigittotherightofthenumbertoberoundedislessthan5,replaceitandallthe
digitstotherightofitbyzeros.Ifthedigittotherightoftheunderlinednumberis5orhigher,
increasetheunderlinednumberby1andreplaceallnumberstotherightbyzeros.Ifthezeros
aredecimaldigits,youmayeliminatethem.

2.832 = 2.830 = 2.83

Example
Round43.5648tothenearestthousandth.

Solution

43.5648 = 43.5650= 43.565

Example
Round5,897,000tothenearesthundredthousand.

Solution
5,897,000 =5,900,000

StandardForm
Anumberissaidtobeinstandardform ifitisexpressedinform AX ,Where1<A<10andn10

n

isaninteger.

Example
Writethefollowingnumbersinstandardform.

a.)36 b.)576c.)0.052

Solution
a.)36/10x10=3.6x10

1

b.)576/100x100=5.76x10
2

c.)0.052=0.052x100/100

5.2×
1

100

5.2×(
1

100
)
2

5.2×10
-2
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OperationonDecimals

AdditionandSubtraction
Thekeypointwithadditionandsubtractionistolineupthedecimalpoints!

Example
2.64+11.2= 2.64

+11.20 inthiscase,ithelpstowrite11.2as11.20

13.84

Example
14.73–12.155= 14.730 againaddingthis0helps

- 12.155
2.575

Example
127.5+0.127= 327.500

+ 0.127

327.627

Multiplication
Whenmultiplyingdecimals,dothesum asifthedecimalpointswerenotthere,andthen
calculatehowmanynumbersweretotherightofthedecimalpointinboththeoriginalnumbers
-next,placethedecimalpointinyouranswersothattherearethisnumberofdigitstotheright
ofyourdecimalpoint?

Example
2.1x1.2.

Calculate21x12=252.Thereisonenumbertotherightofthedecimalineachoftheoriginal
numbers,makingatotaloftwo.Wethereforeplaceourdecimalsothattherearetwodigitsto
therightofthedecimalpointinouranswer.

Hence2.1x1.2=2.52.

Alwayslookatyouranswertoseeifitissensible.2x1=2,soouranswershouldbecloseto2
ratherthan20or0.2whichcouldbetheanswersobtainedbyputtingthedecimalinthewrong
place.
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Example
1.4x6

Calculate14x6=84.Thereisonedigittotherightofthedecimalinouroriginalnumbersso
ouransweris8.4

Check1x6=6soouranswershouldbecloserto6than60or0.6

Division
Whendividingdecimals,thefirststepistowriteyournumbersasafraction.Notethatthe
symbol/isusedtodenotedivisioninthesenotes.

Hence2.14/1.2=2.14

1.2

Next,movethedecimalpointtotherightuntilbothnumbersarenolongerdecimals.Dothisthe
samenumberofplacesonthetopandbottom,puttinginzerosasrequired.

Hence becomes
2.14

1.2

214

120

Thiscanthenbecalculatedasanormaldivision.

Alwayscheckyouranswerfrom theoriginaltomakesurethatthingshaven’tgonewrongalong
theway.Youwouldexpect2.14/1.2tobesomewherebetween1and2.Infact,theansweris
1.78.

Ifthismethodseemsstrange,tryusingacalculatortocalculate2.14/1.2, 21.4/12,214/120
and 2140/1200.Theanswershouldalwaysbethesame.

Example
4.36/0.14=4.36=436=31.14

1.14 14

Example
27.93/1.2=27.93=2793=23.28

1.2 120

RoundingUp
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Somedecimalnumbersgoonforever!Tosimplifytheiruse,wedecideonacutoffpointand
“round”them upordown.

Ifwewanttoround2.734216totwodecimalplaces,welookatthenumberinthethirdplace
afterthedecimal,inthiscase,4.Ifthenumberis0,1,2,3or4,weleavethelastfigurebefore
thecutoffasitis.Ifthenumberis5,6,7,8or9we“roundup”thelastfigurebeforethecutoff
byone.2.734216thereforebecomes2.73whenroundedto2decimalplaces.

Ifweareroundingto2decimalplaces,weleave2numberstotherightofthedecimal.

Ifweareroundingto2significantfigures,weleavetwonumbers,whethertheyaredecimalsor
not.

Example

243.7684=243.77(2decimalplaces)

=240(2significantfigures)

1973.285=1973.29(2decimalplaces)

=2000(2significantfigures)

2.4689=2.47(2decimalplaces)
=2.5(2significantfigures)

0.99879=1.00(2decimalplaces)

=1.0(2significantfigures)

Orderofoperation
Thesamerulesonoperationsisalwaysthesameevenfordecimals.

Examples
Evaluate

0.02+3.5x2.6–0.1(6.2-3.4)

Solution
0.02+3.5x2.6–0.1x2.8=0.02+0.91-0.28

=8.84
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Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.)Withoutusinglogarithm tablesoracalculatorevaluate.

384.16x0.0625

96.04

2.)Evaluatewithoutusingmathematicaltable

1000 0.0128

200

3.)Expressthenumbers1470and7056,eachasaproductofitsprimefactors.
Henceevaluate: 14702

7056

Leavingtheanswerinprimefactorform

4.)Withoutusingmathematicaltablesorcalculators,evaluate

675x135
3

2025

5.)Evaluatewithoutusingmathematicaltablesorthecalculator

0.0625x2.56

0.25x0.08
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CHAPTERNINE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Findsquaresofnumbersbymultiplication

b.)Findsquaresfrom tables

c.)Findsquarerootbyfactormethod

d.)Findsquarerootfrom tables.

Content
a.)Squaresbymultiplication

b.)Squaresfrom tables

c.)Squarerootsbyfactorization

d.)Squarerootsfrom tables.

Introduction

SQUAREANDSQUREROOTS
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Squares
Thesquareofanumberissimplytheumbermultipliedbyitselfonce.Forexamplethesquareof
15is225.Thatis15x15=225.

Squarefrom tables

Thesquaresofnumberscanbereaddirectlyfrom tableofsquares.Thistablesgiveonly
approximatevaluesofthesquaresto4figures.Thesquaresofnumbersfrom 1.000to9.999
canbereaddirectlyfrom thetables.

Theuseoftablesisillustratedbelow

Example
Findthesquareof:

a.)4.25

b.)42.5

c.)0.425

Tables

a.)Toreadthesquareof4.25,lookfor4.2downthecolumnheadedx.Movetotheright
alongthisrow,uptowhereitintersectswiththecolumnheaded5.Thenumberinthis
positionisthesquareof4.25

So4.2 =18.06to4figures5
2

b.)Thesquareof4.25liesbetween4 and5 between1600and2500.0
2

0
2

42 =(.5
2

4.25x10
1
)
2

= x4.25
2

10
2

=18.06x100

=1806

c.)0.42 =(4.25x5
2 1

10
)
2

= x(4.25
2

)
1

10

2

=18.06x1/100

=0.1806
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Thesquaretableshaveextracolumnslabeled1to9totherightofthethickline.Thenumbers
underthesecolumnsarecalledmeandifferences.Tofind3.162,read3.16toget9.986.Then
readthenumberinthepositionwheretherowcontaining9.986intersectswiththedifferences
columnheaded2.Thedifferenceis13andthisshouldbeaddedtothelastdigitsof9.986

9.986

+ 13

9.999

56.129has5significantfiguresandinordertouse4figurestables,wemustfirstrounditoffto
fourfigures.

56.129=56.13to4figures

=(5.613x56.13
2

10
1
)
2

=31.50x10
2

=3150

SquareRoots
Squarerootsaretheoppositeofsquares.Forexample5x5=25,wesaythat5isasquareroot
of25.

Anypositivenumberhastwosquareroots,onepositiveandtheothernegative.Thesymbolfor

thesquarerootofanumberis√.

Anumberwhosesquarerootisanintegeriscalledaperfectsquare.Forexample1,4,9,25and
36areperfectsquares.

SquarerootsbyFactorization.
Thesquarerootofanumbercanalsobeobtainedusingfactorizationmethod.

Example
Findthesquarerootof81byfactorizationmethod.

Solution
√81= (Findtheprimefactorof81)3x33x3

=(3x3)(3x3)(Grouptheprimefactorsintotwoidenticalnumbers)

=3x3 (Outofthetwoidenticalprimefactors,chooseoneandfindtheirproduct)

=9

Note:
Pairtheprimefactorsintotwoidenticalnumbers.Foreverypair,pickonlyonenumberthen
obtaintheproduct.
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Example
Find√1764byfactorization.

Solution
=1764 2x2x3x3x7x7

=2x3x7

=42

Example
Find√441byfactorization

Solution
√441= 3x3x7x7

=3x7

=21

SquareRootfrom tables
Squarerootsofnumbersfrom 1.0to99.99aregiveninthetablesandcanbereaddirectly.

Examples
Usetablestofindthesquarerootof:

a.)1.86 b.)42.57 c.)359 d.)0.8236

Solution
a.)Toreadthesquarerootof1.86,lookfor1.8inthecolumnheadedx,movetotheright

alongthisrow towhereitintersectswiththecolumnheaded6.Thenumberinthis

positionisthesquarerootof1.86.Thus =1.364to4figures.1.86

b.) Lookfor42inthecolumnheadedxandmovealongtherow containing42to42.57
whereitintersectswiththecolumnheaded5.Readthenumberinthisposition,whichis
6.519.Thedifferencefor7from thedifferencecolumnalongthisrowis6.Thedifference
isaddedto6.519asshownbelow:

6.519

+0.006

6.525

Thus, =6.525to4figures.42.57

Foranynumberoutsidethisrange,itisnecessarytofirstexpressitastheproductofanumber
inthisrangeandanevenpowerof10.



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 57

c.)359=3.59x10
2

=359 (3.59x1000)

=1.895x10

=18.95(fourfigures)

d.)0.8236=82.36x(110)
2

=0.8236 (82.36x )
1

100

=(9.072+0.004)x
1

10

=0.9076(4figures)

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic
1.)Evaluatewithoutusingtablesorcalculators

2.)Evaluateusingreciprocals,squareandsquareroottablesonly.

3.)Usingacalculator,evaluate

(Showyourworkingateachstage)

4.)Usetablesofreciprocalsandsquarerootstoevaluate
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5.)Usetablestofind;

a)I)4.9782

ii)Thereciprocalof31.65

b)Henceevaluateto4.S.Fthevalueof

4.9782–1/31.65

6.)Usetablesofsquares,squarerootsandreciprocalstoevaluatecorrectto4S.

3

0.0136

2
(3.72)2

7. Withoutusingmathematicaltablesorcalculator,evaluate:153x1.8 givingyour
answerinstandardform 0.68x0.32

CHAPTERTEN

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Useletterstorepresentnumbers

b.)Writestatementsinalgebraicform

c.)Simplifyalgebraicexpressions

d.)Factorizeanalgebraicexpressionsbygrouping

e.)Removebracketsfrom algebraicexpressions

f.)Evaluatealgebraicexpressionsbysubstitutingnumericalvalues

g.)Applyalgebrainreallifesituations.

Content
a.)Lettersfornumbers

b.)Algebraicfractions

c.)Simplificationofalgebraicexpressions

ALGEBRAICEXPRESSION
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d.)Factorizationbygrouping

e.)Removalofbrackets

f.) Substitutionandevaluation

g.)Problem solvinginreallifesituations.

Introduction

Analgebraicexpressionisamathematicalexpressionthatconsistsofvariables,numbersand
operations.ThevalueofthisexpressioncanchangeClarifythedefinitionsandhavestudents
takenotesontheirgraphicorganizer.

Note:
o Algebraic Expression—contains atleastone variable,one numberand one

operation.Anexampleofanalgebraicexpressionisn+9.
o Variable—aletterthatisusedinplaceofanumber.Sometimes,thevariablewill

begivenavalue. Thisvaluewillreplacethevariableinordertosolvethe
equation.Othertimes,thevariableisnotassignedavalueandthestudentisto
solvetheequationtodeterminethevalueofthevariable.

o Constant—anumberthatstandsbyitself.The9inourpreviousvocabularyisan
exampleofaconstant.

o Coefficient—anumberinfrontofandattachedtoavariable.Forexample,inthe
expression5x+3,the5isthecoefficient.

o Term—eachpartofanexpressionthatisseparatedbyanoperation.Forinstance,
inourearlierexamplen+9,thetermsarenand7.

Examples
Writeeachphraseasanalgebraicexpression.

Nineincreasedbyanumberr→ 9+r

Fourteendecreasedbyanumberx → 14-x
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Sixlessthananumbert→ t-6

Theproductof5andanumbern→5Xn or5n

Thirty-twodividedbyanumbery 31÷x or
31

x

Example
Anelectricianchargessh450perhourandspendssh200adayongasoline.Writeanalgebraic
expressiontorepresenthisearningsforoneday.

Solution: Letxrepresentthenumberofhourstheelectrician worksin oneday.The
electrician'searningscanberepresentedbythefollowingalgebraicexpression:

Solution
450x-200

SimplificationofAlgebraicExpressions

Note:
Basicstepstofollowwhensimplifyanalgebraicexpression:

 Removeparenthesesbymultiplyingfactors.

 Useexponentrulestoremoveparenthesesintermswithexponents.

 Combineliketermsbyaddingcoefficients.

 Combinetheconstants.

Likeandunliketerms
Liketermshavethesamevariable/lettersraisedtothesamepoweri.e.3b+2b=5bora+5a

=6aandtheycanbesimplifiedfurtherinto5band6arespectively( and arealsolikea
2

3a
2

terms).Whileunliketermshavedifferentvariablesi.e.3b+2cor4b+2xandtheycannotbe
simplifiedfurther.

Example

3a+12b+4a-2b = 7a+10b (collectthelickterms)

2x-5y+3x-7y+3w =5x-12y+3w

Example
Simplify:2x–6y–4x+5z–y

Solution
2x–6y–4x+5z–y=2x–4x–6y–y+5z

=(2x–4x)–(6y+y)+5z

=-2x–7y+5z
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Note:
-6y–y=-(6y+y)

Example

Simplify: a- b+ a
1

2

1

3

1

4

Solution
TheL.C.M of2,3and4is12.

Therefore a-b+ a=
1

2

1

3

1

4

6a-4b+3a

12

=
6a+3a-4b

12

=
9a-4b

12

Example

Simplify: -
a+b

2

2a-b

3

Solution

- =
a+b

2

2a-b

3

3 -2(a+b)(2a-b)
6

3a+3b-4a+2b

6

3a-4a+3b+2b

6

=
-a+5b

6

Example
5x²-2x²=3x²

4a²bc-2a²bc=2a²bc

a²b–2 c+3a²b+ c=4a²b– cb
3

b
3

b
3

Note:
Capitalletterandsmalllettersarenotliketerms.
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Brackets
Bracketsservethesamepurposeastheydoinarithmetic.

Example
Removethebracketsandsimplify:

a.)3(a+b)–2(a–b)

b.)1/3a+3(5a+b–c)

c.)2b+3(3–2(a–5)

Solution
a.)3(a+b)–2(a–b)=3a+3b–2a+2b

=3a-2a+3b+2b

=a+5b

b.)1/3a+3(5a+b–c)=1/3a+15a+3b–3c

=15a+3b-3c
1

3

c.)2b+a{3–2(a–5)}=2b+a{3–2a+10}

=2b+3a–2 +10aa
2

=2b+3a+10a-2a
2

=2b+13a-2a
2

Theprocessofremaining thebracketsiscalled expansion whilethereverseprocessof
insertingthebracketsiscalledfactorization.

Example
Factorizethefollowing:

a.)3m +3n=3(m +n) (thecommonterm is3soweputitoutsidethebracket)

b.) + +ar
3

ar
4

ar
5

c.) y+ - y4x
2

20x
4
y
2
36x

3

Solution

b.) + + ( iscommon)ar
3

ar
4

ar
5
ar

3

ar
3(1+r+r2)

c.) y+ - y4x
2

20x
4
y
2
36x

3

y(Iscommon)4x
2
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= y(1+ y-9x4x
2

5x
2

Factorizationbygrouping
Whenthetermsofanexpressionwhichdonothaveacommonfactoraretakenpairwise,a
commonfactorcanbefound.Thismethodisknownasfactorizationbygrouping.

Example
Factorize:

a.)3ab+2b+3ca+2c

b.)ab+bx–a-x

Solution
a.)3ab+2b+3ca+2c=b(3a+2)+c(3a+2)

=(3a+2)(b+c)

b.)ab+bx–a–x=b(a+x)–1(a+x)

=(a+x)(b–1)

Algebraicfractions
Inalgebra,fractionscanbeaddedandsubtractedbyfindingtheL.C.M ofthedenominators.

Examples
Expresseachofthefollowingasasinglefraction:

a.) + +
x-1

2

x+2

4

x

5

b.) -
a+b

b

b-a

a

c.) + +
1

3(a+b)
3

8(a+b)
5

12a

Solution

a.) + + = (10x-10+5x+10+4x)
x-1

2

x+2

4

x

5

10 +5 +4x(x-1) (x+2)
12a

=
19x

20
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b.) - =
a+b

b

b-a

a

b -a(b-a)(a+b)
ab

=
+a
2
b
2

ab

c.) + +
1

3(a+b)
3

8(a+b)
5

12a
(findtheL.C.M.of3,8and12whichis24,)

(findtheL.C.M.ofaand isa(a+b)(a+b) )

(TheL.C.M.of3 ,8 and12is24a(a+b)(a+b) (a+b) )

+ + =
1

3(a+b)
3

8(a+b)
5

12a

8a+9a+10a+10b

24a(a+b)

=
27a+10b

24a(a+b)

Simplificationbyfactorization
Factorizationisusedtosimplifyexpressions

Examples
Simplify p2–2pq+q2

2p2-3pq+q2

Solution
Numeratorissolvedfirst.

-Pq-pq+p
2

q
2

p -q(p+q)(p-q)

(p-q)
2

Thensolvethedenominator

2p2-2pq-pq-q2

(2p-q)(p-q)

=
(p-q)

2

(2p-q)(p-q)

p-q

2p-q
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= henceitcancelwiththedenominator(p-q)
2

(p-q)(p-q)

Example
Simplify

Solution
Num.(4m –3n)(4m +3n)

Den.4m2–4mn+3mn–3n2

(4m +3n)(m –n)

(4m –3n)(4m +3n)

(4m +3n)(m –n)

4m –3n

m –n

Example
Simplifytheexpression.

Solution
Numerator

18x(y–r)

Denominator

9x(r–y)

Therefore
18x(y–r)

9x(r-y)

=
(y–r)

(r-y)
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Example

Simplify
12 +ax-6x

2
a
2

9 -4x
2

a
2

Solution

=

Example
Simplifytheexpressioncompletely.

ay-ax

bx-by

Solution

= = =
a(y-x)

b(x-y)

a(y-x)

-b(x-y)

a

-b

-a

b

Note:

x-y=-(y-x)

Substitution
Thisistheprocessofgivingvariablesspecificvaluesinanexpression

Example

Evaluatetheexpression ifx=2andy=1
+x
2
y
2

y+2

Solution

= =
+x
2
y
2

y+2

+2
2
1
2

1+2

4+1

3

= =1
5

3

2

3

Endoftopic

Didyouunderstandeverything?
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Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.Giventhaty= 2x–z
x+3z expressxintermsofyandz

2.Simplifytheexpression
x–1 -2x+1

x 3x

Hencesolvetheequation

x–1 - 2x+1 =2

x 3x 3

3.Factorizea2–b2

Hencefindtheexactvalueof25572-25472

4.Simplify p2–2pq+q2

P3-pq2+p2q–q3

5.Giventhaty=2x–z,expressxintermsofyandz.
Fourfarmerstooktheirgoatstoamarket.MohammedhadtwomoregoatsasKoech

had3timesasmanygoatsasMohammed,whereasOdupoyhad10goatslessthanboth
MohammedandKoech.

(i) Writeasimplifiedalgebraicexpressionwithonevariable,representingthetotal
numberofgoats.

(ii) Threebutchersboughtallthegoatsandsharedthem equally.Ifeachbutchergot
17goats,howmanydidodupoyselltothebutchers?

6.Solvetheequation
1=5-7

4x 6x

7.Simplify
a + b

2(a+b) 2(a-b)

8.Threeyearsago,Jumawasthreetimesasold.AsAliintwoyearstime,thesum of
theirageswillbe62.Determinetheirages
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CHAPTERELEVEN

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Definerates

b.)Solveproblemsinvolvingrates

c.)Defineratio

d.)Comparetwoormorequantitiesusingratios

e.)Changequantitiesinagivenratio

f.) Comparetwoormoreratios

g.)Representandinterpretproportionalparts

h.)Recognizedirectandinverseproportions

i.) Solveproblemsinvolvingdirectandinverseproportions

j.) Convertfractionsanddecimalstopercentagesandvice-versa

k.)Calculatepercentagechangeinagivenquantity

l.) Applyrates,ratios,percentagestoreallifesituationsandproportion.

Content
a.)Rates

b.)Solvingproblemsinvolvingrates

c.)Ratio

d.)Comparingquantitiesusingratio

e.)Increaseanddecreaseinagivenratio

f.) Comparingratios

g.)Proportion:directandinverse

h.)Solveproblemsondirectandinverseproportions

i.) Fractionsanddecimalsaspercentages

j.) Percentageincreaseanddecrease

k.)Applicationofrates,ratios,percentagesandproportiontoreallifesituations.

RATES,RATIO,PROPORTIONANDPERCENTAGE
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Introduction

Rates
Arateisameasureofquantity,andcomparingonequantitywithanotherofdifferentkind.

Example
Ifacartakestwohourstotraveladistanceof160km.thenwewillsaythatitistravellingatan
averagerateof80km perhour.Iftwokilogramsofmaizemealissoldforsh.38.00,thenwe
saythatmaizemealissellingattherateofsh.19.00perkilogram.

Example
Whatistherateofconsumptionperdayiftwelvebagsofbeansareconsumedin120days?

Solution.
Rateofconsumption=numberofbags/numberofdays

=
12

120

=1/10bagsperday

Example
Alaborer’swageissh.240pereighthoursworkingday.Whatistherateofpaymentperhour?

Solution
Rate=amountofmoneypaid/numberofhours

=
240

8

=sh.30perhour
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Ratio
Aratioisawayofcomparingtwosimilarquantities.Forexample,ifaliasis10yearsoldandhis
brotherbasheris14yearsold.Thenaliasageis10/14ofBashir’sage,andtheiragesaresaidto
beintheratioof10to14.Written,10:14.

Aliasage:Bashir’sage=10:14

Bashir’sage:aliasage=14:10

Instatingaratio,theunitsmustbethesame.Ifonamap2cm rep5km ontheactualground,
thentheratioofmapdistancetomapdistanceis2cm:5x100000cm,whichis2:500000.

Aratioisexpressedinitssimplestform inthesamewayasafraction,

E.g.10/14=5/7,hence10:14=5:7.

Similarly,2:500000=1:250000,

Aproportionisacomparisonoftwoormoreratios.If,example,a,bandcarethreenumbers
suchthata:b:c=2:3:5,thena,b,caresaidtobeproportionalto2,3,5andtherelationship
shouldbeinterpretedtomeana/2=b/3=c/5.

Similarly,wecansaythata:b=2:3,b:c=3:5a:c=2:5

Example3

Ifa:b=3:4andb:c=5:7finda:c

Solution

a:b=3:4…………………(i)

b:c=5:7………………….(ii)

Considertherighthandside;

Multiply(i)by5and(ii)by4toget,a:b=15:20andb:c=20:28

Thus,a:b:c=15:20:28anda:c=15:28

Increaseanddecreaseinagivenratio
Toincreaseordecreaseaquantityinagivenratio,weexpresstheratioasafractionand
multiplyitbythequantity.

Example
Increase20intheratio4:5

Solution
Newvalue=5/4x20

=5x5



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 71

=25

Example
Decrease45intheratio7:9

Solution
Newvalue =7/9x45

=7x5

=35

Example
Thepriceofapenisadjustedintheratio6:5.Iftheoriginalpricewassh.50.Whatisthenew
price?

Solution
Newprice:oldprice=6:5

Newprice/oldprice=6/5

Newprice =6/5x50

=sh.60

Note:
Whenaratioexpressesachangeinaquantityanincreaseordecrease ,itisusuallyputinthe
form ofnewvalue:oldvalue

Comparingratios
Inordertocompareratios,theyhavetobeexpressedasfractionsfirst,ie.,a:b=a/b.the
resultantfractioncanthenbecompared.

Example
Whichratioisgreater,2:3or4:5?

Solution2:3=2/3,4:5=4/5

2/3=10/15,4/5=12/15=4/5>2/3

Thus,4:5>2:3

Distributingaquantityinagivenratio
Ifaquantityistobedividedintheratioa:b:c,thefractionofthequantityrepresentedby:

(i) Awillbe
a

a+b+c



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 72

(ii) B willbe
a

a+b+c

(iii) C willbe
a

a+b+c

Example
A72-hactarefarm istobesharedamongthreesonsintheratio2:3:4.Whatwillbethesizesin
hectaresofthethreeshares?

Solution
Totalnumberofpartsis2+3+4=9

Theshesharesare:2/9x72ha=16ha

3/9x72ha=24ha

4/9x72ha=36ha

Directandinverseproportion

Directproportion
Thetablebelowshowsthecostofvariousnumbersofcupsatsh.20percup.

No.ofcups 1 2 3 4 5

Cost(sh.) 20 40 60 80 100

Theratioofthenumbersofcupsinthefourthcolumntothenumberofcupsinthesecond
columnis4:2=2:1.Theratioofthecorrespondingcostsis80:40=2:1.Byconsideringtheratioof
costsinanytwocolumnsandthecorrespondingratioandthenumberofcups,youshould
noticethattheyarealwaysthesame.

Iftwoquantitiesaresuchthatwhentheoneincreases(decreases)inparticularratio,theother
onealsoincreases(decreases)intheratio,

Example
Acartravels40km on5litresofpetrol.Howfardoesittravelon12litresofpetrol?

Solution
Petrolisincreasedintheratio12:5

Distance=40x12/5km
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Example
Atraintakes3hourstotravelbetweentwostationsatanaveragespeedof40km perhour.At
whataveragespeedwoulditneedtotraveltocoverthesamedistancein2hours?

Solution
Timeisdecreasedintheratio2:3Speedmustbeincreasedintheratio3:2averagespeedis40
x3/2km =60km/h

Example
Tenmenworkingsixhoursadaytake12daystocompleteajob.Howlongwillittakeeightmen
working12hoursadaytocompletethesamejob?

Solution
Numberofmendecreasesintheratio8:10

Therefore,thenumberofdaystakenincreasesintheratio10:8.

Numberofhoursincreasedintheratio12:6.

Therefore,numberofdaysdecreasesintheratio6:12.

Numberofdaystaken=12x x
10

8

6

12

=7½days

Percentages
Apercentage(%)isafractionwhosedenominatoris100.Forexample,27%means27/100.

Convertingfractionsanddecimalsintopercentages
Towriteadecimalorfractionasa%:multiplyby100.Forexample

0.125 =0.125100=12.5%

= 100 (i.e. Of100%)=40%
2

5

2

5

2

5

Or =25100=40%
2

5
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Example
Change2/5intopercentage.

Solution

=
2

5

x

100

x= x100
2

5

=40%

Example
Convert0.67intoapercentage:solution

0.67=
67

100

Asapercentage,0.67= x100
67

100

=67%

Percentageincreaseanddecrease
Aquantitycanbeexpressedasapercentageofanotherbyfirstwritingitasafractionofthe
givenquantity.

Example
Afarmerharvested250bagsofmaizeinaseason.Ifhesold200bags,whatpercentageofhis
cropsdoesthisrepresent?

Letxbethepercentagesold.

Then,x/100=
200

250

So,x == x100
200

250

=80%
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Example
Amanearningsh.4800permonthwasgivena25%payrise.Whatwashisnewsalary?

Solution
Newsalary=25/100x4800+4800

=1200+4800

=sh.6000

Example
Adresswhichwascostingsh.1200nowgoesforsh.960.Whatisthepercentagedecrease?

Solution
Decreaseincostis1200-960=sh.240

Percentagedecrease=240/1200x100

=20%

Example
Theratioofjohn’searningstomuse’searningsis5:3.Ifjohn’searningsincreaseby12%,his
newfigurebecomessh.5600.Findthecorrespondingpercentagechangeinmuse’searningsif
thesum oftheirnewearningsissh.9600

Solution
John’searningsbeforetheincreaseis100/112x5600=sh.5000

John’searnings/muse’searnings=5/3

Musa’searningsbeforetheincrease=3/5x5000

=sh.3000

Musa’snewearnings =9600-5600

=sh.4000

Musa’schangeinearnings =4000-1000

=sh.3000

Percentagechangeinmuse’searnings=1000/3000x100

=33 %
1

3
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Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.Akinyiboughtandbeansfrom awholesaler.Shethenmixedthemaizeandbeansinthe
ratio4:3sheboughtthemaizeatKshs21perkgandthebeans42perkg.Ifshewasto
makeaprofitof30%.Whatshouldbethesellingpriceof1kgofthemixture?

2.Waterflowsfrom atapattherateof27cm3persecondintoarectangularcontainerof
length60cm,breadth30cm andheight40cm.Ifat6.00PM thecontainerwashalffull,
whatwillbetheheightofwaterat6.04pm?

3.Twobusinessmenjointlyboughtaminibuswhichcouldferry25payingpassengers
whenfull.ThefarebetweentwotownsAandBwasKshs80perpassengerforoneway.
Theminibusmadethreeroundtripsbetweenthetwotownsdaily.Thecostoffuelwas
Kshs1500perday.ThedriverandtheconductorwerepaiddailyallowancesofKshs200
andKshs150respectively.
A furtherKshs4000 perdaywassetasideformaintenance,insuranceand loan
repayment.

(a) (i) Howmuchmoneywascollectedfrom thepassengersthatday?

(ii) Howmuchwasthenetprofit?

(b) Onanotherday,theminibuswas80%fullontheaverageforthethreeroundtrips,
how muchdideachbusinessmangetiftheday’sprofitwassharedintheratio
2:3?

4.Wainainahastwodairyfarms,AandB.Farm Aproducesmilkwith3¼percentfatand
farm Bproducesmilkwith4¼percentfat.
(a) Determine

(i) Thetotalmassofmilkfatin50kgofmilkfrom farm Aand30kgofmilk
from farm B

(ii) Thepercentageoffatinamixtureof50kgofmilkAand30kgofmilk
from B

(b) Therangeofvaluesofmassofmilkfrom farm Bthatmustbeused ina50kg
mixturesothatthemixturemayhaveatleast4percentfat.

5.Intheyear2001,thepriceofasofasetinashopwasKshs12,000
(a) Calculatetheamountofmoneyreceivedfrom thesalesof240sofasetsthat

year.

(b) (i) Intheyear2002thepriceofeachsofasetincreasedby25%while
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thenumber ofsetssolddecreasedby10%.Calculatethepercentage
increaseintheamountreceivedfrom thesales

(ii) Iftheendofyear2002,thepriceofeachsofasetchangedintheratio16:
15,calculatethepriceofeachsofasetintheyear2003.

(c) Thenumberofsofasetssoldintheyear2003wasP%lessthanthenumbersold
intheyear2001.

CalculatethevalueofP,giventhattheamountsreceivedfrom salesifthetwo
yearswereequal.

6.Asolutionwhosevolumeis80litresismadeupof40%ofwaterand60%ofalcohol.
Whenxlitresofwaterisadded,thepercentageofalcoholdropsto40%.
(a) Findthevalueofx

(b) Thirtylitresofwaterisaddedtothenew solution.Calculatethepercentageof
alcoholintheresultingsolution

(c) If5litresofthesolutionin(b)aboveisaddedto2litresoftheoriginalsolution,
calculateinthesimplestform,theratioofwatertothatofalcoholintheresulting
solution.

7.Threebusinesspartners,Asha,NangilaandCheropcontributedKshs60,000,Kshs
85,000andKshs105,000respectively.Theyagreedtoput25%oftheprofitbackinto
businesseachyear.Theyalsoagreedtoputaside40%oftheremainingprofittocater
fortaxesandinsurance.Therestoftheprofitwouldthenbesharedamongthepartners
intheratiooftheircontributions.Attheendofthefirstyear,thebusinessrealizeda
grossprofitofKshs225,000.
(a) CalculatetheamountofmoneyCheropreceivedmorethanAshaattheendof

thefirstyear.

(b) NangilafurtherinvestedKshs25,000intothebusinessatthebeginningofthe
secondyear.Giventhatthegrossprofitattheendofthesecondyearincreased
intheratio10:9,calculateNangila’sshareoftheprofitattheendofthesecond
year.

8.Kipketercancultivateapieceoflandin7hrswhileWanjikucandothesameworkin5
hours.Findthetimetheywouldtaketocultivatethepieceoflandwhenworkingtogether.

9.MogakaandOndisoworkingtogethercandoapieceofworkin6days.Mogakaworking
alone,takes5dayslongerthanOnduso.HowmanydaysdoesittakeOndusotodothe
workalone.

10.Acertainamountofmoneywassharedamong3childrenintheratio7:5:3thelargest
sharewasKshs91.Findthe
(a) Totalamountofmoney
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(b) Differenceinthemoneyreceivedasthelargestshareandthesmallestshare.

CHAPTERTWELVE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Statetheunitsofmeasuringlength

b.)Convertunitsoflengthfrom oneform toanother

c.)Expressnumberstorequirednumberofsignificantfigures

d.)Findtheperimeterofaplanefigureandcircumferenceofacircle.

Content
a.)Unitsoflength(mm,cm,m,km)

b.)Conversionofunitsoflengthfrom oneform toanother

c.)Significantfigures

d.)Perimeter

e.)Circumference(includelengthofarcs).

LENGTH
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Introduction

Lengthisthedistancebetweentwopoints.TheSIunitoflengthismetres.Conversionofunits
oflength.

1kilometer(km)=1000metres

1hectometer(hm)=100metres

1decameter(Dm)=10metres

1decimeter(dm)=1/10metres

1centimeter(cm)=1/100metres

1millimeter(mm)=1/1000metres

Thefollowingprefixesareoftenusedwhenreferringtolength:

Mega–1000000

Kilo–1000

Hecto–100

Deca-10
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Deci-1/10

Centi-1/100

Milli-1/1000

Micro-1/1000000

Significantfigures
Theaccuracywithwhichwestateorwriteameasurementmaydependonitsrelativesize.It
wouldbeunrealistictostatethedistancebetweentownsA andB as158.27km.amore
reasonablefigureis158km.158.27km isthedistanceexpressedto5significantfiguresand
158km to3significantfigures.

Example
Expresseachofthefollowingnumbersto5,4,3,2,and1significantfigures:

(a)906315

(b)0.08564

(c)40.0089

(d)156000

Solution

number 5s.f. 4s.f 3s.f 2s.f 1s.f.

(a) 906315 906320 906300 906000 910000 900000

(b) 0.085641 0.085641 0.08564 0.0856 0.085 0.09

(c) 40.0089 40.009 40.01 40.0 40 40

(d) 156000 156000 156000 156000 160000 200000

Theaboveexampleshow how wewouldroundoffameasurementtoagivennumberof
significantfigures

Zeromaynotbeasignificant.Forexample:

(i) 0.085 -zeroisnotsignificanttherefore,0.085isatwo-significantfigure.

(ii) 2.30–zeroissignificant.Therefore2.30isathree-significantfigure.
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(iii) 5000–zeromayormaynotbesignificantfigure.Therefore,5000tothree

significantfigureis500(zeroafter5issignificant).Toonesignificantfigureis5

000.Zeroafter5isnotsignificant.

(iv) 31.805Or305–zeroissignificant,therefore31.805isfivesignificantfigure.305

isthreesignificantfigure.

Perimeter
Theperimeterofaplaneisthetotallengthofitsboundaries.Perimeterisalengthandis
thereforeexpressedinthesameunitsaslength.

Squareshapes
5cm

Itsperimeteris5+5+5+5=2(5+5)

=2(10)

=20cm

Hence 5x4=20

Soperimeterofasquare=Sidesx4

Rectangularshapes
Figure12.2isarectangleoflength5cm andbreadth3cm.

5cm

3cm

Itsperimeteris5+3+5+3=2(5+3)cm

=2x8

=16cm

Hence perimeterofarectangle p=2(L+W)
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Triangularshapes
Tofindtheperimeterofatriangleaddallthethreesides.

c

a

b

Perimeter=(a+b+c)units,wherea,bandcarethelengthsofthesidesofthetriangle.

Thecircle
Thecircumferenceofacircle=2πrorπD

Example
(a)Findthecircumferenceofacircleofaradius7cm.

(b)Thecircumferenceofabicyclewheelis140cm.finditsradius.

Solution
(a)C=πd

=22/7x7

=44cm

(b)C=πd

=2πr

=2x22/7xr

=140÷44/7

=22.27cm

Lengthofanarc
Anarcofacircleispartofitscircumference.Figure12.10(a)showstwoarcsAMBandANB.
ArcAMB,whichislessthanhalfthecircumferenceofthecircle,iscalledtheminorarc,while
arcANB,whichisgreaterhalfofthecircumferenceiscalledthemajorarc.Anarcwhichishalf
thecircumferenceofthecircleiscalledasemicircle.
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Example
Anarcofacirclesubtendsanangle60atthecentreofthecircle.Findthelengthofthearcif
theradiusofthecircleis42cm.(π=22/7).

Solution

Thelength,l,ofthearcisgivenby:

L=θ/360x2πr.

Θ=60,r=42cm

Therefore,l=60/360x2x22/7x42

=44cm

Example
Thelengthofanarcofacircleis62.8cm.findtheradiusofthecircleifthearcsubtendsan
angle144atthecentre,(takeπ=3.142).

Solution
L=θ/360x2πr=62.8and θ=144

Therefore, x2x3.142xr=62.8
144

360

R=62.8x x2x3.142
360

144

=24.98cm

Example
Findtheanglesubtendedatthecentreofacirclebyanarcoflength11cm iftheradiusofthe
circleis21cm.
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Solution
L=θ/360x2xπr=11cm andr=21m

L=θ/360x2x22/7x21=11

Thus,θ=11x360x7/2x22x21

=30
0

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.) Twocoilswhicharemadebywindingcopperwireofdifferentgaugesandlengthhavethe
samemass.Thefirstcoilismadebywinding270metresofwirewithcrosssectional
diameter2.8mm whilethesecondcoilismadebywindingacertainlengthofwirewith
cross-sectionaldiameter2.1mm.Findthelengthofwireinthesecondcoil.

2. ThefigurebelowrepresentsamodelofahutwithHG=GF=10cm andFB=6cm.The
fourslantingedgesoftheroofareeach12cm long.

Calculate

LengthDF.

AngleVHF
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ThelengthoftheprojectionoflineVHontheplaneEFGH.

Theheightofthemodelhut.

ThelengthVH.

TheangleDFmakeswiththeplaneABCD.

3. Asquarefloorisfittedwithrectangulartilesofperimeters220cm.eachrow(tilelength
wise)carries20lesstilesthaneachcolumn(tilesbreadthwise).Ifthelengthofthefloor
is9.6m.

Calculate:

a.Thedimensionsofthetiles

b.Thenumberoftilesneeded

c. Thecostoffittingthetiles,iftilesaresoldindozensatsh.1500perdozenand
thelabourcostissh.3000
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CHAPTERTHIRTEEN

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Stateunitsofarea

b.)Convertunitsofareafrom oneform toanother

c.)Calculatetheareaofaregularplanefigureincludingcircles

d.)Estimatetheareaofirregularplanefiguresbycountingsquares

e.)Calculatethesurfaceareaofcubes,cuboidsandcylinders.

Content
a.)Unitsofarea(cm2,m2,km2,Ares,ha)

b.)Conversionofunitsofarea

c.)Areaofregularplanefigures

d.)Areaofirregularplaneshapes

e.)Surfaceareaofcubes,cuboidsandcylinders

AREA
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Introduction

UnitsofAreas
Theareaofaplaneshapeistheamountofthesurfaceenclosedwithinitsboundaries.Itis
normallymeasuredinsquareunits.Forexample,asquareofsides5cm hasanareaof

5x5=25cm

Asquareofsides1m hasanareaof1m,whileasquareofside1km hasanareaof1km

Conversionofunitsofarea

1m²=1mx1m

=100cm x100cm

=10000cm²

1km ² =1km x1km

=1000m x1000m

=1000000m²

1are =10m x10m

=100m²

1hectare(ha)=100Ares

=10000m²

Areaofaregularplanefigures

Areasofrectangle

5cm

3cm
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Area,A=5x3cm

=15m
2

Hence,theareaoftherectangle,A=LXW squareunits,wherelisthelengthandbbreadth.

Areaofatriangle

H

Base

Areaofatriangle

A=1/2bhsquareunits

Areaofparallelogram
Area=1/2bh+1/2bh

=bhsquareunits

Note:
Thisformulaeisalsousedforarhombus

Areaofatrapezium
Thefigurebelowshowsatrapezium inwhichtheparallelsidesareaunitsandbunits,long.The
perpendiculardistancebetweenthetwoparallelsidesishunits.

AreaofatriangleABD=1/2ahsquareunits

AreaoftriangleDBC=½bhsquareunits

Thereforeareaoftrapezium ABCD=1/2ah+1/2bh

=1/2h(a+b)squareunits.

Thus,theareaofatrapezium isgivenbyahalfthesum ofthelengthofparallelsidesmultiplied

bytheperpendiculardistancebetweenthem.
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Thatis,areaoftrapezium = h
1

2
(a+b)

Areaofacircle
TheareaAofacircleofradiusrisgivenby:A=πr

2

Theareaofasector
Asectorisaregionboundedbytworadiiandanarc.

Supposewewanttofindtheareaoftheshadedpartinthefigurebelow

Theareaofthewholecircleisπr²

Thewholecirclesubtends360ͦ atthecentre.

Therefore,360ͦ correspondstoπr²

1ͦ correspondsto1/360ͦ xπr²

60ͦ correspondsto60ͦ /360ͦ xπr²

Hence,theareaofasectorsubtendinganangleθatthecentreofthecircleisgivenby

A= xπ
θ

360
0 r

2

Example
Findtheareaofthesectorofacircleofradius3cm iftheanglesubtendedatthecentreis140
ͦ(takeπ=22/7)
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Solution
AreaAofasectorisgivenby

A= xπ
θ

3600
r2

Here,r=3cm andθ=140
0

Therefore,A= x x3x3
140

3600
22

7

=11cm²

Example
Theareaofasectorofacircleis38.5cm².Findtheradiusofthecircleiftheanglesubtendedat

thecentreis (Takeπ=22/7)90
0

Solution
From theformulaa=θ/360xπr²,weget90/360x22/7xr²=38.5

Therefore,r²=
38.5x360x7

90x22

Thus,r=7

Example
Theareaofacircleradius63cm is4158cm².Calculatetheanglesubtendedatthecentreof
thecircle.(Takeπ=22/7)

Usinga=θ/360xπr²,

Θ=
4158x7x360

22x63x63

=120
0

Surfaceareaofsolids
ConsideracuboidABCDEFGHshowninthefigurebelow.Ifthecuboidiscutthroughaplane
paralleltotheends,thecutsurfacehasthesameshapeandsizeastheendfaces.PQRSisa
plane.Theplaneiscalledthecross-sectionofthecuboid
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Asolidwithuniform cross-sectioniscalledaprism.Thefollowingaresomeoftheprisms.The
followingaresomeoftheprisms.

Thesurfaceareaofaprism isgivenbythesum oftheareaofthesurfaces.

Thefigurebelowshowsacuboidoflengthl,breathbandheighth.itsareaisgivenby;

A=2lb+2bh+2hl
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=2(lb.+bh+hl)

Foracubeoffside2cm;

A=2(3x2²)

=24cm²

Example
Findthesurfaceareaofatriangularprism shownbelow.

Areaofthetriangularsurfaces=½x5x12x2cm²

=60cm²

Areaoftherectangularsurfaces=20x13+5x20+12x20

=260+100+240=600cm²

Therefore,thetotalsurfacearea=(60+600)cm²

=660cm²

Cylinder
Aprism withacircularcross-sectioniscalledacylinder,seethefigurebelow.

Ifyourollapieceofpaperaroundthecurvedsurfaceofacylinderandopenitout,youwillgeta
rectanglewhosebreathisthecircumferenceandlengthistheheightofthecylinder.Theends
aretwocircles.ThesurfaceareaSofacylinderwithbaseandheighthisthereforegivenby;

S=2πrh+2πr²
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Example
Findthesurfaceareaofacylinderwhoseradiusis7.7cm andheight12cm.

Solution

S=2π(7.7)x12+2π(7.7)cm²

=2π(7.7)x12+(7.7)cm²

=2x7.7π(12+7.7)cm²

=2x7.7xπ(19.7)cm²

=15.4π(19.7)cm²

=953.48cm²

Areaofirregularshapes
Theareaofirregularshapecannotbefoundaccurately,butitcanbeestimated.Asfollows;

(i) Drawagridofunitsquaresonthefigureorcopythefigureonsuchagrid,seethe

figurebelow

(ii) Countalltheunitsquaresfullyenclosedwithinthefigure.

(iii) Countallpartiallyenclosedunitsquaresanddividethetotalbytwo,i.e..,treateach

oneofthem ashalfofaunitsquare.

(iv) Thesum ofthenumbersin(ii)and(ii)givesanestimateoftheareasofthefigure.

From thefigure,thenumberoffullsquaresis9

Numberofpartialsquares=18

Totalnumberofsquares=9+18/2

=18
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Approximatearea=18sq.units.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.)Calculatetheareaoftheshadedregionbelow,giventhatACisanarcofacirclecentreB.

AB=BC=14cm CD=8cm andangleABD=750 (4mks)

2.) Thescaleofamapis1:50000.Alakeonthemapis6.16cm2.findtheactualareaofthe

lakeinhactares.

(3mks)

3.) ThefigurebelowisarhombusABCDofsides4cm.BDisanarcofcirclecentreC.Given

thatABC=1380.Findtheareaofshadedregion.

(3mks)

750

A

C

B

B

8cm

14cm

14cm
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4.) ThefigurebelowsowstheshapeofKamau’sfarm withdimensionsshowninmeters

FindtheareaofKamau’sfarm inhectares (3mks)

5.) InthefigurebelowABandACaretangentstothecirclecentreOatBandCrespectively,

theangleAOC=600

Calculate

(a)ThelengthofAC

6.) Thefigurebelowshowsthefloorofahall.Apartofthisfloorisintheshapeofa

rectangleof length20m andwidth16m andtherestisasegmentofacircleofradius12m.

Usethefigureto find:-

140

20m

80m

100
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(a)ThesizeofangleCOD

(2mks)

(b)TheareaoffigureDABCO (4mks)

(c)AreaofsectorODC

(2mks)

(d)Areaofthefloorofthehouse.

(2mks)

7.) Thecirclebelowwhoseareais18.05cm2circumscribesatriangleABCwhereAB=

6.3cm,BC=5.7cm andAC=4.8cm.Findtheareaoftheshadedpart

8.) Inthefigurebelow,PQRSisarectangleinwhichPS=10kcm andPQ=6kcm.M andN
aremidpointsofQRandRSrespectively
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a) Findtheareoftheshadedregion (4marks)
b) GiventhattheareaofthetriangleMNR=30cm2.findthedimensionsofthe

rectangle (2marks)

c) Calculatethesizesofangles and givingyouranswerto2decimal

places (4marks)
9.) Thefigurebelowshowstwocircleseachofradius10.5cm withcentresAandB.the

circlestoucheachotheratT

GiventhatangleXAD=angleYBC=1600andlinesXY,ATBandDCareparallel,calculatethe
areaof:

d)TheminorsectorAXTD (2marks)
e) FigureAXYBCD (6marks)
f) Theshadedregion (2marks)

10.) Thefloorofaroom isintheshapeofarectangle10.5m longby6m wide.Squaretiles
of
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length30cm aretobefittedontothefloor.

(a)Calculatethenumberoftilesneededforthefloor.

(b)Adealerwishestobuyenoughtilesforfifteensuchrooms.Thetilesarepackedin
cartons

eachcontaining20tiles.ThecostofeachcartonisKshs.800.Calculate

(i)thetotalcostofthetiles.

(ii)Ifinaddition,thedealerspendsKshs.2,000andKshs.600ontransportand
subsistence

respectively,atwhatpriceshouldheselleachcartoninordertomakeaprofitof
12.5%

(GiveyouranswertothenearestKshs.)

11.) Thefigurebelowisacircleofradius5cm.PointsA,BandCaretheverticesofthe
triangle

ABCinwhichABC=60oandACB=50owhichisinthecircle.Calculatetheareaof

ABC)

12.) Mr.Wanyamahasaplotthatisinatriangularform.Theplotmeasures170m,190m

and210m,butthealtitudesoftheplotaswellastheanglesarenotknown.Findthearea

oftheplotinhectares

13.) Threesirenswailatintervalsofthirtyminutes,fiftyminutesandthirtyfiveminutes.

A C

B

60o

50o
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Iftheywailtogetherat7.18a.m onMonday,whattimeanddaywilltheynextwailtogether?

14.) Afarmerdecidestoputtwo-thirdsofhisfarm undercrops.Ofthis,heputaquarter
undermaizeandfour-fifthsoftheremainderunderbeans.Therestisplantedwithcarrots.

If0.9acresareundercarrots,findthetotalareaofthefarm

CHAPTERFOURTEEN

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Stateunitsofvolume

b.)Convertunitsofvolumefrom oneform toanother

c.)Calculatevolumeofcubes,cuboidsandcylinders

d.)Stateunitsofcapacity

e.)Convertunitsofcapacityfrom oneform toanother

f.) Relatevolumetocapacity

g.)Solveproblemsinvolvingvolumeandcapacity.

Content
a.)Unitsofvolume

VOLUMEANDCAPACITY
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b.)Conversionofunitsofvolume

c.)Volumeofcubes,cuboidsandcylinders

d.)Unitsofcapacity

e.)Conversionofunitsofcapacity

f.) Relationshipbetweenvolumeandcapacity

g.)Solvingproblemsinvolvingvolumeandcapacity

Introduction

Volumeistheamountofspaceoccupiedbyasolidobject.Theunitofvolumeiscubicunits.

Acubeofedge1cm hasavolumeof1cm x1cm x1cm =1cm³.

Conversionofunitsofvolume
Acubeofside1m hasavolumeof1m³

But1m =100cm

1m x1m x1m =100cm x100cm x100cm

Thus,1m =(0.01x0.01x0.01)m³

=0.000001m³

=1x10̄⁶m³

Acubeside1cm hasavolumeof1cm³.

But1cm=10mm
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1cm x1cm x1cm =10mm x10mm x10mm

Thus,1cm³=1000mm³

Volumeofcubes,cuboidsandcylinders

Cube
Acubeisasolidhavingsixplanesquarefacesinwhichtheanglebetweentwoadjacentfacesis
aright-angle.

Volumeofacube=areaofbasexheight

=l²xl

=l³

Cuboid
Acuboidisasolidwithsixfaceswhicharenotnecessarilysquare.

Volumeofacuboid=lengthxwidthxheight

=asq.unitsxh

=ahcubicunits.

Cylinder
Thisisasolidwithacircularbase.

Volumeofacylinder=areaofbasexheight

=πr²xh

=πr²hcubicunits

Example
Findthevolumeofacuboidoflength5cm,breadth3cm andheight4cm.

Solution
Areaofitsbase=5x4cm²

Volume =5x4x3cm³

=60cm³

Example
Findthevolumeofasolidwhosecross-sectionisaright-angledtriangleofbase4cm,height5
cm andlength12cm.

Solution
Areaofcross-section=1/2x4x5

=10cm²
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Thereforevolume =10x12

=120cm³

Example
Findthevolumeofacylinderwithradius1.4m andheight13m.

Solution
Areaofcross-section=22/7x1.4x1.4

=6.16m²

Volume=6.16x13

=80.08m³

Ingeneral,volumevofacylinderofradiusrandlengthlgivenbyv=πr²l

Capacity
Capacityistheabilityofacontainertoholdfluids.TheSIunitofcapacityislitre(l)

Conversionofunitstocapacity

1centiliter(cl)=10millilitre(ml)

1decilitredl=10centilitre(cl)

1litre(l)=10decilitres(dl)

1Decalitre(Dl)=10litres(l)

1hectolitre(Hl)=10decalitre(Dl)

1kilolitre(kl)=10hectolitres(Hl)

1kilolitre(kl)=1000litres(l)

1litre(l)=1000millilitres(ml)

Relationshipbetweenvolumeandcapacity
Acubedofanedge10cm holds1litreofliquid.

1litre=10cm x10cm x10cm

=1000cm³

1m³=10⁶cm³

1m³=10³litres.

Endoftopic
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Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.)Allthewaterispouredintoacylindricalcontainerofcircularradius12cm.Ifthecylinderhas

height45cm,calculatethesurfaceareaofthecylinderwhichisnotincontactwithwater.
(4marks)

2.)TheBritishgovernmenthiredtwoplanestoairliftfootballfanstoSouthAfricaforthe

Worldcuptournament.Eachplanetook10½hourstoreachthedestination.

Boeng747hascarryingcapacityof300peopleandconsumesfuelat120litresper

minute.Itmakes5tripsatfullcapacity.Boeng740hascarryingcapacityof140people

andconsumesfuelat200litresperminute.Itmakes8tripsatfullcapacity.Ifthe

governmentsponsoredthefansonewayatthecostof800dollarsperfan,calculate:

(a)ThetotalnumberoffansairliftedtoSouthAfrica.

(2mks)

(b)Thetotalcostoffuelusedifonelitrecosts0.3dollars.

(4mks)

(c)Thetotalcollectionindollarsmadebyeachplane.

(2mks)

(d)Thenetprofitmadebyeachplane.

(2mks)

3.)Arectangularwatertankmeasures2.6m by4.8m atthebaseandhaswatertoaheight

of3.2m.Findthevolumeofwaterinlitresthatisinthetank
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4.)Threelitresofwater(density1g/cm3)isaddedtotwelvelitresofalcohol(density
0.8g/cm3.

Whatisthedensityofthemixture?

5.)Arectangulartankwhoseinternaldimensionsare2.2m by1.4m by1.7m isthreefifthfull

ofmilk.

(a)Calculatethevolumeofmilkinlitres

(b)Themilkispackedinsmallpacketsintheshapeofarightpyramidwithan
equilateralbasetriangleofsides10cm.Theverticalheightofeachpacketis13.6cm.Full
packetsobtainedaresoldatshs.30perpacket.Calculate:

(i)Thevolumeincm3ofeachpackettothenearestwholenumber

(ii)Thenumberoffullpacketsofmilk

(iii)Theamountofmoneyrealizedfrom thesaleofmilk

6.)An890kgculvertismadeofahollowcylindricalmaterialwithouterradiusof76cm and

aninnerradiusof64cm.Itcrossesaroadofwidth3m,determinethedensityofthe

materialssusedinitsconstructioninKg/m3correctto1decimalplace.

CHAPTERFIFTEEN

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Definemass

MASSSWEIGHTANDDENSITY
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b.)Stateunitsofmass

c.)Convertunitsofmassfrom oneform toanother

d.)Defineweight

e.)Stateunitsofweight

f.) Distinguishmassandweight

g.)Relatevolume,massanddensity.

Content
a.)Massandunitsofmass

b.)Weightandunitsofweight

c.)Density

d.)Problem solvinginvolvingreallifeexperiencesonmass,volume,densityandweight.

Introduction

Mass
Themassofanobjectisthequantityofmatterinit.Massisconstantquantity,whereverthe
objectis,andmatterisanythingthatoccupiesspace.Thethreestatesofmatteraresolid,liquid
andgas.

TheSIunitofmassisthekilogram.Othercommonunitsaretone,gram andmilligram.

Thefollowingtableshowsunitsofmassandtheirequivalentinkilograms.
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Weight
Theweightofanobjectonearthisthepulloftheearthonit.Theweightofanyobjectvaries
from oneplaceontheearth’ssurfacetotheother.Thisisbecausetheclosuretheobjectisto
thecentreoftheearth,themorethegravitationalpull,hencethemoreitsweight.Forexample,
anobjectweighsmoreatsealevelthenontopofamountain.

Unitsofweight
TheSIunitofweightisnewton.Thepulloftheearth,sunandthemoononanobjectiscalled
theforceofgravityduetotheearth,sunandmoonrespectively.Theforceofgravityduetothe
earthonanobjectofmass1kgisapproximatelyequalto9.8N.Thestrengthoftheearth’s
gravitationalpull(symbol‘g’)onanobjectonthesurfaceoftheearthisabout9.8N/Kg.

Weightofanobject=massofanobjectxgravitation

WeightN=masskgxgN/kg

Density
Thedensityofasubstanceisthemassofaunitcubeofthesubstance.Abodyofmass(m)kg
andvolume(v)m³has:

(i) Density(d)=mass(m)/density(d)

(ii) Mass(m)=density(d)xvolume(v)

(iii) Volume(v)=mass(m)/density(d)

Unitsofdensity
TheSIunitsofdensityiskg/m³.theothercommonunitisg/cm³

1g/cm³=1000kg/m³

Example
Findthemassofanicecubeofside6cm,ifthedensityoftheiceis0.92g/cm³.

Solution
Volumeofcube=6x6x6=216cm³

Mass=densityxvolume

=216x0.92

=198.72g

Example
Findthevolumeofcorkofmass48g.giventhatdensityofcorkis0.24g/cm³

Solution
Volume=mass/density

=48/0.24



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 107

=200cm³

Example
Thedensityofironis7.9g/cm³.whatisthisdensityinkg/m³

Solution

1g/cm³=1000kg/m³

7.9g/cm³=7.9x1000/1

=7900kg/m³

Example
Arectangularslabofglassmeasures8cm by2cm by14cm andhasamassof610g.calculate
thedensityoftheglassinkg/m³

Solution
Volumeoftheslab=8x2x14

=224cm³

Massoftheslab=610g

Density =610/244

=2.5x1000kg=25000kg/m³

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.)Asquaredbrassplateis2mm thickandhasamassof1.05kg.Thedensityofbrassis

8.4g/cm.Calculatethelengthoftheplateincentimeters. (3mks)

2.)Aspherehasasurfacearea18cm2.Finditsdensityifthespherehasamassof100g.(3mks)

3.)NyahururuMunicipalCouncilistoconstructafloorofanopenwholesalemarketwhosearea

is800m2.Theflooristobecoveredwithaslabofuniform thicknessof200mm.Inorderto

maketheslab,sand,cementandballastaretobemixedsuchthattheirmassesareintheratio
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3:2:3.The massofdryslabofvolume1m3is2000kg.Calculate

(a)(i)Thevolumeoftheslab

(2mks)

(ii)Themassofthedryslab.

(2mks)

(iii)Themassofcementtobeused.

(2mks)

(b)Ifonebagofthecementis50kg,findthenumberofbagstobepurchased.

(1mk)

(c)Ifalorrycarries10tonnesofballast,calculatethenumberoflorriesofballasttobe

purchased. (3mks)

4.)Aspherehasasurfaceareaof18.0cm2.Finditsdensityifthespherehasamassof100

grammes.

(3mks)

5.)Apieceofmetalhasavolumeof20cm3andamassof300g.Calculatethedensityof
themetal

inkg/m3.

6.)2.5litresofwaterdensity1g/cm3isaddedto8litresofalcoholdensity0.8g/cm3.
Calculatethedensityofthemixture
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CHAPTERTEN

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Convertunitsoftimefrom oneform toanother

b.)Relatethe12hourand24hourclocksystems

c.)Readandinterprettraveltime-tables

d.)Solveproblemsinvolvingtraveltimetables.

Content
a.)Unitsoftime

b.)12hourand24hourclocksystems

c.)Traveltime-tables

d.)Problemsinvolvingtraveltimetables

TIME



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 110

Introduction

Unitsoftime
1week=7days

1day=24hours

1hour=60minutes

1minutes=60seconds

Example
Howmanyhoursarethereinoneweek?

Solution
1week=7days

1day=24hours

1week=(7x24)hours

=168hours

Example
Covert3h45minintominutes

Solution
1h=60min

3h=(3x60)min

3h45min=((60x3)+45)min

=(180+45)min

=225min

Example

Express4h15mininsec
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Solution

1hour=60min

1min=60sec

4h15min=(4x60+15)min

=240+15min

=255min

=255x60sec

=15300sec.

The12andthe24hoursystems
Inthe12hoursystem,timeiscountedfrom midnight.Thetimefrom midnighttomiddayis
writtenasam .whilethatfrom middaytomidnightiswrittenaspm.

Inthe24hoursystem,timeiscountedfrom midnightandexpressedinhours.

Traveltimetable
Traveltimetablesshowstheexpectedarrivalanddeparturetimeforvehicles.Ships,aeroplanes,
trains.

Example
ThetablebelowshowsatimetableforapublicservicevehicleplyingbetweentwotownsAand
DviatownsBandC.

Town Arrivaltime Departuretime

A

B

C

D

10.40P.M

2.30P.M

4.00P.M

8.20A.M

11.00A.M

2.50 P.M

(a)WhattimedoesthevehicleleavetownA?

(b)AtwhattimedoesitarriveintownD?

(c)Howlongdoesittaketotravelfrom townAtoD.

(d)Whattimedoesthevehicletakestotravelfrom townC toD?
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Solution
(a)8.20A.M

(b)4.00P.M

(c)ArrivaltimeintownDwas4.00p.m.itdeparturefrom townAwas8.20a.m.

Timetaken=(12.00-8.20+4h)

=3h40min+4h

=7h40min

(d)ThevehiclearrivedintownDat4.00p.m.itdepartedfrom townCat2.50p.m.

Timetaken=4.00-2.50

=1h10min

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.) Avantravelledfrom KitaletoKisumuadistanceof160km.Theaveragespeedofthevan

forthefirst100km was40km/handtheremainingpartofthejourneyitsaveragespeed

was30km/h.Calculatetheaveragespeedforthewholejourney.

(3mks)

2.) Awatchwhichloosesahalf-minuteeveryhourwassettoreadthecorrecttimeat0545h
onMonday.Determinethetime,inthe12hoursystem,thewatchwillshowonthefollowing
Fridayat1945h.

3.) Thetimetablebelowshowsthedepartureandarrivaltimeforabusplyingbetweentwo
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towns M andR,300km apart 0710982617

Town Arrival Departure

M 0830h

N 1000h 1020h

P 1310h 1340h

Q 1510h 1520h

R 1600h

(a)Howlongdoesthebustaketotravelfrom townM toR?

(b)Whatistheaveragespeedforthewholejourney?
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CHAPTERSEVENTEEN

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)solvelinearequationsinoneunknown

b.)solvesimultaneouslinearequationsbysubstitutionandelimination

c.)Linearequationsinoneandtwounknown.

Content
a.)Linearequationsinoneunknown

b.)Simultaneouslinearequations

c.)Linearequationsinoneandtwounknownsfrom givenreallifesituations

LINEAREQUATIONS
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Introduction

Linearequationsarestraightlineequationsinvolvingoneortwounknowns.Inthischapter,we
willdealwiththeformationandsolvingofsuchequationsconsiderthefollowingcases.

Example
Solvefortheunknownsineachofthefollowingequations

3x+4=10

–2=4
x

3

=5/4
p+5

3

Solution
3x+4=10

3x+4–4=10–4 (tomakexthesubjectsubtract4onbothsides)

3x=6

X=2

–2=4
x

3

–2+2=4+2 (tomakexthesubjectadd2tobothsides)
x

3

=6
x

3

X=18

=
p+5

3

5

4
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3x( )= x3
p+5

3

5

4

P+5= x3
5

4

4(p+5)= x4
5

4

4p+20=15

4p=-5

P=
-5

4

=-1¼

Solvinganequationwithfractionsordecimals,thereisanoptionofclearingthefractionsor
decimalsinordertocreateasimplerequationinvolvingwholenumbers.

1.Toclearfractions,multiplybothsidesoftheequation(distributingtoallterms)bythe

LCDofallthefractions.

2.Tocleardecimals,multiplybothsidesoftheequation(distributingtoallterms)bythe

lowestpowerof10thatwillmakealldecimalswholenumbers.

StepsforSolvingaLinearEquationinOneVariable:
1.Simplifybothsidesoftheequation.

2.Usetheadditionorsubtractionpropertiesofequalitytocollectthevariabletermsonone

sideoftheequationandtheconstanttermsontheother.

3.Usethemultiplicationordivisionpropertiesofequalitytomakethecoefficientofthe

variableterm equalto1.

4.Checkyouranswerbysubstitutingyoursolutionintotheoriginalequation.

Note:
Allotherlinearequationswhichhaveonlyonesolutionarecalledconditional.

Example
Solvefortheunknownineachinofthefollowingequations
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a.) - =1/8
x+1

2

x-1

3

b.) - =
3y

2

14y-3

5

y-1

4

c.)1- -2 =0
y

2 (y-32)
Solution

a.) x24- x24=1/8x24(multiplybothsidesbytheL.C.M of2,3and8)(x+12) (x-13)
12 −8(x–2)=3(x+1)

12x+12−8x–16=3

4x+28=3

4x=-25

x=-6
1

4

b.) x20- x20= x20(multiplybothsidesbytheL.C.M of25and4)
3y

2

(14y-3)
5 (y-14)

30y-4(14y-3)=5(y–4)

-26+12=5y-20

31y=32

y= =1
32

31

1

31

c.) - -2 x2=0x2(1x2)( x2
y

2 ) (y-32)
2-y-2 =0(y-3)

2-y-2y+6=0

8-3y=0

3y= =2
8

3

2

3
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ProblemsleadingtoLinearequations
Equationsareveryusefulinsolvingproblems.Thebasictechniqueistodeterminewhat
quantityitisthatwearetryingtofindandmakethattheunknown.Wethentranslatethe
problem intoanequationandsolveit.Youshouldalwaystrytominimizethenumberof
unknowns.Forexample,ifwearetoldthatapieceofrope8metreslongiscutintwoandone
pieceisxmetres,thenwecanwritetheremainingpieceas(8– x)metres,ratherthan
introducingasecondunknown.

Wordproblems
Equationsariseineverydaylife.ForexampleMaryboughtanumberoforangesfrom Anita’s
kiosk.ShethenwenttoMarkskioskandboughtthesamenumberoforanges.Markthem gave
herthreemoreoranges.Theorangesfrom thetwokioskswerewrappedindifferentpaperbags.
Onreachingherhouse,shefoundthataquarterofthefirstLotorangesandafifthofthe
secondwerebad.Ifintotalsixorangeswerebad,findhow manyorangessheboughtfrom
Anita’skiosk.

Solution
LetthenumberoforangesboughtatAnita’skioskbex.

Then,thenumberoforangesobtainedfrom Markskioskwillbex+3.

NumberofBadorangesfrom Markskioskwas .
x+3

5

TotalnumberofBadorangesisequalto= +
x

4

x+3

5

Thus,= + =6
x

4

x+3

5

Multiplyeachterm oftheequationby20(L.C.M of4and5)togetridofthedenominator.

=20x +20 =6x20
x

4 (x+35)
5x+4(x+3)=120

5x+4x+12=120(Removingbrackets)

Subtracting12from bothsides.

9x=108

X=12
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Thus,thenumberoforangesboughtfrom Anita’skioskwas12.

Note:
Ifanyoperationisperformedononesideofanequation,itmustalsobeperformedontheother
side.

Example

Solveforxintheequation: - =4
x+3

2

x-4

3

Solution
Eliminatethefractionsbymultiplyingeachterm by6(L.C.M,of2and3).

6x( )-6( )=4x6
x+3

2

x-4

3

3(x+3)–2(x–4)=24

3x+9-2x+8=24(notethechangeinsighwhenthebracketareremoved)

x+17=24

x=7

LinearEquationsinTwoUnknowns
Manyproblemsinvolvefindingvaluesoftwoormoreunknowns.Theseareoftenlinkedviaa
numberoflinearequations.Forexample,ifItellyouthatthesum oftwonumbersis89andtheir
differenceis33,wecanletthelargernumberbexandthesmalleroneyandwritethegiven
informationasapairofequations:

x+y=89(1)

x–Y=33.(2)

Thesearecalledsimultaneousequationssinceweseekvaluesofxandythatmakesboth
equationstruesimultaneously.Inthiscase,ifweaddtheequationsweobtain2x=122,sox=
61.Wecanthensubstitutethisvaluebackintoeitherequation,saythefirst,then61+y=89
givingy=28.

Example
Thecostoftwoskirtsandthreeblousesissh600.Ifthecostofoneskirtandtwoblousesofthe
samequalitysh350,findthecostofeachitem.

Solution
Letthecostofoneskirtbexshillingsandthatofoneblousebeyshillings.Thecostoftwo
skirtsandthreeblousesis2x+3yshillings.

Thecostofoneskirtandtwoblousesisx+2yshillings.

So,2x+3y=600………………..(I)

X+2y=350………………………..(II)
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Multiplyingequation(II)by2togetequation(III).

2x+4y=700………………(III).

2x+3y=600…………………(I)

Subtractingequation(I)from (II),y=100.

From equation(II),

X+2y=350buty=100

X+200=350

X=150

Thusthecostofoneskirtis150shillingsandthatofablouseis100shillings.

Insolvingtheproblem above,wereducedtheequationsfrom twounknownstoasingle
unknowninybyeliminating.Thisistheeliminationmethodofsolvingsimultaneousequations.

Examples
a.)a+b=7

a-b=5

b.)3a+5b=20b=20

5b=12

c.)3x+4y=18

5x+6y=28

Solutions
a.)

a+b=7-------(i)----(i)

------(ii)

AddingItoII

2a=12→a=6

SubtractingIIfrom I;

2b=2

b=1

b.)3a+5b=20-------(i)

6a-5b=12-------(ii)

Toeliminateb,wesimplyaddthetwoequationsoeliminateb,wesimplyaddthetwo

equations
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9a=32

a=
32

9

Findthevalueofb

c.)3x+4y=18-----------(i)

5x+6y=28-----------(ii)

Hereitisnoteasytoknowtheobviousunknowntobeeliminated

Toeliminate(I)by5and(II)by3toget(III)and(IV)respectivelyandsubtracting(IV)from (III);

d.)15x+20y=90-----------(iii)

15x+18y=84-----------(iv)

2y=6

Thereforey=3

Substitutingy=3in(I);

3x+12=18

Thereforex=2

NotethattheL.C.M of3and5is15.

Toeliminatey;

Multiplying(I)by3,(II)by2toget(V)and(VI)andSubtracting(V)from (VI);

9x+12y=54-----------(v)

10x+12y=56-----------(vi)

Subtractingx=2in(ii);

10+6y=28

6y=18

Thereforey=3.

Note;
 Itisadvisabletostudytheequationanddecidewhichvariableiseasiertoeliminate.

 Itisnecessarytocheckyoursolutionbysubstitutingintotheoriginalequations.
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Solutionbysubstitution
2x+3y=600---------(i)

x+2y=350-----------(ii)y=350-----------(ii)

alone;

x+2y=350

Subtracting2yfrom bothsides;

x=350-2y----------(iii)---(iii)

tingthisvalueofxinequation ;(i)

2(350–2y)+3y=600

700–4y+3y=600

Y=100

Substitutingthisvalueofyinequation ;(iii)

x=350-2y

=350-200

x=150

Thismethodofsolvingsimultaneousequationsiscalledthesubstitutionmethod

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.Aclothdealersold3shirtsand2trousersforKshs840and4shirtsand5trousers
forKshs1680findthecostof1shirtandthecostof1trouser

2.Solvethesimultaneousequations
2x–y=3

x2–xy=-4

3.Thecostof5skirtsandblousesisKshs1750.Mueniboughtthreeoftheskirtsand
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oneoftheblousesforKshs850.Findthecostofeachitem.
4.AkinyiboughtthreecupsandfourspoonsforKshs324.Wanjiruboughtfivecups

andFatumaboughttwospoonsofthesametypeasthoseboughtbyAkinyi,Wanjiku
paidKshs228morethanFatuma.Findthepriceofeachcupandeachspoon.

5.Maryhas21coinswhosetotalvalueisKshs.72.Therearetwiceasmanyfive
shillingscoinsastherearetenshillingcoins.Therestoneshillingscoins.Findthe
numberoftenshillingscoinsthatMaryhas. (4mks)

6.Themassof6similarartbooksand4similarbiologybooksis7.2kg.Themassof2
suchartbooksand3suchbiologybooksis3.4kg.Findthemassofoneartbook
andthemassofonebiologybook

7.Karanibought4pencilsand6biros–pensforKshs66andTachorabought2
pencilsand5biropensforKshs51.

(a) Findthepriceofeachitem

(b) MusomaspentKshs.228tobuythesametypeofpencilsandbiro–pensifthe
numberofbiropensheboughtwere4morethanthenumberofpencils,findthe
numberofpencilsbought.

8.Solvethesimultaneousequationsbelow
2x–3y=5

-x+2y=-3

9.Thelengthofaroom is4metreslongerthanitswidth.Findthelengthoftheroom if
itsareais32m2

10.HadijaandKagendoboughtthesametypesofpensandexercisebooksfrom the
sametypesofpensandexercisebooksfrom thesameshop.Hadijabought2pens
and3exercisebooksforKshs78.Kagendobought3pensand4exercisebooksfor
Kshs108.
Calculatethecostofeachitem

11.Infourteenyearstime,amotherwillbetwiceasoldasherson.Fouryearsago,the
sum oftheirageswas30years.Findhowoldthemotherwas,whenthesonwas
born.

12.ThreeyearsagoJumawasthreetimesasoldasAli.Intwoyearstimethesum of
theirageswillbe62.Determinetheirages.

13.TwopairsoftrousersandthreeshirtscostsatotalofKshs390.Fivesuchpairsof
trousersandtwoshirtscostatotalofKshs810.Findthepriceofapairoftrousers
andashirt.

14.Ashopkeepersellstwo-typesofpangastypexandtypey.Twelvexpangasand
fivetypeypangascostKshs1260,whileninetypexpangasandfifteentypey
pangascost1620.Mugalaboughteighteentypeypangas.Howmuchdidhepayfor
them?
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CHAPTEREIGHTEEN

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Statethecurrenciesofdifferentcountries

b.)Convertcurrencyfrom oneform intoanothergiventheexchangerates

c.)Calculateprofitandloss

d.)Expressprofitandlossaspercentages

e.)Calculatediscountandcommission

f.)Expressdiscountandcommissionaspercentage.

Content
a.)Currency

b.)Currentcurrencyexchangerates

COMMERCIALARITHMETIC



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 125

c.)Currencyconversion

d.)Profitandloss

e.)Percentageprofitandloss

f.)Discountsandcommissions

g.)Percentagediscountsandcommissions

Introduction

Incommercialarithmeticwedealwithcalculationsinvolvingbusinesstransaction.Themedium
ofanybusinesstransactionsisusuallycalledthecurrency.TheKenyacurrencyconsistofa
basicunitcalledashilling.100centsareequivalenttooneKenyanshillings,whileaKenyan
poundisequivalenttotwentyKenyashillings.

CurrencyExchangeRates
TheKenyancurrencycannotbeusedforbusinesstransactionsinothercountries.Tofacilitate
internationaltrade,manycurrencieshavebeengivendifferentvaluesrelativetoanother.These
areknownasexchangerates.

Thetablebelow showstheexchangeratesofmajorinternationalcurrenciesatthecloseof
businessonacertaindayintheyear2015.Thebuyingandsellingcolumnrepresentstherates
atwhichbanksbuyandsellthesecurrencies.

Note
Theratesarenotalwaysfixedandtheykeeponcharging.WhenchangingtheKenyancurrency
toforeigncurrency,thebanksellstoyou.Therefore,weusethesellingcolumnrate.Conversely
whenchangingforeigncurrencytoKenyanCurrency,thebankbuysfrom you,soweusethe
buyingcolumnrate.
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Currency Buying Selling

DOLLAR 102.1472 102.3324

STGPOUND 154.0278 154.3617

EURO 109.6072 109.8522

SARAND 7.3332 7.3486

KES/USHS 33.0785 33.2363

KES/TSHS 20.9123 21.0481

KES/RWF 7.2313 7.3423

AEDIRHAM 27.8073 27.8653

CAN$ 77.6018 77.7661

JAPNESEYEN 84.0234 84.1964

SAUDIRIYAL 27.2284 27.2959

CHINESEYUAN 16.0778 16.1082

AUSTRALIAN$ 71.8606 72.0420

Example
Converteachofthefollowingcurrenciestoitsstatedequivalent

a.)Us$305toKsh

b.)530Dirham toeuro

Solution
a.)ThebankbuysUs1atKsh 102.1472

ThereforeUS$305=Ksh(102.1472x305)

=Ksh31,154.896

=Ksh31,154.00(Tothenearestshillings)

Thebankbuys1Dirham atKsh27.8073

Therefore530Dirham =Ksh(21.8073x530)

=Ksh11,557.00 (Tothenearestshillings)

Thebanksells1Euroat109.8522

Therefore530Dirham =11,557/109.8522
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=105.170Euros

Example
Duringacertainmonth,theexchangeratesinabankwereasfollows;

Buying
(Ksh.)

Selling(Ksh.)

1US$ 91.65 91.80

1Euro 103.75 103.93

AtouristleftKenyatotheUnitedStateswithKsh.1000,000.Ontheairportheexchangedallthe
moneytodollarsandspent190dollarsonairticket.WhileinUShespent4500dollarsfor
upkeepandproceededtoEurope.WhileinEuropehespentatotalof2000Euros.How many
Eurosdidheremainwith? (3marks)

Solution

ProfitandLoss
Thedifferencebetweenthecostpriceandthesellingpriceiseitherprofitorloss.Iftheselling
priceisgreaterthanthecostprice,thedifferenceisaprofitandifthesellingpriceislessthan
thetotalcostprice,thedifferenceisaloss.

Note
Sellingprice-costprice=profit

Percentageprofit= x100
Profit

Costprice

Costprice-sellingprice=loss

Percentageloss= x100
Profit

Costprice
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Example
Ollieboughtacowatsh18000andsolditatsh21000.Whatpercentageprofitdidhemake?

Solution
Sellingprice=sh21000

Costprice=sh18000

Profit=sh(21000-18,000)

=sh3000

Percentageprofit= x100
3000

18000

=16 %
2

3

Example
Johnnyboughtadressat3500andlatersolditatsh.2800.whatpercentagelossdidheincurs?

Costprice=sh3500

Sellingprice=sh2800

Loss=sh(3500-2800)

=Sh700

Percentageloss= x100=20%
700

3500

Discount
Ashopkeepermaydecidetosellanarticleatreducedprice.Thedifferencebetweenthemarked
priceandthereducedpriceisreferredtoasthediscount.Thediscountisusuallyexpressedas
apercentageoftheactualprice.

Example
Thepriceofanarticleismarkedatsh120.Adiscountisallowedandthearticlesoldatsh
96.Calculatethepercentagediscount.

Solution
Actualprice=sh120.00

Reducedprice=sh96.00

Discount=sh(120.00–96.00)

=sh24
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Percentagediscount=24/120x100

=sh20%

Commission
Acommissionisanagreedrateofpayment,usuallyexpressedasapercentage,toanagentfor
hisservices.

Example
Mr.Neasa,asalesmaninasoapindustry,sold250piecesoftoiletsoapatsh45.00and215
packetsofdeterminingatsh75.00perpacket.Ifhegota5%commissiononthesales,how
muchmoneydidhegetascommission?

Solution
Salesforthetoiletsoapwas250x45=sh11250

Salesforthedetergentwas215x75=sh16125

Commission=
5

100
(11250+16125)

x27375=sh1368
5

100

Example
A salesman earnsa basicsalaryofsh.9,000 permonth.In addition heisalso paid a
commissionof5% forsalesabovesh.15,000.Inacertainmonthhesoldgoodsworthsh.
120,000atadiscountof2½%.Calculatehistotalearningsthatmonth.

{3marks}

Solution
salessh.120,0000

etafterdiscount97.5/100×120,000=17,000

salesabovesh.15,000=117,000-15,000esabovesh.15,000=117,000-15,000

commisiion ×102,000=5,100
5

100
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totlearnings=9,000+5,100

=kshs14,100

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.ThecashprizeofatelevisionsetisKshs25000.AcustomerpaidadepositofKshs
3750.Herepaidtheamountowingin24equalmonthlyinstallments.Ifhewas
chargedsimpleinterestattherateof40%p.ahowmuchwaseachinstallment?

2.MrNgenyborrowedKshs560,000from abanktobuyapieceofland.Hewas
requiredtorepaytheloanwithsimpleinterestforaperiodof48months.The
repaymentamountedtoKshs21,000permonth.
Calculate

(a)Theinterestpaidtothebank

(b)Therateperannum ofthesimpleinterest

3.Acardealercharges5%commissionforsellingacar.Hereceivedacommissionof
Kshs17,500forsellingcar.Howmuchmoneydidtheownerreceivefrom thesaleof
hiscar?

4.AcompanysalesladysoldgoodsworthKshs240,000from thissalesheearneda
commissionofKshs4,000
(a)Calculatetherateofcommission

(b)IfshesoldgoodwhosetotalmarkedpricewasKshs360,000andallowed

adiscountof2%calculatetheamountofcommissionshereceived.

5.A businesswomanboughttwobagsofmaizeatthesamepriceperbag.She
discoveredthatonebagwasofhighqualityandtheotheroflowquality.Onthehigh
qualitybagshemadeaprofitbysellingatKshs1,040,whereasonthelow quality
bagshemadealossbysellingatKshs880.Iftheprofitwasthreetimestheloss,
calculatethebuyingpriceperbag.

6.Asalesmangetsacommissionof2.4%onsalesuptoKshs100,000.Hegetsan
additionalcommissionof1.5% onsalesabovethis.Calculatethecommissionhe
getsonsalesworthKshs280,000.

7.ThreepeopleKoris,WangareandHassancontributedmoneytostartabusiness.
KorircontributedaquarterofthetotalamountandWangaretwo fifthsofthe
remainder.
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Hassan’scontributionwasoneandahalftimesthatofKoris.Theyborrowedtherest
ofthemoneyfrom thebankwhichwasKshs60,000lessthanHassan’scontribution.
Findthetotalamountrequiredtostartthebusiness.

8.AKenyantouristleftGermanyforKenyathroughSwitzerland.WhileinSwitzerlandhe
boughtawatchworth52deutscheMarks.Findthevalueofthewatchin:

(a) SwissFrancs.

(b) KenyaShillings

Usetheexchangertesbelow:

1SwissFranc=1.28DeutscheMarks.

1SwissFranc=45.21KenyaShillings

9. AsalesmanearnsabasicsalaryofKshs.9000permonth
Inadditionheisalsopaidacommissionof5%forsalesaboveKshs15000

InacertainmonthhesoldgoodsworthKshs.120,000atadiscountof2½ %.
Calculatehistotalearningsthatmonth

10.Inthisquestion,mathematicaltableshouldnotbeused
AKenyanbankbuysandsellsforeigncurrenciesasshownbelow

Buying Selling

(InKenyashillings) InKenyaShillings

1HongKongdollar 9.74 9.77

1SouthAfricanrand 12.03 12.11

AtouristsarrivedinKenyawith105000HongKongdollarsandchangedthewhole
amounttoKenyanshillings.WhileinKenya,shepentKshs403897andchangedthe
balancetoSouthAfricanrandbeforeleavingforSouthAfrica.Calculatetheamount,
inSouthAfricanrandthatshereceived.

11.AKenyanbusinessmanboughtgoodsfrom Japanworth2,950000Japaneseyen.
OnarrivalinKenyacustom dutyof20%waschargedonthevalueofthegoods.

Iftheexchangerateswereasfollows

1USdollar=118JapaneseYen

1USdollar=76Kenyashillings

CalculatethedutypaidinKenyashillings

12.Twobusinessmenjointlyboughtaminibuswhichcouldferry25payingpassengers
whenfull.ThefarebetweentwotownsAandBwasKshs.80perpassengerforone
way.Theminibusmadethreeroundtripsbetweenthetwotownsdaily.Thecostof
fuelwasKshs1500perday.Thedriverandtheconductorwerepaiddailyallowances
ofKshs200andKshs150respectively.
AfurtherKshs4000perdaywassetasideformaintenance.
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(a)Onedaytheminibuswasfulloneverytrip.

(i) Howmuchmoneywascollectedfrom thepassengersthatday?

(ii) Howmuchwasthenetprofit?

(b)Onanotherday,theminibuswas80%ontheaverageforthethreeround
trips.Howmuchdideachbusinessgetifthedaysprofitwassharedintheratio
2:3?

13.Atravelerhadsterlingpounds918withwhichheboughtKenyashillingsattherate
ofKshs84persterlingpound.Hedidnotspendthemoneyasintended.Later,he
usedtheKenyanshillingstobuysterlingpoundattherateofKshs.85persterling
pound.Calculate the amountofmoney in sterling pounds lostin the whole
transaction.

14.A commercialbankbuysandsellsJapaneseYeninKenyashillingsattherates
shownbelow
Buying 0.5024

Selling 0.5446

AJapanesetouristattheendofhistourofKenyawasleftwithKshs.30000which
heconvertedtoJapaneseYenthroughthecommercialbank.How manyJapanese
Yendidheget?

15.InthemonthofJanuary,aninsurancesalesmanearnedKshs.6750whichwas
commissionof4.5%ofthepremiumspaidtothecompany.
(a)Calculatethepremium paidtothecompany.

(b)InFebruarytherateofcommissionwasreducedby662/3%andthe

premiumsreducedby10%calculatetheamountearnedbythesalesmaninthe
monthofFebruary

16.Akinyi,Bundi,CuraandDibainvestedsomemoneyinabusinessintheratioof
7:9:10:14respectively.ThebusinessrealizedaprofitofKshs46800.Theyshared
12% oftheprofitequallyand theremainderintheratio oftheircontributions.
CalculatethetotalamountofmoneyreceivedbyDiba.

17.AtelephonebillincludesKshs4320foralocalcallsKshs3260fortrankcallsand
rentalchargeKshs2080.Avalueaddedtax(V.A.T)isthenchargedat15%,Findthe
totalbill.

18.Duringacertainperiod.Theexchangerateswereasfollows
1sterlingpound=Kshs102.0

1sterlingpound=1.7usdollar
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1U.Sdollar=Kshs60.6

AschoolmanagementintendedtoimporttextbooksworthKshs500,000from UK.It
changedthemoneytosterlingpounds.Laterthemanagementfoundoutthatthe
booksthesterlingpoundstodollars.Unfortunatelyafinancialcrisisaroseandthe
moneyhadtobeconvertedtoKenyashillings.Calculatethetotalamountofmoney
themanagementendedupwith.

19.Afruitererbought144pineapplesatKshs100foreverysixpineapples.Shesold
someofthem atKshs72foreverythreeandtherestatKshs60foreverytwo.
Ifshemadea65% profit,calculatethenumberofpineapplessoldatKshs72for
everythree.

CHAPTERTEN

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)DrawandlabelthecompleteCartesianplane

b.)LocateandplotpointsontheCartesianplane

c.)Chooseanduseappropriatescaleforagivendata

d.)Makeatableofvaluesforagivenlinearrelation

e.)Usevaluestodrawalineargraph

f.)Solvesimultaneouslinearequationsgraphically

g.)Draw,readandinterpretgraphs.

Content
a.)Cartesianplane

b.)Cartesianco-ordinate

c.)PointsontheCartesianplane

COORDINATESANDGRAPHS
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d.)Choiceofappropriatescale

e.)Tableofvaluesforagivenlinearrelation

f.)Lineargraphs

g.)Graphicalsolutionsofsimultaneouslinearequations

h.)Interpretationofgraphs.

Introduction

Thepositionofapointinaplanislocatedusinganorderedpairofnumberscalledco-ordinates
andwrittenintheform (x,y).Thefirstnumberrepresentsthedistancealongthexaxisandis
calledthexco-ordinates.Thesecondnumberrepresentsdistancealongtheyaxisandit’s
calledtheycoordinates.

Thexandycoordinatesintersectsat(0,0)apointcalledtheorigin.Thesystem oflocating
pointsusingtwoaxesatrightanglesiscalledCartesianplansystem.

TolocateapointontheCartesianplane,movealongthex-axistothenumberindicatedbythex-
coordinateandthenalongthey-axistothenumberindicatedbythey-coordinate.Forexample,
tolocatethepointwithcoordinates(1,2),move1unittotherightoftheoriginandthen2units
up

TheCartesianplan
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TheGraphofastraightline

ConsidertheLinearequationy=2x+1.Somecorrespondingvaluesofxandyaregiveninthe
tablebelow.Ifweplotthepointswenoticethattheyalllieinastraightline.

Solution
Step1writetherule y=2x+1

Step2Drawatableandchoosesimplexvalues
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Step3Usetheruletofindeachyvalueandentertheninthetable.

E.g.whenx=-2,y=2x-2+1=-3.

whenx=-1,y=2x-1+1=-1

step4DrawaCartesianplanandplotthepoints.

Step5Jointhepointstoform astraightlineandlabelthegraph

Note:
 Twopointsaresufficienttodetermineastraightline,butweusethethirdpointasa

check.

 Itisadvisabletochoosepointswhichcanbeplottedeasily.

Graphingsolutionsofsimultaneouslinearequation
Thegraphsoftheform ax+by=crepresentsastraightline.Whentwolinearequationsare
representedonthesameCartesianplan,theirgraphsmayormaynotintersect.Forexample,in
solvingthesimultaneousequationsx+3y=5and5x+7y=9graphically,thegraphsofthetwo
equationaredrawn.
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Thetwolinesintersectatp(-1,2).Thesolutiontothesimultaneousequationsis,therefore,x=-
1andy=2.

Generalgraphs
Graphsareappliedwidelyinscienceandmanyotherfields.Thegraphsshouldtheirfoebe
drawninawaythatconveyinformationeasilyandaccurately.Themostofimportanttechnique
ofdrawinggraphsisthechoiceofappropriatescale.

Agoodscaleisonewhichusesmostofthegraphpageandenablesustoplotpointsandread
offvalueseasilyandaccurately.

Avoidscaleswhich:

 Givetinygraphs.

 Cannotaccommodateallthedatainthetable.

Itisgoodpracticeto:

 Labeltheaxesclearly.

 Givethetitleofthegraph.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!
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RevisionQuestionsonthetopic

1.)Copyandcompletethetableandhencedrawthecorrespondinggraph.

Y=4x+3

x -2 -1 0 1 2

y

2.)Drawthegraphofthefollowing:

a.)Y+2x=5

b.)y/2+2x=5

CHAPTERTWENTY

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Nameandidentifytypesofangles

b.)Solveproblemsinvolvinganglesonastraightline

ANGLESANDPLANEFIGURES
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c.)Solveproblemsinvolvinganglesatapoint

d.)Solveproblemsinvolvinganglesonatransversalcuttingparallellines

e.)Stateanglepropertiesofpolygons

f.)Solveproblemsinvolvinganglepropertiesofpolygons

g.)Applytheknowledgeofanglepropertiestoreallifesituations.

Content
a.)Typesofangles

b.)Anglesonastraightline

c.)Anglesatapoint

d.)Anglesonatransversal(corresponding,alternateandalliedangles)

e.)Anglepropertiesofpolygons

f.)Applicationtoreallifesituations.

Introduction

Aflatsurfacesuchasthetopofatableiscalledaplane.Theintersectionofanytwostraight
linesisapoint.

Representationofpointsandlinesonaplane
Apointisrepresentedonaplanebyamarklabelledbyacapitalletter.Throughanytwogiven
pointsonaplane,onlyonestraightlinecanbedrawn.
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ThelinepassesthroughpointsAandBandhencecanbelabelledlineAB.

TypesofAngles
Whentwolinesmeet,theyform anangleatapoint.Thepointwheretheangleisformedis

calledthevertexoftheangle.Thesymbol<isusedtodenoteanangle.

Acuteangle. Reflexangle.

Obtuseangle Rightangle

Toobtainthesizeofareflexanglewhichcannotbereaddirectlyfrom aprotractor,the

correspondingacuteorobtuseangleissubtractedfrom .IfanytwoanglesXandYaresuch360
0

that:

i.) AngleX+angleY= ,theanglesaresaidtobecomplementaryangles.Eachangle90
0

isthensaidtobethecomplementoftheother.

ii.) AngleX+angleY= ,theanglesaresaidtobesupplementaryangles.Eachangle180
0

isthensaidtobethesupplementoftheother.

Inthefigurebelow<POQand<ROQareapairofcomplementaryangles.



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 141

Inthefigurebelow<DOFand<FOEareapairofsupplementaryangles.

Anglesonastraightline.
Thebelowshowsanumberofangleswithacommonvertex0.AOEisastraightline.

Twoanglesoneithersideofastraightlineandhavingacommonvertexarereferredtoas
adjacentangles.

Inthefigureabove:

<AOBisadjacentto<BOC

<BOCisadjacentto<COD

<CODisadjacentto<DOE
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Anglesonastraightlineaddupto .180
0

Anglesatapoint
Twointersectingstraightlinesform fourangleshavingacommonvertex.Theangleswhichare
onoppositesidesofthevertexarecalledverticallyoppositeangles.Considerthefollowing:

Inthefigureabove<COBand<AOCareadjacentanglesonastraightline.Wecannowshow
thata=casfollows:

a+b= (Anglesonastraightline)180
0

c+d= (Anglesonastraightline)180
0

So,a+b+c+d= + =180
0
180

0
360

0

Thisshowsthatanglesatapointaddupto360
0
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Anglesonatransversal
Atransversalisalinethatcutsacrosstwoparallellines.

IntheabovefigurePQandSTareparallellinesandRUcutsthroughthem.RUisatransversal.

Name:

i.) CorrespondinganglesareAnglesbande,candh,aandf,dandg.

ii.) Alternateanglesaandc,fandh,bandd,eandg.

iii.) Co-interiororalliedanglesarefandd,cande.

Anglepropertiesofpolygons
Apolygonisaplanfigureborderedbythreeororestraightlines

Triangles
Atriangleisathreesidedplanefigure.Thesum ofthethreeanglesofatriangleaddupto

18 .trianglesareclassifiedonthebasisofeitheranglessides.0
0

i.) Atriangleinwhichoneoftheanglesis iscalledarightangledtriangle.90
0

ii.) Ascalenetriangleisoneinwhichallthesidesandanglesarenotequal.

iii.) Anisoscelestriangleisoneinwhichtwosidesareequalandtheequalsidesmake
equalangleswiththethirdside.

iv.) Anequilateraltriangleisoneinwhichallthesideareequalandalltheanglesare
equal
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Exteriorpropertiesofatriangle

AngleDAB=p+q.

Similarly,AngleEBC=r+qandangleFCA=r+p.

Butp+q+r=180
0

Butp+q+r=180
0

ThereforeangleDAB+angleEBC+angleFCA=2p+2q+2r

=2(p+q+r)

=2x180
0

=360
0

Ingeneralthesum ofalltheexterioranglesofatriangleis .360
0

Quadrilaterals
A quadrilateralisafour–sidedplanfigure.Theinterioranglesofaquadrilateraladdput

.Quadrilateralsarealsoclassifiedintermsofsidesandangles.360
0

PROPERTIESOFQUADRILATERALS

PropertiesofParallelograms
Inaparallelogram,

1.Theparallelsidesareparallelbydefinition.

2.Theoppositesidesarecongruent.

3.Theoppositeanglesarecongruent.

4.Thediagonalsbisecteachother.

5.Anypairofconsecutiveanglesaresupplementary.
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PropertiesofRectangles
Inarectangle,

1.Allthepropertiesofaparallelogram applybydefinition.

2.Allanglesarerightangles.

3.Thediagonalsarecongruent.

Propertiesofakite
1.Two disjoint pairs of consecutive sides are congruent by

definition.

2.Thediagonalsareperpendicular.

3.Onediagonalistheperpendicularbisectoroftheother.

4.Oneofthediagonalsbisectsapairofoppositeangles.

5.Onepairofoppositeanglesarecongruent.

PropertiesofRhombuses
Inarhombus,

1.Allthepropertiesofaparallelogram applybydefinition.

2.Twoconsecutivesidesarecongruentbydefinition.

3.Allsidesarecongruent.

4.Thediagonalsbisecttheangles.

5.Thediagonalsareperpendicularbisectorsofeachother.

6.Thediagonalsdividetherhombusintofourcongruentright
triangles.

PropertiesofSquares
Inasquare,

1.Allthepropertiesofarectangleapplybydefinition.

2.Allthepropertiesofarhombusapplybydefinition.

3.Thediagonalsform fourisoscelesrighttriangles.

PropertiesofIsoscelesTrapezoids
Inanisoscelestrapezoid,

1.Thelegsarecongruentbydefinition.

2.Thebasesareparallelbydefinition.

3.Thelowerbaseanglesarecongruent.

4.Theupperbaseanglesarecongruent.

5.Thediagonalsarecongruent.

6.Anylowerbaseangleissupplementarytoanyupperbaseangle.

ProvingThataQuadrilateralisaParallelogram
Anyoneofthefollowingmethodsmightbeusedtoprovethataquadrilateralisaparallelogram.
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1.Ifbothpairsofoppositesidesofaquadrilateralareparallel,thenitisaparallelogram
(definition).

2.Ifbothpairsofoppositesidesofaquadrilateralarecongruent,thenitisaparallelogram.

3.Ifonepairofoppositesidesofaquadrilateralarebothparallelandcongruent,thenitisa
parallelogram.

4.Ifthediagonalsofaquadrilateralbisecteachother,thentheitisaparallelogram.

5.Ifboth pairs ofopposite angles ofa quadrilateralare congruent,then itis a
parallelogram.

ProvingThataQuadrilateralisaRectangle
Onecanprovethataquadrilateralisarectanglebyfirstshowingthatitisaparallelogram and
thenusingeitherofthefollowingmethodstocompletetheproof.

1.Ifaparallelogram containsatleastonerightangle,thenitisarectangle(definition).

2.Ifthediagonalsofaparallelogram arecongruent,thenitisarectangle.

Onecan also show thata quadrilateralisa rectanglewithoutfirstshowing thatitisa
parallelogram.

3.Ifallfouranglesofaquadrilateralarerightangles,thenitisarectangle.

ProvingThataQuadrilateralisaKite
Toprovethataquadrilateralisakite,eitherofthefollowingmethodscanbeused.

1.Iftwodisjointpairsofconsecutivesidesofaquadrilateralarecongruent,thenitisakite
(definition).

2.Ifoneofthediagonalsofaquadrilateralistheperpendicularbisectoroftheother
diagonal,thenitisakite.

ProvingThataQuadrilateralisaRhombus
Toprovethataquadrilateralisarhombus,onemayshow thatitisaparallelogram andthen
applyeitherofthefollowingmethods.

1.Ifaparallelogram containsapairofconsecutivesidesthatarecongruent,thenitisa
rhombus(definition).

2.Ifeitherdiagonalofaparallelogram bisectstwoanglesoftheparallelogram,thenitisa
rhombus.

One can also prove thata quadrilateralisa rhombuswithoutfirstshowing thatitisa
parallelogram.

3.Ifthediagonalsofaquadrilateralareperpendicularbisectorsofeachother,thenitisa
rhombus.

ProvingThataQuadrilateralisaSquare
Thefollowingmethodcanbeusedtoprovethataquadrilateralisasquare:
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Ifaquadrilateralisbotharectangleandarhombus,thenitisasquare.

ProvingThataTrapezoidisanIsoscelesTrapezoid
Anyoneofthefollowingmethodscanbeusedtoprovethatatrapezoidisisosceles.

1.Ifthenonparallelsidesofatrapezoidarecongruent,thenitisisosceles(definition).

2.Ifthelowerorupperbaseanglesofatrapezoidarecongruent,thenitisisosceles.

3.Ifthediagonalsofatrapezoidarecongruent,thenitisisosceles.

Note:
 Ifapolygonhasnsides,thenthesum ofinteriorangles(2n-4)rightangles.

 Thesum ofexterioranglesofanypolygonis .360
0

 Atriangleissaidtoberegularifallitssidesandallitsinterioranglesareequal.

Thefigurebelowisahexagonwithinterioranglesg,h ,I,kandIandexterioranglesa,b,c,d,e
,andf.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

Inthefigurebelow,linesABandLM areparallel.

A B

y z

x
830
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Findthevaluesoftheanglesmarkedx,yandz (3mks)

CHAPTERONE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Usearulerandcompassesonlyto:

 constructaperpendicularbisectorofaline

 constructananglebisector

 constructaperpendiculartoalinefrom agivenapoint

 constructaperpendiculartoalinethroughagivenpointontheline

 constructangleswhosevaluesaremultiplesof7½°

 constructparallellines

 dividealineproportionally

b.)Usearulerandasetsquaretoconstructparallellines,dividealineproportionally,andto
constructperpendicularlines

c.)Constructaregularpolygonusingrulerandcompassesonly,andruler,compassesand
protractor

d.)Constructirregularpolygonsusingaruler,compassesandprotractor.

Content
a.)Constructionoflinesandanglesusingarulerandcompassesonly

b.)Constructionofperpendicularandparallellinesusingarulerandasetsquareonly

c.)Proportionaldivisionofaline

GEOMETRICCONSTRUCTIONS
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d.)Constructionofregularpolygons(uptoahexagon)

e.)Constructionofirregularpolygons(uptoahexagon).

Introduction

ConstructionInstruments
Thefollowingminimum setofinstrumentsisrequiredinorderto constructgoodquality
drawings:

o Twosetsquares.

o Aprotractor.

o A 15cm or150mm ruler

o Compass

o Protractor

o Divider

o Aneraser/rubber

o Twopencils-a2HandanHB,togetherwithsomesharpeningdevice–Razorbladeor
shaper.

ConstructionofPerpendicularLines

Perpendicularlines
ThefigurebelowshowsPQasaperpendicularbisectorofagivenlineAB.
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ToobtaintheperpendicularbisectorPQ
 WithAandBascentre,andusingthesameradius,draw arcsoneithersideofAB to

intersectatPandQ.

 JoinPtoQ.

ThefigurebelowshowsPE,aperpendicularfrom apointPtoagivenlineAB.

Toconstructaperpendicularlinefrom apoint
 Todropaperpendicularlinefrom pointPtoAB.

 SetthecompasspointatPandstrikeanarcintersectingABatCandD.

 WithCandDascentresandanyradiuslargerthanone-halfofCD,

 StrikearcsintersectingatE.
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 Alinefrom PthroughEisperpendiculartoAB.

Toconstructaperpendicularlinefrom apoint
 UsingPascentreandanyconvenientradius,drawarcstointersectthelinesatAandB.

 UsingAascentreandaradiuswhosemeasureisgreaterthanAP,drawanarcabovethe
line.

 UsingBasthecentreandthesameradius,drawanarctointeracttheonein(ii)atpoint
Q.

 Usingaruler,drawPQ.

FIGUR21.4

Constructionofperpendicularlinesusingasetsquare.
Twoedgesofasetsquareareperpendicular.Theycanbeusedtodraw perpendicularlines.
Whenoneoftheedgesisputalongaline,alinedrawnalongtheotheroneisperpendicularto
thegivenline.

Toconstructaperpendicularfrom apointptoaline
 Placearuleralongtheline.

 Placeoneoftheedgesofasetsquarewhichform arightanglealongtheruler.

 Slidethesetsquarealongtheruleruntiltheotheredgereachesp.

 HoldthesetsquarefirmlyanddrawthelinethroughPtomeetthelineperpendicularly.

ConstructionofAnglesusingaRulerandapairofcompassonly
Thebasicanglefrom whichalltheotherscanbederivedfrom isthe , and60

0
45

0
90

0
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ConstructionofanAngleof60
0

 LetAbetheapexoftheangle

 WithcentreAdrawanarcBCusingasuitableradius.

 WithbasthecentredrawanotherarctointersectarcBCatD.

 DrawalineAEthroughD.TheangleEACis60
0

ConstructionofanAngleof90
0

 LetAbetheapexoftheangle.

 WithcentreAdrawanarcBCoflargeradius.

 DrawanarconBCusingasuitableradiusandmarkitD.

 UsingthesameradiusandpointDasthecentredrawanarcE.

 BDandDEareofthesameradius.

 WithcentreDdrawanyarcF.

 WithcentreEdrawanarcequalinradiustoDF.

 JoinAFwithastraightline.AngleBAFis90
0
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ConstructionofanAngleof45
0

DrawABandACatrightangles toeachother.WithcentreAand withlargeradius,drawan45
0

arctocutABatD andandACatE.WithcentresEandDdrawarcsofequalradiustointersect

atDrawastraightlinefrom AthroughAngleBAFis45
0

Constructionofanglesofmultipleof7 ..
1

2

0

300150

Thebisectionof angleproduces andthesuccessivebisectionofthisangleproduces60
0

30
0

whichisbisectedtoproduce asshownbelow.15
0

7
1

2

0
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 DrawABandACat toeachotherasshownabove.60
0

 WithcentreA,andalargeradius,drawanarctocutABatEandACatD.

 WithcentresEandDdrawarcsofequalradiustointersectatF.

 Drawalinefrom AthroughF.

 AngleCAFis half .30
0

60
0

Toconstruct15
0
7
1

2

0

 DrawACandAFat toeachotherasdescribedabove.30
0

 WithcentresGandDdrawarcsofequalradiustointersectatH

 Drawalinefrom AthroughH

 AngleCAHis .15
0

 WithcentresJandDafurtherbisectioncanbemadetogive7
1

2

0

Constructionofparallellines

Toconstructalinethroughagivenpointandparalleltoagivenline,wemayusearuleranda
pairofcompassonly,orarulerandasetsquare.
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Usingarulerandapairofcompassonly
Parallelogram method

ThelineEPparalleltoACisconstructedasfollows:

 WithXasthecentreandradiusPQ,drawanarc.

 WithQasthecentreandradiusPX,drawanotherarctocutthefirstarcatR.

 JoinXtoR.

ProportionalDivisionoflines
Linescanbeproportionatelydividedintoagivennumberofequalpartsbyuseofparallellines.

TodividelineAB

 DividelineABintotenequalparts.

 Throughb,drawalineCBofanyconvenientlengthatasuitableanglewithAB.

 Usingapairofcompasses,markoff,alongBC,tenequalintervalsasshownabove.

 JoinCtoA.Byusingasetsquareandaruler,drawlinesparalleltoCA.

 Thelineisthereforedividedtenequalpartsorintervals.

ConstructionofRegularPolygons
Apolygonisregularifallitssidesandanglesareequal,otherwiseitisirregular.

Note:
Forapolygonofnsides,thesum ofinterioranglesis(2n-4)rightangles.Thesizeofeach
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interiorangleoftheregularpolygonisthereforeequalto( ) .
2n-4

n
90

0

Thesum ofexterioranglesofanypolygonis .Eachexteriorangleofaregularpolygonis360
0

thereforeequalto .
360

n

0

ConstructionofaregularTriangle

ConstructionofaregularQuadrilateral

Constructionofaregularpentagon.

ToconstructaregularpentagonABCDofsides4cm.

Eachoftheinteriorangles= rightangles=
(10-4)

5
108

0

 DrawalineAB=4cm long.

 DrawangleABC= andBC=4cm108
0
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 UsethesamemethodtolocatepointsDand

Note;
Usethesameproceduretoconstructotherpoints.

Constructionofirregularpolygons

Constructionoftriangles
Toconstructatrianglegiventhelengthofitssides

 DrawalineandmarkapointAonit.

 OnthelinemarkoffwithapairofcompassapointB,3cm from A.

 WithBasthecentreandradius5cm,drawanarc

 WithAasthecentreandradius7cm,drawanotherarctointersectthearcin(iii)at
C.JoinAtoCandBtoC.

Toconstructatriangle,giventhesizoftwoanglesandlengthofoneside.

ConstructatriangleABCinwhich<BAC= ,<ABC== andBC=4cm.Thesketchisshown60
0

50
0

below.

 DrawalineandmarkapointBonit.

 MarkoffapointContheline,4cm from B.

 Usingaprotractor,measureanangleof= and= atBandCrespectively.50
0

70
0

Toconstructatrianglegiventwosidesandoneangle.

Giventhelengthsoftwosidesandthesizeoftheincludedangle.ConstructatriangleABC,in

whichAB=4cm,BC=5cm and<ABC= .Draw asketchasshownbelow.60
0

 DrawalineBC=5cm along

 Measureanangleof= atBandmarkoffapointA,4cm from B.60
0

 JoinAtoC.
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Toconstructatrapezium.

Theconstructionofatrapezium ABCDwithAB=8cm ,BC=5cm ,CD=4cm andangleABC=

andAB=8cm60
0

 DrawalineAB=8cm.

 ConstructanAngleof= atB.60
0

 UsingBasthecentreandradiusof5cm,markanarctoinsectthelinein(ii)atC.

 ThroughC,drawalineparalleltoAB

 UsingCasthecentreandradiusof4cm,Markanarctointersectthelinein(iv)atD.

 JoinDtoAtoform thetrapezium.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.Usingarulerandapairofcompassesonly,

a) ConstructatriangleABCinwhichAB=9cm,AC=6cm andangleBAC=37½0

a)Dropaperpendicularfrom CtomeetABatD.MeasureCDandhencefindtheareaof

thetriangleABC

b)PointEdividesBCintheratio2:3.UsingarulerandSetSquareonly,determinepoint

E.MeasureAE.

2.

Onthediagram,constructacircletotouchlineABatXandpassesthroughthepointC.

(3mks)

A

X

C

B
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3. Usingrulerandpairofcompassesonlyforconstructionsinthisquestion.

(a)ConstructtriangleABCsuchthatAB=AC=5.4cm andangleABC=300.MeasureBC

(4mks)

(b)Onthediagram above,apointPisalwaysonthesamesideofBCasA.Drawthe

locusofPsuchthatangleBACistwiceangleBPC (2mks)

(c)Dropaperpendicularfrom AtomeetBCatD.MeasureAD (2mks)

(d)DeterminethelocusQonthesamesideofBCasAsuchthattheareaoftriangle

BQC=9.4cm2 (2

mks)

4. (a)Withoutusingaprotractororsetsquare,constructatriangleABCinwhichAB=4cm,

BC=6cm andABC=67½0.TakeABasthebase. (3mks)

MeasureAC.

(b)DrawatriangleA1BC1whichisindirectlycongruenttotriangleABC.

(3mks)

5. ConstructtriangleABCinwhichAB=4.4cm,BC=6.4cm andAC=7.4cm.Constructan

escribedcircleoppositeangleACB (5mks)

(a)Measuretheradiusofthecircle (1mk)

(b)MeasuretheacuteanglesubtendedatthecentreofthecirclebyAB (1mk)

(c)ApointPmovessuchthatitisalwaysoutsidethecirclebutwithintriangleAOB,

whereOisthecentreoftheescribedcircle.ShowbyshadingtheregionwithinwhichP

lies. (3mks)

6. (a)Usingarulerandapairofcompassesonly,constructaparallelogram PQRSinwhich

PQ=8cm,QR=6cm and PQR=1500 (3mks)

(b)Dropaperpendicularfrom StomeetPQatB.MeasureSBandhencecalculatethe

areaoftheparallelogram. (5mks)

(c)MarkapointAonBSproducedsuchthattheareaoftriangleAPQisequaltothree

quarterstheareaoftheparallelogram (1mk)

(d)Determinetheheightofthetriangle. (1mk)

7. Usingarulerandapairofcompassesonly,constructtriangleABCinwhichAB=6cm,
BC=8cm andangleABC=45o.Dropaperpendicularfrom A toBCatM.MeasureAM
andAC

(4mks)
8. a)Usingarulerandapairofcompassesonlytoconstructatrapezium ABCD

suchthat , , and (5mks)
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b)From thepointDdropaperpendiculartothelineABtomeetthelineatE.measureDE

hencecalculatetheareaofthetrapezium (5mks)

9. Usingapairofcompassesandruleronly;
(a)ConstructtriangleABCsuchthatAB=8cm,BC=6cm andangleABC=300.(3marks)
(b)MeasurethelengthofAC (1mark)
(c)DrawacirclethattouchestheverticesA,BandC. (2marks)
(d)Measuretheradiusofthecircle (1mark)
(e)Henceorotherwise,calculatetheareaofthecircleoutsidethetriangle. (3marks)

10. Usingarulerandapairofcompassesonly,constructthelocusofapointPsuchthat

angleAPB=600onthelineAB=5cm. (4mks)

11. Usingasetsquare,rulerandpairofcompasesdividethegivenlineinto5equalportions.
(3mks)

12. Usingarulerandapairofcompassesonly,drawaparallelogram ABCD,suchthatangle

DAB=750.LengthAB=6.0cm andBC=4.0cm from pointD,dropaperpendicularto

meetlineABatN

a)MeasurelengthDN

b)Findtheareaoftheparallelogram (10mks)

13. Usingarulerandapairofcompassesonly,drawaparallelogram ABCDinwhichAB=
6cm,BC=4cm andangleBAD=60o.Byconstruction,determinetheperpendiculardistance
betweenthelinesABandCD

14. Withoutusingaprotractor,drawatriangleABCwhereCAB=30o,AC=3.5cm and
AB=6cm.measureBC

15. (a)Usingarulerandapairofcompassonly,constructatriangleABCinwhich
angleABC=37.5o,BC=7cm andBA=14cm

(b)Dropaperpendicularfrom AtoBCproducedandmeasureitsheight
(c)Useyourheightin(b)tofindtheareaofthetriangleABC

(d)UseconstructiontofindtheradiusofaninscribedcircleoftriangleABC

A B
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16. Inthisquestionuseapairofcompassesandaruleronly
a)ConstructtrianglePQRsuchthatPQ=6cm,QR=8cm and<PQR=135°
b)ConstructtheheightoftrianglePQRin(a)above,takingQRasthebase

17. OnthelineACshownbelow,pointBliesabovethelinesuchthatBAC=52.5oand]
AB=4.2cm. (Usearulerandapairofcompassesforthisquestion)

(a)ConstructBACandmarkpointB
(b)Dropaperpendicularfrom BtomeetthelineACatpointF.MeasureBF

CHAPTERTWENTYTW0

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Interpretagivenscale

b.)Chooseanduseanappropriatescale

c.)Drawsuitablesketchesfrom giveninformation

d.)Statethebearingofonepointfrom another

e.)Locateapointusingbearinganddistance

f.) Determineanglesofelevationanddepression

g.)Solveproblemsinvolvingbearingselevationsandscaledrawing

h.)Applyscaledrawinginsimplesurveying.

Content
a.)Typesofscales

b.)Choiceofscales

c.)Sketchingfrom giveninformationandscaledrawing

d.)Bearings

e.)Bearings,distanceandlocatingpoints

f.)Anglesofelevationanddepression

g.)Problemsinvolvingbearings,scaledrawing,anglesofelevationanddepression

SCALEDRAWING

A C
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h.)Simplesurveyingtechniques.

Introduction

Thescale
Theratioofthedistanceonamaptotheactualdistanceonthegroundiscalledthescaleofthe
map.Theratiocanbeinstatementform e.g.50cm represents50,000cm orasarepresentative

fraction(R.F),1:5,000,000iswrittenas .
1

5,000,000

Example
Thescaleofamapisgiveninastatementas1cm represents4km.convertthistoa
representativefraction(R.F).

Solution
Onecm represents4x100,000cm.1cm represents400,000

Therefore,theratiois1:400,000andtheR.Fis
1

400,000

Example
Thescaleofamapisgivenas1:250,000.Writethisasastatement.

Solution
1:250,000means1cm onthemaprepresents250,000cm ontheground.Therefore,1cm

represents km.
250,000

100,000

I.e.1cm represents2.5km.
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ScaleDiagram
Whenduringusingscale,oneshouldbecarefulinchoosingtherightscale,sothatthedrawing
fitsonthepaperwithoutmuchdetailsbeingleft.

BearingandDistances
Directionisalwaysfoundusingacompasspoint.

Acompasshaseightpointsasshow above.ThefourmainpointsofthecompassareNorth,
South,East,andWest.TheotherpointsaresecondarypointsandtheyincludeNorthEast(NE),
SouthEast(SE),SouthWest(SW)andNorthWest(NW).Eachangleformedatthecentreofthe

compassis theanglebetweenNandEis .45
0

90
0

CompassBearing
Whenthedirectionofaplacefrom anotherisgivenindegreesandintermsoffourmainpoints

ofacompass.E.g.N W,thenthedirectionissaidtobegivenincompassbearing.Compass45
0

bearingismeasuredeitherclockwiseoranticlockwisefrom Northorsouthandtheangleis
acute.

Truebearing
NorthEastdirection,writtenasN Ecanbegiveninthreefiguresas0 measuredclockwise45

0
45

0

from TrueNorth.Thisthree-figurebearingiscalledthetruebearing.

Thetruebearingsduenorthisgivenas0 .DuesouthEastas1 anddueNorthWest00
0

35
0

as31 .5
0

Example
From townP,atownQis60km awayonabearingSouth80ºeast.AthirdtownRis100km

from PonthebearingSouth40ºwest.Acyclisttravellingat20km/hleavesPforQ.He
staysatQforonehourandthencontinuestoR.HestaysatRfor1½ hrs.andthen
returnsdirectlytoP.

(a) CalculatethedistanceofQfrom R.
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P²=100²+60²-2(100)(60)Cos120
P²=13600–12000Cos120

P²=19600

P =140km

(b) CalculatethebearingofRfrom Q.

M1

M1

=38.2° A1

Bearing270–38.2=241.8 B1

(c) Whatisthetimetakenforthewholeroundtrip?

Timefrom PtoR

Timefrom QtoR

From RtoP

Takentravelling=3+7+5 M1

=15hrs

Example
AportBisonabearing080ofrom aportAandadistanceof95km.ASubmarineisstationedat
aportD,whichisonabearingof200ofrom A,andadistanceof124km from B.AshipleavesB
andmovesdirectlySouthwardstoanIslandP,whichisonabearingof140o from A.The
SubmarineatDonrealizingthattheshipwasheadingtotheIslandP,decidestoheadstraight

B1forallthree
correct
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fortheIslandtointercepttheship.Usingascaleof1cm torepresent10km,makeascale
drawingshowingtherelativepositionsofA,B,DandP. {4marks}

Hencefind:

b) Thedistancefrom AtoD. {2marks}

4.6±0.1×10=46KM ±1KM

c) ThebearingotheSubmarinefrom theshipwhentheshipwassettingofffrom B.
{1mark}

240°±1°ORS60°W ±2°

d) ThebearingoftheIslandPfrom D.
{1mark}

122°±ORS58°E±1°

e) ThedistancetheSubmarinehadtocovertoreachtheIsland P127±0.1

×10=127±1KM {2marks}
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AngleofElevationandDepression

AngleofElevation:
Theangleabovethehorizontalthatanobservermustlooktoseean
objectthatishigherthantheobserver.Example,amanlookingata
bird.

AngleofDepression:
Theanglebelow horizontalthatanobservermustlooktoseean
objectthatislowerthantheobserver.Example,abirdlooking
downatabug.

Anglesofdepressionandelevationcanbemeasuredusinganinstrumentcalledclinometer

Tofindtheheightsorthelengthswecanusescaledrawing.

Simplesurveymethods
Thisinvolvestakingfieldmeasurementsoftheareasothatamapoftheareacanbedrawnto
scale.Piecesoflandareusuallysurveyedinorderto:

 Fixboundaries

 Fortownplanning

 Roadconstruction

 Watersupplies

 Mineraldevelopment

Areasofirregularshapes
Areasofirregularshapecanbefoundbysubdividingthem intoconvenientgeometricalshapes
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e.g.triangles,rectanglesortrapezia.

Example
Theareainhectaresofthefieldcanbefoundbythehelpofabaselineandoffsetsasshown.

Fig22.26

XYisthebaseline360m.SM,RP andQNaretheoffsets.

TakingXasthestartingpointofthesurvey,theinformationcanbeentredinafieldbookas
follows.

Thesketchisasfollows:

Usingasuitablescale.

Theareaoftheseparatepartsisfoundthencombined.

Areaof:

TriangleXPRis½x180x90=8100m
2

TrianglePRYis½x180x90=8100m
2
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TriangleXSM is½x120x60=3600m
2

TriangleQNYis½x120x180=10800m
2

Trapezium SQNM =½(QN+SM)xSQm
2

½(180+60)x120m
2

=14400m
2

Totalarea=8100+8100+3600+10800+14400=45000m
2

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.ApointBisonabearingof0800from aportAandatadistanceof95km.Asubmarineis
stationedataportD,whichisonabearingof2000from AM andadistanceof124km from
B.
AshipleavesBandmovesdirectlysouthwardstoanislandP,whichisonabearingof140
from A.ThesubmarineatDonrealizingthattheshipwasheadingfrotheislandP,decides
toheadstraightfortheislandtointercepttheship

Usingascale0f1cm torepresent10km,makeascaledrawingshowingtherelative
positionsofA,B,D,P.

Hencefind

(i)Thedistancefrom AtoD

(ii)Thebearingofthesubmarinefrom theshipwassettingofffrom B

(iii)ThebearingoftheislandPfrom D

(iv)ThedistancethesubmarinehadtocovertoreachtheislandP

2.FourtownsR,T,KandGaresuchthatTis84km directlytothenorthR,andKisona
bearingof2950from Ratadistanceof60km.Gisonabearingof3400from Kanda
distanceof30km.Usingascaleof1cm torepresent10km,makeanaccuratescale
drawingtoshow therelativepositionsofthetown.

Find

(a)ThedistanceandthebearingofTfrom K

(b)ThedistanceandthebearingGfrom T
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(c)ThebearingofRfrom G

3. Twoaeroplanes,SandTleaveairportsAatthesametime.Sfliesonabearingof060at
750km/hwhileTfliesonabearingof2100at900km/h.

(a) Usingasuitablescale,drawadiagram toshowthepositionsoftheaeroplane
aftertwohours.

(b) Useyourdiagram todetermine

(i)Theactualdistancebetweenthetwoaeroplanes

(ii)ThebearingofTfrom S

(iii)ThebearingofSfrom T

4. ApointAisdirectlybelowawindow.AnotherpointBis15m from Aandatthesame
horizontallevel.From Bangleofelevationofthetopofthebottom ofthewindowis300
andtheangleofelevationofthetopofthewindowis350.Calculatetheverticaldistance.

(a) From Atothebottom ofthewindow
(b) From thebottom totopofthewindow

4. Findbycalculationthesum ofalltheinterioranglesinthefigureABCDEFGHI

below

6. ShoppingcentersX,YandZaresuchthatYis12km southofXandZis15km from X.
Zisonabearingof3300from Y.FindthebearingofZfrom X.

7. Anelectricpylonis30m high.ApointSonthetopofthepylonisverticallyaboveanother
pointRontheground.PointsAandBareonthesamehorizontalgroundasR.PointA
duesouthofthepylonandtheangleofelevationofSfrom Ais260.PointBisduewest
ofthepylonandtheangleofelevationofSfrom Bis320

Findthe

(a) Distancefrom AandB



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 170

(b) BearingofBfrom A

8. ThefigurebelowisapolygoninwhichAB=CD=FA=12cm BC=EF=4cm

andBAF=-CDE=1200.ADisalineofsymmetry.

Findtheareaofthepolygon.

9. ThefigurebelowshowsatriangleABC

a) Usingarulerandapairofcompasses,determineapointDonthelineBC

suchthatBD:DC=1:2.

b) FindtheareaoftriangleABD,giventhatAB=AC.
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10. Aboatatpointxis200m tothesouthofpointY.TheboatsailsXtoanother

pointZ.PointZis200m onabearingof3100from X,YandZareonthesame
horizontalplane.

(a)CalculatethebearingandthedistanceofZfrom Y
(b)W isthepointonthepathoftheboatnearesttoY.

CalculatethedistanceWY

(c)AverticaltowerstandsatpointY.TheangleofpointXfrom thetopofthetoweris60

calculatetheangleofelevationofthetopofthetowerfrom W.
11. ThefigurebelowshowsaquadrilateralABCDinwhichAB=8cm,DC=12cm,BAD=

450,CBD=900andBCD=300.

Find:

(a)ThelengthofBD
(b)ThesizeoftheangleADB

12. Inthefigurebelow,ABCDEisaregularpentagonandABFisanequilateraltriangle
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Findthesizeof

a)ADE
b)AEF
c)DAF

13. Inthisquestionuseapairofcompassesandaruleronly

(a)constructtriangleABCsuchthatAB=6cm,BC=8cm andABC1350

(2marks)

(b)ConstructtheheightoftriangleABC ina)abovetakingBCasthebase
(1mark)

14. Thesizeofaninteriorangleofaregularpolygonis3x0whileitsexteriorangleis(x-20)0.
Findthenumberofsidesofthepolygon

15. PointsLandM areequidistantfrom anotherpointK.ThebearingofLfrom Kis3300.
ThebearingofM from Kis2200.

CalculatethebearingofM from L

16. FourpointsB,C,QandDlieonthesameplanepointBisthe42km duesouth-westof
townQ.PointCis50km onabearingof5600from Q.PointD isequidistantfrom B,Q
andC.

(a) Usingthescale1cm represents10km,constructadiagram showingthe
positionofB,C,QandD

(b) Determinethe

(i) DistancebetweenBandC

(ii) BearingDfrom B

17. TwoaeroplanesPandQ,leaveanairportatthesametimefliesonabearingof2400at
900km/hrwhileQfliesdueEastat750km/hr

(a) Usingascaleof1vcm drawingtoshowthepositionsoftheaeroplanesafter40
minutes.
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(b) Usethescaledrawingtofindthedistancebetweenthetwoaeroplaneafter40
minutes

(c) Determinethebearingof

(i) Pfrom Qans2540

(ii) Qfrom Pans740

18. AportBisnoabearingof080from aportAandatadistanceof95km.Asubmarineis
stationedportDwhichisonabearingof2000from A,andadistanceof124km from B.

AshipleavesBandmovesdirectlysouthwardstoanislandP,whichisonabearingof
1400from A.ThesubmarineatDonrealizingthattheshipwasheadingfortheislandP
decidestoheadstraightfortheislandtointercepttheship.

Usingascaleof1cm torepresent10km,makeascaledrawingshowingtherelative
positionofA,BD andP.

Hencefind:

(i) Thedistancefrom AandD

(ii) Thebearingofthesubmarinefrom theshipwhentheshipwassettingofffrom B

(iii) ThebaringoftheislandPfrom D

(iv) Thedistancethesubmarinehadtocovertoreachtheisland

19. FourtownsR,T,KandGaresuchthatTis84km directlytothenorthRandKisona
bearingof2950from Ratadistanceof60km.Gisonabearingof3400from Kanda
distanceof30km.Usingascaleof1cm torepresent10km,makeanacutescale
drawingtoshowtherelativepositionsofthetowns.

Find

(a)ThedistanceandbearingofTfrom K

(b)ThebearingofRfrom G

20. Inthefigurebelow,ABCDEisaregularpentagonandM isthemidpointofAB.DM
intersectsEBatN.(T7)
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Findthesizeof

(a)BAE

(b)BED

(c)BNM

21. Usearulerandcompassesinthisquestion.Drawaparallelogram ABCDinwhichAB=
8cm,BC=6cm andBAD=75.Byconstruction,determinetheperpendiculardistance
betweenABandCD.

22. Theinterioranglesofthehexagonare2x0,½x0,x+400,1100,1300and1600.Findthe
valueofthesmallestangle.

23. Thesizeofaninteriorangleofaregularpolygonis1560.Findthenumberofsidesofthe
polygon.

CHAPTERTWENTYTHREE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Identifyandsketchcommonsolids

b.)Identifyvertices,edgesandfacesofcommonsolids

c.)Statethegeometricpropertiesofcommonsolids

d.)Drawnetsofsolidsaccurately

e.)Makemodelsofsolidsfrom nets

f.)Calculatesurfaceareaofsolidsfrom nets

COMMONSOLIDS
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Content
a.)Commonsolids(cubes,cuboids,pyramids,prisms,cones,spheres,cylindersetc)

b.)Vertices,edgesandfacesofcommonsolids.

c.)Geometricpropertiesofcommonsolids.

d.)Netsofsolids.

e.)Modelsofsolidsfrom nets.

f.) Surfaceareaofsolidsfrom nets(includecubes,cuboids,cones,pyramidsprisms)

Introduction
Asolidisanobjectwhichoccupiesspaceandhasadefiniteorfixedshape.Solidsareeither
regularorirregular.
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Note:
 Intersectionsoffacesarecallededges.

 Thepointwherethree
ormore edgesmeetiscalled
avertex.

Sketchingsolids
Todrawareasonablesketchofasolidonaplanpaper,thefollowingideasarehepful:

Useofisometricprojections
Inthismethodthefollowingpointsshouldbeobtained:

 Eachedgeshouldbedrawntothecorrectlength.
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 Allrectangularfacesmustbedrawnasparallelograms.

 Horizontalandverticaledgesmustbedrawnaccuratelytoscale.

 Thebaseedgesaredrawnatanangle withthehorizontallines.30
0

 Parallellinesaredrawnparallel.

Examples

a.) Cubenet

b.) Cuboidnet
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c.) Triangularprism net

d.) Pentagonalprism
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e.) Squarebasepyramid

f.) Cylindernet

g.) Conenet

Teache
Co

t
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Conenet

h.) Hexagonalprism

i.) Tetrahedron
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j.) Octahedron

k.) Dodecagon

Example
Anantmovedfrom YtoXthemidpointofRSthroughPintherightpyramidbelow

Draw thenetofthepyramidshowingthepathoftheanthencefindthedistanceit
moved.

O

Y

15cm

O

R
Q

P S

8cm X
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Solution

Distance=15+

=27.649cm

Example
Drawthenetofthesolidbelow.

Solution

S

1c

m

3cm
3cm

2
.5

c

m

1c

E
F

D

H

B

C

G

J

A

I
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Endof
topic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.Thefigurebelowshowsanetofaprism whosecross–sectionisanequilateraltriangle.

B1

B1

B1

Scaledrawing

Correct
labeling

Correct
measurement
ofGJandFI

A

BC

E

F

G

H

I

JG H

HEF

J

G

F

I
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a) Sketchtheprism

b)Statethenumberofplanesofsymmetryoftheprism.

2.Thefigurebelowrepresentsasquarebasedsolidwithapathmarkedonit.

Sketchandlabelthenetofthesolid.

3.Thefigurebelowrepresentsbelowrepresentsaprism oflength7cm
AB=AE=CD=2cm andBC–ED=1cm
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Drawthenetoftheprism (3marks)

4.Thediagram belowrepresentsarightpyramidonasquarebaseofside3cm.Theslantof
thepyramidis4cm.

(a)Drawanetofthepyramid (2marks)

(b) Onthenetdrawn,measuretheheightofatriangularfacefrom thetopof

thePyramid (1mark)

5. (a) Drawaregularpentagonofside4cm (1mark)
(b) Onthediagram drawn,constructacirclewhichtouchesallthesidesofthe

pentagon (2marks)

6.Thefigurebelowshowsasolidregulartetrapackofsides6cm
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(a) Drawanetofthesolid

(b) Findthesurfaceareaofthesolid

7.Thefigurebelowshowsasolidmadebypastingtwoequalregulartetrahedral

(a) Drawanetofthesolid

(b) Ifeachfaceisanequilateraltriangleofside5cm,findthesurfaceareaofthe
solid.

8(a)Sketchthenetoftheprism shownbelow

(b)Findthesurfaceareaofthesolid
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CHAPTERTWENTYFOUR

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a)Findthecubeofanumberbymultiplication

b)Findthecuberootofanumberbyfactormethod

c)Findcubesofnumbersfrom mathematicaltables

d)Evaluateexpressionsinvolvingcubesandcuberoots

e)Applytheknowledgeofcubesandcuberootstoreallifesituations

Content
a.)Cubesofnumbersbymultiplication.

b.)Cuberootsofnumbersbyfactormethod.

c.)Cubesfrom mathematicaltables.

d.)Expressionsinvolvingcubesandcuberoots

e.)Applicationofcubesandcuberoots

CUBESANDCUBEROOTS
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Introduction
Cubes

Thecubeofanumberissimplyanumbermultipliedbyitselfthreetimese.g.

a×a×a=a3

1×1×1=13; 8=2×2×2=23; 27=3×3×3=33;

Example1

Whatisthevalueof63?

63=6x6x6

=36x6

=216

Example2

Findthecubeof1.4

=1.4x1.4x1.4

=1.96x1.4

=2.744

Useoftablestofindroots

Thecubescanbereaddirectlyfrom thetablesjustlikesquaresandsquareroot.

CubeRootsusingfactormethods

Cubesandcubesrootsareopposite.Thecuberootofanumberisthenumberthatis
multipliedbyitselfthreetimestogetthegivennumber
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Example
Thecuberootof64iswrittenas;

∛64=4 Because4x4x4=64

∛27=3 Because3x3x3=27

Example
Evaluate:∛216

=∛(2x2x2x3x3x3)

=2x3

=6

Note;
Aftergroupingthem intopairsofthreeyouchoseonenumberfrom thepairandmultiply

Example
Find:

Thevolumeofacubeis1000cm3.Whatisthelengthofthecube

Volumeofthecube,v=l3

L3=1000

L=∛1000

=10

Thelengthofthecubeistherefore10cm

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 190

CHAPTERTWENTYFIVE

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Findreciprocalsofnumbersbydivision

b.)Findreciprocalsofnumbersfrom tables

c.)Usereciprocalsofnumbersincomputation.

Content
a.)Reciprocalsofnumbersbydivision

b.)Reciprocalsofnumbersfrom tables

c.)Computationusingreciprocals

RECIPROCALS
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Introduction
Thereciprocalofanumberissimplythenumberputinfractionform andturnedupside
downe.g.,thereciprocalof2.

Solution:

Change2intofractionform whichis ,
2

1

Thenturnitupsidedownandget
1

2

Note:
Whenyoumultiplyanumberbyitsreciprocalyouget1,

x =1
2

1

1

2

Findingthereciprocalofdecimals
Findingthereciprocalofadecimalcanbedoneinanumberofways.

Changethedecimaltoafractionfirst.

Example.
0.25is25/100andisequivalenttothefraction1/4.Thereforeitsreciprocalwouldbe
4/1or4.

Keepthedecimalandform thefraction1/?? Whichcanthenbeorconvertedtoa
decimal.

Example
0.75Thereciprocalis1/0.75.Usingacalculator,thedecimalform canbefoundby
performingtheoperation:1dividedby0.75.Thedecimalreciprocalinthiscaseisa
repeatingdecimal,1.33333....

Afterfindingareciprocalofanumber,perform aquickcheckbymultiplyingyouroriginal
numberandthereciprocaltodeterminethattheproduct.

ReciprocalofNumbersfrom Tables.
Reciprocalofnumberscanbefoundusingtables.

Example
Findthereciprocalof2.456usingthereciprocaltables.
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Solution.
Usingreciprocaltables,thereciprocalof2.456is0.4082-0.0010=0.4072

Example
Findthereciprocalof45.8.

Solution
Youfirstwrite45.8instandardform whichis4.58x .10

1

Then =
1

45.8

1

4.58x10
1

= x
1

10

1

4.58

= x0.2183
1

10

=0.02183

Example
Findthereciprocalof0.0236

Solution
Change0.0236instandardform whichis2.36x10

-2

=
1

0.0236

1

2.36x10
-2

= x
1

10
-2

1

2.36

= x0.423710
2

=42.37

Example
Usereciprocaltablestosolvethefollowing:

+
1

0.0125

1

12.5

Solution
Multiplythenumeratorsbythereciprocalofdenominators,thenaddthem

1(reciprocal0.0125)+1(reciprocal12.5)
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Usingtablesfindthereciprocals,
= 1(80)+1(0.08)

= 80.08

Example

-
4

0.375

3

37.5

Solution
= 4(rec0.375)-3(37.5)

= (4x2.667)–(3x0.026667)

= 10.59

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

CHAPTERTWENTYSIX

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Defineindices(powers)

b.)Statethelawsofindices

c.)Applythelawsofindicesincalculations

d.)Relatethepowersof10tocommonlogarithms

e.)Usethetablesofcommonlogarithmsandanti-logarithmsincomputation.

Content
a.)Indices(powers)andbase

b.)Lawsofindices(includingpositiveintegers,negativeintegersandfractionalindices)

INDICESANDLOGARITHMS
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c.)Powersof10andcommonlogarithms

d.)Commonlogarithms:

 characteristics

 mantissa

e.)Logarithm tables

f.)Applicationofcommonlogarithmsinmultiplication,division,powersandroots.

Introduction

Indexandbaseform
Thepowertowhichanumberisraisediscalledindexorindicesinplural.

=2X2X2X2X22
5

5iscalledthepowerorindexwhile2twoisthebase.

100=10
2

2iscalledtheindexand10isthebase.

Lawsofindices
Forthelawstoholdthebasemustbethesame.

Rule1

Anynumber,exceptzerowhoseindexis0isalwaysequalto1

Example
=15

0
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=110000000000000000
0

Rule2

Tomultiplyanexpressionwiththesamebase,copythebaseandaddtheindices.

+ =a
m

a
n

a
m+n

Example
+ =5

2
5
3
5
5

=3125

Rule3

Todivideanexpressionwiththesamebase,copythebaseandsubtractthepowers.

÷ =a
m

a
n

a
m-n

Example
÷ =9

5
9
2

9
3

Rule4

Toraiseanexpressiontothenthindex,copythebaseandmultiplytheindices

=a
mxn

a
mn

Example
)2=(5
3

=5
3×2

5
6

Rule5

Whendealingwithanegativepower,yousimplychangethepowertopositiveby
changingitintoafractionwith1sthenumerator.

=a
-m 1

a
m

Example

=2
-2 1

2
2
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=
1

4

Example
Evaluate:

a.) × =2
3
2
-3

2
(3+-3)

=2
0

=1

b.)( =( )2)
2

3

-2
1

2

3

=( )
1

4

9

=1÷
4

9

=1× =2 or( =()squared=
9

4

1

4
)
2

3

-2
3

2

9

4

Fractionalindices
Fractionalindicesarewritteninfractionform.Insummaryif =b.aiscalledthea

n
n
th

rootofbwrittenas .b
n

Example

= =( )= =827
1

3 27
3

16
3

4 16
4

2
3

=3

=4
-1

2 1

4
1

2

=
1

4
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LOGARITHM
Logarithm isthepowertowhichafixednumber(thebase)mustberaisedtoproduce

agivennumber.Insummarytheexpression summarytheexpression âm =nisa
m

writtenas n=m.log
a

=nistheindexnotationwhile n=m isthelogarithm notation.a
m

log
a

Examples

Indexnotation Logarithm form

=42
2 4=2log

2

=39
1

2 3=log
9

1

2

=mb
n

m=nlog
b

Readinglogarithmsfrom thetablesisthesameasreadingsquaressquarerootsand
reciprocals.

Wecanreadlogarithmsofnumbersbetween1and10directlyfrom thetable.For
numbersgreaterthan10weproceedasfollows:

Expressthenumberinstandardform,AX .Thennwillbethewholenumberpartof10
n

thelogarithms.

Readthelogarithm ofAfrom thetables,whichgivesthedecimalpartofthelogarithm.
Thenaddittonwhichisthepowerof10toform thepositivepartofthelogarithm.

Example
Findthelogarithm of:

379

Solution
379

=3.79x10
2

Log3.79=0.5786

Thereforethelogarithm of379is2+0.5786=2.5786

Thewholenumberpartofthelogarithm iscalledthecharacteristicandthedecimalpart
isthemantissa.
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LogarithmsofPositiveNumberslessthan1

Example
Logtobase10of0.034

Weproceedasfollows:

Express0.034instandardform,i.e.,AX .10
n

Readthelogarithm ofA andaddton

Thus0.034=3.4x10
-2

Log3.4from thetablesis0.5315

Hence3.4x = ×10
-2

10
0.5315

10
-2

Usinglawsofindicesadd0.5315+-2whichiswrittenas .5315.
̅
2

Itreadsbartwopointfivethreeonefive.Thenegativesigniswrittendirectlyabovetwo
toshowthatit’sonlythecharacteristicisnegative.

Example
Findthelogarithm of:

0.00063

Solution
=6.3× (Findthelogarithm of 6.3)10

-3

= ×10
0.7993

10
-3

= +0.799310
-3

= .7993
̅
3

ANTILOGARITHMS
Findingantilogarithm isthereverseoffindingthelogarithmsofanumber.Forexample
thelogarithm of1000tobase10is3.Sotheantilogarithm of3is1000.Inalgebraic
notation,if

Logx=ythenantilogofy=x.

Example

Findtheantilogarithm of .3031
̅
2

Solution
Letthenumberbex
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X=10
3031

̅
2.

=10
-2+0.3031

= x (Findtheantilog,pressshiftandlogthenkeyinthenumber)10
-2

10
0.3031

= x2.0110
-2

= x2.01
1

100

=
2.01

100

=0.02010201

ple
Uselogarithm tablestoevaluate:

456x398

271

Number Standard form logarithm

456 4.56x 2.659010
2

398 3.98x 2.599910
2

5.2589

+

271 2.71x 2.4330 -10
2

6.697x ← 2.825910
2

=669.7

Tofindtheexactnumberfindtheantilogof2.8259bylettingthecharacteristicpartto
bethepoweroftenthenfindingtheantilogof0.8259

Example
Operationsinvolvingbar

Evaluate
415.2x0.0761

135
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Solution

Number logarithm

415.2

0.0761

135

2.6182

.8814+
̅
2

1.4996

2.1303-

2.341x10
-1

.3693
̅
1

0.2341

Example

=(9.45x0.945 10
-1
)
1

2

=( )10
.9754x

̅
1

1

2

Note;

Inordertodivide .9754by2,wewritethelogarithm insearch awaythatthe
̅
1

characteristicisexactlydivisibleby2.Ifwearelookingforthe root,wearrangethen
th

characteristictobeexactlydivisiblebyn)

.9754=-1+0.9754
̅
1

=-2+1.9754

Therefore,( .9754)= (-2+1.9754)
1

2

̅
1

1

2

=-1+0.9877

= .9877
̅
1
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Findtheantilogof .9877 bywritingthemantissaaspowerof10andthenfindthe
̅
1

antilogofcharacteristic.

=9.720X10
-1

= 0.9720

Example
0.0618

3

Number logarithm

.7910x0.0618
3 ̅

2
1

3

=( +1.7910)×
̅
3

1

3

3.954x = .5970(findtheantilog)10
-1 ̅

1

0.3954

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthecubes,cubesroots,
Reciprocalsindicesandlogarithms.

1.Uselogarithmstoevaluate

336.15x0.02573

1,938

2.Findthevalueofxwhichsatisfiestheequation.
16x2=84x-3

3.Uselogarithmstoevaluate (1934)2 x √0.00324

436
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4.Uselogarithmstoevaluate
55.9÷(02621x0.01177)1/5

5.Simplify 2xx52x2-x

6.Uselogarithmstoevaluate
(3.256x0.0536)1/3

7.Solveforxintheequation
32(x-3)÷8(x-4)=64÷2x

8.Solveforxintheequations812xx27x=729
9x

9.Usereciprocalandsquaretablestoevaluateto4significantfigures,theexpression:
1 +4.3462

24.56

10.Uselogarithm tables,toevaluate

0.032x14.262/3

0.006

11.Findthevalueofxinthefollowingequation
49(x+1)+7(2x)=350

12.Uselogarithmstoevaluate
(0.07284)2

3√0.06195

13.Findthevalueofm inthefollowingequation
(1/27m x(81)-1=243

14.GiventhatP=3yexpresstheequation3(2y-1)+2x3(y-1)=1intermsofPhenceorotherwise
findthevalueofyintheequation3(2y–1)+2x3(y-1)=1

15.Uselogarithmstoevaluate55.9(0.2621x0.01177)1/5

16.Uselogarithmstoevaluate

6.79x0.3911¾

Log5
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17.Uselogarithmstoevaluate

3 1.23x0.0089

79.54

18.Solveforxintheequation
X=0.0056½

1.38x27.42

CHAPTERTWENTYSEVEN

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

GRADIENTANDEQUATIONSOFSTRAIGHTLINES
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a.)Definegradientofastraightline

b.)Determinethegradientofastraightlinethroughknownpoints

c.)Determinetheequationofastraightlineusinggradientandoneknownpoint

d.)Expressastraightlineequationintheform y=mx+c

e.)Interprettheequationy=mx+c

f.)Findthex-andy-interceptsfrom anequationofaline

g.)Drawthegraphofastraightlineusinggradientandx-andy-intercepts

h.)Statetherelationshipofgradientsofperpendicularlines

i.) Statetherelationshipofgradientsofparallellines

j.) Applytherelationshipofgradientsofperpendicularandparallellinestogetequationsof
straightlines.

Content
a.)Gradientofastraightline

b.)Equationofastraightline

c.)Theequationofastraightlineoftheform y=mx+c

d.)Thexandyinterceptsofaline

e.)Thegraphofastraightline

f.)Perpendicularlinesandtheirgradient

g.)Parallellinesandtheirgradients

h.)Equationsofparallelandperpendicularlines.

Gradient

Thesteepnessorslopeofanareaiscalledthegradient.Gradientisthechangeinyaxis
overthechangeinxaxis.
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=
changeinyco-ordinates

changeinxco-ordinates

y
2-
y
1

x
2-
x
2

Note:
Ifanincreaseinthexco-ordinatesalsocausesanincreaseintheyco-ordinatesthe
gradientispositive.

Ifanincreaseinthexco-ordinatescausesadecreaseinthevalueoftheyco-ordinate,
thegradientisnegative.

If,foranincreaseinthexco-ordinate,thereisnochangeinthevalueoftheyco-
ordinate,thegradientiszero.

Forverticalline,thegradientisnotdefined.

Example
Findthegradient.
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Solution

Gradient=
changeinyaxis

changeinxaxis

=
4-3

6-2

=
1

4

Equationofastraightline.
Giventwopoints

Example.
FindtheequationofthelinethroughthepointsA(1,3)andB(2,8)

Solution

Thegradientoftherequiredlineis =5
8-3

2-1

Takeanypointp(x,y)ontheline.Using...pointsPandA,thegradientis
y-3

x-1

Therefore =5
y-3

x-1

Hencey=5x-2

Giventhegradientandonepointontheline

Example
Determinetheequationofalinewithgradient3,passingthroughthepoint(1,5).

Solution

Letthelinepassthroughageneralpoint(x,y).Thegradientofthelineis =3
y-5

x-1

Hencetheequationofthelineisy=3x+2

Wecanexpresslinearequationintheformy=mx+c.

Illustrations.

Forexample4x+3y=-8isequivalenttoy= x-.Inthelinearequationbelow
-4

3

8

3
gradientisequaltom whilecistheyintercept.
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Usingtheabovestatementwecaneasilygetthegradient.

Example
Findthegradientofthelinewhoseequationis3y-6x+7=0

Solution
Writetheequationintheform ofy=mx+c

3y=6x-7

y=2x-
7

3

M=2andalsogradientis2.

They-intercept
They–interceptofalineisthevalueofyatthepointwherethelinecrossestheyaxis.
WhichisCintheabovefigure.Thex–interceptofagraphisthatvalueofxwherethe
graphcrossesthexaxis.

Tofindthexinterceptwemustfindthevalueofywhenx=0becauseateverypointon
theyaxisx=0.Thesameistrueforyintercept.

Example
Findtheyintercepty=2x+10onputtingy=owehavetosolvethisequation.

2x+10=0

2x=-10

X=-5

Xinterceptisequalto–5.
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Perpendicularlines
Iftheproductsofthegradientofthetwolinesisequalto–1,thenthetwolinesare
equaltoeachother.
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Example
Findifthetwolinesareperpendicular

y= x+1y=-3x-2
1

3

Solution
Thegradientsare

M= andM =-3
1

3

Theproductis

×-3=-1
1

3

Theansweris-1hencetheyareperpendicular.

Example
Y=2x+7

Y=-2x+5

Theproductsare 2×-2=-4hencethetwolinesarenotperpendicular.

Parallellines
Parallellineshavethesamegradientse.g.

y=2x+7

y=2x-9

Bothlineshavethesamegradientwhichis2hencetheyareparallel

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1.ThecoordinatesofthepointsPandQare(1,-2)and(4,10)respectively.
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ApointTdividesthelinePQintheratio2:1

(a)DeterminethecoordinatesofT

(b)(i) FindthegradientofalineperpendiculartoPQ

(iii) HencedeterminetheequationofthelineperpendicularPQandpassingthrough
T

(iv) Ifthelinemeetsthey-axisatR,calculatethedistanceTR,tothreesignificant
figures

2.AlineL1passesthoughpoint(1,2)andhasagradientof5.AnotherlineL2,isperpendicular
toL1andmeetsitatapointwherex=4.FindtheequationforL2intheform ofy=mx+c

3.P(5,-4)andQ(-1,2)arepointsonastraightline.Findtheequationoftheperpendicular
bisectorofPQ:givingtheanswerintheform y=mx+c.

4.Onthediagram below,thelinewhoseequationis7y–3x+30=0passesthoughthe
pointsAandB.PointAonthex-axiswhilepointBisequidistantfrom xandyaxes.

Calculatetheco-ordinatesofthepointsAandB

5.Alinewithgradientof-3passesthroughthepoints(3.k)and(k.8).Findthevalueofkand
henceexpresstheequationofthelineintheform aax+ab=c,wherea,b,andcare
constants.

6.Findtheequationofastraightlinewhichisequidistantfrom thepoints(2,3)and(6,1),
expressingitintheform ax+by=cwherea,bandcareconstants.

7.Theequationofaline-3/5x+3y=6.Findthe:
(a)Gradientoftheline (1mk)

(b)Equationofalinepassingthroughpoint(1,2)andperpendiculartothegivenlineb

8.Findtheequationoftheperpendiculartothelinex+2y=4andpassesthroughpoint(2,1)
9.FindtheequationofthelinewhichpassesthroughthepointsP(3,7)andQ(6,1)
10.Findtheequationofthelinewhosex-interceptsis-2andy-interceptsis5
11.Findthegradientandy-interceptofthelinewhoseequationis4x–3y–9=0
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CHAPTERTWENTYEIGHT

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Statethepropertiesofreflectionasatransformation

b.)Usethepropertiesofreflectioninconstructionandidentificationofimages
andobjects

c.)Makegeometricaldeductionsusingreflection

d.)ApplyreflectionintheCartesianplane

e.)Distinguishbetweendirectandoppositecongruence

f.)Identifycongruenttriangles.

Content
a.)Linesandplanesofsymmetry

b.)Mirrorlinesandconstructionofobjectsandimages

c.)Reflectionasatransformation

d.)ReflectionintheCartesianplane

e.)Directandoppositecongruency

f.) Congruencytests(SSS,SAS,AAS,ASAandRHS)

REFLECTIONANDCONGRUENCE
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Introduction
Theprocessofchangingtheposition,directionorsizeofafiguretoform anewfigure
iscalledtransformation.

Reflectionandcongruence

Symmetry
Symmetryiswhenoneshapebecomesexactlylikeanotherifyouturn,slideorcutthem
intotwoidenticalparts.Thelineswhichdividesafigureintotwoidenticalpartsare
calledlinesofsymmetry.Ifafigureiscutintotwoidenticalpartsthecutpartiscalled
theplaneofsymmetry.

Howmanyplanesofsymmetrydoes theabovefigureshave?
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Therearetwotypesofsymmetry.ReflectionandRotational.

Reflection
Atransformationofafigureinwhicheachpointisreplacedbyapointsymmetricwith
respecttoalineorplanee.g.mirrorline.

Propertiespreservedunderreflection
 Midpointsalwaysremainthesame.

 Anglemeasuresremainthesamei.e.thelinejoiningappointanditsimageis
perpendiculartothemirrorline.

 Apointontheobjectandacorrespondingpointontheimageareequidistant
from themirrorline.

Amirrorlineisalineofsymmetrybetweenanobjectanditsimage.

(a)

Figuresthathave
rotational
symmetry

(b)Orderof
rotational
symmetry

2 3 4 5

Examples
Toreflectanobjectyoudrawthesamepointsoftheobjectbutonoppositesideofthe
mirror.Theymustbeequidistancefrom eachother.
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Exercise
Findthemirrorlineorthelineofsymmetry.

Tofindthemirrorline,jointhepointsontheobjectandimagetogetherthenbisectthe
linesperpendicularly.Theperpendicularbisectorgivesusthemirrorline.
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Congruence
Figureswiththesamesizeandsameshapearesaidtobecongruent.Ifafigurefitsinto
anotherdirectlyitissaidtobedirectlycongruent.

Ifafigureonlyfitsintoanotherafterithasbeenturnedthenit’scalledopposite
congruentorindirectcongruence.
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C

A B

FigureAandBaredirectlycongruentwhileCisoppositelyorindirectlycongruent
becauseitonlyfitsintoAafterithasbeenturned.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

CHAPTERTWENTYNINE

ROTATION
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SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Statepropertiesofrotationasatransformation

b.)Determinecentreandangleofrotation

c.)ApplypropertiesofrotationintheCartesianplane

d.)Identifypointofrotationalsymmetry

e.)Stateorderofrotationalsymmetryofplanefigure

f.)Identifyaxisofrotationalsymmetryofsolids

g.)Stateorderofrotationalsymmetryofsolids

h.)Deducecongruencefrom rotation.

Content
a.)Propertiesofrotation

b.)Centreandangleofrotation

c.)Rotationinthecartesianplane

d.)Rotationalsymmetryofplanefiguresandsolids(pointaxisandorder)

e.)Congruenceandrotation

Introduction
Atransformationinwhichaplanefigureturnsaroundafixedcenterpointcalledcenter
ofrotation.Arotationintheanticlockwisedirectionistakentobepositivewhereasa
rotationintheclockwisedirectionistakentobenegative.

Forexamplearotationof900 clockwiseistakentobenegative.-900whilearotationof
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anticlockwise 900 istakentobe+900.

Forarotationtobecompletelydefinedthecenterandtheangleofrotationmustbe
stated.

Illustration
TorotatetriangleAthroughtheorigin,angleofrotation+1/4turn.

Drawalinefrom eachpointtothecenterofrotation,inthiscaseit’stheorigin.Measure
900from theobjectusingtheprotacterandmakesurethebaselineoftheproctacteris
onthesamelineasthelinefrom thepointoftheobjecttothecenter.The0markshould
startfrom theobject.

Mark900 and draw astraightlinetothecenterjoiningthelinesattheorigin.The
distancefrom thepointoftheobjecttothecentershouldbethesame distanceasthe
lineyoudrew.Thisgiveyoutheimagepoint
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Thedistancebetweentheobjectpointandtheimagepointunderrotationshouldbethe
sameasthecenterofrotationinthiscase900

Illustration.

Tofindthecenterofrotation.

 Drawasegmentconnectingpoint’s and ′

 Usingacompass,findtheperpendicularbisectorofthisline.

 Drawasegmentconnectingpoint’s and ′.Findtheperpendicularbisectorofthis

segment.

 Thepointofintersectionofthetwoperpendicularbisectorsisthecenterofrotation.

Labelthispoint .

Justifyyourconstructionbymeasuringangles∠ ′and∠ ′.Didyouobtainthesame

measure?Theanglebetweenistheangleofrotation.Thezeromarkofprotectorshouldbeon
theobjecttogiveyouthedirectionofrotation.

Rotationalsymmetryofplanefigures
Thenumberoftimesthefigurefitsontoitselfinonecompleteturniscalledtheorderof
rotationalsymmetry.

Note;
Theorderofrotationalsymmetryofafigure = 360/anglebetweentwoidentical
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partsofthefigure.

Rotationalsymmetryisalsocalledpointsymmetry.Rotationpreserveslength,angles
andarea,andtheobjectanditsimagearedirectlycongruent.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

CHAPTERTHIRTY

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Identifysimilarfigures

b.)Constructsimilarfigures

c.)Statepropertiesofenlargementasatransformation

d.)Applythepropertiesofenlargementtoconstructobjectsandimages

e.)ApplyenlargementinCartesianplanes

f.)Statetherelationshipbetweenlinear,areaandvolumescalefactor

g.)Applythescalefactorstoreallifesituations.

SIMILARITYANDENLARGEMENT



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 221

Content
a.)Similarfiguresandtheirproperties

b.)Constructionofsimilarfigures

c.)Propertiesofenlargement

d.)Constructionofobjectsandimagesunderenlargement

e.)EnlargementintheCartesianplane

f.)Linear,areaandvolumescalefactors

g.)Reallifesituations.

Introduction

SimilarFigures
Twoormorefiguresaresaidtobesimilarif:

 Theratioofthecorrespondingsidesisconstant.

 Thecorrespondinganglearesimilar

Example1

Inthefiguresbelow,giventhat△ABC~△PQR,findthe
unknownsx,yandz.
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Solution

BAcorrespondstoQPeachofthem hasoppositeangleyand980.Henceyisequalto
980 BCcorrespondstoQRandACcorrespondstoPR.

BA/QR=BC/QR=AC/PR

AC/PR=BC/QR

3/4.5=5/Z

Z=7.5cm

Note:
Twofigurescanhavetheratioofcorrespondingsidesequalbutfailtobesimilarifthe
correspondinganglesarenotthesame.

Twotrianglesaresimilarifeithertheiralltheircorrespondinganglesareequalorthe
ratiooftheircorrespondingsidesisconstant.

Example:

Inthefigure,△ABCissimilarto△RPQ.Findthevaluesoftheunknowns.
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Since△ABC~△RPQ,

∠B=∠P∴x=90°

Also,

AB/RP =BC/PQ

39/y=52/48

(48X39)

52

∴y=36
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Also,

AC/RQ=BC/PQ

Z/60=52/48

∴z=65

ENLARGMENT

What’senlargement?
Enlargement,sometimescalledscaling,isakindoftransformationthatchangesthe
sizeofanobject.Theimagecreatedissimilar*to theobject.Despitethename
enlargement,itincludesmakingobjectssmaller.

Foreveryenlargement,ascalefactormustbespecified.Thescalefactorishowmany
timeslargerthantheobjecttheimageis.

Lengthofsideinimage=lengthofsideinobjectXscalefactor

Foranyenlargement,theremustbeapointcalledthecenterofenlargement.

Distancefrom centerofenlargementtopointonimage=

Distancefrom CentreofenlargementtopointonobjectXscalefactor

TheCentreofenlargementcanbeanywhere,butithastoexist.

ThisprocessofobtainingtriangleA’B‘C’from triangleABCiscalledenlargement.
TriangleABCistheobjectandtriangles A’B‘C‘Itsimageunderenlargementscale
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factor2.

Hence

OA’/OA=OB’/OB=OC’/OC=2...

Theratioiscalledscalefactorofenlargement.Thescalefactoriscalledlinerscale
factor

BymeasurementOA=1.5cm,OB=3cm andOC=2.9cm.TogetA’,theimageofA,we
proceedasfollows

OA=1.5cm

OA’/OA=2(scalefactor2)

OA’=1.5X2

=3cm

AlsoOB’/OB=2

=3X2

=6cm

Note:
LinesjoiningobjectpointstotheircorrespondingimagepointsmeetattheCentreof
enlargement.

CENTEROFENLARGMENT

Tofindcenterofenlargementjoinobjectpointstotheircorrespondingimagepoints
andextendthelines,wheretheymeetgivesyoutheCentreofenlargement.OrDraw
straightlinesfrom eachpointontheimage,throughitscorrespondingpointonthe
object,andcontinuingforalittlefurther.ThepointwhereallthelinescrossistheCentre
ofenlargement.
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SCALEFACTOR

Thescalefactorcanbewholenumber,negativeorfraction.Wholenumberscalefactor
meansthattheimageisonthesamesideastheobjectanditcanbelargerorthesame
size,

Negativescalefactormeansthattheimageisontheoppositesideoftheobjectanda
fractionwholenumberscalefactormeansthattheimageissmallereitheronthesame
sideoroppositeside.

Linearscalefactorisaratiointheform a:bora/b.Thisratiodescribesanenlargement
orreductioninonedimension,andcanbecalculatedusing.

Newlength

Originallength

Areascalefactor isaratiointheform e:fore/f.Thisratio describeshowmanytimes
toenlarge.Orreducetheareaoftwodimensionalfigure.Areascalefactorcanbe
calculatedusing.

NewArea

OriginalArea

Areascalefactor=(linearscalefactor)2

Volumescalefactoristheratiothatdescribeshowmanytimestoenlargeorreducethe
volumeofathreedimensionalfigure.Volumescalefactorcanbecalculatedusing.

NewVolume

OriginalVolume

Volumescalefactor=(linearscalefactor)3

CONGRUENCETRIANGLES
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When two trianglesarecongruent,alltheircorresponding sidesandcorresponding
anglesareequal.

TRASLATIONVECTOR

Translationvectormoveseverypointofanobjectbythesameamountinthegiven
vectordirection.Itcanbesimplybedefinedastheadditionofaconstantvectortoevery
point.

Translationsandvectors: Thetranslationatthe
leftshowsavectortranslatingthetoptriangle4
unitsto therightand 9 unitsdownward. The
notation forsuch vectormovementmay be
writtenas:

                         or    

Vectorssuchasthoseusedintranslationsare
whatisknownasfreevectors. Anytwovectors
ofthesamelengthandparalleltoeachotherare
considered identical. Theyneed nothave the
sameinitialandterminalpoints.  

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonReflectionandCongruence,
Rotation,SimilarityandEnlargement.

1.Atranslationmapsapoint(1,2)onto)(-2,2).Whatwouldbethecoordinatesoftheobject
whoseimageis(-3,-3)underthesametranslation?

2.Usebinomialexpressiontoevaluate(0.96)5correctto4significantfigures
11.InthefigurebelowtriangleABOrepresentsapartofaschoolbadge.Thebadgehasas
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symmetryoforder4aboutO.Completethefigurestoshowthebadge.

3.Apoint(-5,4)ismappedonto(-1,-1)byatranslation.Findtheimageof(-4,5)underthe
sametranslation.

4.AtriangleisformedbythecoordinatesA(2,1)B(4,1)andC(1,6).Itisrotated
clockwisethrough900abouttheorigin.Findthecoordinatesofthisimage.

5.Thediagram onthegridprovidedbelowshowsatrapezium ABCD

Onthesamegrid

(a) (i) DrawtheimageA’B’C’DofABCDunderarotationof900

clockwiseabouttheorigin.

(ii) DrawtheimageofA”B”C”D”ofA’B’C’D’underareflectionin

A

B

O

C
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liney=x.StatecoordinatesofA”B”C”D”.

(b) A”B”C”D”istheimageofA”B”C”Dunderthereflectioninthelinex=0.

Drawtheimage A”B”C”D”andstateitscoordinates.

(c) DescribeasingletransformationthatmapsA”B”C”DontoABCD.

6.AtranslationmapsapointP(3,2)ontoP’(5,4)
(a)Determinethetranslationvector

(b)ApointQ’istheimageofthepointQ(,5)underthesametranslation.Findthelengthof
‘P’Qleavingtheanswerissurdform.

7.TwopointsPandQhavecoordinates(-2,3)and(1,3)respectively.Atranslationmappoint
PtoP’(10,10)

(a)FindthecoordinatesofQ’theimageofQunderthetranslation (1mk)

(b)ThepositionvectorofPandQin(a)abovearepandqrespectivelygiventhatmp
–nq=-12

9 Findthevalueofm andn (3mks)

8.ontheCartesianplanebelow,trianglePQRhasverticesP(2,3),Q (1,2)andR(4,1)while
trianglesP”q“R”hasverticesP”(-2,3),Q”(-1,2)andR”(-4,1)

(a) DescribefullyasingletransformationwhichmapstrianglePQRontotriangleP”Q”R”

(b) Onthesameplane,drawtriangleP’Q’R’,theimageoftrianglePQR,underreflectionin
liney=-x

(c) DescribefullyasingletransformationwhichmapstriangleP’Q’R’ontotriangleP”Q”R

(d) DrawtriangleP”Q”R”suchthatitcanbemappedontotrianglePQRbyapositivequarter
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turnabout(0,0)

(e) Stateallpairsoftrianglethatareoppositelycongruent



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 231

CHAPTERTHIRTYONE

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)DerivePythagorastheorem

b.)SolveproblemsusingPythagorastheorem

c.)ApplyPythagorastheorem tosolveproblemsinlifesituations

Content
a.)PythagorasTheorem

b.)SolutionofproblemsusingPythagorasTheorem

c.)Applicationtoreallifesituations.

Introduction
Considerthetrianglebelow:

THEPYTHAGORA’STHEOREM
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Pythagorastheorem statesthatforaright-angledtriangle,thesquareofthehypotenuseis
equaltothesum ofthesquareofthetwoshortersides.

Example
Inarightangletriangle,thetwoshortersidesare6cm and8cm.Findthelengthofthe
hypotenuse.

Solution
UsingPythagorastheorem

= xhyp
2

6
2

8
2

= xhyp
2

36
2

64
2

=100 hyp= =10hyp
2

100
2

Endoftopic

Didyouunderstandeverything?
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Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Theangleofelevationofthetopofatreefrom apointPonthehorizontalgroundis
24.5°.From anotherpointQ,fivemetresnearertothebaseofthetree,theangleofelevationof
thetopofthetreeis33.2°.Calculatetoonedecimalplace,theheightofthetree.

2. Ablockofwoodintheshapeofafrustrum ofaconeofslantingedge30cm andbase
radius10cm iscutparalleltothebase,onethirdofthewayfrom thebasealongtheslanting
edge.Findtheratioofthevolumeoftheconeremovedtothevolumeofthecompletecone

CHAPTERTHIRTYTWO

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Definetangent,sineandcosineratiosfrom arightangledtriangle

b.)Readandusetablesoftrigonometricratios

c.) Usesine,cosineandtangentincalculatinglengthsandangles

TRIGONOMETRICRATIOS
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d.)Establishandusetherelationshipofsineandcosineofcomplimentaryangles

e.)Relatethethreetrigonometricratios

f.)Determinethetrigonometricratiosofspecialangles30°,45°,60°and90°withoutusing
tables

g.)Readandusetablesoflogarithmsofsine,cosineandtangent

h.)Applytheknowledgeoftrigonometrytoreallifesituations.

Content
a.)Tangent,sineandcosineofangles

b.)Trigonometrictables

c.)Anglesandsidesofarightangledtriangle

d.)Sineandcosineofcomplimentaryangles

e.)Relationshipbetweentangent,sineandcosine

f.)Trigonometricratiosofspecialangles30°,45°,60°and90°

g.)Logarithmsofsines,cosinesandtangents

h.)Applicationoftrigonometrytoreallifesituations.

Introduction

TangentofAcuteAngle

The constant ratio between the is called the tangent.It’s
verticaldistance

horizontaldistance
abbreviatedastan
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Tan∅=
oppositeside

adjacentside

SineofanAngle
Theratioofthesideofanglextothehypotenusesideiscalledthesine.

Sin∅=
oppositeside

hypotenuse

CosineofanAngle
Theratioofthesideadjacenttotheangleandhypotenuse.

Cosine∅=
Adjacent

hypotenuse
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Example

Inthefigureaboveadjacentlengthis4cm andAnglex= .Calculatetheopposite36
0

length.

Solution

= =tan36
0 oppositelength

adjacentlengh

PR

4

4 =PRtan36
0

ThereforePR=4x0.7265=2.9060cm.



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 237

Example

Intheaboveo=5cm a=12cm calculateanglesinxandcosinex.

Solution

= =sinx
oppo

hyph

5

h

But = ×H
2

12
2
5
2

=169

=169

H=13

Thereforesinx=
5

13

=0.3846

Cosx=
adj

hyp

=
12

13

=0.9231
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Sineandcosinesofcomplementaryangles
Foranytwocomplementaryanglesxandy,sinx=cosycosx=sinye.g.

sin = ,60
0

cos30
0

Sin = ,sin = ,30
0

cos60
0

70
0

cos20
0

Example
Findacuteanglesαandβif

Sinα=cos33
0

Solution
=sinα cos33

Thereforeα+33=90

α=57
0

TrigonometricratiosofspecialAngles .30
0
45

0
60

0

Thesetrigonometricratioscanbedeductedbytheuseofisoscelesright–angled
triangleandequilateraltrianglesasfollows.

Tangentcosineandsineof .45
0

Thetriangleshouldhaveabaseandaheightofoneuniteach,givinghypotenuseof .2

Cos = sin = tan =145
0 1

2
45

0 1

2
45

0

Tangentcosineandsineof amd .30
0

60
0



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 239

Theequilateraltrianglehasasidesof2unitseach

Sin = cos = tan =30
0 1

2
30

0 3
2

30
0 1

3

Sin = cos = tan = =60
0 3

2
60

0 1

2
60

0 3
1

3

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Givensin(90-a)=½,findwithoutusingtrigonometrictablesthevalueofcosa
(2mks)

2. If ,findwithoutusingtablesorcalculator,thevalueof

(3

marks)

3. AtpointA,Davidobservedthetopofatallbuildingatanangleof30o.Afterwalkingfor
100meterstowardsthefootofthebuildinghestoppedatpointBwhereheobserveditagainat
anangleof60o.Findtheheightofthebuilding

4. Findthevalueof,giventhat½sin=0.35for0o≤θ≤360o

5. Amanwalksfrom pointAtowardsthefootofatallbuilding240m away.Aftercovering
180m,heobservesthattheangleofelevationofthetopofthebuildingis45o.Determinethe
angleofelevationofthetopofthebuildingfrom A
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6. Solveforxin2Cos2x0=0.600000≤x≤3600.

7. Wangechiwhoseeyelevelis182cm tallobservedtheangleofelevationtothetopofher
housetobe32ºfrom hereyelevelatpointA.shewalks20m towardsthehouse

onastraightlinetoapointBatwhichpointsheobservestheangleofelevationtothe

topofthebuildingtothe40º.Calculate,correctto2decimalplacesthe;

a)distanceofA from thehouse

b)Theheightofthehouse

8. GiventhatcosA=5/13andangleAisacute,findthevalueof:-

2tanA+3sinA

9. Giventhattan5°=3+5, withoutusingtablesoracalculator,determinetan25°,
leavingyouranswerintheform a+bc

10. Giventhattanx=5,findthevalueofthefollowingwithoutusingmathematicaltablesor
calculator: 12

(a)Cosx

(b)Sin2(90-x)

11. Iftanθ=8/15,findthevalueofSinθ-Cosθwithoutusingacalculatorortable

Cosθ+Sinθ
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CHAPTERTHIRTYTHREE

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Derivetheformula;Area=½absinC

b.)SolveproblemsinvolvingareaoftrianglesusingtheformulaArea=½absinC;

c.)Solveproblemsonareaofatriangleusingtheformulaarea= s(s-a)(s-b)(s-c)

Content
a.)AreaoftriangleA=1/2absinC

b.)AreaofatriangleA=s (s-b)(s-c)(s-a)

c.)Applicationoftheaboveformulaeinsolvingproblemsinvolvingreallifesituations.

AREAOFATRIANGLE
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Introduction

AreaofatrianglegiventwosidesandanincludedAngle

TheareaofatriangleisgivenbyA= bhbutsometimesweuseotherformulastoas
1

2
follows.

Example
Ifthelengthoftwosidesandanincludedangleofatrianglearegiven,theareaofthe

triangleisgivenby A= absinθ
1

2

InthefigureabovePQis5cm andPRis7cm angleQPRis .Findtheareaofthethe50
0

triangle.

Solution

Usingtheformulaeby A= absinθa=5cm b=7cm andθ=
1

2
50

0

Area= x5x7sin
1

2
50

0

=2.5x7x0.7660

=13.40cm
2
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Areaofthetriangle,giventhethreesides.

Example
FindtheareaofatriangleABCinwhichAB=5cm,BC=6cm andAC=7cm.

Solution
Whenonlythreesidesaregivenustheformulae

A= Hero’sformulaes (s-b)(s-c)(s-a)

S= oftheperimeterofthetriangle
1

2

= (a+b+c)A,b,carethelengthsofthesidesofthetriangle.
1

2

= =9 AndA=
1

2
(6+7+5) 9(9-6)(9-7)(9-5)

=9x3x2x4

=216

=14.70cm
2

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Thesidesofatriangleareintheratio3:5:6.Ifitsperimeteris56cm,usetheHeroes

formulatofinditsarea (4mks)

2. ThefigurebelowisatriangleXYZ.ZY=13.4cm,XY=5cm andanglexyz=57.7o
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Calculate

i.) LengthXZ.(3mks)

iii.) AngleXZY.(2mks)

iv.) Ifaperpendicularisdroppedfrom pointXtocutZYatM,FindtheratioMY:ZM.(3
mks)

FindtheareaoftriangleXYZ.(2mks)

CHAPTERTHIRTYFOUR

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Findtheareaofaquadrilateral

b.)Findtheareaofotherpolygons(regularandirregular).

Content
a.)Areaofquadrilaterals

b.)Areaofotherpolygons(regularandirregular).

AREAOFQUADRILATERALS
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Introduction

Quadrilaterals.
Theyarefoursidedfigurese.g.rectangle,square,rhombus,parallelogram,trapezium
andkite.

Areaofrectangle
A=LXW

ABandDCareathelengthswhileADandBCarethewidth.

Areaofparallelogram
Afigurewhoseoppositesideareequalparallel.

Area=basexheight=2.5x1.8=4.5cm
2

AreaofaRhombus.
Afigurewithallsidesequalandthediagonalsbisecteachotherat .Inthefigure90

0

belowBC=CD=DA=AB=4cm whileAC=10cm andBD=12.Findthearea
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Solution

Findhalfofthediagonalwhichis ×10=5cm
1

2

Areaof∆BCD= X12X5=30
1

2
cm

2

Areaof∆ABCD=2Xareaof∆BCD

=2X30cm
2

=60cm
2

AreaofTrapezium

Aquadrilateralwithonlytwoofitsoppositesidesbeingparallel.Thearea= h(a+b2)

Example
Findtheareaoftheabovefigure

Solution

Area= 4(6+122 )
=9x4=36cm

2
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Note:
Youcanusethesineruletogettheheightgiventhehypotenuseandanangle.

sinθ=
opposite

hypoteneus

Orusetheacronym SOHCAHTOA

Rhombus

Example
Inthefigureabovethelinesmarket//=7cm while/=5cm,findthearea.

Solution
JoinXtoY.

Findtheareaofthetwotrianglesformed

=12.45(Triangleone)
1

2
x5x5xsin95

0

=21.21(Triangletwo)
1

2
x7x7xsin60

0

Thenaddtheareaofthetwotriangles

12.45+21.21=33.67cm
2
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Areaofregularpolygons
Anyregularpolygoncanbedividedintoisoscelestrianglebyjoiningtheverticestothe
Centre.Thenumberofthepolygonformedisequaltothenumberofsidesofthe
polygon.

Example
Iftheradiusisofapentagon6cm finditsarea.

Solution

Dividethepentagoneintofivetriangleseachwith ie( )72
0 360

5

Areaofonetrianglewillbe= x6x6xsin
1

2
72

0

=17.11

Therearefivetrianglestherefore

AREA=5X17.11

=85.55cm
2

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!
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PastKCSEQuestionsonthetopic.

1.)Thediagram below,notdrawntoscale,isaregularpentagoncircumscribedinacircleof

radius10cm atcentreO

Find

(a)Thesideofthepentagon (2mks)

(b)Theareaoftheshadedregion (3mks)

2.)PQRSisatrapezium inwhichPQisparalleltoSR,PQ=6cm,SR=12cm, PSR=400

andPS=10cm.Calculatetheareaofthetrapezium. (4mks)

3.)Aregularoctagonhasanareaof101.8cm2.calculatethelengthofonesideoftheoctagon
(4marks)

4.)Findtheareaofaregularpolygonoflength10cm andsiden,giventhatthesum ofinterior
anglesofn:n–1isintheratio4:3.

5.)CalculatetheareaofthequadrilateralABCDshown:-

10cm

O

400

P

S R

Q

>

>
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CHAPTERTHIRTYFIVE

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Findtheareaofasector

14cm

6cm

12cm

18cm

C

BA

D

AREAPARTOFACIRCLE
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b.)Findtheareaofasegment

c.)Findtheareaofacommonregionbetweentwocircles.

Content
a.)Areaofasector

b.)Areaofasegment

c.)Areaofcommonregionsbetweencircles.

Introduction

Sector
Asectorisanareaboundedbytworadiiandanarc.Aminorsectorhasasmallerarea
comparedtoamajorsector.
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Theorangepartisthemajorsectorwhiletheyellowpartistheminorsector.

Theareaofasector
TheareaofasectorsubtendinganangleθattheCentreofthecircleisgivenby;

A= Xπ
θ

360
r
2

Example
Findtheareaofasectorofradius3cm,iftheanglesubtendedattheCentreisgivenas

takeπas140
0 22

7

Solution
AreaAofasectorisgivenby;

A= Xπ
θ

360
r
2

Area= x x
140

360

22

7
3
2

=11cm
2

Example
Theareaofthesectorofacircleis38.5cm.Findtheradiusofthecircleiftheangle

subtendedattheCentreis .90
0
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Solution

From A= Xπ ,weget
θ

360
r
2

x x =38.5
90

360

22

7
r
2

=r
2 38.5x360x7

90x22

=r
2

49

R=7cm

Example
Theareaofasectorofradius63cm is4158cm .Calculatetheanglesubtendedatthe
Centreofthecircle.

Solution

4158= x x63x63
θ

360

22

7

θ=
4158x360x7

22x63x63

=120
0

Areaofasegmentofacircle
Asegmentisaregionofacircleboundedbyachordandanarc.
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InthefigureabovetheshadedregionisasegmentofthecirclewithCentreOandradius

r.AB=8cm,ON=3cm,ANGLEAOB= .Findtheareaoftheshadedpart.106.3
0

Solution
Areaofthesegment=areaofthesectorOAPB–areaoftriangleOAB

= -[ X3.142X
106.3

360
5
2][X8X3

1

2 ]
=23.19–12

=11.19cm
2

Areaofacommonregionbetweentwointersectingcircles.

Findtheareaoftheintersectingcirclesabove.IfthecommonchordABis9cm.

Solution
From∆A M;O

1

M=O
1

-8
2

4.5
2
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=43.75

=6.614cm

From∆A M;O
2

M=O
2

-6
2

4.5
2

= 15.75

=3.969cm

Theareabetweentheintersectingcirclesisthesum oftheareasofsegments A BP
1

andA B.AreaofsegmentA B=areaofsector A B-areaof∆ ABP
2

P
1

O
2
P
1

O
2

Usingtrigonometry,sin<A M = = =0.75O
2

AM

AO
2

4.5

6

Findthesineinverseof0.75toget hence<A M=48.59
0

O
2

48.59
0

<A B=2X<A MO
2

O
2

=2X =97.148.59
0

8
0

AreaofsegmentA B= X3.12X - X9X3.969P
1

97.18

360
6
2 1

2

=30.53-17.86

=12.67cm
2

AreaofsegmentA B=areaofsector A B-areaof∆ ABP
2

O
1
P
2

O
1

Usingtrigonometry,sin<A M = = =0.5625O
1

AM

AO
1

4.5

8

Findthesineinverseof0.5625toget hence<A M=34.23
0

O
1

34.23
0

<A B=2X<A MO
1

O
1

=2X34.23
0

=68.46
0

AreaofsegmentA B= X3.12X - X9X6.614P
2

68.46

360
8
2 1

2

=38.24-29.76
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=8.48cm
2

Thereforetheareaoftheregionbetweentheintersectingcirclesisgivenby;

B+areaofsegmentA BAreaofsegmnetAP
1

P
2

=12.67+8.48

=21.15cm
2

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Thefigurebelowshowsacircleofradius9cm andcentreO.ChordABis7cm long.

Calculatetheareaoftheshadedregion. (4mks)

2. ThefigurebelowshowstwointersectingcircleswithcentresPandQofradius8cm and

10cm respectively.LengthAB=12cm

O

A B

O
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Calculate:

a) APB

(2mks)

b) AQB

(2mks)

c) Areaoftheshadedregion (6mks)

3.

Thediagram aboverepresentsacirclecentreoofradius5cm.TheminorarcAB

subtendsanangleof1200atthecentre.Findtheareaoftheshadedpart. (3mks)

4. Thefigurebelowshowsaregularpentagoninscribedinacircleofradius12cm,centreO.

ө ß

A

B

P

O

A B

5cm5cm

Q



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 258

Calculatetheareaoftheshadedpart.

(3mks)

5. Twocirclesofradii13cm and16cm intersectsuchthattheyshareacommonchordof

length20cm.Calculatetheareaoftheshadedpart.

(10mks)

6. Findtheperimeterofthefigurebelow,givenAB,BCandACarediameters. (4mks)
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7. Thefigurebelowshowstwointersectingcircles.TheradiusofacircleAis12cm and

thatofcircleBis8cm.

IftheangleMBN=72o,calculate

ThesizeoftheangleMAN

b) ThelengthofMN

c) Theareaoftheshadedregion.

8.

Inthediagram above,twocircles,centresAandCandradii7cm and24cm respectively
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O

●

10cm

intersectatBandD.AC=25cm.

a)ShowthatangelABC=900

b)Calculate

i)thesizeofobtuseangelBAD

ii)theareaoftheshadedpart (10Mks)

9. Theendsoftheroofofaworkshoparesegmentsofacircleofradius10m.Theroofis
20m long.Theangleatthecentreofthecircleis120oasshowninthefigurebelow:

(a)Calculate:-

(i)Theareaofoneendoftheroof

(ii)Theareaofthecurvedsurfaceoftheroof

(b)Whatwouldbethecosttothenearestshillingofcoveringthetwoendsandthe
curvedsurfacewithgalvanizedironsheetscostingshs.310persquaremetre

10. Thediagram below,notdrawntoscale,isaregularpengtagoncircumscribedinacircle
ofradius10cm atcentreO

Find;

(a)Thesideofthepentagon

(b)Theareaoftheshadedregion

11. TrianglePQRisinscribedinhecirclePQ=7.8cm,PR=6.6cm andQR=5.9cm.Find:

120o

10cm
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(a)Theradiusofthecircle,correcttoonedecimalplace

(b)Theanglesofthetriangle

(c)Theareaofshadedregion

CHAPTERTHIRTYSIX

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Findthesurfaceareaofaprism

b.)Findthesurfaceareaofapyramid

c.)Findthesurfaceareaofacone

d.)Findthesurfaceareaofafrustum

e.)Findthesurfaceareaofasphereandahemisphere.

Content
Surfaceareaofprisms,pyramids,cones,frustumsandspheres.

SURFACEAREAOFSOLIDS

R

Q

P 7.8cm

6.6cm
5.9cm

A
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Introduction

Surfaceareaofaprism
Aprism isasolidwithuniform cross-section.Thesurfaceareaofaprism isthesum of
itsfaces.

Cylinder

Areaofclosedcylinder=2π +2πrlr
2

Areaofopencylinder=π +2πrl(areaofthebottoncircleasthetopisopen)r
2

Example

Findtheareaoftheclosedcylinderr=2.8cm andl=13cm
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Solution

=2 +(2x x2.8x13)( x2.8x2.8
22

7 ) 22

7

=49.28 -228.cm
2

8
2

=278.08cm
2

Note;

Foropencylinderdonotmultiplybytwo,findtheareaofonlyonecircle.

Surfaceareaofapyramid

Thesurfaceareaofapyramidisthesum oftheareaoftheslantingfacesandtheareaofthe
base.

Surfacearea=basearea+areaofthefourtriangularfaces(taketheslantingheightmarked
greenbelow)

Example

Solution

Surfacearea=basearea+areaofthefourtriangularfaces

=(14x14)+( x14x14)
1

2

=196+252

=448mm
2
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Example

Thefigurebelowisarightpyramidwithasquarebaseof4cm andaslantingedgeof8cm.Find
thesurfaceareaofthepyramid.

a=4cm e=8cm

Surfacearea=basearea+areaofthefourtriangularbases

=(lxw)+4( bh)
1

2

Rememberheightistheslantingheight

Slantingheight= 8
2-
2
2

=60

Surfacearea= +4( x4x )(4x4)
1

2
60

=77.97cm
2

Surfaceareaofacone

Totalsurfaceareaofacone=π +πrlr
2

Curvedsurfaceareaofacone=πrl
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Example

Findthesurfaceareaoftheconeabove

= +(3.14x4x5)(3.14x4x4)

=50.24+62.8

=113.04cm
2

Note;

Alwaysuseslantingheight,ifit’snotgivenfinditusingPythagorastheorem

Surfaceareaofafrustum

Thebottom partofacutpyramidorconeiscalledafrustum.Exampleoffrustumsarebucket,

Examples alampshadeandahopper.

Example

Findthesurfaceareaofafabricrequiredtomakealampshadeintheform ofafrustum whose
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topandbottom diametersare20cm and30cm respectivelyandheight12cm.

Solution

Completetheconefrom whichthefrustum ismade,byaddingasmallerconeofheightxcm.

h=12,H=xcm,r=10cm,R=15cm

From theknowledgeofsimilar =
x

10

x+12

15

15x=10x+120

15x-10x=120

5x=120

x=24

Surfaceareaofafrustum =areaofthecurved -areaofcurvedsurfaceofsmaller
cone

Surfaceofbiggercone.

L=24+12=36cm

Surfacearea=πRL–πrl

= -( ×10× )( ×15×
22

7
36

2
+15

2) 22

7
+24

2
10

2

=1838.57 -cm
2
817.14cm

2

=1021 4s.fcm
2

Surfaceareaofthesphere

Asphereissolidthatit’sentirelyroundwitheverypointonthesurfaceatequaldistance
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from theCentre.Surfaceareais=4πr
2

Example

Findthesurfaceareaofaspherewhosediameterisequalto21cm

Solution

Surfacearea=4πr
2

=4x3.14x10.5x10.5

=1386cm
2

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Aswimmingpoolwatersurfacemeasures10m longand8m wide.Apathofuniform

widthismadeallroundtheswimmingpool.Thetotalareaofthewatersurfaceandthe

pathis168m2

(a)Findthewidthofthepath (4mks)

(b)Thepathistobecoveredwithsquareconcreteslabs.Eachcornerofthepathis

coveredwithaslabwhosesideisequaltothewidthofthepath.Therestofthepath
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iscoveredwithslabsofside50cm.Thecostofmakingeachcornerslabissh600

whilethecostofmakingeachsmallerslabissh.50.Calculate

(i)Thenumberofthesmallerslabsused (4mks)

(ii)Thetotalcostoftheslabsusedtocoverthewholepath(2mks)

2. Thefigurebelowshowsasolidregulartetrapackofsides4cm.

(a)Drawalabellednetofthesolid.

(1mk)

(b)Findthesurfaceareaofthesolid. (2mks)

3. Thediagram showsarightglassprism ABCDEFwithdimensionsasshown.

Calculate:

(a)theperimeteroftheprism (2mks)

(b)Thetotalsurfaceareaoftheprism (3mks)

14.7c7.4cm

5.2cm

5.2cm

A

B

C

D

E

F
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(c)Thevolumeoftheprism (2mks)

(d)TheanglebetweentheplanesAFEDandBCEF (3mks)

4. Thebaseofarectangulartankis3.2m by2.8m.Itsheightis2.4m.Itcontainswatertoa
depthof1.8m.Calculatethesurfaceareainsidethetankthatisnotincontactwithwater.

(2mks)

5. Drawthenetofthesolidbelowandcalculatesurfaceareaofitsfaces
(3mks)

6.

G

4cm F

8cm D

A B

5cm

Thefigureaboveisatriangularprism ofuniform cross-sectioninwhichAF=4cm,AB=
5cm andBC=8cm.

(a)IfangleBAF=300,calculatethesurfaceareaoftheprism. (3marks)

(b)Drawaclearlylabelednetoftheprisms. (1mark)

7. Mrs.DawatidecidedtoopenaconfectionaryshopatcornerBaridi.Shedecoratedits

entrancewith10modelsofconeicecream,fiveoneachsideofthedoor.Themodelhas

thefollowingshapeanddimensions.Using=3.142andcalculationsto4d.p.
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(a)Calculatethesurfaceareaoftheconicalpart. (2mks)

(b)Calculatethesurfaceareaofthetopsurface. (4mks)

(c)Findtotalsurfaceareaofonemodel. (2mks)

(d)Ifpainting5cm2costksh12.65,findthetotalcostofpaintingthemodels(answerto

1s.f). (2mks)

8. Arightpyramidofheight10cm standsonasquarebaseABCDofside6cm.

a)Drawthenetofthepyramidinthespaceprovidedbelow. (2mks)

b)Calculate:-

(i) Theperpendiculardistancefrom thevertextothesideAB.(2mks)

(ii) Thetotalsurfaceareaofthepyramid. (4mks)

c) Calculatedthevolumeofthepyramid. (2mks)

9. Thefigurebelowshowsasolidobjectconsistingofthreeparts.Aconicalpartofradius
2cm andslantheight3.5cm acylindricalpartofheight4cm.Ahemisphericalpartof
radius3cm .thecylinderliesatthecentreofthehemisphere.

( )
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Calculatetofoursignificantfigures:

I.Thesurfaceareaofthesolid (5marks)
II.Thevolumeofthesolid (5marks)

10. Alampshadeisintheform ofafrustrum ofacone.Itsbottom andtopdiametersare
12cm and8cm respectively.Itsheightis6cm.Find;

(a)Theareaofthecurvedsurfaceofthelampshade

(b)ThematerialusedformakingthelampshadeissoldatKshs.800persquaremetres.
Findthecostoftenlampshadesifalampshadeissoldattwicethecostofthematerial

11. Acylindricalpieceofwoodofradius4.2cm andlength150cm iscutlengthwiseintotwo
equalpieces.Calculatethesurfaceareaofonepiece

12. Thebaseofanopenrectangulartankis3.2m by2.8m.Itsheightis2.4m.Itcontains
watertoadepthof1.8m.Calculatethesurfaceareainsidethetankthatisnotincontactwith
water

13. Thefigurebelowrepresentsamodelofasolidstructureintheshapeoffrustrum ofa
conewithahemispheretop.Thediameterofthehemisphericalpartis70cm andisequaltothe
diameterofthetopofthefrustrum.Thefrustrum hasabasediameterof28cm andslantheight
of60cm.

Calculate:
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(a)Theareaofthehemisphericalsurface

(b)Theslantheightofconefrom whichthefrustrum wascut

(c)Thesurfaceareaoffrustrum

(d)Theareaofthebase

(e)Thetotalsurfaceareaofthemodel

14. Aroom is6.8m long,4.2m wideand3.5m high.Theroom hastwoglassdoorseach
measuring75cm by2.5m andaglasswindowmeasuring400cm by1.25m.Thewallsaretobe
paintedexceptthewindowanddoors.

a)Findthetotalareaofthefourwalls

b)Findtheareaofthewallstobepainted

c)PaintAcostsShs.80perlitreandpaintBcostsShs.35perlitre.0.8litresofAcovers
anareaof1m2while0.5m2uses1litreofpaintB.Iftwocoatsofeachpaintaretobeapplied.
Findthecostofpaintingthewallsusing:

i)PaintA

ii)PaintB

d)IfpaintAispackedin400mltinsandpaintBin1.25litrestins,findtheleastnumberof
tinsofeachtypeofpaintthatmustbebought.

15. Thefigurebelowshowsasolidfrustrum ofpyramidwithasquaretopofside8cm anda
squarebaseofside12cm.Theslantedgeofthefrustrum is9cm

Calculate:
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(a) Thetotalsurfaceareaofthefrustrum
(b)Thevolumeofthesolidfrustrum

(c)TheanglebetweentheplanesBCHGandthebaseEFGH.

CHAPTERTHIRTYSEVEN

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

a.)Findthevolumeofaprism

b.)Findthevolumeofapyramid

c.)Findthevolumeofacone

d.)Findthevolumeofafrustum

e.)Findthevolumeofasphereandahemisphere.

Content
Volumesofprisms,pyramids,cones,frustumsandspheres.

VOLUMEOFSOLIDS
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Introduction
Volumeistheamountofspaceoccupiedbyanobject.It’smeasuredincubicunits.

Generallyvolumeofobjectsisbaseareaxheight

VolumeofaPrism
Aprism isasolidwithuniform crosssection.ThevolumeVofaprism withcrosssectionarea
AandlengthlisgivenbyV=AL

Example
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Solution
Volumeoftheprism =baseareaxlength(baseistriangle)

= x6x3x10
1

2

=90cm
2

Example

Explanation
Across-sectionalareaofthehexagonalismadeupof6equilateraltriangleswhosesidesare8
ft

Tofindtheheightwetakeonetriangleasshownabove

Usingsinerulewegettheheight

Solution

Areaofcrosssection=6x x8x8sin60
1

2

=166.2828

lume=166.28x12

=1995.3ft
2

Volumeofapyramid

Volumeofapyramid= Ah
1

3

WhereA=areaofthebaseandh=verticalheight
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Example
Findthevolumeofapyramidwiththeverticalheightof8cm andwidth4cm length12cm.

Solution.

Volume= x12x4x8
1

3

=128cm
2

Volumeofasphere

V=
4πr

3

3

Volumeofacone

Volume= areaofbasexheight
1

3

= h
1

3
π
2

Example
Calculatethevolumeofaconewhoseheightis12cm andlengthoftheslantheigthis13cm

Solution

Volume= (baseareaXheight)
1

3
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= π h
1

3
r
2

But,baseradiusr= = =5-13
2
12

2
25

Thereforevolume= x x25x12cm
1

3

22

7

=314.3cm
2

Volumeofafrustrum
Volume=volumeoflargecone–volumeofsmallercone

Example
Afrustum ofbaseradius2cm andheight3.6cm.iftheheightoftheconefrom whichitwascut
was6cm,calculate

Theradiusofthetopsurface

Thevolumeofthefrustum

Solution

TrianglesPSTandPQRaresimilar

Therefore = =
PQ

PS

QR

ST

PR

PT

Hence =
6

2.4

2

ST

ST=0.8cm

Theradiusofthetopsurfaceis0.8cm
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Volumeofthefrustum =volumeoflargecone–volumeofsmallercone

= x3.142x4x6- x3.142x x2.4
1

3

1

3
(0.82)

=25.14–1.61=23.53cm
2

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1.Metalcubeofside4.4cm wasmeltedandthemoltenmaterialusedtomakeasphere.Findto

3significantfigurestheradiusofthesphere (3mks)

2. Twometalspheresofdiameter2.3cm and3.86cm aremelted.Themoltenmaterialis

usedtocastequalcylindricalslabsofradius8mm andlength70mm.

If1/20ofthemetalislostduringcasting.Calculatethenumberofcompleteslabscasted.

(4mks)

3. Thevolumeofarectangulartankis256cm3.Thedimensionsareasinthefigure.

¼x

x-8

16cm
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Findthevalueofx (3marks)

4.

22.5cm

Thediagram representasolidfrustum withbaseradius21cm andtopradius14cm.
Thefrustum is22.5cm highandismadeofametalwhosedensityis3g/cm3 π=
22/7.

a)Calculate
(i) thevolumeofthemetalinthefrustrum. (5

marks)
(ii) themassofthefrustrum inkg. (2

marks)
b)Thefrustrum ismelteddownandrecastintoasolidcube.Intheprocess20%ofthe

metalislost.Calculateto2decimalplacesthelengthofeachsideofthecube.
(3marks)

5. Thefigurebelowshowsafrustrum

Findthevolumeofthefrustrum (4mks)

R=14cm

21cm

2.2cm

3.3cm

4.8cm
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6. Theformulaforfindingthevolumeofasphereisgivenby .GiventhatV=311

and =3.142,findr. (3mks)

7. Arightconicalfrustrum ofbaseradius7cm andtopradius3.5cm,andheightof6cm is
stuckontoacylinderofbaseradius7cm andheight5cm whichisfurtherattachedtoa
hemispheretoform aclosedsolidasshownbelow

Find:

(a) Thevolumeofthesolid
(5mks)

(b) Thesurfaceareaofthesolid
(5mks)

8. Alampshadeismadebycuttingoffthetoppartofasquare-basedpyramidVABCDas

showninthefigurebelow.Thebaseandthetopofthelampshadehavesidesoflength

1.8m and1.2m respectively.Theheightofthelampshadeis2m
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Calculate

a)Thevolumeofthelampshade

(4mks)

b)Thetotalsurfaceareaoftheslantsurfaces (4mks)

c) TheangleatwhichthefaceBCGFmakeswiththebaseABCD. (2mks)

9. Asolidrightpyramidhasarectangularbase10cm by8cm andslantingedge16cm.

calculate:

(a)Theverticalheight

(b)Thetotalsurfacearea

(c)Thevolumeofthepyramid

10. Asolidcylinderofradius6cm andheight12cm ismeltedandcastintosphericalballsof
radius3cm.Findthenumberofballsmade

11. Thesidesofarectangularwatertankareintheratio1:2:3.Ifthevolumeofthetankis
1024cm3.Findthedimensionsofthetank.(4s.f)

12. ThefigurebelowrepresentssectorOACandOBDwithradiusOAandOBrespectively.

GiventhatOBistwiceOAandangleAOC=60o.Calculatetheareaoftheshadedregion
inm2,giventhatOA=12cm B
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O

13. Thefigurebelowshowsaclosedwatertankcomprisingofahemisphericalpart
surmountedontopofacylindricalpart.Thetwopartshavethesamediameterof2.8cm andthe
cylindricalpartis1.4m highasshown:-

(a)Taking=22,calculate:
7

(i)Thetotalsurfaceareaofthetank

(ii)thecostofpaintingthetankatshs.75persquaremetre

(iii)Thecapacityofthetankinlitres

(b)Startingwiththefulltank,afamilyuseswaterfrom thistankattherateof
185litres/dayforthefirst2days.Afterthatthefamilyuseswaterattherateof200litersper
day.Assumingthatnomorewaterisadded,determinehowmanydaysittakesthefamilyto
useallthewaterfrom thetanksincethefirstday

14. Thefigurebelowrepresentsafrustrum ofarightpyramidonasquarebase.Thevertical
heightofthefrustrum is3cm.GiventhatEF=FG=6cm andthatAB=BC=9cm

1.4m

d=2.8m

D

60o

A

C
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Calculate;

a)Theverticalheightofthepyramid.

b)Thesurfaceareaofthefrustrum.

c)Volumeofthefrustrum.

d)TheanglewhichlineAEmakeswiththebaseABCD.

15. Ametalhemisphereofradius12cm ismelteddoneandrecastintotheshapeofacone
ofbaseradius6cm.Findtheperpendicularheightofthecone

16. Asolidconsistsofthreediscseachof1½cm thickwithdiameterof4cm,6cm and8
cm respectively.Acentralhole2cm indiameterisdrilledoutasshownbelow.Ifthedensityof
materialusedis2.8g/cm3,calculateitsmassto1decimalplace

17. Arightconicalfrustum ofbaseradius7cm andtopradius3.5cm andheight6cm is
stuckontoacylinderofbaseradius7cm andheight5cm whichisfurtherattachedtoform a
closedsolidasshownbelow.

Find;

a)Thevolumeofthesolid.

b)Thesurfaceareaofthesolid.
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18. Thediagram belowshowsametalsolidconsistingofaconemountedonhemisphere.

Theheightoftheconeis1½timesitsradius;

Giventhatthevolumeofthesolidis31.5πcm3,find:

(a)Theradiusofthecone

(b)Thesurfaceareaofthesolid

(c)Howmuchwaterwillriseifthesolidisimmersedtotallyinacylindricalcontainer
whichcontainssomewater,giventheradiusofthecylinderis4cm

(d)Thedensity,inkg/m3ofthesolidgiventhatthemassofthesolidis144gm

19. Asolidmetalsphereofvolume1280cm3ismelteddownandrecastinto20equalsolid
cubes.Findthelengthofthesideofeachcube. Calculate
thevolumeofthefrustum

r
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CHAPTERTHIRTYEIGHT

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Expandalgebraicexpressionsthatform quadraticequations

b.)Derivethethreequadraticidentities

c.)Identifyandusethethreequadraticidentities

d.)Factorizequadraticexpressionsincludingtheidentities

e.)Solvequadraticequationsbyfactorization

f.)Form andsolvequadraticequations.

Content
a.)Expansionofalgebraicexpressionstoform quadraticexpressionsoftheform

ax2+bx+c,wherea,bandcareconstants

b.)Thethreequadraticidentities:

== +2ab+(a+b)2 a
2

b
2

= -2ab+(a-b)2 a
2

b
2

= -(a+b)(a-b)a
2
b
2

c.)Usingthethreequadraticidentities

d.)Factorisationofquadraticexpressions

e.)Solvequadraticequationsbyfactorization

f.)Form andsolvequadraticequations.

QUADRATICEQUATIONSANDEXPRESSIONS
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Introduction

Expansion
Aquadraticisanyexpressionoftheform ax2+bx+c,a≠0.Whentheexpression(x+5)(3x+

2)iswrittenintheform, +17x+10,itissaidtohavebeenexpanded3x
2

Example
Expand(m +2n)(m-n)

Solution
Let(m-n)bea

Then(m +2n)(m-n)=(m+2n)a

=ma+2na

=m (m-n)+2n(m-n)

= -mn+2mn-2m
2

n
2

= +mn-2m
2

n
2

Example

Expand( -
1

4

1

x
)
2

Solution

( - = ( - )( -)
1

4

1

x
)
2 1

4

1

x

1

4

1

x

= ( - )- ( -)
1

4

1

4

1

x

1

x

1

4

1

x

= - - +
1

16

1

4x

1

4x

1

x
2

= - +
1

16

1

2x

1

x
2



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 287

Thequadraticidentities.
(a+b =( +2ab+ ))

2
a
2

b
2

(a-b =( -2ab+ ))
2

a
2

b
2

(a+b)(a–b)=( - )a
2

b
2

Examples
(X+2 x2+4x+4)

2

(X-3 x2-6x+9)
2

(X+2a)(X-2a) x2-4x
2

Factorization
Tofactorizetheexpression,a +bx+c,we lookfortwonumberssuchthattheirproductisx

2

acandtheirsum isb.a,barethecoefficientofxwhilecistheconstant

Example
+10x+38x

2

Solution
Lookfortwonumbersuchthattheirproductis8x3=24.

Theirsum is10where10isthecoefficientofx,

Thenumberare4and6,

Rewritetheterm 10xas4x+6x,thus +4x+6x+38x
2

Usethegroupingmethodtofactorizetheexpression

=4x(2x+1)+3(2x+1)

=(4x+3)(2x+1)

Example
Factorize

-13x+66x
2

Solution
Lookfortwonumbersuchthattheproductis6x6=36andthesum is-13.

Thenumbersare-4and–9

Therefore, -13x+66x
2
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= -4x-9x+66x
2

=2x(3x-2)-3(3x-2)

=(2x-3)(3x-2)

QuadraticEquations
Inthissectionwearelookingatsolvingquadraticequationusingfactormethod.

Example
Solve +3x-54=0x

2

Solution
Factorizethelefthandside

+3x-54= -6x+9x-54=0x
2

x
2

Note;
Theproductoftwonumbersshouldbe-54andthesum 3

-6x+9x-54=x
2

=x =0(x-6)(x+9)

= =0(x-6)(x+9)

X-6=0,x+9=0

Hencex=-9orx=6

Example
Expandthefollowingexpressionandthenfactorizeit

(3x+y -(x-3 y)̂2-(x-3y)̂2)
2

y)
2

Solution
(3x+y -(x-3 =9 +6xy+ -( -6xy+9 ))

2
y)

2
x
2

y
2

x
2

y
2

=9 +6xy+ - +6xy+9x
2

y
2
x
2

y
2

=8 +12xy-8x
2

y
2

=4(2 +3xy-2 )(Youcanfactorizethisexpressionfurther,findtwonumberswhoseproductx
2

y
2

is andsumis3xy)4x
2
y
2

Thenumbersare4xyand–ay

=4(2 +4xy-xy-2 )x
2

y
2

=4[2x -y ](x+2y) (x+2y)
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=4(x+2y)(2x-y)

FormationofQuadraticEquations

Giventheroots
Giventhattherootsofquadraticequationsarex=2 andx=-3,findthequadraticequation

Ifx=2,thenx–2=0

Ifx=-3,thenx+3=0

Therefore,(x–2)(x+3)=0

+x-6=0x
2

Example
Arectangularroom is4m longerthanitiswide.Ifitsareais12 finditsdimensions.m

2

Solution
Letthewidthbexm .itslengthisthen(x+4)m.

Theareaoftheroom isx(x+4)m
2

Thereforex(x+4)=12

+4x=12x
2

+4x-12=0x
2

(x+6)(x-2)=0

=0 =0thereforex=-6or2(x+6) (x-2)

-6isbeingignoredbecauselengthcannotbenegative

Thelengthoftheroom isx+4=2+4

=6m

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.
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1. Simplify

(3mks)

2. Solvethefollowingquadraticequationgivingyouranswerto3d.p. (3mks)

3. Simplify

(3mks)

16x2 -4 ÷ 2x–2

4x2 +2x-2 x+1

4. Simplifyassimpleaspossible

5. Thesum oftwonumbersxandyis40.Writedownanexpression,intermsofx,forthe
sum ofthesquaresofthetwonumbers.Hencedeterminetheminimum valueofx2+y2

6. Maryhas21coinswhosetotalvalueisKshs72.Therearetwiceasmanyfiveshillings
coinsastherearetenshillingscoins.Therestoneshillingcoins.Findthenumberoftenshilling
coinsthatMaryhas.

7. FourfarmerstooktheirgoatstothemarketMohamedhadtwomoregoatsthanAliKoech
had3timesasmanygoatsasMohamed.WhereasOdupoyhad10goatslessthanboth
MohamedandKoech.

I.)Writeasimplifiedalgebraicexpressionwithonevariable.Representingthetotalnumber
ofgoats

II.)Threebutchersboughtallthegoatsandsharedthem equally.Ifeachbutchergot17
goats.HowmanydidOdupoyselltothebutchers?
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CHAPTERTHIRTYNINE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Identifyanduseinequalitysymbols

b.)Illustrateinequalitiesonthenumberline

c.)Solvelinearinequalitiesinoneunknown

d.)Representthelinearinequalitiesgraphically

e.)Solvethelinearinequalitiesintwounknownsgraphically

f.)Form simplelinearinequalitiesfrom inequalitygraphs.

Contents
a.)Inequalitiesonanumberline

b.)Simpleandcompoundinequalitystatementse.g.x>aandx<b=>a<x<b

c.) Linearinequalityinoneunknown

d.)Graphicalrepresentationoflinearinequalities

e.)Graphicalsolutionsofsimultaneouslinearinequalities

f.) Simplelinearinequalitiesfrom inequalitygraphs.

LINEARINEQUALITIES
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Introduction
Inequalitysymbols

Statementsconnectedbythesesymbolsarecalledinequalities

Simplestatements
Simplestatementsrepresentsonlyoneconditionasfollows

X=3representsspecificpointwhichisnumber3,while
x>3doesnotitrepresentsallnumberstotherightof3meaningallthenumbersgreaterthan3
asillustratedabove.X<3representsallnumberstoleftof3meaningallthenumberslessthan
3.Theemptycirclemeansthat3isnotincludedinthelistofnumberstogreaterorlessthan3.

Theexpression x≥ 3orx≤3meansthatmeansthat3isincludedinthelistandthecircleis
shadedtoshowthat3isincluded.

Compoundstatement
A compoundstatementisatwosimpleinequalitiesjoinedby“and”or“or.”Herearetwo
examples.

3≥xandx>-3anCombinedintoonetoform -3<x≤3
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Allrealnumbersthataregreaterthan-3butlessorequalto3thataregreaterthan

-3butlessorequalto3

Allrealnumbersthatgreaterthan-6butlessthan3

Solutiontosimpleinequalities

Example
Solvetheinequality

x-1>2

Solution
Adding1tobothsidesgives;

X–1+1>2+1

Therefore,x>3

Note;
Inanyinequalityyoumayaddorsubtractthesamenumberfrom bothsides.

Example
Solvetheinequality.

X+3<8

Solution
Subtractingthreefrom bothsidesgives

X+3–3<8-3

X<5

Example
Solvetheinequality

2x+3≤5

Subtractingthreefrom bothsidesgives
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2x+3–3≤5-3

2x≤2

Dividebothsidesby2gives ≤
2x

2

2

2

x≤1

Example

Solvetheinequality x-2≥4
1

3

Solution
Adding2tobothsides

x-2+2≥4+2
1

3

x≥6
1

3

x×3≥6×3
1

3

x≥18

MultiplicationandDivisionbyaNegativeNumber
Multiplyingordividingbothsidesofaninequalitybypositivenumberleavestheinequalitysign
unchanged

Multiplyingordividingbothsidesofaninequalitybynegativenumberreversesthesenseofthe
inequalitysign.

Example
Solvetheinequality1-3x<4

Solution
-3x–1<4–1

-3x<3

>
-3x

-3

3

-3

NotethatthesignisreversedX>-1
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Simultaneousinequalities

Example
Solvethefollowing

3x-1>-4

2x+1≤7

Solution
Solvingthefirstinequality

3x–1>_4

3x>-3

X>-1

Solvingthesecondinequality

2x+1≤7

2x≤6Thereforex≤3 Thecombinedinequalityis -1<x≤3

GraphicalRepresentationofInequality
Considerthefollowing;

x≤3

Thelinex=3satisfytheinequality≤3,
thepointsontheleftofthelinesatisfy
theinequality.

Wedon’tneedthepointstotheright
henceweshadeit

Note:
Weshadetheunwantedregion

Thelineiscontinuesbecauseitforms

partoftheregione.gitstartsat3.for≤

or≥r≥nequalities the line must be
continuous
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For<or>thelineisnotcontinuesitsdotted.Thisisbecausethevalueonthelinedoes

Notsatisfytheinequality.

LinearInequalityofTwoUnknown
Considertheinequalityy≤3x+2theboundarylineisy=3x+2

Ifwepickanypointabovethelineeg(-3,3)thensubstituteintheequation y–3x≤2weget

12≤2whichisnottruesothevaluesliesintheunwantedregionhenceweshadethatregion.

IntersectingRegions
Theseareidentitiesregionswhichsatisfymorethanoneinequalitysimultaneously.Draw a

regionwhichsatisfythefollowinginequalitiesy+x≥1 andy- x≥2
1

2
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Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Findtherangeofxif2≤3–x<5

2. Findalltheintegralvaluesofxwhichsatisfytheinequalities:

2(2-x)<4x-9<x+11

3. Solvetheinequalityandshowthesolution

3–2xx≤2x+5onthenumberline

3

4. Solvetheinequalityx–3+x–5≤4x+6-1

4 6 8

5. Solveandwritedownalltheintegralvaluessatisfyingtheinequality.

X–9≤-4<3x–4

6. Showonanumberlinetherangeofallintegralvaluesofxwhichsatisfythefollowing
pairofinequalities:
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3–x≤1–½x

-½(x-5)≤7-x

7. Solvetheinequalities4x–36x–13x+8;hencerepresentyoursolutionona
numberline

8. Findalltheintegralvaluesofxwhichsatisfytheinequalities

2(2-x)<4x-9<x+11

9. Giventhatx+y=8andx²+y²=34

Findthevalueof:- a)x²+2xy+y²

b)2xy

10. FindtheinequalitiessatisfiedbytheregionlabelledR

11. TheregionRisdefinedbyx0,y-2,2y+x2.Bydrawingsuitablestraightline

onasketch,showandlabeltheregionR

12. Findalltheintegralvaluesofxwhichsatisfytheinequality

3(1+x)<5x–11<x+45

13. TheverticesoftheunshadedregioninthefigurebelowareO(0,0),B(8,8)andA(8,0).

Writedowntheinequalitieswhichsatisfytheunshadedregion
B(8,8)y

x
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14. Writedowntheinequalitiesthatsatisfythegivenregionsimultaneously. (3mks)

15. WritedowntheinequalitiesthatdefinetheunshadedregionmarkedRinthefigurebelow.
(3mks)
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16. WritedownalltheinequalitiesrepresentedbytheregionsR. (3mks)

17. a) Onthegridprovideddrawthegraphofy=4+3x–x2fortheintegralvaluesofx

intheinterval-2X5.Useascaleof2cm torepresent1unitonthex–axisand1cm to
represent1unitonthey–axis. (6mks)

b) Statetheturningpointofthegraph. (1mk)

c) Useyourgraphtosolve.

(i) -x2+3x+4=0

(ii) 4x=x2

CHAPTERFOURTY

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Definedisplacement,speed,velocityandacceleration

a.)Distinguishbetween:

 distanceanddisplacement

 speedandvelocity

b.)Determinevelocityandacceleration

LINEARMOTION
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c.)Plotanddrawgraphsoflinearmotion(distanceandvelocitytimegraphs)

d.)Interpretgraphsoflinearmotion

e.)Definerelativespeed

f.) Solvetheproblemsinvolvingrelativespeed.

Content
a.)Displacement,velocity,speedandacceleration

b.)Determiningvelocityandacceleration

c.)Relativespeed

d.)Distance-timegraph

e.)Velocitytimegraph

f.) Interpretationofgraphsoflinearmotion

g.)Solvingproblemsinvolvingrelativespeed

Introduction

Distancebetweenthetwopointsisthelengthofthepathjoiningthem whiledisplacementisthe
distanceinaspecifieddirection

Speed

Averagespeed=
distancecovered

timetaken
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Example
Amanwalksfor40minutesat60km/hour,thentravelsfortwohoursinaminibusat80
km/hour.Finally,hetravelsbybusforonehourat60km/h.Findhisspeedforthewholejourney
.

Solution

Averagespeed=
distancecovered

timetaken

Totaldistance= km+ km+ km=260km( x60
40

60 ) (2x80) (1x60)

Totaltime= +2+1=3 hrs
4

6

2

3

Averagespeed=
260

3
2

3

= =70.9km/h
260x3

11

Velocityandacceleration
Formotionunderconstantacceleration;

Averagevelocity=
initialvelocity+finalvelocity

2

Example
Acarmovinginagivendirectionunderconstantacceleration.Ifitsvelocityatacertaintimeis
75km /hand10secondslaterits90km /hr.

Solution

Accelaration=
changeinvelocity

timetaken

=
km/h(90-75)

10s

= m/
x1000(90-75)

10x60x60
s
2

= m/
5

12
s
2
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Example
Acarmovingwithavelocityof50km/hthenthebrakesareappliedsothatitstopsafter20
seconds.inthiscasethefinalvelocityis0km/handinitialvelocityis50km/h.

Solution

Acceleration= m/
x1000(0-50)

20x60x60
s
2

=- m/
25

36
s
2

Negativeaccelerationisalwaysreferredtoasdecelerationorretardation

Distancetimegraph.
Whendistanceisplottedagainsttime,adistancetimegraphisobtained.

Velocity—timeGraph
Whenvelocityisplottedagainsttime,avelocitytimegraphisobtained.
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RelativeSpeed
Considertwobodiesmovinginthesamedirectionatdifferentspeeds.Theirrelativespeedis
thedifferencebetweentheindividualspeeds.

Example
AvanleftNairobiforkakamegaatanaveragespeedof80km/h.Afterhalfanhour,acarleft
NairobiforKakamegaataspeedof100km/h.

a.) Findtherelativespeedofthetwovehicles.

b.) Howfarfrom Nairobididthecarovertakethevan

Solution
Relativespeed=differencebetweenthespeeds

=100–80

=20km/h

Distancecoveredbythevanin30minutes

Distance= x80=40km
30

60

Timetakenforcartoovertakematatu=
40

20

=2hours
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Distancefrom Nairobi=2x100 =200km

Example
AtruckleftNyeriat7.00am forNairobiatanaveragespeedof60km/h.At8.00am abusleft
NairobiforNyeriatspeedof120km/h.Howfarfrom nyerididthevehiclesmeetifNyeriis160
km from Nairobi?

Solution
Distancecoveredbythelorryin1hour=1x60

=60km

Distancebetweenthetwovehicleat8.00am =160–100

=100km

Relativespeed=60km/h+120km/h

Timetakenforthevehicletomeet=
100

180

= hours
5

9

Distancefrom Nyeri=60x x60
5

9

=60+33.3

=93.3km

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1.Abustakes195minutestotraveladistanceof(2x+30)km atanaveragespeedof



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 306

(x-20)km/h Calculatetheactualdistancetraveled.Giveyouranswersin
kilometers.

2.)Thetableshowstheheightmetresofanobjectthrownverticallyupwardsvarieswiththe
timetseconds.

Therelationshipbetweensandtisrepresentedbytheequationss=at2+bt+10wherebare
constants.

t 0 1 2 3 4 5 6 7 8 9 10

s 45.1

I.) Usingtheinformationinthetable,determinethevaluesofaandb(2marks)

II.) Completethetable (1mark)

(b)(i)Drawagraphtorepresenttherelationshipbetweensandt (3marks)

(ii)Usingthegraphdeterminethevelocityoftheobjectwhent=5seconds

(2marks)

3.)TwoLorriesAandBferrygoodsbetweentwotownswhichare3120km apart.LorryA
traveledatkm/hfasterthanlorryB andB takes4hoursmorethanlorryA tocoverthe
distance.CalculatethespeedoflorryB

4.) AmatatuslefttownAat7a.m.andtravelledtowardsatownBatanaveragespeedof60
km/h.AsecondmatatuslefttownBat8a.m.andtravelledtowardstownAat60km/h.Ifthe
distancebetweenthetwotownsis400km,find;

I.)Thetimeatwhichthetwomatatusmet

II.)Thedistanceofthemeetingpointfrom townA

5. Thefigurebelowisavelocitytimegraphforacar.

y

80

V
e

lo
c

it
y

(m
/s

)
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0 4 20 24 x

Time(seconds)

(a)Findthetotaldistancetraveledbythecar. (2marks)

(b)Calculatethedecelerationofthecar. (2marks)

6. Abusstartedfrom restandacceleratedtoaspeedof60km/hasitpassedabillboard.A
carmovinginthesamedirectionataspeedof100km/hpassedthebillboard45minuteslater.
Howfarfrom thebillboarddidthecarcatchupwiththebus? (3mks)

7. NairobiandEldoretareeach250km from Nakuru.At8.15am alorryleavesNakurufor
Nairobi. At9.30am acarleavesEldoretforNairobialongthesamerouteat100km/h.
Bothvehiclesarrive atNairobiatthesametime.

(a)CalculatetheirtimeofarrivalinNairobi (2mks)

(b)Findthecarsspeedrelativetothatofthelorry. (4mks)

(c)Howfarapartarethevehiclesat12.45pm. (4mks)

8. TwotownsPandQare400km apart.AbusleftPforQ.ItstoppedatQforonehourand
thenstartedthereturnjourneytoP.Onehourafterthedepartureofthebusfrom P,a
traileralsoheadingforQleftP.Thetrailermetthereturningbus¾ofthewayfrom Pto
Q.Theymetthoursafterthedepartureofthebusfrom P.

(a)Expresstheaveragespeedofthetrailerintermsoft
(b)Findtherationofthespeedofthebussothatofthetrailer.

9. Theathletesinan800metresracetake104secondsand108secondsrespectivelyto
completetherace.Assumingeachathleteisrunningataconstantspeed.Calculatethe
distancebetweenthem whenthefasterathleteisatthefinishingline.

10. AandBaretowns360km apart.Anexpressbusdepartsform Aat8am andmaintains
anaveragespeedof90km/hbetweenAandB.Anotherbusstartsfrom Balsoat8am
andmovestowardsAmakingfourstopsatfourequallyspacedpointsbetweenBandA.
Eachstopisofduration5minutesandtheaveragespeedbetweenanytwospotsis60
km/h.Calculatedistancebetweenthetwobusesat10am.

11. TwotownsAandBare220km apart.AbuslefttownAat11.00am andtraveled
towardsBat60km/h.Atthesametime,amatatulefttownBfortownAandtraveledat
80km/h.Thematatustoppedforatotalof45minutesonthewaybeforemeetingthe
bus.Calculatethedistancecoveredbythebusbeforemeetingthematatu.

12. Abustravelsfrom NairobitoKakamegaandback.Theaveragespeedfrom Nairobito
Kakamegais80km/hrwhilethatfrom KakamegatoNairobiis50km/hr,thefuel
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consumptionis0.35litresperkilometerandat80km/h,theconsumptionis0.3litres
perkilometer.Find

i) Totalfuelconsumptionfortheroundtrip

ii) Averagefuelconsumptionperhourfortheroundtrip.

13. ThedistancebetweentownsM andNis280km.Acarandalorrytravelfrom M toN.
Theaveragespeedofthelorryis20km/hlessthanthatofthecar.Thelorrytakes1h10
minmorethanthecartotravelfrom M andN.

(a) Ifthespeedofthelorryisxkm/h,findx (5mks)
(b) ThelorrylefttownM at8:15a.m.ThecarlefttownM andovertookthelorryat12.15

p.m.CalculatethetimethecarlefttownM.
14. Abusleft MombasaandtraveledtowardsNairobiatanaveragespeedof60km/hr.

after21/2hours;acarleftMombasaandtraveledalongthesameroadatanaverage
speed of100 km/hr.Ifthe distance between Mombasa and Nairobiis500 km,
Determine

(a) (i) Thedistanceofthebusfrom Nairobiwhenthecartookoff(2mks)

(ii) Thedistancethecartraveledtocatchupwiththebus

(b) Immediatelythecarcaughtupwiththebus

(c) Thecarstoppedfor25minutes.Findthenew averagespeedatwhichthecar
traveledinordertoreachNairobiatthesametimeasthebus.

15. Arallycartraveledfor2hours40minutesatanaveragespeedof120km/h.Thecar
consumesanaverageof1litreoffuelforevery4kilometers.

AlitreofthefuelcostsKshs59

Calculatetheamountofmoneyspentonfuel

16. Apassengernoticesthatshehadforgottenherbaginabus12minutesafterthebus
hadleft.Tocatchupwiththebussheimmediatelytookataxiwhichtraveledat95km/hr.
Thebusmaintainedanaveragespeedof75km/hr.determine

(a) Thedistancecoveredbythebusin12minutes

(b) Thedistancecoveredbythetaxitocatchupwiththebus

17. Theathletesinan800metreracetake104secondsand108secondsrespectivelyto
completetherace.Assumingeachathleteisrunningataconstantspeed.Calculatethe
distancebetweenthem whenthefasterathleteisatthefinishingline.

18. MwangiandOtienolive40km apart.Mwangistartsfrom hishomeat7.30am and
cyclestowardsOtieno’shouseat16km/hOtienostartsfrom hishomeat8.00and
cyclesat8km/htowardsMwangiatwhattimedotheymeet?
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19. Atrainmovingatanaveragespeedof72km/htakes15secondstocompletelycrossa
bridgethatis80m long.

(a)Express72km/hinmetrespersecond

(b)Findthelengthofthetraininmetres

CHAPTERFOURTYONE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Definestatistics

b.)Collectandorganizedata

c.)Drawafrequencydistributiontable

d.)Groupdataintoreasonableclasses

e.)Calculatemeasuresofcentraltendency

f.)Representdatainform oflinegraphs,bargraphs,pie-charts,pictogram,histogram and
frequencypolygons

g.)Interpretdatafrom reallifesituations.

Content
a.)Definitionofstatistics

b.)Collectionandorganizationofdata

c.)Frequencydistributiontables(forgroupedandungroupeddata)

d.)Groupingdata

e.)Mean,modeandmedianforungroupedandgroupeddata

f.)Representation ofdata:line graph,Bargraph,Pie chart,Pictogram,Histogram,
Frequencypolygoninterpretationofdata.

STATISTICS(I)
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Introduction

Thisisthebranchofmathematicsthatdealswiththecollection,organization,representation
andinterpretationofdata.Dataisthebasicinformation.

FrequencyDistributiontable
Adatatablethatlistsasetofscoresandtheirfrequency

Tally
Intallyingeachstrokerepresentaquantity.

Frequency
Thisisthenumberoftimesanitem orvalueoccurs.

Mean
Thisisusuallyreferredtoasarithmeticmean,andistheaveragevalueforthedata
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Themean( )= =
̅
x

totalmarksscored

totalnumberofstudents

∑fx

∑f

=
173

30

=5.767

Mode
Thisisthemostfrequentitem orvalueinadistributionordata.Intheabovetableits7whichis
themostfrequent.

Median
Togetthemedianarrangetheitemsinorderofsize.IfthereareN itemsandN isanodd

number,theitem occupying( .
n+1

2
)
th

IfNiseven,theaverageoftheitemsoccupying
n

2

Groupeddata
Thendifferencebetweenthesmallestandthebiggestvaluesinasetofdataiscalledtherange.
Thedatacanbegroupedintoaconvenientnumberofgroupscalledclasses.30–40arecalled
classboundaries.

Theclasswiththehighestfrequencyiscalledthemodalclass.Inthiscaseits50≤m<60,the
classwidthorintervalisobtainedbygettingthedifferencebetweentheclasslimits.Inthiscase,
30–40=10,togetthemid-pointyoudivideitby2andaddittothelowerclasslimit.
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Themeanmassinthetableaboveis∑f=25,∑fx=1215

Mean =48.6
1215

25

Representationofstatisticaldata
Themainpurposeofrepresentationofstatisticaldataistomakecollecteddatamoreeasily
understood.Methodsofrepresentationofdatainclude.

Bargraph
Consistofanumberofspacedrectangleswhichgenerallyhavemajoraxesvertical.Barsare
uniform width.Theaxesmustbelabelledandscalesindicated.

Thestudents’favoritejuicesareasfollows

Red 2

Orange8

Yellow 10

Purple 6
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Pictograms
Inapictogram,dataisrepresentedusingpictures.

Considerthefollowingdata.
Thedatashowsthenumberofpeoplewholovethefollowinganimals

Dogs250,Cats350,Horses150,fish150

Piechart
Apiechartisdividedintovarioussectors.Eachsectorrepresentacertainquantityoftheitem
beingconsidered.thesizeofthesectorisproportionaltothequantitybeingmeasured.consider
theexportofUStothefollowingcountries.Canada$13390, Mexico$8136,Japan$5824,
France$2110.Thisinformationcanberepresentedinapiechartasfollows

Canada angle x360
amountofexport

totalpopulation

x360=163.6
13390

29460
2
0

Mexico x360=99.4
8136

29460
2
0

Japan x360=71.1 France x360=25.7
5824

29460
6
0 2110

29460
8
0
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Linegraph
Datarepresentedusinglines

Histograms
Frequencyineachclassisrepresentedbyarectangularbar whoseareaisproportionaltothe
frequency.whenthebarsareofthesamewidththe heightofthe rectangleisproportionalto
thefrequency.

Note;
Thebarsarejoinedtogether.

Theclassboundariesmarktheboundariesoftherectangularbarsinthehistogram
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Histogramscanalsobedrawnwhentheclassintervalisnotthesame

Thebelowinformationcanberepresentedinahistogram asbelow

Marks 10-14 15-24 25-29 30-44

No.of
students

5 16 4 15

Note;
Whentheclassisdoubledthe
frequencyishalved
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Frequencypolygon
Itisobtainedbyplottingthefrequencyagainstmidpoints.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Theheightof36studentsinaclasswasrecordedtothenearestcentimetersasfollows.

148 159 163 158 166 155 155 179 158 155 171 172
156 161 160 165 157 165 175 173 172 178 159 168 160
167 147 168 172 157 165 154 170 157 162 173

(a)Makeagroupedtablewith145.5aslowerclasslimitandclasswidthof5.
(4mks)

2. Belowisahistogram,draw.
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Usethehistogram abovetocompletethefrequencytablebelow:

3. Kambui spent
hersalaryas
follows:

Food 40%

Transport 10%

Education 20%

Clothing 20%

Rent 10%

Drawapiecharttorepresenttheaboveinformation

4. Theexaminationmarksinamathematicstestfor60studentswereasfollows;-

60 54 34 83 52 74 61 27 65 22

Length Frequency

11.5≤x≤13.5

13.5≤x≤15.5

15.5≤x≤17.5

17.5≤x≤23.5

4.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

5.0

0.5
11.

5

23.5
Length

17.

5

15.

5

13.

5

F
re

q
u

e
n

c
y

d
e

n
s

it
y
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70 71 47 60 63 59 58 46 39 35

69 42 53 74 92 27 39 41 49 54

25 51 71 59 68 73 90 88 93 85

46 82 58 85 61 69 24 40 88 34

30 26 17 15 80 90 65 55 69 89

Class Tally Frequency Upperclass
limit

10-29

30-39

40-69

70-74

75-89

90-99

From thetable;

(a)Statethemodalclass

(b)Onthegridprovided,drawahistogram torepresenttheaboveinformation

5. Themarksscoredby200from 4studentsofaschoolwererecordedasinthetable
below.

Marks 41–50 51–55 56–65 66–70 71–85

Frequency 21 62 55 50 12

a.)Onthegraphpaperprovided,drawahistogram torepresentthisinformation.

b.)Onthesamediagram,constructafrequencypolygon.

c.)Useyourhistogram toestimatethemodalmark.

6. Thediagram belowshowsahistogram representingthemarksobtainedinacertaintest:
-

F
re

q
u

e
n

c
y

D
e

n
s

it
y

4

5

6

7



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 319

(a)Ifthefrequencyofthefirstclassis20,prepareafrequencydistributiontableforthe
data

(b)Statethemodalclass

(c)Estimate: (i)Themeanmark
(ii)Themedianmark
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CHAPTERFOURTYTWO

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Identifyanarc,chordandsegment

b.)Relateandcomputeanglesubtendedbyanarcatthecircumference;

c.)Relateandcomputeanglesubtendedbyanarcatthecentreandatthecircumference

d.)Statetheangleinthesemi-circle

e.)Statetheanglepropertiesofacyclicquadrilateral

f.)Findandcomputeanglesofacyclicquadrilateral.

Content
a.)Arc,chordandsegment.

b.)Anglesubtendedbythesamearcatthecircumference

c.)Relationship between angle subtended atthe centre and angle subtended on the
circumferencebythesamearc

d.)Angleinasemi-circle

e.)Anglepropertiesofacyclicquadrilateral

f.)Findinganglesofacyclicquadrilateral.

ANGLEPROPERTIESOFACIRCLE
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Introduction

Arc,ChordandSegmentofacircle

Arc
Anypartonthecircumferenceofacircleiscalledanarc.Wehavethemajorarcandtheminor
Arcasshownbelow.

Chord
Alinejoininganytwopointsonthecircumference. Chorddividesacircleintotworegions
calledsegments,thelargeroneiscalledthemajorsegmentthesmallerpartiscalledtheminor
segment.

AngleatthecentreandAngleonthecircumference
Theanglewhichthechordsubtendstothecentreistwicethatitsubtendsatanypointonthe
circumferenceofthecircle.
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Angleinthesamesegments
Anglessubtendedonthecircumferencebythesamearcinthesamesegmentareequal.Also
notethatequalarcssubtendequalanglesonthecircumference

Cyclicquadrilaterals
Quadrilateralwithalltheverticeslyingonthecircumferencearecalledcyclicquadrilateral

Anglepropertiesofcyclicquadrilateral
 Theoppositeanglesofcyclicquadrilateralaresupplementaryhencetheyaddupto .180

0

 Ifasideofquadrilateralisproducedtheinteriorangleisequaltotheoppositeexterior
angle.
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Example
Inthefigurebelow<ADE= find<ABC120

0

Solution
Usingthisrule,Ifasideofquadrilateralisproducedtheinteriorangleisequaltotheopposite

exteriorangle.Find<ABC=120
0

Anglesformedbythediametertothecircumferenceisalways90
0

Summary
 Angleinsemicircle=rightangle
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 Angleatcentreistwicethanatcircumference

 Anglesinsamesegmentareequal

 Anglesinoppositesegmentsaresupplementary

Example

1.) Inthediagram,OisthecentreofthecircleandADisparalleltoBC.IfangleACB=50o

andangle ACD =20o.

Calculate;(i)OAB

(ii)ADC

Solutioni)∠AOB =2∠ACB

= 100o

∠OAB=180–100BaseanglesofIsosceles∆

2

=400

(ii)∠BAD =1800-700

=110

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

O

C

D

A B

50o

20o



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 325

PastKCSEQuestionsonthetopic.

1. ThefigurebelowshowsacirclecentreOandacyclicquadrilateralABCD.AC=CD,
angle

ACDis80oandBODisastraightline.Givingreasonsforyouranswer,findthesizeof:-

C

(i)AngleACB

(ii)AngleAOD

(iii)AngleCAB

(iv)AngleABC

(v)AngleAXB

2 InthefigurebelowCP=CQand<CQP=1600.IfABCDisacyclicquadrilateral,find<
BAD.

C

B

X

A
O

80
o
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3 InthefigurebelowAOCisadiameterofthecirclecentreO;AB=BCand<ACD=250,
EBFisatangenttothecircleatB.GisapointontheminorarcCD.

(a) Calculatethesizeof

(i)<BAD

(ii)TheObtuse<BOD

(iii)<BGD

(b) Showthe<ABE=<CBF.Givereasons

4 InthefigurebelowPQRisthetangenttocircleatQ.TSisadiameterandTSRandQUV
arestraightlines.QSisparalleltoTV.AnglesSQR=400andangleTQV=550
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Findthefollowingangles,givingreasonsforeachanswer

(a) QST
(b) QRS
(c) QVT
(d) UTV

4. Inthefigurebelow,QOTisadiameter.QTR=480,TQR=760andSRT=370

Calculate

(a) <RST

(b) <SUT

(c) Obtuse<ROT

5. Inthefigurebelow,pointsOandParecentersofintersectingcirclesABDand
BCDrespectively.LineABEisatangenttocircleBCDatB.AngleBCD=420
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(a) Statingreasons,determinethesizeof

(i) <CBD

(ii) Reflex<BOD

(b)Showthat∆ABDisisosceles

6. Thediagram belowshowsacircleABCDE.ThelineFEGisatangenttothecircleatpoint
E.LineDEisparalleltoCG, <DEC=280and <AGE=320

Calculate:

(a) <AEG

(b) <ABC

7.InthefigurebelowR,TandSarepointsonacirclecentreOPQisa
tangentto

thecircleatT.PORisastraightlineandQPR=200
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FindthesizeofRST

CHAPTERFOURTYTHREE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a.)Definevectorandscalar

b.)Usevectornotation

c.)Representvectorsbothsingleandcombinedgeometrically

d.)Identifyequivalentvectors

e.)Addvectors

f.) Multiplyvectorsbyscalars

g.)Definepositionvectorandcolumnvector

h.)Findmagnitudeofavector

i.) Findmid-pointofavector

j.) Definetranslationasatransformation.

Content
a.)Vectorandscalarquantities

b.)Vectornotation

c.)Representationofvectors

d.)Equivalentvectors

e.)Additionofvectors

f.)Multiplicationofavectorbyascalar

g.)Columnvectors

h.)Positionvectors

VECTORS
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i.) Magnitudeofavector

j.) Midpointofavector

k.)Translationvector.

Introduction

Avectorisaquantitywithbothmagnitudeanddirection,e.g.accelerationvelocityandforce.A
quantitywithmagnitudeonlyiscalledscalarquantitye.g.masstemperatureandtime.

Representationofvectors
Avectorcanbepresentedbyadirectedlineasshownbelow:

Thedirectionofthevectorisshownbythearrow.

MagnitudeisthelengthofAB

VectorABcanbewrittenas orAB
⃑
AB

Magnitudeisdenotedby|AB|

AistheinitialpointandBtheterminalpoint

Equivalentvectors
Twoormorevectorsaresaidtobeequivalentiftheyhave:

 Equalmagnitude
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 Thesamedirection.

Additionofvectors
A movementonastraightlinefrom pointA toBcanberepresentedusingavector.This
movementiscalleddisplacement

Considerthedisplacementfrom followedby
⃗
u

⃗
v

Theresultingdisplacementiswrittenas +
⃗
u

⃗
v

Zerovector

Consideradiplacementfrom AtoBandbacktoA.ThetotaldisplacementiszerodenotedbyO



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 332

ThisvectoriscalledaZeroornullvector.

AB+BA=O

Ifa+b=0 ,b=-aora=-b

Multiplicationofavectorbyascalar
PositiveScalar

IfAB=BC=CD=a

A______B______C______D>

AD=a+a+a=3a

Negativescalar

Subtractionofonevectorfrom anotherisperformedbyaddingthecorrespondingnegative

Vector.Thatis,ifweseeka−bweform a+(−b).

DA=(-a)+(-a)+(-a)

=-3a

ThezeroScalar

Whenvectoraismultipliedbyo,itsmagnitudeiszerotimesthatofa.Theresultis zerovector.

a.0=0.a=0

MultiplyingaVectorbyaScalar

Ifkisanypositivescalarandaisavectorthenkaisavectorinthesamedirectionasabutk
timeslonger.Ifkisnegative,kaisavectorintheoppositedirectiontoaandktimeslonger.

Moreillustrations……………………………………………
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Avectorisrepresentedbyadirectedlinesegment,whichisa
segmentwithanarrow atoneendindicatingthedirectionof
movement. Unlikearay,adirectedlinesegmenthasaspecific
length. 

Thedirectionisindicatedbyanarrowpointingfrom thetail(the
initialpoint)tothehead(theterminalpoint). Ifthetailisat
pointAandtheheadisatpointB,thevectorfrom AtoBis
writtenas:

                              notation:   
  (Vectorsmayalsobelabeledasasingleboldfaceletter,such
asvectorv.)

Thelength(magnitude)ofavectorviswritten|v|. Lengthis
alwaysanon-negativerealnumber.

Asyoucanseeinthediagram attheright,thelengthofavector
can be found byforming a righttriangle and utilizing the
PythagoreanTheorem orbyusingtheDistanceFormula. 

Thevectorattherighttranslates6unitstotherightand4units

upward. The magnitude ofthe vectoris from the
PythagoreanTheorem,orfrom theDistanceFormula:

| |

 

Thedirectionofavectorisdeterminedbytheangleitmakes
with ahorizontalline. 

Inthediagram attheright,tofindthedirectionofthevector(in
degrees)wewillutilizetrigonometry. Thetangentoftheangle
formedbythevectorandthehorizontalline(theonedrawn
paralleltothex-axis)is4/6(opposite/adjacent).
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Afreevectorisaninfinitesetofparalleldirectedlinesegmentsandcanbethoughtofasa
translation. Noticethatthevectorsinthistranslationwhichconnectthepre-imageverticesto
theimageverticesareallparallelandareallthesamelength. 

Youmayalsoheartheterms"displacement"vectoror"translation"vectorwhenworkingwith
translations.

 

Positionvector: 
Toeachfreevector(ortranslation),therecorrespondsapositionvectorwhichistheimageof
theoriginunderthattranslation. 

Unlikeafreevector,apositionvectoris"tied"or"fixed"totheorigin. Apositionvectordescribes
thespatialpositionofapointrelativetotheorigin.

TRANSLATIONVECTOR

Translationvectormoveseverypointofanobjectbythesameamountinthegivenvector
direction.Itcanbesimplybedefinedastheadditionofaconstantvectortoeverypoint.

Translationsandvectors: Thetranslationattheleft
showsavectortranslatingthetoptriangle4unitsto
therightand9unitsdownward. Thenotationfor
suchvectormovementmaybewrittenas:

                         or    

Vectorssuchasthoseusedintranslationsarewhat
isknownasfreevectors. Anytwovectorsofthe
same length and parallel to each other are
consideredidentical. Theyneednothavethesame
initialandterminalpoints.  

Example

ThepointsA(-4,4),B(-2,3),C(-4,1)andD(-5,3)arevrticesofaquadrilateral.Ifthe

quadrilateralisgiventhetranslationTdefinedbythevector drawthequadrilateralABCDand(5-3)
itsimageunderT

Solution

= + = ,so is(1,1)OA
1 (-44) (5-3) (11) A

1
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= + = ,so is(3,0)OB
1 (-23) (5-3) (30) B

1

= + = ,so is(1,-2)OC
1 (-41) (5-3) (1-2) C

1

= + = ,so is(0,0)OD
1 (-53) (5-3) (1-2) D

1

Summaryonvectors
Components of a Vector in 2
dimensions:

Togetfrom AtoByouwouldmove:

2 units in the x direction (x-
component)

4 units in the y direction (y-
component)

The components ofthe vectorare
thesemovesintheform ofacolumn
vector.

thus or

A 2-dimensionalcolumnvectorisoftheform

Similarly: or
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MagnitudeofaVectorin2dimensions:

Wewritethemagnitudeofuas|u|

Themagnitudeofavectoristhelength
ofthe directed line segmentwhich
representsit.

UsePythagoras’Theorem

tocalculatethelengthofthevector.

Themagnitudeofvectoruis|u|(thelengthofPQ)

ThelengthofPQiswrittenas

then

andso

Examples:

1. Draw a directed line segment

representing

2. andPis(2,1),findco-

ordinatesofQ

3.Pis(1,3)andQis(4,1)find

Solutions:

1.

2. Qis(2+4,1+3) Q(6,4)

3.

Vector:

A quantitywhichhasmagnitudeand
direction.

Scalar:

Aquantitywhichhasmagnitudeonly.

Examples:

Displacement,force,velocity,acceleration.

Examples:

Temperature,work,width,height,length,timeofday.
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Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Giventhat and find

c) (i) (3mks)

(ii) | | (3mks)

(b)ShowthatA(1,-1),B(3,5)andC(5,11)arecollinear(4mks)

2. Giventhecolumnvectors andthat

(c) (i)Expresspasacolumnvector

(2mks)

(d) (ii)Determinethemagnitudeofp (1mk)

3. GiventhepointsP(-6,-3),Q(-2,-1)andR(6,3)expressPQandQRascolumnvectors.

HenceshowthatthepointsP,QandRarecollinear. (3mks)

4. Thepositionvectorsofpointsxandyare and

respectively.Findxyasacolumnvector (2mks)

5. Giventhat
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(3mks)

6. ThepositionvectorsofAandBare 2 and 8 respectively.FindthecoordinatesofM

5 -7

whichdividesABintheratio1:2. (3marks)

7. Thediagram showsthegraphofvectors and .

Findthecolumnvectors;

(a) (1mk)

(b)| | (2mks)

8. .Find (2mks)

9. Findscalarsm andnsuchthat

m 4 +n -3 =5

3 2 8

10. Giventhat p=2i–j+kandq=i+j+2k,determine

(a.)│p+q│ (1mk)
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(b)│�p–2q│ (2mks)

MATHEMATICS(121)
PAPERTWO

ALTERNATIVEA

INTRODUCTION

 Questionsinthispaperwillmainlytesttopicsfrom Form 3and4.Howeverknowledge
andskillsacquiredinform 1andform 2willberequired

 Thetimeallocatedforthispaperis2½hours

 Thepaperconsistofatotalof100marks
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 Thepapershallconsistoftwosection::Section1andII

SectionI

Thissectionwillhave50marksandsixteen(16)compulsoryshort-answerquestions

SectionII

Thissectionwillhave50marksandachoiceofeight(8)openendedquestion,forcandidatesto
answeranyfive(5).Thestudentsshouldnotethatanyattemptedquestionsinthissectionwill
bemarkediftheyarenotcancelled

CHAPTERFOURTYFOUR

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

(a)Factorizequadraticexpressions;

(b)Identifyperfectsquares;

(c)Completethesquare;

QUADRATICEXPRESSIONANDEQUATIONS
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(d)Solvingquadraticequationsbycompletingthesquare;

(e)Derivethequadraticformula;

(f)Solvequadraticequationsusingtheformula;

(g)Form andsolvequadraticequationsfrom rootsandgivensituations;

(h)Maketablesofvaluesfrom aquadraticrelation;

(i)Drawthegraphofaquadraticrelation;

(j)Solvequadraticequationsusinggraphs;

(k)Solve simultaneous equations (one linearand one quadratic)analyticallyand
graphically;

(1)Applytheknowledgeofquadraticequationstoreallifesituations.

Content
(a)Factorizationofquadraticexpressions

(b)Perfectsquares

(c)Completionofthesquares

(d)Solutionofquadraticequationsbycompletingthesquare

(e)Quadraticformulax=-b±
-b± -4acb

2

2a

(f)Solutionofquadraticequationsusingtheformula.

(g)Formationofquadraticequationsandsolvingthem

(h)Tablesofvaluesforagivenquadraticrelation

(i)Graphsofquadraticequations

(j)Simultaneousequation-onelinearandonequadratic

(k)Applicationofquadraticequationtoreallifesituation.
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Perfectsquare

Expressionswhichcanbefactorizedintotwoequalfactorsarecalledperfectsquares.

Completingthesquare

Anyquadraticexpressioncanbesimplifiedandwrittenintheform xbx+cwherea,bandcax
2

areconstantandaisnotequaltozero.Weusetheexpression ( =Ctomakeaperfect
b

2
)
2

square.

Wearefirstgoingtolookforexpressionwhere coefficientofx=1

Example

Whatmustbeaddedto +10xtomakeitaperfectsquare?x
2

Solution

 Letthenumbertobeaddedbeaconstantc.

 Then +10x+cisaperfectsquare.x
2

 Using( =C
b

2
)
2

 (10/2 =c)
2

 C=25 (25mustbeadded)
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Example

Whatmustbeaddedto +_+36tomakeitaperfectsquarex
2

Solution

 Lettheterm tobeaddedbebxwherebisaconstant

 Then +bx+36isaperfectsquare.x
2

 Using( =36
b

2
)
2

 =√36
b

2

 =±6 b=12xor-12x
b

2

Wewillnowconsiderthesituationswherea≠1andnotequaltozerondnotequaltozero

-12x+9=(2x-64x
2

)
2

-6x+1=(3x+19x
2

)
2

Intheaboveyouwillnoticethat( =ac.Weusethisexpressiontomakeperfectsquares
b

2
)
2

whereaisnotoneanditsnotzero.

Example

Whatmustbeaddedto +_+9tomakeitaperfectsquare?25x
2

Solution

 Lettheterm tobeaddedbebx.

 Then, +bx+9isaperfectsquare.25x
2

 Therefore( =25x9re(b/2)̂2=25x9.
b

2
)
2
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 ( =225
b

2
)
2

 =±15
b

2

 sob=30or-30Theterm tobeaddedisthus30or-30.

Example

Whatmustbeaddedto_-40x+25tomakeitaperfectsquare?

Solution

 Lettheterm tobeaddedbeax
2

 Thena -40x+25isaperfectsquare.x
2

 Using( =ac
b

2
)
2

 ( =25a
-40

2
)
2

 400=25a

 a=16thetermtobeaddedis16x
2

Solutionsofquadraticequationsbycompletingthesquaremethods

Example

Solve +5x+1=0bycompletingthesquare.x
2

solution

+5x+1=0 Writeoriginalequation.x
2

+5x=-1Writetheleftsideintheform +bx.x
2

x
2

+10x+( =( -1 Add( tobothsidesx
2 5

2
)
2 5

2
)
2 5

2
)
2

+10x+ =x
2 25

4

21

4

= Takesquarerootsofeachsideandfactorizetheleftside(x+)
5

2

2
21

4
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x+ =± Solveforx.
5

2

21

4

=- ± Simplify
5

2

4.583

2

=- or Thereforex=-0.2085or4.792
0.417

2

9.583

2

Themethodofcompletingthesquareenablesustosolvequadraticequationswhich

Cannotbesolvedbyfactorization.

Example

Solve2 +4x+1=0bycompletingthesquarex
2

Solution

2 +4x=-1 makecooeffiecientof onebydividingbothsidesby2x
2

x
2

+2x=-1/2x
2

+2x+1=- +1x
2 1

2

Adding1tocompletethesquareontheLHS

(x+1 =)
2 1

2

x+1=±√
1

2

x=-1± 0.5

=-1±0.7071071

.2929or-1.7071

Thequadraticformula

-b± -4acb
2

2a

Example

Usingquadraticformulasolve2 -5x-3=0x
2
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Solution

Comparingthisequationtothegeneralequation, +bx+c=0weget;a=2b=-5c=-5ax
2

Substitutinginthequadraticformulae

X=
-b± -4acb

2

2a

=
-5±25-4(2)(-3)

2(2)

=
5±49

4

=
5±7

4

= or
12

4

-2

4

X=3or-
1

2

Formationofquadraticequations

Petertravelstohisuncle’shome,30km awayfrom hisplace.Hetravelsfortwothirdsofthe
journeybeforethebicycledevelopedmechanicalproblemsanhehadtopushitfortherestof
thejourney.Ifhiscyclingspeedis10km\hfasterthanhiswalkingspeedandhecompletesthe
journeyin3hours30minutes,determinehiscyclingspeed.

Solution

LetPeterscyclingspeedbexkm\h,thenhiswalkingspeedis(x-10)km/h.

Timetakenincycling= ÷x( of30
2

3 )
= h
20

x

Timetakeninwalking=(30–20)÷(x-10)

= h
10

x-10
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Totaltime=( + )h
20

x

10

x+10

Therefore =3( +
20

x

10

x-10) 1

3

=( +
20

x

10

x-10) 10

3

60(x-10)+30(x)=10(x)(x-10)

–190x+600=010x
2

-19x+60=0x
2

x=
19±361-240

2

x=15or4

Ifhiscyclingspeedis4km/h,thenhiswalkingspeedis(4-10)km/h,whichgives– 6
km/h.Thus,

4isnotarealisticanswertothissituation.thereforehiscyclingspeedis15km/h.

Example

Apositetwodigitnumberissuchthattheproductofthedigitis24.Whenthedigitsarereversed
,thenumberformedisgreaterthanthantheoriginalnumberby18.Findthenumber

Solution

Lettheonesdigitofthenumberbeyandthetensdigitbex,

Then,xy=24…………..1

Whenthenumberisreversed,theonesdigitisxandthetensdigitisy.

Therefore;

(10y+x)–(10x+y)=18

9y-9x=18
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y-x=2y=x+2……………..2=x+2……………..2

2inequation1gives;

x =24(x+2)

+2x-24=0x
2

x=
-2± -964

2

2

x=4or-6

Sincetherequirednumberispositivex=4andy=4+2=6

Thereforethenumberis46

Graphsofquadraticfunctions

Aquadraticfunctionhastheform y=ax2+bx+cwherea≠0.Thegraphofaquadratic
functionisU-shapedandiscalledaparabola.Forinstance,thegraphsofy= andy=-ex

2
x
2

Shownbelow.Theorigin(0,0)isthelowestpointonthegraphofy= andthehighestpointx
2

onthegraphofy=- .Thelowestorhighestpointonthegraphofaquadraticfunctioniscalledx
2

thevertex.
Thegraphsofy= andy=- aresymmetricaboutthey-axis,calledtheaxisofsymmetry.Inx

2
x
2

general,theaxisofsymmetryforthegraphofaquadraticfunctionistheverticallinethrough
thevertex..
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Notes;

Thegraphofy= facesdownwardsoropenupwards andy=- facesupwardsoropenx
2

x
2

downwards.

Example

Drawthegraphofy=- +5x-12x
2

Solution

Makeatableshowingcorrespondingvalueofxandy.

X -1 0 1 2 3

Y -8 -1 2 1 -4

Note;Togetthevaluesreplacethevalueofxintheequationtogetthecorrespondingvalueof
x

E.gy=-2(-1 +5 -1=-8)
2 (-1)

y=-2(0 +5 -1=-1)
2 (0)

Example

Drawthegraphofy= -7x+2x
2

x 0 1 2 3 5 7

y 2 -4 -8 -10 -8 2
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Graphicalsolutionsofsimultaneousequations

Weshouldconsidersimultaneousequationoneofwhichislinearandtheotheroneisquadratic.

Example

Solvethefollowingsimultaneousequationsgraphically:

y= -2x+1x
2

y= -2xx
2

Solution

Correspondingvaluesofxandy

x -2 -1 0 1 2 3 4 x

y 9 4 1 0 1 4 9 y

Weusethetabletodrawthegraphasshownbelow,onthesameaxistheliney=5-2xisdrawn.
Pointswheretheliney=5-2xandthecurvey= -2x+1intersectgivethesolution.Thepointsx

2

are(-2,9)and(2,1).Therefore,whenx=-2,y=9andwhenx=2,y=1
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Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Thetableshowstheheightmetresofanobjectthrownverticallyupwardsvarieswiththe
timetseconds

Therelationshipbetweensandtisrepresentedbytheequationss=at2+bt+10where
bareconstants.

t 0 1 2 3 4 5 6 7 8 9 10

s 45.1

(a)(i)Usingtheinformationinthetable,determinethevaluesofaandb
(2marks)

(ii)Completethetable (1mark)

(b)(i) Drawagraphtorepresenttherelationshipbetweensandt(3marks)

(ii) Usingthegraphdeterminethevelocityoftheobjectwhent=5seconds

2. (a) Constructatableofvalueforthefunctiony=x2–x–6for-3≤x≤4

(b) Onthegraphpaperdrawthegraphofthefunction

Y=x2–x–6for-3≤x≤4

(c) Bydrawingasuitablelineonthesamegridestimatetherootsoftheequation
x2+2x–2=0

3. (a) Drawthegraphofy=6+x-x2,takingintegralvalueofxin-4≤x≤5.(The

gridisprovided.Usingthesameaxesdrawthegraphofy=2–2x

(b) From yourgraphs,findthevaluesofXwhichsatisfythesimultaneous

equationsy=6+x-x2

y=2–2x
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(c) Writedownandsimplifyaquadraticequationwhichissatisfiedbythe

valuesofxwherethetwographsintersect.

4.(a)Completethefollowingtablefortheequationy=x3–5x2+2x+9

x -2 -1.5 -1 0 1 2 3 4 5

x2 -3.4 -1 0 1 27 64 125

-5x2 -20 -11.3 -5 0 -1 -20 -45

2x -4 -3 0 2 4 6 8 10

9 9 9 9 9 9 9 9 9 99

-8.7 9 7 -3

(b)Onthegridprovideddrawthegraphofy=x3–5x2+2x+9for-2≤x≤5

(c)Usingthegraphestimatetherootoftheequationx3–5x2+2+9=0betweenx=

2andx=3

(d)Usingthesameaxesdrawthegraphofy=4–4xandestimateasolutiontothe

equationx2–5x2+6x+5=0

5. (a) Completethetablebelow,forfunctiony=2x2+4x-3

x -4 -3 -2 -1 0 1 2

2x2 32 8 2 0 2

4x-3 -11 -3 5

y -3 3 13

(b) Onthegridprovided,drawthegraphofthefunctiony=2x2+4x-3for

-4≤x≤2andusethegraphtoestimatetherotsoftheequation2x2+4x–3=0to
1decimalplace. (2mks)

(c) Inordertosolvegraphicallytheequation2x2 +x-5=0,astraightlinemustbe
drawntointersectthecurvey=2x2 +4x–3.Determinetheequationofthis
straightline,drawthestraightlinehenceobtaintheroots.

2x2+x–5to1decimalplace.

6. (a) (i) Completethetablebelowforthefunctiony=x3+x2–2x (2mks)

x -3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 2 2.5

x3 15.63 -0.13 1

x2 4 0.25 6.25
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-2x 1 -2

y 1.87 0.63 16.88

(ii) Onthegridprovided,drawthegraphofy=x3+x2–2xforthevaluesofx
intheinterval–3≤x≤2.5

(iii) Statetherangeofnegativevaluesofxforwhichyisalsonegative

(b) Findthecoordinatesoftwopointsonthecurveotherthan(0,0)atwhichx-
coordinateandy-coordinateareequal

7. ThetableshowssomecorrespondingvaluesofxandyforthecurverepresentedbyY=
¼x3-2

X -3 -2 -1 0 1 2 3

Y -8.8 -4 -2.3 -2 -1.8 0 4.8

Onthegridprovidedbelow,drawthegraphofy=¼x2-2for-3≤x≤3.Usethegraphto
estimatethevalueofxwheny=2

8. A retailerplanned to buysomecomputersform awholesalerforatotalofKshs
1,800,000.Beforetheretailercouldbuythecomputersthepriceperunitwasreducedby
Kshs4,000.Thisreductioninpriceenabledtheretailertobuyfivemorecomputersusing
thesameamountofmoneyasoriginallyplanned.

(a) Determinethenumberofcomputerstheretailerbought

(b) Twoofthecomputerspurchasedgotdamagedwhileinstore,therestweresold
andtheretailermadea15% profitCalculatetheprofitmadebytheretaileron
eachcomputersold

9. Thefigurebelow isasketchofthegraphofthequadraticfunctiony=k

(x+1)(x-2)

Findthevalueofk

10. (a)Drawthegraphofy=x2–2x+1forvalues-2≤x≤4
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(b)Usethegraphtosolvetheequationsx2–4=0andliney=2x+5

11. (a) Drawthegraphofy=x3+x2–2xfor-3≤x≤3takescaleof2cm to

represent5unitsasthehorizontalaxis

(b) Usethegraphtosolvex3+x2–6-4=0bydrawingasuitablelineargraphonthe
sameaxes.

12. Solvegraphicallythesimultaneousequations3x–2y=5and5x+y=17
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CHAPTERFOURTYTWO

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Perform variouscomputationsusingacalculator;

(b)Makereasonableapproximationsandestimationsofquantitiesincomputationsand
measurements;

(c)Expressvaluestoagivennumberofsignificantfigures;

(d)Defineabsolute,relative,percentage,round-offandtruncationerrors;

(e)Determinepossibleerrorsmadefrom computations;

(f)Findmaximum andminimum errorsfrom operations.

Content
(a)Computingusingcalculators

(b)Estimationsandapproximations

(c)Significantfigures

(d)Absolute,relative,percentage,round-off(includingsignificantfigures)andtruncation
errors

(e)Propagationoferrorsfrom simplecalculations

(f)Maximum andminimum errors.

Approximation

Approximationinvolvesroundingoffandtruncatingnumberstogiveanestimation

Roundingoff

Inroundingofftheplacevaluetowhichanumberistoberoundedoffmustbestated.Thedigit

APPROXIMATIONANDERROR
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occupyingthenextlowerplacevalueisconsidered.Thenumberisroundedupifthedigitis
greaterorequalto5androundeddownifit’slessthan5.

Example

Roundoff395.184to:

a.Thenearesthundreds

b.Foursignificantfigures

c. Thenearestwholenumber

d.Twodecimalplaces

Solution

a.400

b.395.2

c. 395

d.395.18

Truncating
Truncatingmeanscuttingoffnumbersto thegivendecimalplacesorsignificantfigures,
ignoringtherest.

Example

Truncate3.2465to

a.3decimalplaces

b.3significantfigures

Solution

a.3.246

b.3.24

Estimation
Estimationinvolvesroundingoffnumbersinordertocarryoutacalculationfastertogetan
approximateanswer.Thisactsasausefulcheckontheactualanswer.

Example
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Estimatetheanswerto
152x269

32

Solution

Theanswershouldbecloseto =1350
150x270

30

Theexactansweris1277.75.1277.75writento2significantfiguresis1300whichiscloseto
theestimatedanswer.

ACCURACYANDERROR

Absoluteerror

Theabsoluteerrorofastatedmeasurementishalfoftheleastunitofmeasurementused.
Whenameasurementisstatedas3.6cm tothenearestmillimeter,itliesbetween3.55cm and
3.65cm.Theleastunitofmeasurementismilliliter,or0.1cm.Thegreatestpossibleerroris3.55
-3.6=-0.05or3.65-3.6=+0.05.

Togettheabsoluteerrorweignorethesign.Sotheabsoluteerroris0.05thus,|-0.05|=|+0.05|=
0.05.Whenameasurementisstatedas2.348cm tothenearestthousandthsofacentimeters

(0.001)thentheabsoluteerroris x0.001=0.0005.
1

2

Relativeerror

Relativeerror=
absolute

actualmeasurements

Example

Anerrorof0.5kgwasfoundwhenmeasuringthemassofabull.iftheactualmassofthebull
wasfoundtobe200kg.Findthrelativeerror

Solution

Relativeerror= = kg=0.0025
absolute

actualmeasurements

05

200

Percentageerror
Percentageerror=relativeerrorx100%

= x100%
absoluteerror

actualmeasurment
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Example

Thethicknessofacoinis0.20cm.

a.Thepercentageerror

b.Whatwouldbethepercentageerrorifthethicknesswasstatedas0.2cm ?

Solution

Thesmallestunitofmeasurementis0.01

Absoluteerror= x0.01=0.005
1

2

Percentageerror= x100%
0.005

0.20

=2.5%

Thesmallestunitofmeasurementis0.1

Absoluteerror= x0.1=0.05cm
1

2

Percentageerror= x100%
0.05

0.2

=25%

Roundingoffandtruncatingerrors
Anerrorfoundwhenanumberisroundedofftothedesirednumberofdecimalplacesor

significantfigures,forexamplewhenarecurringdecimal1. isroundedtothe2significant
̇
6

figures,itbecames1.7theroundeofferroris;

1.7-1. = - =
̇
6

17

10

5

3

1

30

Note;

1.6convertedtoafraction .
5

3

Truncatingerror

Theerrorintroducedduetotruncatingiscalledatruncationerror.inthecaseof1.6truncatedto
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2S.F.,thetruncatederroris;|1.6-1. |=|1 -1|=
̇
6

6

10

2

3

1

15

Propagationoferrors
Additionandsubtraction

Whatistheerrorinthesum of4.5cm and6.1cm,ifeachrepresentameasuremeasurement.

Solution

Thelimitswithinwhichthemeasurementslieare4.45,i.e..,4.55or4.5±0.005and6.05to6.15,

i.e.6.1±0.05.

Themaximum possiblesum is4.55+6.15=10.7cm

Theminimum possiblesum is4.45+6.05=10.5cm

Theworkingsum is4.5+6.1=10.6

Theabsoluteerror=maximum sum –workingsum

=|10.7–10.6|

=0.10

Example

Whatistheerrorinthedifferencebetweenthemeasurements0.72gand0.31g?

Solution

Themeasurementliewithin0.72±0.005and 0.31±0.005respectivelythemaximum possible
differencewillbeobtainedifwesubstracttheminimum valueofthesecondmeasurementfrom
themaximum valueofthefirst,i.e;

0.725–0.305cm

Theminimum possibledifferenceis0.715–0.315=0.400.theworkingdifferenceis0.72–0.31
=0.41,whichhasanabsoluteerrorof|0.420-0.41|or|0.400–0.41|=0.10.Sinceourworking
differenceis0.41,wegivetheabsoluteerroras0.01(to2s.f)

Note:
Inbothadditionandsubtraction,theabsoluteerrorintheanswerisequaltothesum ofthe
absoluteerrorsintheoriginalmeasurements.

Multiplication

Example

Arectangularcardmeasures5.3cm by2.5cm.find

a.Theabsoluteerrorinthereaofthecard
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b.Therelativeerrorintheareaofthecord

Solution

a.)Thelengthlieswithinthelimits5.3±0.05cm

b.)Thelengthlieswithinthelimits2.5±0.05cm

Themaximum possibleareais2.55x5.35=13.6425cm
2

Theminimum possibleareais2.45x5.25=12.8625cm
2

Theworkingareais5.3x2.5=13.25cm
2

Maximum area–workingarea=13.6425–1325=0.3925.

Workingarea–minimum area=13.25–12.8625=0.3875

Wetaketheabsoluteerrorastheaverageofthetwo.

Thus,absoluteerror=
0.3925+0.3875

2

=0.3900

Thesamecanalsobefoundbytakinghalftheintervalbetweenthemaximum areaandthe
minimum area

=0.39
1

2
(13.6425-12.8625)

Therelativeerrorintheareais:

=0.039(to2S.F)
0.39

13.25

Division

Given8.6cm÷3.4cm.Find:

a.Theabsoluteerrorinthequotient

b.Therelativeerrorinthequotient

Solution

a.8.6cm haslimits8.55cm and8.65cm.3.4haslimits3.35cm and3.45cm.The
maximum possible quotientwillbe given bythe maximum possible value ofthe
numeratorandthesmallestpossiblevalueofthedenominator,i.e.,
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=2.58(to3s.f)
8.65

3.35

Theminimum possiblequotientwillbegivenbytheminimum possiblevalueofthe
numeratoradthebiggestpossiblevalueofthedenominator,i.e.

=2.48(to3s.f)
8.65

3.45

Theworkingquotientis; =2.53(to3.f.)
8.6

3.4

Theabsoluteerrorinthequotientis;

= X0.10
2.53x2.48

2

1

2

=0.050(to2s.f)s.f)

b.Relativeerrorintheworkingquotient;

=
0.05

2.53

5

253

=0.0197

=0.020(to2s.f)

Alternatively

Relativeerrorinthenumeratoris =0.00581
0.05

8.6

Relativeerrorinthedenominatoris =0.0147
0.05

3.4

Sum oftherelativeerrorsinthenumeratoranddenominatoris

0.00581+0.0147=0.02051s

=0.021to2S.F

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!
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PastKCSEQuestionsonthetopic.

1. (a)WorkouttheexactvalueofR= 1_________

0.003146-0.003130

(b) AnapproximatevalueofR maybeobtainedbyfirstcorrectingeachofthe
decimalinthedenominatorto5decimalplaces

(i) Theapproximatevalue
(ii) Theerrorintroducedbytheapproximation

2. Theradiusofcircleisgivenas2.8cm to2significantfigures

(a)IfCisthecircumferenceofthecircle,determinethelimitsbetweenwhichC/πlies
(b)Bytaking∏ tobe3.142,find,to4significantfiguresthelinebetweenwhichthe

circumferencelies.
3. Thelengthandbreadthofarectangularfloorweremeasuredandfoundtobe4.1m and

2.2m respectively.Ifpossibleerrorof0.01m wasmadeineachofthemeasurements,
findthe:

(a)Maximum andminimum possibleareaofthefloor
(b)Maximum possiblewastageincarpetorderedtocoverthewholefloor

4. InthisquestionMathematicalTablesshouldnotbeused

Thebaseandperpendicularheightofatrianglemeasuredtothenearestcentimeter

are6cm and4cm respectively.

Find

(a)Theabsoluteerrorincalculatingtheareaofthetriangle

(b)Thepercentageerrorinthearea,givingtheanswerto1decimalplace

5. Bycorrectingeachnumbertoonesignificantfigure,approximatethevalueof788x
0.006.Hencecalculatethepercentageerrorarisingfrom thisapproximation.

6. Arectangularblockhasasquarebasewhosesideisexactly8cm.Itsheightmeasured
tothenearestmillimeteris3.1cm

Findincubiccentimeters,thegreatestpossibleerrorincalculatingitsvolume.

7. Findthelimitswithintheareaofaparallegram whosebaseis8cm andheightis5cm
lies.Hencefindtherelativeerrorinthearea

8. Findtheminimum possibleperimeterofaregularpentagonwhosesideis15.0cm.
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9. Giventhenumber0.237

(i) Roundofftotwosignificantfiguresandfindtheroundofferror

(ii) Truncatetotwosignificantfiguresandfindthetruncationerror

10. Themeasurementsa=6.3,b=15.8,c=14.2andd=0.00173havemaximum possible
errorsof1%,2%,3%and4%respectively.Findthemaximum possiblepercentageerrorin
ad/bccorrectto1sf.
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CHAPTERFOURTYTHREE

SpecificObjectives
Bytheendofthetopicthelearnershouldbeableto:

(a)Defineanddrawtheunitcircle;

(b)Usetheunitcircletofindtrigonometricratiosintermsofco-ordinatesofpointsfor0
<9<360°;

(c)Findtrigonometricratiosofnegativeangles;

(d)Findtrigonometricratiosofanglesgreaterthan360°usingtheunitcircle;

(e)Usemathematicaltablesandcalculatorstofindtrigonometricratiosofanglesinthe
range0<9<360°;

(f)Defineradianmeasure;

(g)Draw graphsoftrigonometricfunctions;y=sinx,y=cosxandy~tanxusing
degreesandradians;

(h)Derivethesinerule;

(i)Derivethecosinerule;

(j)Applythesineandcosineruletosolvetriangles(sides,anglesandarea),

(k)Applytheknowledgeofsineandcosinerulesinreallifesituations.

Content
(a)Theunitcircles

(b)Trigonometricrationsfrom theunitcircle

(c)Trigonometricratiosofanglesgreaterthan360°andnegativeangles

(d)Useoftrigonometrictablesandcalculations

TRIGONOMETRY
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(e)Radianmeasure

(f)Simpletrigonometricgraphs

(g)Derivationofsineandcosinerule

(h)Solutionoftriangles

(i)Applicationofsineandcosineruletorealsituation.

Theunitcircle
ItiscircleofunitradiusandcentreO(0,0).
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From - isthefirstquadrant0
0
90

0

From9 - isthesecondquadrant0
0
180

0

From18 - isthethirdquadrant0
0
270

0

From - istheforthquadrant270
0
360

0

Ananglemeasuredanticlockwisefrom positivedirectionofx–axisispositive.Whileanangle
measuredclockwisefrom negativedirectionofx–axisisnegative.

Ingeneral,onaunitcircle

I. =xco-ordinateofp.cosθ
0

II. =yco-ordinateofp.sinθ
0
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III. = .=tanθ
0 yco-ordinateofp

xco-ordinateofp

sinθ

cosθ

Trigonometricratiosofnegativeangles

Ingeneral

I. )=-sinθsin(-0
0

II. )=cosθcos(-0
0

III. )=-tanθ-0tan(
0
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Useofcalculators

Example

Useacalculatortofind

I. Tan30
0

Solution

 Keyintan

 Keyin30

 Screendisplays0.5773502

 Thereforetan =0.577430
0

Tofindtheinverseofsinecosineandtangent

 Keyinshift

 Theneithersinecosineortangent

 Keyinthenumber

Note;
Alwaysconsultthemanualforyourcalculator.Becausecalculatorsworkdifferently

Radians
Oneradianisthemeasureofananglesubtendedatthecentrebyanarcequalinlengthtothe
radiusofthecircle.
Becausethecircumferenceofacircleis2πr,thereare2πradiansinafullcircle.Degree
measureandradianmeasurearethereforerelatedbytheequation360°=2πradians,or180°=
πradians.
Thediagram showsequivalentradiananddegreemeasuresforspecialanglesfrom 0°to360°
(0radiansto2πradians).Youmayfindithelpfultomemorizetheequivalentdegreeandradian
measuresofspecialanglesinthefirstquadrant.Allotherspecialanglesarejustmultiplesof
theseangles.
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Example

Convert intoradians125
0

Solution

If = =57.291
c 360

0

2π

Therefore = =2.182to4S.F125
0 125

57.29

Example

Convertthefollowingdegreestoradians,givingyouranswerintermsπ.

60
0

Solution

=2360
0

π
c

Therefore

=( x6060
0 2π

360
)
c

=(
π

3
)
C

Example

Whatisthelengthofthearcthatthatsubtendsanangleof0.6radiansatthecentreofacircle
ofradius20cm.

Solution

issubtendedby20cm1
c

therefore issubtendedby20×0.6cm=12cm0.6
c

Simpletrigonometricgraphs
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Graphsofy=sinx

Thegraphscanbedrawnbychoosingasuitablevalueofxandplottingthevaluesofyagainst
theCorrespondingvaluesofx.

Theblackportionofthegraphrepresentsoneperiodofthefunctionandiscalledonecycle
ofthesinecurve.

Example

Sketchthegraphofy=2sinxontheinterval[–π,4π].

Solution:
Notethaty=2sinx=2(sinx)indicatesthatthey-valuesforthekeypointswillhavetwicethe
magnitudeofthoseonthegraphofy=sinx.

x π/2 π 3π 2π

Y=2sinx 2 0 -2 0

Togetthevaluesofysubstitutethevaluesofxintheequationy=2sinxasfollows
y=2sin(360)because2πisequalto360

0

Note;
 Youcanchangetheradiansintodegreestomakeworksimpler.

 Byconnectingthesekeypointswithasmoothcurveandextendingthecurveinboth
directionsovertheinterval [–π,4π],youobtainthegraphshowninbelow.
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Example

Sketchthegraphofy=cosxfor ≤x≤ usinganintervalof0
0

360
0

30
0

Solution:
Thevaluesofxandthecorrespondingvaluesofyaregiveninthetablebelow

x 0
0

30
0

60
0

90
0

120
0

150
0

180
0

210
0

240
0

Y=cos
x

1 0.866
0

0.5 0 -0.5 -
0.866
0

-1 -
0.866
0

-0.5

x 270
0

300
0

330
0

360
0

Y=cosx 0 0.5 0.8660 1
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Graphoftangents

Note;

 Asthevalueofxapproaches and27 tanxbecamesverylarge90
0

0
0

 Hencethegraphofy=tanxapproachesthelinesx= and withouttouchingthem.90
0

270
0

 Suchlinesarecalledasymptotes
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Solutionoftriangles

Sinrule

IfacircleofradiusRiscircumscribedaroundthetriangleABC,then = = =2R.
a

sinA

b

sinB

c

sinC

Thesineruleappliestobothacuteandobtuse–angledtriangle.
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Example

SolvetriangleABC,giventhatCAB=42. ,c=14.6cm anda=11.4cm9
0

Solution

Tosolveatrianglemeanstofindthesidesandanglesnotgiven

=
a

sinA

c

sinC

=
11.4

sin42.9

14.6

sinC

Sinc= =0.8720
14.6sin42.9

11.4

Thereforec=60.69
0

Note;

Thesinruleisusedwhenweknow

 Twosidesandanon-includedangleofatriangle

 Allsidesandatleastoneangle

 Allanglesandatleastoneside.
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Cosinerule

= + -2bc OR = + -2aca
2

b
2

c
2

cosA b
2

a
2

c
2

cosB

Example

FindACinthefigurebelow,ifAB=4cm ,BC=6cm andABC=78
0

Solution

Usingthecosinerule

+ -2acb
2

c
2

cosB

= + -2acb
2

a
2

c
2

cosB

= + -2x4x6b
2

4
2

6
2

cos78
0

=16+36–48cos78
0

=52–9.979

=42.02cm

Note;
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Thecosineruleisusedwhenweknow

 Twosidesandanincludedangle

 Allthreesidesofatriangle

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Solvetheequation

Sin5θ=-1for00≤0≤1800

2 2

2. Giventhatsinθ=2/3andisanacuteanglefind:

(a)Tanθgivingyouranswerinsurdform
(b)Sec2θ

3. Solvethe1

equation2sin2(x-300)=cos600for–1800≤x≤1800

4. Giventhatsin(x+30)0=cos2x0for00,00≤x≤900findthevalueofx.Hencefindthe
valueofcos23x0.

5. Giventhatsina=1 whereaisanacuteanglefind,withoutusing

√5

Mathematicaltables

(a)Cosaintheform ofa√b,whereaandbarerationalnumbers

(b)Tan(900–a).

6. Givethatxoisanangleinthefirstquadrantsuchthat8sin2x+2cosx-5=0

Find:

a) Cosx

b) tanx
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7. GiventhatCos2x0=0.8070,findxwhen00≤x≤3600

8 ThefigurebelowshowsaquadrilateralABCDinwhichAB=8cm,DC=12cm,<BAD=
450,<CBD=900andBCD=300.

Find:

(a) ThelengthofBD

(b) ThesizeoftheangleADB

9. Thediagram belowrepresentsaschoolgatewithdoubleshutters.Theshuttersaresuch
openedthroughanangleof630.

Theedgesofthegate,PQandRSareeach1.8m
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CalculatetheshortestdistanceQS,correctto4significantfigures

10…Thefigurebelow representsaquadrilateralpieceoflandABCDdividedintothree
triangularplots.ThelengthsBEandCDare100m and80m respectively.AngleABE=
300ACE=450andACD=1000

(a)Findtofoursignificantfigures:

(i) ThelengthofAE

(ii) ThelengthofAD

(iii) Theperimeterofthepieceofland

(b)Theplotsaretobefencedwithfivestrandsofbarbedwireleavinganentranceof2.8m
widetoeachplot.Thetypeofbarbedwiretobeusedissoldinrollsoflengths480m.
Calculatethenumberofrollsofbarbedwirethatmustbeboughttocompletethe
fencingoftheplots.

11. Giventhatxisanacuteangleandcosx=25,findwithoutusingmathematical

5

tablesoracalculator,tan(90–x)0.

12. InthefigurebelowA=620,B=410,BC=8.4cm andCNisthebisectorofACB.
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CalculatethelengthofCNto1decimalplace.

13. Inthediagram below PA representsanelectricitypostofheight9.6m.BBandRC
representstwostoreybuildingsofheights15.4m and33.4m respectively.Theangleof
depressionofAfrom Bis5.50WhiletheangleofelevationofCfrom Bis30.50andBC=
35m.

(a) Calculate,tothenearestmetre,thedistanceAB

(b) Byscaledrawingfind,

(i) ThedistanceACinmetres

(ii) BCAandhencedeterminetheangleofdepressionofAfrom C

Morequestions

1. Solvetheequation: (2mks)

for

2. (a)Completethetablebelow,leavingallyourvaluescorrectto2d.p.forthefunctionsy
=cosxandy=2cos(x+30)0 (2mks)

X0 00 600 1200 1800 2400 3000 3600 4200 4800 5400

cosX 1.00 -1.00 0.50

2cos(x+30) 1.73 -1.73 0.00
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(b)Forthefunctiony=2cos(x+30)0

State:

(i) Theperiod (1mk)
(ii) Phaseangle (1mk)

(c)Onthesameaxesdrawthewavesofthefunctionsy=cosxandy=2cos(x+30)0for

.Usethescale1cm rep300horizontallyand2cm rep1unitvertically
(4mks)

(d)Useyourgraphabovetosolvetheinequality (2mks)

3. Findthevalueofxintheequation.

Cos(3x-180o)= √3 intherangeOo<x<180o(3marks)

2

4. Giventhat andөisanacuteangle,findwithoutusingtablescos(90–ө)

(2mks)

5. Solveforөif-¼sin(2x+30)=0.1607,0≤ө≥3600 (3mks)

6. GiventhatCos=5/13andthat27003600,workoutthevalueofTan+Sinwithoutusinga
calculatorormathematicaltables. (3marks)

7. Solveforxintherange00x1800

(4mks)

-8sin2x–2cosx=-5.

8. Iftanxo=12/5andxisareflexangle,findthevalueof5sinx+cosxwithoutusinga

calculatorormathematicaltables

9. Findgiventhat2cos3-1=0for0o360o

10. Withoutamathematicaltableoracalculator,simplify:Cos300o xSin120ogivingyour
answerin

Cos330o–Sin405orationalizedsurdform.

11. Expressinsurdsform andrationalizethedenominator.

1

Sin60oSin45o-Sin45o

12. Simplifythefollowingwithoutusingtables;

Tan45+cos45sin60



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 382

CHAPTERFOURTYFOUR

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Definerationalandirrationalnumbers,

(b)Simplifyexpressionswithsurds;

(c)Rationalizedenominatorswithsurds.

Content
(a)Rationalandirrationalnumbers

(b)Simplificationofsurds

(c)Rationalizationofdenominators.

SURDS
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Rationalandirrationalnumbers

Rationalnumbers

Arationalnumberisanumberwhichcanbewrittenintheform ,wherepandqareintegers
p

q
andq≠0.Theinteger’spandqmustnothavecommonfactorsotherthan1.

Numberssuchas2, , areexamplesofrationalnumbers.Recurringnumbersarealso
1

2

3

4
4

rationalnumbers.

Irrationalnumbers

Numbersthatcannotbewrittenintheform .Numberssuchasπ areirrationalnumbers.
p

q
23

Surds
Numbers which have gotno exactsquare roots orcube rootare called surds e.g. 2
, , or8 28 16

3
36

3

Theproductofasurdandarationalnumberiscalledamixedsurd.Examplesare;

2 ,4 and3 7
1

3
2

Orderofsurds

, aresurdsofordertwo3 6

, aresurdsoforderthree2
3

6
3

, aresurdsoforderfour2
4

64
4

Simplificationofsurds

Asurdcanbereducedtoitslowestterm possible,asfollows;

Example

Simplify

a) 18

b) 72

Solution

=18 9x2

× =39 2 2

=48 16x3
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× =416 3 3

Operationofsurds

Surdscanbeaddedorsubtractedonlyiftheyarelikesurds(thatis,iftheyhavethesamevalue
undertherootsign).
Example1

Simplifythefollowing.
i. 3√2+5√2

ii. 8√5−2√5

Solution

i. 3√2+5√2=8√2
ii. 8√5−2√5=6√5

Summary

+ Leta=2 2 2

Therefore + =a+a2 2

=2a

Buta= 2

Hence + =22 2 2

MultiplicationandDivisionofsurds
Surdsofthesameordercanbemultipliedordividedirrespectiveofthenumberundertheroot
sign.

Law1:√ax√b=√abWhenmultiplyingsurdstogether,multiplytheirvaluestogether.

e.g.1 √3x√12=√(3x12)=√36=6

e.g.2 √7x√5 =√35

Thislawcanbeusedinreversetosimplifyexpressions…

e.g.3 √12=√2x√6 or√4x√3=2√3

Law2:√a÷√b or =√(a/b) Whendividingsurds,dividetheirvalues(andviceversa).
√a

√b

e.g.1 √12 = √(12÷3)=√4=2
√3
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e.g.2 =
√6

√8

√3

√4

Law3:√(a2)or(√a)2 =a Whensquaringasquare-root,(orviceversa),thesymbolscancel

Eachotherout,leavingjustthebase.

e.g.1 √122 =12

e.g.2 √7x√7=√72=7

Note:
Ifyouaddthesamesurdstogetheryoujusthavethatnumberofsurds.E.g.

√2+√2+√2=3√2
Ifasurdhasasquarenumberasafactoryoucanuselaw1and/orlaw2andworkbackwards
totakethatoutandsimplifythesurd.E.g.√500 =√100x√5=10√5

Rationalizationofsurds

Surdsmayalsoappearinfractions.Rationalizingthedenominatorofsuchafractionmeans
findinganequivalentfractionthatdoesNOThaveasurdonthebottom ofthefraction(thoughit
CANhaveasurdonthetop!).
Ifthesurdcontainsasquarerootbyitselforamultipleofasquareroot,togetridofit,youmust
multiplyBOTHthetopandbottom ofthefractionbythatsquarerootvalue.

e.g. 6 x√7 = 6√7
√7 x√7 7

e.g.2 6+√2x√3 = 6√3+√2x√3= 6√3+√6
2√3 x√3 2x√3x√3 6

i.e.2x 3

Ifthesurdonthebottom involvesadditionorsubtractionwithasquareroot,togetridofthe
squarerootpartyoumustusethe‘differenceoftwosquares’andmultiplyBOTHthetopand
bottom ofthefractionbythebottom surd’sexpressionbutwiththeinverseoperation.

e.g.3 7 x(2-√2) = 14-7√2 = 14-7√2
2+√2x(2-√2) 22–(√2)2 2

i.e.4 – 2

Notesonthe‘Differenceoftwosquares’…

Squaring… (2+√2)(2+√2) =2(2+√2)+√2(2+√2)
(opsthesame) =4+2√2+2√2+√2√2

=4 + 4√2 + 2 =6+√2(stillasurd)

Multiplying… (2+√2)(2-√2) =2(2-√2)+√2(2-√2)
(oppositeops) = 4-2√2+2√2-√2√2
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= 4 (cancelout)- 2 =2 (notasurd)

Inessence,aslongastheoperationineachbracketsistheopposite,themiddletermswill
alwayscanceleachotheroutandyouwillbeleftwiththefirstterm squaredsubtractingthe
secondterm squared.
i.e. (5+√7)(5-√7) 52–(√7)2 =25–7=18

Example
Simplifybyrationalizingthedenominator

+2 3

-6 3

Solution

= x
+2 3

-6 3

+2 3

-6 3

+6 3

+6 3

=
+ ( + )2( +6 3) 3 6 3

- ( + )6( +6 3) 3 6 3

=
+ + +√912 6 18

+ - -√936 18 18

=
x + + x +4 3 6 9 2 3

6-3

=
2 + +3 +33 6 2

3

Note

Iftheproductofthetwosurdsgivesarationalnumberthentheproductofthetwosurdsgives
conjugatesurds.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!
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PastKCSEQuestionsonthetopic.

1. Withoutusinglogarithm tables,findthevalueofxintheequation

Logx3+log5x=5log2–log2
5

2. Simplify (1÷√3)(1-√3)

Henceevaluate 1 to3s.f.giventhat√3=1.7321

1+√3

3. If√14 - √14 =a√7+b√2

√7-√2 √7+√2

Findthevaluesofaandbwhereaandbarerationalnumbers.

4. Findthevalueofxinthefollowingequation49(x+1)+7(2x)=350

5. Findxif3log5+logx2=log1/125

6. Simplifyasfaraspossibleleavingyouranswerinform ofasurd

1 - 1

√14 -2√3 √14+2√3

7. Giventhattan750=2+√3,findwithoutusingtablestan150intheform p+q√m,
wherep,qandm areintegers.

8. Withoutusingmathematicaltables,simplify

63 + 72

32 + 28

9. Simplify 3 + 1 leavingtheanswerintheform a+bc,wherea,bandc
5-2 5 arerationalnumbers
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CHAPTERFOURTYFIVE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Derivelogarithmicrelationfrom indexform andviceversa;

(b)Statethelawsoflogarithms;

(c)Uselogarithmiclawstosimplifylogarithmicexpressionsandsolvelogarithmic
equations;

(d)Applylawsoflogarithmsforfurthercomputations.

Content
(a)Logarithmicnotation(eg.an=b,logab=n)

(b)Thelawsoflogarithms:log(AB)=logA+logB,log(ÂB)=logA-logBandLogAn=
nxlogA.

(c)Simplificationsoflogarithmicexpressions

(d)Solutionoflogarithmicequations

(e)Furthercomputationusinglogarithmiclaws.

FURTHERLOGARITHMS
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If thenweintroducetheinversefunctionlogarithm anddefine

(Readaslogbase of equals ).

Ingeneral

Where means“impliesandisimpliedby”i.e.itworksbothways!

Notethismeansthat,goingfrom exponentform tologarithmicform:

 

 

 

Andingoingfrom logarithmicform toexponentform:

 

 

 

Lawsoflogarithms
ProductandQuotientLawsofLogarithms:

TheProductLaw



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 390

TheQuotientLaw

Example.

=2

ThePowerLawofLogarithms:

Example.

2log5+2log2

=2

Logarithm ofaRoot

or
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Example.

PROOFOFPROPERTIES
Property Proof ReasonforStep

1.logbb=1andlogb1=0 b1=b andb0=1 Definitionoflogarithms

2.(productrule)

logbxy=logbx+logby

a.Letlogbx=m andlogby=n

b.x=bm andy=bn

c.xy=bm
*bn

d.xy=bm +n

e.logbxy=m +n

flogbxy=logbx+logby

a.Setup

b.Rewriteinexponentform

c.Multiplytogether

d.Productruleforexponents

e.Rewriteinlogform

f.Substitution

3.(quotientrule)

logb =logbx-logby

a.Letlogbx=m andlogby=n

b.x=bm andy=bn

c. =

d. =

e.logb =m -n

f.logb logbx-logby

a.Given:compactform

b.Rewriteinexponentform

c.Divide

d.Quotientruleforexponents

e.Rewriteinlogform

f.Substitution

4.(powerrule)
logbxn=nlogbx

a.Letm =logbxsox=bm

b.xn=bmn

c.logbxn=mn

d.logbxn=nlogbx

a.Setup

b.Raisebothsidestothenth
power

c.Rewriteaslog

d.Substitute

5. Propertiesusedtosolve
logequations:
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a.ifbx=by,thenx=y

b.iflogbx=logby,thenx
=y

a.This follows directly from the
propertiesforexponents.

b.i.logbx-logby=0

ii.logb

iii. =b0

iv. 1sox=y

b.i.Subtractfrom bothsides

ii.Quotientrule

iii.Rewriteinexponentform

iv.b0=1

Solvingexponentialandlogarithmicequations
Bytakinglogarithms,andexponentialequationcanbeconvertedtoalinearequationandsolved.
Wewillusetheprocessoftakinglogarithmsofbothsides.

Example.

a)

x=1.792

Note;
Alogarithmicexpressionisdefinedonlyforpositivevaluesoftheargument.Whenwesolvea
logarithmicequationitisessentialtoverifythatthesolution(s)doesnotresultinthelogarithm
ofanegativenumber.Solutionsthatwouldresultinthelogarithm ofanegativenumberare
calledextraneous,andarenotvalidsolutions.
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Example.

Solveforx:

(theonebecomesanexponent: )

Verify:

notpossible

Solvingequationsusinglogs

Examples

(i)Solvetheequation

Thedefinitionoflogssaysif then or

Hence (to5decimalplaces)

Check (to5decimalplaces)

Inpracticefrom wetakelogstobase10giving

(ii)Solvetheequation
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Check , ,wewant sothevalueof liesbetween3and4or

whichmeans liesbetween1.5and2.Thistellsusthat isroughlycorrect.

(iii)Solvetheequation

Check veryclose!

Noteyoucouldcombineterms,giving,

(iv)Solvetheequation
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Takelogsofbothsides

Expandbrackets

Collectterms

Factorisethelefthandside

divide

(Noteyougetthesameanswerbyusingthelnbuttononyourcalculator.)

Check and

Noticethatyoucouldcombinethelog-termsin

togive

Itdoesnotreallysimplifythingsherebut,insomecases,itcan.

(v)Solvetheequation

Takelogsofbothsides

Expandbrackets

Collectterms

Factorizelefthandside

simplify
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divide

Check

LHS= (taking )

RHS= (taking )

ThevaluesofLHSandRHSareroughlythesame.Amoreexactcheckcouldbemadeusinga
calculator.

Logarithmicequationsandexpressions
Considerthefollowingequations

81=xand 8=3log
3

logx

Thevalueofxineachcaseisestablishedasfollows

81=xlog
3

Therefore =813
x

=3
x

3
4

X=4

8=3logx

=8x
3

=x
3

2
3

x=2

Example

Solve 2log
6
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Solution

Let 2=t.then =2log
6

6
t

Introducinglogarithm tobase10onbothsides

=log6
t

log2

=tlog6 log2

t=
log2

log6

t=
0.3010

0.7782

t=0.3868

Therefore 2=0.3868log
6

Example

+3 -4=02
2x (2x)

Takinglogsonbothsidescannothelpingettingthevalueofx,since +3 cannotbe2
2x (2x)

combined into a singleexpression.Howeverifwelet =ythen theequation becomes2
X

quadraticiny.

Solution

Thus,let =y……………..(1)2
X

Therefore +3y-4=0…………………(2)y
2

(y+4)(y-1)=0

y=-4ory=14ory=1

tingforyinequation(1);

Let =-4 orlet =12
X

2
X

Thereisnorealvalueofxforwhich =-4 hence =12
X

2
X

x=0

Example

Solveforxin( =3-log
10
x)

2
log

10
x
2
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Solution

Let x=t……………………….(1)log
10

Therefore =3-2tt
2

+2t-3=0solvethequadraticequationusinganymethodt
2

+3t-t-3=0t
2

t(t+3)-1(t-3)=0

(t-1)(t+3)=0

t=1ort=-3ort=-3

tingfortintheequation(1).

x=1 or x=-3log
10

log
10

=1or =x10
1

10
-3

x=10or
1

1000

Note;

=log
b

1

bloga

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Solvefor( x –½ x=3/2log
3
)
2

log
3

2. Findthevaluesofxwhichsatisfytheequation52x–6(5x)+5=0

3. Solvetheequation
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Log(x+24)–2log3=log(9-2x)

4. Findthevalueofxinthefollowingequation49(x+1)+7(2x)=350

5. Findxif3log5+logx2=log1/125

6. Withoutusinglogarithm tables,findthevalueofxintheequation

Logx3+log5x=5log2–log2
5

7. GiventhatP=3yexpressthequestions32y-1)+2x3(y-1)=1intermsofP

8. Henceorotherwisefindthevalueofyintheequation:3(2y-1)+2x3(y-1) =1

CHAPTERFOURTYSIX

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Defineprincipal,rateandtimeinrelationtointerest;

(b)Calculatesimpleinterestusingsimpleinterestformula;

(c)Calculatecompoundinterestusingstepbystepmethod;

(d)Derivethecompoundinterestformula;

(e)Applythecompoundinterestformulaforcalculatinginterest;

(f)Defineappreciationanddepreciation;

(g)Usecompoundinterestformulatocalculateappreciationanddepreciation;

(h)Calculatehirepurchase;

(i)Calculateincometaxgiventheincometaxbands.

Content
(a)Principalrateandtime

(b)Simpleinterest

(c)Compoundinterestusingstepbystepmethod

(d)Derivationofcompoundinterestformula

(e)Calculationsusingthecompoundinterestformula

COMMERCIALARITHMETICII
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(f)Appreciationanddepreciation

(g)Calculationofappreciationanddepreciationusingthecompoundinterestformula

(h)Hirepurchase

(i)Incometax.

Simpleinterest
Interestisthemoneychargedfortheuseofborrowedmoneyforaspecificperiodoftime.If
moneyisborrowedordepositeditearnsinterest,Principleisthesum ofmoneyborrowedor
depositedP,Rateistheratioofinterestearnedinagivenperiodoftimetotheprinciple.

Therateisexpressedasapercentageoftheprincipalperannum (P.A).Wheninterestis
calculatedusingonlytheinitialprincipalatagivenrateandtime,itiscalledsimpleinterest(I).

Simpleinterestformulae

Simpleinterest=
principlexratextime

100

Example

Frannyinvestsksh16,000inasavingsaccount.Sheearnsasimpleinterestrateof14%,paid

annuallyonherinvestment.Sheintendstoholdtheinvestmentfor1 years.Determinethe
1

2
futurevalueoftheinvestmentatmaturity.

Solution

I=
PRT

100

=sh.16000x x
14

100

3

2
=sh3360

Amount=P+I

=sh.16000+sh3360

=sh.19360

Example

Calculatetherateofinterestifsh4500earnssh500after1 years.
1

2
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Solution

From thesimpleinterestformulae

I=
PRT

100

R==
100XI

PXT

P=sh4500

I=sh500

T=1 years
1

2

ThereforeR=
100x500

4500x
3

2

R7.4%

Example

Eshainvestedacertainamountofmoneyinabankwhichpaid12%p.a.simpleinterest.After5
years,histotalsavingsweresh5600.Determinetheamountofmoneyheinvestedinitially.

Solution

LettheamountinvestedbeshP

T=5years

R=12%p.a.

A=sh5600

ButA=P+I

Therefore5600=P+PX X5
12

100

=P+0.60P

=1.6P

Thereforep=
5600

1.6

=sh3500
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Compoundinterest
Supposeyoudepositmoneyintoafinancialinstitution,itearnsinterestinaspecifiedperiodof
time.Insteadoftheinterestbeingpaidtotheowneritmaybeaddedto(compoundedwith)the
principleandthereforealsoearnsinterest.Theinterestearnediscalledcompoundinterest.The
periodafterwhichitscompoundedtotheprincipleiscalledinterestperiod.

Thecompoundinterestmaybecalculatedannually,semi-annually,quarterly,monthlyetc.Ifthe
rateofcompoundinterestisR%p.aandtheinterestiscalculatedntimesperyear,thentherate

ofinterestperperiodis %(Rn)
Example

Moyolentksh.2000atinterestof5%perannum for2years.Firstweknowthatsimpleinterest
for1styearand2ndyearwillbesame

i.e.=2000x5x1/100=Ksh.100

Totalsimpleinterestfor2yearswillbe=100+100=ksh.200

InCompoundInterest(CI)thefirstyearInterestwillbesameasofSimpleInterest(SI)i.e.
Ksh.100.ButyearIIinterestiscalculatedonP+SIof1styeari.e.onksh.2000+ksh.100=ksh.
2100.

So,yearIIinterestinCompoundInterestbecomes

=2100x5x1/100=Ksh.105

SoitisKsh.5morethanthesimpleinterest.ThisincreaseisduetothefactthatSIisaddedto
theprincipalandthisksh.105isalsoaddedintheprincipalifwehavetofindthecompound
interestafter3years.Directformulaincaseofcompoundinterestis

A=P(1+ )tr

100

WhereA=Amount

P=Principal

R=Rate%perannum

T=Time

A=P+CI

P(1+ )t=P+CI
r

100
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TypesofQuestion:
TypeI:TofindCIandAmount

TypeII:Tofindrate,principalortime

TypeIII:WhendifferencebetweenCIandSIisgiven.

TypeIV:Wheninterestiscalculatedhalfyearlyorquarterlyetc.

TypeV:Whenbothrateandprincipalhavetobefound.

Type1
Example

Findtheamountofksh.1000in2yearsat10%perannum compoundinterest.

Solution.

A=P(1+r/100)t

=1000(1+10/100)2

=1000x121/100

=ksh.1210

Example

Findtheamountofksh.6250in2yearsat4%perannum compoundinterest.

Solution.

A=P(1+r/100)t

=6250(1+4/100)2

=6250x676/625

=ksh.6760

Example

Whatwillbethecompoundinterestonksh31250atarateof4%perannum for2years?

Solution.

CI=P(1+r/100)t-1

=31250{(1+4/100)2-1}

=31250(676/625-1)

=31250x51/625=ksh.2550
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Example

Asum amountstoksh.24200in2yearsat10%perannum compoundinterest.

Findthesum ?

Solution.

A=P(1+r/100)t

24200=P(1+10/100)2

=P(11/10)2

=24200x100/121

=ksh.20000

TypeII
Example.

Thetimeinwhichksh.15625willamounttoksh.17576at45compoundinterestis?

Solution

A=P(1+r/100)t

17576=15625(1+4/100)t

17576/15625=(26/25)t

(26/25)t=(26/25)3

t=3years

Example

Theratepercentifcompoundinterestofksh.15625for3yearsisKsh.1951.

Solution.

A=P+CI

=15625+1951=ksh.17576

A=P(1+r/100)t

17576=15625(1+r/100)3

17576/15625=(1+r/100)3

(26/25)3=(1+r/100)3
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26/25=1+r/100

26/25-1=r/100

1/25=r/100

r=4%

TypeIV
1.Remember

WheninterestiscompoundedhalfyearlythenAmount=P(1+R/2)2t

-----------
100

I.e.inhalfyearlycompoundinterestrateishalvedandtimeisdoubled.

2.Wheninterestiscompoundedquarterlythenrateismade¼andtimeismade4times.

ThenA=P[(1+R/4)/100]4t

3.WhenrateofinterestisR1%,R2%,andR3%for1st,2ndand3rdyearrespectively;thenA=P(1
+R1/100)(1+R2/100)(1+r3/100)

Example

Findthecompoundinterestonksh.5000at205perannum for1.5yearcompoundhalfyearly.

Solution.

Wheninterestiscompoundedhalfyearly

ThenAmount=P[(1+R/2)/100]2t

Amount=5000[(1+20/2)/100]3/2

=5000(1+10/100)3

=5000x1331/1000

=ksh6655

CI=6655-5000=ksh.1655

e.g.

Findcompoundinterestksh.47145at12%perannum for6months,compoundedquarterly.

Solution.
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Asinterestiscompoundedquarterly

A=[P(1+R/4)/100)]4t

A=47145[(1+12/4)/100]½x4

=47145(1+3/100)2

=47145x103/100x103/100

=ksh.50016.13

CI=50016.13-47145

=ksh.2871.13

Example

Findthecompoundinterestonksh.18750for2yearswhentherateofinterestfor1styearis45
andfor2ndyear8%.

Solution.

A=P(1+R1/100)(1+R1/100)

=18750*104/100*108/100

=ksh.21060

CI=21060-18750

=ksh.2310

TypeV
Example

Thecompoundinterestonacertainsum fortwoyearsisksh.52andsimpleinterestforthe
sameperiodatsamerateisksh.50findthesum andtherate.

Solution.

Wewilldothisquestionbybasicconcept.Simpleinterestissameeveryyearandthereisno
differencebetweenSIandCIfor1styear.Thedifferencearisesinthe2ndyearbecauseinterest
of1styearisaddedinprincipalandinterestisnowchargedonprincipal+simpleinterestof1st

year.

Sointhisquestion

2yearSI=ksh.50

1yearSI=ksh.25

NowCIfor1styear=52-25=Rs.27
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Thisadditionalinterest27-25=ksh.2isduetothefactthat1styearSIi.e.ksh.25isaddedin
principal.Itmeansthatadditionalksh.2interestischargedonksh.25.Rate%=2/25x100=
8%

Shortcut:

Rate%=[(CI-SI)/(SI/2)]x100

=[(2/50)/2]x100

2/25x100

=8%

P=SIx100/RxT=50x100/8x2

=ksh.312.50

Example

Asum ofmoneylentCIamountsin2yeartoksh.8820andin3yearstoksh.9261.Findthe
sum andrate%.

Solution.

Amountafter3years=ksh.9261

Amountafter2years=ksh.8820

Bysubtractinglastyear’sinterestksh.441

Itisclearthatthisksh.441isSIonksh.8820from 2ndto3rdyeari.e.for1year.

Rate%=441x100/8820x1

=5%

AlsoA=P(1+r/100)t

8820=P(1+5/100)2

=P(21/20)2

P=8820x400/441

=ksh.8000

AppreciationandDepreciation
Appreciationisthegainofvalueofanassetwhiledepreciationisthelossofvalueofanasset.

Example

Anironboxcostksh500andeveryyearitdepreciatesby10%ofitsvalueatthebeginningof
thatthatyear.Whatwillitsvaluebeaftervalue4years?
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Solution

Valueafterthefirstyear=sh(500- x500)
10

100

=sh450

Valueafterthesecondyear=sh(450- x450)
10

100

=sh405

Valueafterthethirdyear=sh(405- x405)
10

100

=sh364.50

Valueafterthefourthyear=sh(364.50- x364.50)
10

100

=sh328.05

IngeneralifPistheinitialvalueofanasset,Athevalueafterdepreciationfornperiodsandr
therateofdepreciationperperiod.

A=P(I-
r

100
)
n

Example

Aminibuscostsh400000.Duetowearandtear,itdepreciatesinvalueby2%everymonth.Find
itsvalueafteroneyear,

Solution

A=P(I-
r

100
)
n

SubstitutingP=400,000,r=2,andn=12intheformula;

A=sh.400000(1-0.02)
12

=sh.400,000(0.98)
12

=sh.313700

Example

Theinitialcostofaranchissh.5000,000.Attheendofeachyear,thelandvalueincreasesby
2%.Whatwillbethevalueoftheranchattheendof3years?

Solution
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Thevalueoftheranchafter3years=sh5000,000(1+
2

100
)
3

=sh.5000000(1.02)
3

=sh5,306,040

HirePurchase
Methodofbuyinggoodsandservicesbyinstalments.Theinterestchargedforbuyinggoodsor
servicesoncreditiscalledcarryingcharge.

Hirepurchase=Deposit+(instalmentsxtime)

Example

Achingwantstobuyasewingmachineonhirepurchase.Ithasacashpriceofksh7500.She
canpayacashpriceormakeadownpaymentofsh2250and15monthlyinstalmentsofsh.550
each.Howmuchinterestdoesshepayundertheinstalmentplan?

Solution

Totalamountofinstalments=sh550x15

=sh8250

Downpayment(deposit) =sh2250

Totalpayment =sh(8250+2250)

=sh10500

Amountofinterestcharged=sh(10500-7500)

=sh3000

Note;
Alwaysusetheaboveformulatofindothervariables.
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Incometax
Taxesonpersonalincomeisincometax.Grossincomeisthetotalamountofmoneyduetothe
individualattheendofthemonthortheyear.

Grossincome=salary+allowances/benefits

Taxableincomeistheamountonwhichtaxislevied.Thisisthegrossincomelessanyspecial
benefitsonwhichtaxesarenotlevied.Suchbenefitsincluderefundsforexpensesincurred
whileoneisonofficialduty.

Inordertocalculatetheincometaxthatonehastopay,weconvertthetaxableincomeinto
KenyapoundsK£perannum orpermonthasdictatedbythebythetableofratesgiven.

Relief

 Everyemployeeinkenyaisentitledtoanautomaticpersonaltaxreliefofsh.12672p.a
(sh.1056permonth)

 Anemployeewithalifeinsurancepolicyonhislife,thatofhiswifeorchild,maymakea
taxclaim onthepremiumspaidtowardsthepolicyatsh.3perpoundsubjecttoa
maximum claim ofsh.3000permonth.

Example

Mr.JohnearnsatotalofK£12300p.a.Calculatehowmuchtaxheshouldpayperannum.Using
thetaxtablebelow.

IncometaxK£perannum Rate (sh per
pound)

1-5808 2

5809-11280 3

11289-16752 4

16753-22224 5

Excessover22224 6

Solution

Hissalaryliesbetween£1and£12300.Thehighesttaxbandisthereforethethirdband.

Forthefirst£5808,taxdueissh5808x2=sh11616

Forthenext£5472,taxdueissh5472x2=sh16416

Remaining£1020,taxduesh.1020x4 =sh4080+

Totaltaxdue sh32112
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Lesspersonalreliefofsh.1056x12 = sh.12672-

Sh19440

Thereforepayablep.aissh.19400.

Example

Mr.Ogembo earnsabasicsalaryofsh 15000 permonth.in addition hegetsamedical
allowanceofsh2400andahouseallowanceofsh12000.Usethetaxtableabovetocalculate
thetaxhepaysperyear.

Solution

Taxableincomepermonth=sh(15000+2400+12000)

=sh.29400

ConvertingtoK£p.a=K£29400x
12

20

=K£17640

Taxdue

First£5808=sh.5808x2=sh.11616

Next£5472=sh.5472x3=sh.16416

Next£5472=sh.5472x4=sh.21888

Remaining£888=sh.888x5=sh4440+

Totaltaxdue sh54360

Lesspersonalrelief sh12672-

Therefore,taxpayablep.a sh41688

PAYE
InKenya,everyemployerisrequiredbythelawtodeductincometaxfrom themonthlyearnings
ofhisemployeeseverymonthandtoremitthemoneytotheincometaxdepartment.This
system iscalledPayAsYouEarn(PAYE).

Housing
Ifanemployeeisprovidedwithahousebytheemployer(eitherfreelyorforanominalrent)then
15%ofhissalaryisaddedtohissalary(lessrentpaid)forpurposeoftaxcalculation.Ifthetax
payerisadirectorandisprovidedwithafreehouse,then15% ofhissalaryisaddedtohis
salarybeforetaxation.
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Example

Mr.Omondiwhoisacivilservantlivesingovernmenthousewhopaysarentofsh500per
month.Ifhissalaryis£9000p.a,calculatehowmuchPAYEheremitsmonthly.

Solution

Basicsalary £9000

Housing£ x9000=£1350
15

100

Lessrentpaid = £300

£1050+

Taxableincome £10050

Taxcharged;

First£5808,thetaxdueissh.5808x2 = sh11616

Remaining£4242,thetaxdueissh4242x3=sh12726+

Sh24342

Lesspersonalrelief Sh12672

Sh11670

PAYE=sh
11670

12

=sh972.50

Example

Mr.OdhiamboisaseniorteacheronamonthlybasicsalaryofKsh.16000.Ontopofhissalary
hegetsahouseallowanceofsh12000,amedicalallowanceofKsh.3060andahardship
allowanceofKsh3060andahardshipallowanceofKsh.4635.Hehasalifeinsurancepolicyfor
whichhepaysKsh.800permonthandclaimsinsurancerelief.

i. UsethetaxtablebelowtocalculatehisPAYE.

Incomein£permonth Rate%

1-484 10

485-940 15

941-1396 20

1397-1852 25
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Excessover1852 30

ii. InadditiontoPAYEEthefollowingdeductionsaremadeonhispayeverymonth

a)WCPSat2%ofbasicsalary

b)HHIFksh.400

c) Co–operativesharesandloanrecoveryKsh4800.

Solution

a)Taxableincome=Ksh(16000+12000+3060+4635)

=ksh35695

ConvertingtoK£ =
K£35695

20

=K£1784.75

Taxchargedis:

First£484=£484x =£48.40
10

100

Next£456=£456x =£68.40
15

100

Next£456=£456x =£91.20
10

100

Remaining£388=£388x =£97.00.
25

100

Totaltaxdue=£305.00

=sh6100

Insurancerelief=sh x3=sh120
800

20

Personalrelief =sh1056+

Totalrelief sh1176

Taxpayablepermonthissh6100

Sh1176–

Sh 4924
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Therefore,PAYEissh4924.

Note;
ForthecalculationofPAYE,taxableincomeisroundeddownortruncatedtothenearestwhole
number.

Ifanemployee’sduetaxislessthanthereliefallocated,thenthatemployeeisexemptedfrom
PAYEE

b)Totaldeductionsare

Sh( x16000+400+4800+800+4924)=sh11244
2

100

Netpay=sh(35695–11244)

=sh24451

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. AbusinesswomanopenedanaccountbydepositingKshs.12,000inabankon1stJuly
1995.Eachsubsequentyear,shedepositedthesameamounton1stJuly.Thebank
offeredher9%perannum compoundinterest.Calculatethetotalamountinheraccount
on

(a) 30thJune1996

(b) 30thJune1997

2. Aconstructioncompanyrequirestotransport144tonnesofstonestositesAand

B.ThecompanypaysKshs24,000totransport48tonnesofstoneforevery28

km.Kimanitransported96tonnestoasiteA,49km away.

(a) Findhowmuchhepaid

(b) KimanispendsKshs3,000totransportevery8tonnesofstonestosite.

Calculatehistotalprofit.

(c) AchiengtransportedtheremainingstonestositesB,84km away.Ifshemade
44%profit,findhertransportcost.
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3. Thetableshowsincometaxrates

Monthlytaxablepay RateoftaxKshsin1K£

1–435

436–870

871-1305

1306–1740

ExcessOver1740

2

3

4

5

6

AcompanyemployeeearnamonthlybasicsalaryofKshs30,000andisalsogiven
taxableallowancesamountingtoKshs10,480.

(a) Calculatethetotalincometax

(b) TheemployeeisentitledtoapersonaltaxreliefofKshs800permonth.

Determinethenettax.

(c) Iftheemployeereceiveda50%increaseinhistotalincome,calculatethe

correspondingpercentageincreaseontheincometax.

4. Ahouseistobesoldeitheroncashbasisorthroughaloan.ThecashpriceisKshs.750,
000.Theloanconditionsareaasfollows:thereistobedownpayment

of10%ofthecashpriceandtherestofthemoneyistobepaidthroughaloan

at10%perannum compoundinterest.

Acustomerdecidedtobuythehousethroughaloan.

a) (i) Calculatetheamountofmoneyloanedtothecustomer.

(ii) Thecustomerpaidtheloanin3year’s.Calculatethetotalamount

paidforthehouse.

b) Findhowlongthecustomerwouldhavetakentofullypayforthehouse

ifshepaidatotalofKshs891,750.

5. AbusinessmanobtainedaloanofKshs.450,000from abanktobuyamatatuvaluedat
thesameamount.Thebankchargesinterestat24%perannum compoundquarterly

a) Calculatethetotalamountofmoneythebusinessmanpaidtocleartheloanin1
½years.

b) Theaverageincomerealizedfrom thematatuperdaywasKshs.1500.The
matatuworkedfor3yearsatanaverageof280daysyear.Calculatethetotal
incomefrom thematatu.
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c) Duringthethreeyears,thevalueofthematatudepreciatedattherateof16%per
annum.Ifthebusinessmansoldthematatuatitsnewvalue,calculatethetotal
profitherealizedbytheendofthreeyears.

6. Abankeitherpayssimpleinterestas5%p.aorcompoundinterest5%p.aondeposits.
NekesadepositedKshsPinthebankfortwoyearsonsimpleinterestterms.Ifshehad
depositedthesameamountfortwoyearsoncompoundinterestterms,shewouldhave
earnedKshs210more.

CalculatewithoutusingMathematicsTables,thevaluesofP

7. (a) Acertainsum ofmoneyisdepositedinabankthatpayssimpleinterestat

acertainrate.After5yearsthetotalamountofmoneyinanaccountisKshs358
400.Theinterestearnedeachyearis12800

Calculate

(i) Theamountofmoneywhichwasdeposited (2mks)
(ii) Theannualrateofinterestthatthebankpaid (2mks)

(b) AcomputerwhosemarkedpriceisKshs40,000issoldatKshs56,000onhire
purchaseterms.

(i) Kiokoboughtthecomputeronhirepurchaseterm.Hepaidadepositof25%of
thehirepurchasepriceandclearedthebalancebyequalmonthlyinstallmentsof
Kshs2625.Calculatethenumberofinstallments (3mks)

(ii) HadKiokoboughtthecomputeroncashtermshewouldhavebeenalloweda
discountof12½ %onmarkedprice.Calculatethedifferencebetweenthecash
priceandthehirepurchasepriceandexpressasapercentageofthecashprice

(iii) Calculatethedifferencebetweenthecashpriceandhirepurchasepriceand
expressitasapercentageofthecashprice.

8. Thetablebelowisapartoftaxtableformonthlyincomefortheyear2004

Monthlytaxableincome

In(Kshs)

Taxratepercentage

(%)ineachshillings

UnderKshs9681 10%

From Kshs9681butunder18801 15%

From Kshs18801but27921 20%

Inthetaxyear2004,thetaxofKerubo’smonthlyincomewasKshs1916.

CalculateKerubo’smonthlyincome

9. ThecashpriceofaT.VsetisKshs13,800.Acustomeroptstobuythesetonhire
purchasetermsbypayingadepositofKshs2280.
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Ifsimpleinterestof20p.aischargedonthebalanceandthecustomerisrequiredto
repayby24equalmonthlyinstallments.Calculatetheamountofeachinstallment.

10. AplotoflandvaluedatKsh.50,000atthestartof1994.

Thereafter,everyyear,itappreciatedby10%ofitspreviousyearsvaluefind:

(a) Thevalueofthelandatthestartof1995

(b) Thevalueofthelandattheendof1997

11. ThetablebelowshowsKenyataxratesinacertainyear.

IncomeK£perannum TaxratesKshsperK£

1-4512 2

4513-9024 3

9025-13536 4

13537-18048 5

18049-22560 6

Over22560 6.5

InthatyearMuhandoearnedasalaryofKsh.16510permonth.Hewasentitledtoa
monthlytaxreliefofKsh.960

Calculate

(a) MuhandoannualsalaryinK£

(b) (i) ThemonthlytaxpaidbyMuhandoinKsh

14. AtailorintendstobuyasewingmachinewhichcostsKsh48,000.Heborrowsthemoney
from abank.Theloanhastoberepaidattheendofthesecondyear.Thebankcharges
aninterestattherateof24% perannum compoundedhalfyearly.Calculatethetotal
amountpayabletothebank.

15. Theaveragerateofdepreciationinvalueofawaterpumpis9%perannum.Afterthree
completeyearsitsvaluewasKsh150,700.Finditsvalueatthestartofthethreeyear
period.

15.AwaterpumpcostsKsh21600whennew,attheendofthefirstyearitsvalue
depreciatesby25%.Thedepreciationattheendofthesecondyearis20% and
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thereaftertherateofdepreciationis15% yearly.Calculatetheexactvalueofthe
waterpumpattheendofthefourthyear.

CHAPTERFOURTYSEVEN

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
(a)Calculatelengthofanarcandachord;

(b)Calculatelengthsoftangentsandintersectingchords;

(c)Stateandusepropertiesofchordsandtangents;

(d)Constructtangenttoacircle,

(e)Constructdirectandtransversecommontangentstotwocircles;

(f)Relateanglesinalternatesegment;

(g)Constructcircumscribed,inscribedandescribedcircles;

(h)Locatecentroidandorthocentreofatriangle;

(i)Applyknowledgeofcircles,tangentsandchordstoreallifesituations.

Content
(a)Arcs,chordsandtangents

(b)Lengthsoftangentsandintersectingchords

(c)Propertiesofchordsandtangents

(d)Constructionoftangentstoacircle

(e)Directandtransversecommontangentstotwocircles

(f)Anglesinalternatesegment

(g)Circumscribed,inscribedandescribedcircles

CIRCLES,CHORDSANDTANGENTS
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(h)Centroidandorthocentre

(i)Applicationofknowledgeoftangentsandchordstoreallifesituations.

LengthofanArc

TheArclengthmarkedredisgivenby;

x2πr.
θ

360

Example

Findthelengthofanarcsubtendedbyanangleof atthecentreofthecircleofradius14250
0

cm.

Solution

Lengthofanarc= x2πr
θ

360

= x2x x14=61.11cm
250

360

22

7

Example

Thelengthofanarcofacircleis11.0cm.Findtheradiusofthecircleifanarcsubtended an
angleof atthecentre.90

0

Solution

Arclength= x2πrbutθ=9
θ

360
0
0

Therefore11= x2x xr
90

360

22

7

r=7.0cm
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Example

Findtheanglesubtendedatthecentreofacirclebyanarcof20cm,ifthecircumferenceofthe
circleis60cm.

Solution

= x2πr=20
θ

360

But2πr=60cm=60cm

ore, x60=20
θ

360

θ=20x
360

60

θ=120
0

Chords

Chordofacircle:Alinesegmentwhichjoinstwopointsonacircle.Diameter:achordwhich
passesthroughthecenterofthecircle.Radius:thedistancefrom thecenterofthecircletothe
circumferenceofthecircle

Perpendicularbisectorofacode
A perpendiculardrawn from the centre of the circle to a chord bisects the chord.

Note;
 Perperndiculardrawnfrom thecentreofthecircletochord bisectsthecord(dividesit

intotwoequalparts)
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 Astraightlinejoiningthecentreofacircletothemidpointofachordisperpendicularto
thechord.

TheradiusofacirclecentreOis13cm.Findtheperpendiculardistancefrom Otothechord,if
ABis24cm.

Solution
OCbisectschordABatC
Therefore,AC=12cm
In∆AOC,O = -C

2
AO

2
AC

2

= - =2513
2
12

2

Therefore
,OM = =5cm25

Parallelchords

Anychordpassingthroughthemidpointsofallparallelchordsofacircleisadiameter

Example

InthefigurebelowCDandABareparallelchordsofacircleand2cm apart.IfCD=8cm and
AB=10cm,findtheradiusofthecircle
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Solution

 Drawtheperpendicularbisectorofthechordstocutthem atKandL.

 JoinODandOC

 IntriangleODL,

 DL=4cm andKC=5cm

 LetOK=Xcm

 Therefore(x+ )+ =2
2

4
2

r
2

IntriangleOCK;

 + =x
2

5
2

r
2

 Therefore(x+ )+ = +2
2

4
2

x
2

5
2

 +4x+20)+ = +x
2

4
2

x
2

5
2

 4x+20=25x+20=25



 X= 1 11/4
1

4

Usingtheequation + =x
2

5
2

r
2

=( +r
2 5

4
)
2

5
2

= +25
25

16

=
425

16

r= =5.154cm
425

16
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Intersectingchords

Ingeneral = orDE×EC=EB×AE
DE

AE

EB

EC
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Example
IntheexampleaboveABandCDaretwochordsthatintersectinacircleatGiventhatAE=4cm,
CE=5cm andDE=3cm,findAB.

Solution
LetEB=xcm
4×x=5×3

4x=15
x=3.75cm

SinceAB=AE+EB
AB=4+3.75

=7.75cm

Equalchords.
 Anglessubtendedatthecentreofacirclebyequalchordsareequals
 Ifchordsareequaltheyareequidistantfrom thecentreofthecircle

Secant

Achordthatisproducedoutsideacircleiscalledasecant

= ORBC×CA=CD×EC
BC

EC

CD

CA

Example
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FindthevalueofATinthefigurebelow.AR=4cm,RD=5cm andTC=9cm.

Solution

ACxAT=AOxAR

(x+9)x=(5+4)4

+9x=36x
2

+9x-36=0x
2

(x+12)(x-3)=0

Therefore,x=-12orx=3

xcanonlybeapositivenumbernotnegativehencex=3cm

Tangentandsecant
Tangent

Alinewhichtouchesacircleatexactlyonepointiscalledatangentlineandthepointwhereit
touchesthecircleiscalledthepointofcontact

Secant

Alinewhichintersectsthecircleintwodistinctpointsiscalledasecantline(usuallyreferredto
asasecant).Thefiguresbelow AshowsasecantwhileBshowsatangent.

A B

Constructionofatangent

 DrawacircleofanyradiusandcentreO.
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 JoinOtoanypointPonthecircumference

 ProduceOPtoapointPoutsidethecircle

 ConstructaperpendicularlineSPthroughpointP

 ThelineisatangenttothecircleatPasshownbelow.

Note;
 Theradiusandtangentareperpendicularatthepointofcontact.

 Throughanypointonacircle,onlyonetangentcanbedrawn

 Aperpendiculartoatangentatthepointofcontactpassesthoughtthecentreofthe
circle.

Example

Inthefigurebelow PT=15cm andPO=17cm,calculatethelengthofPQ.

Solution

= -OT
2

OP
2
PT

2

= -17
2
15

2

=64

OT=8cm
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Propertiesoftangentstoacirclefrom anexternalpoint
Iftwotangentsaredrawntoacirclefrom anexternalpoint

 Theyareequal

 Theysubtendequalanglesatthecentre

 Thelinejoiningthecentreofthecircletotheexternalpointbisectsthe anglebetween
thetangents

s

Example

ThefigurebelowrepresentsacirclecentreOandradius5cm.ThetangentsPTis12cm long.

Find:a.)OP b.)AngleTPT
1

Solution

a.)JoinOtoP

= - (pythagorastheorem)OP
2

OC
2
PC

2

= +OP
2

5
2

12
2
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=25+144

=169

Therefore,OP=13cmcm

b.) =2TPO(PObisect< )TPT
1

TPT
1

<OTP =90
0

∆TPOisarightangledatT

=0.9231cos<TPO=
12

13

Therefore,<TPO=22.62
0

Hence< =22.6 ×2TPT
1

2
0

=45.24
0

Twotangenttoacircle
Direct(exterior)commontangents Transverseorinteriorcommontangents

TangentProblem
Thecommon-tangentproblem isnamedforthesingletangentsegmentthat’stangenttotwo
circles.Yourgoalistofindthelengthofthetangent.Theseproblemsareabitinvolved,butthey
shouldcauseyoulittledifficultyifyouusethestraightforwardthree-stepsolutionmethodthat
follows.

Thefollowingexampleinvolvesacommonexternaltangent(wherethetangentliesonthesame
sideofbothcircles).Youmightalsoseeacommon-tangentproblem thatinvolvesacommon
internaltangent(wherethetangentliesbetweenthecircles).Noworries:Thesolutiontechnique
isthesameforboth.

GiventheradiusofcircleAis4cm andtheradiusofcircleZis14cm andthedistancebetween
thetwocirclesis8cm.

Here’showtosolveit:
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1.)Draw thesegmentconnectingthecentersofthetwocirclesanddraw thetworadiitothe
pointsoftangency(ifthesesegmentshaven’talreadybeendrawnforyou).

DrawlineAZandradiiABandZY.

Thefollowingfigureshowsthisstep.Notethatthegivendistanceof8cm betweenthecirclesis
thedistancebetweentheoutsidesofthecirclesalongthesegmentthatconnectstheircenters.

2.)From thecenterofthesmallercircle,drawasegmentparalleltothecommontangenttillit
hitstheradiusofthelargercircle(ortheextensionoftheradiusinacommon-internal-tangent
problem).

Youendupwitharighttriangleandarectangle;oneoftherectangle’ssidesisthecommon
tangent.Theabovefigureillustratesthisstep.

3.)You now have a righttriangle and a rectangle and can finish the problem with the
PythagoreanTheorem andthesimplefactthatoppositesidesofarectanglearecongruent.
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Thetriangle’shypotenuseismadeupoftheradiusofcircleA,thesegmentbetweenthecircles,
andtheradiusofcircleZ.Theirlengthsaddupto4+8+14=26.Youcanseethatthewidthof
therectangleequalstheradiusofcircleA,whichis4;becauseoppositesidesofarectangleare
congruent,youcanthentellthatoneofthetriangle’slegsistheradiusofcircleZminus4,or14
–4=10.

Younowknowtwosidesofthetriangle,andifyoufindthethirdside,that’llgiveyouthelength
ofthecommontangent.

YougetthethirdsidewiththePythagoreanTheorem:

(Ofcourse,ifyourecognizethattherighttriangleisinthe5:12:13family,youcanmultiply12
by2 to get24 instead ofusing thePythagoreanTheorem.)Becauseoppositesidesofa
rectanglearecongruent,BYisalso24,andyou’redone.

Nowlookbackatthelastfigureandnotewheretherightanglesareandhowtherighttriangle
andtherectanglearesituated;thenmakesureyouheedthefollowingtipandwarning.

Notethelocationofthehypotenuse.Inacommon-tangentproblem,thesegmentconnecting
thecentersofthecirclesisalwaysthehypotenuseofarighttriangle.Thecommontangentis
alwaysthesideofarectangle,notahypotenuse.

Inacommon-tangentproblem,thesegmentconnectingthecentersofthecirclesisneverone
sideofarightangle.Don’tmakethiscommonmistake.

HOW TOconstructacommonexteriortangentlinetotwocircles

Inthislessonyouwilllearnhowtoconstructacommonexteriortangentlinetotwocirclesina
planesuchthatnooneislocatedinsidetheotherusingarulerandacompass.

Problem 1
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Fortwogivencirclesinaplanesuchthatnooneislocatedinsidetheother,toconstructthe
commonexteriortangentlineusingarulerandacompass.

Solution

Wearegiventwocirclesinaplanesuchthatnooneislocatedinsidetheother(Figure1a).

Weneedtoconstructthecommonexteriortangentlinetothecirclesusingaruleranda
compass.

First,letus analyze theproblem andmakeasketch (Figures1a and 1b).LetAB bethe
commontangentlinetothecircleswearesearchingfor.

LetusconnectthetangentpointA ofthefirstcirclewithitscenterP andthetangentpointB
ofthesecondcirclewithitscenterQ (Figure1aand1b).

ThentheradiiPA and QB arebothperpendiculartothetangentline AB (lesson Atangent
linetoacircleisperpendiculartotheradiusdrawntothetangentpointunderthetopicCircles
andtheirproperties).Hence,theradiiPAandQBareparallel.

Figure1a.TotheProblem 1

Figure1b.TothesolutionoftheProblem 1
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Figure1c.Totheconstructionstep3

Next,letusdrawthestraightlinesegmentCQ parallelto AB throughthepointQ tillthe
intersectionwiththeradiusPA atthepointC (Figure1b).ThenthestraightlineCQ isparallel
toAB.Hence,thequadrilateralCABQ isaparallelogram (moreover,itisarectangle)andhas
theoppositesides QB and CA congruent. Thepoint C dividestheradius PA intwo
segmentsofthelength (CA)and - (PC).Itisclearfrom thisanalysisthatthestraightr

2
r
1
r
2

line QC isthetangentlinetothecircleoftheradius - withthecenteratthepoint Pr
1
r
2

(showninredinFigure1b).

Itimpliesthattheprocedureofconstructingthecommonexteriortangentlinetotwocircles
shouldbeasfollows:

1)drawtheauxiliarycircleoftheradius - atthecenterofthelargercircle(showninredr
1
r
2

inFigure1b);

2) constructthetangentlinetothisauxiliarycirclefrom thecenterofthesmallercircle
(showninredin Figure1b).InthiswayyouwillgetthetangentpointC ontheauxiliarycircle
oftheradius - ;r

1
r
2
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3) draw thestraightlinefrom thepoint P tothepoint C andcontinueitinthesame
directiontilltheintersectionwiththelargercircle(showninblueinFigure1b).Theintersection
point A isthetangentpointofthecommontangentlineandthelargercircle. Figure1c
remindsyouhowtoperform thisstep.

4) draw thestraightline QB parallelto PA tilltheintersectionwiththesmallercircle
(showninblueinFigure1b).

TheintersectionpointB isthetangentpointofthecommontangentlineandthesmaller
circle;

5)therequiredcommontangentlineisuniquelydefinedbyitstwopointsA andB.

Notethatalltheseoperations1)-4)canbedoneusingarulerandacompass.Theproblem
issolved.

Problem 2

Findthelengthofthecommonexteriortangentsegmenttotwogivencirclesinaplane,ifthey
havetheradii and andthedistancebetweentheircentersisd.r

1
r
2

Nooneofthetwocirclesislocatedinsidetheother.

Solution

LetususetheFigure1bfrom thesolutiontothepreviousProblem 1.

ThisFigureisrelevanttotheProblem 2.Itiscopiedandreproduced

intheFigure2ontherightforyourconvenience.

figure2

Itisclearfrom thesolutionofthe Problem 1 abovethatthe
common

exteriortangentsegment|AB|iscongruenttotheside |CQ|of
the

quadrilateral(rectangle)CABQ.

From theotherside,thesegmentCQ isthelegoftheright-angled

triangleDELTAPCQ.Thistrianglehasthehypotenuse'smeasuredand
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theotherleg'smeasure - .Therefore,thelengthofthecommonr
1
r
2

exteriortangentsegment|AB|isequalto

|AB|= -(-d
2
r
1
r
2
)
2

Notethatthesolvabilityconditionforthisproblem isd> - .r
1
r
2

Itcoincideswiththeconditionthatnooneofthetwocirclesliesinsidetheother.

Example1

Findthelengthofthecommonexteriortangentsegmenttotwogivencirclesinaplane,iftheir
radiiare6cm and3cm andthedistancebetweentheircenters

is5cm.

Solution
Usetheformula(1)derivedinthesolutionoftheProblem 2.

Accordingtothisformula,thelengthofthecommonexteriortangentsegmenttothetwogiven
circlesisequalto

= =-5
2
(6-3)

2
-5

2
3
2

25-9

=4cm

Answer.

Thelengthofthecommonexteriortangentsegmenttothetwogivencirclesis4cm

Contactofcircles
Twocirclearesaidtotoucheachotheratapointiftheyhaveacommontangentatthatpoint.

PointTisshownbythereddot.
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Internaltangent externallytangent

Note;
 Thecentersofthetwocirclesandtheirpointofcontactlieonastraightline

 Whentwocirclestoucheachotherinternally,thedistancebetweenthecentersisequal
tothedifferenceoftheradiii.e.PQ=TP-TA

 Whentwocirclestoucheachotherexternally,thedistancebetweenthecentersisequal
tothesum oftheradiii.e.OR=TO+TR

.
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AlternateSegmenttheorem
Theanglewhichthechordmakeswiththetangentisequaltotheanglesubtendedbythesame
chordinthealternatesegmentofthecircle.

Anglea=Angleb

Note;

ThebluelinerepresentstheanglewhichthechordCDmakeswiththetangentPQwhichis
equaltotheanglebwhichissubtendedbythechordinthealternatesegmentofthecircle.

Illustrations

 Angles=Anglet

 Anglea=Angeb weusethealternatesegmenttheorm<
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Tangent–secantsegmentlengththeorem
Ifatangentsegmentandsecantsegmentaredrawntoacirclefrom anexternalpoint,thenthe
squareofthelengthofthetangentequalstheproductofthelengthofthesecantwiththe
lengthofitsexternalsegment.

=TW.TX(TV)
2

Example

Inthefigureabove,TW=10cm andXW =4cm.findTV

Solution

=TW.TX(TV)
2

=10×6(tx=tw-xw)(TV)
2

=16

TV=4cm

Circlesandtriangles

Inscribedcircle

 ConstructanytriangleABC.

 Constructthebisectorsofthethreeangles

 ThebisectorswillmeetatpointI

 Constructaperpendicularfrom OtomeetoneofthesidesatM

 WiththecentreIandradiusIM drawacircle

 ThecirclewilltouchthethreesidesofthetriangleABC

 Suchacircleiscalledaninscribedcircleorincircle.

 Thecentreofaninscribedcircleiscalledtheincentre
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Circumscribedcircle

 ConstructanytriangleABC.

 ConstructperpendicularbisectorsofAB,BC,andACtomeetatpointO.

 WithOasthecentreandusingOBasradius,draw acircle

 ThecirclewillpassthroughtheverticesA,B andCasshowninthefigurebelow

Escribedcircle

 ConstructanytriangleABC.

 ExtendlineBAandBC

 Constructtheperpendicularbisectorsofthetwoexternalanglesproduced

 LettheperpendicularbisectorsmeetatO

 WithOasthecentredrawthecirclewhichwilltouchalltheexternalsidesofthe
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triangle

Note;

CentreOiscalledtheex-centre

AOandCOarecalledexternalbisectors.

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Thefigurebelowrepresentsacircleadiameter28cm withasectorsubtendinganangle
of750atthecentre.
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Findtheareaoftheshadedsegmentto4significantfigures

(a)<PST

2. ThefigurebelowrepresentsarectanglePQRSinscribedinacirclecentre0andradius17
cm.PQ=16cm.

Calculate

(a)ThelengthPSoftherectangle
(b)TheanglePOS
(c)Theareaoftheshadedregion

3. Inthefigurebelow,BTisatangenttothecircleatB.AXCTandBXDare

straightlines.AX=6cm,CT=8cm,BX=4.8cm andXD=5cm.

Findthelengthof

(a)XC

(b)BT

4. Thefigurebelow showstwocircleseachofradius7cm,withcentersatXandY.The
circlestoucheachotheratpointQ.
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Giventhat<AXD=<BYC=1200andlinesAB,XQYandDCareparallel,calculatetheareaof:

a) MinorsectorXAQD(Takeπ22/7)

b) Thetrapezium XABY

c) Theshadedregions.

5. Thefigurebelowshowsacircle,centre,Oofradius7cm.TPandTQaretangentstothe
circleatpointsPandQrespectively.OT=25cm.

CalculatethelengthofthechordPQ

6. ThefigurebelowshowsacirclecentreOandapointQwhichisoutsidethecircle

Usingarulerandapairofcompasses,onlylocateapointonthecirclesuchthatangle

O

Q
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OPQ=90o

7. Inthefigurebelow,PQRisanequilateraltriangleofside6cm.ArcsQR,PRandPQarcs
ofcircleswithcentersatP,QandRrespectively.

Calculatetheareaoftheshadedregionto4significantfigures

8. InthefigurebelowABisadiameterofthecircle.ChordPQintersectsABatN.Atangent
tothecircleatBmeetsPQproducedatR.
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GiventhatPN=14cm,NB=4cm andBR=7.5cm,calculatethelengthof:

(a) NR

(b) AN

CHAPTERFOURTYEIGHT

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Defineamatrix;

(b)Statetheorderofamatrix;

(c)Defineasquarematrix;

(d)Determinecompatibilityinadditionandmultiplicationofmatrices;

(e)Addmatrices;

(f)Multiplymatrices;

(g)Identifymatrices;

(h)Finddeterminantofa2x2matrix;

(i)Findtheinverseofa2x2matrix;

MATRICES
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(j)Usematricestosolvesimultaneousequations.

Content
(a)Matrix

(b)Orderofamatrix

(c)Squarematrix

(d)Compatibilityinadditionandmultiplicationofmatrices

(e)Multiplicationofamatrixbyascalar

(f)Matrixmultiplication

(g)Identifymatrix

(h)Determinantofa2x2matrix

(i)Inverseofa2x2matrix

(j)Singularmatrix

(k)Solutionsofsimultaneousequationsintwounknowns.

(i)

Introduction

Amatrixisarectangulararrangementofnumbersinrowsandcolumns.Forinstance,matrixA
belowhastworowsandthreecolumns.Thedimensionsofthismatrixare2x3(read“2by3”).
Thenumbersinamatrixareitsentries.InmatrixA,theentryinthesecondrowandthirdcolumn
is5.

A= [ ]
6 2 -1
-2 0 5

Somematrices(thepluralofmatrix)havespecialnamesbecauseoftheirdimensionsorentries.

Orderofmatrix
Matrixconsistofrowsandcolumns.Rowsarethehorizontalarrangementwhilecolumnsare
theverticalarrangement.
Orderofmatrixisbeingdeterminedbythenumberofrowsandcolumns.Theorderisgivenby
statingthenumberofrowsfollowedbycolumns.

Note;
Ifthenumberofrowsism andthenumberofcolumnsn,thematrixisoforderm×n.

E.g.Ifamatrixhasm rowsandncolumns,itissaidtobeordermn.
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e.g. isamatrixoforder34.

e.g. isamatrixoforder3.

e.g. isa23matrix.

e.g. isa31matrix.

Elementsofmatrix
Theelementofamatrixiseachnumberorletterinthematrix.Eachelementislocatingby
statingitspositionintherowandthecolumn.

Forexample,giventhe3x4matrix

 Theelement1isinthethirdrowandfirstcolumn.
 Theelement6isinthefirstrowandforthcolumn.

Note;
Amatrixinwhichthenumberofrowsisequaltothenumberofcolumnsiscalledasquare
matrix.

Iscalledarowmatrixorrowvector.
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Iscalledacolumnmatrixorcolumnvector.

Isacolumnvectoroforder31.

isarowvectoroforder13.

Twoormorematricesreequaliftheyareofthesameorderandtheircorrespondingelements

areequal.Thus,if = then,a=3,b=4andd=5.[a c
c d] [3 4

1 5]
Additionandsubtractionofmatrices

Matricescanbeaddedorsubtractediftheyareofthesameorder.Thesum oftwoormore
matricesisobtainedbyaddingcorrespondingelements.Subtractionisalsodoneinthesame
way.

Example

ifA= andB= find:[2 5
0 7] [1 3

6 2]
1.)A+B 2.)A–B

Solution

1.)A+B= + = =[2 5
0 7] [1 3

6 2] [2+1 5+3
0+6 7+2] [3 8

6 9]

2.)A-B= + = =[2 5
0 7] [1 3

6 2] [2-1 5-3
0-6 7-2] [1 2

-6 5]

Example

- + =[3 2 1
0 4 5
1 3 2

] [2 4 1
1 2 0
5 9 6

] [8 0 2
1 3 5
2 1 6

] [3-2+8 2-4+0 1-1+2
0-1+1 4-2+3 5-0+5
1-5+2 3-9+1 2-6+6

]
=[9 -2 2

0 5 10
-2 -5 2

]
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Note;
AfterarrangingthematricesyoumustuseBODMAS

+[2 7
4 9] [15

6
]

Thematrixabovecannotbeaddedbecausetheyarenotofthesameorder isoforder2x[2 7
4 9]

2while isoforder3x1[15
6
]

Matrixmultiplication
Tomultiplyamatrixbyanumber,youmultiplyeachelementinthematrixbythenumber.

Example

3[-2 0
4 -7]

solution

= =[-2(3) 0(3)

4(3) -7(3)] [-6 0
12 -21]

Example

-2 +[1 -2
0 3
-4 5

] [-4 5
6 -8
-2 6

]
Solution

+[-2 4
0 -6
8 -10

] [-4 5
6 -8
-2 6

]
=[-6 9
6 -14
6 -4

]
Example

Awomanwantedtobuyonesackofpotatoes,threebunchesofbananasandtwobasketof
onion.Shewenttokikuyumarketandfoundthepricesassh280forthesackofpotatoes,sh50
fora bunch ofbananas and sh 100 fora basketofonions.Atkondelee marketthe
correspondingpricesweresh300,sh48andsh80.

a.)Expressthewoman’srequirementsasarowmatrix

b.)Expressthepricesineachmarketasacolumnmatrix

c.)Usethematricesin(a)and(b)tofindthetotalcostineachmarket
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Solution

a.)Requirementsinmatrixform is(132)

b.)PricematrixforKikuyumarketis[28050
100

]

Pricematrixforkondeleemarket[30048
80

]
c.)TotalcostinshillingsatKikuyuMarketis;

(132) =(1x280+3x50+2x100)=(630)[28050
100

]
TotalcostinshillingsatKondeleeMarketis;

(132) =(1x300+3x48+2x80)=(604)[30048
80

]
Thetworesultscanbecombinedintooneasshownbelow

(132) =(630604)[280 300
50 48
100 80

]
Note;
TheproductoftwomatricesAandBisdefinedprovidedthenumberofcolumnsinAisequalto
thenumberofrowsinB.
IfAisanm xnmatrixandBisannxpmatrix,thentheproductABisanm apmatrix.

AXB=AB
m Xn nXp=m X p

Eachtimearowismultipliedbyacolumn

Example

FindABifA= andB=[-2 3
1 -4
6 0

] [-1 3
-2 4]
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Solution
BecauseAisa3x2matrixandBisa2x2matrix,theproductABisdefinedandisa3x2
matrix.Towritetheelementsinthefirstrow andfirstcolumnofAB,multiplycorresponding
elementsinthefirstrowofAandthefirstcolumnofB.Thenadd.Useasimilarprocedureto
writetheotherentriesoftheproduct.

AB=[-2 3
1 -4
6 0

][-1 3
-2 4]

=[
(-2)(-1)+(3)(-2) (-2)(3)+(3)(4)

(1)(-1)+(-4)(-2) (1)(3)+(-4)(4)

(-6)(-1)+(0)(-2) (6)(3)+(0)(4)
]

=[-4 6
7 -13
-6 18

]

Identitymatrix
Formatrices,theidentitymatrixoraunitmatrixisthematrixthathas1’sonthemaindiagonal
and0’selsewhere.Themaindiagonalistheonerunningfrom toplefttobottom right.Itisalso
calledleadingorprinciplediagonal.Examplesare;

I= I=[1 0
0 1] [1 0 0

0 1 0
0 0 1

]
2X2identitymatrix 3x3identitymatrix

IfAisanynxnmatrixandIisthenxnidentitymatrix,thenIA=AandAI=A.

Determinantmatrix
Thedeterminantofamatrixisthedifferenceoftheproductsoftheelementsonthediagonals.

Examples

ThedeterminantofA,detAor|A|isdefinedasfollows:

(a) Ifn=2,

Example

Findthedeterminant[1 3
2 5]
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Solution

Subtracttheproductofthediagonals

1x5–2x3=5–6=-1

Determinantis-1

Inverseofamatrix
Twomatricesofordernxnareinverseofeachotheriftheirproduct(inbothorders)is

theidentitymatrixofthesameordernxn.TheinverseofAiswrittenasA
-1

Example

ShowthatB= A=[3 -1
-5 2] [2 1

5 3]
Solution

AB=[3 -1
-5 2][

2 1
5 3]

=[2X3+1x-5 2x-1+1+2
5x3+3x-5 5x-1+3x2]

= =I[1 0
0 1]

BA=[3 -1
-5 2][

2 1
5 3]

= =I AB=BA=I.Hence,AistheinverseofB[1 0
0 1]

Note;
Togettheinversematrix

 Findthedeterminantofthematrix.Ifitiszero,thenthereisnoinverse

 Ifitisnonzero,then;

 Interchangetheelementsinthemaindiagonal

 Reversethesignsoftheelementintheotherdiagonals

 Dividethematrixobtainedbythedeterminantofthegivenmatrix

Insummary

TheinverseofthematrixA= is[a b
c d]

= = = providedad-cb≠0A
-1 1

|A|
[d -b
-e a]

1

ad-cb
[d -b
-e a]
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Example

FindtheinverseofA=[3 1
4 2]

Solution

= = =A
-1 1

6-4[
2 -1
-4 3]

1

2[
2 -1
-4 3] [1 -

1

2

-2
3

2
]

Check
YoucanchecktheinversebyshowingthatAA

-1

= And =[3 1
4 2][1 -

1

2

-2
3

2
] [1 0

0 1] [1 -
1

2

-2
3

2
][3 1
4 2] [1 0

0 1]

Solutionsofsimultaneouslinearequationsusingmatrix

Usingmatrixmethodsolvethefollowingpairsofsimultaneousequation

x+2y=44

3x-5y=1

Solution

=(1 2
3 -5)(

x
y) (41)

isthecooeffientsmatrixofthesimulteneouequations(1 2
3 -5)

istheconstantsmatrix(4y)

WeneedtocalculatetheinverseofA=(1 2
3 -5)

= =-A
- 1

-(2)(3)(1)(-5) (-5 -2
-3 1)

1

11(
-5 -2
-3 1)

Hence B=-A
- 1

11(
-5 -2
-3 1)(

4
1)
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1 0 ,

0 1

=- ( )
1

11
-22
11

=(21)
Hencethevalueofx=2andthevalueofy=1isthesolutionofthesimultaneousequation

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1. AandBaretwomatrices.IfA= 1 2 findBgiventhatA2=A+B

4 3

2. GiventhatA=1 3,B=3 1,C=p 0 andAB=BC,determinethevalueofP

5 3 5-1 0 q

3. AmatrixAisgivenbyA=x 0

5 y

a)DetermineA2

b)IfA2= determinethepossiblepairsofvaluesofxandy

4. (a) Findtheinverseofthematrix 9 8

7 6

(b) Inacertainweekabusinessmanbought36bicyclesand32radiosfortotalof
Kshs227280.Inthefollowingweek,hebought28bicyclesand24radiosfora
totalofKshs174960.Usingmatrixmethod,findthepriceofeachbicycleand
eachradiothathebought
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(c) Inthethirdweek,thepriceofeachbicyclewasreducedby10%whilethepriceof
eachradiowasraisedby10%.Thebusinessmanboughtasmanybicyclesandas
manyradiosashehadboughtinthefirsttwoweeks.

Find bymatrixmethod,the totalcostofthe bicycles and radios thatthe
businessmanboughtinthethirdweek.

5. DeterminetheinverseT-1ofthematrix 1 2

1 -1

Hencefindthecoordinatestothepointatwhichthetwolinesx+2y=7andx-y=1

6. GiventhatA= 0 -1 andB= -1 0

3 2 2 -4

Findthevalueofxif

(i) A–2x=2B

(ii) 3x–2A=3B

(iii) 2A–3B=2x

7. Findthenon-zerovalueofkforwhich k+1 2 isaninverse.

4k 2k

8. Aclothesdealersold3shirtsand2trousersforKshs.840and4shirtsand5trousers
forKshs1680.Form amatrixequationtorepresenttheaboveinformation.Hencefind
thecostof1shirtandthecostof1trouser.

CHAPTERFOURTYNINE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:
a)Rewriteagivenformulabychangingitssubject

b)Definedirect,inverse,partialandjointvariations

c)Determineconstantsofproportionality

d)Form andsolveequationsinvolvingvariations

e)Drawgraphstoillustratedirectandinverseproportions

FORMULAEANDVARIATION
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f)Usevariationstosolvereallifeproblems

Content
a.)Changeofthesubjectofaformula

b.)Direct,inverse,partialandjointvariation

c.)Constantsofproportionality

d.)Equationsinvolvingvariations

e.)Graphsofdirectandinverseproportion

f.)Formationofequationsonvariationsbasedonreallife
situations

Formulae
A Formula isan expression orequation thatexpressesthe relationship between certain
quantities.

ForExampleA=π istheformulatofindtheareaofacircleofradiusrunits.r
2

From thisformula,wecanknowtherelationshipbetweentheradiusandtheareaofacircle.The
areaofacirclevariesdirectlyasthesquareofitsradius.Hereπistheconstantofvariation.

Changingthesubjectofaformulae
Terminology
Intheformula

C=πd
Subject:C Rule:multiplyπbydiameter

Thevariableontheleft,isknownasthesubject:Whatyouaretryingtofind.
Theformulaontheright,istherule,thattellsyouhowtocalculatethesubject.
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So,ifyouwanttohaveaformulaorrulethatletsyoucalculated,youneed
tomaked,thesubjectoftheformula.
Thisischangingthesubjectoftheformulafrom Ctod.

Soclearlyinthecaseabovewhere
C=πd

WegetCbymultiplyingπbythediameter
Tocalculated,weneedtodividetheCircumferenceCbyπ

So d= andnowwehavedasthesubjectoftheformula.
C

π

Method:
Aformulaissimplyanequation,thatyoucannotsolve,untilyoureplacetheletterswiththeir
values(numbers).Itisknownasaliteralequation.
Tochangethesubject,applythesamerulesaswehaveappliedtonormalequations.
1.Addthesamevariabletobothsides.
2.Subtractthesamevariablefrom bothsides.
3.Multiplybothsidesbythesamevariable.
4.Dividebothsidesbythesamevariable.
5.Squarebothsides
6.Squarerootbothsides.

Examples:
Maketheletterinbracketsthesubjectoftheformula
x+p=q[x]
(subtractpfrom bothsides)
x=q–p

y−r=s[y]
(addrtobothsides)
y=s+r

P=RS[R]
(dividebothsidesbyS)

S=
P

R

=L [A]
A

B
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(multiplybothsidesbyB)
A=LB

2w+3=y[w]
(subtract3from bothsides)
2w=y−3
(dividebothsidesby2)

W=
y-3

2

P= Q [Q]
1

3
(multiplybothsidesby3−getridoffraction)
3P=Q

T= k[k]
2

5
(multiplybothsidesby5−getridoffraction)
5T=2k
(dividebothsidesby2)

=k Notethat: isthesameas T
5T

2

5T

2

5

2

A= r[r]πr
2

(dividebothsidesbyp)

= (squarerootbothsides) =r
A

π
r
2 A

π

L= h−t[h]
1

2
(multiplybothsidesby2)
2L=h−t
(addttobothsides)
2L+t=h

Example

MakedthesubjectoftheformulaG=
d-x

d-1
Solution
Squaringbothsides

=G
2 d-x

d-1
Multiplybothsidesbyd-1

=d-xG
2(d-1)

ExpandingtheL.H.S
- =d-xdG

2
G
2
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CollectingthetermscontainingdontheL.H.S
-d= -xdG

2
G
2

FactorizingtheL.H.S
-1)= -xd(G

2
G
2

Dividingbothsidesby

-1)(G
2

d=
-xG
2

-1G
2

Variation
Inaformulasomeelementswhichdo notchange(fixed)underanyconditionarecalled
constantswhiletheonesthatchangearecalledvariables.Therearedifferenttypesofvariations.

 DirectVariation,wherebothvariableseitherincreaseordecreasetogether
 InverseorIndirectVariation,wherewhen oneofthevariablesincreases,theotherone

decreases
 JointVariation,wheremorethantwovariablesarerelateddirectly
 Combined Variation,which involves a combination ofdirectorjointvariation,and

indirectvariation

Examples

 Direct:  ThenumberofmoneyImakevariesdirectly(oryoucansayvariesproportionally)
withhowmuchIwork.

 Direct:  Thelengthofthesideasquarevariesdirectlywiththeperimeterofthesquare.
 Inverse: ThenumberofpeopleIinvitetomybowlingpartyvariesinverselywiththe

numberofgamestheymightgettoplay(oryoucansayisproportionaltotheinverseof).
 Inverse: Thetemperatureinmyhousevariesindirectly(sameasinversely)withthe

amountoftimetheairconditioningisrunning.
 Inverse:  MyschoolmarksmayvaryinverselywiththenumberofhoursIwatchTV.

DirectorProportionalVariation

Whentwovariablesarerelateddirectly,theratiooftheirvaluesisalwaysthesame. Soasone
goesup,sodoestheother,andifonegoesdown,sodoestheother. Thinkoflineardirect
variationasa“y=mx”line,wheretheratioofytoxistheslope(m). Withdirectvariation,they-
interceptisalways0(zero);thisishowit’sdefined.

Directvariationproblemsaretypicallywritten:

.y=kx     wherekistheratioofytox(whichisthesameastheslopeorrate)ࡲࡲࡲࡲࡲࡲࡲ→

Someproblemswillaskforthatkvalue(whichiscalledtheconstantofvariationorconstantof
proportionality );otherswilljustgiveyou3outofthe4valuesforxandyandyoucansimplyset
uparatiotofindtheothervalue. 
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Remembertheexampleofmakingksh1000 perweek(y=10x)? Thisisanexampleof direct
variation,since theratioofhow muchyoumaketohow manyhoursyouworkisalways
constant.

DirectVariationWordProblem:

Theamountofmoneyraisedataschoolfundraiserisdirectlyproportionaltothenumberof
peoplewhoattend. Lastyear,theamountofmoneyraisedfor100attendeeswas$2500.  How
muchmoneywillberaisedif1000peopleattendthisyear?

Solution:

Let’sdothisproblem usingboththeFormulaMethodandtheProportionMethod:

Formulamethod Explanation

Proportionalmethod Explanation

DirectSquareVariationWordProblem

Again,aDirectSquareVariationiswhenyisproportionaltothesquareofx,or  . 

Example

Ifyvariesdirectlywiththesquareofx,andify=4whenx=3,whatisywhenx=2?
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Solution:

Let’sdothiswiththeformulamethodandtheproportionmethod:

Formulaemethod notes

Proportionalmethod Notes

Example

Thelength(l)cm ofawirevariesdirectlyasthetemperature c.Thelengthofthewireis5cmT
0

whenthetemperatureis c.Calculatethelengthofthewirewhenthetemperatureis c.65
0

69
0

Solution

lαT

Thereforel=Kt

Substitutingl=5whenT= c.65
0

5=kx65

K= =
5

65

1

13
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Thereforel= T
1

13

Whent=69

L= x69=5 cm
1

13

4

13

Directvariationgraph

InverseorIndirectVariation
Inverse orIndirect Variationisreferstorelationshipsoftwovariablesthatgointheopposite
direction. Let’ssupposedyouarecomparinghowfastyouaredriving(averagespeed)tohow
fastyougettoyourwork.Thefasteryoudrivetheearlieryougettoyourwork. Soasthespeed
increasestimereducesandviceversa.

Sotheformulaforinverseorindirectvariationis:

=yࡲࡲࡲ→   orK=xy wherekisalwaysthesamenumberorconstant.
k

x

(NotethatyoucouldalsohaveanIndirectSquareVariationorInverseSquareVariation,likewe

sawaboveforaDirectVariation. Thiswouldbeoftheform→ࡲࡲࡲy=   ork= y  .)
k

x
2 x

2

InverseVariationWordProblem:
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Sowemighthaveaproblem likethis:

     The value of yvaries inversely with x,and y = 4 when x = 3. Find x

wheny=6.

Theproblem canalsobewrittenasfollows:

      Let =3,  =4,and  =6. Letyvaryinverselyasx. Find .

Solution:

Wecansolvethisproblem inoneoftwoways,asshown. Wedothesemethodswhenweare
givenanythreeofthefourvaluesforxandy.
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ProductRuleMethod:

InverseVariationWordProblem:

Fortheclub,thenumberofticketsMoyocanbuyisinverselyproportionaltothepriceofthe
tickets. Shecanafford15ticketsthatcost$5each. Howmanyticketscanshebuyifeachcost
$3?

Solution:

Let’susetheproductmethod:

.

Example

If16womenworking7hoursdaycanpaintamuralin48days,howmanydayswillittake14
womenworking12hoursadaytopaintthesamemural?

Solution:

Thethreedifferentvaluesareinverselyproportional; forexample,themorewomenyouhave,
thelessdaysittakestopaintthemural,andthemorehoursinadaythewomenpaint,theless
daystheyneedtocompletethemural:
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Joint VariationandCombinedVariation

Jointvariationisjustlikedirectvariation,butinvolvesmorethanoneothervariable. Allthe
variablesaredirectlyproportional,takenoneatatime. Let’sdoajointvariationproblem:

Supposedxvariesjointlywithyandthesquarerootofz. Whenx=–18andy=2,thenz=9. 
Findywhenx=10andz=4.

Combinedvariationinvolvesacombinationofdirectorjointvariation,andindirectvariation.
 Sincetheseequationsarealittlemorecomplicated,youprobablywanttopluginallthe
variables,solvefork,andthensolvebacktogetwhat’smissing. Hereisthetypeofproblem
youmayget:

   (a)  yvariesjointlyasxandwandinverselyasthesquareofz. Findtheequationofvariation
wheny=100,x=2,w=4,andz=20.

   (b)  Thensolveforywhenx=1,w=5,andz=4.

Solution:
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Example

Thevolumeofwoodinatree(V)variesdirectlyastheheight(h)andinverselyasthesquareof
thegirth(g). Ifthevolumeofatreeis144cubicmeters whentheheightis20metersandthe
girthis1.5meters,whatistheheightofatreewithavolumeof1000andgirthof2meters?

Solution:
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Example

Theaveragenumberofphonecallsperdaybetween two citieshasfound to bejointly
proportionaltothepopulationsofthecities,andinverselyproportionaltothesquareofthe
distancebetweenthetwocities. ThepopulationofCharlotteisabout1,500,000andthe
populationofNashvilleisabout1,200,000,andthedistancebetweenthetwocitiesisabout400
miles. Theaveragenumberofcallsbetweenthecitiesisabout200,000. 

(a)  Findthekandwritetheequationofvariation.

(b)  TheaveragenumberofdailyphonecallsbetweenCharlotteandIndianapolis(whichhasa
populationofabout1,700,000)isabout134,000. Findthedistancebetweenthetwocities.

Solution:

Itmaybeeasierifyoutakeitonestepatatime:

Math’s Explanation

Example
AvariesdirectlyasBandinverselyasthesquarerootofC.FindthepercentagechangeinA
whenBisdecreasedby10% andCincreasedby21%.
Solution

A=K ………………………(1)
B

C
AchangeinBandCcausesachangeinA
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=K ……………………….(2)A
1

B
1

C
1

= BB
1

90

100
=0.9B

= CC
1

121

100
=1.21C

Substituting and inequation(2)B
1

C
1

=KA
1

0.9B

1.21C

=
0.9

1.1(KB

C)
= A
9

11

PercentagechangeinA= -100%
AA

1-

A

= -100%

A
9

11

A

=-18 %
2

11

ThereforeAdecreases18 %
2

11

Partialvariation
Thegenerallinearequationy=mx+c,wherem andcareconstants,connectstwovariablesx
andy.insuchcasewesaythatyispartlyconstantandpartlyvariesasx.

Example

Avariableyispartlyconstantandpartlyvariesasifx=2wheny=7andx=4wheny=11,find
theequationconnectingyandx.

Solution

Therequiredequationisy=kx+cwherekandcareconstants

Substitutingx=2,y=7andx=4,y=11intheequationgives;

7=2k+c…………………..(1)

11=4k+c…………………(2)

Subtractingequation1from equation2;
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4=2k

Thereforek=2

Substitutingk=2intheequation1;

C=7–4

C=3

Thereforetheequationrequiredisy=2x+3

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. ThevolumeVcm3ofanobjectisgivenby

V=2πr31–2

3 sc2

Expressinterm ofπr,sandV

2. MakeVthesubjectoftheformula

T=1m (u2–v2)

2

3. Giventhaty=b–bx2makexthesubject

cx2–a

4. Giventhatlogy=log(10n)makenthesubject



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 469

5. AquantityTispartlyconstantandpartlyvariesasthesquarerootofS.

i. Usingconstantsaandb,writedownanequationconnectingTandS.
ii. IfS=16,whenT=24andS=36when T=32,find thevaluesof

theconstantsaandb,
6. AquantityPispartlyconstantandpartlyvariesinverselyasaquantityq,giventhatp=

10whenq=1.5andp=20,whenq=1.25,findthevalueofpwhenq=0.5

7. Makeythesubjectoftheformulap=xy

x-y

8. MakePthesubjectoftheformula

P2=(P–q)(P-r)

9. Thedensityofasolidsphericalballvariesdirectlyasitsmassandinverselyasthecube
ofitsradius

Whenthemassoftheballis500gandtheradiusis5cm,itsdensityis2gpercm3

Calculatetheradiusofasolidsphericalballofmass540densityof10gpercm3

10. Makesthesubjectoftheformula

√P=r 1–as2

11. Thequantitiest,xandyaresuchthattvariesdirectlyasxandinverselyasthe square
rootofy.Findthepercentageintifxdecreasesby4%whenyincreasesby44%

12. Giventhatyisinverselyproportionaltoxnandkastheconstantofproportionality;

(a) (i) Writedownaformulaconnectingy,x,nandk

(ii) Ifx=2wheny=12andx=4wheny=3,writedowntwoexpressionsfor
kintermsofn.

Hence,findthevalueofnandk.

(b) Usingthevalueofnobtainedin(a)(ii)above,findywhenx=51/3

13. Theelectricalresistance,Rohmsofawireofagivenlengthisinverselyproportionalto
thesquareofthediameterofthewire,dmm.IfR=2.0ohmswhend=3mm.Findthe
valeRwhend=4mm.

14. ThevolumeVcm3ofasoliddependspartlyonrandpartlyonrwherercm isoneofthe
dimensionsofthesolid.

Whenr=1,thevolumeis54.6cm3andwhenr=2,thevolumeis226.8cm3

(a)FindanexpressionforVintermsofr

(b)Calculatethevolumeofthesolidwhenr=4
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(c)Findthevalueofrforwhichthetwopartsofthevolumeareequal

15. Themassofacertainmetalrodvariesjointlyasitslengthandthesquareofitsradius.A
rod40cm longandradius5cm hasamassof6kg.Findthemassofasimilarrodof
length25cm andradius8cm.

16. Makexthesubjectoftheformula

P= xy

z+x

17. Thechargecshillingsperpersonforacertainserviceispartlyfixedandpartlyinversely
proportionaltothetotalnumberNofpeople.

(a) WriteanexpressionforcintermsonN

(b) When100peopleattendedthechargeisKshs8700perpersonwhilefor35
peoplethechargeisKshs10000perperson.

(c) Ifapersonhadpaidthefullamountchargeisrefunded.Agroupofpeoplepaid
buttenpercentoforganizerremainedwithKshs574000.

Findthenumberofpeople.

18. TwovariablesAandBaresuchthatAvariespartlyasBandpartlyasthesquarerootof
BgiventhatA=30,whenB=9andA=16whenB=14,findAwhenB=36.

19. Makepthesubjectoftheformula

A= -EP

√P2+N
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CHAPTERFIFTY

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Identifysimplenumberpatterns;

(b)Defineasequence;

(c)Identifythepatternforagivensetofnumbersanddeducethegeneralrule;

(d)Determineaterm inasequence;

(e)Recognizearithmeticandgeometricsequences;

(f)Defineaseries;

(g)Recognizearithmeticandgeometricseries(Progression);

(h) Derive the formula for partial sum of an arithmetic and geometric
series(Progression);

(i)ApplyA.PandG.Ptosolveproblemsinreallifesituations.

Content
(a)Simplenumberpatterns

(b)Sequences

(c)Arithmeticsequence

(d)Geometricsequence

(e)Determiningaterm inasequence

(f)Arithmeticprogression(A.P)

(g)Geometricprogression(G.P)

(h)Sum ofanA.P

(i)Sum ofaG.P(excludesum toinfinity)

(j)ApplicationofA.PandG.Ptoreallifesituations.

Introduction
SequencesandSeriesarebasicallyjustnumbersorexpressionsinarowthatmakeupsome

sortofapattern;forexample, Monday,Tuesday,Wenesday,…,Friadayisasequencethat
representsthedaysoftheweek.  Eachofthesenumbersorexpressionsarecalledtermsor
elementsofthesequence.

SEQUENCEANDSERIES
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Sequencesarethelistoftheseitems,separatedbycommas,andseriesarethesum ofthe
termsofasequence.

Example

Sequence Nexttwoterms

1,8,27,-,- Everyterm iscubed.Thenexttwotermsare =64, =1254
3

5
3

3,7,11,15-,-, everyterm is4morethanthepreviousone.Togetthenextterm add4

15+4=19,19+4=23

, ,,-,- Onthenumerator,thenextterm is1morethanthepreviousone,and
1

2

2

4

3

8
the denominator,thenextterm ismultipliedby2thenexttwoterms

are ,
4

16

5

32

Example

Forthe term ofasequenceisgivenby2n+3,Findthefirst,fifth,twelfthtermsn
th

Solution

Firstterm,n=1substituting(2x1+3=5)

Fifthterm,n=5substituting(2x5+3=13)

Twelfthterm,n=12substituting(2x12+3=27)

Arithmeticandgeometricsequence
Arithmeticsequence.
Anysequenceofanumberwithcommondifferenceiscalledarithmeticsequence

Todecidewhetherasequenceisarithmetic,findthedifferencesofconsecutiveterms.Ifeach
differencesarenotconstant,theitisarithmeticsequence

Ruleforanarithmeticsequence

Thenthterm ofanarithmeticsequencewithfirstterm andcommondifferencedisgivenby:a
1

= +(n-1)dan a
1
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Example Illustrations

Example

Writearuleforthenthterm ofthesequence50,44,38,32,....Thenfind .a
20

Solution

Thesequenceisarithmeticwithfirstterm =50andcommondifferencea
1

d=44-50=-6.So,aruleforthenthterm is:

= +(n-1)d Writegeneralrule.an a
1

=50+(n-1)(-6)Substitutefora1andd.
=56-6n Simplify.
The20thterm is =56-6(20)=-64.a

1

Example
The20thterm ofarithmeticsequenceis60andthe16thterm is20.Findthefirstterm andthe
commondifference.
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Solution
a+ d=60(20-1)

a+19d=60…………..(1)
a+ d=20(16-1)

a+ d=20…………..(2)(15)
(1)–(2)gives

4d=40
d=10

buta+15d=20

Thereforea+15x10=20
a+150=20
a=-130

Hence,thefirstterm is–130andthecommondifferenceis10.

Example

Findthenumberoftermsinthesequence–3,0,3…54

Solution

Thenthterm isa+(n–1)d

a=-30,d=3
nthterm =54
therefore-3+(n–1)=54
3(n–1)=57

n-1=19
n=20

Arithmeticseries/ArithmeticprogressionA.P
Thesum ofthetermsofasequenceiscalledaseries.Ifthetermsofsequenceare1,2,3,4,5,
whenwrittenwithadditionsignwegetarithmeticseries

1+2+3+4+5

Thegeneralformulaeforfindingthesum ofthetermsis

=sn
n

2
[2a+ d(n-1)]

Note;
Ifthfirstterm (a)andthelastterm laregiven,then

=sn
n

2
[a+l]

Example

Thesum ofthefirsteighttermsofanarithmeticProgressionis220.Ifthethirdterm is17,find
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thesum ofthefirstsixterms

Solution

=s
8

8

2
[2a+ d(8-1)]

=4(2a+7d)

So,8a+28d=220…………………….1

Thethirdterm isa+(3–1)d=a+2d=17…………….2

Solving1and2simultaneously;

8a+28d=220…………1

8a+16d=136…………2

12d=84

d=7

Substitutingd=7inequation2givesa=3

Therefore,

=s
6

6

2
[2a+ 7(6-1)]

=3(6x35)

=3x41

=123

Geometricsequence
Itisasequencewithacommonratio.Theratioofanyterm tothepreviousterm mustbe
constant.

RuleforGeometricsequenceis;

Thenthterm ofageometricsequencewithfirstterm a1andcommonratiorisgivenby:
=an a

1

n-1

Example

Giventhegeometricsequence4,12,36……findthe4th,5th andthenthterms

Solution

Thefirstterm ,a=4

Thecommonratio,r=3
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Thereforethe4thterm =4x3
4-1

=4x3
3

=108

The5thterm =5x3
4-1

=5x3
3

=324

The term =4xn
th

3
n-1

Example

The4thterm ofgeometricsequenceis16.Ifthefirstterm is2,find;

 Thecommonration

 Theseventhterm

Solution

Thecommonratio

Thefirstterm,a=2

The4thterm is2x =16r
4-1

Thus,2 =16r
3

=8 (dividedbothsidesby2)r
3

r=2(makerthesubjetbydividingbothsidesby2)

Thecommonratiois2

Theseventhterm = =2x =128ar
6

2
6

Geometricseries
Theseriesobtainedbytheaddingthetermsofgeometricsequenceiscalledgeometricseries
orgeometricprogressionG.P

Thesum ofthefirstntermsofageometricserieswithcommonratior>1is:Sn
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=Sn
a(-1)r

n

r-1

Thesum ofthefirstntermsofageometricserieswithcommonratior<1is:Sn

=Sn
a(1- )r

n

1-r

Example

Findthesum ofthefirst9termsofG.P.8+24+72+…

Solution

a=8,r= =3
24

8

=Sn
a(-1)3

9

3-1

=
8(19683-1)

2

=78728

Example

Thesum ofthefirstthreetermsofageometricseriesis26.Ifthecommonratiois3,findthe
sum ofthefirstsixterms.

Solution

=26,r=3n=3s
3

26=
a(-1)3

3

3-1

=
a(27-1)

2

a = =2
26x2

26

=S
6

2(-1)3
6

2

= =728
(2x728)

2

Endoftopic
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Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Thefirst,thethirdandtheseventhtermsofanincreasingarithmeticprogressionare
threeconsecutivetermsofageometricprogression.Inthefirstterm ofthearithmetic
progressionis10findthecommondifferenceofthearithmeticprogression?

2. KubaisavedKsh2,000duringthefirstyearofemployment.Ineachsubsequentyear,he
saved15%morethantheprecedingyearuntilheretired.

(a)Howmuchdidhesaveinthesecondyear?

(b)Howmuchdidhesaveinthethirdyear?

(c)Findthecommonratiobetweenthesavingsintwoconsecutiveyears

(d)Howmanyyearsdidhetaketosavethesavingsasum ofKsh58,000?
(e)Howmuchhadhesavedafter20yearsofservice?

3. Ingeometricprogression,thefirstterm isaandthecommonratioisr.Thesum ofthe
firsttwotermsis12andthethirdterm is16.

(a)Determinetheratioar2

a+ar

(b)Ifthefirstterm islargerthanthesecondterm,findthevalueofr.

4. (a) Thefirstterm ofanarithmeticprogressionis4andthelastterm is20.The

Sum oftheterm is252.Calculatethenumberoftermsand thecommon
differencesofthearithmeticprogression

(b) AnExperimentalculturehasaninitialpopulationof50bacteria.Thepopulation
increasedby80% every20minutes.Determinethetimeitwilltaketohavea
populationof1.2millionbacteria.

5. Eachmonth,for40months,Aminadepositedsomemoneyinasavingscheme.Inthe
firstmonthshedepositedKshs500.ThereaftersheincreasedherdepositsbyKshs.50
everymonth.
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Calculatethe:

a) LastamountdepositedbyAmina

b) TotalamountAminahadsavedinthe40months.

6. Acarpenterwishestomakealadderwith15cross-pieces.Thecross-piecesareto
diminishuniformlyinlengthfrom 67cm atthebottom to32cm atthetop.

Calculatethelengthincm,oftheseventhcross-piecefrom thebottom

7. Thesecondandfifthtermsofageometricprogressionare16and2respectively.
Determinethecommonratioandthefirstterm.

8. Theeleventhterm ofanarithmeticprogressionisfourtimesitssecondterm.Thesum
ofthefirstseventermsofthesameprogressionis175

(a) Findthefirstterm andcommondifferenceoftheprogression

(b) Giventhatpthterm oftheprogressionisgreaterthan124,findtheleast

valueofP

9. Thenthterm ofsequenceisgivenby2n+3ofthesequence

(a) Writedownthefirstfourtermsofthesequence

(b) Findsnthesum ofthefiftyterm ofthesequence

(c) Showthatthesum ofthefirstntermsofthesequenceisgivenby

Sn=n2+4n

HenceorotherwisefindthelargestintegralvalueofnsuchthatSn<725
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CHAPTERFIFTYONE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Expandbinomialexpressionsuptothepoweroffourbymultiplication;

(b)Buildingup-Pascal'sTriangleuptotheeleventhrow;

(c)UsePascal'striangletodeterminethecoefficientoftermsinabinomialexpansions
uptothepowerof10;

(d)Applybinomialexpansioninnumericalcases.

Content
(a)Binomialexpansionuptopowerfour

(b)Pascal'striangle

(c)Coefficientoftermsinbinomialexpansion

(d)Computationusingbinomialexpansion

(e)Evaluationofnumericalcasesusingbinomialexpansion.

Abinomialisanexpressionoftwoterms

Examples

BINOMIALEXPANSION
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(a+y),a+3,2a+b

Iteasytoexpandexpressionswithlowerpowerbutwhenthepowerbecomeslarger,the
expansionormultiplicationbecomestedious.Wethereforeusepascaltriangletoexpandthe
expressionwithoutmultiplication.

WecanusePascaltriangletoobtaincoefficientsofexpansionsoftheform(a+b)
n

Pascaltriangle

1 (a+b =1a+b)̂0=1)
0

1 1 (a+b =1a+1b)
1

1 2 1 (a+b =1 +2ab+)
2

a
2

b
2

1 3 3 1 (a+b =1 +3 b+3a +1)
3

a
3

a
2

b
2

b
3

1 4 6 4 1 (a+b =1 +4 b+6 +4a +1)
4

a
4

a
3

a
2
b
2

b
3

b
4

Note;
 Eachrowstartswith1

 Eachofthenumbersinthenextrow isobtainedbyaddingthetwonumbersoneither
sideofitintheprecedingrow

 Thepoweroffirstterm (a)decreasesasyoumovetorightwhilethepowersofthe
secondterm (b)increasesasyoumovetotheright

Example

Expand(p+q)
5

Solution

Thetermswithoutcoefficientsare;

q, , p,pp
5 4

p
3
q
2
p
2
q
3
q
4
q
5

From Pascaltriangle,thecoefficientswhenn=5are;1 5 10 10 5 1

Therefore(p+ =q)
5

q+10 + +5p ++5pp
5 4

p
3
q
2

10q
2
q
3

q
4

q
5

Example

Expand(x-y)
7

Solution

(x =(x-(-y)
7

-y)
7

Thetermswithoutthecoefficientare;

(- x(-x
7
x
6
(-y)x

5
(-y)

2
x
4
(-y)

3
x
3
(-y)

4
x
2

y)
5

y)
6
y
7

From Pascaltriangle,thecoefficientswhenn=7are;
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172135352171

Therefore(x =-y)
7

-7 y+21 -35 +35 -21 +7x -x
7

x
6

x
5
y
2

x
4
y
3

x
3
y
4

x
2
y
5

y
6

y
7

Note;
Whendealingwithnegativesigns,thesignsalternatewiththepositivesignbutfirststartwith
thenegativesign.

ApplicationstoNumericcases
Usebinomialexpansiontoevaluate(1.02 to4S.F)

6

Solution

(1.02)=(1+0.02)

Therefore(1.02 =(1+0.02)
6

)
6

Thetermswithoutcoefficientsare

( ( ( ( ( (1
6
1
5
0.02)

1
1
4
0.02)

2
1
3
0.02)

3
1
2
0.02)

4
1
1
0.02)

5
0.02)

7

From Pascaltriangle,thecoefficientswhenn=6are;

16 15 20 156 1

Therefore;

(1.02 =)
6

1+6(0.02)+ 15( +20( +15( +6( +(0.02)
2

0.02)
3

0.02)
4

0.02)
5

0.02)
6

=1+0.12+0.0060+0.00016+0.0000024+0.0000000192+0.000000000064

=1.1261624

=1.126(4S.F)

Note;
Togettheanswerjustconsideradditionofuptothe4thterm oftheexpansion.Theotherterms
aretoosmalltoaffecttheanswer.

Example

Expand(1+ uptotheterm .Usetheexpansiontoestimate(0.98 correctto3decimalx)
9

x
3

)
9

places.

Solution

(1+x)
9

Thetermswithoutthecoefficientare;

( (x1
9
1
8
(x)1

7
x
2
1
6
x)

3
1
5
)
4

From Pascaltriangle,thecoefficientswhenn=9are;
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1 9 36 84 126 126 84 36 9 1

Therefore(1+ =1+9x+36 +84 ………………..x)
9

x
2

x
3

(0.98 =1+9x +36+(-0.0 +84(-0.02)
8 (-0.02) 2)

2
)
3

=1–0.18+0.0144–0.000672

=0.833728

=0.834(3D.P)

Example

Expand( uptothetermin inascendingpowersofhencefindthevalueof(1+)
1

2

10

x
3

0.005)
10

correcttofourdecimalplaces.

Solution

=1+10 +45 +120(x
1

2) (x
1

2)
2

(x
1

2)
3

=1+10× x+45× +120×
1

2

1

4
x
2 1

8
x
3

=1+5x+ +15
45

4
x
2

x
3

=(1.005)10 (1+0.005)10

Here x=0.005
1

2

x=0.0100.010

itutingforx=0.01intheexpansion

=1+5×0.01+ × +15(1+12(0.01))
10

45

4
(0.01)2 (0.01)3

=1+0.05+0.001125+0.000015

=1.051140

=1.0511(4decimalplaces)

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
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beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. (a) Writedownthesimplestexpansion(1+x)6

(b) Usetheexpansionuptothefourthterm tofindthevalueof(1.03)6tothenearest
onethousandth.

2. Usebinomialexpressiontoevaluate(0.96)5correctto4significantfigures.

3. Expandandsimplify(3x– y)4 henceusethefirstthreetermsoftheexpansion to
proximatethevalueof(6–0.2)4

4. Usebinomialexpressiontoevaluate

2+15
+ 2-15

√2 √2

5. (a) Expandtheexpression1+1x 5 inascendingpowersofx,leaving

2

thecoefficientsasfractionsintheirsimplestform.

6. (a) Expand(a-b)6

(b) Usethefirstthreetermsoftheexpansionin(a)abovetofindtheapproximate
valueof(1.98)6

7. Expand(2+x)5inascendingpowersofxup totheterm inx3henceapproximate the
valueof(2.03)5to4s.f

8. (a) Expand(1+x)5

Henceusetheexpansiontoestimate(1.04)5correctto4decimalplaces

(b) Usetheexpansionuptothefourthterm tofindthevalueof(1.03)6tothenearest
onethousandth.

9. ExpandandSimplify(1-3x)5uptotheterm inx3

Henceuseyourexpansiontoestimate(0.97)5correcttodecimalplaces.

10. Expand(1+a)5

Useyourexpansiontoevaluate(0.8)5correcttofourplacesofdecimal
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11. (a) Expand(1+x)5

(b) Usethefirstthreetermsoftheexpansionin(a)abovetofindtheapproximate
valueof(0.98)5

CHAPTERFIFTYTWO

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Solveproblemsinvolvingcompoundproportionsusingunitaryandratiomethods;

(b)Applyratiosandproportionstoreallifesituations;

(c)Solveproblemsinvolvingratesofwork.

Content
(a)Proportionalparts

(b)Compoundproportions

(c)Ratiosandratesofwork

(d)Proportionsappliedtomixtures.

COMPOUNDPROPRTIONANDRATESOF

WORK
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Introduction

Compoundproportions
Theproportioninvolvingtwo ormorequantitiesiscalledcompoundproportion.Anyfour
quantitiesa,b,canddareinproportionif;

=
a

b

c

d

Example

Findthevalueofathatmakes2,5,aand25tobeinproportion;

Solution

Since2,5,a,and25areinproportion

=
2

5

a

25

5a=2x25

a=
2x25

5

a=10

Continuedproportions
Incontinuedproportion,alltheratiosbetweendifferentquantitiesarethesame;butalways
rememberthattherelationshipexistsbetweentwoquantitiesforexample:

P :Q Q :R R :S

10: 5 16:8 4:2

Notethatintheexample,theratiobetweendifferentquantitiesi.e.P:Q,Q:RandR:Sarethe
samei.e.2:1whensimplified.
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Continuedproportionisveryimportantwhendeterminingthenetworthofindividualswhoown
thesamebusinessorevencalculatingtheamountsofprofitthatdifferentindividualownersof
acompanyorbusinessshouldtakehome.

Proportionalparts
Ingeneral,ifnistobedividedintheratioa:b:c,thenthepartsofnproportionaltoa,b,care

×n, ×nand ×nrespectively
a

a+b+c

b

a+b+c

c

a+b+c

Example

Omondi,Joel,cherootsharedsh27,000intheratio2:3:4respectively.Howmuchdideachget?

Solution

Thepartsofsh27,000proportionalto2,3,4are

×27,000=sh6000→Omondi
2

9

×27,000 =sh6000→Joel
3

9

×27,000=sh6000→Cheroot
4

9

Example

Threepeople–John,DebbyandDavecontributedksh119,000tostartacompany.Iftheratio
ofthecontributionofJohntoDebbywas12:6andthecontributionofDebbytoDavewas8:4,
determinetheamountindollarsthateverypartnercontributed.

Solution

RatioofJohntoDebby’scontribution=12:6=2:1

RatioofDebbytoDave’scontribution=8:4=2:1

Asyoucansee,theratioofthecontributionofJohntoDebbyandthatofDebbytoDaveisin
continuedproportion.

Hence = =
John

Debby

Debby

Dave

2

1
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Todeterminetheratioofthecontributionbetweenthethreemembers,wedothecalculationas
follows:

John:Debby:Dave

12 : 6

8 : 4

Wemultiplytheupperratioby8andthelowerratioby6,thustheresultingratiowillbe:

John:Debby:Dave

96: 48 : 24

=4: 2 : 1

Thetotalratio=7

Thecontributionofthedifferentmemberscanthenbefoundasfollows:

John xksh119,000=ksh68,000
4

7

Debby xksh119,000=ksh34,000
2

7

Dave xksh119,000=ksh17,000
1

7

Johncontributedksh68,000tothecompanywhileDebbycontributedksh34,000andDave
contributedksh17,000

Example2

Youarepresentedwiththreenumberswhichareincontinuedproportion.Ifthesum ofthethree
numbersis38andtheproductofthefirstnumberandthethirdnumberis144,findthethree
numbers.

Solution

LetusassumethatthethreenumbersincontinuedproportionorGeometricProportionarea,ar
anda whereaisthefirstnumberandristherate.r

2

a+ar+a =38…………………………..(1)r
2

Theproductofthe1stand3rdis

a×a =144r
2
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Or

(ar)2=144………………………………..(2)

Ifwefindthesquarerootof(a ,thenwewillhavefoundthesecondnumber:r)
2

=(ar)
2

144

ar=12

Sincethevalueofthesecondnumberis12,itthenimpliesthatthesum ofthefirstandthethird
numberis26.

Wenowproceedandlookfortwonumberswhosesum is26andproductis144.

Clearly,thenumbersare8and18.

Thus,thethreenumbersthatwewerelookingforare8,12and18.

Letusworkbackwardsandtrytoprovewhetherthisisactuallytrue:

8+12+18=18

Whatabouttheproductofthefirstandthethirdnumber?

8×18=144

Whataboutthecontinuedproportion

= =
a

ar

ar

ar
2

2

3

Thenumbersareincontinuedproportion

Example

Giventhatx:y=2:3,Findtheratio(5x–4y):(x+y).

Solution

Sincex:y=2:3

= =k,
x

2

y

3

x=2k and y=3k

(5x–4y):(x+y)=(10k–12k):(2k+3k)

=-2k:5k

=-2:5
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Example

If = ,showthat = .
a

b

c

d

a-3b

b-3a

c-3d

d-3c

Solution

= → =
a

b

c

d

a

c

b

d

= =k
a

b

b

d

a=kc and b=kd

Substitutingkcforaandkdforbintheexpression
a-3b

b-3a

=
kc-3kd

kd-3kd

k(c-3d)

k(d-3c)

c-3d

d-3c

Thereforeexpression =
a-3b

b-3a

c-3d

d-3c

Ratesofworkandmixtures

Examples

195menworking10houradaycanfinishajobin20days.Howmanymenemployedtofinish
thejobin15daysiftheywork13hoursaday.

Solution:

Letxbetheno.ofmenrequired
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Days hours Men

20 10 195

15 13 x

20x10x195=15×13×x

x= 200men
20×10×195

15×13

Example

TapPcanfillatankin2hrs,andtapQcanfillthesametankin4hrs.TapRcanemptythetank
in3hrs.

a)IftapRisclosed,howlongwouldittaketapsPandQtofillthetank?

b)CalculatehowlongitwouldtaketofillthetankwhenthethreetapsP,QandR.areleft
running?

Solution

a)TapPfills ofthetankin1h.
1

2

TapQfills ofthetankin1h.
1

4

TapRempties ofthetankin1h.
1

3

Inonehour,PandQfill + = ofthetank
1

2

1

4

3

4

Therefore ofthetankisfilledin1h.
3

4

Timetakentofillthetank = h(44) (÷
4

4

3

4)
= h
4

3

b)In1h,PandQfill oftankwhileRempties ofthetank.
3

4

1

3

Whenalltapsareopen, ofthetankisfilledin1hour.(+-=
1

2

1

4

1

3

5

12)
oftankisfilledin1hour.

5

12
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Thereforetimerequiredtofillthetank = ×1h
12

12 ( ÷
12

12

5

12)
=2 h

2

5

Example

Inwhatproportionshouldgradesofsugarscostingsh.45andsh.50perkilogram bemixedin
ordertoproduceablendworthsh.48perkilogram?

Solution

Method1

Letnkilogramsofthegradecostingsh.45perkgbemixedwith1kilogram ofgradecosting
sh.50perkg.

Totalcostofthetwoblendsissh.(45n+50)

Themassofthemixtureis kg(n+1)

Thereforetotalcostofthemixtureis 48(n+1)

45n+50=48(n+1)

45n+50=48n+48

50=3n+48

2=3n

n=
2

3

Thetwogradesaremixedintheproportion :1=2:3
2

3

Method2

Letxkgofgradecostingsh45perkgbemixedwithykgofgradecostingsh.50perkg.The
totalcostwillbesh.(45x+50y)

Costperkgofthemixtureissh.
45x+50y

x+y

=48
45x+50y

x+y
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45x+50y=48(x+y)

45x+50y=48x+48y

2y=3x

=
x

y

2

3

Theproportionisx:y=2:3

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Akinyiboughtandbeansfrom awholesaler.Shethenmixedthemaizeandbeansthe
ratio4:3shebroughtthemaizeasKshs.12perkgandthebeans4perkg.Ifshewasto
makeaprofitof30%whatshouldbethesellingpriceof1kgofthemixture?

2. Arectangulartankofbase2.4m by2.8m andaheightof3m contains3,600litersof
waterinitially.Waterflowsintothetankattherateof0.5litrespersecond

Calculatethetimeinhoursandminutes,requiredtofillthetank

3. Acompanyistoconstructaparkingbaywhoseareais135m2.Itistobecoveredwith
concreteslabofuniform thicknessof0.15.Tomaketheslabcement.Ballastandsand
aretobemixedsothattheirmassesareintheratio1:4:4.Themassofm3ofdryslabis
2,500kg.

Calculate

(a) (i) Thevolumeoftheslab

(ii) Themassofthedryslab

(iii) Themassofcementtobeused

(b) Ifonebagofthecementis50kg,findthenumberofbagstobepurchased

(a) Ifalorrycarries7tonnesofsand,calculatethenumberoflorriesofsand
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tobepurchased.

4. ThemassofamixtureAofbeansandmaizeis72kg.Theratioofbeanstomaize

is3:5respectively

(a) Findthemassofmaizeinthemixture

(b) AsecondmixtureofBofbeansandmaizeofmass98kginmixedwithA.The
finalratioofbeanstomaizeis8:9respectively.Findtheratioofbeanstomaize
inB

5. Aretailerbought49kgofgrade1riceatKshs.65perkilogram and60kgofgradeIIrice
atKshs27.50perkilogram.Hemixedthetowtypesofrice.

(a)Findthebuyingpriceofonekilogram ofthemixture
(b)Hepackedthemixtureinto2kgpackets

(i) Ifheintendstomakea20%profitfindthesellingpriceperpacket
(ii) Hesold8packetsandthenreducedthepriceby10%inordertoattract

customers.Findthenewsellingpriceperpacket.
(iii) Afterselling1/3oftheremainderatreducedprice,heraisedthepriceso

astorealizetheoriginalgoalof20%profitoverall.Findthesellingprice
perpacketoftheremainingrice.

6. AtradersellsabagofbeansforKshs1,200.Hemixedbeansandmaizeintheration3:2.
Findhowmuchthetradershouldhesellabagofthemixturetorealizethesameprofit?

7. PipeAcanfillanemptywatertankin3hourswhile,pipeBcanfillthesametankin6
hours,whenthetankisfullitcanbeemptiedbypipeCin8hours.PipesAandBare
openedatthesametimewhenthetankisempty.

Ifonehourlater,pipeCisalsoopened,findthetotaltimetakentofillthetank

8. Asolutionwhosevolumeis80litresismade40%ofwaterand60%ofalcohol.When
litresofwaterareadded,thepercentageofalcoholdropsto40%

(a) Findthevalueofx

(b) Thirtylitresofwaterisaddedtothenewsolution.Calculatethepercentage

(c) If5litresofthesolutionin(b)isaddedto2litresoftheoriginalsolution,
calculateinthesimplestform,theratioofwatertothatofalcoholintheresulting
solution

9. AtankhastwoinlettapsPandQandanoutlettapR.whenempty,thetankcanbefilled
bytapPalonein4½ hoursorbytapQalonein3hours.Whenfull,thetankcanbe
emptiedin2hoursbytapR.

(a) Thetankisinitiallyempty.Findhowlongitwouldtaketofillupthetank

(i) IftapRisclosedandtapsPandQareopenedatthesametime
(2mks)

(ii) Ifallthethreetapsareopenedatthesametime
(b) Thetankisinitiallyemptyandthethreetapsareopenedasfollows
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Pat8.00a.m

Qat8.45a.m

Rat9.00a.m

(i) Findthefractionofthetankthatwouldbefilledby9.00a.m

(ii) Findthetimethetankwouldbefullyfilledup

10. Kipketercancultivateapieceoflandin7hrswhileWanjirucandothesameworkin5
hours.Findthetimetheywouldtaketocultivatethepieceoflandwhenworkingtogether.

11. MogakaandOndisoworkingtogethercandoapieceofworkin6days. Mogaka,
workingalone,takes5dayslongerthanOnduso.HowmanydaysdoesittakeOndusoto
dotheworkalone.

12. WainainahastwodairyfarmsAandB.Farm Aproducesmilkwith3¼percentfatand
farm Bproducesmilkwith4¼percentfat.

(a) (i) Thetotalmassofmilkfatin50kgofmilkfrom farm Aand30kg

ofmilkfrom farm B.

(ii) Thepercentageoffatinamixtureof50kgofmilkAand30kgofmilk
from B

(b) Determinetherangeofvaluesofmassofmilkfrom farm Bthatmustbeusedin
a50kgmixturesothatthemixturemayhaveatleast4percentfat.

13. A constructionfirm hastwotractorsT1 andT2.Bothtractorsworkingtogethercan
completetheworkin6dayswhileT1alonecancompletetheworkin15days.Afterthe
twotractorshadworkedtogetherforfourdays,tractorT1brokedown.

FindthetimetakenbytractorT2completetheremainingwork.
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CHAPTERFIFTYTHREE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Makesatableofvaluesfrom givenrelations;

(b)Usethetableofvaluestodrawthegraphsoftherelations;

(c)Determineandinterpretinstantaneousratesofchangefrom agraph;

(d)Interpretinformationfrom graphs;

(e)Drawandinterpretgraphsfrom empiricaldata;

(f)Solvecubicequationsgraphically;

(g)Drawthelineofbestfit;

(h)Identifytheequationofacircle;

(i)Findtheequationofacirclegiventhecentreandtheradius;

(j)Determinethecentreandradiusofacircleanddrawthecircleonacartesianplane.

Content
(a)Tablesandgraphsofgivenrelations

(b)Graphsofcubicequations

(c)Graphicalsolutionsofcubicequations

(d)Averagerateofchange

(e)Instantaneousrateofchange

(f)Empiricaldataandtheirgraphs

(g)Thelineofbestfit

GRAPHICALMETHODS
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(h)Equationofacircle

(i)Findingoftheequationofacircle

(j)Determiningofthecentreandradiusofacircle.

Introduction
Thesearewaysormethodsofsolvingmathematicalfunctionsusinggraphs.

GraphingsolutionsofcubicEquations
Acubicequationhastheform

ax3+bx2+cx+d=0

wherea,b,canddareconstants

Itmusthavetheterm inx3oritwouldnotbecubic(andsoa≠0),butanyorallofb,canddcan
bezero.Forinstance,

x3−6x2+11x−6=0, 4x3+57=0, x3+9x=0

areallcubicequations.

Thegraphsofcubicequationsalwaystakethefollowingshapes.

Y=x3−6x2+11x−6=0.

Noticethatitstartslowdownontheleft,becauseasxgetslargeandnegativesodoesx3andit
finisheshighertotherightbecauseasxgetslargeandpositivesodoesx3.Thecurvecrosses
thex-axisthreetimes,oncewherex=1,oncewherex=2andoncewherex=3.Thisgivesus
ourthreeseparatesolutions.

Example

(a)Fillinthetablebelowforthefunctiony=-6+x+4x2+x3for-4x2

3

2

1

-1

-2

-3

1 2 3-1

y

x
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x -4 -3 -2 -1 0 1 2

-6 -6 -6 -6 -6 -6 -6 -6

x -4 -3 -2 -1 0 1 2

4x2 16 4

x3

y

(b)Usingthegridprovideddrawthegraphfory=-6+x+4x2+x3for-4x2

(c) Usethegraphtosolvetheequations:-

-6+x+4x2+x3=0

.x3+4x2+x–4=0

-2+4x2+x3=0

Solution

Thetableshowscorrespondingvaluesofxandyfory=-6+x+4x2+x3

From thegraphthesolutionsfor
xarex=-3,x=-2,x=1

I. To solve
equationy=x3+
4x2 + x -6 we
draw a straight

linefrom thediffrenceofthetwoequationsandthenwereadthecoordinatesat
thepointoftheintersetionofthecurveandthestraightline

y=x3+4x2+x-6

0=x3+4x2+x-4

y=-2 solutions0.8,-1.5and-3.2

x 1 0 -2

y=x3+4x2+x–6 y -3 -4 -8

X -4 -3 -2 -1 0 1 2

-6 -6 -6 -6 -6 -6 -6 -6

X -4 -3 -2 -1 0 1 2

4x2 64 36 16 4 0 4 16

X3 -64 -27 -8 -1 0 1 8

Y=-6+x+4x2+x3 -10 0 0 -4 -6 0 20
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0=x3+4x2+0–2

y= x–4

Y=-2

c (i)solution0.8

-1.5

And-3.2

AverageRateofchange

DefiningtheAverageRateofChange
Thenotionofaveragerateofchangecanbeusedtodescribethechangeinanyvariablewith
respecttoanother.Ifyouhaveagraphthatrepresentsaplotofdatapointsoftheform (x,y),
thentheaveragerateofchangebetweenanytwopointsisthechangeintheyvaluedividedby
thechangeinthexvalue.

y=x-4

y=-6+4x2
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Note;

 Therateofchangeofastraight(theslop)lineisthesamebetweenallpointsalongthe
line

 Therateofchangeofaquadraticfunctionisnotconstant(doesnotremainthesame)

Example

Thegraphbelow showstherateofgrowthofaplant,from thegraph,thechangeinheight
betweenday1andday3isgivenby7.5cm –3.8cm =3.7cm.

Averagerateofchangeis =1.85cm/day
3.7cm

2days

Theaveragerateofchangeforthenexttwodaysis =0.65cm/day
1.3cm

2days

Note;

 Therateofgrowthinthefirst2dayswas1.85cm/daywhilethatinthenexttwodaysis
only0.65cm /day.Theseratesofchangearerepresentedbythegradientsofthelines
PQandQRrespectively.

P

o

p

ul

at

io

ni

n

m

illi
50

100

150

200

250

300

90years

changeiny

Theaveragerateofchangeofywithrespectto
x

changeinx
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Number
of days

The
gradient

of the
straight

line is 20
,whichis

constant.Thegradientrepresentstherateofdistancewithtime(speed)whichis20m/s.

Rateofchangeataninstant

Wehaveseenthattofindtherateofchangeataninstant(particularpoint),we:
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 Drawatangenttothecurveatthatpoint

 Determinethegradientofthetangent

Thegradientofthetangenttothecurveatthepointistherateofchangeatthatpoint.

Empiricalgraphs
AnEmpiricalgraphisagraphthatyoucanusetoevaluatethefitofadistributiontoyourdata
bydrawingthelineofbestfit.Thisisbecauserawdatausuallyhavesomeerrors.

Example

Thetablebelow showshow lengthlcm ofametalrodvarieswithincreaseintemperatureT

(c).(
0

Solution

NOTE;

Temperatu
re

DegreesC

O 1 2 3 5 6 7 8

Lengthcm 4.0 4.3 4.7 4.9 5.0 5.9 6.0 6.4
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 Thereisalinearrelationbetweenlengthandtemperature.

 Wethereforedrawalineofbestfitthatpassesthroughasmanypointsaspossible.

 Theremainingpointsshouldbedistributedevenlybelowandabovetheline

Thelinecuts they–axisat(0,4)andpassesthroughthepoint(5,5.5).Therefore,thegradient

ofthelineis =0.3.Theequationofthelineisl=0.3T+4.
1.5

5

ReductionofNon-linearLawstoLinearForm.

Whenweplotthegraphofxy=k,wegetacurve.Butwhenweplotyagainst ,wgetastraight
1

x
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linewhosegradientisk.Thesameapproachisusedtoobtainlinearrelationsfrom non-linear

relationsoftheform y= .kx
n

Example

ThetablebelowshowstherelationshipbetweenAandr

Itissuspectedthattherelationisoftheform A= .Bydrawingasuitablegraph,verifythelawKr
2

connectingAandranddeterminethevalueofK.

Solution

IfweplotAagainst ,weshouldgetastraightline.r
2

r 1 2 3 4 5

A 3.1 12.6 28.3 50.3 78.5

r 1 2 3 4 5

A 3.1 12.6 28.3 50.3 78.5

r
2 1 4 9 16 25
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SincethegraphofAagainst isastraightline,thelawA=k holds.Thegradientofthislineisr
2

r
2

3.1toonedecimalplace.Thisisthevalueofk.

Example

From 1960onwards,thepopulationPof Kisumu isbelievedtoobeyalaw oftheform P

= ,WherekandAareconstantsandtisthetimeinyearsreckonedfrom 1960.ThetablebelowkA
t

showsthepopulationofthetownsince1960.

Byplottinga
suitable
graph,check

whetherthepopulationgrowthobeysthegivenlaw.UsethegraphtoestimatethevalueofA.

Solution

ThelawtobetestedisP= .TakinglogsofbothsideswegetlogP=log( ).LogP=logK+tkA
t

kA
t

logA,whichisintheform y=mx+ThusweplotlogP againstt.(NotethatlogA isa
constant).Thebelowshowsthecorrespondingvaluesoftandlogp.

r 1960 1965 197
0

197
5

1980 1985 1990

p 5000 6080 740
0

901
0

1096
0

1333
0

1620
0

r 1960 1965 197
0

197
5

1980 1985 1990

LogP 3.699 3.784 3.86
9

3.95
5

4.040 4.125 4.210
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Sincethegraphisastraightline,thelawP= holds.kA
t

LogAisgivenbythegradientofthestraightline.Therefore,logA=0.017.

Hence,A=1.04

Logkistheverticalintercept.

Hencelogk=3.69

Thereforek=4898

Thus,therelationshipisP=4898(1.04)
t

Note;
 Lawsoftheform y= canbewritteninthelinearform as:logy=logk+xlogA(bykA

x

takinglogsofbothsides)

 Whenlogyisplottedagainstx,astraightlineisobtained.ItsgradientislogA andthe
interceptislogk.

 Thelawoftheform y= ,wherekandnareconstantscanbewritteninlinearform as;kX
n

 Logy=logk+nlogx.

 Wethereforeplotlogyisplottedagainstlogx.

 Thegradientofthelinegivesnwhiletheverticalinterceptislogk
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Summary

Forthelawy=d+cx
2

tobeverifieditisnecessarytoplotagraphofthevariablesinamodified

Form asfollowsy=d+ iscomparedwithy=mx+c thatisy= +dcx
2

cx
2

i.) Yisplottedontheyaxis

ii.) isplottedonthexaxisx
2

iii.) Thegradientisc

iv.) Theverticalaxisinterceptisd

Forthelawy–a=b tobeverifieditisnecessarytoplotagraphofthevariablesinaxx
Modifiedform asfollows
y–a=b ,i.e.y=b +awhichiscomparedwithy=mx+cx x

i.) yshouldbeplottedontheyaxis

ii.) shouldbeplottedonthexaxisx

iii.) Thegradientisb

iv.) Theverticalaxisinterceptisa

Forthelawy–e= tobeverifieditisnecessarytoplotagraphofthevariablesina
f

x

Modifiedform asfollows.Thelawy–e= isf +ecomparedwithy=mx+c.
f

x (1x)
i.) yshouldbeplottedontheverticalaxis

ii.) shouldbeplottedonthehorizontalaxis
1

x
iii.) Thegradientisf
iv.) Theverticalaxisinterceptise

Forthelawy–cx=bx
2

tobeverifieditisnecessarytoplotagraphofthevariablesina

Modifiedform asfollows.Thelawy–cx=b is =bx+ccomparedwithy=mx+c,x
2 y

x

i.) shouldbeplottedonyaxis
y

x
ii.) Xshouldbeplottedonxaxis
iii.) Thegradientisb
iv.) Theverticalaxisinterceptisc

Forthelawy= +bxtobeverifieditisnecessarytoplotagraphofthevariablesinaax
a

x
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Modifiedform asfollows.Thelaw =a +bcomparedwithy=mx+c
y

x (1x2)
i.) shouldbeplottedontheverticalaxis

y

x

ii.) shouldbeplottedonthehorizontalaxis
1

x
2

iii.) Thegradientisa
iv.) Theverticalinterceptisb

Equationofacircle
Acircleisasetofallpointsthatareofthesamedistancerfrom afixedpoint.Thefigurebelow
isacirclecentre(0,0)andradius3units

P(x,y)isapointonthecircle.TrianglePONisright–angledatN.
ByPythagoras’theorem;

+ =ON
2

PN
2

OP
2

ButON=x,PN=yandOP=3.Therefore, + =x
2

y
2

3
2

Note;
Thegeneralequationofacirclecentre(0,0)andradiusris + =x

2
y
2

r
2

Example
Findtheequationofacirclecentre(0,0)passingthrough (3,4)
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Solution
Lettheradiusofthecircleber
From Pythagorastheorem;

r= x3
2

4
2

r=5

Example
Consideracirclecentre(5,4)andradius3units.

Solution
InthefigurebelowtriangleCNPisrightangledatN.Bypythagorastheorem;

+ =CN
2

NP
2

CP
2
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ButCN=(x–5),NP=(y–4)andCP=3units.
Therefore, + = thisistheequationofacircle.(x-5)

2
(y-4)

2
3
2

Note;
Theequationofacirclecentre(a,b)andradiusrunitsisgivenby;

+ =(x-a)2 (y-b)2 (r)2

Example
Findtheequationofacirclecentre(-2,3)andradius4units

Solution
Generalequationofthecircleis + = .Thereforea=-2b=3andr=4(x-a)2 (y-b)2 r

2

+ =(x-(-2))2 (y-(3))2 4
2

+ =16(x+2)2 (y-3)2

Example
LineABisthediameterofacirclesuchthattheco-ordinatesofAandBare(-1,1)and(5,1)
respectively.

a.)Determinethecentreandtheradiusofthecircle
b.)Hence,findtheequationofthecircle

Solution

a.) =( ,
-1+5

2

1+1

2) (2,1)

Radius= +(1-1(5-2)
2

)
2

= =33
2

b.)Equationofthecircleis;
+ =(x-2)

2
(y-1)

2
3
2

+ =9(x-2)
2

(y-1)
2

Example
Theequationofacircleisgivenby -6x+ +4y-3=0.Determinethecentreandradiusofthex

2
y
2

circle.

Solution
-6x+ +4y=3x
2

y
2

Completingthesquareonthelefthandside;
-6x+ +4y+4=3+9+4x
2

9+y
2

+ =4-3=0(x-3)
2

(y+2)
2

Thereforecentreofthecircleis(3,-2)andradiusis4units.Notethatthesignchangesto
oppositepositivesignbecomesnegativewhilenegativesignchangestopositive.

Example
WritetheequationofthecirclethathasA(1,-6)andB(5,2)asendpointsofadiameter.
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Method1: DeterminethecenterusingtheMidpointFormula:

C →C( ,
1+5

2

-6+2

2 ) (3,-2)

Determinetheradiususing thedistanceformula(centerand end of
diameter):

r= = = =2+(3-1)
2
(-2+6)

2
4+16 20 5

Equationofcircleis: + =20(x-3)2 (y+2)2

Method2: DeterminecenterusingMidpointFormula(asbefore):C .(3,-2)

Thus,thecircleequationwillhavetheform + =(x-3)2 (y+2)2 r
2

Find bypluggingthecoordinatesofapointonthecircleinforxandy.r
2

Let’suseB := + = + =4+16=20(5,2)r2 (5-3)2 (2+2)2 2
2

4
2

Again,wegetthisequationforthecircle: + =20(x-3)2 (y+2)2

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Thetableshowstheheightmetresofanobjectthrownverticallyupwardsvarieswiththe
timetseconds

Therelationshipbetweensandtisrepresentedbytheequationss=at2+bt+10where
bareconstants.

T 0 1 2 3 4 5 6 7 8 9 10

S 45.1 49.
9

-80

(a)(i)Usingtheinformationinthetable,determinethevaluesofaandb
(ii)Completethetable

(b)(i) Drawagraphtorepresenttherelationshipbetweensandt
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(ii) Usingthegraphdeterminethevelocityoftheobjectwhent=5seconds

2. Datacollectedform anexperimentinvolvingtwovariablesXandYwasrecordedas
showninthetablebelow

x 1.1 1.2 1.3 1.4 1.5 1.6

y -0.3 0.5 1.4 2.5 3.8 5.2

Thevariablesareknowntosatisfyarelationoftheform y=ax3+bwhereaandbare
constants

(a)Foreachvalueofxinthetableabove,writedownthevalueofx3

(b) (i)Bydrawingasuitablestraightlinegraph,estimatethevaluesofaandb
(ii)Writedowntherelationshipconnectingyandx

3. TwoquantitiesPandrareconnectedbytheequationp=krn.Thetableofvalues

ofPandrisgivenbelow.

P 1.2 1.5 2.0 2.5 3.5 4.5

R 1.58 2.25 3.39 4.74 7.86 11.5

a) StatealinerequationconnectingPandr.

b) Usingthescale2cm torepresent0.1unitsonbothaxes,drawasuitable

linegraphonthegridprovided.HenceestimatethevaluesofKandn.

4. Thepointswhichcoordinates(5,5)and(-3,-1)aretheends ofadiameterof acircle
centreA

Determine:

(a) ThecoordinatesofA

Theequationofthecircle,expressingitinform x2+y2+ax+by+c=0

wherea,b,andcareconstantseachcomputersold

5. Thefigurebelowisasketchofthegraphofthequadraticfunctiony=k

(x+1)(x-2)
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Findthevalueofk

6. ThetablebelowshowsthevaluesofthelengthX(inmetres)ofa pendulum andthe
correspondingvaluesoftheperiodT(inseconds)ofitsoscillations obtained inan
experiment.

X(metres) 0.4 1.0 1.2 1.4 1.6

T(seconds) 1.25 2.01 2.19 2.37 2.53

(a) ConstructatableofvaluesoflogXandcorrespondingvaluesoflogT,

correctingeachvalueto2decimalplaces

b) GiventhattherelationbetweenthevaluesoflogXandlogTapproximatetoa
linearlaw oftheform m logX+logawhereaandbareconstants

(i) Usetheaxesonthegridprovidedtodrawthelineofbestfitforthegraph
oflogTagainstlogX.

(ii) Usethegraphtoestimatethevaluesofaandb

(iii) Find,todecimalplacesthelengthofthependulum whoseperiodis1
second.

7. Datacollectionfrom anexperimentinvolvingtwovariablesxandywasrecordedas
showninthetablebelow

X 1.1 1.2 1.3 1.4 1.5 1.6

Y -0.3 0.5 1.4 2.5 3.8 5.2
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Thevariablesareknowntosatisfyarelationoftheform y=ax3+bwhereaandb

areconstants

(a) Foreachvalueofxinthetableabove.Writedownthevalueofx3

(b) (i)Bydrawingssuitablestraightlinegraph,estimatethevaluesofaandb

(ii)Writedowntherelationshipconnectingyandx

8. Twovariablesxandy,arelinkedbytherelationy=axn.Thefigurebelowshowspartof
thestraightlinegraphobtainedwhenlogyisplottedagainstlogx.

Calculatethevalueofaandn

9. TheluminousintensityIofalampwasmeasuredforvariousvaluesofvoltagevacross
it.Theresultswereasshownbelow

V(volts) 30 36 40 44 48 50 54

L(Lux) 708 1248 1726 2320 3038 3848 4380

ItisbelievedthatVandlarerelatedbyanequationoftheform l=aVnwhereaandnare
constant.

(a) Drawasuitablelineargraphanddeterminethevaluesofaandn

(b) From thegraphfind

(i) ThevalueofIwhenV=52

(ii) ThevalueofVwhenI=2800

10. Inacertainrelation,thevalueofAandBobservearelationB=CA+KA2whereCandK
areconstants.BelowisatableofvaluesofAandB

A 1 2 3 4 5 6

B 3.2 6.75 10.8 15.1 20 25.2

(a)Bydrawingasuitablestraightlinegraphs,determinethevaluesofCandK.
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(b)HencewritedowntherelationshipbetweenAandB

(c)DeterminethevalueofBwhenA=7

11. ThevariablesP andQ areconnectedbytheequationP =abq whereaandbare
constants.Thevalueofpandqaregivenbelow

P 6.56 17.7 47.8 129 349 941 2540 6860

Q 0 1 2 3 4 5 6 7

(a) Statetheequationintermsofpandqwhichgivesastraightlinegraph

(b) Bydrawingastraightlinegraph,estimatethevalueofconstantsaandbandgive
youranswercorrectto1decimalplace.
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CHAPTERFIFTYFOUR

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Defineprobability;

(b)Determineprobabilityfrom experimentsandreallifesituations;

(c)Constructaprobabilityspace;

(d)Determinetheoreticalprobability;

(e)Differentiatebetweendiscreteandcontinuousprobability;

(f)Differentiatemutuallyexclusiveandindependentevents;

(g)Stateandapplylawsofprobability;

(h)Useatreediagram todetermineprobabilities.

Content
(a)Probability

(b)Experimentalprobability

(c)Rangeofprobabilitymeasure0̂ P(x)̂1

(d)Probabilityspace

(e)Theoreticalprobability

(f)Discreteandcontinuousprobability(simplecasesonly)

(g)Combinedevents(mutuallyexclusiveandindependentevents)

(h)Lawsofprobability

(i)Thetreediagrams.

Introduction
Thelikelihoodofanoccurrenceofaneventorthenumericalmeasureofchanceiscalled
probability.

Experimentalprobability
Thisiswhereprobabilityisdeterminedbyexperienceorexperiment.Whatisdoneorobserved

PROBABILITY
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istheexperiment.Eachtossiscalledatrialandtheresultofatrialistheoutcome.The
experimentalprobabilityofaresultisgivenby(thenumberoffavorableoutcomes)/(thetotal
numberoftrials)

Example

Aboyhadafairdiewithfacesmarked1to6.Hethrewthisdieup50timesandeachtimehe
recordedthenumberonthetopface.Theresultofhisexperimentisshownbelow.

What is the
experimentalprovabilityofgetting?

a.)1 b.)6

Solution

a.)P(Event)=
thenumberoffavorableoutcomes

thetotalnumberoftrials

P(1)=11/50

b.)P(4)=9/50

Example

From thepastrecords,outofthetenmatchesaschoolfootballteam hasplayed,ithaswon
seven.Howmanypossiblegamesmighttheschoolwininthirtymatches?.

Solution

P(winninginonemath)=7/10.

Thereforethenumberofpossiblewinsinthirtymatches=7/10x30=21matches

RangeofprobabilityMeasure
IfP(A)istheprobabilityofaneventAhappeningandP(A')istheprobabilityofaneventAnot
happening,ThenP(A')=1-P(A)andP(A')+P(A)=1

Probabilityareexpressedasfractions,decimalsorpercentages.

Probabilityspace
Alistofallpossibleoutcomesisprobabilityspaceorsamplespace.Thecoinissuchthatthe
headortailhaveequalchancesofoccurring.Theeventsheadortailaresaidtobeequallylikely
oreqiprobable.

face 1 2 3 4 5 6

Numberof
times a
face has
shownup

11 6 7 9 9 8
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Theoreticalprobability
Thiscanbecalculatedwithoutnecessarilyusinganypastexperienceordoinganyexperiment.
Theprobabilityofan eventhappening #numberoffavorableoutcomes/totalnumberof
outcomes.

Example

Abasketcontains5redballs,4greenballsand3blueballs.Ifaballispickedatrandom from
thebasket,find:

a.)Theprobabilityofpickingablueball

b.)Theprobabilityofnotpickingaredball

Solution

a.)Totalnumberofballsis12

Thenumberofblueballsis3

Solution

a.)therefore,P(ablueball)=3/12

b.)Thenumberofballswhicharenotredis7.

ThereforeP(notaredball)=7/12

Example

Abagcontains6blackballsandsomebrownones.Ifaballispickedatrandom theprobability
thatitisblackis0.25.Findthenumberofbrownballs.

Solution

Letthenumberofballsbex

Thentheprobabilitythatablackballispickedatrandom is6/x

Therefore6/x=0.25

x=24

Thetotalnumberofbaldis24

Thenthenumberofbrownballsis24-6=18

Note:
Whenallpossibleoutcomesarecountable,theyaresaidtobediscrete.
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Typesofprobability
CombinedEvents
Theseareprobabilityoftwoormoreeventsoccurring

MutuallyExclusiveEvents
Occurrenceofoneexcludestheoccurrenceoftheotherortheoccurrenceofoneeventdepend
ontheoccurrenceoftheother..IfAandBaretwomutuallyexclusiveevents,then(AorB)=P
(A)+P(B).Forexamplewhenacoinistossedtheresultwilleitherbeaheadoratail.

Example

i.) Ifacoinistossed;

P(head)+P(tail)

= + =1
1

2

1

2

Note;
If[OR]isusedthenweadd

IndependentEvents
TwoeventsAandBareindependentiftheoccurrenceofAdoesnotinfluencetheoccurrenceof
Bandviceversa.IfAandBaretwoindependentevents,theprobabilityofthem occurring
togetheristheproductoftheirindividualprobabilities.Thatis;

P(AandB)=P(A)xP(B)

Note;

Whenweuse[AND]wemultiply,thisisthemultiplicationlawofprobability.

Example

Acoinistossestwice.Whatistheprobabilityofgettingatailinbothtosses?

Solution

Theoutcomeofthe2ndtossisindependoftheoutcomeofthefirst.

Therefore;

P(TandT)=P(T)XP(T)

= x =
1

2

1

2

1

4
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Example

Aboythrowsfaircoinandaregulartetrahedronwithitsfourfacesmarked1,2,3and4.Findthe
probabilitythathegetsa3onthetetrahedronandaheadonthecoin.

Solution

Theseareindependentevents.

P(H)= ,P(3)=
1

2

1

4

Therefore;

P(Hand3)=P(H)xP(3)

=½x¼

=1/8

Example

Abagcontains8blackballsand5whiteones.Iftwoballsaredrawnfrom thebag,oneata
time,findtheprobabilityofdrawingablackballandawhiteball.

a.)Withoutreplacement

b.)Withreplacement

Solution

a.)Thereareonlytwowayswecangetablackandawhiteball:eitherdrawingawhitethen

ablack,ordrawingablackthenawhite.Weneedtofindthetwoprobabilities;

P(W followedbyB)=P(W andB)

= x =
8

13

5

12

10

39

b.)P(BfollowedbyW)=P(BandW)

X =
5

13

8

12

10

39

Note;

Thetwoeventsaremutuallyexclusive,therefore.

P(W followedbyB)or(BfollowedbyW )=P(W followedbyB)+P(BfollowedbyW)

=P(W andB)+P(BandW)
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= + =
40

156

40

156

20

39

Sincewearereplacing,thenumberofballsremains13.

Therefore;

P(W andB)= x =
5

13

8

13

40

169

P(BandW)= x =
8

13

5

13

40

169

Therefore;

P[(W andB)or(BandW)]=P(W andB)+P(BandW)

= x =
40

169

40

169

80

169

Example

Kamau,NjorogeandKariukiarepracticingarchery.TheprobabilityofKamauhittingthetargetis
2/5,thatofNjorogehittingthetargetis¼andthatofKariukihittingthetargetis3/7,Findthe
probabilitythatinoneattempt;

a.)Onlyonehitsthetarget

b.)Allthreehitthetarget

c.)Noneofthem hitsthetarget

d.)Twohitthetarget

e.)Atleastonehitsthetarget

Solution

a.)P(onlyonehitsthetarget)

=P(onlyKamauhitsandothertwomiss)=2/5x3/5x4/7

=6/35

P(onlyNjorogehitsandothertwomiss)=1/4x3/5x4/7

=3/35

P(onlyKariukihitsandothertwomiss)=3/7x3/5x¾
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=27/140

P(onlyonehits)=P(KamauhitsorNjorogehitsorKariukihits)

=6/35+3/35+27/140

=9/20

b.)P(allthreehit)=2/5x1/4x3/7

=3/70

c.)P(nonehits) =3/5x3/4x4/7

=9/35

d.)P(twohitthetarget)istheprobabilityof;

KamauandNjorogehitthetargetandKariukimisses=2/5x3/7x4/7

NjorogeandKariukihitthetargetandKamaumisses=1/4x3/7x3/5

Or

KamauandKariukihitthetargetandNjorogemisses=2/5x3/7x3/4

ThereforeP(twohittarget)=(2/5x1/4x4/7)+(1/4x3/7x3/5)+(2/5x3/7x3/4)

=8/140+9/140+18/140

=¼

e.)P(atleastonehitsthetarget)=1–P(nonehitsthetarget)

=1–9/35

=26/35

Or

P(atleastonehitsthetarget)=1–P(nonehitsthetarget)

=26/35

Note;
P(onehitsthetarget)isdifferentfrom P(atleastonehitsthetarget)

Treediagram
Treediagramsallowsustoseeallthepossibleoutcomesofaneventandcalculatetheir
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probality.Eachbranchinatreediagram representsapossibleoutcome.Atreediagram which
representacoinbeingtossedthreetimeslooklikethis;

From thetreediagram,wecanseethatthereareeightpossibleoutcomes.Tofindoutthe
probabilityofaparticularoutcome,weneedtolookatalltheavailablepaths(setofbranches).

Thesum oftheprobabilitiesforanysetofbranchesisalways1.

Alsonotethatinatreediagram tofindaprobabilityofanoutcomewemultiplyalongthe
branchesandaddvertically.

Theprobabilityofthreeheadsis:

P(HHH)=1/2×1/2×1/2=1/8

P(2HeadsandaTail)=P(HHT)+P(HTH)+P(THH)
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=1/2×1/2×1/2+1/2×1/2×1/2+1/2×1/2×1/2

=1/8+1/8+1/8

=3/8

Example

BagAcontainsthreeredmarblesandfourbluemarbles.BagBcontains5redmarblesandthree
bluemarbles.Amarbleistakenfrom eachbaginturn.

a.)Whatistheprobabilityofgettingabluebeadfollowedbyared

b.)Whatistheprobabilityofgettingabeadofeachcolor

Solution

a.)Multiplytheprobabilitiestogether

P(blueandred)=4/7x5/8=20/56

=5/14

b.)P(blueandredorredandblue)=P(blueandred)+P(redandblue)

=4/7x5/8+3/7x3/8

=20/56+9/56

=29/56

Example

TheprobabilitythatOmwerigoestoNakuruis¼.IfhegoestoNakuru,theprobabilitythathe
willseeflamingois½ .IfhedoesnotgotoNakuru,theprobabilitythathewillseeflamingois
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1/3.Findtheprobabilitythat;

a.)OmweriwillgotoNakuruandseeaflamingo.

b.)OmweriwillnotgotoNakuruyethewillseeaflamingo

c.)Omweriwillseeaflamingo

Solution

LetNstandforgoingtoNakuru,N’standfornotgoingtoNakuru,Fstandforseeingaflamingo
andF’standfornotseeingaflamingo.

a.)P(HegoestoNakuruandseesaflamingo)=P(NandF)

=P(N)XP(F)

=¼ X½

=1/8

b.)P(HedoesnotgotoNakuruandyetseesaflamingo)=P(N’)XP(F)

=P(N’andF)

=3/4X1/3

=¼

c.)P(Heseesaflamingo)=P(NandF)orP(N’andF)

=P(NandF)+P(N’andF)

=1/8+1/4

=3/8

Endoftopic
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Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Theprobabilitiesthatahusbandandwifewillbealive25yearsfrom noware0.7and0.9
respectively.

Findtheprobabilitythatin25yearstime,

(a)Bothwillbealive
(b)Neitherwillbealive
(c)Onewillbealive
(d)Atleastonewillbealive

2. Abagcontainsblue,greenandredpensofthesametypeintheratio8:2:5respectively.
Apenispickedatrandom withoutreplacementanditscolournoted

(a) Determinetheprobabilitythatthefirstpenpickedis

(i) Blue

(ii) Eithergreenorred

(b) Usingatreediagram,determinetheprobabilitythat

(i) Thefirsttwopenspickedarebothgreen

(ii) Onlyoneofthefirsttwopenspickedisred.

3. A scienceclubismadeupofboysandgirls.Theclubhas3officials.Usingatree
diagram orotherwisefindtheprobabilitythat:

(a)Theclubofficialsareallboys

(b)Twooftheofficialsaregirls

4. TwobasketsAandBeachcontainamixtureoforangesandlimes,allofthesamesize.
BasketAcontains26orangesand13limes.BasketBcontains18orangesand15limes.
Achildselectedabasketatrandom andpickedafruitatarandom from it.

(a) Illustratethisinformationbyaprobabilitiestreediagram

(b) Findtheprobabilitythatthefruitpickedwasanorange.
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5. Inform 1classthereare22girlsandboys.Theprobabilityofagirlcompletingthe
secondaryeducationcourseis3whereasthatofaboyis2/3

(a) Astudentispickedatrandom from class.Findthepossibilitythat,

(i) Thestudentpickedisaboyandwillcompletethecourse
(ii) Thestudentpickedwillcompletethecourse

(b) Twostudentsarepickedatrandom.Findthepossibilitythattheyareaboy

andagirlandthatbothwillnotcompletethecourse.

6. Threerepresentativesaretobeselectedrandomlyfrom agroupof7girlsand8

boys.Calculatetheprobabilityofselectingtwogirlsandoneboy.

7. Apoultryfarmervaccinated540ofhis720chickensagainstadisease.Twomonths
later,5%ofthevaccinatedand80%oftheunvaccinatedchicken,contractedthedisease.
Calculatetheprobabilitythatachickenchosenrandom contactedthedisease.

8. TheprobabilityofthreedartsplayersAkinyi,Kamau,andJumahittingthebullseyeare
0.2,0.3and1.5respectively.

(a) Drawaprobabilitytreediagram toshowthepossibleoutcomes

(b) Findtheprobabilitythat:

(i) Allhitthebull’seye

(ii) Onlyoneofthem hitthebull’seye

(iii) Atmostonemissedthebull’seye

9. (a) Anunbiasedcoinwithtwofaces,head(H)andtail(T),istossedthree

times,listallthepossibleoutcomes.

Hencedeterminetheprobabilityofgetting:

(i) Atleasttwoheads

(ii) Onlyonetail

(b)Duringacertainmotorrallyitispredictedthattheweatherwillbeeitherdry(D)orwet
(W).Theprobabilitythattheweatherwillbedryisestimatedtobe7/10.Theprobability
foradrivertocomplete(C)therallyduringthedryweatherisestimatedtobe5/6.The
probabilityforadrivertocompletetherallyduringwetweatherisestimatedtobe1/10.
Completetheprobabilitytreediagram givenbelow.
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Whatistheprobabilitythat:

(i) Thedrivercompletestherally?

(ii) Theweatherwaswetandthedriverdidnotcompletetherally?

10. TherearethreecarsA,BandCinarace.AistwiceaslikelytowinasBwhileBistwice
aslikelytowinasc.Findtheprobabilitythat.

a) Awinstherace

b) EitherBorCwinstherace.

11. Intheyear2003,thepopulationofacertaindistrictwas1.8million.Thirtypercentofthe
populationwasintheagegroup15–40years.Inthesameyear,120,000peopleinthe
districtvisitedtheVoluntaryCounselingandTesting(VCT)centreforanHIVtest.

Ifapersonwasselectedatrandom from thedistrictinthisyear.Findtheprobabilitythat
thepersonvisitedaVCTcentreandwasintheagegroup15–40years.

12. (a) Twointegersxandyareselectedatrandom from theintegers1to8.Ifthe

sameintegermaybeselectedtwice,findtheprobabilitythat

(i) |x–y|=2
(ii) |x–y|is5ormore
(iii) x>y

(b) Adieisbiasedsothatwhentossed,theprobabilityofanumberrshowingup,is
givenbyp® =KrwhereKisaconstantandr=1,2,3,4,5and6(thenumberon
thefacesofthedie

(i) FindthevalueofK

(ii) Ifthedieistossedtwice,calculatetheprobabilitythatthetotal

scoreis11
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13. TwobagsAandBcontainidenticalballsexceptforthecolours.BagAcontains4red
ballsand2yellowballs.BagBcontains2redballsand3yellowballs.

(a) Ifaballisdrawnatrandom from eachbag,findtheprobabilitythatbothballsare
ofthesamecolour.

(b) Iftwo balls are drawn atrandom from each bag,one ata time without
replacement,findtheprobabilitythat:
(i) Thetwoballsdrawnfrom bagAorbagBarered

(ii) Allthefourballsdrawnarered

14. Duringinter– schoolcompetitions,footballandvolleyballteamsfrom Mokaguhigh
schooltookpart.Theprobabilitythattheirfootballandvolleyballteamswouldwinwere
3/8and4/7respectively.

Findtheprobabilitythat

(a) Boththeirfootballandvolleyballteams

(b) Atleastoneoftheirteamswon

15. Ascienceclubismadeupof5boysand7girls.Theclubhas3officials.Usingatree
diagram orotherwisefindtheprobabilitythat:

(a) Theclubofficialsareallboys

(b) Twooftheofficialsaregirls

16. ChicksonOnyango’sfarm werenotedtohaveeitherbrownfeathersbrownorblacktail
feathers.Ofthosewithblackfeathers2/3werefemalewhile2/5 ofthosewithbrown
feathersweremale. Otieno boughttwo chicksfrom Onyango.Onehadblacktail
featherswhiletheotherhadbrownfindtheprobabilitythatOtieno’schickswerenotof
thesamegender

was

17. Threerepresentativesaretobeselectedrandomlyfrom agroupof7girlsand8boys.
Calculatetheprobabilityofselectingtwogirlsandoneboy

18. Theprobabilitythatamanwinsagameis¾.Heplaysthegameuntilhewins.Determine
theprobabilitythathewinsinthefifthround.

19. TheprobabilitythatKamauwillbeselectedforhisschool’sbasketballteam is¼.Ifheis
selectedforthebasketballteam. Thentheprobabilitythathewillbeselectedfor
footballis1/3ifheisnotselectedforbasketballthentheprobabilitythatheisselected
forfootballis4/5.WhatistheprobabilitythatKamauisselectedforatleastoneofthe
twogames?
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20. TwobasketsA andB eachcontainsamixtureoforangesandlemons.BasketsA
contains26orangesand13lemons.BasketsBcontains18orangesand15lemons.A
childselectedabasketatrandom andpickedatrandom afruitfrom it.Determinethe
probabilitythatthefruitpickedanorange.

CHAPTERFIFTYFIVE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Locateapointintwoandthreedimensionco-ordinatesystems;

(b)Representvectorsascolumnandpositionvectorsinthreedimensions;

(c)Distinguishbetweencolumnandpositionvectors;

(d)Representvectorsintermsofi,j,andk;

(e)Calculatethemagnitudeofavectorinthreedimensions;

(f)Usethevectormethodindividingalineproportionately;

(g)Usevectormethodtoshowparallelism;

(h)Usevectormethodtoshowcollinearity;

(i)Stateandusetheratiotheorem,

VECTORS
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(j)Applyvectormethodsingeometry.

Content
(a)Coordinatesintwoandthreedimensions

(b)Columnandpositionvectorsinthreedimensions

(c)Columnvectorsintermsofunitvectorsi,j,andk

(d)Magnitudeofavector

(e)Parallelvectors

(f)Collinearity

(g)Proportionaldivisionofaline

(h)Ratiotheorem

(i)Vectormethodsingeometry.

Vectorsin3dimensions:

3dimensionalvectorscanberepresentedonasetof3axesatrightanglestoeachother
(orthogonal),asshowninthediagram.

Notethatthezaxisistheverticalaxis.

Togetfrom AtoByouwouldmove:

4unitsinthex-direction,(x-component)

3unitsinthey-direction,(y-component)

2unitsinthez-direction.(z-component)

Incomponentform: =

Ingeneral: = ,
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Columnandpositionvectors

Inthreedimensions,adisplacementisrepresentedbacolumnvectoroftheform wherep,q(
p
q
r
)

andrarethechangesinx,y,zdirectionsrespectively.

Example

Thedisplacementfrom A(3,1,4)toB(7,2,6)isrepresentedbthecolumnvector, =(7-32-1
6-4

) (41
2
)

ThepositionvectorofAwrittenasOAis whereOistheorigin(31
4
)

Additionofvectorsinthreedimensionsisdoneinthesamewayasthatintwodimensions.

Example

Ifa= andb= then(3-2
5
) (-28

10
)

i.) 3a+2b=3 +2 = + =(3-2
5
) (-28

10
) (9-6

15
) (-416

20
) (510

35
)

ii.) 4a–½b=4 - = + =(3-2
5
)1

2(
-2
8
10
) (12-8

20
) (1-4

-5
) (13-12

15
)

ColumnVectorsintermsofunitVectors

Inthreedimensiontheunitvectorinthexaxisdirectionis= ,thatinthedirctionoftheyaxis(01
0
)

is whilethatinthedirectionofz–axisis .(01
0
) (00

1
)

Diagrammaticrepresentationofthevectors.
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Threeunitvectorsarewrittenas;i= ,j= andk(10
0
) (01

0
) (00

1
)

Expressvector intermsoftheunitvectorI,jandk(5-2
7
)

Solution

= + +(5-2
7
) (50

0
) (0-2

0
) (00

7
)

5 -2 +7(10
0
) (01

0
) (00

1
)

=5i–2j+7k

Note;

Thecolumnvector canbeexpressedasai+bj+ck(
a
b
c
)

Magnitudeofa3dimensionalvector.
GiventhevectorAB=xi+yj+2k,thenthemagnitudeofABiswrittenas|AB|= + +x

2
y
2
z
2

Thisisthelengthofthevector.

UsePythagoras’Theorem in3dimensions.

AB2=AR2+BR2

=(AP2+PR2)+BR2
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=

andifu= thenthemagnitudeofu,|u|=lengthofAB

Distanceformulafor3dimensions

Recallthatsince: = ,thenif then

Sincex= - y= - -x
B
x
Aand

y
B
y
Aand

z
B
z
A

Example:

1.IfAis(1,3,2)andBis(5,6,4)

Find
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2.If Find

Solution

a.)

b.)

Parallelvectorsandcollinearity
Parallelvectors

Twovectorsareparallelifoneisscalarmultipleoftheother.i.evectoraisascalarmultipleofb
,i.e.

a=kbthenthetwovectorsareparallel.

Note;
Scalarmultiplicationissimplymultiplicationofaregularnumberbyanentryinthevector

Multiplyingbyascalar

Avectorcanbemultipliedbyanumber(scalar).e.g.multiply a by3 iswritten as3a.Vector
3a hasthreetimesthelengthbutisinthesamedirectionasa.Incolumnform,each
componentwillbemultipliedby3.

Wecanalsotakeacommonfactoroutofavectorincomponentform.Ifavectorisascalar
multipleofanothervector,thenthetwovectorsareparallel,anddifferonlyinmagnitude.Thisis
ausefultesttoseeiflinesareparallel.

Exampleif
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CollinearPoints
Pointsarecollinearifonestraightlinepassesthroughallthepoints.ForthreepointsA,B,C-if
thelineABisparalleltoBC,sinceBiscommontobothlines,A,BandCarecollinear.

Testforcollinearity

Example
Ais(0,1,2),Bis(1,3,–1)andCis(3,7,–7)ShowthatA,BandCarecollinear.

arescalarmultiples,soABisparalleltoBC.SinceBisacommonpoint,thenA,B

andCarecollinear.

Ingeneralthetestofcollinearityofthreepointsconsistsoftwoparts

 Showingthatthecolumnvectorsbetweenanytwoofthepointsareparallel

 Showingthattheyhaveapointincommon.

Example

A(0,3),B(1,5)andC(4,11)arethreegivenpoints.Showthattheyarecollinear.

Solution

ABandBCareparallelifAB=kBC,wherekisascalar

AB= - = BC= - =(15)(03) (12) (411)(15) (36)
ThereforeAB//BCandpointB(1,5)iscommon.ThereforeA,B,andCarecollinear.

Example

ShowthatthepointsA(1,3,5),B(4,12,20)andCarecollinear.

Solution

ConsidervectorsABandAC

AB= - =(412
20
)(113

5
) (39

15
)
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AC= - =(39
15
)(13

5
) (26

10
)

=k(26
10
) (39

15
)

Hencek=
2

3

AC= AB
2

3

ThereforeAB//AC andthetwovectorsshareacommonpointA.Thethreepointsarethus
collinear.

Example

InthefigureaboveOA=aOB=bandOC=3OB

a.)ExpressABandACintermsofaandb

b.)GiventhatAM =¾ABandAN= AC,ExpressOM andOintermsofaandb
1

2

c.)Hence,showthatOM andNarecollinear

Solution

a.)AB=OA+OB

=-a+b

AC=-a+3b
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b.)OM =OA+AM

=OA+ AB
3

4

=a+
3

4
(-a+b)

=a- a+ b
3

4

3

4

= a+ b
1

4

3

4

ON=OA+AN

=OA+ AC
1

2

a+ (-a+3b)
1

2

a=a-a+ b
1

2

3

2

= a+ b
1

2

3

2

a

c.)OM =kON b+ a= a+ b
3

4

1

4

k

2

3k

2

Comparingthecoefficientsofa;

=
1

4

k

2

k=
1

2

Thus,OM = ON.
1

2

Thustwovectorsalsoshareacommonpoint,O.Hence,thepointsarecollinear.

ProportionalDivisionofaline

Inthefigurebelow,thelineisdividedinto7equalparts



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 539

ThepointRlies4/7ofthewaysalongPQifwetakethedirectionfrom PtoQtobepositive,
wesayRdividesPQinternallyintheratio4:3..

IfQtoPistakenaspositive,thenRdividesQPinternallyintheratio3:4.Hence,QR:RP=3:
4or,4QR=3RP.

ExternalDivision

Ininternaldivisionwelookatthepointwithinagivenintervalwhileinexternaldivisionwelook
atpointsoutsideagiveninterval,

InthefigurebelowpointPisproducedonAB

ThelineABisdividedintothreeequalpartswithBPequaltotwooftheseparts.Ifthedirection
from AtoBistakenaspositive,thenthedirectionfrom PtoBisnegative.

ThusAP:PB=5:-2.InthiscasewesaythatPdividesABexternallyintheratio5:-2orP
dividesABintheratio5:-2.

Points,RatiosandLines

Findtheratioinwhichapointdividesaline.

Example:

ThepointsA(2,–3,4),B(8,3,1)andC(12,7,–1)form astraightline.FindtheratioinwhichB
dividesAC. Solution
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BdividesACinratioof3:2

Pointsdividinglinesingivenratios.

Example:

PdividesABintheratio4:3.IfAis(2,1,–3)andBis(16,15,11),findtheco-ordinatesofP.

Solution:

 3(p–a)=4(b–p)

3p–3a=4b–4p

7p=4b+3a

Pointsdividinglinesingivenratiosexternally.

Example:

QdividesMNexternallyintheratioof3:2.M is(–3,–2,–1)andNis(0,–5,2).Findtheco-
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ordinatesofQ.

NotethatQNisshownas–2becausethetwolinesegmentsareMQandQN,andQNisinthe
oppositedirectiontoMQ.

 –2(q–m)=3(n–q)

–2q+2m =3n–3q

q=3n–2m

PisP(10,9,5)

TheRationTheorem

ThefigurebelowshowsapointSwhichdividesalineABintheratiom :n

TakinganypointOasorigin,wecanexpresssintermsofaandbthepositonvectorsof
aandbrespectively.

OS=OA+AS

ButAS= AB
m

m+n
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Therefore,OS=OA+ AB
m

m+n

ThusS=a+ (-a+b)
m

m+n

=a- a+ b
m

m+n

m

m+n

=(1- )a+ b
m

m+n

m

m+n

=( )a+ b
m+n-m

m+n

m

m+n

= a+ b
n

m+n

m

m+n

Thisiscalledtheratiotheorem.Thetheorem statesthatthepositionvectorssofapoint
whichdividesalineABintheratiom:nisgivenbytheformula;

S= a+ b,whereaandbarepositonvectorsofAandBrespectively.Notethat
n

m+n

m

m+n

thesum ofco-ordinates and =1
n

m+n

m

m+n

Thus,intheaboveexampleiftheratiom :n=5:3

Thenm =5andn=3

OR= a+ b
3

5+3

3

5+3

Thus,r= a+ b
3

8

3

8

Example

ApointRdividesalineQRexternallyintheratio7:3.IfqandrarepositionvectorsofpointQ
andRrespectively,findthepositionvectorofpintermsofqandr.

Solution
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WetakeanypointOastheoriginandjoinittothepointsQ,RandPasshownbelow

QP:PR=7:-3

Substitutingm =7andn=-3inthegeneralformulae;

OP= q+ r
-3

7+(-3)

7

7+(-3)

P= q+ r
-3

4

7

4

Vectorscanbeusedtodeterminetheratioinwhichapointdividestwolinesiftheyintersect

Example

InthebelowOA=aandOB=B.ApointPdividesOAintheratio3:1andanotherpointOdivides
ABintheratio2:5.IfOQmeetsBPatM Determine:

a.)OM :MQ

b.)BM :MP
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LetOM :MQ=k:(1–k)andBM –MP=n:(1–n)
Usingtheratiotheorem

OQ= a+ b
5

7

2

7
OM=kOQ

=k( a+ b
5

7

2

7)
Alsobyratiotheorem;
OM =nOP+(1–n)OB

ButOP= a
3

4

Therefore,OM =n(a)+ b
3

4
(1-n)

Equatingthetwoexpressions;

k =n + b(a+ b
5

7

2

7 ) (a
3

4) (1-n)

Comparingtheco-efficients

k= n………..1
5

7

3

4

k=1-n……..2
2

7

k= andn=
21

25

10

13

TheratioBM:MP= :
10

13

3

13

=10:3



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 545

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic

1. ThefigurebelowisarightpyramidwitharectangularbaseABCDandVOastheheight.

ThevectorsAD=a,AB=bandDV=v

a)Express

(i) AVintermsofaandc

(ii) BVintermsofa,bandc

(b)M ispointonOVsuchthatOM:MV=3:4,ExpressBM intermsofa,bandc.

Simplifyyouranswerasfaraspossible

2. IntriangleOAB,OA=aOB=bandPliesonABsuchthatAP:BP=3.5

(b)Findthetermsofaandbthevectors

(i) AB

(ii) AP

(iii) BP

(iv) OP
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(c)PointQ isonOPsuchAQ=-5+9

8a40b

FindtheratioOQ:QP

3. Thefigurebelow showstriangleOABinwhichM dividesOAintheratio2:3andN

dividesOB intheratio4:1ANandBM intersectatX

(a)GiventhatOA=aandOB=b,expressintermsofaandb:

(i) AN

(ii) BM

(b)IfAX=sANandBX=tBM,wheresandtareconstants,writetwoexpressions

forOXintermsofa,bsandt

Findthevalueofs

HencewriteOXintermsofaandb

4. ThepositionvectorsforpointsPandQare4I+3j+6j+6krespectively.Express

vectorPQintermsofunitvectorsI,jandk.HencefindthelengthofPQ,leavingyour

answerinsimplifiedsurdform.

5. Inthefigurebelow,vectorOP=PandOR=r.VectorOS=2randOQ=3/2p.
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a) Expressintermsofpandr(i)QRand(ii)PS

b) ThelinesQRandPSintersectatKsuchthatQK=m QRandPK=nPS,wherem

andnarescalars.FindtwodistinctexpressionsforOKintermsofp,r,m andn.

Hencefindthevaluesofm andn.

c) StatetheratioPK:KS

6. PointTisthemidpointofastraightlineAB.GiventhepositionvectorsofAandTarei-j

+kand2i+1½krespectively,findthepositionvectorofBintermsofi,jandk

7. ApointRdividesalinePQinternallyintheration3:4.AnotherpointS,dividesthelinePR

externallyintheration5:2.GiventhatPQ=8cm,calculatethelengthofRS,correctto2

decimalplaces.

8. ThepointsP,Q,RandShavepositionvectors2p,3p,rand3rrespectively,relativetoan

originO.ApointTdividesPSinternallyintheratio1:6

(a) Find,inthesimplestform,thevectorsOTandQTintermspandr

(b) (i) ShowthatthepointsQ,T,andRlieonastraightline

(ii) DeterminetheratioinwhichTdividesQR

9. TwopointsPandQhavecoordinates(-2,3)and(1,3)respectively.Atranslationmap

pointPtoP’(10,10)

(b)FindthecoordinatesofQ’theimageofQunderthetranslation

(c)ThepositionvectorofPandQ in(a)abovearepandqrespectivelygiventhatmp–

nq=-12

9
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Findthevalueofm andn

10. Giventhatqi+1/3j+2/3kisaunitvector,findq

11. In the diagram below,the coordinates ofpoints A and B are (1,6)and (15,6)

respectively).PointNisonOBsuchthat3ON=2OB.LineOAisproducedtoLsuchthat

OL=3OA

(a)FindvectorLN

(b)GiventhatapointM isonLNsuchthatLM:MN=3:4,findthecoordinatesofM

(c)IflineOM isproducedtoTsuchthatOM:MT=6:1

(i) FindthepositionvectorofT

(ii) ShowthatpointsL,TandBarecollinear

12. Inthefigurebelow,OQ=qandOR=r.PointXdividesOQintheratio1:2andYdivides

ORintheratio3:4linesXR andYQintersectatE.
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(a)Expressintermsofqandr

(i) XR

(ii) YQ

(b)IfXE=m XRandYE=nYQ,expressOEintermsof:

(i) r,qandm

(ii) r,qandn

(c)Usingtheresultsin(b)above,findthevaluesofm andn.

13. Vectorqhasamagnitudeof7andisparalleltovectorp.Giventhat

p=3i–j+1½k,expressvectorqintermsofi,j,andk.

14. Inthefigurebelow,OA=3i+3jABDOB=8i–j.CisapointonABsuchthatAC:CB3:2,

andD isapointsuchthatOB//CD and2OB=CD(T17)

DeterminethevectorDAintermsofIandj

15. Inthefigurebelow,KLMNisatrapezium inwhichKLisparalleltoNM andKL=3NM

GiventhatKN=w,NM =uandML=v.Showthat2u=v+w

16. ThepointsP,QandRlieonastraightline.ThepositionvectorsofPandRare2i+3j+

13kand5i–3j+4krespectively;QdividesSRinternallyintheratio2:1.Findthe
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(a)PositionvectorofQ

(b)DistanceofQfrom theorigin

17. Co-ordinatesofpointsO,P,QandRare(0,0),(3,4),(11,6)and(8,2)respectively.A

pointTissuchthatthevectorOT,QPandQRsatisfythevectorequationOT=QP½QT.

FindthecoordinatesofT.

18. InthefigurebelowOA=a,OB=b,AB=BCandOB:BD=3:1

(a) Determine

(i) ABintermsofaandb

(ii) CD,intermsofaandb

(b) IfCD:DE=1kandOA:AE=1m determine

(i) DEintermsofa,bandk

(ii) Thevaluesofkandm

19. Thefigurebelowshowsagridofequallyspacedparallellines
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AB=aandBC=b

(a) Express

(i) ACintermsofaandb

(ii) ADintermsofaandb

(b) UsingtriangleBEP,expressBPintermsofaandb

(c) PRproducedmeetsBAproducedatXandPR=1/9b–8/3a

BywritingPXaskPRandBXashBAandusingthetriangleBPXdeterminethe

ratioPR:RX

20. Thepositionvectorsofpointsxandyarex=2i+j–3kandy=3i+2j–2krespectively.

FindXY

2.GiventhatX=2i+j-2K,y=-3i+4j–kandz=5i+3j+2kandthatp=3x–y+2z,findthe

magnitudeofvectorpto3significantfigures.

CHAPTERFIFTYSIX

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)RelateimageandobjectunderagiventransformationontheCartesian

Plane;

(b)Determinethematrixofatransformation;

(c)Perform successivetransformations;

(d)Determineandidentifyasinglematrixforsuccessivetransformation;

(e)Relateidentitymatrixandtransformation;

(f)Determinetheinverseofatransformation;

(g)Establishandusetherelationshipbetweenareascalefactoranddeterminantofa

MATRIXANDTRANSFORMATION
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matrix;

(h)Determineshearandstretchtransformations;

(i)Defineanddistinguishisometricandnon-isometrictransformation;

(j)Applytransformationtoreallifesituations.

Content
(a)TransformationontheCartesianplane

(b)Identificationoftransformationmatrix

(c)Successivetransformations

(d)Singlematrixoftransformationforsuccessivetransformations

(e)Identitymatrixandtransformation

(f)Inverseofatransformations

(g)Areascalefactoranddeterminantofamatrix

(h)Shearandstretch(includetheirmatrices)

(i)Isometricandnon-isometrictransformations

(j)Applicationoftransformationtoreallifesituations.

Matricesoftransformation
Atransformationchangetheshape,positionorsizeofanobjectasdiscussedinbooktwo.

Pre–multiplicationofany2x1columnvectorbya2x2matrixresultsina2x1columnvector

Example

=[3 4
-1 2][

7
-1] [17-9]

Ifthevector isthoughtofasappositionvectorthatistomeanthatitisrepresentingthe[7-1]
pointswithcoordinates(7,-1)tothepoint(17,-9).

Note;
The transformation matrix has an effecton each pointofthe plan.Let’s make T a

transformationmatrixT ThenTmapspoints(x,y)ontoimagepoints ,[7-1] x
1
y
1

T →[xy] [x
1

y
1]
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=[xy][3 4
-1 2] [x

1

y
1]

=[3x+4y-1x+2y]
FindingtheMatrixoftransformation
Theobjectiveistofindthematrixofgiventransformation.

Examples

FindthematrixoftransformationoftrianglePQRwithverticesP(1,3)Q(3,3)andR(2,5).The

verticesoftheimageofthetrianglesis , .P
1(1,-3)Q1(3,-3)andR1(2,-5)

Solution

Letthematrixofthetransformationbe(a b
c d)

=(a b
c d)(

P Q R

1 3 2
3 3 5

)(P
1

Q
1

R
1

1 3 2
-3 -3 -5

)
=(a+3b 3a+3b 2a+5b

c+3d 3c+3d 2c+5d) (1 3 2
-3 -3 -5)

Equatingthecorrespondingelementsandsolvingsimultaneously

a+3b=1

3a+3b=3

2a=2

a=1andb=0

c+3d=-3

3c+3d=-3

2c=0

c=0andd=-1andd=-1

thetransformationmatrixis(1 0
0 -1)

Example

Atrapezium withverticesA(1,4)B(3,1)C(5,1)and D(7,4)ismappedontoatrapezium whose

verticesare , , , .DescribethetransformationandfinditsmatrixA
1(-4,1)B

1(-1,3)C
1(-1,5)D

1(-4,7)
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Solution

Letthematrixofthetransformationbe(a b
c d)

=(a b
c d)(

A B C
1 3 5
4 1 1

D
7
4
) (A

1
B
1

C
1

-4 -1 -1
1 3 5

D
1

-4
7
)

Equatingthecorrespondingelementsweget;

a+4b=-4 c+4d=1

3a+b=-1 3c+d=3

uationssimulteneously

3a+12b=-12

3a+b=-1

11b=-11 henceb=-1ora=0

3c+12d=3

3c+d=3

11d=0

d=0 c=1=1

ematrixofthetransformationistherefore(0 -1
1 0)

Thetransformationispositivequarterturnabouttheorigin

Note;
Underanytransformationrepresentedbya2x2matrix,theoriginisinvariant,meaningitdoes
notchangeitsposition.Thereforeifthetransformtionisarotationitmustbeabouttheoriginor
ifthetransformationisreflectionitmustbeonamirrorlinewhichpasssesthroughtheorigin.
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Theunitsquare

TheunitsquareABCD withverticesA ,B ,C andD helpsustogetthe(0,0) (1,0) (1,1) (0,1)
transformation ofa given matrixand also to identifywhattrasformation a given matrix
represent.

Example

FindtheimagesofIandJunderthetrasformationwhosematrixis;

a)(2 3
5 4)

b)(-1 6
4 5)

Solution

a) =(2 3
5 4)(

I J

1 0
0 1

) (I
1

J
1

2 3
5 4

)

b) =(-1 6
4 5)(

I J

1 0
0 1

) (I
1

J
1

-1 6
4 5

)
NOTE;

TheimagesofIandJundertransformationrepresentedbyany2x2matrixi.e., are(a b
c d)
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andI
1
(a,c) J

1(b,d)

Example

Findthematrixofreflectionintheliney=0orxaxis.

Solution

UsingaunitsquaretheimageofB is(1,0)andDis(0,-1).Therefore,thematrixofthe

transformationis(1 0
0 -1)

Example

Showonadiagram theunitsquareanditimageunderthetransformationrepresentedbythe

matrix(1 4
0 1)

Solution

Usingaunitsquare,theimageofIis
(1,0),theimageofJis(4,1),the
imageofOis(0,0)andthatofK is

=(1 4
0 1)(

k
1
1
) (K

1

5
1
)
,theimageofKis(5,1)Therefore,K
1
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Successivetransformations
The process ofperforming two ormore transformations in orderis called successive
transformationegperformingtransformationH followedbytransformationYiswrittenas
followsYHorifA,bandCaretransformations;thenABC meansperform Cfirst,thenBand
finallyA,inthatorder.

Thematriceslistedbelowallperform differentrotations/reflections:

Thistransformationmatrixistheidentitymatrix.Whenmultiplyingbythismatrix,thepoint
matrixisunaffectedandthenewmatrixisexactlythesameasthepointmatrix.

[1 0
0 1]

= =[1 0
0 1][

4
3] [(4x1)+(3x0)+(3x1)(4x0) ] [43]

Thistransformationmatrixcreatesareflectioninthex-axis.Whenmultiplyingbythismatrix,the
xco-ordinateremainsunchanged,buttheyco-ordinatechangessign.

[1 0
0 -1]

= =[1 0
0 -1][

4
3] [(4x1)+(3x0)+(3x-1)(4x0) ] [4-3]

Thistransformationmatrixcreatesareflectioninthey-axis.Whenmultiplyingbythismatrix,the
yco-ordinateremainsunchanged,butthexco-ordinatechangessign.

[-1 0
0 1]

= =[-1 0
0 1][

4
3] [(4x-1)+(3x0)+(3x1)(4x0) ] [-43]
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Thistransformationmatrixcreatesarotationof180degrees.Whenmultiplyingbythismatrix,
thepointmatrixisrotated180degreesaround(0,0).Thischangesthesignofboththexandy
co-ordinates.

[-1 0
0 -1]

= =[-1 0
0 -1][

4
3] [(4x-1)+(3x0)+(3x1)(4x0) ] [-4-3]

Thistransformationmatrixcreatesareflectionintheliney=x.Whenmultiplyingbythismatrix,
thexco-ordinatebecomestheyco-ordinateandthey-ordinatebecomesthexco-ordinate.

[0 1
1 0]

= =[0 1
1 0][

4
3] [(4x0)+(3x1)+(3x0)(4x1) ] [34]

Thistransformationmatrixrotatesthepointmatrix90degreesclockwise.Whenmultiplyingby
thismatrix,thepointmatrixisrotated90degreesclockwisearound(0,0).

[0 1
-1 0]

= =[0 1
-1 0][

4
3] [(4x0)+(3x1)+(3x0)(4x-1) ] [3-4]

Thistransformationmatrixrotatesthepointmatrix90degreesanti-clockwise.Whenmultiplying
bythismatrix,thepointmatrixisrotated90degreesanti-clockwisearound(0,0).

[0 -1
1 0]
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= =[0 -1
1 0][

4
3] [(4x0)+(3x1)+(3x0)(4x-1) ] [-34]

Thistransformationmatrixcreatesareflectionintheliney=-x.Whenmultiplyingbythismatrix,
thepointmatrixisreflectedintheliney=-xchangingthesignsofbothco-ordinatesand
swappingtheirvalues.

[0 -1
-1 0]

= =[0 -1
-1 0][

4
3] [(4x0)+(3x-1)+(3x0)(4x-1) ] [-34]

Inversematrixtransformation
Atransformationmatrixthatmapsanimagebacktotheobjectiscalledaninverseofmatrix.

Note;
IfAisatransformationwhichmapsanobjectTontoanimage ,thenatransformationthatT

1

canmap backtoTiscalledtheinverseofthetransformationA,writtenasimage .T
1

A
-1

IfRisapositivequarterturnabouttheoriginthematrixforRis andthematrixfor is(0 -1
1 0) R

-1

hence R= R=1(0 1
-1 0) R

-1
R
-1

Example

TisatrianglewithverticesA(2,4),B(1,2)andC(4,2).Sisatransformationrepresentedbythe

matrix(1 1

0
1

2
)

a)DrawTanditsimage underthetransformationST
1

b)FindthematrixoftheinverseofthetransformationS

Solution

a)UsingtransformationmatrixS=(1 1

0
1

2
)

=(1 1

0
1

2
)(A B C
2 1 4
4 2 2

) (A
1

B
1

C
1

6 3 6
2 1 1

)
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b)Lettheinverseofthetransformationmatrixbe .Thiscanbedoneinthefollowing(a b
c d)

ways

I. S=1S
-1

Therefore =(a b
c d)(

1 1

0
1

2
) (1 0

0 1)

Equatingcorrespondingelementsandsolvingsimultaneously;

a=1,b=-2,c=0andd=20andd=2

=(a b
c d) (1 -2

0 2)

=S
-1 (1 -2

0 2)

II. =(a b
c d)(A

1
B
1

C
1

6 3 6
2 1 1

) (A B C
2 1 4
4 2 2

)

a=1,b=-2,c=0andd=2

=S
-1 (1 -2

0 2)
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AreaScaleFactorandDeterminantofMatrix
Theratioofareaofimagetoareaobjectistheareascalefactor(A.S.F)

Arescalefactor=
areaofimage

areaofobject

Areascalefactorisnumericallyequaltothedeterminant.Ifthedeterminantisnegativeyou
simplyignorethenegativesign.

Example

Areaoftheobjectis4cm andthatofimageis36cm findtheareascalefactor.

Solution

=9
36

4

Ifithasamatrixof thedeterminantis9-0=9henceequaltoA.S.F(-3 0
0 -3)

Shearandstretch

Shear
Thetransformationthatmapsanobject(inorange)toitsimage(inblue)iscalledashear

Theobjecthassamebaseandequalheights.Therefore,theirareasareequal.Underanyshear,
areaisalwaysinvariant(fixed)

Ashearisfullydescribedbygiving;

a.)Theinvariantline

b.)Apointnotontheinvariantline,anditsimage.

Example

AshearXaxisinvariant
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Example

AshearYaxisinvariant
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Note;

Shearwith x axis invariantis represented by a matrix ofthe form underthis(1 k
0 1)

trasnsformation,J(0,1)ismappedonto (k,1).J
1

Likewiseashearwith y–axisinvariantisrepresentedbyamatrixoftheform( ).under1 0
k 1

thistransformation,,I(0,1)ismappedonto (1,k).I
1

Stretch
Astretchisatransformationwhichenlargesalldistanceinaparticulardirectionbyaconstant
factor.Astretchisdescribedfullybygiving;

 Thescalefactor

 Theinvariantline

Note;
i.)IfKisgreaterthan1,thenthisreallyisastretch.

ii.)Ifkislessthanone1,itisasquishbutwestillcallitastretch

iii.)Ifk=1,thenthistransformationisreallytheidentityi.e.ithasnoeffect.

Example

Usingaunitsquare,findthematrixofthestretchwithyaxisinvariantadscalefactor3

Solution
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TheimageofIis andtheimageofJis(0,1)thereforethematrixofthestretchisI
1(1,0) (3 0

0 1)
Note;

Thematrixofthestretchwiththey-axisinvariantandscalefactorkis andthematrixofa(k 0
0 1)

stretchwithx–axisinvariantandscalefactorkis(k 0
0 1)

IsometricandNon-IsometricTransformation
Isometrictransformationsarethoseinwhichtheobjectandtheimagehavethesameshape
andsize(congruent)e.g.rotation,reflectionandtranslation

Non-isometrictransformationsarethoseinwhichtheobjectandtheimagearenotcongruent
e.g.,shearstretchandenlargement

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Matrixpisgivenby 1 2

4 3

(a) FindP-1

(b) Twoinstitutions,ElimuandSomo,purchasebeansatKshs.Bperbagand

maizeatKshsm perbag.Elimupurchased8bagsofbeansand14bagsof
maizeforKshs47,600.Somopurchased10bagsofbeansand16ofmaizefor
Kshs.57,400

(c) Thepriceofbeanslaterwentupby5% andthatofmaizeremainedconstant.
Elimuboughtthesamequantityofbeansbutspentthesametotalamountof
moneyasbeforeonthetwoitems.Statethenewratioofbeanstomaize.

2. AtriangleisformedbythecoordinatesA(2,1)B(4,1)andC(1,6).Itisrotated

clockwisethrough900abouttheorigin.Findthecoordinatesofthisimage.

3. OnthegridprovidedontheoppositepageA(1,2)B(7,2)C(4,4)D(3,4)isatrapezium
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(a) ABCDismappedontoA’B’C’D’byapositivequarterturn.DrawtheimageA’B’C’Donthe
grid

(b) Atransformation-2-1 mapsA’B’C’D ontoA”B”C”D”Findthecoordinates

0 1 ofA”B”C”D”

4. AtriangleTwhoseverticesareA(2,3)B(5,3)andC(4,1)ismappedontotriangleT1

whoseverticesareA1(-4,3)B1(-1,3)andC1(x,y)bya

TransformationM = a b

c d

a) Findthe: (i) MatrixM ofthetransformation

(ii) CoordinatesofC1

b) TriangleT2istheimageoftriangleT1underareflectionintheliney=x.

FindasinglematrixthatmapsTandT2

5. TrianglesABCissuchthatAis(2,0),B(2,4),C(4,4)andA”B”C”issuchthatA”is(0,2),
B”(-4–10)andC“is(-4,-12)aredrawnontheCartesianplane

TriangleABCismappedontoA”B”C”bytwosuccessivetransformations

R= a b

c d Followedby P= 0 -1

-1 0

(a) FindR

(b) Usingthesamescaleandaxes,drawtrianglesA’B’C’,theimageoftriangleABC
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undertransformationR

Describefully,thetransformationrepresentedbymatrixR

6. TriangleABCisshownonthecoordinatesplanebelow

(a) GiventhatA(-6,5)ismappedontoA(6,-4)byashearwithy-axisinvariant

(i) DrawtriangleA’B’C’,theimageoftriangleABCundertheshear
(ii) Determinethematrixrepresentingthisshear

(b) TriangleABCismappedontoA”B”C”byatransformationdefinedbythematrix
-1 0

1½ -1

(i)DrawtriangleA”B”C”

(ii)DescribefullyasingletransformationthatmapsABContoA”B”C”

7. DeterminetheinverseT1ofthematrix 1 2

1 -1

Hencefindthecoordinatestothepointatwhichthetwolines
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x+2y=7andx-y=1

8. GiventhatA=0 -1andB= -1 0

3 2 2 -4

Findthevalueofxif

(i) A-2x=2B

(ii) 3x–2A=3B

(iii) 2A-3B=2x

9. ThetransformationRgivenbythematrix

A=a b maps17 to 15 and 0 to -8

c d 0 8 17 15

(a) DeterminethematrixAgivinga,b,canddasfractions

(b) GiventhatA representsarotationthroughtheorigindeterminetheangleof
rotation.

(c) Sisarotationthrough180aboutthepoint(2,3).Determinetheimageof(1,0)
underSfollowedbyR.

CHAPTERFIFTYSEVEN

STATISTICSII
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SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Statethemeasuresofcentraltendency;

(b)Calculatethemeanusingtheassumedmeanmethod;

(c)Makecumulativefrequencytable,

(d)Estimatethemedianandthequartilesby

-Calculationand

-Usingogive;

(e)Defineandcalculatethemeasuresofdispersion:range,quartiles,interquartilerange,
quartiledeviation,varianceandstandarddeviation

(f)Interpretmeasuresofdispersion

Content
(a)Meanfrom assumedmean:

(b)Cumulativefrequencytable

(c)Ogive

(d)Meadian

(e)Quartiles

(f)Range

(g)Interquartilerange

(h)Quartiledeviation

(i)Variance

(j)Standarddeviation

Thesestatisticalmeasuresarecalledmeasuresofcentraltendencyandtheyaremean,mode
andmedian.

Meanusingworking(Assumed)Mean
Assumedmeanisamethodofcalculatingthearithmeticmenandstandarddeviationofadata
set.Itsimplifiescalculation.
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Example

Themassestothenearestkilogram of40studentsintheform 3classweremeasuredand
recordedinthetablebelow.Calculatethemeanmass

Masskg 47 48 49 50 51 52 53

Number of
employees

2 0 1 2 3 2 5

54 55 56 57 58 59 60

6 7 5 3 2 1 1

Solution

Weareusingassumedmeanof53

Massxkg t=x-53 f ft

47

48

49

50

51

52

-6

-5

-4

-3

-2

-1

2

0

1

2

3

2

-12

0

-4

-6

-6

-2
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53

54

0

1

5

6

0

6

55 2 7 14

56 3 5 15

57 4 3 12

58 5 2 10

59

60

6

7

1

1

6

7

Σf=40 Σft=40

Meanoft= = =1
∑ft

∑f

40

40

Meanofx=53+meanoft

=53+1

=54

Meanofgroupeddata
Themassestothenearestgram of100eggswereasfollows

Marks 100-
103

104-107 108-111 112-
115

116-119 120-123

Frequenc
y

1 15 42 31 8 3

Findthemeanmass
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Solution

Letuseaworkingmeanof109.5.

class Mid-pointx t=x-109.5 f ft

100-103 101.5 -8 1 –8

104-107 105.5 -4 15 –60

108-111 109.5 0 42 0

112-115 113.5 4 31 124

116-119

120-123

117.5

121.5

8

12

8

3

64

36

Σf=100 Σft=156

Meanoft= =1.56
156

100

Therefore,meanofx=109.5+meanoft

=109.5+1.56

=111.06g

Togetthemeanofagroupeddata easily,we divideeachfigurebytheclasswidthafter
substractingtheassumedmean.Inordertoobtainthemeanoftheoriginaldatafrom the mean
ofthenewsetofdata,wewillhavetoreversethestepsinthefollowingorder;

 Multiplythemeanbytheclasswidthandthenaddtheworkingmean.

Example

Theexampleabovetobeusedtodemonstratethesteps
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class Mid-pointx
t=
x-109.5

4

f

ft

100-103 101.5 -2 1 –2

104-107 105.5 -1 15 –15

108-111 109.5 0 42 0

112-115 113.5 1 31 31

116-119

120-123

117.5

121.5

2

3

8

3

16

9

Σf=100 Σft=39

= =
̅
t

∑ft

∑f

39

100

=0.39

Therefore =0.39x4+109.5
̅
x

=1.56+109.5

=111.06g

Quartiles,DecilesandPercentiles
Amediandividesasetofdataintotwoequalpartwithequalnumberofitems.

Quartilesdividesasetofdataintofourequalparts.Thelowerquartileisthemedianofthe
bottom half.Theupperquartileisthemedianofthetophalfandthe middlecoincideswiththe
medianofthewholesetoddata

Decilesdividesasetofdataintotenequalparts.Percentilesdividesasetofdataintohundred
equalparts.

Note;
Forpercentilesdecilesandquartilesthedataisarrangedinorderofsize.

Example

Height
incm

145-149 150-
154

155-
159

160-

164

165-
169

170-
174

175-179
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Calculatethe;

a.)Medianheight

b.)I.)Lowerquartile

ii)Upperquartile

c.)80thpercentile

Solution

I. Thereare40students.Therefore,themedianheightistheaverageoftheheightsofthe
20th and21ststudents.

class frequency Cumulative
frequency

145-149 2 2

150-154 5 7

155-159 16 23

160-164

165-169

9

5

32

37

170-174

175-179

2

1

39

40

Boththe20thand 21ststudentsfallsinthe155-159class.Thisclassiscalledthemedian

class.Usingtheformulam =L+

i(-C
n

2 )
f

WhereListhelowerclasslimitofthemedianclass

Nisthetotalfrequency

Cisthecumulativefrequencyabovethemedianclass

Iistheclassinterval

frquenc
y

2 5 16 9 5 2 1
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Fisthefrequencyofthemedianclass

Therefor;

Heightofthe20thstudent=154.5+ x5
13

16

=154.5+4.0625

=158.5625

Heightofthe21st = 154.5+ x5
14

16

=154.5+4.375

=158.875

Thereforemedianheight=
158.5625+158.875

2

=158.7cm

b.)(I)lowerquartile =L+Q
1

i(-C
n

4 )
f

The10th studentfallinthein155–159class

=154.5+Q
1

5( -7
40

4 )
16

=154.5+0.9375

=155.4375

(ii)Upperquartile =L+Q
3

i( n-C
3

4 )
f

The10th studentfallinthein155–159class

=159.5+Q
3

5( x40-23
3

4 )
9

=159.5+3.888

=163.3889

Note;
Themediancorrespondstothemiddlequartile orthe50thpercentileQ

2
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c.) x40=32the32nd studentfallsinthe160-164class
80

100

The80thpercentilepercentile

i( n-C
80

100 )
f

=159.5+
5(32-23)

9

=159.5+5

=164.5

Example

Determinetheupperquartileandthelowerquartileforthefollowingsetofnumbers

5,10,6,5,8,7,3,2,7,8,9

Solution

Arranginginascendingorder

2,3,5,5,6,7,7,8,8,9,10

Themedianis7

Thelowerquartileisthemedianofthefirsthalf,whichis5.

Theupperquartileisthemedianofthesecondhalf,whichis8.

Medianfrom cumulativefrequencycurve
Graphforcumulativefrequencyiscalledanogive.Weplotagraphofcumulativefrequency
againsttheupperclasslimit.

Example

Giventheclassintervalofthemeasurementandthefrequency,wefirstfindthecumulative
frequencyasshownbelow.

Thendrawthegraphofcumulativefrequencyagainstupperclasslimit

Arm Span(cm) Frequency(f)
Cumulative
Frequency

140≤x‹145 3 3

145≤x‹150 1 4
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150≤x‹155 4 8

155≤x‹160 8 16

160≤x‹165 7 23

165≤x‹170 5 28

170≤x‹175 2 30

Total: 30

Solution

Example

The table below
shows marks of 100

candidates in an
examination

1-
1
0

11-
20

21-30 31-
40

41-
50

51-
60

61-
70

71-
80

81-
90

91-
100
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Marks

FRCY

a.)Determinethemedianandthequartiles

b.)If55marksisthepassmark,estimatehowmanystudentspassed

c.)Findthepassmarkif70%ofthestudentsaretopass

d.)Determinetherangeofmarksobtainedby

(I)Themiddle50%ofthestudents

(ii)Themiddle80%ofthestudents

Solution

Marks

Frqcy

Cumulative 4 13
29 53 71 83
91 96 99 100

Frequency

Solution

a.)Readingfrom thegraph

Themedian=39.5

TheLowerquartile =28.5Q
1

Theupperquartile =53.5Q
2

b.)23candidatesscored55andover

c.)Passmarkis31if70%ofpupilsaretopass

4 9 16 24 18 12 8 5 3 1

1-
1
0

11-
20

21-30 31-
40

41-
50

51-
60

61-
70

71-
80

81-
90

91-
100

4 9 16 24 18 12 8 5 3 1



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 578

d.)(I)Themiddle50% includethemarksbetweenthe lowerandtheupperquartilesi.e.

between28.5and53.5marks.

(II)Themiddle80%includethemarksbetweenthefirstdecileandthe9thdecilei.ebetween

18and69marks
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MeasureofDispersion
Range

Thedifferencebetweenthehighestvalueandthelowestvalue

Disadvantage

Itdependsonlyonthetwoextremevalues

Interquartilerange
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Thedifferencebetweenthelowerandupperquartiles.Itincludesthemiddle50% ofthe

values

Semiquartilerange

Thedifferencebetweenthelowerquartileandupperquartiledividedby2.Itisalsocalled

thequartiledeviation.

MeanAbsoluteDeviation

Ifwefindthedifferenceofeachnumberfrom themeanandfindtheirmean,wegetthe

meanAbsolutedeviation

Variance

Themeanofthesquareofthesquareofthedeviationsfrom themeaniscallediscalled

varianceormeandeviation.

Example

Sum =1+1+36+16+4+121+1+100=280d
2

Variance= = =35
∑d

2

N

280

8

Thesquarerootofthe varianceiscalledthestandarddeviation.Itisalsocalledrootmean

squaredeviation.Fortheaboveexampleitsstandarddeviation= =5.935

Deviatio
n from
mean(d
)

+1 -1 +6 -4 -2 -11 +1 10

fi 1 1 36 16 4 121 1 100
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Example

Thefollowingtableshowsthenumberofchildrenperfamilyinahousingestate

Numb
er of
childre
d

0 1 2 3 4 5 6

Numb
er of
familie
s

1 5 1
1

27 10 4 2

Calculate

a.)Themeannumberofchildrenperfamily

b.)Thestandarddeviation

Solution

Numberof
children

Numberof fx Deviation
s

d
2

fd
2

(x) Families(f) d=x-m

o 1 0 –3 9 9

1 5 5 –2 4 20

2 11 22 -1 1 11

3 27 81 0 0 0

4

5

6

10

4

2

40

20

12

1

2

3

1

4

9

10

16

18

Σf=60 ∑fx=180 Σf =–40d
2
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a.)Mean= =3childen
180

60

b.)Variance=
∑fd

2

∑f

=
84

60

=1.4

standarddeviation= =1.1831.4

Example

Thetablebelowshowsthedistributionofmarksof40candidatesinatest

Calculatethemeanandstandarddeviation.

Marks
Midpoint
(x)

Frequenc
y(f)

fx
d=x-m

d
2

fd
2

1-10 5.5 2 11.0 -39.5 1560.
25

3120.
5

11-20 15.5 2 31.0 -29.5 870.2
5

1740.
5

Marks 1-
1
0

11
-
20

21
-
30

31
-
40

41
-
50

51
-
60

61
-
70

71
-
80

81
-
90

91-
10
0

frequenc
y

2 2 3 9 1
2

5 2 3 1 1
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21-30 25.5 3 76.5 -19.5 380.2
5

1140.
75

31-40 35.5 9 319.5 -9.5 90.25 812.2
5

41-50 45.5 12 546.0 0.5 0.25 3.00

51-60 55.5 5 277.5 10.5 110.2
5

551.2
5

61-70

71-80

81-90

91 -
100

65.5

75.5

85.5

95.5

2

3

1

1

131.0

226.5

85.5

95.5

20.5

30.5

40.5

50.5

420.2
5

930.2
5

1640.
25

2550.
25

840.5

2790.
75

1640.
25

2550.
25

Σf=40 Σf
x=1800

Σf =d
2

15190

Mean = = =45marks
̅
x

∑fx

∑f

1800

40

Variance= = =379.75
∑fd

2

∑f

15190

40

=379.8

Standarddeviation= 379.8

=19.49

Note;
Addingorsubtractingaconstanttoorfrom eachnumberinasetofdatadoesnotalterthe

valueofthevarianceorstandarddeviation.

Moreformulas

Theformulaforgettingthevariance ofavariancexiss
2
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=d
2 ∑( fx- )

̅
x

2

∑f

= -
∑fx

2

∑f (∑fx∑f)
2

Example

Thetablebelow showsthelengthincentimeterof80plantsofaparticularspeciesof

tomato

length 152-156 157-161 162-166 167-171 172-176 177-181

frequency 12 14 24 15 8 7

Calculatethemeanandthestandarddeviation

Solution

LetA=169

Length Mid-pointx x-

169
t=
x-169

5

f ft ft
2

152 -

156

154 -15 -3 12 -36 108

157 -

161

159 -10 -2 14 -28 56

162 -

166

164 -5 -1 24 -24 24

167 -

171

169 0 0 15 0 0

172-176 174 5 1 8 8 8

177-181 179 10 2 7 14 28
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∑f=80 ∑ft=-66 ∑f=224t
2

= =-0.825
̅
t

-66

80

Therefore =-0.825x5+169
̅
x

=-4.125+169

=164.875(to4s.f)

Varianceoft= -
∑ft

2

∑f
t
2

= -(-0.825
224

80
)
2

=2.8–0.6806

=2.119

Therefore,varianceofx=2.119x5
2

=52.975

=52.98(4s.f)

Standarddeviationofx= 52.98

=7.279

=7.28(to2d.p)

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic
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1. Everyweekthenumberofabsenteesinaschoolwasrecorded.Thiswasdonefor39
weekstheseobservationsweretabulatedasshownbelow

Numberofabsentees 0.3 4-7 8-11 12-15 16-19 20-23

(Numberofweeks) 6 9 8 11 3 2

Estimatethemedianabsenteerateperweekintheschool

2. Thetablebelow showshighaltitudewindspeedsrecordedataweatherstationina
periodof100days.

Wind speed
(knots)

0-19 20-39 40-59 60-79 80-99 100-
119

120-
139

140-
159

160-
179

Frequency(days) 9 19 22 18 13 11 5 2 1

(a) Onthegridprovideddrawacumulativefrequencygraphforthedata

(b) Usethegraphtoestimate

(i) Theinterquartilerange

(ii) Thenumberofdayswhenthewindspeedexceeded125knots

3. FivepupilsA,B,C,DandEobtainedthemarks53,41,60,80and56respectively.The
tablebelowshowspartoftheworktofindthestandarddeviation.

Pupil Markx x-a (x-a)2

A

B

C

D

E

53

41

60

80

56

-5

-17

2

22

-2

(a) Completethetable

(b) Findthestandarddeviation

4. Inanagriculturalresearchcentre,thelengthofasampleof50 maizecobswere
measuredandrecordedasshowninthefrequencydistributiontablebelow.

Lengthincm Numberofcobs

8–10

11–13

14–16

4

7

11
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17–19

20–22

23-25

15

8

5

Calculate

(a)Themean
(b)(i)Thevariance

(ii)Thestandarddeviation

5. Thetablebelowshowsthefrequencydistributionofmassesof50new-borncalvesina
ranch

Mass(kg)Frequency

15–18 2

19-22 3

23–26 10

27–30 14

31–34 13

35–38 6

39–42 2

(a) Onthegridprovideddrawacumulativefrequencygraphforthedata

(b) Usethegraphtoestimate

(i) Themedianmass

(ii) Theprobabilitythatacalfpickedatrandom hasamasslyingbetween25
kgand28kg.

6.Thetablebelowshowstheweightandpriceofthreecommoditiesina
givenperiod

Commodity Weight PriceRelatives

X 3 125

Y 4 164

Z 2 140

Calculatetheretailindexforthegroupofcommodities.
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7. Thenumberofpeoplewhoattendedanagriculturalshowinonedaywas510men,1080
womenandsomechildren.Whentheinformationwasrepresentedonapiechart,the
combinedangleforthemenandwomenwas2160.Findtheanglerepresentingthe
children.

8. Themassof40babiesinacertainclinicwererecordedasfollows:

MassinKg No.ofbabies.

1.0–1.9 6

2.0–2.9 14

3.0-3.9 10

4.0–4.9 7

5.0–5.9 2

6.0–6.9 1

Calculate

(a) Theinter–quartilerangeofthedata.

(b) Thestandarddeviationofthedatausing3.45astheassumedmean.

9. Thedatabelowshowsthemassesingramsof50potatoes

Mass(g) 25-34 35-44 45-54 55-64 65-74 75-84 85-94

No of
potatoes

3 6 16 12 8 4 1

(a) Onthegridprovide,drawacumulativefrequencycurveforthedata

(b) Usethegraphin(a)abovetodetermine

(i) The60thpercentilemass

(ii) Thepercentageofpotatoeswhosemasseslieintherange53gto68g

10. Thehistogram belowrepresentsthedistributionofmarksobtainedinatest.

ThebarmarkedAhasaheightof3.2unitsandawidthof5units.ThebarmarkedBhas
aheightof1.2unitsandawidthof10units
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IfthefrequencyoftheclassrepresentedbybarBis6,determinethefrequencyof
theclassrepresentedbybarA.

11. Afrequencydistributionofmarksobtainedby120candidatesistoberepresentedina
histogram.Thetablebelow showsthegroupedmarks.Frequenciesforallthegroups
andalsotheareaandheightoftherectangleforthegroup30–60marks.

Marks 0-10 10-30 30-60 60-70 70-100

Frequency 12 40 36 8 24

Areaofrectangle 180

Heightofrectangle 6

(a)(i) Completethetable

(ii) Onthegridprovidedbelow,drawthehistogram

(b)(i) Statethegroupinwhichthemedianmarklies
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(ii)A verticallinedrawnthroughthemedianmarkdividesthetotalareaofthe
histogram intotwoequalparts

Usingthisinformationorotherwise,estimatethemedianmark

12. Inanagricultureresearchcentre,thelengthsofasampleof50maizecobswere
measuredandrecordedasshowninthefrequencydistributiontablebelow

Lengthincm Numberofcobs

8–10

11-13

14–16

17-19

20–22

23-25

4

7

11

15

8

5

Calculate

(a) Themean

(b) (i) Thevariance

(ii) Thestandarddeviation

13. Thetablebelowshowsthefrequencydistributionofmassesof50newborncalvesina
ranch.

Mass(kg) Frequency

15–18

19-22

2

3
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23–26

27–30

31-34

35–38

39-42

10

14

13

6

2

(a) Onthegridprovideddrawacumulativefrequencygraphforthedata

(b) Usethegraphtoestimate

(i) Themedianmass

(ii) Theprobabilitythatacalfpickedatrandom hasamasslying

between25kgand28kg

14. Thetableshowsthenumberofbagsofsugarperweekandtheirmovingaverages

Numberofbagsperweek 34
0

33
0

x 34
3

35
0

34
5

Movingaverages 33
1

33
2

y 34
6

(a)Findtheorderofthemovingaverage

(b)FindthevalueofXandYaxis
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CHAPTERFIFTYEIGHT

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Statethegeometricpropertiesofcommonsolids;

(b)Identifyprojectionofalineontoaplane;

(c)Identifyskewlines;

(d)Calculatethelengthbetweentwopointsinthreedimensionalgeometry;

(e)Identifyandcalculatetheanglebetween

(i)Twolines;

(ii)Alineandaplane;

(ii)Twoplanes.

Content

(a)Geometricalpropertiesofcommonsolids

(b)Skewlinesandprojectionofalineontoaplane

(c)Lengthofalinein3-dimensionalgeometry

(d)Theanglebetween

i)Alineandaline

ii)Alineaplane

iii)Aplaneandaplane

iv)Anglesbetweenskewlines.

Introduction
Geometricalpropertiesofcommonsolids

 Ageometricalfigurehavinglengthonlyisinonedimension

THREEDIMENSIONALGEOMETRY
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 Afigurehavingareabutnotvolumeisintwodimension

 Afigurehavingvertices(points),edges(lines)andfaces(plans)isinthreedimension

Examplesofthreedimensionalfigures

RectangularPrism

Athree-dimensionalfigurehaving6faces,8vertices,and12edges

TriangularPrism

Athree-dimensionalfigurehaving5faces,6vertices,and9edges.

Cone

Athree-dimensionalfigurehavingoneface.

Sphere
S

p
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Athree-dimensionalfigurewithnostraightlinesorlinesegments

Cube

Athree-dimensionalfigurethatismeasuredbyitslength,height,andwidth.

Ithas6faces,8vertices,and12edges

Cylinder

Athree-dimensionalfigurehaving2circularfaces

RectangularPyramid

Athree-dimensionalfigurehaving5faces,5vertices,and8edges
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Anglebetweenalineandaplane

Theanglebetweenalineandaplaneistheanglebetweenthelineanditsprojectiononthe

plane

TheanglebetweenthelineLanditsprojectionorshadowmakesangleAwiththeplan.Hence

theanglebetweenalineandaplaneisA.

Example

Theanglebetweenaline,r,andaplane,π,istheanglebetweenranditsprojectionontoπ,r'.

heightis4m

Example

Supposer'is10cm findtheangleα

Solution
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Tofindtheangleweusetanθ= = =0.4
opposite

adjacent

4

10

=21.tan
-1(0.4) 8

0

AngleBetweentwoplanes
Anytwoplanesareeitherparallelorintersectinastraightline.Theanglebetweentwoplanesis

theanglebetweentwolines,oneoneachplane,whichisperpendiculartothelineofintersection

atthepoint
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Example

ThefigurebelowPQRSisaregulartetrahedronofside4cm andM isthemidpointofRS;

a.)ShowthatPM is2 cm long,andthattrianglePMQisisosceles3

b.)CalculatetheanglebetweenplanesPSRandQRS

c.)CalculatetheanglebetweenlinePQandplaneQRS

Solution

a.)TrianglePRSisequilateral.SinceM,isthemidpointofRS,PM isperpendicularbisector

= -PM
2

4
2
2
2

=12

PM= cm12

= = 2 cm4x3 3
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SimilartriangleMQRisrightangledatM

= -QM
2

4
2
2
2

=12

QM= cm12

= = 2 cm4x3 3

SincePM=QM=2 cmTrianglePMQisisosceleles12

b.)TherequiredangleistrianglePMQ.Usingcosinerule

= + -2 24
2 (23)2 (23)2 (23)(23)cosm

16=12+12-2x12cosm

=24-24cosm

=0.3333cosm=
24-16

24

Therefore,m=70.53
0

c.)TherequiredangleistrianglePQM

SincetrianglePMQisisosceleswithtrianglePMQ =70.5 ;0.54̂0;4
0

<PQM= (180-70.54)
1

2

= (109.46)
1

2

=54.73
0

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!
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PastKCSEQuestionsonthetopic.

1. Thediagram belowshowsarightpyramidVABCDwithVasthevertex.Thebaseofthe
pyramidisrectangleABCD,WITHab=4cm andBC=3cm.Theheightofthepyramidis
6cm.

(a) Calculatethe

(i) LengthoftheprojectionofVAonthebase
(ii) AnglebetweenthefaceVABandthebase

(b) Pisthemid-pointofVCandQisthemid–pointofVD.

FindtheanglebetweentheplanesVABandtheplaneABPQ

2. Thefigurebelowrepresentsasquarebasedsolidwithapathmarkedonit.
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Sketchandlabelthenetofthesolid.

3. Thediagram belowrepresentsacuboidABCDEFGHinwhichFG=4.5cm,GH=8cm and
HC=6cm

Calculate:

(a)ThelengthofFC

(b)(i)ThesizeoftheanglebetweenthelinesFCandFH

(ii)ThesizeoftheanglebetweenthelinesABandFH

(c)ThesizeoftheanglebetweentheplanesABHEandtheplaneFGHE

4. ThebaseofarightpyramidisasquareABCDofside2acm.TheslantedgesVA,VB,VC
andVDareeachoflength3acm.

(a) Sketchandlabelthepyramid

(b) Findtheanglebetweenaslantingedgeandthebase

5. Thetriangularprism shownbelow hasthesidesAB=DC=EF=12cm.theendsare
equilateraltrianglesofsides10cm.ThepointNisthemidpointofFC.
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Findthelengthof:

(a) (i) BN

(ii) EN

(b) FindtheanglebetweenthelineEBandtheplaneCDEF

CHAPTERFIFTYNINE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Recallanddefinetrigonometricratios;

(b)Derivetrigonometricidentitysin2x+cos2x=1;

(c)Drawgraphsoftrigonometricfunctions;

TRIGONOMETRYIII
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(d)Solvesimpletrigonometricequationsanalyticallyandgraphically;

(e)Deducefrom thegraphamplitude,period,wavelengthandphaseangles.

Content
(a)Trigonometricratios

(b)Derivingtherelationsin2x+cos2x=1

(c)Graphsoftrigonometricfunctionsoftheform

y=sinxy=cosx,y=tanx

y=asinx,y=acosx,

y=atanxy=asinbx,

y=acosbxy=atanbx

y=asin(bx±9)

y=acos(bx±9)

y=atan(bx±9)

(d)Simpletrigonometricequation

(e)Amplitude,period,wavelengthandphaseangleoftrigonometricfunctions.

Introduction
Considertheright–angledtriangleOAB

sinθ=
AB

r

AB=rsinθ

OA=rcosθ
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SincetriangleOABisright-angled

+ =OA
2

AB
2

OB
2(pythagorastheorm)

+ =(rcosθ)2 (rsinθ)2 r
2

Dividebothsidesby givesr
2

θ+ θ=1cos
2

sin
2

tanθ=
sinθ

cosθ

Example

Iftanθ=ashowthat;

=
cosθ θ+ θsin

2
cos

3

sinθ

1

a

Solution

Factorizethenumeratorgivesandsince θ+ =1sin
2

cos
2

=
cosθ( θ+ θsin

2
cos

2 )
sinθ

cosθ(1)
sinθ

But =tanθ
sinθ

cosθ

Therefore,= = =
cosθ

sinθ

1

tanθ

1

a

Example

Showthat

= θ
(1-cosθ)(1+cosθ)
(1-sinθ)(1+sinθ)

tan
2

Removingthebracketsfrom theexpressiongives

reason
1- θcos

2

1- θsin
2 [ =( -)(A-B)(A+B) A

2
B
2]

Using θ+ θ=1sin
2

cos
2

θ+1= θsin
2

cos
2

Also
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θ= θ1-cos
2

sin
2

Therefore

= = θ
1- θcos

2

1- θsin
2

θsin
2

θcos
2 tan

2

Example

Giventhatsinθ=
1

3

a.) θcos
2

b.) θtan
2

c.) θ+ θtan
2

cos
2

Solutionusingtherightangletrianglebelow.

a.)cosθ= 8
3

therefore θ=( =cos
2

)8
3

2 8

9

b.) θ= =tan
2 (18)

2
1

8

c.) θ+ θ= + =1tan
2

cos
2 1

8

8

9

1

72

Waves
Amplitude

Thisisthemaximum displacementofthewaveaboveorbelowthexaxis.

Period
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Theintervalafterwhichthewaverepeatsitself

Transformationsofwaves

Thegraphsofy=sinxand y=3sinx canbedrawnonthesameaxis.Thetablebelowgives

thecorrespondingvaluesofsinxand3sinxfor0
0
≤x≥720

0

Thewaveofy=3sinxcanbeobtaineddirectlyfrom thegraphofy=sinxbyapplyingastretch
scalefactor3,xaxisinvariant.

Note;

x
2 0 30 60 90 12

0
15
0

18
0

21
0

24
0

27
0

30
0

33
0

36
0

Sinx
0 0.50

0.87
1.00 0.87 0.50

0 -
0.50

-
0.87

-
0.50

-0.87 -0.50 0

3 sin
x

0 1.50
2.61

3.00 2.61 1.50
0 -

1.50
-
2.61

-
1.50

-2.61 -1.50 0

39
0

420 450 480 510 540 570 600 630 660 690 720

0.5 0.87 1.00 0.87 0.50 0 -0.50 -0.87 -1.00 -0.87 -0.50 0

1.50 2.61 3.00 2.61 1.50 0 -1.50 -2.61 -3.00 -2.61 -2.61 0
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 Theamplitudeofy=3sinxisy=3whichisthreetimesthatofy=sinxwhichisy=1.

 Theperiodoftheboththegraphsisthesamethatis or2π360
0

Example

Drawthewavesy=cosxandy=cos x.Weobtain y=cos xfrom the graphy=cosxby
1

2

1

2
applyingastretchoffactor2withyaxisinvariant.

Note;
 Theamplitudeofthetwowavesarethesame.

 Theperiodofy=cos xis4πthatis,twicetheperiodofy=cosx
1

2

TrigonometricEquations
Intrigonometricequations,thereareaninfinitenumberofroots.Wethereforespecifytherange
ofvaluesforwhichtherootsofatrigonometricequationarerequired.

Example

Solvethefollowingtrigonometricequations:

a.)Sin2x=cosx,for0≤x≤360
0

b.)Tan3x=2,for0≤x≤360
0

c.)2sin(x-π6)

Solution
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a.)Sin2x=cosx

Sin2x=sin(90–x)

Therefore2x=90–x

X=30
0

Forthegivenrange,x= and .30
0

150
0

b.)Tan3x=2

From calculator

3x= , , , and .63.43
0
243.43

0
423.43

0
603.43

0
783.43

0
321.14

0

Inthegivenrange;

x= , , , and21.14
0
81.14

0
141.14

0
201.14

0
,261.14

0
321.14

0

c.)2sin =- nx-π/6=-&3(x-π6) 3

Sin = sin =-(x-π6) 3
2 (x-π6) 3

2

x- =π+ ,2π-
π

6

π

3

π

3

x- = π, π
π

6

4

3

5

3

x= ,
3

2
π
c11

6
π
c

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!
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PastKCSEQuestionsonthetopic

1. (a) Completethetableforthefunctiony=2sinx

x 00 100 200 300 400 500 600 700 800 900 1000 1100 1200

Sin3x 0 0.500
0

-08660

y 0 1.00 -1.73

(b) (i) Usingthevaluesinthecompletedtable,drawthegraphof
y=2sin3xfor00≤x≤1200onthegridprovided

(ii) Hencesolvetheequation2sin3x=-1.5
2. Completethetablebelowbyfillingintheblankspaces

X0 00 300 600 900 120
0

1500 180
0

2100 2400 2700 300
0

330
0

3600

Cosx0 1.00 0.50 -0.87 -0.87

2cos½x0 2.00 1.93 0.52 -1.00 -2.00

Usingthescale1cm torepresent300onthehorizontalaxisand4cm torepresent1unit
ontheverticalaxisdraw,onthegridprovided,thegraphsofy=cosx0andy=2cos½x0

onthesameaxis.
(a) Findtheperiodandtheamplitudeofy=2cos½x0

(b) Describethetransformationthatmapsthegraphofy=cosx0onthegraphofy=
2cos1/2x0

2. (a) Completethetablebelowforthevalueofy=2sinx+cosx.
X 00 300 450 600 900 120

0
135
0

150
0

180
0

225
0

270
0

315
0

360
0

2sinx 0 1.4 1.7 2 1.7 1.4 1 0 -2 -1.4 0

Cosx 1 0.7 0.5 0 -0.5 -0.7 -0.9 -1 0 0.7 1

Y 1 2.1 2.2 2 1.2 0.7 0.1 -1 -2 -0.7 1

(b) Usingthegridprovideddraw thegraphofy=2sinx+cosxfor00.Take1cm
represent300onthex-axisand2cm torepresent1unitontheaxis.

(c) Usethegraphtofindtherangeofxthatsatisfytheinequalities
2sinxcosx>0.5

4. (a) Completethetablebelow,givingyourvaluescorrectto2decimalplaces.

x 0 10 20 30 40 50 60 70
Tanx 0

2x+300 30 50 70 90 110 130 150 170
Sin(2x+300) 0.50 1

b) Onthegridprovided,drawthegraphsofy=tanxandy=sin(2x+300)for00≤x
700
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Takescale: 2cm for100onthex-axis
4cm forunitonthey-axis

Useyourgraphtosolvetheequationtanx-sin(2x+300)=0.

5. (a) Completethetablebelow,givingyourvaluescorrectto2decimalplaces

X0 0 30 60 90 120 150 180
2sinx0 0 1 2 1

1–cosx0 0.5 1

(b) Onthegridprovided,usingthesamescaleandaxes,drawthegraphsof
y=sinx0andy=1–cosx0≤x≤1800

Takethescale:2cm for300onthex-axis
2cm forIunitonthey-axis

(c) Usethegraphin(b)aboveto
(i) Solveequation

2sinxo+cosx0=1
(iii) Determinetherangeofvaluesxforwhich2sinxo>1–cosx0

6. (a) Giventhaty=8sin2x–6cosx,completethetablebelowforthemissing
valuesofy,correctto1decimalplace.

X 00 150 300 450 600 750 900 1050 1200

Y=8sin2x–6cosx -6 -1.8 3.8 3.9 2.4 0 -3.9

(b) Onthegridprovided,below,drawthegraphofy=8sin2x–6cosfor
00≤x≤1200

Takethescale2cm for150onthex-axis
2cm for2unitsonthey–axis

(c) Usethegraphtoestimate
(i) Themaximum valueofy
(ii) Thevalueofxforwhich4sin2x–3cosx=1

7. Solvetheequation4sin(x+300)=2for0≤x≤3600

8. Findallthepositiveanglesnotgreaterthan1800whichsatisfytheequation
Sin2x–2tanx=0
Cosx

9. Solveforvaluesofxintherange00≤x≤3600if3cos2x–7cosx=6

10. Simplify9–y2wherey=3cosθ
y

11. FindallthevaluesofØbetween00and3600satisfyingtheequation5sinӨ=-4
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12. Giventhatsin(90–x)=0.8.Wherexisanacuteangle,findwithoutusingmathematical
tablesthevalueoftanx0

13. Completethetablegivenbelowforthefunctions
y=-3cos2x0andy=2sin(3x/2

0+30)for0≤x≤1800

X0 00 200 400 600 800 1000 1200 1400 1600 1800

-3cos2x0 -3.00 -2.30 -0.52 1.50 2.82 2.82 1.50 -0.52 -2.30 -3.00

2 sin (3 x0 +
300)

1.00 1.73 2.00 1.73 1.00 0.00 -1.00 -1.73 -2.00 -1.73

Usingthegraphpaperdrawthegraphsofy=-3cos2x0andy=2sin(3x/2
0+300)

(a) Onthesameaxis.Take2cm torepresent200 onthex-axisand2cm to
representoneunitonthey–axis

(b) From yourgraphs.Findtherootsof3cos2x0+2sin(3x/2
0+300)=0

14. Solvethevaluesofxintherange00≤x≤3600if3cos2x–7cosx=6

15. Completethetablebelowbyfillingintheblankspaces

x0 00 300 600 90 10 150
0

18
0

210 24
0

27
0

30
0

33
0

36
0

Cosx0 1.0
0

0.5
0

-
0.87

-
0.87

2cos ½
x0

2.0
0

1.9
3

0.5

Usingthescale1cm torepresent300onthehorizontalaxisand4cm torepresent1unit
ontheverticalaxisdrawonthegridprovided,thegraphsofy–cosx0andy=2cos½x0

onthesameaxis
(a) Findtheperiodandtheamplitudeofy=2cos½x0

Ans.Period=7200.Amplitude=2
(c) Describethetransformationthatmapsthegraphofy=cos x0onthegraph

ofy=2cos½x0
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CHAPTERSIXTY

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Definethegreatandsmallcirclesinrelationtoasphere(includingthe

Earth);

(b)Establishtherelationshipbetweentheradiiofsmallandgreatcircles;

(c)Locateaplaceontheearth'ssurfaceintermsoflatitudeandlongitude;

(d)Calculatethedistancebetweentwopointsalongthegreatcirclesandsmallcircles
(longitudeandlatitude)innauticalmiles(nm)ankilometers(km);

(e)Calculatetimeinrelationtolongitudes;

(f)Calculatespeedinknotsandkilometersperhour.

Content
(a)Latitudeandlongitude(greatandsmallcircles)

(b)TheEquatorandGreenwichMeridian

(c)Radiiofsmallandgreatcircles

(d)Positionofaplaceonthesurfaceoftheearth

(e)Distancebetweentwopointsalongthesmallandgreatcirclesinnauticalmilesand
kilometers

(f)Distanceinnauticalmilesandkilometresalongacircleoflatitude

(g)Timeandlongitude

(h)SpeedinknotsandKilometresperhour.

LONGITUDESANDLATITUDES
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Introduction
Justasweuseacoordinatesystem tolocatepointsonanumberplanesoweuselatitudeand
longitudetolocatepointsontheearth’ssurface.

BecausetheEarthisasphere,weuseaspecialgridoflinesthatrunacrossanddownasphere.
Thediagramsbelowshowthisgridonaworldglobeandaflatworldmap.

GreatandSmallCircles

Ifyoucuta‘slice’throughasphere,itsshapeisacircle.Aslicethroughthecentreofasphereis
calledagreatcircle,anditsradiusisthesameasthatofthesphere.Anyothersliceiscalleda
smallcircle,becauseitsradiusissmallerthanthatofagreatcircle.Hencegreatcirclesdivides
thesphereintotwoequalparts
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Latitude

Latitudesareimaginarylinesthatrunaroundtheearthandtheirplanesareperpendiculartothe
axisoftheearth.Theequatoristhelatitudethadividesthe earthintotwoequalparts.Itsthe
onlygreatcirclesamoungthelatitudes.Theequatoris,0°.

The angle oflatitude is the angle the
latitude makes with the Equatoratthe
centre,O,oftheEarth.Thediagram shows
the50°N paralleloflatitude. Parallelsof
latituderangefrom 90°N (NorthPole)to
90°S(SouthPole).

Theangle5 subtendedatthecentreoftheearthistheistheisthelatitudeofthecircle0
0

passingthrough 5 northofequator.Themaximum angleoflatitudeis9 northorsouthof0
0

0
0

equator.
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Longitudes/meridians

Theyarecirclespassingthroughthenorthandsouthpoles

They can also be said that they are imaginary
semicirclesthatrundowntheEarth.Theyare‘half’
greatcirclesthatmeetattheNorthandSouthPoles.
Themainmeridianoflongitudeistheprimemeridian,
0°.ItisalsocalledtheGreenwichmeridiansinceitruns
throughtheRoyalObservatoryatGreenwichinLondon,
England.Theothermeridiansaremeasuredindegrees
eastorwestoftheprimemeridian.

Theangleoflongitudeistheanglethemeridianmakes
withtheprimemeridianatthecentre,O,oftheEarth.
Thediagram showsthe35°Emeridianoflongitude.

Meridiansoflongituderangefrom 180°E to 180°W.
180°Eand

180°W areactuallythesamemeridian,ontheopposite
sideoftheEarthtotheprimemeridian.Itrunsthrough
thePacificOcean,eastofFiji.

Note
 IfPisθnorthoftheequatorandQ isαsouthofthequator,thenthedifferencein

latitudebetweenthem isgivenby(θ+α)

 IfPandQareonthesamesideoftheequator,thenthedifferenceinlatitudeis(θ-α)

PositionCoordinates
LocationsontheEartharedescribedusinglatitude(°Nor°S)andlongitude(°Eor°W)inthat
order.Forexample,Nairobihascoordinates(1°S,37°E),meaningitispositionis1°southofthe
Equatorand37°eastoftheprimemeridian.

EG
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GreatCircleDistances

Rememberthearclengthofacircleis whereθisthedegreesofthecentralangle,
andtheradiusoftheearthis6370km approx.

Onaflatsurface,theshortestdistancebetweentwopointsisastraightline.SincetheEarth’s
surfaceiscurved,theshortestdistancebetweenAandBisthearclengthABofthegreatcircle

thatpassesthroughAandB.Thisiscalledthegreatcircledistanceandthesizeofangle∠AOB
whereOisthecentreoftheEarthiscalledtheangulardistance.

Note
 Thelengthofanarcofagreatcirclesubtendinganangleof (oneminute)atthe1

i

centreoftheearthis1nauticalmilenm.

 Anauticalmileisthestandardinternationalunitfrom measuringdistancestravelledby
shipsandaeroplanes1nauticalmile(nm)=1.853km
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Ifanarcofagreatcirclesubtendsanangleθatthecentreoftheearth,thearcslengthis(60xθ)
nauticalmiles.

Example

FindthedistancebetweenpointsP( N, E)andQ( S, E)andexpressitin;40
0

50
0

20
0
30

1
50

0

a.)Nm

b.)Km (Takeradiusoftheearthtobe6370km)
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Solution

a.)Anglesubtendedatthecentreis + =40
0

20.5
0

60.5
0

Issubtendedby60nm1
0

60. Issubtendedby;60x60.5=3630nm5
0

b.)Theradiusoftheearthis6370km

Therefore,thecircumferenceoftheearthalongagreatcircleis;

2πr=6370X2X πr=6370X2X22/7
22

7

Anglebetweenthepointsis .Therefore,wefindthelengthofanarchofacircle60.5
0

whichsubtendsanangleof atthecentreis3 issubtendedbyarcwhoselength60.5
0

60
0

is6370X2X .2X22/7.
22

7

Therefore,60. Issubtendedby; x6370X2X =6729km5
0 60.5

360

22

7

Example

FindthedistancebetweenpointsA( , E)and ( , E)andexpressitin;0
0
30

0
0
0
50

0

a.)Nm.

b.)Km (Taketheradiusoftheearthtobe6370km)

Solution

a.)Thetwopointslieontheequator,whichisgreatcircle.Therefore,wearecalculating
distancealongagreatcircle.

AnglebetweenpointsAandBis( - )=50
0
30

0
20

0

b.)Distanceinkm = x6370X2X =2224km
20

360

22

7

DistancealongasmallCircle(circleoflatitude)

ThefigurebelowABC isasmallcircle,centreXandradiusrcm.PQSTisagreatcircle,centre

O,radius R cm.The angle θ is between the two radii.(OCandOT)
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From the figure, XC is parallel to OT. Therefore, angle COT = angle

XCO=θ .AngleCXO=9 (RadiusXCisperpendiculartotheaxisofsphere).(alternateangles) 0
0

Thus,from theright-angledtriangleOXC

Cosθ=
r

R

Therefore,r=Rcosθ

Thisexpressioncanbeusedtocalculatethedistancebetweenanytwopointsalongthesmall
circleABC,centreXandradiusr.

Example

Findthedistanceinkilometersandnauticalmilesbetweentwopoints( N E)andQ( N30
0

45
0

30
0

W).60
0

Solution

FigureashowsthepositionofPandQonthesurfaceoftheearthwhilefigurebshowstheir

relativepositionsonthesmallcircleisthecentreofthecircleoflatitude Nwithradiusr.30
0

TheanglesubtendedbythearcPQcentreCis + =10 .So,thelengthofPQ45
0

60
0

5
0
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= X2πr
105

360

= X2πR km
105

360
cos30

0

= X2X X6370COSθkm
105

360

22

7

=10113km

ThelengthofPQinnauticalmiles

=60x105cos nm30
0

=60x105x0.8660nm=5456nm=

Ingeneral,iftheangleatthecentreofacircleoflatitudeθisα,thenthelengthofitsarcis60

α whereαistheanglebetweenthelongitudesalongthesamelatitude.cosθnm,

Shortestdistancebetweenthetwopointsontheearthssurface
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Theshortestdistancebetweentwopointsontheearthssurfaceisthatalongagreatcircle.

Example

PandQaretwopointsonlatitude N.Theylieonlongitude 4 W and13 respectively.50
0

0
0

2E
0

Findthedistancefrom PtoQ:

a.)Alongaparalleloflatitude

b.)Alongagreatcircle

Solution

ThepositionsofPandQonearthssurfaceareasshownbelow

a.)Thelengthofthecircleparalleloflatitude Nis2πrkm,whichis2πRcos km.The50
0

50
0

differenceinlongitudebetweenPandQis13 +4 =182
0

8
0

0
0

PQ= X2X X6370cos =12869km
180

360

22

7
50

0

b.)TherequiredgreatcirclepassesviatheNorthPole.Therefore,theanglesubtendedat
thecentrebythearcPNQis;

= –2x =8180
0

50
0

0
0
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ThereforethearcPNQ

= X2πR
80

360

= X2X X6370=8898km
80

360

22

7

Note;
Noticethatthedistancebetweentwopointsontheearth’ssurfacealongagreatcircleis
shorterthanthedistancebetweenthem alongasmallcircle

LongitudeandTime
Theearthrotatesthrough36 aboutitsaxisevery24hoursinwest– eastdirection.0

0

Thereforeforevery changeinlongitudethereisacorrespondingchangeintimeof41
0

minutes,orthereisadifferenceof1hourbetweentwomeridians apart.15
0

Allplacesinthesamemeridianhavethesamelocaltime.LocaltimeatGreenwichiscalled
GreenwichMeanTime.GMT.

AllmeridianstothewestofGreenwichMeridianhavesunriseafterthemeridianandtheir
localtimesarebehindGMT.

AllmeridiantotheeastofGreenwichMeridianhavesunrisebeforethemeridianandtheir
localtimesareaheadofGMT.Sincetheearthrotatesfrom westtoeast,anypointPis
aheadintimeofanotherpointQifPiseastofQontheearth’ssurface.
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Example

FindthelocaltimeinNairobi( S,3 E),whenthelocaltimeofMandera(Nairobi( N,1
0

7
0

4
0

42
0

E)is3.00pm

Solution

ThedifferenceinlongitudebetweenManderaandNairobiis(4 -3 )= ,thatisMandera2
0

7
0

5
0

is eastofNairobi.Thereforetheirlocaltimedifferby;4x5=20min.5
0

SinceNairobiisinthewestofMandera,wesubtract20minutesfrom 3.00p.m.Thisgives
localtimeforNairobias2.40p.m.

Example

IfthelocaltimeofLondon( N,),IS12.00noon,findthelocaltimeofNairobi( S, E52
0

0
0

1
0

37
0

),

Solution

Differenceinlongitudeis( + )=37
0

0
0

37
0

Sothedifferenceintimeis4x37min=148min

=2hrs.28min

Therefore,localtimeofNairobiis2hours28minutesaheadthatofLondonthatis,2.28p.m

Example

IfthelocaltimeofpointA ( N, E)is12.30a.m,onMonday,Findthe localtimeofa0
0

170
0

pointB( N, W).0
0

170
0

Solution

DifferenceinlongitudebetweenA andBis + =170
0

170
0

340
0

Intimeis4x340=1360min

=22hrs.40min.

ThereforelocaltimeinpointBis22hours40minutesbehindMonday12:30p.m.Thatis,
Sunday1.50a.m.

Speed
Aspeedof1nauticalmileperhouriscalledaknot.Thisunitofspeedisusedbyairmenand
sailors.

Example

AshipleavesMombasa( S, E)andsailsdueeastfor98hourstoappointKMombasa4
0
39

0

( S, E)intheindianocean.Calculateitsaveragespeedin;4
0
80

0

a.)Km/h
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b.)Knots

Solution

a.)Thelengthxofthearcfrom MombasatothepointKintheocean

x2πr
41

360

= X2πR
41

360
cos km4

0

= X2X X6370 =4549km
41

360

22

7
cos km4

0

Thereforespeedis= =46.41km/h
4549

98

b.)Thelengthxofthearcfrom MombasatothepointKintheoceaninnauticalmiles

x=60x41xcos nm4
0

=60x41x0.9976nm=2454nm

Therefore,speed=
2454

98

=25.04knots

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Anaeroplanefliesfrom pointA(10 15’S,370 E)toapointBdirectly
NorthofA.thearcABsubtendsanangleof450 atthecenteroftheearth.
From B,aeroplanesfliesduewesttwoapointConlongitude230W.)
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(Takethevalueofπ22/7asandradiusoftheearthas6370km)

(a) (i) FindthelatitudeofB

(ii) FindthedistancetraveledbytheaeroplanebetweenBandC

(b) Theaeroplaneleftat1.00a.m.localtime.WhentheaeroplanewasleavingB,
whatwasthelocaltimeatC?

2. ThepositionoftwotownsXandYaregiventothenearestdegreeasX(450N,100W)
andY(450N,700W)

Find

(a) Thedistancebetweenthetwotownsin

(i) Kilometers(taketheradiusoftheearthas6371)
(ii) Nauticalmiles(take1nauticalmiletobe1.85km)

(b) ThelocaltimeatXwhenthelocaltimeatYis2.00pm.

3. AplaneleavesanairportA(38.50N,37.050W)andfliesduesNorthtoapointB on
latitude520N.

(a) Findthedistancecoveredbytheplane

(b) TheplanethenfliesdueeasttoapointC,2400km from B.Determinethe
positionofC

Takethevalueπofas22/7andradiusoftheearthas6370km

4. Aplaneflyingat200knotsleftanairportA(300S,310E)andflewdueNorthtoanairport
B(300N,310E)

(a) Calculatethedistancecoveredbytheplane,innauticalmiles

(b) Aftera15minutesstopoveratB,theplaneflewwesttoanairportC(300N,130E)
atthesamespeed.

Calculatethetotaltimetocompletethejourneyfrom airportC,thoughairportB.

5. TwotownsAandBlieonthesamelatitudeinthenorthernhemisphere.

Whenits8am atA,thetimeatBis11.00am.

a) GiventhatthelongitudeofAis150EfindthelongitudeofB.

b) AplaneleavesAforBandtakes31/2hourstoarriveatBtravelingalongaparallel
oflatitudeat850km/h.Find:

(i) TheradiusofthecircleoflatitudeonwhichtownsAandBlie.

(ii) Thelatitudeofthetwotowns(takeradiusoftheearthtobe6371km)

6. TwoplacesAandBareonthesamecircleoflatitudenorthoftheequator.Thelongitude
ofAis1180W andthelongitudeofBis1330E.TheshorterdistancebetweenAand
Bmeasuredalongthecircleoflatitudeis5422nauticalmiles.
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Find,tothenearestdegree,thelatitudeonwhichAandBlie

7. (a) Aplanefliesbytheshortestimateroutefrom P(100S,600W)toQ(700N,

1200E)Findthedistanceflowninkm andthetimetakeniftheaveragespeedis
800km/h.

(b) Calculatethedistanceinkm betweentwotownsonlatitude500Swithlong
longitudesand200W.(taketheradiusoftheearthtobe6370km)

8. CalculatethedistancebetweenM (300N,360E)andN(300N,1440W)innauticalmiles.

(i) OvertheNorthPole

(ii) Alongtheparalleloflatitude300N

9. (a) Ashipsailedduesouthalongameridianfrom 120Nto10030’S.Taking

theearthtobeaspherewithacircumferenceof4x104km,calculateinkm the
distancetraveledbytheship.

(b) Ifashipsailsduewestfrom SanFrancisco(37047’N,122026’W)fordistanceof
1320km.Calculatethelongitudeofitsnewposition(taketheradiusoftheearth
tobe6370km andπ=22/7).

CHAPTERSIXTYONE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Form linearinequalitiesbasedonreallifesituations;

(b)Representthelinearinequalitiesonagraph;

LINEARPROGRAMMING
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(c)Solveandinterprettheoptimum solutionofthelinearinequalities,

(d)Applylinearprogrammingtoreallifesituations.

Content
(a)Formationoflinearinequalities

(b)Analyticalsolutionsoflinearinequalities

(c)Solutionsoflinearinequalitiesbygraphs

(d)Optimisation(includeobjectivefunction)

(e)Applicationofquadraticequationstoreallifesituations.

Forminglinearinequalities
Inlinearprogramingwearegoingtoform inequalitiesrepresentinggivenconditionsinvolving
reallifesituation.

Example

Eshaisfiveyearsyoungerthanhissister.Thesum oftheirageislessthan36years.IfEsha’s
ageisxyears,form alltheinequalitiesinxforthissituation.

Solution

TheageofEsha’ssisterisx+5years.

Therefore,thesum oftheirageis;

X+(x+5)years

Thus;

2x+5<36
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2x<31

X>15.5

X>0(ageisalwayspositive)

Linearprogramming
Linearprogramming isthe processoftaking variouslinearinequalitiesrelating to some
situation,andfindingthe"best"valueobtainableunderthoseconditions.A typicalexample
would be taking the limitations ofmaterials and labor,and then determining the "best"
productionlevelsformaximalprofitsunderthoseconditions.

In "reallife",linearprogramming ispartofaveryimportantareaofmathematicscalled
"optimizationtechniques".Thisfield ofstudyareused everydayintheorganizationand
allocationofresources.These"reallife"systemscanhavedozensorhundredsofvariables,or
more.Inalgebra,though,you'llonlyworkwiththesimple(andgraphable)two-variablelinear
case.

Thegeneralprocessforsolvinglinear-programmingexercisesisto graphtheinequalities
(calledthe"constraints")toform awalled-offareaonthex,y-plane(calledthe"feasibility
region").Thenyoufigureoutthecoordinatesofthecornersofthisfeasibilityregion(thatis,you
findtheintersectionpointsofthevariouspairsoflines),andtestthesecornerpointsinthe
formula(calledthe"optimizationequation")forwhichyou'retryingtofindthehighestorlowest
value.

Example

Supposeafactorywanttoproducetwotypesofhandcalculators,typeAandtypeB.Thecost,
thelabortimeandtheprofitforeverycalculatorissummarizedinthefollowingtable:

Type Cost LaborTime Profit

A Sh30 1(hour) Sh10

B Sh20 4(hour) Sh8

Supposetheavailablemoneyandlaborsareksh18000and1600hours.Whatshouldthe
productionschedulebetoensuremaximum profit?

Solution

Suppose isthenumberoftypeAhandcalculatorsand isthenumberoftypeBhand

calculatorsandytobethecost.Then,wewanttomaximize subjectto
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where isthetotalprofit.

Solutionbygraphing
Solutionstoinequalitiesformedtorepresentgivenconditionscanbedeterminedbygraphing
theinequalitiesandthenreadingofftheappropriatevalues(possiblevalues)

Example

Astudentwishestopurchasenotlessthan10itemscomprisingbooksandpensonly.Abook
costssh.20andapensh.10.ifthestudenthassh.220tospend,form allpossibleinequalities
from thegivenconditionsandgraphthem clearly,indicatingthepossiblesolutions.

Solution

Letthenumberofbooksbexandthenumberofpensthen,theinequalitiesare;

i.) x+y≥10(theitemsboughttobeatlestten)

ii.) x+y≤220(onlysh.220isavailable)20(onlysh.220isavailable)

2x+y≤22

iii.) x> andy>0(numberofitemsboughtcannotbenegative)y>0(numberofitems

boughtcannotbenegative)

Thegraphbelowrepresentstheinequalities

Allthepointsintheunshadedregionrepresentpossiblesolutions.Apointwithco-ordinates(x
,y)representsxbooksandypens.Forexample,thepoint(3,10)means3booksand10pens

couldbeboughtbythestudents.
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Optimization
Thedeterminationoftheminimum orthemaximum valueoftheobjectivefunctionax+byis
knownasoptimization.Objectivefunctionisanequationtobeminimizedormaximized.

Example

Acontractorintendstotransport1000bagsofcementusingalorryandapickup.Thelorrycan
carryamaximum of80bagswhileapickupcancarryamaximum of20bags.Thepickupmust
makemorethantwicethenumberoftripsthelorrymakesandthetotalnumberoftriptobe
lessthan30.Thecostpertripforthelorryisksh2000,perbagandksh900forthepickup.Find
theminimum expenditure.

Solution

Ifweletxandybethenumberoftripsmadebythelorryandthepickuprespectively.Thenthe
conditionsaregivenbythefollowinginequalities;

i.) x+y<30+y<30

ii.) 0y≥1000,whichsimplifiesas4x+y≥50

iii.) y>2x

iv.) x<0

Thetotalcostoftransportingthecementisgivenbysh2000x+900y.Thisiscalledthe
objectivefunction.

Thegraphbelowshowstheinequalities.
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From thegraphwecanidentify7possibilities

, , , , , ,(7,22)(8,18)(8,19)(8,20)(8,21)(9,19)(9,20)

Note;
Co-ordinatesstandsforthenumberoftrips.Forexample(7,22)means7tripsbythelorryand
22tripsbythepickup.Thereforethepossibleamountofmoneyinshillingstobespentbythe
contractorcanbecalculatedasfollows.

i.) + =33800(2000×7) (900×22)

ii.) + =32200(2000×8) (900×18)

iii.) + =33100(2000×8) (900×19)

iv.) + =34000(2000×8) (900×20)

v.) + =34900(2000×8) (900×21)

vi.) + =35100(2000×9) (900×19)

vii.) + =36000(2000×9) (900×20)

Wenotethatfrom thecalculationthattheleastamountthecontractorwouldspendis
sh.32200.Thisiswhenthelorrymakes8tripsandthepick-up18trips.Whenpossibilities
aremanythemethodofdeterminingthesolutionbycalculationbecomestedious.The
alternativemethodinvolvesdrawingthegraphofthe functionwewishtomaximizeor
minimize,theobjectivefunction.Thisfunctionisusuallyoftheform ax+by,whereaandb
arconstants.

Forthis,weusethegraphabove whichisaconvenientpoint(x,y)togivethevalueofx
preferablyclosetotheregionofthepossibilities.Forexamplethepoint(5,10)waschosen
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togiveaninitialvalueofthus,2000x+900y=19000.wenow draw theline2000x+
900y=19000.suchalineisreferredtousasearchline.

Usingarulerandasetsquare,slidethesetsquarekeepingoneedgeparallelto untilthel
1

edgestrikesthefeasiblepointnearest (seethedottedline )From thegraphthispointisl
1

l
2

(8,18),whichgivestheminimum expenditureaswehaveseenearlier.Thefeasiblepoint

furthestfrom theline givesthemaximum valueoftheobjectivefunction.l
1

Thedeterminationoftheminimum orthemaximum valueoftheobjectivefunctionax+by
isknownasoptimization.

Note;
Theprocessofsolvinglinearequationsareasfollows

i.) Formingtheinequalitiessatisfyinggivenconditions

ii.) Formulatingtheobjectivefunction.

iii.) Graphingtheinequalities

iv.) Optimizingtheobjectivefunction

Thiswholeprocessiscalledlinearprogramming.

Example

Acompanyproducesgadgetswhichcomeintwocolors:redandblue.Theredgadgetsare
madeofsteelandsellforksh30each.Thebluegadgetsaremadeofwoodandsellforksh50
each.Aunitoftheredgadgetrequires1kilogram ofsteel,and3hoursoflabortoprocess.A
unitofthebluegadget,ontheotherhand,requires2boardmetersofwoodand2hoursoflabor
tomanufacture.Thereare180hoursoflabor,120boardmetersofwood,and50kilogramsof
steelavailable.Howmanyunitsoftheredandbluegadgetsmustthecompanyproduce(and
sell)ifitwantstomaximizerevenue?

Solution

TheGraphicalApproach

Step1.Definealldecisionvariables.

Let: x1 =numberofredgadgetstoproduce(andsell)
x2 =numberofbluegadgetstoproduce(andsell)

Step2.Definetheobjectivefunction.

MaximizeR=30x1+50x2 (totalrevenueinksh)

Step3.Defineallconstraints.

(1) x1  50(steelsupplyconstraintinkilograms)
(2) 2x2 120(woodsupplyconstraintinboardmeters)
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(3) 3x1 + 2x2 180(laborsupplyconstraintinmanhours)
x1,x2 0(non-negativityrequirement)

Step4.Graphallconstraints.

Thendetermineareaoffeasiblestudy

Note;
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 Theareaunderthelinemarkedblueistheneededareaorareaoffeasiblesolutions.

 Wethereforeshadetheunwantedregionoutthetrapezium markedblue

Optimization
Listallcorners(identifythecorrespondingcoordinates),andpickthebestintermsofthe
resultingvalueoftheobjectivefunction.

(1)x1=0 x2=0 R=30(0)+50(0)=0

(2)x1=50 x2=0 R=30(50)+50(0)=1500

(3)x1=0 x2=60 R=30(0)+50(60)=3000

(4)x1=20 x2=60 R=30(20)+50(60)=3600(theoptimalsolution)

(5)x1=50 x2=15 R=30(50)+50(15)=2250

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Aschoolhastotake384peopleforatour.Therearetwotypesofbusesavailable,type
XandtypeY.TypeXcancarry64passengersandtypeYcancarry48passengers.They
havetouseatleast7buses.

(a) Form allthelinearinequalitieswhichwillrepresenttheaboveinformation.

(b) Onthegrid[provide,drawtheinequalitiesandshadetheunwantedregion.

(c) Thechargesforhiringthebusesare

TypeX:Ksh25,000

TypeYKsh20,000
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Useyourgraphtodeterminethenumberofbusesofeachtypethatshouldbe
hiredtominimizethecost.

2. Aninstituteofferstwotypesofcoursestechnicalandbusinesscourses.Theinstitute
hasacapacityof500students.Theremustbemorebusinessstudentsthantechnical
studentsbutatleast200studentsmusttaketechnicalcourses.Letxrepresentthe
numberoftechnicalstudentsandythenumberofbusinessstudents.

(a) Writedownthreeinequalitiesthatdescribethegivenconditions

(b) Onthegridprovided,drawthethreeinequalities

(c) IftheinstitutemakesaprofitofKshs2,500totrainonetechnicalstudentsand
Kshs1,000totrainonebusinessstudent,determine

(i) The numberofstudents thatmustbe enrolled in each course to
maximizetheprofit

(ii) Themaximum profit.
3. AdraperisrequiredtosupplytwotypesofshirtsAandtypeB.

Thetotalnumberofshirtsmustnotbemorethan400.HehastosupplymoretypeA
thanoftypeBhoweverthenumberoftypesAshirtsmustbemorethan300andthe
numberoftypeBshirtsnotbelessthan80.

LetxbethenumberoftypeAshirtsandybethenumberoftypesBshirts.

(a)Writedownintermsofxandyallthelinearinequalitiesrepresentingtheinformation
above.

(b)Onthegridprovided,drawtheinequalitiesandshadetheunwantedregions
(c)Theprofitswereasfollows

TypeA:Kshs600pershirt

TypeB:Kshs400pershirt

(i) Usethegraphtodeterminethenumberofshirtsofeachtypethatshouldbe
madetomaximizetheprofit.

(ii) Calculatethemaximum possibleprofit.
4. AdietexpertmakesupafoodproductionforsalebymixingtwoingredientsNandS.

Onekilogram ofNcontains25unitsofproteinand30unitsofvitamins.Onekilogram of
Scontains50unitsofproteinand45unitsofvitamins.Thefoodissoldinsmallbags
eachcontainingatleast175unitsofproteinandatleast180unitsofvitamins.The
massofthefoodproductineachbagmustnotexceed6kg.

IfonebagofthemixturecontainsxkgofNandykgofS

(a)Writedownalltheinequalities,intermsofxandrepresentingtheinformationabove
(2marks)

(b)Onthegridprovideddrawtheinequalitiesbyshadingtheunwantedregions
(2marks)

(c)Ifonekilogram ofNcostsKshs20andonekilogram ofScostsKshs50,usethe
graphtodeterminethelowestcostofonebagofthemixture.

5. Eshaflyingcompanyoperatesaflyingservice.Ithastwotypesofaeroplanes.The
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smalleroneuses180litresoffuelperhourwhilethebiggeroneuses300litresperhour.

Thefuelavailableperweekis18,000litres.Thecompanyisallowed80flyinghoursper
week.

(a)Writedownalltheinequalitiesrepresentingtheaboveinformation

(b)Onthegridprovidedonpage21,drawalltheinequalitiesin(a)aboveby

shadingtheunwantedregions

(c)TheprofitsonthesmalleraeroplaneisKshs4000perhourwhilethatonthe

biggeroneisKshs.6000perhour.Useyourgraphtodeterminethemaximum profit
thatthecompanymadeperweek.

6. Acompanyisconsideringinstallingtwotypesofmachines.AandB.Theinformation
abouteachtypeofmachineisgiveninthetablebelow.

Machine Numberofoperators Floorspace Dailyprofit

A 2 5m2 Kshs1,500

B 5 8m2 Kshs2,500

ThecompanydecidedtoinstallxmachinesoftypesAandymachinesoftypeB

(a) Writedowntheinequalitiesthatexpressthefollowingconditions

i. Thenumberofoperatorsavailableis40
ii. Thefloorspaceavailableis80m2

iii.Thecompanyistoinstallnotlessthan3typeofAmachine
iv.ThenumberoftypeBmachinesmustbemorethanonethirdthenumberof

typeAmachines
(b) Onthegridprovided,drawtheinequalitiesinpart(a)aboveandshadethe

unwantedregion.

(c) Drawasearchlineanduseittodeterminethenumberofmachinesofeach

typethatshouldbeinstalledtomaximizethedailyprofit.
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CHAPTERSIXTYTWO

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)DefineLocus;

(b)DescribecommontypesofLoci;

(c)Construct;

i)Lociinvolvinginequalities;

ii)Lociinvolvingchords;

iii)Lociinvolvingpointsundergivenconditions;

iv)Intersectingloci.

Content
(a)CommontypesofLoci

(b)Perpendicularbisectorloci

LOCUS
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(c)Locusofapointatagivendistancefrom afixedpoint

(d)Anglebisectorloci

(e)Otherlociundergivenconditionincludingintersectingloci

(f)Lociinvolvinginequalities

(g)Lociinvolvingchords(constantangleloci).

Introduction
Locusisdefinedasthepath,areaorvolumetracedoutbyapoint,lineorregionasitmoves
accordingtosomegivenlaws

Inconstructiontheopeningbetweenthepencilandthepointofthecompassisafixeddistance,
thelengthoftheradiusofacircle.Thepointonthecompassdeterminesafixedpoint.Ifthe
lengthoftheradiusremainsthesameorunchanged,allofthepointintheplanethatcanbe
drawnbythecompassfrom acircleandanypointsthatcannotbedrawnbythecompassdo
notlieonthecircle.Thusthecircleisthesetofallpointsatafixeddistancefrom afixedpoint.
Thissetiscalledalocus.
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CommontypesofLoci

Perpendicularbisectorlocus
Thelocusofapointwhichareequidistantfrom twofixedpointsistheperpendicularbisectorof
thestraightlinejoiningthetwofixedpoints.Thislocusiscalledtheperpendicularbisectorlocus.

Sotofindthepointequidistantfrom twofixedpointsyousimplyfindtheperpendicularbisector
ofthetwopointsasshownbelow.

Qisthemid-pointofM andN.

InthreeDimensions

Inthreedimensions,theperpendicularbisectorlocusisaplaneatrightanglestothelineand
bisectingthelineintotwoequalparts.ThepointP canlieanywhereinthelineprovideditsin
themiddle.

TheLocusofpointsataGivenDistancefrom agivenstraightline.
IntwoDimensions

Inthefigurebeloweachofthelinesfrom themiddlelineismarkedacentimetersoneitherside
ofthegivenlineMN.
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The‘a’centimetersoneithersidesfrom themiddlelineimpliestheperpendiculardistance.

Thetwoparallellinesdescribethelocusofpointsatafixeddistancefrom agivenstraightline.

InthreeDimensions

Inthreedimensionsthelocusofpoint‘a’centimetersfrom alineMNisacylindricalshellof
radius‘a’c,withMNastheaxisofrotation.

LocusofpointsataGivenDistancefrom afixedpoint.
IntwoDimension

IfOisafixedpointandPavariablepoint‘d’cm from O,thelocusofpisthecircleOradius‘d’cm
asshownbelow.

Allpointsonacircledescribealocusofapointatconstantdistancefrom afixedpoint.Inthree
dimesionthelocusofapoint‘d’centimetresfrom apointisasphericalshellcentreO and
radiusdcm.

AngleBisectorLocus
Thelocusofpointswhichareequidistantfrom twogivenintersectingstraightlinesisthepairof
perpendicularlineswhichbisecttheanglesbetweenthegivenlines.

Conversely,apointwhichliesonabisectorof givenangleisequidistantfrom thelines
includingthatangle.P C
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LinePBbisectangleABCintotwoequalparts.

Example

ConstructtrianglePQRsuchthatPQ=7cm,QR=5cm andanglePQR= .Constructthelocus30
0

Lofpointsequidistantfrom RPandRQ.

Solution

ListhebisectorofAnglePRQ.

P⋰

L

Constantangleloci
AlinePQis5cm long,ConstructthelocusofpointsatwhichPQsubtendsanangleof .70

0

Solution

i.) DrawPQ=5cm

ii.) ConstructTPatP suchthatangleQPT=70
0

iii.) DrawaperpendiculartoTPatP(radiusisperpendiculartotangent)

iv.) ConstructtheperpendicularbisectorofPQtomeettheperpendicularin(iii)atO

v.) UsingOasthecentreandeitherOPorOQasradius,drawthelocus
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vi.) TransferthecentreonthesideofPQandcompletethelocus.

vii.) TransferthecentreontheoppositesidesofPQandcompletethelocusasshown
below.

 To areofthesameradius,O
1

 Anglesubtendedbythesamechordonthecircumferenceareequal,

 Thisiscalledtheconstantanglelocus.

IntersectingLoci
a.)ConstructtrianglePQRsuchthatPQ=7cm,OR=5cm andanglePQR=30

0

b.)Constructthelocus ofpointsequidistantfrom PandQtomeetthelocus ofpointsL
1

L
2

equidistantfrom QandR atM .MeasurePM

Solution

Inthefigurebelow

i.) istheperpendicularbisectorofPQL
1

ii.) istheperpendicularbisectorofPQL
2

iii.) Bymeasurement,PM isequalto3.7cm
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Lociofinequalities
An inequalityis represented graphicallybyshowing allthe points thatsatisfyit.The
intersectionoftwoormoreregionsofinequalitiesgivestheintersectionoftheirloci.

Rememberweshedtheunwantedregion

Example

Drawthelocusofpoint(x,y)suchthatx+y<3,y–x≤4andy>2.

Solution

Drawthegraphsofx+y=3,y–x=4andy=2asshownbelow.

Theunwantedregionsareusuallyshaded.TheunshadedregionmarkedRisthelocusof

points(x,y),suchthatx+y <3,y–X≤4andy>2.

Thelinesofgreaterorequaltoadlessorequalto(≤,≥)arealwayssolidwhilethelinesof
greaterorless(<>)arealwaysbroken.
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Example

PisapointinsiderectangleABCDsuchthatAP≤PBandAngleDAP ≥AngleBAP.Showthe
regiononwhichPlies.

Solution

A B

Draw aperpendicularbisectorofAP=PBandshadetheunwantedregion.Bisect<DAB(<
DAP=<BAP)andshadetheunwantedregionliesintheunshadedregion.

Example

DrawthelocusofapointPwhichmovesthatAP≤3cm.

Solution

i.) Drawacircle,centreAandradius3cm
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ii.) Shadetheunwantedregion.

Locusinvolvingchords
Thefollowingpropertiesofchordsofacircleareusedinconstructionofloci

(I)Perpendicularbisectorofany chordpassesthroughthecentreofthecircle.

(ii)Theperpendiculardrawnfrom acentreofacirclebisectsthechord.

(III)Ifchordsofacircleareequal,theyareequidistantfrom thecentreofthecircleandvice-
versa

(IV)Inthefigurebelow,ifchordABintersectschordCDatO,AO=x,BO=y,CO=m andDO=n

then m×n=x×y

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
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beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Usingarulerandapairofcompassesonly,

a.ConstructatriangleABCsuchthatangleABC=135oC,AB=8.2cm andBC=9.6cm
b.GiventhatDisapositionequidistantfrom bothABandBCandalsofrom BandC
i. LocateD
ii. FindtheareaoftriangleDBC.

2. (a)Usingaruler,apairofcompassesonlyconstructtriangleXYZsuchthatXY=6cm,

YZ=8cm andXYZ=75o

(b)MeasurelineXZandXZY

(c)DrawacirclethatpassesthroughX,YandZ

(d)ApointM movessuchthatitisalwaysequidistantfrom YandZ.constructthelocus
ofM anddefinethelocus

3. (a)(i)ConstructatriangleABCinwhichAB=6cm,BC=7cm andangleABC=75o

Measure:-

(i)LengthofAC

(ii)AngleACB

(b)LocusofPissuchthatBP=PC.ConstructP

(c)ConstructthelocusofQsuchthatQisononesideofBC,oppositeAandangle

BQC=30o

(d)(i)LocusofPandlocusofQmeetatX.Markx

(ii)ConstructlocusRinwhichangleBRC120o

(iii)ShowthelocusSinsidetriangleABCsuchthatXSSR

4. Usearulerandcompassesonlyforallconstructionsinthisquestion.

a)i)ConstructatriangleABCinwhichAB=8cm,andBC=7.5cm andABC=112½°

ii)MeasurethelengthofAC

b)Byshadingtheunwantedregionsshow thelocusofPwithinthetriangleABCsuch
that
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i)AP≤BP

ii)AP>3cm

MarktherequiredregionasP

c)Constructanormalfrom CtomeetABproducedatD

d)LocatethelocusofRinthesamediagram suchthattheareaoftriangleARBis¾ the
area ofthetriangleABC.

5. OnalineABwhichis10cm longandonthesamesideoftheline,usearulerandapair
ofcompassesonlytoconstructthefollowing.

a)TriangleABCwhoseareais20cm2andangleACB=90o

b)(i)ThelocusofapointPsuchthatangleAPB=45o.

(ii)LocatethepositionofPsuchthattriangleAPBhasamaximum areaandcalculate
thisarea.

6. AgardenintheshapeofapolygonwithverticesA,B,C,DandE.AB=2.5m,AE=10m,

ED=5.2M andDC=6.9m.ThebearingofBfrom Ais030ºandAisduetoeastofE

whileD isduenorthofE,angleEDC=110º,

a)Usingascaleof1cm torepresent1m constructanaccurateplanofthegarden

b)AfoundationistobeplacedneartoCDthanCB andnomorethan6m from A,

i)Constructthelocusofpointsequidistantfrom CBandCD.

ii)Constructthelocusofpoints6m from A

c)i)shade and labelR,theregionwithinwhichthefoundationcould beplaced inthe
garden

ii)Constructthelocusofpointsinthegarden3.4m from AE.

iii)Isitpossibleforthefoundationtobe3.4m from AEandintheregion?

7. a)UsingarulerandcompassesonlyconstructtrianglePQRinwhichQR=5cm,PR=7cm
andanglePRQ=135°

b)Determine<PQR

c)AtPdropaperpendiculartomeetQRproducedatT
d)MeasurePT

e)LocateapointAonTPproducedsuchthattheareaoftriangleAQRisequaltoone-
and–a-halftimestheareaoftrianglePQR

f)CompletetriangleAQRandmeasureangleAQR

8. Userulerandapairofcompassesonlyinthisquestion.

(a)ConstructtriangleABCinwhichAB=7cm,BC=8cm and∠ABC=600.
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(b)Measure(i)sideAC(ii)∠ACB

(c)ConstructacirclepassingthroughthethreepointsA,BandC.Measuretheradiusof
thecircle.

(d)Construct∆PBCsuchthatPisonthesamesideofBCaspointAand∠PCB=½∠
ACB,∠BPC=∠BACmeasure∠PBC.

9. Withoutusingasetsquareoraprotractor:-

(a)ConstructtriangleABCinwhichBCis6.7cm,angleABCis60oandBACis90o.

(b)MarkpointDonlineBAproducedsuchthatlineAD=3.5cm

(c)Construct:-

(i)AcirclethattoucheslinesACandAD

(ii)AtangenttothiscircleparalleltolineAD

Useapairofcompassesandruleronlyinthisquestion;

(a)DrawacuteangledtriangleABCinwhichangleCAB=37½ o,AB=8cm and CB=5.4cm.
MeasurethelengthofsideAC(hint37½o=½x75o)

(b)OnthetriangleABCbelow:

(i)OnthesamesideofACasB,drawthelocusofapointXsothatangleAxC=52½o

(ii)AlsodrawthelocusofanotherpointY,whichis6.8cm awayfrom ACandonthesame
sideasX

(c)ShowbyshadingtheregionPoutsidethetrianglesuchthatangleAPC52½oand

Pisnotlessthan6.8cm awayfrom AC
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CHAPTERSIXTYTHREE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Findaverageratesofchangeandinstantaneousratesofchange;

(b)Findthegradientofacurveatapointusingtangent;

(c)Relatethedeltanotationtoratesofchange;

(d)Findthegradientfunctionofafunctionoftheform y=xn(nisapositive

Integer);

(e)Definederivativeofafunction,derivedfunctionofapolynomialanddifferentiation;

(f)Determinethederivativeofapolynomial;

(g)Findequationsoftangentsandnormaltothecurves;

(h)Sketchacurve;

(i)Applydifferentiationincalculatingdistance,velocityandacceleration;

(j)Applydifferentiationinfindingmaximaandminimaofafunction.

Content
(a)Averageandinstantaneousratesofchange

(b)Gradientofacurveatapoint

(c)Gradientofy=xn(wherenisapositiveinteger)

(d)Deltanotation(A)or5

(e)Derivativeofapolynomial

(f)Equationsoftangentsandnormalstothecurve

(g)Stationerypoints

(h)Curvesketching

DIFFERENTIATION
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(i)Applicationofdifferentiationincalculationofdistance,velocityandacceleration

(j)Maximaandminima

Introduction
Differentiationisgenerallyaboutrateofchange

Example

Ifwewanttogetthegradientofthecurvey= atageneralpoint(x,y).Wenotethatageneralx
2

pointonthecurvey= willhavecoordinates oftheform (x )Thegradientofthecurvey=x
2

,x
2

atageneralpoint(x,y)canbeestablishedasbelow.x
2

Ifwetakeasmallchangeinx,sayh.Thisgivesusanewpointonthecurvewithco-ordinates

[(x+h),(x+h ].SopointQis[(x+h),(x+h ]whilepointPis(x ).)
2

)
2

,x
2

TofindthegradientofPQ=
changeinY

ChangeinX

Changeiny=(x+h -)
2
x
2

Changeinx=(x+h)-x

Gradient =
(x+h-)

2
x
2

(x+h)-x

=
+2xh+ -x
2

h
2
x
2

x+h-x

=
2xh+h

2

h

=2x+h

BymovingQasclosetopaspossible,hbecomessufficientlysmalltobeignored.Thus,2x+h
becomes2x.Therefore,atgeneralpoint(x,y)onthecurvey= ,thegradientis2x.x

2

2xiscalledthegradientfunctionofthecurvey= .Wecanusethegradientfunctiontox
2
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determinethegradientofthecurveatanypointonthecurve.

Ingeneral,thegradientfunctionofy= isgivenby ,wherenisapositiveinteger.Thex
n

nx
n-1

gradientfunctioniscalledthederivativeorderivedfunctionandtheprocessofobtainingitis
calleddifferentiation.

Thefunction becames = whenwedifferentiateity=x
5

5x
5-1

5x
4

DeltaNotation

Asmallincreaseinxisusuallydenotedby∆xsimilarlyasmallincreaseinyisdenotedby∆y.Let
usconsiderthepointsP(x,y)andQ[(x+∆x),(y+∆y)onthecurvey=x

2

Note;

Xisasinglequantityandnotaproductof∆andx.similarly∆yisasinglequantity.

ThegradientofPQ, =
∆y

∆x

(x+∆x-)
2
x
2

-x(x+∆x)

=
+2x∆x+(∆x -x
2

)
2
x
2

x+∆x-x

=2x+∆x

As∆xtendstozero;

i.) ∆xcanbeignored

ii.) givesthederivativewhichisdenotedby
∆y

∆x

dy

dx

iii.) thus =2x
dy

dx

Whenwefind ,wesaywearedifferentiatingwithrespecttox,Forexamplegiveny= ;then
dy

dx
x
4

=4
dy

dx
x
3

Ingeneralthederivativesofy= isna e.g.y= =10x,y= = =18ax
n

x
n-1

5x
2

6x
3 (6x3)x3-1 x

2

P

∆x

Q

∆y

R

x

y

y 2=

9
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Derivativeofapolynomial.
Apolynomialinxisanexpressionoftheform + +…………… ;where area

0
x
n

a
1
x
n-1

an a
0,
a
1……….an

constants

Todifferentiateapolynomialfunction,allyouhavetodoismultiplythecoefficientsofeach
variablebytheircorrespondingexponents/powers,subtract eachexponent/powersbyone,
andremoveanyconstants.

Stepsinvolvedinsolvingpolynomialareasfollows
Identifythevariabletermsandconstanttermsintheequation.

 Avariableterm isanyterm thatincludesavariableandaconstantterm isanyterm thathas
onlyanumberwithoutavariable.Findthevariableandconstanttermsinthispolynomial
function:y=5x3 +9x2 +7x+3

 Thevariabletermsare5x3,9x2,and7x

 Theconstantterm is3
Multiplythecoefficientsofeachvariableterm bytheirrespectivepowers.

Theirproductswillform thenewcoefficientsofthedifferentiatedequation.Onceyoufindtheir
products,placetheresultsinfrontoftheirrespectivevariables.Forexample:

 5x3=5x3=15

 9x2=9x2=18

 7x=7x1=7

Lowereachexponentbyone.

Todothis,simplysubtract1from eachexponentineachvariableterm.Here'showyoudoit:

 5 =15x
3

x
2

 9 =18xx
2

 7 =7x
1-1

Replacetheoldcoefficientsandoldexponents/powerswiththeirnewcounterparts.

Tofinishdifferentiatingthepolynomialequation,simplyreplacetheoldcoefficientswiththeir
newcoefficientsandreplacetheoldpowerswiththeirvaluesloweredbyone.Thederivativeof
constantsiszerosoyoucanomit3,theconstantterm,from thefinalresult.

Thederivativeofthepolynomialy= +18x+715x
2

Ingeneral,thederivativeofthesum ofanumberoftermsisobtainedbydifferentiatingeach
term inturn.
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Examples

Findthederivedfunctionofeachofthefollowing

a.)S= -3 +4t b.)A= -2V+102t
3

t
2

V
2

Solution

a.) =6 -6t+4
dS

dt
t
2

b.) =2v-2
dA

dv

EquationsoftangentsandNormaltoacurve.
Thegradientofacurveisthesameasthegradientofthetangenttothecurveatthatpoint.We
usethisprincipletofindtheequationofthetangenttoacurveatagivenpoint.

Findtheequationofthetangenttothecurve;

y= +2x+1atx
3 (1,4)

Solution

= +2
dy

dx
3x

2

Atthepoint ,thegradientis3x +2=5(1,4) 1
2 (wehavesubstitutedthevalueofxwith1)

Wewanttheequationofstraightlinethrough(1,4)whosegradientis5.

Thus =5
y-4

x-1

y-4=5x-5

y=5x-1(thisistheequationofthetangent)

Anormaltoacurveatappointisthelineperpendiculartothetangenttothecurveatthegiven
point.

Intheexampleabovethegradientofthetangentofthetangenttothecurveat(1,4)is5.Thus

thegradientofthenormaltothecurveatthispointis-.
1

5

Therefore,equationofthenormalis:

=-
y-4

x-1

1

5
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5(y–4)=-1(x–1)

y=
-x+21

5

Example

Findtheequationofthenormaltothecurvey= -2x-1at(1,-2)x
3

Solution

y= -2x-1x
3

= -2
dy

dx
3x

2

Atthepoint(1,-2)gradientofthetangentlineis1.Thereforethegradientofthenormalis-1.the
requiredequationis

=-1
y-(-2)

x-1

=-1
y+2

x-1

y+2=-x+1

Theequationofthenormalisy=-x-1

Stationarypoints

Note;

 IneachofthepointsA,B andCthetangentishorizontalmeaningatthesepointsthe

gradientiszero.so =0atpointsA,B,C.
dy

dx

 Anypointatwhichthetangenttothegraphishorizontaliscalledastationarypoint.We

local
maximum

local
minimum

A

B

C
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canlocatestationarypointsbylookingforpointsatwhich =0.
dy

dx

Turningpoints

Thepointatwhichthegradientchangesfrom negativethroughzerotopositiveiscalled
minimum pointwhilethepointwhichthegradientchangesfrom positivethroughzeroto
negativeiscalledmaximum point.InthefigureaboveAisthemaximum whileBistheminimum.

Minimum point.

Gradientmovesfrom negativethroughzerotopositive.

Maximum point

Gradientmovesfrom positivethroughzerotonegative.

Themaximum andminimum pointsarecalledturningpoints.

A pointatwhichthegradientchangesfrom positivethroughzerotopositiveorfrom
negativezerotonegativeiscalledpointofinflection.

Example

Identifythestationarypointsonthecurvey= -3x+2.foreachpoint,determinewhetheritx
2

isamaximum,minimum orapointofinflection.

dy
dx

Isnegative

dy
dx

Iszero

dy
dx

Ispositive

dy
dx

Isnegativee

dy
dx

Iszero

dy
dx

Ispositive
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Solution

y= -3x+2x
3

= -3
dy

dx
3x

2

Atstationarypoint, =0
dy

dx

Thus -3=03x
2

3 =0(-1x
2 )

3 =0(x+1)(x-1)

x=-1orx=1

when=-1,y=4

whenx=1,y=0

Therefore,stationarypointsare(-1,4)and(1,0).

Considerthesignofthegradienttotheleftandrightofx=1

x 0 1 2

dy

dx

-3 0 9

Diagrammatic
representation

\ _____ /

Therefore(1,0)isaminimum point.

Similarly,signofgradienttotheleftandrightofx=-1gives

x -2 -1 0

dy

dx

9 0 -3

Diagrammatic
representation

/ ___ \

Therefore(-1,4)isamaximum point.

Example

Identifythestationarypointsonthecurvey=1+ - .Determinethenatureofeachstationary4x
3
x
4

point.

Solution
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y=1+ -4x
3
x
4

= -
dy

dx
12x

2
4x

3

Atstationarypoints, =0
dy

dx

- =012x
2
4x

3

=04x
2(3-x)

x=0orx=3

Stationarypointsare(0,1)and(3,28)

Therefore(0,1)isapointofinflectionwhile(3,28)isamaximum point.

ApplicationofDifferentiationincalculationofvelocityandacceleration.

Velocity

Ifthedisplacement,Sisexpressedintermsoftimet,thenthevelocityisv=
dS

dt

Example

Thedisplacement,Smetres,coveredbyamovingparticleaftertime,tseconds,isgivenby

S= +4 -8t+3.Find:2t
3

t
2

a.)Velocityat:

i.) t=2

ii.) t=3

b.)Instantatwhichtheparticleisatrest.

Solution

S= +4 -8t+32t
3

t
2

Thegradientfunctionisgivenby;

V=
dS

dt

= +8t-86t
2

a.)velocity
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i.) att=2is;

v= +8x2-86x2
2

=24+16–8

=32m/s

ii.) att=3is;

v= +8x3-86x3
2

=54+24–8

=70m/s

b.)theparticleisatrestwhenviszero

+8t-8=06t
2

2 =0( +4t-43t
2 )

2 =0(3t-2)(t+2)

t= ort=-2
2

3

Itisnotpossibletohavet=-2

Theparticleisthereforeatrestatt= seconds
2

3

Acceleration
Accelerationisfoundbydifferentiatinganequationrelatedtovelocity.Ifvelocityv,isexpressed

intermsoftime,t,thentheacceleration,a,isgivenbya=
dv

dt

Example

Aparticlemovesinastraightlinesuchthatisitsvelocityvm aftertsecondsisgivenbys
-1

v=3+10t- .t
2

Find

a.)theaccelerationat:

i.) t=1sec

ii.) t=3sec

b.)theinstantatwhichaccelerationiszero

Solution



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 658

a.)v=3+10t+t
2

a= =10-2t
dv

dt

i.) Att=1sec a=10–2x1

=8ms
-2

ii.) Att=3sec a=10–2x3

=4ms
-2

b.)Accelerationiszerowhen =0
dy

dt

Therefore,10–2t=0 hencet=5seconds

Example

Aclosedcylindricaltinistohaveacapacityof250πml.iftheareaofthemetalusedistobe
minimum,whatshouldtheradiusofthetinbe?

Solution

LetthetotalsurfaceareaofthecylinderbeA ,radiusrcm andheighthcm.cm
2

Then,A=2π +2πrhr
2

Volume=2π h=250πcr
2

m
2

π h=250πr
2

Makinghthesubject,h=
250π

πr
2

=
250

r
2

Puth= intheexpressionforsurfaceareatoget;
250

r
2

A=2π +2πr.r
2 250

r
2

=2π +500πr
2

r
-1

=4πr-500π
dA

dr
r
-2
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Forminimum surfacearea, =0
dA

dr

4πr- =0
500π

r
2

4π -500π=0r
3

=5004r
3

= =125r
3 500

4

r= 125
3

=5

Thereforetheminimum areawhenr=5cm

Example

Afarmerhas100metresofwiremeshtofencearectangularenclosure.Whatisthegreatest
areahecanenclosewiththewiremesh?

Solution

Letthelengthoftheenclosurebexm.Thenthewidthis m= m
100-2x

2
(50-x)

ThentheareaAoftherectangleisgivenby;

A=x(50–x)m
2

=50x-x
2
m

2

Formaximum orminimum area,

=0
dA

dx

Thus,50–2x=0

x=25

Theareaismaximum whenx=25m

ThatisA=50X25–(25)
2

=625 .m
2

CHAPTERSIXTYFOUR

INTERGRATION
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SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Carryouttheprocessofdifferentiation;

(b)Interpretintegrationasareverseprocessofdifferentiation;

(c)Relateintegrationnotationtosum ofareasoftrapeziaunderacurve;

(d)Integrateapolynomial;

(e)Applyintegrationinfindingtheareaunderacurve,

(f)Applyintegrationinkinematics.

Content
(a)Differentiation

(b)Reversedifferentiation

(c)Integrationnotationandsum ofareasoftrapezia

(d)Indefiniteanddefiniteintegrals

(e)Areaunderacurvebyintegration

(f)Applicationinkinematics.

Introduction

Theprocessoffindingfunctionsfrom theirgradient(derived)functioniscalledintegration

Supposewedifferentiatethefunctiony=x2.Weobtain
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Integrationreversesthisprocessandwesaythattheintegralof2xis .x
2

From differentiationweknowthatthegradientisnotalwaysaconstant.Forexample,if =2x,
dy

dx

thenthiscomesfrom thefunctionoftheform y= +c,Wherecisaconstant.x
2

Example

Findyif is:
dy

dx

a.)3x
2

b.)4x
3

Solution

a.) =
dy

dx
3x

2

Then,y= +cx
3

b.) =
dy

dx
4x

3

Then,y= +cx
4

Note;

Differentiat

Integrate

x2 2x
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Tointegratewereversetherulefordifferentiation.Indifferentiationwemultiplybythepowerof
xandreducethepowerby1.Inintegrationweincreasethepowerofxbyoneanddividebythe
newpower.

If = ,theny= +c,wherecisaconstantandn≠-1.sinceccantakeanyvaluewecallit
dy

dx
x
n x

n+1

n+1
anarbitraryconstant.

Example

Integratethefollowingexpression

a.)2x
5

b.)x
-1

c.) -2x+45x
3

Solution

A.) =
dy

dx
2x

5

Then,y= +c
2x

5+1

5+1

= +c
2x

6

6

= +c
x
6

3

B.) =
dy

dx
x
-2

Then,y= +c
x
-2+1

-2+1

= +c
x
-1

-1

=- +Cx
-1

C.) = -2x+4
dy

dx
5x

3

Then,y= - - +C
5x

3+1

3+1

2x
1+1

1+1

4x
0+1

0+1

= - +4x+C
5

4
x
4 2

2
x
2
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= - +4x+C
5

4
x
4
x
2

Example

Findtheequationofalinewhosegradientfunctionis =2x+3andpassesthrough(0,1)
dy

dx

Solution

Since =2x+3,the generalequation is y = +3x+c.The curve passes through
dy

dx
x
2

(0,1).Substitutingthesevaluesinthegeneralequation,weget1=0+0+c

1=c

Hence,theparticularequationisy= +3x+1x
2

Example

Findvintermsofhif = +4andV=9whenh=1
dV

dh
3h

2

Solution

Thegeneralsolutionis

V = +4h+c
3h

3

3

= +4h+ch
3

V=9whenh=1.Therefore

+4+c9=1
3

9=5+c

4=C

Hencetheparticularsolutionis;

V= +4h+1h
3
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Definiteandindefiniteintegrals
Itdealswithfindingexactarea.

Estimatetheareashadedbeneaththecurveshownbelow

Theareaisdividedintorectangularstripsasfollows.

Theshadedareainthefigureaboveshowsanunderestimatedandanoverestimatedareaunder
thecurve.Theactualarealiesbetweentheunderestimatedandoverestimatedarea.The
accuracyoftheareacanbeimprovedbyincreasingthenumberofrectangularstripsbetweenx
=aandx=b.

Theexactareabeneaththecurvebetweenx=aandbisgivenby

b

∫
a

yδx

Thesymbol∫isaninstructiontointergrate.

Thus meansintegratetheexpressionforywithrespecttox.∫ydx
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Theexpression ,whereaandbarelimits,iscalledadefiniteintegral.‘a’iscalledthelower∫
b

a
yδx

limitwhilebistheupperlimit.Withoutlimits,theexpressioniscalledanindefiniteintegral.

Example

6

∫
2

+3)dx(2x
2

Thefollowingstepshelpsustosolveit

i.) Integrate +3withrespecttox,giving +3x+c.2x
2 2

3
x
3

ii.) Placetheintegralinsquarebracketsandinsertthelimits,thus

[ +3x+c
2

3
x
3 ]

6

2

iii.) Substitutethelimits;

X=6gives +3x6+c=162+c
2x6

3

3

x=6gives +3x2+c= +c
2x2

3

3

34

3

iv.) Subtracttheresultsofthelowerlimitfrom thatofupperlimit,thatis;

(162+c)–( +c)=150
34

3

2

3

Wecansummarizethestepsinshortform asfollows:

=∫
6

2
+3)dx(2x
2 [ +3x+c

2

3
x
3 ]

6

2

= -[ +(3x6)
2x6

3

3 ][ +3x2
2x2

3

3 ]
=150

2

3

Example

a.)Findtheindefiniteintegral

i.) +1)dx∫(x
2

ii.) +4x)dx∫(x
2

b.)Evaluate
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i.) ∫
1

0
-5)dx(x
4

i.) ∫
2

-1
+5x-2)dx(-x
3

ii.) ∫
3

2
-4x+5)dx(3x
2

Solution

a.)i.) +1)dx= +x+c∫(x
2 x

3

3

ii.) +4x)dx= + +c∫(x
2 x

4

4
2x

2

Evaluate

i.)∫
1

0

-5)dx(x
4 [ -5x

x
5

5 ]
1

0

-(-0)(-5
1

5 ) 0

5

=-4
4

5

ii.) ∫
2

-1
+5x-2)dx=(-x
3 [ + -2x

-x
4

4

5x
2

2 ]
2

-1

(-4+10-4)–(- + +2)
1

4

5

2

=2-4
1

4

=-2
1

4

iii.) =∫
3

2
-4x+5)dx(3x
2 [ - +5x

3x
2

3

4x
2

2 ]
3

2

=(27–18+15)–(8–8+10)

=14
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Areaunderthecurve
Findtheexactareaenclosedbythecurvey= ,theaxis,thelinesx=2andx=4x

2

Solution

2 4

Theareaisgivenby;

∫
4

3

dx=x
2 [13x3]

4

2

- =18 squareunits
64

3

8

3

2

3

Example

Findtheareaoftheregionboundedbythecurve= - +2x,thexaxisx=1andx=2x
3
3x

2

Solution
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Theareaisgivenby;

-3 +2x)dx=∫
2

1

(x
3

x
2 [ -+

x
4

4
x
3
x
2]
2

1

=(4–8+4)–(-1+1)
1

4

=0- =-
1

4

1

4

Note;
Thenegativesignshowsthattheareaisbelowthex–axis.Wedisregardthenegativesignand

giveitaspositiveaspositive.Theansweris squareunits.
1

4

Example

Findtheareaenclosedbythecurve -10x+9,thex–axisandthelinesx=4andx=10.x
2

Solution

Therequiredareaisshadedbelow.

Area=∫
9

4
dx+(-10x+9x

2 ) ∫
10

9
dx(-10x+9x

2 )

= +[ - +9x
x
3

3
5x

2 ]
9

4
[ - +9x
x
3

3
5x

2 ]
10

9
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= +[ -(243-405+81)( -80+36
64

3 )] [ -(243-405+81)( -500+90
1000

3 ) ]
=-58 +4 (Dropnegativesignforareaunderx-axis)

1

3

1

3

=62 squareunits
2

3

Example

Findtheareaenclosedbythecurvey ,andtheliney=x.=9x-x
2

Solution

Therequiredareais

Tofindthelimitsofintegration,wemustfindthexco-ordinatesofthepointsofintersection
when;

x=9x-x
2

→0=8x-x
2

0=x(8-x)

x=0orx=8

Therequiredareaisfoundbysubtractingareaundery=xfrom areaundery==9x-x
2

Therequiredarea= dx∫
8

0
dx-(9x-x2) ∫

8

0
x

-[ -
9x

2

2

x
3

3]
8

0
[x

3

2]
8

0

=117 -32
1

3

=85 squareunits
1

3
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Applicationinkinematics

ThederivativeofdisplacementSwithrespecttotimetgivesvelocityv,whilethederivativeof
velocitywithrespecttotimegivesacceleration,a

Differentiation. Integration

Displacement. displacement

↓↑

Velocity. Velocity

↓↑

Acceleration. Acceleration

Note;
Integrationisthereverseofdifferentiation.Ifweintegratevelocitywithrespecttotimeweget
displacementwhileifvelocitywithrespecttotimewegetacceleration.

Example

AparticlemovesinastraightlinethroughafixedpointOwithvelocity(4–1)m/s.Findan
expressionforitsdisplacementSfrom thispoint,giventhatS=whent=0.

Solution

Since =4-t
dS

dt

S=4t- +c-t̂2/2+c
t
2

2

SubstitutingS=4,t=0togetC;

4=4x0- +c
0
2

2

4=C

ThereforeS=4t- +4.
t
2

2

Example

Aballisthrownupwardswithavelocityof40m s

a.)Determineanexpressionintermsoftfor
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i.) Itsvelocity

ii.) Itsheightabovethepointofprojection

b.)Findthevelocityandheightafter:

i.) 2seconds

ii.) 5seconds

iii.) 8seconds

c.)Findthemaximum heightattainedbytheball.(Takeaccelerationduetogravitytobe10

m/ .s
2

Solution

a.) =-10(sincetheballisprojectedupwards)
dv

dt

Therefore,v=-10t+c

Whent=0,v=40m/s

Therefore,40=0+c

40=c

i.) Theexpressionforvelocityisv=40–10t

ii.) Since =v=40-10t;
dS

dt

S=40t-5 +ct
3

Whent=0,S=0

C=0

Theexpressionfordisplacementis;

S=40t-5t
2

b.)Sincev=40–10t

i.) Whent=2

v=40–10(2)

=40–20

=20m/s

S=40t-5t
2

=40(2)–5(2)
2
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=80–20

=60m

ii.) Whent=5

V=40–10(5)

=-10m/s

S=40 -4((5) 5)
2

=200-125

=75m

iii.) Whent=8

V=40–10(8)

=-40m/s

S=40 -5((8) 8)
2

=320–320

=0

c.)Maximum heightisattainedwhenv=0.

Thus,40–10t=0

t=4

Maximum heightS=160–80

=80m

Example

Thevelocityvofaparticleis4m/s.GiventhatS=5whent=2seconds:

a.)Findtheexpressionofthedisplacementintermsoftime.

b.)Findthe:

i.) Distancemovedbytheparticleduringthefifthsecond.

ii.) Distancemovedbytheparticlebetweent=1andt=3.

Solution

a.) =4t+c
dS

dt
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S=4t+c

SinceS=5m whent=2;

5=4(2)+C

5–8=C

-3=C

Thus,S=4t–3

b.)I.) =[ - ][4t-3]5
4

(20-3)(16-3)

=17-13

=4m =4m

=[ - ][4t-3]3
1

(12-3)(4-3)

=9-1=8m

CHAPTERSIXTYFIVE

SpecificObjectives

Bytheendofthetopicthelearnershouldbeableto:

(a)Approximatetheareaofirregularshapesbycountingtechniques;

(b)Derivethetrapezium rule;

(c)Applytrapezium ruletoapproximateareasofirregularshapes;

(d)Applytrapezium ruletoestimateareasundercurves;

(e)Derivethemid-ordinaterule;

(f)Applymid-ordinateruletoapproximateareaundercurves.

Content
(a)Areabycountingtechniques

(b)Trapezium rule

(c)Areausingtrapezium rule

(d)Mid-ordinate

AREAAPPROXIMATION
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(e)Areabythemid-ordinaterule

Introduction
Estimationofareasofirregularshapessuchaslakes,oceansetc.usingcountingmethod.The
followingstepsarefollowed

 Copytheoutlineoftheregiontobemeasuredon atracingpaper

 Putthetracingonaonecentimetersquaregridshownbelow

 Countallthewholesquaresfullyenclosedwithintheregion

 Countallthepartiallyenclosedsquaresandtakethem ashalfsquarecentimetereach

 Dividethenumberofhalfsquaresbytwoandaddittothenumberoffullsquares.

Numberofcompetesquares=4

Numberofhalfsquares=16/2=8

Thereforethetotalnumberofsquares=25+8

=33

Theareaofthelandmassonthepaperistherefore33cm
2

Note;
Thesmallerthesubdivisions,thegreatertheaccuracyinapproximatingarea.
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ApproximatingAreabyTrapezium Method.
Findtheareaoftheregionshown,theregionmaybedividedintosixtrapeziaofuniform as
shown

Theareaoftheregionisapproximatelyequaltothesum oftheareasofthesixtrapezia.

Note;

Thewidthofeachtrapezium is2cm,and4and 3.5arethelengthsofthe parallelsidesofthe
firsttrapezium.

The areaofthetrapezium A= x2 =7.5
1

2
(4+3.5) cm

2

Areaofthetrapezium B= x2 =6.7
1

2
(3.5+3.5) cm

2

Areaofthetrapezium C= x2 =6.2
1

2
(3+1.5) cm

2
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Areaofthetrapezium D= x2 =4.5
1

2
(3+1.5) cm

2

Areaofthetrapezium E= x2 =2.3
1

2
(1.5+0.8) cm

2

Areaofthetrapezium F= x2 =1.3
1

2
(0.8+3.5) cm

2

Therefore,thetotalareaoftheregionis

=28.5(7.5+6.7+6.2+4.5+2.3+1.3)cm2
cm

2

Ifthelengthsoftheparallelsidesofthetrapezia(ordinates)are ,,y
1,
y
2,
y
3
y
4
y
5
,y

6
y
7

Note;

Intrapezium rule,exceptforthefirstandlastlengths,eachoftheotherlengthsiscountedtwice.
Therefore,theexpressionfortheareacanbesimplifiedto:

x2
1

2
{ +2(+ + + + )(+y

1
y
7) y

2
y
3
y
4
y
5
y
6 }

Ingeneral,theapproximateareaofaregionusingtrapezium methodisgivenby:

A= h ;
1

2
{ +2(+ + +…………. )(+y

0
yn) y

1
y
2
y
3

y
n-1

}

Wherehistheuniform widthofeachtrapezium,- arethefirstandlastlengthrespectively.y
0

yn
Thismethodofapproximatingareasofirregularshapeiscalledtrapezium rule.

Example

Acarstartfrom restanditsvelocityismeasuredeverysecondfrom 6seconds.

Usethetrapezium ruletocalculatedistancetravelledbetweent=1andt=6

Note;

Theareaundervelocity–timegraphrepresentsthedistancecoveredbetweenthegiventimes.

Tofindtherequireddisplacement,wefindtheareaoftheregionboundedbygraph,t=1andt=6

Time
(t)

0 1 2 3 4 5 6

Veloci
ty v
(m/s

0 12 24 35 41 45 47
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0 1 2 34 5 6

Solution

Dividetherequiredareaintofivetrapezia,eachofwith1unit.Usingthetrapezium rule;

A= h ;
1

2
{ +2(+ + + )(+y

1
y
6) y

2
y
3
y
4
y
5
}

Therequireddisplacement= x1{ +2 }
1

2
(12+47) (24+35+41+45)

(59+2x145)
1

2

=174.5m

Example

Estimatetheareaboundedbythecurvey= +5,thex–axis,thelinex=1andx=5usingthe
1

2
x
2

trapezium rule.

Solution

Toplotthegraphy= +5,makeatableofvaluesofxandthecorrespondingvaluesofyas
1

2
x
2

follows:

x 0 1 2 3 4 5



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 678

Bytakingthewidthofeachtrapezium tobe1unit,weget4trapezium .A,B,CandD.Thearea
undercurveisapproximately;

A= h = +2(7+9.5+13)sq.units
1

2
{ +2(+ + )(+y

1
y
5
) y

2
y
3
y
4 }1

2
(5.5+17.5)

= sq.units
1

2
(23.0+59)

=41sq.units

TheMid-ordinateRule

TheareaOPQRisestimated:

Y= +5
1

2
x
2

5 5.5 7 9.5 13 17.5
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y
1

TheareaofOPQRisestimatedasfollows

 DividethebaseORintoanumberofstrips,eachoftheirwidthshouldbethesame.In

theexamplewehave5stripswhereh=
lengthofthebaseOR

numberofstrips

 From themidpointsofOE,EF,FG,GHandHR,draw verticallines(mid-ordinates)to
meetthecurvePQasshownabove

 Labelthemid-ordinates andy
1
y
2
y
3
y
4

y
5

 Wetaketheareaofeachtrapezium tobeequaltoareaofarectanglewhosewidthisthe
lengthofinterval(h)andthelengthisthevalueofmid–ordinates.Therefore,theareaof
theregionOPQRisgivenby;

A= + + + +(×hy
1

) ( ×hy
2

) (×hy
3 ) ( ×hy

4
) ( ×hy

5
)

=h( + + + + )y
1

y
2

y
3

y
4

y
5

Thisthemid–ordinateruleh( + + + + ).y
1

y
2

y
3

y
4

y
5

Note:

Themid-ordinateruleforapproximatingareasofirregularshapesisgivenby;

Area=(widthofinterval)x(sum ofmid–ordinates)

Example

Estimatetheareaofasemi-circleofradius4cm usingthemid–ordinaterulewithfourequal
strips,eachofwidth2cm.
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Solution

Theaboveshowsasemicircleofradius4cm dividedinto4equalstrips,eachofwidth2cm.
Thedottedlinesarethemid-ordinateswhoselengtharemeasured.

Bymid-ordinaterule;

=h( + + + + )y
1

y
2

y
3

y
4

y
5

=2(2.6+3.9+3.9+2.6)

=2x13

=26cm
2

Theactualareais =πr
2 3.142×4

2

2

=25.14 to4s.fcm
2

Example

Estimatetheareaenclosedbythecurvey= +1,x=0,x=3andthex–axisusingthemid-x
1

2

2

ordinaterule.

Solution

Take3strips.Thedottedlinesarethemid–ordinateandthewidthofeachofthe3stripsis1
unit.

Bycalculation, and areobtainedfrom theequation;y
1,
y
2

y
3
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y= +1x
1

2

2

Whenx=0.5, = x +1y
1

1

2
(0.5)

2

=1.125

Whenx=1.5, = x +1y
1

1

2
(1.5)

2

=2.125

Whenx=2.5, = x +1y
1

1

2
(0.5)

2

=4.125

Usingthemidordinaterulethearearequiredis

A=1( + + )y
1

y
2

y
3

=1(1.125+2.125+4.125)

=7.375squareunits

Endoftopic

Didyouunderstandeverything?

Ifnotaskateacher,friendsoranybodyandmakesureyouunderstand
beforegoingtosleep!

PastKCSEQuestionsonthetopic.

1. Theshadedregionbelow representsaforest.Theregionhasbeen
drawntoscalewhere1cm represents5km.Usethemid–ordinaterulewith
sixstripstoestimatetheareaofforestinhectares.
(4marks)
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2. Findtheareaboundedbythecurvey=2x3–5,thex-axisandthelinesx=2andx=4.

3. Completethetablebelowforthefunctiony=3x2–8x+10 (1mk)

x 0 2 4 6 8 10

y 1
0

6 7
0

23
0

Usingthevaluesinthetableandthetrapezoidalrule,estimatetheareaboundedbythe
curvey=3x2–8x+10andthelinesy=0,x=0andx=104. Usethetrapezoidalrulewith
intervalsof1cm toestimatetheareaoftheshadedregionbelow
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5. (a) Findthevalueofxatwhichthecurvey=x-2x2–3crossesthex-axis

(b) Find(x2–2x–3)dx

(c) Findtheareaboundedbythecurvey=x2–2x–3,theaxisandthelinesx=2and
x=4.



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,HighSchool,PrimarySoftcopyNotes 0714497530 684

6. Thegraphbelowconsistsofanon-quadraticpart(0≤x≤2)andaquadrantpart(2≤x
8).Thequadraticpartisy=x2–3x+5,2≤x≤8

(a) Completethetablebelow
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x 2 3 4 5 6 7 8

y 3

(1mk)

(b)Usethetrapezoidalrulewithsixstripstoestimatetheareaenclosedbythe

curve,x=axisandthelinex=2andx=8 (3mks)

(c)Findtheexactareaoftheregiongivenin(b) (3mks)

(d)Ifthetrapezoidalruleisusedtoestimatetheareaunderthecurvebetween

x=0andx=2,statewhetheritwouldgiveanunder-estimateoranover-
estimate.Giveareasonforyouranswer.

7. FindtheequationofthegradienttothecurveY=(x2+1)(x–2)whenx=2

8. Thedistancefrom afixedpointofaparticularinmotionatanytimetsecondsisgiven
by

S=t3–5t2+2t+5

2t2

Findits:

(a) Accelerationafter1second

(b) VelocitywhenaccelerationisZero

9. Thecurveoftheequationy=2x+3x2,hasx=-2/3andx=0andxintercepts.

Theareaboundedbytheaxisx=-2/3andx=2isshownbythesketchbelow.

Find:

(a)(2x+3x2)dx

(b)Theareaboundedbythecurvex–axis,x=-2/3andx=2

10. Aparticleisprojectedfrom theorigin.Itsspeedwasrecordedasshowninthetable
below
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Time(sec) 0 5 10 15 20 25 39 35

Speed(m/s) 0 2.1 5.3 5.1 6.8 6.7 4.7 2.6

Usethetrapezoidalruletoestimatethedistancecoveredbytheparticlewithinthe35
seconds.

11. (a) Thegradientfunctionofacurveisgivenbydy=2x2–5

dx

Findtheequationofthecurve,giventhaty=3,whenx=2

(b) Thevelocity,vm/sofamovingparticleaftersecondsisgiven:

v=2t3+t2–1.Findthedistancecoveredbytheparticleintheinterval1≤t≤3

12. Giventhecurvey=2x3+1/2x2–4x+1.Findthe:

i) Gradientofcurveat{1,-1/2}

ii) Equationofthetangenttothecurveat{1,-1/2}
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13. Thediagram belowshowsastraightlineintersectingthecurvey=(x-1)2+4

AtthepointsPandQ.Thelinealsocutsx-axisat(7,0)andyaxisat(0,7)

a) Findtheequationofthestraightlineintheform y=mx+c.

b) FindthecoordinatesofpandQ.

c) Calculatetheareaoftheshadedregion.

14. Theacceleration,ams-2,ofaparticleisgivenbya=25–9t2,wheretinsecondsafterthe
particlepassesfixedpointO.

IftheparticlepassesO,withvelocityof4ms-1,find

(a) AnexpressionofvelocityV,intermsoft

(b) Thevelocityoftheparticlewhent=2seconds

15. Acurveisrepresentedbythefunctiony=1/3x3 +x2–3x+2

(a) Find: dy

dx

(b) Determinethevaluesofyattheturningpointsofthecurve

y=1/3x3+x2–3x+2
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(c) Inthespaceprovidedbelow,sketchthecurveofy=1/3x3+x2–3x+2

16. AcirclecentreO,hatheequationx2+y2=4.Theareaofthecircleinthefirstquadrantis
dividedinto5verticalstripsofwidth0.4cm

(a) Usetheequationofthecircletocompletethetablebelowforvaluesofy

correctto2decimalplaces

X 0 0.4 0.8 1.2 1.6 2.0

Y 2.00 1.60 0

(b) Usethetrapezium ruletoestimatetheareaofthecircle

17. AparticlemovesalongstraightlinesuchthatitsdisplacementSmetresfrom agiven
pointisS=t3–5t2+4wheretistimeinseconds

Find

(a)Thedisplacementofparticleatt=5

(b)Thevelocityoftheparticlewhent=5

(c)Thevaluesoftwhentheparticleismomentarilyatrest

(d)Theaccelerationoftheparticlewhent=2

18. Thediagram belowshowsasketchoftheliney=3xandthecurvey=4–x2intersecting
atpointsPandQ.
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(a) FindthecoordinatesofPandQ

(b) GiventhatQNisperpendiculartothex-axisatN,calculate

(i) Theareaboundedbythecurvey=4–x2,thex-axisandthelineQN
(2marks)

(ii) Theareaoftheshadedregionthatliesbelowthex-axis

(iii) Theareaoftheregionenclosedbythecurvey=4-x2,theline

y–3xandthey-axis.

2007

19. Thegradientofthetangenttothecurvey=ax3+bxatthepoint(1,1)is-5

Calculatethevaluesofaandb.

2007

20. Thediagram onthegridbelowrepresentsasextractofasurveymapshowing

twoadjacentplotsbelongingtoKazunguandNdoe.

Thetwodisputethecommonboundarywitheachclaimingboundaryalongdifferent
smoothcurvescoordinates(x,y)and(x,y2)inthetablebelow,representspointsonthe
boundariesasclaimedbyKazunguNdoerespectively.

X 0 1 2 3 4 5 6 7 8 9

Y1 0 4 5.7 6.9 8 9 9.8 10.6 11.3 12

Y2 0 0.2 0.6 1.3 2.4 3.7 5.3 7.3 9.5 12

(a) OnthegridprovidedabovedrawandlabeltheboundariesasclaimedbyKazungu
andNdoe.

(b) (i) Usethetrapezium rulewith9stripstoestimatetheareaofthe

sectionofthelandindispute

(ii) Expresstheareafoundinb(i)above,inhectares,giventhat1uniton
eachaxisrepresents20metres

21. Thegradientfunctionofacurveisgivenbytheexpression2x+1.Ifthecurvepasses
throughthepoint(-4,6);
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(a) Find:

(i) Theequationofthecurve

(ii) Thevalesofx,atwhichthecurvecutsthex-axis

(b) Determinetheareaenclosedbythecurveandthex-axis

22. AparticlemovesinastraightlinethroughapointP.Itsvelocityvm/sisgivenbyv=2-t,
wheretistimeinseconds,afterpassingP.Thedistancesoftheparticlefrom Pwhent
=2is5metres.Findtheexpressionforsintermsoft.

23. Findtheareabondedbythecurvey=2x–5thex-axisandthelinesx=2andx=4.

23. Completethetablebelowforthefunction

Y=3x2–8x+10

X 0 2 4 6 8 10

Y 10 6 - 70 - 230

Usingthevaluesinthetableandthetrapezoidalrule,estimatetheareaboundedbythe
curvey=3x2–8x+10andthelinesy–0,x=0andx=10

24. (a) Findthevaluesofxwhichthecurvey=x2–2x–3crossestheaxis

(b) Find(x2–2x–3)dx

(c) FindtheareaboundedbythecurveY=x2–2x–3.Thex–axisandthe

linesx=2andx=4

25. Findtheequationofthetangenttothecurvey=(x+1)(x-2)whenx=2

26. Thedistancefrom afixedpointofaparticleinmotionatanytimetsecondsisgivenbys
=t–5/2t2+2t+smetres

Findits

(a) Accelerationaftertseconds

(b) Velocitywhenaccelerationiszero

27. Thecurveoftheequationy=2x+3x2,hasx=-2/3andx=0,asxintercepts.Thearea
boundedbythecurve,x–axis,x=-2/3andx=2isshownbythesketchbelow.
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(a) Find(2x+3x2)dx

(b) Theareaboundedbythecurve,xaxisx=-2/3andx=2

28. Acurveisgivenbytheequationy=5x3–7x2+3x+2

Findthe

(a) Gradientofthecurveatx=1

(b) Equationofthetangenttothecurveatthepoint(1,3)

29. Thedisplacementxmetresofaparticleaftertsecondsisgivenbyx=t2–2t+6,t>0

(a) Calculatethevelocityoftheparticleinm/swhent=2s

(b) Whenthevelocityoftheparticleiszero,

Calculateits

(i) Displacement

(ii) Acceleration

30. Thedisplacementsmetresofaparticlemovingalongastraightlineaftertsecondsis
givenbys=3t+3/2t2–2t3

(a) Finditsinitialacceleration

(b) Calculate

(i) Thetimewhentheparticlewasmomentarilyatrest.

(ii) Itsdisplacementbythetimeitcomestorestmomentarilywhen

t=1second,s=1½metreswhent=½seconds
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(c) Calculatethemaximum speedattained
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