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This question asksyou to use polynomial functions to model some situations in probability.

Two unbiased tetrahedral﴾four‐sided﴿dicewithfaces labelled 1,2,3 and 4 are thrown and

thescoresrecorded.

TherandomvariableMdenotesthemaximumof these twoscores.

Theprobabilitydistribution of M isgivenin thefollowing table

m 1 2 3 4

1 3 5 7

P﴾M=m﴿
16 16 16 16

﴾a﴿ Find E﴾M﴿. [2]

Analternativeway torepresent theprobabilitydistributionofMis touseapolynomial

function,G,whereG�t﴿=∑P�M=m﴿tm

m=1



3 5

P﴾M=m﴿
16 16 16 16

﴾a﴿ Find E﴾M﴿. [2]

An alternativeway torepresent theprobability distributionofMis to useapolynomial

function,G,whereG�t﴿=∑P�M=m﴿t"

m=1

3

Hence,forthedistributionofM,G�t﴿=
�1+

16°“ 16” 16 16

﴾b﴿ Find G﴾1﴿. [1]

﴾C﴿ ﴾i﴿ FindG'﴾﴿. [2]

﴾ii﴿ Hence,show that G'﴾1﴿=E﴾M﴿. [3]

﴾This question continues on the following page﴿



﴾Question 1continued﴿

Abagcontainstworedballsand threeyellowballs

Twoballsareselected at randomwithout replacement from thebag.

Therandom variableXdenotes the total numberofredballs selected.

TheprobabilitydistributionofXcanberepresented by thepolynomial function,Gx,where

Gx﴾t﴿=∑P�X=x﴿t*

X=0

3.3‐ 1

﴾d﴿ ShowthatGx﴾t﴿ +‐1+‐

10510

beendetermined. [5]

Anunbiasedcoinandabiasedcoinaretossed

Theprobability of obtaining a tail on thebiased coin isp.

Therandom variableYdenotes the total numberof tailsobtainedfrom tossingboth coins.

Theprobability distribution of Ycan be represented by the polynomial function,Gy,where



beendetermined. [5]

Anunbiased coinand abiasedcoinare tossed.

The probability of obtaining a tail on the biased coin is p.

TherandomvariableYdenotesthetotal numberof tailsobtainedfromtossingbothcoins

Theprobability distribution of Ycan berepresented by the polynomial function,Gy;where

G﴾t﴿=∑P﴾Y=y﴿t.

y=0

Given that the coefficientof t²in Gy﴾t﴿ is

1

﴾e﴿
� ,find

3

﴾﴿ the value of p; [2]

﴾ii﴿ anexpressionfor Gy﴾t﴿. [4]

Therandomvariable Zdenotes thesum of the total numberofred ballsselected,X,and the

total numberoftailsobtained from tossingbothcoins,Y.

Theprobabilitydistributionof Zcanberepresentedby thefunction,Gz,where



y﴾U﴿=ZP�Y=y﴿

y=0

Given that thecoefficientoft²in Gy�t﴿is﴾e﴿ find

3

﴾#﴿ the value ofp; [2]

﴾i﴿ anexpressionfor Gy﴾t﴿. [4]

Therandomvariable Zdenotes the sumof thetotalnumberofredballsselected,X,and the

total number of tailsobtained from tossing both coins,Y.

TheprobabilitydistributionofZcanberepresented by thefunction,Gz,where

G﴾t﴿=Gx﴾t﴿Gy﴾t﴿.

For random variable Z,it can be shown that G﴾1﴿ =E﴾Z﴿.

Use thisresult tofindE﴾Z﴿ [4]



2. [Maximummark:32]

Informally,the curvature ofa curve canbe thoughtofas the amountbywhich the

curve deviates from being a straight line.In this question,you will investigate the

curvature ofavarietyoffunctions.

Consider any functionfthatcanbe differentiated twice.

f"﴾x﴿

The curvature,k,ofany function fis defined byk�x﴿=

1+﴾f﴾x﴿﴿²

Consider the familyof linear functions g�x﴿=mx+c,wherex e Rand m,c�IR.

﴾a﴿ Show thatk﴾x﴿=O for thisfamily of linear functions. [2]

Consider the familyof quadratic functions h�x﴿=ax²+bx+cfor x eR,wherea eR,a≠0

andb,ceR.

Forthisfamilyofquadraticfunctions,itisgiventhat

2a

k﴾x﴿ and

1+﴾2ax+b﴿²﴿



Kmax'

﴾b﴿﴾i﴿ Bysolvingk'�x﴿=O,find thevalueofxwherekmax occurs.

You arenotrequired to justifythat thisvalueofxleads toamaximum. [1]

﴾i﴿ Determineanexpressionforkmax,intermsofaonly. [2]

﴾ii﴿ State the value of limk﴾x﴿ and explainbriefly the significance of thisresult. [2]

﴾iv﴿ Consider thequadraticfunctions

p�x﴿=‐2x²+2x‐10wherex�Rand

q�x﴿=2x²+5x+25wherex�IR.

Statewhichoneofthefollowingstatementsistrueandjustifyyouranswer.

A. kmaxOfp>kmaxofg

B. kmaxofp<kmaxofg

kmax of p= kmax of q
C. [2]

﴾This question continues on the following page﴿



﴾Question2continued﴿

Consider the function v�x﴿=lnx,where x ��R,x>0.

Forv,it isgiven that

x

and

1‐2x²

﴾﴿﴾i﴿
Determine theexactvalueofxwherek occurs.max

You arenotrequired to justify that thisvalue of xleads to a maximum. [2]

2√3
﴾ii﴿ Showthatk [4]max

9

Consider the function w�x﴿=e*,where x �R.

For w,it isgiven that



﴾ii﴿ Showthatk [4]

Consider the function w�x﴿=e*,where x eR.

Forw,itisgiventhat

and

﴾1‐2e²x

k'﴾x﴿

2√3

﴾d﴿﴾i﴿ Showthatk [5]max
9

﴾ii﴿ Suggestareasonwhyvandwhave thesamek [1]

Consider a family of curves y =√r²‐x²,where ‐r <x<r, y> 0 and r is a positive constant.



1‐2e²x

=﴾x﴿y

2√3

﴾d﴿﴾﴿ Showthatk [5]maX

9

﴾ii﴿ Suggestareasonwhyvandwhave the samek [1]

Consider a family of curves y =√r²‐x²,where ‐r <x<r, y> 0 and r is a positive constant.

﴾e﴿﴾i﴿
Showthat [6]

dx²

﴾ii﴿ Hence,show that the curvature,k,is constant for this family of curves. [5]


