



















































































































































































































LetA be theprice of theitem.After1stmonth A095left300right
After 2ⁿᵈmonth A095left095rightleft300right

0952left300right
After 3ʳᵈ month A095left0952rightleft300right

0953left300right
After nthmonth A0957left300right

Let 095nleft300right120
095752
nlg095lg52
n179

monthsAfter18 completemonths the item is sold



































































































Firstly for a quadratic curve to be completely below the
line yx1 K0

yx1

ykx22xk1

Let Kx22xK1X1
kx2xk0

since there is no intersection between the line and
b2
12
4k21
4k210
left2k1rightleft2k1right0

thereforeKfrac12 or kfrac12

the curve

49004KleftKright0

rej because k0 I
























































































Recap
Differenceof CubesFormula

a3b3leftabrighta21 a bleftb2right
Sumof Cubes Formula

a3b3leftabrighta2 acdotb1b2
il a3b3cdotleftabrightlefta21ab1b2right
ii 34732863left347286rightleft34721left347rightleft286right12862right

left6111301447right
Factor 61 or 301447

beginmatrixleftxnright3leftxnright32endmatrix

ab

2leftxnright3leftxnright3
leftleftxnrightleftxnrightrightleftleftxnright21leftxnrightleftxnright1leftxnright2right
2

2nleftx212nx1n21x2n21x22nx1n2right
2

beginmatrix2nleft3x21n2right2endmatrix
since beginmatrixleftxnright3leftxrightn3nleft3x21n2right22endmatrix
then n is a factor of beginmatrixleftxnright3leftbeginmatrixxnendmatrixright322endmatrix
hence beginmatrixleftxnright3leftbeginmatrixxnendmatrixright322endmatrix is divisibleby n
































































































a dxxn1lnxxn1leftbeginmatrix1xendmatrixright1leftlnxrightcdotleftn1rightxn
xn1xnleftlnxrightleftn1right

b intxnlnxdxn1intxnleftlnxrightleftn1rightdx
n11intleftxnxnleftlnxrightleftn1rightright
n11leftxn1lnxxn1n1right1C

xndx





















































































a yAxb
lnylnAxb
lnAlnxb
blnx1lnA

Plot InY against In x X axis withgradient b and
y intercept InA

631cdot2bb12cdot14cdot1
2

InY wedge Thestraight line equation is
lny2lnx 1 InA

since lnx1cdot2 and Iny 63
11 n A

4 1121
63 left1263right

lnx

632left12rightlnA6cdot339Ae3949402494

then12
24





























































































A dydxfrac12left2rightx3leftfrac12rightxfrac12
23xfrac12x

x

When dydx0 I x2sqrt3x0
2sqrtx

beginmatrix2timesJx302Jxendmatrix
therefore2x3230
x2323
xleftbeginmatrix32endmatrixright32

b Using 1ˢᵗ Derivative test

132131x leftbeginmatrix32endmatrixright23
dydx

it is a minimum point
































































































a leftfrac12axright5leftfrac12right515leftfrac12right4leftaxright15C2leftfrac12right3leftaxright215C3leftfrac12right2leftaxright3ldots
beginmatrix153216ax154endmatrixa2x2frac52a3x31ldots

b leftbeginmatrix41axendmatrixrightleftfrac12axright5
gives us coefficientof x2

vfrac52a3x31ldots
v

v16ax145a2x2left4ax5rightbegincases132endcases x wedge

x.gives
uscoefficient of x

coefficientof x4leftfrac516aright1leftbeginmatrix5aendmatrixrightleftbeginmatrix54endmatrixa2right
beginmatrix54endmatrixa1254a
5a

coefficientof x24leftfrac54a2right1leftfrac5arightleftfrac52a3right
5a2225a2

215a2
Givencoefficientof x2X coefficientof x2

5a2leftbeginmatrix152endmatrixa2right
5a15a2
a3a2
3a2a0
aleft3a11right0

a0 Crej or a frac13
























































































a step1 combinedbothequationsto the form ax21bx1c0

1

2

Sub 2 into 1 leftxaright2leftxleftright1right21
leftxaright212x22

x22ax1a22x220
3x2 292 llefta22right0

4ac0Step2

b2left2aright24a212a212408a224a23a230leftasqrt3rightleftasqrt3right0

4left3rightlefta22right0

7a23

rangle

sqrt3sqrt3

thereforesqrt3asqrt3
b

b2left2aright24a28a224a23a13
4ac04left3rightlefta22right012a21240




























































































aLHS1sin2theta1cos2thetasinthetacosthetabeginmatrixleft1sin2thetarightcosthetaleft1cos2thetarightsinthetasinthetacosthetaleft12sinthetacosthetarightcosthetaleft12cos2theta1rightsinthetasinthetacosthetacostheta2sinthetacos2theta2sinthetacos2thetasinthetacosthetaendmatrix

costhetasinthetacostheta1
sintheta
cosectheta
RHS shown

b Hence cosectheta2sintheta

sintheta2sintheta
2sin2theta1
sin2theta12

sinthetapmsqrtfrac12
theta43pi45pi4 or beginmatrix7pi4endmatrix

sinepithetafrac32pithetafrac5pi4






























































































a Step1 Findcoordinateof p
when x0 y0 3cos0

3
thereforePleft03right

step2 Find
ddo at p

3cos2xy2sinax
dydx2acos9x16sin2x

at p dydx2aleft1right16left0right
2a

step3
Hence gradient of normalat p

step4 Equation ofnormal at p

yleft3right2a1leftx0right
3

12a

y12ax
b Let y0 2a1x30

beginmatrixx2aendmatrix3

y wedge

x6athereforeQleft6a0right
770

Qleft6a0rightArea of 0P Q frac12times6atimes3
9a

therefore9a27
a3 Pleft03right





















































a ABV32x2
19x2

fracdAB2left9x2rightfrac12left2xright
Given beginmatrixdXdtendmatrix2 units S

Find beginmatrixdABdtendmatrix when x4
Chain rule beginmatrixdABdABdxdtdxdtendmatrix

xsqrt9x2

sqrt916cdot2
beginmatrix85endmatrix units g











































































































b Area ofsquare V9x2cdotV9x2
left9x2right units

beginmatrixdAdx2xendmatrix
beginmatrixdAdAdxdtdxdtendmatrix

2xcdot2
4x unitsbeginmatrix2Sendmatrix

Given beginmatrixdAdtleq80endmatrix
4xleq80
xleq20 units

therefore max valueof x 20 units














































a i When y0 I acoskx0
coskx0
kxpi2 or beginmatrix3pi2endmatrix

thereforexpi2k or beginmatrix3pi2Kendmatrix

Hence x coordinateof Api2K and

x coordinateof B2K3pi
ii bymidpoint theorem

x coordinate of ckpi

Length of ABbeginmatrix3pipi2k2kkpiendmatrix


















































































































sin3piAC Aleftpi_3right
a as amplitudeof curve is a

beginmatrixV3a2CendmatrixACbeginmatrix2asqrt3endmatrix C

Length of AB Length of AC

beginmatrixpikfrac2a3endmatrix
Zak pisqrt3

apisqrt3
2k

shown

b Area of ABCfrac12timesABtimesa
frac12timespiKtimesa

beginmatrixpia2Kendmatrix
Given area of ABC1 units2 and beginmatrixapisqrt32Kendmatrix

1pileftbeginmatrixpiJ32Kendmatrixright4k2pi2sqrt3k2pi2sqrt3
K12pileft3rightfrac1

SinceK ispositive Kleft3right2frac14pi
amplitudeof curve beginmatrixapisqrt3pileft3frac12right2leftleft3rightfrac14piright2endmatrixpileft3frac14right3frac12frac143frac14
period of curve 2pi2piKleftleft3rightfrac14pi2right4pi4left3frac14rightpi3frac14








































a 24 3x17
2y3x17
y23x217

Equationof red line
frac1432leftx1frac12right

Byfrac32xfrac172
left17rightA

y7 y2l

y32x1y2 C2 leftfrac12frac14right

therefore32x1223x3x2
Hence centre of circle left22right
radius of circle length of Acsqrtleft12right2left72right2

sqrt181
N82

thereforeequationofcircle leftx2right21lefty2right282
bwhen x7 ID

left72right2lefty2right282
lefty2right28281
y2pm1
y3 or 1

thereforeDleft71right Eleft73right

left21822right
left22right

E

x7

If left7alpharight lies insidethecircle 3alpha1


