










































































































































































































a u23u115
3a15

u33u25
3left3a5right5
9a120

u43u353left9a20right527al65
b

4

sum_r1uru1u2u3u4aleft3a5rightleft9a20rightleft27a65right40a190
since 40a190110

40a20
a12




























































































a

S28S2030228left2al27dright6530202left2a19dright6520a190d654a138d13 21 28al378d35

3Itimes728a126 6 d91

3

2112d56d12
Sub d12 into 1 4al38leftfrac12right13

4a32
a8

b beginmatrixunun1endmatrixekleftn1righteknkkn
ek

constantSincebeginmatrixunun1endmatrix constant this sequence is geometric
with a common ratio of ek


















































































J3i13i1a beginmatrixJ3iJ3iendmatrix

312sqrt3i311beginmatrix121fracsqrt32iendmatrix
argleftzrighttan1leftbeginmatrixsqrt32endmatrixrightpizsqrtleftfrac12right21leftfracsqrt32right2

1

unitb ImleftZrightwedge

Asqrt32
beginmatrix112endmatrixB

wedge

ReleftZright
12sqrt32

Biz as multiplicationof anycomplexnumber
represents an anticlockwise rotation of beginmatrixpi2endmatrixabout0


























































































a beginmatrixdydxendmatrixleftx1right12left3rightleft3x10rightcdotfrac1leftx1right12leftx1right
frac12leftx1right12left6leftx1rightleft3x10rightright
leftx1right

beginmatrixleft3x4right2leftx1right32endmatrix
Let beginmatrixdydx0endmatrix 3x40

beginmatrixX43endmatrix

b

beginmatrixd2y2leftx1right32left3rightleft3x4rightcdot3leftx1right12dx2endmatrix3leftX1right12left2leftX1rightleft3X4rightright4leftx1right3
beginmatrix3left6xright4leftx1right52endmatrix

when Xbeginmatrix43endmatrix beginmatrix12y14dx2endmatrix
By 2nd DerivativeTest it is a minimum point
































































































a Let uex
ugeq2u1

since u0 we canmultiply bothsides by u without the
need to change the inequalitysign

u2geq02geq0
21

u2gequ2 u

leftu1rightu
uleq1 or ugeq2

thereforeexleq1 or exgeq2
xgeqln2NoSolution

as ex0

ywedgeb int_01ex2ex1dx
int_0ln2leftex2ex1rightdx1int_ln21ex2ex1dx
leftexl2exxright0ln2leftex2exxrightln21
leftleft21ln2rightleft12rightrightleftleftee21rightleft21ln2rightright

ln21 e 1 4 11h2

rangle

ln21

2ln2lele
2 4 squnits










































































a Given dMdtKM
intMdMKintdt
lnMktlc
lnMktlc sinceMgeq0
Mektc
ektec
Aekt where Aec

When t0 MM0M0A
thereforeMM0ekt

When t5730 Mfrac12M0

frac12M0M0e5730K
ln25730K
ln1ln25730K
ln25730Kln2K 5730 ln2

5730lbWhen M02M002M0 M0e
ln2
5730 l

ln02t 13304.65
13300years nearest 100




















































































1a dxleftxlnxxrightxleftbeginmatrix1xendmatrixright1lnx
1lnx

lnX
1

UsingByParts
Let dVlnX

Vxlnx
b Vxpiint_1eleftlnxright2dx

piint_1eleftlnxrightleftlnxrightdx
pileftleftlnxrightleftxlnxxrightint_1e1leftxlnxxrightdxright1e
pileftleftlnxrightleftxlnxxrightintlnx1dxright1e
pileftleftlnxrightleftxlnxxrightleftxlnxxright1xright1e
pileftleftxlnxxrightleftlnx1rightxright1e
pileftleftbeginmatrixlefterighteendmatrixrightleftbeginmatrix11endmatrixright1erightleftbeginmatrixleft0right1endmatrixrightleftbeginmatrix01endmatrixright1

pilefte2right cubic

units.let

ulnx
beginmatrixdu1dxxendmatrix X

wedgeY
ylnx

R

Goverrightarrowx1

xe














































































































For ylnx MakeX thesubject
Xey

wedgeY
ylnX

C ByGC1

Vy volumeofgreencylinder blueVolume

piint_01lefteyright2dypilefte2rightleft1right

13177
1318 cubicunits 2dp

R

Goverrightarrowx1

xe


















































































p Let F bethe footofaperpendicular from p to pi1

step1 create line PF

lPFrleftbeginmatrix31rendmatrixright1lambdaleftbeginmatrix213endmatrixrightlambdainmathbbR
step2

wedgeutilden1leftbeginmatrix213endmatrixright
F

pi1rcdotleftbeginmatrix213endmatrixright2
of lies on l PF
hence

OoverrightarrowFleftbeginmatrix32lambda11lambda3lambdaendmatrixright
step3
sub of intoeqn of pi1

leftbeginmatrix32lambda11lambda3lambdaendmatrixrightcdotleftbeginmatrix213endmatrixright264lambda1lambda19lambda214lambda7
lambda12thereforeOF7leftbeginmatrix32timesfrac11frac123timesfrac12endmatrixrightleftbeginmatrix21cdot515endmatrixright














































































































p Using Ratio Theorem

OFrightarrow0overrightarrowP10overrightarrowP
b

wedgen1leftbeginmatrix213endmatrixright
F

0p2

0overrightarrowP20overrightarrowF2leftbeginmatrix21515endmatrixrightleftbeginmatrix310endmatrixrightleftbeginmatrix123endmatrixright
pi1rcdotleftbeginmatrix213endmatrixright2 p

C n2leftbeginmatrix215endmatrixrightleftbeginmatrix223endmatrixrightleftbeginmatrix1346endmatrixright
Acuteangle between pi1 and pi2cos1leftbeginmatrix213endmatrixrightcdotleftbeginmatrix1346endmatrixright

sqrt4sqrt221
cos14

1141221
859circ
























































































a ysin1px
pxsiny

differentiatebothsidesw.int X

cosy beginmatrixdydxpendmatrix
beginmatrixdydxendmatrix c

1
o
s

sy psecy shown

b beginmatrixd2ydx2endmatrixpsec1i lanydydx
dydxcdottanycdotdycdotx
lefttanyrightleftbeginmatrixdydxendmatrixright2
beginmatrixd3ydx3lefttanyrightcdot2leftbeginmatrixdydxendmatrixrightleftbeginmatrixd2ydx2endmatrixright1leftbeginmatrixdydxendmatrixright2cdotsec2ydydxendmatrix
2tanyleftbeginmatrixdydxendmatrixrightleftbeginmatrixd2ydx2endmatrixright1sec2yleftbeginmatrixdydxendmatrixright3

When x0
ysin100
beginmatrixdydxendmatrixpsec0pcos0p
d2ydx2lefttan0rightcdotp20
d3ydx3sec20cdotp3p3

ByMaclaurin series sin px01 px 10x2 1 p3 x3 1

px111














































































































C let p3sin13xapprox3x129x3
Differentiatebothsidesw.net x

sqrt1left3xright2cdot33129left3x2right
V139X23272X2

therefore119x2119x2






































































aaYA

xbax4leftaxabright4ab4ab4

b4
a

x
thereforeya1 xb
Horizontalasymptote

ASxpminfty I

ya

ya

xb

bya14abxb
replace y with y a
translation of a unitsalongpositivey axis

beginmatrixy4abxbendmatrix
translation of b unitsalongpositive X axis
replace x with x b

yx
replace x with leftlangle4abrightranglex
scaling x axis by factor I

4aby1x














































































































C

beginmatrixy4axxbendmatrixxy1by4xy1ax4x4 ax

bybyya
thereforef1leftxright4leftbxxarightRf1Dfleftinftybrightcupleftbinftyright

d If ab f1leftxrightfleftxright self inverse functions

f2025left2rightfleft2right4aleft2right 21a

42a2a








































a beginmatrixdxdtheta28leftbeginmatrixthetaleftsinthetaright1costhetaleft1rightendmatrixrightendmatrix
28leftcosthetathetasinthetaright

dydtheta20leftthetaleftcosthetarightsinthetaleft1rightright
20leftbeginmatrixthetacostheta1sinthetaendmatrixright

20leftthetacosthetasinthetaright28leftcosthetathetasinthetaright5leftthetacostheta1sinthetaright7leftcosthetathetasinthetaright
dydX


























































































b i Let beginmatrixdydxendmatrix be undefined

therefore7costheta

thetasinthetacosthetathetasintheta1thetaanthetatantheta1_theta
0

dividebothsidesby cos0

ByGC
y1tantheta

7 y2theta1
0.8603340.860334

H ctheta086
AtDtheta086

ii x coordinate of C28086cos086 11

12289
x coordinateof D28086cos086 1 1

43711

12289314mCD43711














































































































C i Let 28leftthetacostheta11right28
thetacosthetaleftright1
thetacostheta0

theta0 or costheta0

thetafracpi2 or beginmatrixpi2endmatrix because frac2pi3leqthetaleq2pi3
Attheta0 y20left20right

y coordinateofA

Athetapi2 i y28left21fracpi2left1rightright
85841

40

Atthetapi2 y20left2fracpi2left1rightright
85841 y coordinateof B

therefore atpointA theta0 because A is at a higher
point than B

atpointB thetapi2 or
prod_2

AB40
ii.iii

85841314m

d y coordinateof c202left0860334rightsinleft0860334right1
26956

distance IE 40 2695613044m
distance CD314m

Within10 of frac12CD1571 1.57

mForsafetyreasons 1413leq AE leq1727

SinceAE 13044m thedesignof thissectionof track
doesnotsatisfy thesafetyconditions
















































































a since p qsubsetmathbbR all coefficients of thecubicpolynomial are real

ByComplex ConjugateRootTheorem z12i is another rootof
this
equation.b

Z left12irightleftzleft12irightrightz2zleft12irightzleft12irightcdot1left12irightleft12iright
z22z1left14i2right

z2 2z5

Letthethird root be a ainmathbbR

10leftz22z5rightleftzarightz3lefta2rightz21left2a15rightz5az3pz2qz
Bycomparisonof coefficients

105a
a2 3ʳᵈroot is 2

q2al5459pa2224
c Replace Z with

beginmatrix1wendmatrix

thereforew112iw1x12i12i12i w12iw1x12i12i12ibeginmatrix12i5endmatrixfrac15left112iright
w2
Wbeginmatrix12endmatrix

7

beginmatrix12i14endmatrixfrac15left12iright







