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Question 1
1(a) Outcomes Assessed: HS5,PES

Marking Guidelines

Criteria Marks
« finding first derivative 1
s finding second derivative in form |m.“|~ 1
?a+&
Answer
d ; e H ; B ma.?u+5|ma.ma B e*
& = L+ ey

m‘ 1(b) Outcomes Assessed:, H5; PE3, PE6

Marking Guidelines

Criteria . Marks
« interpreting X notation to write sum of terms in expanded form 1
» calculating value of sum as I.m _ 1
Answer
MTH% b1 1 1 2412441 5
- K o2 3 4 24 8

1(c} Outcomes Assessed: (i) P3 (n) P3, PE2, HE7

A.. Marking Guidelines

- Criteria Marks

(i) » writing expressions for 14 cos2x intermsof cos®x, sin’x 1

« simplifying to obtain final result 1

.. o 1 . .
(if) » substituting x =223° and cos 45°= e find expression for tan*221° 1
« using expression for tan *224° to show tan 221° =2 —1 1
Answer
o 1-oos2x 2sin 2x et iy e ? Ando . 1045540 H!W ~ J2-1
\ij Mlml M \V 2 s <+ \ikp aaary MKL 7 —_ o -_— 1 —_
cos2Zx  2cos’x 1+cos45 I+ V2 +1
2
s 1. Z-NzZ-ge (VB -1

(V2 +1)(vZ-1) 2-1

oot 2230 = (VE-1), since tan 22L°>0







1(d) Outcomes Assessed: (i) (i) PE3 (i) H5, PE2, PE3

Marking Guidelines

Criteria Marks
(i) e copying diagram 0
(i1) = using alternate segment theorem 1
(iii) * using€qual alternate angles with parallel lines to deduce %m =MAD W
» déducing ADE = ECB with explanation 1
« deducing BCED is cyclic by applying appropriate test

Answer B
(1)
(1) MAB = ACB (angle between tangent MAN and chord
M AB equal 1o angle in alternate segment)
(1)

ADE = MAD (Alternate angles equal, DE 1| MAN)

ADE = ECB (Both equal to MAD)
~. BCED is acyclic quadrilateral

(Exterior angle ADE = opposite interior angle ECB)
Question 2

2(a) Outcomes Assessed: P4

Marking Guidelines

Criteria Marks’
» finding the x coordinate of P 1
« finding the y coordinate of P . 1
d.hrsmimn
— ~5)+1x3
. 4% 4+1x(=2) _28. enhxﬁ )+1x3 \ 4 TP@s, 3-4)
4+1 _ 441

2(b)y Outcomes Assessed: PE3

Marking Guidelines

Criteria Marks
. o ] o ~ . T o~ ~S5
» using at ieast one of the factors "C, , 3 1

« completing the calculation ’ C, X 3° =5103

Answer

Choose the 2 questions 1o be answered correctly ’'C, ways

Each of the 5 questions answered incorrectly can be answered in 3 ways. .. 'C, X 3°=5103 ways






2(c) Outcomes Assessed: (i) PE3 (i) PE3, PE6
Marking Guidelines
Criteria Marks
(i) * partial factorisation P(x)=(x—1){x*+x- wv 1
« completing factorisation P{x)={(x+2)(x—1)" 1
(ii) * deducing x £ —2 1
» including x=1 1
Answer
(1) (i)
(x~—1) isafactorof P(x) Y4 By inspection of the graph,
3 PR T
¥ —3x+2=(x"D(x**x-2) P 3542<0 when
= (x -1z - 1)(x+2) _ Xx<2 or x=1
~ Px)=(x+2)x=1)" 2 of 1 x

y=(c+2)(x-1)

2(d) Outcomes Assessed: (1) PE3 (1i) PE3, PE4
Marking Guidelines
Criteria Marks
(i) = finding the x coordinate of T 1
(11) = finding the gradientof PF 1
» finding the gradient of TF 1
» showing the product of the gradients is~1 toprove TF 1 PF 1
Answer
@)
y=—a tx=a(r*-1)

_ aft*~1) 1
(iiy F{0,a)=> gradient PF = I[H ITI& and  gradient ITF=

y4 At T,

\N. !

2at 2 t

- gradient PF . gradient TF = —1 andhence TF L PF.







Question 3
(a) Outcomes Assessed: () H5S (i) P4

Marking Guidelines

Criteria Marks
. N e . d ¢ b-—d
(i) * using similarity and sides in proportion to deduce 2a = B = . 1
« selécting the appropriate relationships toshow bd=2ac, c* =b(b—d) 1
« using thése simultaneously to show ¢* =b”-2ac 1
(i) * substitutionfl expansion of (a+¢)” to show (a+ ) =a®+b? 1
Answer .
()
AABN I AACB (given )
BN AB AN (corresponding sides of similar
CB AC AB A's are in proportion
d c b—d bd=2ac
_— = = = =
2a b c c*=b(b—d)=b*—bd
B C s cl=bt-2ac

(i1)
b =c’+2ac (from (i))

2 2 2
=la+c) =a +b
?+3~Hn~+np+man ( )

N

(b) Outcomes Assessed: (1) PE2, PE3 (1) PE3
‘Marking Guidelines
: Criteria Marks
(i) = establishing that P(0), P(1) bave opposite signs : 1
« noting that P{x) is continuous to deduce existence of root a, 0 < <1 1
(i1) » quoting correct expression for approximate value of o\ usingNewton's method 1
» calculating approximate value of o correct to 2 decimal places 1
Answer .
P{0)=-5<0

(M P(x)=x"+3x* +6x—-5 = and P(x) is continuous

P(1) = 550

s P(x)=Ohasaroot o, O<a<l.

5 0-5) (-1-125)
P(x)=3x*+6x+6 Qno.mllm.lﬁ..lln 0-5 -~ ~——==0-62A102 deci
(i) P{x) P(0-5) 075 (to 2 decimal places)
(c) Outcomes Assessed: HEG6
Marking Guidelines
Criteria , Marks
= using substitution process correctly 10 obtain new integrand in terms of u 1

» finding the new limits for the integral in terms of u
« obtaining the primitive function 2 sin”'u
» evaluating the definite integral by substitution of the Iimits

ot et

Answer






x=u* u>0

I \ﬁm ! dx %H ! 2ud
= ———dx = udu
dx =2n du _ L Jrdl—x Lou 1—u?
=L = y=4 :
. i ~wuﬂmpm&-_g.¢
_ 1 — 1 = el = SIn u
x=7 = u=7 1 N1-u? ;
I= M?E-_u_.w.lmm:& i) = MAWIWV =Z
Question 4
(a) Outcomes Assessed: (1) H5 (i) HS
Marking Guidelines.
Criteria Marks
(i) » obtaining the primitive function %(x —sin2x) %
» evaluation of the definite integral by substitution of the limits 1
(i1} = using the pattern for Simpson's rule with comect x values, & value and multipliers. 1
» calculation of 3 function values and final approximation for definite integral
Answer -
1 (if)
T fl)=sin’x, h=%
_ 2 4 b
wlbm_n x dx ~nw§,+fﬂ+bw
5 x|0{ &1 % =&{0+2+1}
=1 - L
I.M.h (1—cos2x) dx f401 411 =z
X1 x4 x1
ir 1, 1%
=3|x— 78I Mﬁo
1= _ I
I=3 A.m - vl 4
4(b) Outcomes Assessed: (i) PE3 (i) PE3
Marking Guidelines
Criteria . Marks
(1) » determining that there are 3 appropmnate sets of three cards forasum of 9 1
i 3 1 . -
« calculating 53— = -—— as the required probability 1
c, 28
(ii) » realising that there are now *C, possible sets of three cards given 2 is selected 1
2 1
* calculating 3~ = — as the required probability 1
C, 14

Answer

(1) Exactly3 setsof cards haveasumof 9: 1+42+6, 14345, 2+3+4
. 3 3.3.2.1 1
&A,ES is ov = = =
C,  9.8.7 28

(i1) If the set of cards contains the number 2, exactly two such sets have a sum of 9.

The two cards chosen to complete the set of 3 are selected from the remaining 8 cards.

2 2.21 1
¢, 87 14

o P(sum is O given first card is2)=







4(c) Outcomes Assessed: PE2, HES

Marking Guidelines

Criteria Marks
{inding the relationship between i and ar
. relation — and —
inding p 17 T 1
| . . dL av 1
» finding the relationship between T and T where the equator has length 7 cm
: av . dL
« using the numerical values of Mﬂ and r to show mﬂ =0-125 . 1
- interpreting this to deduce that length of equator is increasing atarate of ¢-125cms”™ 1
Answer
V=xmr? L=2nr
av dr dL d 1 4V
—_— = ma.uwml Y 2. —— —
( dt dt dt dt drr® di
d, /
mmxanm:n re & L . @.Hnmlno;wm when r=10
di dt dt 2rt dr 2x10?

Length of equator is increasing at arate of 09125cms™ when the radius is 10 cm

Question 5

(a) Outcomes Assessed: (i) HE4 (ii) PS5, HE4
Marking Guidelines
Criteria Marks
(i) «finding the equation of the inverse function f " (x) : 1
(i) « showing intercepts on the coordinate axes and asymptotes for both curves 1
: » showing intersection point (1, 1) ‘ 1
ﬁ » correct shapes with curves as reflections in y= x ) 1
Answer
¢y
2 2 2
= = x+l)=— = x=—-1 4 x=
y ] ( v y y Y& x=0
2 . 2 . Vil
f=—"—, x>-1 = fHx)==-1, y>-1 ! Y/ O&\\wua
x+1 x i 4
x=-1 [
. 4 2 2 V'
~ f hasinverse  fT(x)==-1, x>0 | \G d
X ’ —
i y= f(x)
) ] L 0 \ / ll.ff-.l.l- \ r
Curves are reflections in y= x and hence intersect _\ 5 o y=0
2 ]
on y=x where =x = x=1 IIJ\ IIIIIIII
x+1 p s y=-1
I







3x+2x

.- -1 -1 w r - _ . . -
tan '3x+tan "2x=% = —>>— = tanf,  uwsing A=3x, B=2x (1)
(11) 4 1--3x.2x ¢ & :
2 1 tan "3x<0 and tan '2x<0
5 6x°+5x—-1=0 But x=-1 = b
X1 = (Ex-x+D)=0 s tan73x + tan'2x # £
1—6x
x=¢ or x=—1 Hence x#-1. .. Hnwl

M3,HE3 () H3, HE3

~—
—
p—_

6(b) Outcomes ‘Assessed:

Marking Guidelines

Criteria Marks |
(i) < finding valugof A 1
« finding exact value of k£ 1
. . In2
(i1) * showing 7 = - 1
( « finding the further time_Sfin 38 s !
Answer
(1) T=20 +Ae ™
1=0 100=20+Ae’ e
= o A=80 and T=20+80¢ Then
T =100 100=20+A
=4 80=20+80¢™* L:mnzm
T =80j e =8=3 k=—113 = kind
(i1)
T=20 +80 ¢ ™ e* =4 -1 In2
¢ = 0 = 3 ol = 96377
T=60 —k7 = In} = ~In2 (L1n%)
ﬂ‘ Hence it falls to 60°C after 9 min 38 sec, thatisdfter a further'S'min 38 sec.
6(c) Outcomes Assessed: (1) PE2, HE3 (i) H5, HE3
Marking Guidelines
Criteria Marks
(i) *finding valuesof v and a when =0 1
« interpreting these values to deduce particle is moving right and slowing down 1
(ii) » showing if particle is at Oat time 1, then tan 2t =-3 1
« solving this equation to find the first such ime. 1

Answer
(i)
x=3cos2t +sin2t Si=0 = x=3, v=2, a=-12
v =—0sin 27 +2 cos2t Hence particle is initially 3 m to the nghtof O,
a=—12cos2i~-4sin2t moving to the right (since v>0) and

a=—4x slowing down (since v and a have opposile signs)







5(b) Outcomes Assessed: (1) HES (i) HS, PE2

Marking Guidelines

Criteria Marks
(1) » o_um::_:m expression for a interms of x . 1
dat
(1i) » integrating expression for T to obtain primitive function (even if +¢ omitted) 1
. m:n_cnmzm and evaluating the constant of integration to find 7 in terms of x 1
+ finding x interms of 7 by rearrangement. 1
Answer
£V ay e a2 lE..m&I_\.I 2 f AN _n 3
f._.v V —""A — U— V¥ —_ = A .flb&-\!lh.kﬂ
dx
(11)
dx di 1 1
—=—xt s = —— = l=—+c¢, ¢ constant
di dax X X
1=0 1 1
= 0O=l+4+c¢c =2 c¢=-1" = (=— -1 SoX=—
x =] x t+1

5(c) Outcomes Assessed: PE3

Marking Guidelines

Criteria Marks
* writing general term with appropriate binomial coefficient and powers of x” and 4 1
x
+ showing term independent of x is a@ a* or QQNQA 1
« deducing *C,a* =240 or °C,a* =240 and hence a* =16 L
» stating both solutions a=+2 1
Answer
. ] uhm. 6 A AL r o 12-3r
General term In expansion of | x” +— s "C - Tu v =Ca x ., r=012..,6
x x
Then term independentof x is aﬂ a'x°=15a" & 15a* =240 a*=16 - a=+2
Question 6

6(a) Outcomes Assessed: (1) H5, HE4 (1) P4, HE7

Marking Guidelines

Criteria Marks
A+B
(1) »showing tan 8 = ———
) g 1-AB :
ﬁv = showing 63" +5x—1=0 1
+ solving this quadratic equation 1
« rejecting the solution x =—1 with explanation i
Answer
(hLet x=tan" A and y=tan "' B. Then =x+y, tanx=A, tany=B andhence
tan x +tan y A+B

tan 8 = 85?..75 = =
I-tanx.tany 1-AB







(i) At O, 'x=0

3cos 2t +sin2r =0 smallest positive such 7 1s given by
sin21 = —3cos 22 2=m—tan'3 = r=3(r-tan"'3)=0-95
tan2z=-3 . <. particle first reaches O after 0-95s {to 2 dec. pl.)

Question 7
7(a) Outcomes Assessed: (1) P5, PEe6 (iiy PS5, PE6, HE2 (m) PS5, PE2, PEé6

Marking Guidelines

Criteria Marks
(i) « showing f(0)=1 : 1
» showing' f(—x). = 1
®) ,
(ii) < noting that S(I) is truc 1
« showing thatif Sk} is true, then S{k+1) is tru !
+ deducing the truth of S(x7) forall vom:?w integers 1
(iif) » using (i) and (ii) to dedtice that f(~nx) =[f(x)] - 1
Answer
10

J(0+0)=1(0)./(0)
/(0)-f(0). f(0) =0

f0) [1-7(0)] = .
£ f{0)>0 = f0)=1 s IENETS

Fle+[=x])= £(x). f=x)
W ). fex) = £0) =1

(ii) Let S(n) bethestatement f{nx)=[f(x)|", [ n=1,2, 3,
Clearly S(1) istrue, since f(l.x)={ %O&
If S(k) is true for some positive integer k, then f{kx)=][ %@&»
Consider S(k+1) : Al +10x) = Flexx) = flkex)s f(x)
=[7(x)]"7(=)
_ ?AH&TH

Hence if S(k) is true for some positive integer k, then S (k +1)is.true. But$(1), is true. Hence $(2) is
true, and then S(3) is true and so on. Hence S(n) is true for all positive integers a.

if (k) istrue, using **.

1

1
fx)  [H(0)]

(iit) If » is a positive integer, f(—nx)= , using (hand (ii), andhence

—n

fenx)={(x)]






7(b) Outcomes Assessed: (i) HE3 (i) PE2, HE3

Marking Guidelines

« rearrangement to obtain T in required form

Criteria Marks
(i) * writing expressions for horizontal displacements of both particles 1
« writing expressions {or vertical displacements of both particles -1
(ii) » showing " Ucos = Vcos B 1
o showing UTsina=h+VTsinf #
« climinating V from this relationship 1

Answer
(i) For particle projected from O For particle projected from A
X, =UTtcos & . x,=Vtcos
woﬂﬁﬂmiglwwm“ N,Hr.rsm?ulwwan

(it) Particles coltide at time T, having equal horizontal displacements and equal vertical displacements.

UT cosax = VT cosf8 = Ucose = Vcosf (D)
UTsino—1gT*=h+VTsinf~1g7* = UTsina=h+VIsinf (2

From (2): T{Usmma—VsinB) =h
T (Usina: cosB— Veos B sinff ) = hoosfB
Using (1) : T{Usiner cos—Ucosex sinf3) = hcosf
UZPsin{foc—fi) = heosf
A _ hcos B

Usin{a— B )







