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General Instructions
¢ Reading time — 5 minutes
e Working time ~ 2 hours

e Write using black or blue pen-
Black pen is preferred

e Board-approved calculators may be
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» A table'of standard integrals is
provided on a separate sheet

o Show all necessary working for
Questions 11-14
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Total marks - 70

Section I - Pages 2-5

10 marks
* Attempt Questions 1-10
e Allow about 5 mifintes for this section

Section IT Pages 6-12

60marks

e Attempt Questions 11-14 )

e Allow about 1 houz-and 45 minutes for this
section

Disclaimer .
Every effort has been made to prepare these
" Principles for Setting HSC Examinations in
| Developing Marking Guidelines Examinatio
warranty is made or implied that the "Trial’
courses to be examined. These papers

“Trial’ Higher School Centificate Examinations in accordance with the Board of Studies documents,
a Standards-Referenced Framework (BOS Bulletin, Vol 8, No 9, Nov/Dec 1999), and Principles for
ns In a Standards Referenced Framework (BOS Bulletin, Vol 9, No 3, May 2000). No guarantee or

Examination papers mirror in every respect the actual HSC Examination question paper in any or all
do not constirite ‘advice’ nor can. they be construed as authoritative interpretations of Board of Studies

intentions. The CSSA accepts no liability for any reliance use or purpose re

{ated to these “Trial’ question papers. Advice on HSC examination issues is

only to be obtained from the NSW Board of Studies.
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Section I 3 Lett= tang- where 0 < 6 < 7. Which of the following gives the correct expression

10 marks for sinf + cos 07
Attempt Questions 1-10 (A) -1
Allow about 15 minutes for this section ‘ 1+t
Use the multiple-choice answer sheet for Questions 1-10. (B) 2t—1+1¢*
: 1+ t2
1 LetP(x) = 2x® —x? + 2.Find the remainder when P () is divided by x + 1. © 1+2t—t2
1+¢2
B -t : o Fol-2
(B) 1 . 1+ tZ
© 3 , , |
O) 5 4 < Tet Abe the point (—2,3) and B be the point (3, —4). Find the coordinates of the point
whichrdivides@B externally in the ratio 3:2.
. ’ ’ ‘ 1
2 T.he angle between the lines y = mx and y = 2x is 45°, where m > 0, as shown in the @ (O'E)
diagram below.
6
¢ | | ® (1=
y=2x ) : .
NOTTO : (O (-1217)
SCALE R
45 x '
0
i 5 From six girls and four boys, a committee of 3 girls and 2 boys is to be chosen. How
‘ 1 many different committees can be formed?
! )
' (A) 26
Find the value of m. ' v : ® 120
1 ) 252
A) = ? :
@ 3 ; (D) 1440 '
4
1 | o
B) 5 :
© 1 |
@ 3 , ' )




Consider the function f(x) = =— and its inverse function £ ~*(x).
Evaluate f~1(3).

A

®)

©

D)

-3

w Nlw wN

The equation of the normal to the parabola x2 = 4-ay at the variable pomt
P(2ap, ap?) is given by x + py = 2ap + ap?

How many different values of p are there such that the normal passes through the focus

of the parabola?
A o
® 1
< 2
® 3

An advertisement claims that ‘8 out of 10 people pfefer Winky Chocolate Bars’. If the
advertisement’s claim is accurate and a sample of §ix people is interviewed, what is the
probability that at least five people prefer Winky Chocolate Bars?

A)
®)
©
D)

1-(0.8)°
2(0.8)°
5(0.2)8

(0.8)°(0.2) + (0.8)°

10

7
. . . 2
‘What is the coefficient of x? in the expansion of (xz + ;) ?

W 1
®) 16
© 35
D) 560

Two balls, A and B, are rolled horizontally off a 10 metre cliff at 10 ms™* and
20 ms~* respectively..

Which of the following statements is FALSE?

(A) A and B are in the air for the same length of time.
(B) A and B are travelling with the same vertical speed on impact.
(C) Bis travelling at twice the speed of A on impact with the ground.

(D) Blands twice as far from the base of the bliff as A.
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CSSA
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60 marks :
‘ | Student Number
Attempt Questions 11-14 '

All questions are of equal value.
Allow about 1 hour and 45 minutes for this section,

Answer each question in a SEPARATE writing booklet, Extra writing booklets are available,

Question 11 (15 marks) Use a SEPARATE writing booklet.

(a) Evaluate lim Sin 2x. o i ’ 1
=0 x

4

(b) Use the table of standard integrals to evaluat dx
ar uate | Wl 2
( ) 8.5 d
c) Use the substitution u = x — 8 to find f —
g VO-0&-9 3
d)  Solve -2L.> ‘ |
(d) Solve T2 t. 3

Question 11 continues on page 7

Question 11 (continued)

(e)

®

NOTTO
SCALE

In the diagram the points A, B and € lie on the circle and AB produced meets the
tangent from C at the point P. :

@) Given that PC = 12, AB = 7 and PB = x, find x.
@ii). «BC is the diameter of the circle passing through P, B and C.

Find the length of BC.

/A
A vertical pole, CD, is positioned so that the angles of elevation of the top of the

pole from the points 4%and B on the ground are o and f§ respectively.

The ground is a level horizontal surface and the triangle ABC is right-angled at C.
Point B is due east of point A and point € is on a bearing of 060°T from point A.

. tane 1
Show that g 3

End of Ques@ion 11




Question 12 (15 marks) Use ‘a SEPARATE writing booklet.

(@)

Consider the cubic polynomial f (x) = ax® + bx? + cx + d where a, b, ¢ and d are
real numbers and a # 0. Let &, B and y be zeros of f (x).

@ ‘Write down an expression for a + § +v.

All cubic polyhomial functions have a single point of inflexion when the second
derivative is equal to zero. .

(i)  Using part (i), or otherwise, show that the x-coordinate of the point of
inflexion on the curve y = f(x) is given by

_a+B+y
= T

(iii) - The cubic polynomial below has x-intercepts at ‘—1, 3 and 4: Find the
x-coordinate of the point of inflexion of the cubic polynomial.

q
wY

70,

Question 12 continues on page 9

Question 12 (continued)

®

(e

(i)

N - - k3 i — - -
Given sin™'x = a and cos™1x = == @, solve sin 1y = cos™1x. 2
The curve y = cos™x is sketched below. 1

Copy the diagram into your writing booklet and drawa sketch of the curve

¥ = sin”%x on the same set of axes, Clearly'show the point of intersection
of the two curves. ' '

]

The region bounded by ¥ = sin"'x, ¥ = cos~x and the y-axis is rotated about the
y-axis to form a solid of revolution.

(iii)  Explain why the volume V of the solid formed is given by: 2

(iv)

®

(i)

i
V= an sin?y dy.
0 .

Hence, find the volume V of the solid formed. 2

Use mathematical induction to prove that for n > 2 3

(-2 (7% () x e x (1-2) =22

3.8 15 9999
Hence evaluate = X ~ X — X .., ‘X . -1
479" 16 10000
End of Question 12




Question 13 (15 marks) Use a SEPARATE writing booklet.

(a) When an egg is placed in a pot of boiling water the rate at which the temperature, T (in
degrees Celsius), of the egg increases after t minutes is given by % = 0.2(100 - T).

6] Show that T = 100 — Ae~%? satisfies this equation, for some constant A.

(i)  Find the value of the constant 4, for an egg taken from the refrigerator with
an initial temperature of 4°C.

(iii) It is known from experience that it will take 4 % minutes for an egg taken
from the refrigerator to cook. :

Determine the temperature of the egg after 4 % minutes. Give your answer
correct to 3 significant figures.

(iv) Ifaneggis initialli? at room temperature, the temperature of the egg can be
modelled by the equation T = 100 — 79e‘°'2t.

How much less time will it take for an egg 1mt1ally at room temperature to
reach the temperature of part (iii)?

(b) A particle moves in Simple Harmonic Motion. Initially, the particle is 4 metres to

the right of the origin, moving with a velocity of —8v3 ms™1. The displacemnent x
is given by x = A cos(2t + «) for some constants 4 and .

@ Find the values of 4 and a.

(if)  When does the particle first reach the centre of motion?

2
(€)  The acceleration of a particle P is given by the equation ¢_i__x_ = 2x® +4-18x, where x

is its dlsplacement in metres from the originafter ¢ seconds Imt1ally the particle is
at the origin and has velocity 9 ms™4 .

(i  Show that the velocity of the particleis given'by v = x2 + 9.

(ii) Hence, find an %xpression for x as a function of t.

10

Question 14 (15 marks) Use a SEPARATE writing booklet.

(a) Theequation 3 sinx = Inx has a number of positive solutions, with the smallest
solution being close to x = 3.

Use ONE application of Newton’s Method to find/another approximation to the
smallest positive solution. Give this approximation correct to TWO decimal places.

(b)  A'man M walks along a pier, represented by the positive y-axis, pulling on a boat B
by arope of length L. The man is initially at the origin O and the boat is initially on
the x-axis, L metres from 0. The man keeps the rope taut and the path followed by
the boat is such that therope is always tangent to the curve tracing its path.

) Let the path followed by the boat be the graph of the function y = fx).
By considering the gradient of the line MB, show that

dy ~VI?~x?
dx x

(i)  The man walks along the pier such that the boat moves in the ¥ direction at
a constant rate of 3 ms™?,

: L d . : . . .
Find the raté d—’: at which the boat approaches the pier, when it is a distance
Izimetres horizontally from the pier.

.

Question 14 continues on page 12

11




Question 14 (continued)

©

(d)

(@ Show that (:) = (

The tangent at the point P(ap?, 2ap) on the parabola y? = 4ax, with the focus
S(a, 0) is shown in the diagram below,

Y

P(ap?, 2ap)

o)

S(a, 0) x

y? = 4ax

The gradient function is given by —Z—f = %a. (Do NOT prove this.)

"Prove that the tangent to the parabola at P is equally inclined to the axis of the

parabola and the focal chord through P.

L )orr=0,1,2,..,n. 1

1= @+ O+ (1)) orr=0azn 3

By considering the coefficient of x™ " in the expansions of (1 + x)™m
and (1 + x)*(1 + x)™ show that

e =)

@) Showthat (7)) + (7)) ++ (7)Y = (3;:‘) 2
End of Paper
. Examiners
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CATHOLIC SECONDARY SCHOOLS ASSOCIATION OF NSW
2012 TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION
MATHEMATICS EXTENSION 1

Section I
10 marks

Questions 1-10 (1 mark each)
Question 1 (1 mark)

Outcomes Assessed: PE2
Targeted Performance Bands: E2

Solution Answer Mark

P(-1) = —1

Question 2 (1 mark)
Outcomes Assessed: H5, HE7
Targeted Performance Bands: E2

Solution Answer Mark

| 2-m

—_— o
1+Zm| =tan45°,m> o

4 A 1
m=3

Question 3 (1 mark)
QOutcomes Assessed: H5
Targeted Performance Bands: E2

Solution Answer Mark

. 2t . 1-¢2
sinf@ = —and cos 0 = —-
1+t2 142

1
1+2t-t% . C 1

in@ +cosf =
sing et

DISCLAWER

The Inforthation contalned In this document Is Intended for the professlonal assistanca of teaching staff, It does not constitute advice to students. Further It s nol the Intantlon of
CSBA larprovide specific marking oufcomes for all possible Trial HSC answers.' Rather the purpose Is to provide leachers with Informaton so that lhey can beller explore,
understahd and apply HSC marklng requirements, as eslablished by the NSW Boart of Studles.

No guaranlee o warranty ls made or Implied with respect lo the application or use of CSSA Marking Guidefines In refalion to any specific ral exam

queslon or answer. The CSSA
assumes no fability or responsihiliy for the accuracy, completeness or usefulngss of any Marking Guldelines provided for the Trial HSC papers. .

6300-2

Question 4 (1 mark)
Outcomes Assessed: P4, PE2
Targeted Performance Bands: E2

Mxs +nxy myz+"3’._1)
(x; Y) = min m+n

3x3+(CDX(-2) 3X(‘4)+('2)X3)
=( 3r-n . 3D

= (13,—18)

Question 5 (1 mark)
Outcomes Assessed: PE3
Targeted Performance Bands: E2

O ()=

Question 6 (1 mark)
Outcomes Assessed: HEA4

Targeted Performance Bands: E3

@ =x
fx)=3

il riher I is not the Intention of
does not constitule advice to sludents. Fu no
L ofesslonal assistance of leaching slaff. 1t e, don bator gl
o conla!ngd p ‘h):f dog:{g:rr:ef }ﬁa&?e:o:‘:lbllte%ai HSC answers. Rather the purpose Is to provide {aachers with In o
Ny . |
Snsdse?sllgnglgxg :&?ﬁis{zcnr‘naz:rklr?g requirements, as astablished by the NSW Board of Sludies. culdlns  eeton o 2y <pocic i xam queston oranswer. Tho

o ficati f CSSA Marking ) B
No guarantee or warranty s made or implied wilh respect lo e appliation n.r use; any Macking 6 idatinas prov\ded for the Triat HSC papers.
il or e

hhhhh e e fiability o respansibifity for the acouracy, SOMPIEIENEY &




Question 7 (1 mark) o
QOutcomes assessed: PE3, PE4
Targeted Performance Bands: E2

Soluti
olution - Answer Mark
X+ py=2ap+ap : '

Whenx =0,y = a:
ap = 2ap + ap?
ap(1 + P =0 B 1
p = 0 is the only solution. Therefore there exists
only one solution. ' -

Question 8 (1 mark)
Qutcomes Assessed: HE3, HE7
Targeted Performance Bands: E3

Soluti
olution Answer Mark

Letp =08andq = 0.2
P(Xz25)=PX=5)+P(X=6)
(§)(0.2)(0.8)% + (0.8)¢
(0.8)5(6 X 0.2 + 0.8)

= 2(0.8)"

Question 9 (1 mark)
Outcomes Assessed: HE3
Targeted Performance Bands: E3

Solution .
olution Answer Mark

Tees = ()27 (2)"
= (;)2I;x14—3k

When 14 — 3k = 2, k = 4. D 1
The coefficient of x2 = (DZ"‘

= 560. N
.Question 10 (1 mark)

QOutcomes Assessed: HE3 s
Targeted Performance Bands: E3, 4

Solution wel ‘
Answer Mark

The FALSE statement is C c
. 1

DISCLAIMER
The Informatl &
The mm;: 03]1:’ :zrg;!cr;:g lrgal[hkilsn gog:lmc:;:sls :g:e:ﬁe:o ;t;;blll;e %;fﬁggnghislstan;emof teaching slaff. 1l does not constitute advice to studenls. Furher it Is not the Intention of
nr:)d;:;sl;m{ nd ooy Htsy? mad:i[ng reiquiremenls, 5 blablned by Lo oM Bzf:;d o?Sgd:E: purpose Is to provide leachers with Information so that they can betler explore,
arantee or warranty Is made or implied wilh respect to the application or use of CSSA M: ¥
, ado arking Guldellnes i i i
assumes no liablity o responsibilily for the accuracy, completeness or usefulness of any Marking Gglidellnes ;su\:;dr:(lla'l::lrn“:z ::);fﬁﬂﬁ;ﬂt:::xam aesonor st ho G385

Sectioh II
60 marks

Question 11 (15 marks)
(a) (1 mark)
Outcomes assessed: HS

Targeted Performance Bands: E2
Criteria Mark
e  Correct answer 1
Sample answer: :
, sin 2x sin 2x
lim =2lim
x=0 /X %0 2X
=2
(b) (2 marks)
Outcontes.assessed: HEG
Targeted Performance Bands: E2
Criteria Marks
o Correct answer . 2
e Recognising the correct primitive 1

Sample answer:
4 dx' 4
— =] 2
= [in(x + V72 +9)]
=1n9 —In3
=1In3 ‘

4

DISCLAIMER

The Information contalned in this
(88A to provide specific marking oulcomes
understand and apply HSC marking requrements,
No gusrantee of warranly Is made o Implied with
assumes no liabifity or sesponsibility for the accuracy,

0es not constilute advics to sludents, Further It 1s not the intantion of

document Is Intended for the professlonal esslstance of teaching sfaff, It o
\de teachers with Information so that they can better m_(p!me,

for all possible Trial HSC answers. Rather the purpose Is to prov
as eslablished by the NSW Board of Studles.

1espect lo the application or use of CSSA Marking Guldalines in setalion to any spectfic idal exam guestion or answer. The CSSA
of Iness of any Marking Guidetines provided for the Triad HSC papers,
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(c) (3 marks)
Outcomes assessed: HE4, HE6
Targeted Performance Bands: E2-E3

Criteria Marks
e Correct answer ) - 3
¢  Significant progress towards solution 2
e  Correct integral with correct limits, after applying given substitution 1
Sample answer:
Letu=x—8
du = dx
x=85=2u=05andx=8=u=0.
[ 0.5 du
Upon substituting: [ e
05 du
Sl Aoz
= [sin~1u]33
T
“%
(d) (3 marks)
Outcomes assessed: PE3
Targeted Performance Bands: E2-E3
Criteria Marks
e  Correct range of solutions given 3
¢  Significant progress towards solution (e.g. inequality if using solution 5
presented below or points of intersection if using graphical techniques)
¢ Some progress towards answer (considering technique used e.g. graphicalor 1

algebraic)

Sample answer:

2t
aZt t#1

2t(1—t) = t(1 t)?
t(1—t)(Ltt) =0

st<-1,08t<1
.

DISCLAIMER

The Informalion contalned In this document Is Intended for the professional assistance of teaching slaff, It does not constitule advice to-students. Further It Is not the Intention of

CSS5A to provide spectfic marking oulcomes for & possible Trial HSC enswers. Rather the purpose Is to provide leachers with Informalion so thal fhey can beller explore,

understand and apply HSC marking requiraments, as eslablished by the NSW Board of Sludles,

No guarantee or warranty is made or Implied with respect to the applicallon or use of CSSA Marking Guldetines In refation to any specific ilal exam question or answer. The CS5A

assumes no lability or respansibility for the accuracy, of 1 or of any Marking Guldefines provided for the Trial HSC papers.

(&) (i) (2 marks)
Outcomes assessed: PE2, PE3
Targeted Performance Bands: E2

Criteria Marks
e  Correct answer 2
e Recognises the relationship between the tangent and the intercepts from an 1
external point
Sample answer:
PC* = AP.BP
122 =(x+ 7).x
. x =9 (sincex>0)
(e) (ii) (1 mark)
Outcomes assessed: PE3
Targeted Performance Bands: E2
) Criteria Mark
e Correct answer 1
Sample answer: -
/ BPC =90° since BC is the diameter of the circle passing through P, B and C.
~ ABPC is a right-angled triangle.
BC? = BP? + PC?
BC? = 9% + 122
BC =15
(f) (3 marks)
Outcomes assessed: PE2, PE6, HE7
Targeted Performance Bands: E3
Criteria Marks
e  Correct proof logically presented 3
e  Progress towards solution 2
e Correctly identifying a relevant trigonometric relationship in one of the 1

{riangles

Sample answer:

letCD=h . .
In AADC,tana = Z’:c'
In ABDC,tanf = é—c

- ,tana _EE

» o -
tanf  AC

AABC is right-angled at C and £CAB = 90° — 60° = 30". (from the bearings given), hence

B tan 30° 1
—— = tan =
V3
. tana__}_
" tanf V3
6

DISCLAIMER

The Information contalned In this document 1s Intended for the professlonal asslstance of teaching stafl. 1t does not constilute ad\'llce to students, Further it Is not the Intentlon of
CSSA to provide speclfic marking oulcomes for af posslole Trial HSC answers. Rather the purpose 15 lo provide laachers with Information so that they can better explore,

understand and spply HSC marking requirements, as astabiished by the NSW Board of Studies.

No guarantes or warranty fs made or implied with respect to the applicalion of use of GSSA Marking Guidetines fn relatlon o eny specific rla! exam question or answer, The CSSA

assumes no ability of responsibility for the accuracy, completeness or usefulness of any Marking Guldefines provided for the Trial HSC papers.




Question-12 (15 marks)

(a) (@) (1 mark)
Outcomes assessed: PE3
Targeted Performance Bands: E2
Criteria
®  Correct answer M?rk
Sample answer:
a+f+y= _Tb

(a) (ii) (2 marks)
Outcomes assessed: HS5, HE7
Targeted Performance Bands: E3—-F4

. Criteria Marks
® _ Correctly using the result in part (i) to obtain the result: 2
e  Solvesf’(x) =0 - : 1

Sample answer:

f'(®) =3ax2+2bx +¢
f"(x) = 6ax + 2b

Solving f”(x) =0

6ax+2b =0
=2
“ 3a
= a+p+y
3
(a) (i) (1 mark)
Outcomes assessed: HE7
Targeted Performance Bands: E3
Criteria ‘
®  Correct answer : Miln‘k
Sample answer:
- atfBt+y
3
L1344
3
v =2
7
DISCLAIMER

The informath " :
CSSA lo p?oeﬁx‘s:mgg 2;’:}5"3'3;’3{0“::}653 }g:egﬁepi ;g;hl]za_lplg:]fe'jélgnzln:\svslstar:s ll?f teaching staff. I does not constitute advice to students. Further it Is not the Intention of
understand and apply HSG marking requirements, e established by the NSW Bi‘:z'd O?Steu'dil:se pupase s o provil teachers wilh Infomalon 5o thal ey can beter explre

No guarantee or waranty is made or Implied with res; r use of CSSA Marking Guldetines In relation to any specific Uial exam question or answer, The CSSA
¥ ad pect lo the application or us ng y spi i ql
assumes no liability or responsibilty for the accuracy, o useful of any Maﬂdnrg 1 "‘ . plo:/k;eé foru: i IHSCI "
' a Trial papers,

(b) (i) (2 marks)
Outcomes assessed: HE4, HE7
Targeted Performance Bands: E3

Criteria Marks
e  Correct value of x 2
e  Correct value of 1
Sample answer:
sin-lx = o, cos lx == —a
’ 2
Now, sin tx=cos lx
ie a=f—a
2
==
a= 7
ssinTlx =-
4
LT
x = sin-
4
» The solution is x = ‘{Z
(b), (i) (1 marks)
Outcomes assessed: HE4, HE7
Targeted Performance Bands: E2
Criteria Marks
1

e Sketches curves correctly, showing the point of intersection

Sample answer:

y
T
y =cos™1x
V2
2%
] 0 1 3
.,
y=sin"tx
3
8

DISCLAIMER

The Informatlon contained In this document Is intended for the professional assistance of teaching slaff, It does not constilute advice o students, Fu
(SSA to provide specific marking oulcames for all possible Trial HSC answers. Rather the purpose 15 to provide teachers wilh Information so that Lhe;

undersiand and apply HSC marking requirements, as established by the NSW Board of Sludies.

sther it Is ot the fntention of
y can belter explore,

No guarantee or warranty Is made o implied with respect to the apptication or use of CS8A Marking Guldetines ln refetion to any specific el exam qugstion or aaswer, The CS8A

assumes na liabifity or responsibility for the accuracy, completeness or usefulness of any Marking Guldefines provided for the Tral HSC papers.
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(c) (@) (3 marks)

/ Outcomes assessed: HE2, HE7
: g) (1) (2 mark) ) Targeted Performance Bands: E3
i utcomes assessed: HE2 Criteri Mark
: Targeted Performance Bands: E3 _ = riteria arks
. Criteria Mark ) . Correc.t 80 ut1on. : 3
e Correct explanation ] 2 e  Establishes the induction step 2
e Reference to symmetry of region , 1 : e Verifies the result for n=2 1

Sample answer: Sample answer:

1
. . R - 1) Whenn = 2: LHS= (1 — =
The region is symmetrical about the line y = " @ (3 22
Therefore the volume of the rotated region bounded by y = sin~! x between y = 0 and ) oy
b3 2+1
T, . = . . — A
: =7 (givenby 7 & sin?y dy) is equal to the volume of the rotated region bounded by RHS p,
| ™ 3
= 3 p T, . = - T
J y = cos™ x between y = ~and y = = (given by 7 [ cos?y dy). 4
: 4 2 5 = LHS
s i T
) i, z ., .
LV=m]| sin*ydy+m n_cosydy R : Assume true forn = k: (1—i)x(1—i)x(1—-1—)x...><(1——1—)=k—+1-
A i ‘ . . 22 32/ T\ 42 k? 2k
v 3 Prove trueforn = k'+ 1:
4
L X : - . 1 1 1 1 1 k+2
4 =2r | " sin?yd 1.e.(1——)x(1——)x(1——)><...x(1———)><(1————)=—-—
- . o yay 22 32 42 k2 (k+1)2 2(k+1)
A : k+1 1 s .
o H =——X(1———) sing assumption,
Now LHS P e (using assumption)
. ' 2
(b) (iv) (2 marks) . O RV
2
Outcomes assessed: H8, HEG . 2k (kH1)
5 Targeted Performance Bands: E3 ' _ KP+2k
B Criteria Marks 2k(k+1)
i e  Correct answer . : : 2 : _ _k+2
iR e Substantial progress towards integrating sin® y ' 1 » 2(k+1)
: , = RHS
| Sample answer: e . . .
i P = Hence, by the Principle of Mathematical Induction, the result holds true for all integers
'; V =2 [Fsin’y dy n=2. : : :
E .
=1 [+(1 — cos 2y)d, "
Jo¢ 2y , (c) (ii) (1 mark)
; =7 [y - M]" Outcomes assessed: HE2, HE7 .
: - 2 o o ‘ : Targeted Performance Bands: E2
=7 n~=2) . ' Criteria Mark
Lm . -
~ The volume is ” (m ~ 2)-units3. : o Correct answer o 1
: Sample answer: ) _
» . . ) 101
: 3 n = 100, hence the product equals 200"
. M .
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Question 13 (15 marks)

(a) (@) (1 mark)

Outcomes assessed: HE3, HE7
Targeted Performance Bands: E2-E3

: Criteria Mark
o  Correct proof 1
Sample answer:
T =100 — Ae™ 02
2= 0.24e70%
=0.2(100-T) as Ae™%% =100 —T.
(a) (i) (1 mark) .
Outcomes assessed: HE3, HE7
Targeted Performance Bands: E2-E3
Criteria Mark
o Correct value for 4 ‘ 1
. Sample answer:
Whent=0,T = 4.
4 =100 — Ag~02x0
A =96
() (iii) (1 mark)
Outcomes assessed: HE3, HE7
‘Targeted Performance Bands: E2-E3
Criteria Mark
e Correct value for temperature -1

Sample answer:
T =100 — 9602t
Substitute t = 4.5
T = 100 — 96¢~02%45
T = 60.9693 ...

Therefc'zr_:_ez the temperature correct to three significant figures is 61.0°C.
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(a) (iv) (2 marks)
Outcomes assessed: HE3, HE7
Targeted Performance Bands: E2-E3

Criteria . Marks
s  Correct answer 2
e  Correct value of ¢ for an egg boiled from room temperature : -1

Sample answer:
T = 100 = 79¢~%2¢
Substituting T = 60.9693 ...
60.9693 ... =100 — 79¢ 02t

t=In (100—6;);9693...) =02

= 3,525498 ... = 3.5 minutes
Therefore, the-egg at room temperature will cook approximately one minute faster
than.an egg taken from the refrigerator.

(b) (i) (3 marks)
Outcomes assessed: HE3, HE7
Targeted Performance Bands: E3-FE4

Criteria Mark;
e Correct answers for A and o 3
s  Correct value for either 4 or a 2
o Sigpificant progress towards correct equations involving Aand 1
Sample answer:
: x = Acos(2t + a)
Whent = 0,x = 4: Acosa=4 (i)
Now &~ —245in(2t + @)
Whent = 0,2 =-8V3  Asina=4V3 (i)
From (i) and (ii) above: j:;(; = %
tana = V3
p ==
&=73

Substitute ¢ = %iinto @) Acos g =4

Therefore, A=8anda = g
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(b) (ii) (2 marks)
Outcomes assessed: HE3, HE7
Targeted Performance Bands: E3-E4

Criteria Marks
e Correct answer 2
e  Correct equation with ONE unknown, ¢ 1

Sample answer:
Particle is at the centre of motion when'x = 0:

T
8cos(2t+g) =0
2t+Z="7, forthe first time.
t=—
12
Therefore, the particle arrives at the origin after 1”—2 seconds.

* (¢) (i) (3 marks)

Outcomes assessed: HES, HE7
Targeted Performance Bands: E3—-E4

Criteria- . Marks
e  Correctly shows the result 3
e.  Correct expression for v?, including the value of the constant - 2.
o Progress towards expressing the result in terms of v and x, e.g. using the )
correction version of acceleration ad_x G vz)
Sample answer: : .
a1 2) = 943
ax(zv = 2x° + 18x
121 4 2
SVe= X +9x“+c
81
Whenx =0,v=9: c¢=-
81
Therefore, %vz = %x‘* +9x% + =

v? = x* +18x% + 81
v? = (x? + 9)?
v =+(x% +9)
However, since initially the particle has a positive velocity and there are no solutions to

v = 0, the particle must alv\‘/,ayS travel in a positive direction.
Hence, v = x2 + 9.
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(¢) (if) (2 marks)
Outcomes assessed: HES, HE7
Targeted Performance Bands: E3—-E4

' Criteria Max
®  Correct equation for x in terms of ¢ A )
»  Progress towards an expression for ¢ in tetms of x 1
Sample answer:
&t . 2
ik 9
dt 1
dx —1x2+9
= gtan‘1 (g) +c
When x = 0, t = 0, therefore ¢ = 0.
t=Ztan1 (f)
3 3 .
x = 3tan(3t)
y
14
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Question 14 (15 marks)

(a) (3 marks)

Outcomes assessed: H5, HE7
Targeted Performance Bands: E2-E3

Criteria Marks
e  Correct answer 3
e  Correct substitution into the formula of Newton’s Method 2
e  Establishing an appropriate function and determining its derivative 1

Sample answer:
3sinx =Inx

Let f(x) =3sinx—Inx

) = 3cosx—i

C o fx)
Xy = Xy —
2= % T 6y
-1 3s5in3-1In3
3cos 3—%
= 2.79558...
= 2.80 (2d.p.)
(b) @ (1 mark)
Oultcomes assessed: H5
Targeted Performance Bands: E3, E4
Criteria Mark
e Correct justification for result 1

Sample answer: .
For the gradient of MB: applying Pythagoras’ Theorem, rise =12 — x2; run = x.

The gradient of MB = % = _—%-_-ﬁ
Since the rope is always tangent to the curve, the line MB is a tangent toy = f(x)
L dy_a=VI2 — x?
Tdx X \
.
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(b) (i) (2 marks)
Outcomes assessed: HES, HE7
Targeted Performance Bands: E3~E4

Criteria Marks
e  Correct answer 2
e  Substantial progress towards expressing % as afunction of x v : 1
Sample answer: _
dx dx N dy
dt  dy” dt
-X
=z 3

- L
2-%X3 whenx=5

12
2=
) ’L 4

~3

Il

Therefore, the boat-approaches the pier at a rate of v3 ms™™.
(c) (3 marks)
Outcomes assessed: PE3, PE4, HE2
Targeted Performance Bands: E3—-E4
Criteria Marks
» Correct proof 3

s Substantial progress towards determining both required distances or both

required angles 2
* Recognising the gradient at P is given by % and progress towards i
determining a relevant distance or a relevant angle
Sample answer:
i =221
The gradient of the tangent at P = 27 = '
The equation of the tangent at P is given by y — 2ap = %(x —ap?) .

Let the tangent at P intersect the x-axis at G. )
+ G has coordinates (—ap?,0). P has coordinates (ap?, 2ap). § has coordinates (g, 0).

SG =ap?+a SP = /(ap? — a)? + (2ap)?
a?p* + 2a%p? + a?

- J@? +ay
=ap’+a

. 'y
Since SG = SP, ASPG is isosceles.
» 2SGP = £SPG (angles opposite equal sides of an isosceles triangle are equal), thus the
angle of inclination to the axis of the parabola equals the angle between the tangent and the

“focal chord.

Hencs the tangent to the parabola at P is equally inclined to the axis of the parabola and the
focal chord through P.
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(d) (iif) (2 marks)
’ Outcomes assessed: HE2, HE7
(d) () (1 mark) . Targeted Performance Bands: E3-E4
Outcomes assessed: HE2, HE7,

Criteria Mar
Targeted Performance Bands: E3

®__ Correct proof

¢ Correctly identifies and matches coefficients in relevant binomial 1
expansions

Criteria Mark

®  Correct proof

Sample answer: . o
The coefficient of x™ in the expansion (1 + x)™ is ( r2. v . § N
The coefficient of x™ in the expansion (x + 1" is (n_r). |

: n = n . |
Since (1 + x)™ = (x + 1), the expansions are the same. Therefore, (n_r) (T) aat s ((20,1) ) (Zln)x ) (2271) o G:) xzn) ((g) + (Dx + (121) o (Z) )

The coefficient of x™.in this expansion is:

Sample answer:

(d) (ii) (3 marks)
Outcomes assessed: HE2, HE7

. A ‘ am my (@myon 2y n 20y /n
Targeted Performance Bands: F4 e — Natls ( . ) (n) + ( . ) (et 1) + ( ) ) (n - 2) N ( - ) (0) Z
. . . 3 _ n _ n _ n 7 _ n .
Correct proof =— — =@ ()t fa=-0( " )+ rm-2 (ol )+ 4r@ () s £ (7 ) forr=0,1,2...;
Correctly identifies and matches coefficients of x™~" in the two blnqnu 2 . ’ .
xpanons V i 1 : ) But the coefficient of x" in the expansion of (1 + x)3" jg (zann)
e  Expansion of ONE relevant bmomlal expression .
Therefore, (7)f(0) + M@+ + (™)) = )
Sample answer:

=OOF OO o
4k(12r5f01'(‘:»)]£ (7)’) = tg) (:}_lr) +() (n_:_l) + 4 (" )(}), using the result in part (i).

Now, consider (1 + x)™(1 + %)™ = (1 + x)?*

A+0rA 42 = ((’5) t(Dar (Q)ar ot (:)x,.) ((z) (e () -+ (:)x")

The coefficient of x™ " in this expansion is:

@G DG D+ Gr_ )+ () (e F@fromabove

) N . . 2n
But the cocfficient of x™ in the expansion of (1 + x)?™is\( il T).
. Therefore, f(r) = (nz_"r), forr=0,1,2,..,n

»
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