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Marks
Question 2 (12 marks) Use a SEPARATE writing booklet.

(a) Find lim L . 1

x—=0 X

2

2 o 3

(b)  Use the substitution u =3x —1 to evaluate j P
1 3 X —

(c)  Find all real numbers such that In(2x +3)+In(x - 2)=2In@+4). 4

(d) (i)  From a group of 7 girls and 6 bo are chosen 2
How many different groups of 5 are
(ii)  If the group of 5 stands in a line e probability that the 2

boys stand together?

%
O
B



Marks
Question 3 (12 marks) Use a SEPARATE writing booklet.

2
(a) Solve the inequality x4 <x—4 for x. 3
(b}  Prove by Mathematical Induction a3 L ' is divisible by 3, for all 4

positive integers ».

(c) A particle, P, moves on the x-axis for time 7 > 0, in seconds, with velocity

2
V=
I+3x

cms™ , where x, in centimetres, is the displacement from the

origin x=10.

(1) Find an expression for the acceleration, @cms™?, and show that 3

a varies directly with v*.

(i)  If'the particle was initially at the origin, describe the motion both 2

initially and as 7 -0,



Marks

Question 4 (12 marks) Use a SEPARATE writing booklet.

(@)

(b)

(©

The function f(x)=¢*—x—2 hasazeronear x=1.2. 2

Use one application of Newton’s method to find a second approximation to
the zero. Write your answer correct to three significant figures.

A function is defined by f(x)=¢&* —1 forall real x.

(i)  Draw the graph of y = f(x) and state the range of the function. 2

(ii)  Find the inverse function, f “(x), clearly indicating any.restrictions. 3

A particle moves in a straight line so that itsidisplacement x cm from the origin

at time ¢ = 0, in seconds, is given by x&= JBcos3F=sin3t.
(i)  Show that the particle moves insimple harmonic motion. 2

(i)  Find the velocity whenithe particle is 1 cm from the origin on its 3

first oscillation.



Marks
Question 5 (12 marks) Use a SEPARATE writing booklet.

(a) (i)  Iftheroots of x* - 6x” +3x + k=0 are consecutive terms of an 2

arithmetic series show that one of the roots is 2.

(i)  Hence find the value of %k and the other two roots. 3

tan 26— tanf

=tan’ 4. 3
tan 28 +cotd

(b) Show that

(¢)  P(2ap, ap®) is a point on the parabola x* = 4ay withfocus S(0y a). The point
Q lies on PS produced and Q divides PS so that PQ<OS =+4:3.

LY
Q
\ NOT TO SCALE
S5(0,a)
P(2ap,ap*)
¥
(i)  Show that-Q has coordinates (-6ap, a(4-3 pz)). 2
(i)  Show thatas P varies, the locus of Q is a parabola. 2



Marks
Question 6 (12 marks) Use a SEPARATE writing booklet.

2411 % 3211

8!1 % 6)?

(a) Simplify +3". 3

(b) A balloon in the shape of a cylinder, with height 7 and radius r, expands $o

that % is always proportional to #, that is /2 = kr for some constant k.

When 7 = 4 cm, the volume is expanding at the rate of 0.2cm’s™.

(i)  Show that when » = 4cm the rate of change of the radiusis given by 2
dr 1
dt 2407k

(i)  If the surface area of the balloon is expanding at.the rate of 0.1cm’s™ 3

when r = 4cm, find the constant of proportionality, & .

21
(c) (i)  Differentiate both sides of the expansion (1+ x)zn => nC L x 2
k=0
2n
(i)  Hence show thaty Y & s L =nx 4", 2

k=1



Marks
Question 7 (12 marks) Use a SEPARATE writing booklet.

(a) A student is taking a test with 50 multiple-choice questions and guesses the

answer to each one. The probability of guessing a question correctly is 0.3,
(iy  What is the probability that the student answers 25 questions correctly? 2
(i)  What is the most likely number of questions answered correctly? 3
(b) A vertical wall, height ~ metres, stands on horizontal ground. When a projectile
is fired, in a vertical plane which is at right angles to the wall, from a point on the

ground ¢ metres from the wall, it just clears the wall at the highest point of its path.

The equations of motion for the projectile with angleof projection, &, are:

x=Vtcos@ y = Vtsin@— —;— gt? (Do not prove these.)
yh
h NOT TO SCALE
7
= X
¢
. . . . . Vsiné
(i) Show that the particle reaches the highest point on its path when 7 = . 2
g
(i) Show that the speed of projection is given by V* = %(4]12 +c? ) 3
1
(iii)  Find the angle of projection, &, in terms of » and c. 2
End of paper
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Jsinaxdx
J-seczaxdx

j-secaxtanaxdx

P

@ +x°
——--"~m-—1 d
I

1
s

X —da

1
vt

NOTE:

STANDARD INTEGRALS

1

=——X

n+1

n+1

, nz-1; x=0, ifn<0

=Inx, x>0

1.
=—ginax, a#0
a

1
=-—cosax, a0

1
= —segax; a+0

a
1 x

< tan"' —, az0
a a

.4 x
=smn~ —, a>0, —a<x<a
a

=ln(x+\/x2 —az), x>a>0

= ln(x ++x? +a2)

Inx=log, x, x>0
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CATHOLIC SECONDARY SCHOOLS ASSOCIATION
2009 TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION
MATHEMATICS EXTENSION 1

Question 1 (12 marks)

(a) (2 marks)

Outcomes assessed: PE3

Targeted Performance Bands: E2-E3

Criteria Marks
e applies the Remainder Theorem or equivalent progress towards solution 1
e finds correct remainder 1
Sample Answer:
P(x)=x"-3x*+3x-5
By the Remainder Theorem P(2) = remainder
s remainder =8-124+6-5
= 3
OR
Correct division of polynomial.
(b) (2 marks)
Outcomes assessed: HE6, HE7
Targeted Performance Bands: B2-E3
Criteria Marks
e correct trigonometric substitution in integral 1
o finds a correct primitive (+C not necessary) 1
Sample Answer:
Isinz 6x di = % I(l —cosl2x) dx
1 x-~~1—si1112x}+ C
2 12
_x sinl2x L C
2 24
1
DISCLADMER.

The information contained in this document i intended for the professions} assistance of teaching staff, It does not constitute advice fo students. Further it is pot the intention of the
CSSA to provide specific marking outcomes for all possible Trial HSC answers. Rather the purpose is to provide teackers with information so that they can betier explore, understand

and apply HSC marking requircments, as established by the NSW Board of Studies.

Mo guarantee nor warranty i made or implied with respect (o the application or use of CSSA Marking Guidelines in relation to any specific triat exam question or answer. The CSSA

assumes no liability nor responsibility for the accuracy, compieteness ot usefuiness of any Marking Guidelines provided for the Trial HSC papers.
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(c) (3 marks)
Outcomes assessed: HE4
Targeted Performance Bands: E2-E3

Criteria Marks
e draws correctly shaped graph 1
¢ identifies correct domain I
o identifies correct range 1
Sample Answer:
y = 3sin”(2x)
domain: :-—ISxS}— range: -::j’f'r"SyS~3£
2 2 2 2
¥
3xT
) 55 os >
2
{(d) (1) (2 marks)
Outcomes assessed: PE3
Targeted Performance Bands: E2-E3
Criteria Marks
e uses correct frigonomeiric identity 1
» substitutes correctly and determides correct equation 1
Sample Answer:
X = cost
y=3+sint | = sint=y-—3
substitute into cos®z 4 sin® 7 =1
X+ =3y =1
(d) (i1) (1 mark})

Qutcomes assessed: PE3
Targeted Performance Bands: E2-E3

Criteria Marks
e correctly describes locus 1

Sample Answer:
Geometrically the locus is a circle with centre (0, 3) and radius 1.

2

DISCLAIMER

The infermation contained in this document is intended for the professional assistance of teaching staff, It does not constitute advice to students. Further it is not the intention of the
CBSA to provide specific marking outcemes for all possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, understand
and apply HSC marking requirements, as established by the NSW Board of Studies,

No guarantee nor warranty is made or implied with respect to the application or use of CSSA Marking Guidelines in relation to any speeific trial exam question or answer, The CSSA
assumes no liability nor responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the Trial HSC papers.




() (2 marks)
Outcomes assessed: PE2, PE3
Targeted Performance Bands: E2-E3

Criteria Marks
o finds ZAED, giving correct reason 1
e finds ZABC, giving correct reason 1

Sample Answer:

ZAED =90°(angle in a semicircle, 4D is a diameter)
- LAEC =T70°
ZABC =110"(opposite angles of cyclic quadrilateral ABCE are supplementary)

Question 2 (12 marks)

(a) (1 mark)

Qutcomes assessed: PE2

Targeted Performance Bands: E2-E3

Criteria Marks
e gives correct result 1
Sample Answer:
. sin3 . sin3

lim 2o = 3 lim S
=0 X =0 3x

=3x1 using limfi’;—x =

%0
=3
3
DISCLAIMER

The information contained in this document is intended for the professional assistance of teaching staff. It does not constitule advice to students, Further it s not the intention of the
CSSA fo provide specific marking outcomes for alt possible Trial HSC answers, Rather the purpose is to provide teachers with information so that they can betier explore, understand
and apply HSC marking requirements, as established by the NSW Board of Studies.

No guarantee nor warranty is made or implied with respeet to the application or use of CSSA Marking Guidelines in relation to any specific trial exam question or answer, The CSSA
assumes no liability nor responsibility for the accusacy, completeness or usefulness of any Mearking Guidelines provided for the Trial HSC papers,




{b) (3 marks)
Ouicomes assessed: HEG
Targeted Performance Bands: E2-E3

Criteria Mark
e rewrites the integral using the substitution I
e finds the new limits 1
o _evaluates the integral correctly (correct numerical equivalence) 1

Sample Answer:
[de= [ 23 u=3x-1  3x=usl
1 t3x—-1 i

_ 1 ssu+1 dx -

Ix -1 9

9% u Limits x=2=pu=5
== S[M_Jdu x=1=u=2
g 2

(c) (4 marks)
Qutcomes assessed: HE7
Targeted Performance Bands: E24E3

Criteria Mark
e uses logarithmic laws 1
e establishes the quadratic equation 1
o solves the quadratic eguation 1
e gives correct solution 1
Sample Answer
In{2x4+73) + In(x=2) = 2In(x + 4) for valid solutions x > 2

In(2% + 3)(x — 2) = In(x + 4)*
2x* —x—6=x*+8x+16
x*—9x~22=0
@+ 2)(x—-11)=0
Soxm=—2 or x=11

but x = ~2 is not valid .. x =11 is the only solution

4

DISCLATMER

The information contained in this document is intended for the professional assistance of teaching staff, It does not constitute advice to students, Further it is not the intention of the
CS5A to provide specific marking outcomes for all possible Trial HSC answers. Rather the purposs is to provide teachers with information so that they can betier explore, understand
and apply HSC marking requirements, as cstablished by the NSW Board of Studies.

No guarantee nor warranty is made or implied with respeet to the application or use of CSSA Marking Guidelines in relation to any spesific trial exam question or answer, The CSSA
assumes no Hability nor responsibility for the aceuracy, completencss or usefulness of any Marking Guidelines provided for the Trial HSC papers.




(d) (i) (2 marks)
Outcomes assessed: PE3
Targeted Performance Bands: E2-E3

Criteria Mark
e uses combinations correctly or significant progress towards answer 1
e gives correct answer 1

Sample Answer:
Girls can be selected in 'C, = 35 ways

Boys can be selected in °C, =15 ways

There are 'C, x °C, =525 groups of 5.

(d) (ii) (2 marks)
Outcomes assessed: PE3
Targeted Performance Bands: E2-E3

Criteria Marks
o calculates the number of ways that the boys can stand together 1
e finds the correct probability 1

Sample Answer:
If the boys stand together then there are 2!=2 ways 0 arrange themselves.
In the line there are 3 girls and the group of boysito be arranged = 4!= 24 arrangements.

- 21 x 41= 48 ways of the boys standing together in the line.

If no restrictions the 5 can be arranged in §! =120 ways in a line.

48 2
P tand together) = —=—.
(boys stand together) 10

DISCLAIMER
The information contzined in this document is intended for the professional assistance of teaching staff. It does not constitute advice to students. Further it is not the intention of the

CSSA to provide specific marking outcomes for all possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, understand

and 2pply HSC marking requirements, 2s established by the NSW Board of Studies.
Mo guarantee nor warranty is made or implied with respect o the application or use of CS8A Marking Guidelines in relation to any specific frial exam question or answer. The CSSA
assumes 1o liability nor responsibility for the aceuracy, completeness or uscfutness of any Marking Guidelines provided fox the Trial HSC papers.




Question 3 (12 marks)

(a) (3 marks)

Outcomes assessed: PE3

Targeted Performance Bands: E3-E4

Criteria Marks
o establishes correct quadratic or other correct significant step towards solution 1
e further significant step towards solution 1
o finds solution 1
Sample Answer:
2

x" -4

—<x—-4 x (x+3)° x#-3

x+3 ( )

(x+3)x* - 4) < (x~4)(x+3)
x+DF* - -(x-D(x+3)* <0
(x+3)x* 4= (x—4)(x+3) <0
(x+3)(x*—4—-(x*-x~12))<0
(x+3)(x+8)<0

—-B<x<-3

v
S

6

DISCLAIMER

The information contained in this document is intended for the professional assistance of teaching staff. It does not constitute advice to students. Further it is not the intention of the
CSSA to provide specific marking outcomes for alk possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, understand
and apply HSC marking requu'emcnts as established by the NSW Board of Studies.

Mo guaraniee nor warranty is made or implied with respect to the application or use of CSSA Marking Gu!deEmcs in relation to any specific trial exam question or answer. The CSSA
assumes no liability nor responsibility for the accuracy, completeness or uscfulness of any Marking Guidelines provided for the Trial HSC papers.




(b) (4 marks)
Ouicomes assessed: HE2
Targeted Performance Bands: E2-E3

Criteria Marks
e establishes the truth of S(1) 1
o establishes the result for S(k) 1
e substitutes result in S(k+1) 1
o deduces the required result 1

Sample Answer:
Let S(n) be the statement 3*" +27** is divisible by 5

Consider S(1): 3*4+2*=135 which is divisible by 5.
Hence S(1) is true

If S(k) is true: 3% 4. 2%*2 = 5}/ where M is an integer *

RTP S(k+1) istrue ie. prove 3*¢™ 2002 = 50 where O is an integer
LHS — 33k+3 + 2k+3

=3 x 3+ 2% 27

= 27(5M — 2F*y 4+ 2 x 2512 ifS(k) is true using  *

=27 x 5M =27 x 282 + 2 x 282

=5% 27 M ~25x%2%?

=527 M —5%2"?)

= 50 where Q is an integer/§ince A and k are integers

Hence if S(k)then S(k41)is true. Thus'since S(1)is true it follows by induction
that S(n) is true for positive integral ».

OR

LHS — 33k+3 + 2k+3
=3 x3* +2%2"°
=25x% 3 $2.x 3 4 2% 282
=25x3% +2(3" +2"%)
=25x3% +2x5M if S(k) is true using *
=5(5x 3* + 2 M)
= 50 where Q is an integer since M and & are integers

Conclusion as above

7

DISCLAIMER

The information contained in this document is intended for the professional assistance of teaching staff. It docs not constitate advice to students, Further it is not the intention of the
CSSA to provide specific marking outcorzes for ail possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, understand

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

No guarantee nor warranty is made or implied with respect 1o the application or use of CSSA Marking Guidelines in relation to any specific trial exam question or answer. The CS8A

assumes no liability nor responsibility for the aceuracy, completeness or usefulness of any Marking Guidelines provided for the Trial HSC papers.




(c) () (3 marks)
Outcomes assessed: HES
Targefed Performance Bands: E3-E4

Criteria Marks
e progress towards correct differentiation 1
o finds a correct expression for aceeleration 1
e shows correct relationship 1
Sample Answer:
2
1+3x
1, 1 4
.......v T e e
2 2 (1+3x)
= 2(1+3x)7
Now
=6
a=—| —v
dx\ 2
=2x-2(1+3x)" x3
=12
(1+3x)
8 1
=—12x———x—
(1+3x)° 8
= _Ev:”
8
_.3
2
.. a varies directly as v
(c) (i1) (2 marks)
Outcomes assessed: HE7
Targeted Performance Bands: E2-E3 '
Criteria Marks
o describes initiabmotion 1
e describes motion asut-> oo 1

Sawmple Answer:
Initially=2 cms™ .. the particle moves in a positive direction from the origin.

As f 1nereases, x increases and v decreases.
As f-> oo, the particle continues in a positive direction with v — 0.

8

DISCLAIMER.

The information contained in this document is intended for the professional assistance of teaching steff. It does not constitute advice to students, Further it is not the intention of the
CSSA to provide specific marking outcomes for 21l possible Trial HSC answers, Rather the purpose is to provide teachers with information so that they can better explore, undesstand
and apply HSC marking requirements, as established by the NSW Board of Studies.

No guarantee nor warranty is made or implied with respect to the application or use of CSSA Marking Guidelines in relation to any specific trial exam question or answer, The CSSA
assurnes no lability nar responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the Trizl HSC papers.




Question 4 (12 marks)

(a) (2 marks)

Outcomes assessed: PE3, HE7
Targeted Performance Bands: E2-E3

Criteria Marks
s progress towards solution 1
o finds correct approximation {correct numerical equivalence) 1

Sample Answer:
fx)=¢e"-x-2
L f(x)=e" -1
Let x =12
fx)= e?-12-2=0.1201169...
J(x)= e’ —1=23201169...
X, = X, — M
f'(x)

1o 0.1201169...
2.3201169...

=1.14822...

=1.15

(b) () (2 marks)
Outcomes assessed: PEO
Targeted Performance Bands: E2-E3

Criteria Marks
e draws correct graph 1
e states correct range 1
Sample Answer:
y = 83.: -1
Range: y>~1
y
X
- — S —
9
DISCLAIMER

The information contzined in this document is intended for the professional assistance of teaching staff. It does not constitute advice 1o students. Fusther it is not the inteation of the
CSSA to provide specific marking outeomes for 2ll possible Trial HSC answers, Rather the purpose is to provide teachers with information so that they can better explore, understand
and apply HSC marking requirements, as established by the NSW Board of Studies.

No guarantee nor warranty is made or impled with respect to the apptication or use of CSSA Marking Guidelines in relation to any specific trizl exam guestion or answer. The CSSA.
assumes no liability ner responsibility for the accuracy, completeness or usefuiness of any Marking Guidetines provided for the Trial HSC papers.




(b) (ii) (3 marks)
Outcomes assessed: HE4
Targeted Performance Bands: E2-E3

Criteria Marks
o interchanges variables or progress towards solution 1
o changes subject of equation or further progress towards solution 1
e states inverse function with correct restriction 1

Sample Answer:
y=e*~1
Swap x and y
x=e” -1
e’ =x+1
Jy=In(x+1)

y= %ln(x +1)
)= —:I);hl(x+1), x>-1
(¢) (1) (2 marks)

QOutcomes assessed: HE3
Targeted Performance Bands: E2-E3

Criteria Marks
e differentiates correctly 1
o shows motion is simple harmonic 1
Sample Answer:
x=+/3cos3f—sin3r
dx
Yo
di
= —3J§sin3t -3co83¢
dv
q = ——
dt
uz —9\/§COS3I +9sin 3¢
=29(+/3 cos 3 —sin 3t)
=—0x

whichis of the form a = —-n*x where n=3
.. motion is simple harmonic

10

DISCLAIMER

The information contained in this document is intended for the professional assistance of teaching staff. It does not constitute advice to students. Further it is oot the intention of the
CSSA to provide specific marking outcomes for all possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, understand
and apply HSC marking requirements, as established by the NSW Board of Studies.

No guarantee nor warranty is made or implied with respect to the application or ese of CSSA Marking Guidelines in relation to any specific frial exam question or answer, The C8SA
assumes 1o Jiability nor responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the Trisl HSC papers,




(c) (ii) (3 marks)
Outcomes assessed: HE3
Targeted Performance Bands: E3-E4

Criteria Marks
e establishes result using auxiliary angle or other progress toward solution 1
e solves correctly for time 1
o finds correct velocity (correct numerical equivalence) I

Sample Answer:
when x=1, v/3 cos3¢=sin3t =1
Let +/3cos3z—sin3f =R cos(3t -+ ar)

Rcos(3t+a)= Rcos3tcosa ~ Rsin3tsine

.‘.RCOSCft:\/?—J

Rsina =1

ie tana—mém = a—ﬁ
.e. ﬁ c

R*=1+3 ety R=2
\/500331 wsin3t = 2005(31‘-&%)

i.e. solve Zcos [3t + %) =B

)3
cos| J+— |=~
6 2

3¢ +% = % (first oseillation)

] z seconds
18

When ¢ = % v= —~3\/§sini6r—— 3(:03E

6
1 . 3
N P .
‘/—Xz *73

= —33cms™
11

DISCLADMER

The information contained in this docurnent is intended for the professional assistance of teaching staff. It does not constitute advice to students. Further it is not the intention of the
CS5A to provide specific marking outcomes for all possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, understand
and apply HSC marking requirements, as established by the NSW Board of Studies.

No guaraniee nor warranty is made or implied with respect to the application or use of C3SA Marking Guidelines in relation to any speeific trial exam question or answer, The CS5A
assumes no liability nor responsibility for the accuracy, completepess or usefulness of any Marking Guidelines provided for the Trial HSC papers.




Question 5 (12 marks)

() () (2 marks)

Outcomes assessed: PE3

Targeted Performance Bands: E3-E4

Criteria Marks
e defines roots in artthmetic series 1
e uses sum of roots to show result 1

Sample Answer:

ILettherootsbe ¢ —d, cand o+ d
X —6x*+3x+k=0

sum of roots = — =6
a
Also sumofroots=a—-d+a+a+d=3x
L3a=6
o m 2

i.e. one of the roots is 2

(a) (ii) (3 marks})
Ouicomes assessed: PE3
Targeted Performance Bands: E2-E3

Criteria Mark
e finds comrect value for & ] 1
e progress toward solution 1
e finds correct roots 1

Sample Answer:
Since one root is 2 substitute inteequation to find k.
2P —6x2*+3%2+k=0
Sk=10
i.e. equatiomi§ix’ — 6%+ 3x +10=0

product of roots = —=-10
product ofroots = aa(a —d}a+d) from (1)
= a(a® ~d*)
L -10=22 <2 -d%)
~5=4 44"
d =9
d==+3

.. rootsare —-1,2,5

12

DISCLAIMER

The information contained in this document is intended for the professional assistance of teaching staff. It does not constitute advice to students. Further it is not the intention of the
CSSA to provide specific marking outcomes for all possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can better explore, uaderstand
and apply HSC marking requirements, as established by the NSW Board of Studics.

No guarantee nor warranty is made or jmplied with respect ta the application or use of CSSA Marking Guidelines in relation to any specific trial exam question or answer. The CSSA
agsurnes no liability por responsibility for the accuracy, completeness or usefulness of any Marking Guidelines provided for the Trial HSC papers.




(b) (3 marks)
Qutcomes assessed: PE2
Targeted Performance Bands: E3-E4

Criteria Marks
e establishes correct #-formula or other progress towards result 1
o significant progress toward the result 1
e completes the proof 1
Sample Answer:
Let t =tanf, .. tan28= 7 2;
LS = tan2f —tan &
tan28 +cot &
(2 t] (2 1
-2 ) -2 ¢
_u-1+F (288 41-2
-2 | (1=
t(1+13) t(1-#)
= » 3
- £+1
=7
= tan® 8
=RHS
OR
LHS = tan 26 —tané
tan 26+ cot &

[ 2 tan'@ ( 2tan & 1
————=tand |+ —+
1—tan“ & l—-tan“8d tané

2tan @ —tan @ +tan’ & N tan A(1—tan’ &)

Il

1—tan® @ 2tan’ @ +1—tan’ @
= tan A(1=tan’ H)XL;lgm
tan® A +1
<tan’ @
=RHS
13

DISCLAIMER

The information contzined in this document is intended for the professional assisiance of teaching staff. It does ot constitute advice to students. Further it is not the intention of the
CSSA to provide specific marking outeomes for all possible Trial HSC answers. Rather the purpose is to provide teachers with information so that they can betier explore, understand
and apply HSC marking requirements, as established by the NSW Board of Studies.

No guarantce nor warranty is made or implied with respect to the application or use of C55A Marking Guidelines in relation to any specific trial exam question or answer. The CS8A
assuines no liability nor responsibility for the aceuracy, completeness or usefulness of any Marking Guidelines provided for the Trial HSC papers.




(c) (i) (2 marks)
Outcomes assessed: PE4
Targeted Performance Bands: E3-E4

Criteria Mark
e uses correct formula for division of interval or progress using other correct method 1
e finds correct coordinates from working ' 1

Sample Answer:
PQap, ap®), S0, a) and PO:0S=-4:3
Let O have coordinates (x_, y,)

x =2x2ap=4x0 j =3xa@p’ ~4xa

! —4+3 7 -4+3
_6ap _3qp’—4a
== ==
=~6ap ma(4—-3p2)

. O has coordinates (— bap, a(4-3 pz))

(¢) (ii} (2 marks)
Qutcomes assessed: PE4
Targeted Performance Bands: E3-E4

Criteria Marks
e makes progress to finding the locus 1
e shows locus is a parabola 1

Sample Answer:
From (i) x=—6ap

“p =~ and p’

x* =484 —12ay

=%12a(y—4a)
which is the form of a parabola [with vertex (0, 4a))
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Question 6 (12 marks)

(a) (3 marks)

Outcomes assessed: PE2

Targeted Performance Bands: E2-E3

Criteria Marks
e simplifies some indices 1
o further progress with simplifying indices 1
e gives correct expression 1
Sample Answer:
24)? % 32): ) 24n % 32:: .
e 1 e
8”)(6" 23n><2nx3n
4n 4
— 2_2:1_%_. 43"
=3"+3"
=2x3"
(b) (i) (2 marks)
Outcomes assessed: PES, HE7
Targeted Performance Bands: E3-E4
Criteria Marks
e establishes correct derivative I
e shows the result 1
Sample Answer:
V =nar'h
=ar'k sinee A = kr
av _4av  da
di dr dt
v _ 3tk % ar
dt dt
Ei—r—/— =0.2 whenr=4
dt
5. 0.2 =3 xd* x ~d~f~
dt
dr 0.2
dr  ‘48xk
!l
2407k
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(b) (i1) (3 marks)
QOutcomes assessed: PES, HE7
Targeted Performance Bands: E3-FE4

Criteria

Marks

. dr .
e finds expression for -j;n using surface area or progress toward result 1

e equates expressions using (i) or significant progress toward result

o finds correct value of &

Sample Answer:

S =2xrh+2nr
=21k + 27’
=27zr*(k+1)

ds_ds dr

dt ~ dr  dt

as dr

— =dzr(k+1)x ~—

dt (k1) dt

£=0.1whenr==4
dt

S0l=4rx4(k+1) x @
dt

& 0l
dt 16z(k+1)
1607k + 1)
1 1

" 1607k + 1) 4. 2407k
240/ = 160 +160
80% = 160
k=2

since h=Fkr

from (i)
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(c) (1) (2 marks)
Outcomes assessed: HE7
Targeted Performance Bands: E3-E4

Criteria Marks
o differentiate LHS correctly 1
e differentiate RHS correctly 1
Sample Answer:
in
(1 +x)2" =Y C, x* ="C,+ TClx+ C x4+ C, 5 .2 YC, X

k=0
Differentiate both sides with respect to x.
LHS =2n(1+x)""

RHS = "C, +2"C, 2x + ...+ "C, Joc*™ 4+ ..+ 2'C, 2pxt?

2 2 k-1
_ n -
= _5_ C, kx

k=}

2n(1 —|~x)2"_1 = ik Zan X!
=1

(c) (i1) (2 marks)
Outcomes assessed: HE7
Targeted Performance Bands: E3-E4

Criteria Marks
e correct substitution into equation 1
e gives correct conclusion 1

Sample Answer:

2n
Let x = 1in the expafision of 2r(1+x)"" => k2"C, x*™.
k=

LHS = 2n x 22
=px 22::
=n x 4"

n
RHS =>"k#'C,
k=1

2n
Zk?’"C =nx4"
k=]
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Question 7 (12 marks)

(a) (i) (2 marks)

QOuicomes assessed: HE3

Targeted Performance Bands: E2-E3

Criteria Marks
o establishes correct binomial probability 1
o gives correct answer (correct numerical equivalence) 1

Sample Answer:
Let probability of correct guess, p =0.3 and incorrect guess, g=0.7

Binomial probability; (0.7 + 0.3)*
P(25 correct) = °C,.(0.7)*(0.3)"
[: 0.0014]

(a) (ii) (3 marks)
Outcomes assessed: HS
Targeted Performance Bands: E3-E4

Criteria Marks
o applies greatest coefficient method or some progress towards solution 1
e further progress towards solution (e.g. solution of inequality) 1
e gives correct answer 1

Sample Answer:
Most likely number correct = find the greatest term in (0.7 + 0.3)™

Find % such that L >1

k
Ty _50~k+1403
T, k 0.7
. 1533k
1.e.---~;]-~];m21
153~ 3k> 7k
10k <153
k <15.3
s k=15
Most likely number correct is 15. [T = 9,5 (0.3)°(0.7)* =0.122 ]
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(b)(i) (2 marks)

Qutcomes assessed: HE3
Targeted Performance Bands: E2-E3

Criteria Marks
e differentiates and equates to zero 1
e shows correct result 1

Sample Answer:
Particle reaches maximum height when y' =0

1
y=Vising——gt’ = Yy =Vsind-g
2

' . . Vsin#
when ¥ =0, gr=VFsind Le. t=
g
(b) (i1) (3 marks)
QOutcomes assessed: HE3
Targeted Performance Bands: E3-E4
Criteria : Marks
e some progress toward solution 1
e further progress toward solution 1
e substitutes and simplifies to obtain desired result 1
Sample Answer:
. . Vsin 8
At maximum height t:—wlll—m, x=candy=h
g
Visin8 1 Vlsin’ @ V¥ cos @sin @
h= -—g " and' g = ————
g 2 g g
V?sin® @ , V'cos®@sin® @
T = c = ——-—-—_—;———-—.—
2g g
2g} V'sin® 9(1—sin” 8
sosin® 0= 52 1) - (s 0)
v g
2gh 2gh
e “gh 1— &
v v? - . 2
" substituting for sin” & from (1)
g
_20(V -2gh)
g
ng
W =2gh+—=
2h
_ dgh’ +c'g
2h
g 2 2
=—|4h +¢
(@i t)
19
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(b) (ii) (2 marks)
Ouicomes assessed: HE3
Targeted Performance Bands: E3-E4

Criteria Marks
e significant progress towards solutions i
e finds a correct expression for & 1
Sample Answer:
V? cos@sin V*sin® @
P R —— h=——-—+—
g 2g
h _Visin’d g
c 2g V?cosfsind
h _ sinf
C 2cosf
2h =tan#
c
@ =tan™ [—2—]1
c
OR
2 2.2
72 =L (a2 ) =V 8000 5o in? g =282
2h 2g V
sin® @ = 2gh
£ (4]12 + cz)
.3 4p*
sin“ 8 =
(4!12 e )
sinf = | el (@ acute)
4h* +c*
8=sin™ --—-—------2h
VAR +&*
20
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HSC Mathematics Extension 1 Trial Examination

Total marks 84
Attempt Questions 1-7
All questions are of equal value

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

Marks
Question 1 (12 Marks) Use a SEPARATE writing booklet.
(a) Solve the inequality xi?: =2 2
{b)  Determine the coordinates of the point that divides the interval joining {6;2) to (4, 9) 2
externally in the ratio of 2 : 1.

{¢c) Determine the general solution to the equation 2sin2x=1. 2
(d () Sketch the graph of y = 4sin™ 3x. 1

(i) What is the domain and range of y = 45732 2
(e} (x+2) is afactor of the polynomialP(x) = 3% + kx” — 5x + 10.

(i) Determine the value of k. 1

(if) The roots of P(x) =0 are—2, @ and §. Determine the value of 1 + é - % 2

a
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HSC Mathematics Extension 1 Trial Examination

Marks
Question 2 (12 marks) Use a SEPARATE writing booklet.
(a) Theline y = 12 — x crosses the parabola y = x* atthe point (3, 9). Calculate the size of the 2
acute angle between the line and the parabola at (3, 9).
o Jx
(b)  Use the substitution u = Jx to evaluate 3

e
—dx.
W=

{(c) Inthe diagram below, PQ is parallel to ST, O is the centre of the circle, ZPOR = 80° and 3
ZPOS =110°.

Find the value of £LPRQ giving reasons.

(d}  Use mathematical induction to prove that, when n is a positive integer, 4

Pl 4 4 L =1
4 2877 7 (Bn-2)(Bn+1) 3n+1

Copyright ® 2009 Neap TENMES_O_02.FI4 3



HSC Mathematics Extension 1 Trial Examination

Marks
Question 3 (12 marks) Use a SEPARATE writing booklet.
(a) Differentiate y = xtan'x. 2
'
{b) Evaluate j‘ . 2
04— X

fc) (i) Prove that sin38 =3sinf — 4sin°8. 2

(i) Hence find stinBB da. 1
(d) The diagram below shows the parabola X = 4ay and the points P (2ap, apz) and

Q (2aq, ag").

ALY
= day 2
P 2ap;ap™)
2
O (2aq, ag”)
x
/ (0, —2a)
(i) Show that the equation ofthe chord PQ is 2y = (p + q)x — 2apqg. 2
(i1) The line joining P and Q passes through the point (0, ~2a). Show that pg = 2. I
(iii) The normals to the parabola Xt = 4ay at points P (2ap, apz) and @ (2aq, aqz) 2

intersect af K. The coordinates of X are (mapq(p +4g), a(p2 + q2 +pg+ 2)) .

Do not prove this.

Prove that the locus of X is the parabola X = day.

4 TEHMEY_OA_02.FM Copyright & 2008 Neap
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Marks
Question 4 (12 marks) Use a SEPARATE writing booklet.
2
(a) (i) Find the coordinates of the stationary points on the curve y = 3x +3 2
X
and determine their nature.
2
(ii) Sketch the graph of y = 2% x+ 5. 1
5545
(iii) Hence determine the range of the function y = — 1
(b) The 10 segments on each digital display panel below are lights that can be switched on or
off. The panels are connected to a computer chip that randomly switches on 14 'segments.
(i) How many sets of 14 lights can/be selected from the 20 lights on the two 1
display panels?
(ii) Determine the total nimber of combinations possible if 4 vertical and 10 horizontal 1
segments are to be dit.
(ili) How many of thedifferent 14-light displays show exactly 5 vertical segments 2
litup?
{c) (i) Sketchrthe graph of = X — 5%, 1
(ii) Using a diagram, or otherwise, explain how you know that y = x°—5x*— 1 has only 1
one rooft.
(iii) Useone iteration of Newton’s method to approximate the root of y = ¥ o5xi -1 2

starting with x, = 5. Express the root correct to two decimal places.

Copyright ® 2009 Neap TENMIEY, G4, 00N 5
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Question 5 (12 marks) Use a SEPARATE writing booklet.

{a)  Atthe exact time a train travelling at 24 m/s begins to cross a 600 m—long bridge, a weight
falls off the front of the train and becomes a projectile as it falls into the ravine as shown on

the diagram below. The ravine is 1 500 m deep. Use g = 10 m/s”.

ravine
(i} Determine the equations of motion for the flight of the weight.

(i) Will the weight crash into the side of the ravine or onto the floor of the ravine?
Use calculations to justify your answer.

(b)  The acceleration of a particle moving v simple harmonic motion is given by x = —8x.
Initially the particle is stationany 2 m to the right of the origin.

(i) Show that v’ =8(4 -&").

(i) Calculate the time taken for the particle to first pass the origin.

(c)  The rate of change'of a cool item placed in a hot environment is proportional to the
difference between the témperature of the cool item (7°) and the temperature of the hot

environment (S). Thatis, %;;: o (§-T).

(i) (Provethat T=5- Ae" is a solution to the differential equation % aw(S-T).

(ii) Jamie is cooking a large roast in an oven set to 160 °C. The roast will be cooked
when the thermometer shows that the temperature of the centre of the meat
18,150 °C.

When Jamie started cocking, the temperature of the centre of the meat was 4 °C and

30 minutes later the temperature was 60 °C.

How long will it take for the roast to be cooked?

Marks

6 TEIMAEL, Q8 00FNM Copyright ©® 2009 Neap
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Marks
Question 6 (12 marks) Use a SEPARATE writing booklet.

(a)  What is the value of the term in x* in the expansion of (1 + 2x) P9 1

(b)  Inalarge pile of chips, the ratio of red to black chips is 3 : 5.
Gemma is going to select 12 chips at random from the pile.

(i) What is the probability that one quarter of the chips Gemma selects will be black? 2
Express your answer correct to 4 decimal places.

(ii) What is the most likely number of red and black chips Gemma will select? 4
Use a calculation to justify your answer.

(c)  Atthe beginning of each year Cassandra invests in superannuation. Heraccount pays
5.6% p.a. annually compounding interest.

Cassandra’s first investment was $1000 and each following year her investment was 20%
more than the previous year’s. That is, her first three investments were $1000, $1200 and
$1440.
(i) Show that the total value, $V, of Cassandra’ginvestment at the end of three years is 1
given by V= 1000M(1.2° + 1.2M + M )ywhere = 1.056.

(i)  Show that the total value of Cassandra’s investment after n years is given by 2
V=8800x (1.2)" " x (1-0.88"%

(iti) Cassandra continued hepinvestiment for 30 years. That is, until the end of the year 2
following her 30 deposit.

What percentage of the total value of the account at the end of 30 years was interest?
Express your answer correct to the nearest whole percentage.

Copyright ® 2002 Neap TENMET, QA SIFM T
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Marks
Question 7 (12 marks) Use a SEPARATE writing booklet.
(a)  The diagram shows the graph of f(x)=-./3 - 2x.
N
4.
3
2 i
1
3 — > X
m5—4-3~2—1_1/2 3 4 5
fx)=-43-2x ]
-3
_4 K
Y
(i) Copy the diagram onto your answer page and show the graphof y = f_l (x}), the 1
inverse function of y =f(x), on it.
(1) Write down the equation for the inverse function of f(x)=~./3 - 2x. 1
Include the domain of the inverse function i your answer.
(b) (i) By determining the coefficient of x* on béth sides of the equation 2

2n

(1+x)" x (1 +x)"" = (1 +x)*" for otherwise, show that

G+ GIE9=(5)

2
(i) Hence, or otherwise; show Z( ”)( & ) =( 3”)_ ,
k/Nn-k n

k=0

Question 7 continues on page 9
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Marks
Question 7 {continued)
(c) (i) Use the compound interest formula to show that a rate of 6% p.a. is effectively i
6.168% p.a. when the investment is compounded monthly.
a A y=logx
Q
|
|
|
P !
1 1 _;..L X
1
\
The diagram above shows the graph of y =log,x and the secant joining points P and
Qonthecurve. Pisatx=1and Qisatx=1 +:—;.
T
(@) Show that the'gradient of the secant PQ is %loge(l + -9 . 1
¥
d I . "
By Use —log,x=~ toshow that im |1 +-] =¢. 3
dx X Ao n
(y) Hence or otherwise determine an expression for the effective annual rate of 1

interest when anannual rate of 6% p.a. is compounded continually, that is,
compounded an infinite number of times per year.

End of paper
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STANDARD INTEGRALS
Ix"dx =1 xntl pz-l; x20, fn<0
n+l
1
~dx =lnx, x>0
o X
e dx :lef’x, a#0
i a
Jcosaxdx = lsm.czx, a0
a
sinax dx :—lcosax, a=z=0
a
sec?ax dx = ltanax, a#0
a
J.secaxtanaxdx =lsecax, ax0
a

1 —1x
. :j-tan = a0
a*+x a a
(A
. -1X -
e — (fx =sin =, a>0, -a<x<a
V2% a

dx =In(x+ Jx2-4a?), x>a>0

- - 2y a2
&dex =In(x+ Jx2 +a?)

Note: Inx =log,x, x>0

10 TENME1_OA_CO.FI Copyright @ 2009 Neap
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HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

Question 1

Syllabus cutcomes and marking guide

(a)

X
x-3
(x=3)-x+6)20

(x—3) x >2(x—-3)%, x#3

PE3
= Givesthe correctanswer ............. 2

+  Gives x=3.

< e OR
0 by o 3SXL6 i A e 1
3<x<6
by [(6x=l+2x4 2x-1+9x2 PE2
21 : 371 *  (ives the correct answer .. ........... 2
=(2,16)
« Internal divisien, i.e. (%, %}
OR
= Minor numerical error in otherwise correct
1 1
a1 HE3
() sin2x= 2 » <Givesicorrect answer . ... ............ 2
x 5% 13%  17x {Note: accept answers in degrees and in the form
Lx =" Or == OF =um Of — = 3094360k, 150° + 360k etc., k integer )
x= 1”—2, % %, ]}7—; ¢ Gives the correct general solution from
General solution incorrect valuesin 0<x<2m ......... 1
eqer; ion:
I 4k, 7 | wk, k integer
12 12
{d) M P4
¥ A + Draws the correct graph. . ............ 1
2.7'6 4
3
|
Y
Graph of function is y = 4sin” 3x.
TERMET 55 00.FM 2
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Question 1

Syllabus outcomes and marking guide

(if)

Domain: —-31- <x<

1
3
Range: -2m < x % 2m

PEG, HE4
+ (ives the correct domain and range. . . ..

» (ives either the correct domainor the
correctrange ... ..... oo i

() @

P(x)=3x" + kx* - 5x+ 10
P(=2)=—24+4k+10+10=0
4k =4

PE3
= Gives the correct answer

k=
gy Lyl 1 _Brray+ap PE3
a By afi +  Gives th& correctanswer . ............
5

_ 3 * Uses Mol gp or equivalent

T afii
3 Merit, oo

=1
2

Copyright © 2009 Neap
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Question 2
Syllabus outcomes and marking guide
PE3
(2) tanf =M "M s Gives the correctanswer ............. 2
1+mm, (Note: accept 34° or similar rounding.)

my=—1,m,=2x3=6

«  Use of correct formula with one correct

tang =|_6+1 gradient.
1+6x-1 OR
7 e Gradient of curve = 6.
=3 OR
0= 54998 o Similarmeriy ... n. . 1
1 HE®6
(b) u=x » Correct answeyp MUST show change of
1 Hmits L .. i it 3
du_1.3
dx 2 » Correct expression for integral with change
i of imits . . .o 2
2.Jx = _Makes some progress, e.g. changes limits, or
x=lu=1 determines die = La’x or similar
x=9,u=3 2.J0x
- : , 51151 £ { SN 1
5 j]e"a'u = i[eﬂ] ,
1,3
= i(e - {:‘)
(¢) ZQRT=80° (alternate angles, PQ| ST) PEZ . '
LPRS=55° (angle at the circumference is half | *  Gives correct answer with supporting
the‘angle at the centre, on arc PS) FCASONS « o vttt en i nnn i 3

LPRQ +55° + 80° = 180° (angles making astraight line add
S LPRQ =45°

to 180°)

= Uses two relevant, correct geometrical facts
WIthreason. .. ..o vvinniiin e 2

e Uses one relevant, correct geometrical fact
with reason.

OR

» /PRQO = 45° without giving adequate
;1171 - 1

Copyright ® 2009 Neap
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Question 2 (Continued)
Syllabus outcomes and marking guide
(d) Toprove HE2
1 . 1 . 1 - 1 __n = Gives the correct, complete answer. . . .. 4
4 28 77 (3n-2)(3n+1) 3n+1

Testforn=1

1

LHS =
(3x1-2)}3x14+1)
=1
4
1
RHS = ———
Ixl+1
ﬂdl' Sotrneforn=1
Assume
1,1 + 1 k

St =t = )
4 28 (Bk-2)(3k+1) 3k+1
where k is a positive integer.

Hence, testforn=%k + 1.

1 | 1
T T BRI DGk 1) 3k D =2]3(k+ D+ 1]
ok, 1
341 [3k+ 3k +4]
_ k(Bk+4)+1
Gk+1)(3k+4)
(k+ 1)(3k+ 1)
Bkt 4)(3kt1)
- f+ 1
3+ )1

. if the formula is tfue for a value.of i, then it is true for the
following value of 7.

Itistrue forn=1, - itwill be true for n =2, n = 3, etc.
2 true for allae

Gives an essentially correct solution with a

minor omission or flaw . ... .. L. .. 3
e Makes significant progress, e.g. tests for
n=1,
AND
e Attempts to show true for n =k + 1
assumingn=kistrue ... .. ... ... ... 2
» Makes some progress, e.g. tests for n = 1.
OR
« Attemptsto showtrue forn=1%+1
assuming »n = k is true, or similar
110151 3 L SR 1

Copyright ® 2009 Neap
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HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

Question 3

Sample answer Syllabus ontcomes and marking guide
-1 HE4
= xi
(@) y=xtanx | *  (Obtains the correct answer in any form. . 2
let u=x v=tan  x
Sul=1 pr= L +  Shows —C—l—tan'zx= I O IR 1
1+ dx 1+x
L d -l
O dx(xtan x)
=uv'+vu'
= +tanx
2, -l
_x+{l+x"Man x
- 2
F+x
b i Y oax HE4
(®) 0 J4 5 Jo Jzz 5 »__ Gives the correct answer in any form ... 2
-X -
- 1
= sin*'E] =« Shows J = sin"% ............. I
L 214 2
= :sin_l(%) —sin'i{}}
"7
=[Z_ 0}
.6
=Z
6
() () sin30 = sin(26 +8) HE3, HE6
e Comectproof ........... ... ... 2

= sin260cosf + cos28sind
= 2sinfcosfcosd + (coszél —sin28)sind

= 35infcos’0 — i@

Demonstrates the correct use of at least one
multiple angle formula e.g.

sin{A + B) or sin28 or cos28 ........ 1
= 3sin@(1 - sin’0) - sin°@
=3sinf - 4sin’¢
.. 1040 HE6
(11) I 2sin_0d »  Gives the correct answer, ignore + C. ... 1
4sin°@=3§in0 ~ sin30
36’0 = %(3 sinf — sin36)
[2sin*00= é [(3sin0 - sin30)a0
= l(—3(:059 + l<:05315?) +C
T2 3
1 3
= 6(:0839 - 2c038 +C
Copyright ® 2009 Neap TEHMELSS, 0014 6



HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

Quesiion 3 {Continued)
Sample answer

Sylabus oufcomes and marking guide

2 2
. _ap -aq
(d) (1) mpp 3ap- Zag

_a 2 2:
2a(p-q)

_alp-q)p+gq)
2a(p-q)

=P+q
2

Use point P (or Q)
y-ap®=E24(x~2ap)
2y~2ap*=(p+qlx-2ap(p+q)

2y—2ap’ =(p+q)x-2ap’ - 2apq
2y =(p+qg)x-2apg

PE4
o Givesthe correct answer ............. 2

* Shows m,, = 3-1;—3 or equivalentmerit. . 1

(i) Substitute point (0, —2a) into:

2y=(p+qg)x~2apq.
Whenx=0and y=-2a

2(-2a)=(p+g)x0-2apg

~4a=--2apg

—4a _

a pPq
pg=2

PE4
s Gives the correctanswer . ............ i

(lll) x=—apq(p+q) E}.ndy:a(p?'+q2+pq+2)
pg=2

~x=-2a(p+qg)andy= a(p2 + q2 +2pg)

' 2
2 =ptgyEalp+q)

-2a
_a(_;,a,)z
r= —2a
2
= q N
4a2
4ay=x2

therefore, K'is on the original parabola X = 4ay.

PE4
*» Givesthe correct answer ............. 2

= Makes significant progress, e.g. obtains

x=-2a(p+g)and y= a(p2 + q2 +2pg)
orsimilarmerit. . .......... . ... ... I

GCopyright © 2009 Neap TEHMEY 55, U2.FH



HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

Question 4

Sample answer

Syllabus outcomes and marking guide

-1 H6
i =5x+3 =0
@) @ y= xz - s Gives the correct answes . ............ 2
v =5-5x
-0 * Gives the correct stationary points.
5 OR
x =1 e (ives one stationary point with correct
x=+1, (1, 10)}(~1, ~10) NAUTe . ..o v v e e i e e e 1
yﬂ = lox—3
S'(1)=10>0, ~.min (1, 10)
f(-1)=-10<0..max (-1, ~10)
(i) Asx—oew,y—S5xand x=0 H6
» Correct graph showing (1, 10), (-1, -10)
and asymptotesatx=0and y=5x ..... I

A

Note: acceptequation of asymptotes shown
anywhere in Question #{aj(i}, (i) or (iii}.

(ili) Range: y= 10and y<—10 H5
= Gives the correctanswer .. ........... 1
o 20 PE3
C, = 38760
(b} @ 14 «  Gives the correct answer (accept correct
numerical expression} .. ............. 1
e 8 12 PE3 .
9 Cip=4620
(@) ax  “10 = Gives the correct answer (accept correct
numerical expression) ............... 1
a8 12 15 PE3
C Cox141=1.074 x 10
i) 5% o 8 * Gives the correct answer in any form (accept
correct numerical expression) ......... 2
*  Multiplying combinations by 141 . ... .. 1

Copyeight © 2009 Neap
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HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

Question 4 (Continued)
Sample answer Syllabus outcomes and marking guide
© (i) y PE3 HE3
A 3 5 e Sketches correctgraph............... i
y=x"—5x
e O b
-y 2 X
5
A
(i) y=x ~-5x"—1 has only one root as it is the graph of |PE3 HE3
« C t translation of graph in part (i).
y= % - 5x° shifted down one unit. Since ¥ =x - 5x° OR orrect transtation of graph in part (i)
has a maximum turning pointas a repeatedrootat x =0, |*  Correct explanation without graph ... .. 1
a downwards shift of the graph results in this root
disappearing, leaving only one root near x=35..
¥
A
yoe= x - 55l
- 0 3
" t B X
-1
\ 4
HE7, HE3
Let f(x) =x° <5%"~ 1 Y
(i) eLflx) =x . * » Gives answer correct to two decimal
S1{x)=3x" - 10x PLACES « 1 vttt 2
Lising Newton’s method:
f(x,) » Correctly finds f(5) and f'(x) or similar
F2 24 T f(x) MEME. 1
s ABY ~5(5)" - 1
3(5)° £10(5)
=1
=5__%
25
=5+ L
25
=5.04
Copyright © 2009 Neap TEHIIEY, 35,0961 9



HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

Question 5

Syllabus outcomes and marking guide

HE3

(a) (i} Position the origin where the weight falls off the train.
- e  (ives the correct answer, allow crigin in any
x=0 POSTHON. v v vt et 2
£ =v :
. | » Makes progress, e.g. obtains
x=24ms . .
ms x =24 or y=—10¢t /or similar merit ... I
x=241+C,
x =24t
y=-g=-10
y=—10t+C,
C, =0 (starts from vertical rest)
y =10t
=50 4 Cs
C; =0 (starts at origin)
Ly= -5
(ii} The value of y when x = 600 is required. HE3
241 =600 * Correct answer with justification....... 2
=125 e Makes progress towards a solution,
y= _l g x 25> e.g. obtains f = 25 and attempts to find y
2 when r= 25, or similarmerit ... .......
y=-5x25"
=-3125m

ground level

The weight will kit the ground, not the vertical side of

the ravine.

edge of ravine

-1500

~3125

Copyright @ 2009 Neap
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HSC Mathematics Extension 1 Trial Examination Sclutions and marking guidelines

Question 5 {Continued)
Syllabus outcomes and marking guide
. dfl 2y _ HE3, HES
(b) (® PR A —8x o Obtains the correct sofution. .......... 2
l 2 '
RV = _Jigx‘d" « Uses ¥= —d—(ivz) .................. 1
dx\2
Ve84 C
or v' = C—8x
From initial conditions:
0=C-8(2y
C=32
v =32 827
SV =8(4 1)
- Nt .2 HE3, HES
(1) rom (§), v' =8(4-x) * Obtains the correctanswer. . .......... 2

2, 3 2, . —_ .
=n"{a" —x"} since the particle is exerting
simple harmonic motion

nt=8 and a’ =4

~n=2J2 and a = 2(where a > 0)

sx=gcos(nt +a)

.'.xm?.cos(Z,,/l_Zt-i-a).
p=—4./2sin(2.21 + @)

when t=2,v=0
0= —4,./§sina Sa=Q
x=2c0s(2421)

when x =0

Zﬁtzj_t

ol

+ Shows x = 2cos(2,ﬁt) or similar merit. 1

Copyright ® 20092 Neap
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HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

Question 5 (Continued)
Syllabus outcomes and marking guide
) T=S-Ae’=Aa=5-T HE3
© ® ¢ =ne * Correct demonstration . .............. 1
aT - A xk :
dt
=(S-T)xk
That is, the rate is proportional to §—T.
~T=§-Ae" isasolution to %%‘oc (S T).
()  S=160°C HE3
e QGivesthecomectanswer ............. 3
t=0,T=4°C
t =30, T=60°C » Makes'significant progress, e.g. determines
£=2 T=150 °C the value of S, 4 and &, or makes a minor
<3y (o) S 2
T=160-Ae"
0 »  Makes some progress, e.g. determines two
4=160-Ae of the values for S, Aand X ........... 1
~LA=156
t=30and T=60
60 =160 — 156¢°*
eBOk _ 1_0_(_)
156
- 1og,(120)
30k = Ioge( 156
- Liog (120)
k= 35108 156
t=Tand T=150
150 = 160 — 156¢"
oo 10
156
log ( ﬂ)
FeN 156
P —
k
t =185.34
7= 186 min
Gopyright © 2009 Neap TERIAEY_S5.00.51 12



HSC Mathematics Extension 1 Trial Examination Solutions and marking guideiines

Question 6
Sample answer Syllabus outcomes and marking guide
15 I 4 HE3
@ Ts="C(1)7(2x) +  Gives the correct answer ............. I
=1365 x 2*x*
=21 840x"
. 3 3 HE3
(®) () Plred)= 8 and P(black) = g = Gives the correct answer, ignore
- rounding. . ... . o oo e 2
Terms in ( 3 + = ) are required.
8 8 U ( 342 ) 4 1
° [id o il O
ses 53

A quarter black means 3 black, i.e. 9 red.

e 2)(2) = 000787

(ii) The most likely number — the term with the largest | HE3

probability. » Gives the correct answer, accept any
method . 4. ovve i i 4
Need Ci, > C,
20 [ Q)” ”k( §)k+] s Obtains & < 7% . or similar value through a
k+1 8 8 :
NIk 5 N >1 differentapproach .. ................ 3
a(3) (3)
g 8 » | Makes some progress in the solution to
12! <2 Cy 1 > C, e.g. correctly uses the nCr
(k+ DT -K)! 8 = formula, or similar standard with a different
_ 12t , 3 approach. ............. ... ... .. 2
(12-k)tk! 8
5 12—k o1 + Attempts to use:
——— X
k+1 3 term with °C,., | > term with IZCk or
8k < 57 Teu
1 T* 1
k<T= k
8
Need & = 7, that s the term involving ]2C8 .
12 3V 508
r="c(F)(3)
The most likely combination is 4 red and 8 black.
(c) (i) LetA = valueofinvestment at the end of 1 years. H5
¢ Correct demonstration . .............. 1

A, = 1000(1 + 0056)’

A,%.100001.056)" + 1.2 x 1000(1.056)'
Let M = 11056

Ay =1000M> + 1.2 x 1000M” + 1.2% x 1000M
Ay 21000M(1.27 + 12M + M)

Copyright ® 2009 Neap TENME!,55,00.FM. 13



HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

Question 6

(Continued)

Sample answer

SyHabus outcomes and marking guide

n-2 n-13

iy A,= 1000M(M"_] +12M" e 1.2°M

a(r"-1

Fo—

= 1000/ x
!1{)"_
2) 7!

M
2

(1)

2
1056 _,

1.2

(0.88)" ~ 1
-0.12

= 8800(1.2)" " '[1-(0.88)"]

o

(

| I

=1000M x 12" ' x
-1

[y

=1000 % 1.056 x 1.2" "' x

[

=1056 % (1.2)" "' x

.12"7h

HS5

Correct demonstration

Makes substantial progress, €:g. attempts to
sum the correct sequence or finds a correct
sequence for A,

(iii) Asp=3$1703 156.94
The amount Cassie invested

= 1000 + 1000(1.2) + 1000(1.2)*... 1000(1.2)

30

=$1 181 881.57

interest = $521 275.37

52127537
1 703 156.94

=30.6%

% interest = x 100

29

HS

Gives correct answer

Determines that Cassie invested
$1 181 881.57 (ignore rounding) or
equivalentmerit.................... 1

Copyright © 2009 Neap
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HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

Question 7

Sample answer

Syllabus cutcomes and marking guide

. HE4
a i ¥ . . .
@ ® 0 = Draws a graph that is the mirror image of
y=fix)inthelmey=x.............. i
Y
" e 1 HE4
(i) x=-y3-2y x=l5ys 0 »  Gives the correctanswer ............. 1
xA=3-2y
1 5 <¢
y=23-x")
b ; 1+ ”1+ 2rz= 1+x3n HE4
®) ® (1+x) (2 *) ( ) = Correct demonstration . .............. 2
Terms in x S
RHS = 3"C2x2 » " Determines the expression for % on either
On LHS side of theequation ................. 1
it ] 2 2 2
(”C‘0 + "C]x + "sz“ . )(2"60 + ”C].r + 9"sz B
The product of the paired terms give %
~LHS term in 'S
- "C02”C2x2 " ncl2nclx2 " nCZZnC.on
Equation coefficients
ucozncz + r1C12nCl " nC22nC0 — 3nC2
(i) Consider terms in % HE3 .
3 + Correct demonstration . .............. 2
on the RHS ¢
» Makes some progress, e.g. identifies the
< 2 N I I3 - i i & i
Z(D( ) _”k) =ree, + ', .+ M, significance of x" to the solution . .. . . .. 1
k=0
Terms inxhon LHS
- nCOZHC”xn n nciertcnm !X"- 1 . 'ncnxn ZIrCO
— [HCO?J]C" + nCl2nC" e + ncn?,nco]xn
Coefficients of x” on both sides of the equation are equal.
ncﬂ?_ncn " ”C|2”C,, ek nCnZnCO = 3nC"
2R 2n 3n
e (G D=0
Z k/sn—k 1
k=0
Copyright ® 2009 Neap TENMELS5_09.6M 15



HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

Question 7 {Continued)
Sample answer Syllabus outcomes and marking guide
. 0.06}" H5
(©) () Compounded monthly A =P (i + T{J >  QObtains the correct solution. . ......... I
=P x 1.0616778...
Effective interest rate is 6.168% to 3 decimal places.
r P3, H3
IOgc(l * ,‘2) ¢ (Obtains the correct solution. . ... ... ... I
(i) (@) Gradient of PQ= —
n
= Eloge(l + 1)
r ft
= —loge(l + -’-)
F
. d 1 ) |H3,P6, P8
(B)  Using -(log.x) = —, the gradient of the tangent|,  opraing he correct solution. ....... ... 3
F, where x = 1, will be 1. » _Makes significant progress towards the
Using the definition of a derivative, the gradient SOLtiON. - o o oo "
of the tangent at F:
I A\ = Attempts to use the gradient at x = 1 for the
lim ;IOge(l + —) derivative and the Hmiting position of the
e " FT=la%:1 1 OO 1
-5 1
lim =1 (1 + L) =1
n l—I;nwr O8. n
lim loge(l + f) =7
"= w0 i
. r B r
lim (1 + —-) =e
n -3 il
006" . . H3, H
() A=P (1 + T) when interest is compounded |+ Optains the correct solution. . ......... I
continuously, i.e. rn —> o0,
lim (1 + 9;93) =%
n-sm H
A= px 0
1+r=e™®
The effective rate when the investment is
cofnpounded continuousty is Pl
Copyright ® 2009 Neap TEHMET_95._00.FM 16
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° Board approved caleulators may be
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® A table of'standard integrals is
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shown in every question
e Write your student number and/or
name at the top of every page
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STUDENT NUMBER/NAME: ..............ceiiin.



Student name /mumber ...

Marks
Question 1 Begin a new booklet
. . sin3x
(a) Find lim 2
x=0 2x
2 3
(b)  Find the limiting sum of the geometric series | —— |+ | —— | +| <£=| + .. 0. 2
e+l e+1 e+1
(c) The equation x* +2x* +3x+6=0 hasroots ¢, 8 and 7. /Find thevalue of 2
.11
o« By
(d) Find the acute angle between the lines y=2x and x+§=3=0 , giving the 2
answer correct to the nearest degree.
(e)
B
C
F
D I5 4
AB is a diameter of the circle and C is a point on the circle. The tangent to the
circle at A meets BC produced at D. E is a point on 4D and F is a point on CD
such/that EF is parallel to AC.
(1) Give ateason why LEAC = ZABC . 1
(11) Hence show that EABF is a cyclic quadrilateral. 2
(11i) Show that BE is a diameter of the circle through , 4, B and F. 1



Student name / Humber ..o

Marks
Question 2 Begin a new boolklet
i,

(a) Evaluate J‘f sec2x tan2x dx, giving the answer in simplest exact form. 2
(b)  Find the number of ways in which 3 boys and 3 girls can be arranged in a'line so that 2

the two end positions are occupied by boys and no two boys are next to ‘®ach other:
(©) A(—Z , 3) and B(G , 1) are two points. Find the coordinates of the pomntF that 2

divides the interval AB internally in the ratio 3 : 2.
(d)  Use the substitution ¢ = tan% to show that T cots 2

l—cosx
(e)
Y A
xi = day
N
M
P (Zat, atz)
0 M
P(2at , arz) is a point on the parabola x* = 4ay . The normal to the parabola at P
cutd the y-axis.at ;. M is the midpoint of PN.
(i) . Use differentiation to show that the normal to the parabola at P has equation 2
x+iy =2at+at’.
(i) Find the equation of the locus of M as P moves on the parabola. 2



Student name /number ...

Marks
Question 3 Begin a new booklet
(a)
Y A
1t y = §inx
= COSX
b
0 P
The region bounded by the curves y =cosx and y=sinx between x=0 and 2
x= % is rotated through one complete revolution around the x-axis. Find the
volume of the solid of revolution.
(b) Use Mathematical Induction to show thatfor all positive integers 1 > 2, 4
2X1 + 32 + 4%X3 + ... +a(n-1) = ”(LBZQ
(¢)  Consider the functiofi"f (x) = (x-+2)* -9, —2<x<2.
(1) Find the equation of the inverse function f™'(x). 1
(i) On the same diagram, sketch the graphs of y = f(x) and y= f7'(x), showing 3
clearly the coordinates of the endpoints and the intercepts on the coordinate axes.
(i11) Find the x-coordinate of the point of intersection of the curves y = f(x)} and 2

¥ = f~(x)y giving the answer in simplest exact form.



Student name / number

Question 4 Begin a new booklet

(a) Bob chooses six numbers from the numbers 1 to 40 inclusive. A machine then 2
chooses six numbers at random from the numbers I to 40 inclusive. Find the
probability that none of Bob’s numbers match the numbers chosen by the
machine, giving the answer correct to 2 decimal places.

i3
L : 3 gin2x .
b Use the substitution » =sin’x to evaluate ———— dx , giving the answer 4
3 gving

z l+sin"x

in simplest exact form.

(c)

AOB is a diameter of a circle with centre O and radius 1 metre. AC is a chord of
the circle such thatyBAC =@, where 0 <6 < Z. The area of that part of the circle

contained betwgen the diameter AB and the chord AC is equal to one quarter of the
area of the circle.

(i) Show that'@¥Lsin20"=Z =0 | 2
(ii) Show that.04 <0 <0-5. 2

(111) Use ongapplication of Newton’s method with an initial approximation 8, = 0.4 2

to find the neéxt approximation to the value of 8, giving your answer correct to
2 decimal places.



Student name /number ...

Marks
Question 5 Begin a new booklet
(@  Consider the function f(x)= tan™(x-1).
(i) Sketch the curve y = f(x) showing clearly the equations of any asymptotes and 2
the intercepts on the coordinate axes.
(i) Find the equation of the tangent to the curve y = f(x) at the point where x¥=1. 2
(b) A particle is moving in a straight line. After time # seconds, it hasidisplacement
x metres from a fixed point O in the line, velocity v ms™ given by v = \/x and
acceleration ams™. Initially the particle is 1 metre to the right of Q.
(i) Show that « 1s independent of x. 1
(ii) Express x interms of¢. 2
(ii1) Find the distance travelled by the particle during the'third second of its motion. 1

©

|

5 N

A vertical tower €D of height 15 metres stands with its base C on horizontal ground.
A 1s a point on the ground due South of C' such that the angle of elevation of the top

Drof the tower from 4 is 5 radians. B is a variable point on the ground due East of ¢’
such that the angle of elevation of the top D of the tower from B is o radians, where
0 < <% Thevalue of o isincreasing at a constant rate of 0-01 radians per second.

(i) show that AB =15cosecc. 2

(i) Find the rate at which the length 4B is changing when ¢ = z. 2



Student name /number ...

Marks
Question 6 Begin a new booklet
(a) A particle is performing Simple Harmonic Motion in a straight line. At time
¢ seconds, it has displacement x metres from a fixed point O in the line, velocity
vms™ givenby v=-12sin(2¢+%) and acceleration % ms™. Initially the
particle is 5 metres to the right of O.
(i) Show that ¥ =—4(x—2). 3
(i1) Find the period and the extremities of the motion. 2
(ii1) Find the time taken by the particle to return to its starting point forthe first time. 1
(b)  After ¢ hours, the number of individuals in a populatiofi is given by
N =500-400e %",
(1) Sketch the graph of N as a function of 7, shdwing clearly the initial population size 2
and the limiting population size.
: dN
(11) Show that —;{;mO-l(SOOMN). 1
(1) Find the population size for which the rate of growth of the population is half the 1
initial rate of growth.
(c) If cos'x~sinx=k, where — -25 <k< —3%’- , Showthat x= %(cosf-z‘- - sin%) . 2



Student name / number ...

Question 7 Begin a new booklet

(a)

v + (288,64)

¥

A toy rocket is projected from a point O with speed ¥sms™ at an‘angle 6 above the

horizontal, where 0 <0 < % . The rocket moves in a vestical plane under gravity where

the acceleration due to gravity is 10 ms™ . After § seconds the rocket hits a target ata
horizontal distance 288 meftres from O and ata height 64 metres above O,

(i) Use integration to show that after time 7 seeonds, the horizontal and vertical 2
displacements of the rocket from O, x metres and y metres respectively, are given by

x=Vtcos@ and y="Frsing-5¢%.
(ii) Find the exact values of Vand 8. 3

(1i1) Find the velocity of the rocket just before impact with the target, giving the speed 3
correct to the nearest integer.and the angle to the horizontal correct to the nearest degree.

(b)(1) By consideringthe term in x" on both sides of the identity (1+x)"™" = 1+ x)"(1+x)", 2

show that,"""Cj= Z’"Ck "C_,, for 0<r<mand 0Sr<n.
k=0

(if) Hence show that "*'C,"C,+ ™C,"C, + ™!C,"C = "C,"™'C, + "C,"'C, + "C,™'C, 2

for m=2 and n=22 .,



Independent Trial HSC 2009 Mathematics Extension 1 Marking Guidelines

Question 1

a. OQutceoimnes assessed : HS

Marking Guidelines
Criteria Marks
o rearranges in terms of known trigonometric limit 1
e evaluates limit 1
Answer
. sin3x . sin3x
lim =3 lim =3x1=2
=0 2x x—0 3x
b. CGutcomes assessed : HS5
Marking Guidelines
Criteria Marks
e identifies g and r for the G.P 1
e applies formula for limiting sum 1

Answer

e e
+
(e+1] (e-{-l

e
is GP. with a= ¢ ,pand r=—— = 0<r<«l

St
+
N

®
+|®
—
\“—'{a
+

e+1 e+1
I . a e 1
. Limiting sum 1s = & =e
I—-r e+l e+l
c. Outcomes assessed : PE3
Marking Guidelines
Criteria Marks
e expresses sum of reciprocals of roots in terms of sums of products 1
o evaluates using relationships between reots and coefficients 1
Answer
1 1 1 +y+ 3 1
o, B and ¥ roots of x” +2x%°43x+6=0. S — = Prryoatop = — =
o By ofy —6 2
d. Outcomes assessed : H5
Marking Guidelines
Criteria Marks
e substitutes values of gradients into formula for tangent of acute angle between the lines 1
e evaluates required angle 1
Answer
, . 2-(=D
Acute angle 9 between lines y=2x and x+y—-3=0 is givenby tanf= m =

o= to the nearest degree
9 ~172° (to th degree)



e. Outcomes assessed : PE2, PE3

Marking Guidelines

Criteria Marks

1 e quotes alternate segment theorem

it e gives a sequence of deductions resulting in a test for a cyclic quadrilateral
e justifies these deductions by quoting geometric properties and tests
iii e explains why BE subtends a right angle at 4 or at '

U W —y

Answer
B

D E A4
Let O be the centre of the circle.

1. The angle between the tangent at 4 and the.chord AC
is equal to the angle subtended by that chord in the
alternate segment, hence £EAC = ZABC .

il. ZEAC = ZDEF  (Corresp. £L's with parallel lines AC,
EF are equal)
~ LDEF = LABC (Bothequal to ZEAC)
» EABF 1s cyclic (Extferior £ equal fo interior opp. £)

Hi. ZBAE=90° {(Tangent to circle ABC at A is
perpendicular to radius OA drawn

to point of contact)
~. BE 15 a diameter (subtends right £ at circumference)
of circle EABF.
Question 2
a. Qutcomes assessed : HS
Marking Guidelines
Criteria Marks
e finds primitive 1
e evaluates in surd form 1
Answer
JT sec2x tan2x dx = %I:sech:I [ —é—(\/a— l)
0 0
b. OQutcomes assessed : PE3
Marking Guidelines
Criteria Marks
e counts arrangements for one possible pattern of B’s and G’s 1
e adds number of arrangements for the second possible pattern of B’s and G’s 1

Answer

BGBGGB ot BGGBGB  .2x3Ix3!=72 ways




e. Outcomes assessed : HS

Marking Guidelines
Criteria Marks

e finds x coordinate of P

e finds y coordinate of P

Answer
A-2,3)  B(6.-1)

<

3 ; 2
. i 4 3
IN64+2%(-2)  3X(~D)+2x3 .. P has coordinates P( = 5)
3+2 ’ 3+2
d. Outcomes assessed : HS5
Marking Guidelines
Criteria Marks
e simplifies 1 —cosx in terms of ¢ 1
e completes simplification of given expression in terms of 7 to establish required result 1
Answer
t=tan% 1—-1 sinx 2t 147
l-cosx=1- > = ,, 5
I4£° l—cosx 1+ 2t
2 _1
[+ !
. 2t =cot%
sinx = -
I+£
e. Qutcomes assessed : PE3, PE4
Marking Guidelines
Criteria Marks
I

d .
i e finds 4 as a function of #
dx

e finds equation of normal in required form
i1 e finds coordinatesof M

e finds equation/of locusefl/

Answer
1.
dy
. S A
y-—m‘:bdI 2at ._dZ___a’X;ff’f_t
Vde dir 4t

x22atm—m>£df—:2a
dt

1. N(O,Za-i—atz) J\/I(ara‘,a+at2 )

P(zat ) arl)

. Norrnal at P has gradient —% and equation

y——arzz——%(x—flaz)
fy—at’ =—x+2at
x + ty=2at+at

2
: = X
Locus of M has equation y=a+ a( a)

x* = a(y - a)




Question 3
a. Qutcomes assessed : H5

Marking Guidelines

Criteria Marks
e writes definite integral for the volume in terms of cosx and sinx 1
¢ evaluates the integral. 1

Answer
A o Z
}1’ y = cosx V= [ (cos’ x ~ sinda) d
%E.
cosXx ) = 71:]- €08 2x dx
f sinx 0
0 X ] 6—- o =-%-n‘[sin2x]§
=17 (1-0)
Volume is 5 cubic units.
b. Outcomes assessed : HE2
Marking Guidelines

Criteria Marks
¢ defines an appropriate sequence of statements S(») and shows the first member is true 1
e writes the LHS of S(% + 1) in terms of RHS of S(k), conditienal on truth of S(k) 1
e rearranges conditional expression for LHS of S{k + 1), to obtain RHS 1
e completes proof by Mathematical Induction ]

Answer

Let S(n), n=2,3,4,..., be the sequence of statements defined by

2_....
S(ny: 2x1 4+ 3x2 +4x3 % .. +nn-1) = ﬁ(ﬁgw}l
: 2(2*-1) .
Consider S(2): LHS =2xd=2 ;4 RHS = =2. Hence S(2) is true.
If S(k) is true IX1 4 3%2 + AXB 4+ . +k(k—1) = i‘@ *
Consider S(k+1): LHS:{2><I + 3X2 + 4x3 + .. -I-k(k—l)}+(k+1)k
MY ek if S(k) is true, using *.

kG D{(k -1+ 3}
< 3

ket D{e?+2x}

- 3

(et D{(k+1? -1}
- 3

= RHS

Hence if S(k) is true then S(k+1)is true. But §(2)is true, and hence S(3) is true and so on.

Hence by Mathematical Induction, S(#) is true for all positive integers n>2.




e. Qutcomes assessed : HE4

Marking Guidelines
Criteria Marks
1 e rearranges and interchanges x and y to obtain equation of inverse function 1
il e sketches graph of y = f(x) showing endpoints and intercepts 1
e sketches inverse function by reflection in y = x }
e shows endpoints and intercepts for inverse function
iii e writes equation for x 1
e solves for x in simplest exact form 1
Answer
L f(x)=(x+2)-9, —-25x<2. 1i. Graphs of inverse functions are
(x+2)* = y+9 and 0<x+2<4 reflections of each otherin y=x
X+2=+y+9
x==24+y+9 , -9<Ly<g7
Lxey = T x)=-2+Jx+9, —9<x<7
iti. Graphs intersect on the line y =x.
Hence (x+2)-9=x
x*+3x-5=0
—3++/29
SxP0= s —
2
Question 4
a. Outcomes assessed : HE3
Marking Guidelines
Criteria Marks
e writes expression for probability in terms of binomial coefficients 1
e evaluates required probability 1
Answer
34
P(none in common) = 40(:6 = 0-35 ("to 2 decimal places)
G
b. Outcomes assessed : HEG
Marking Guidelines
Criteria Marks
e writes dipin terms of dx and converts limits for x into limits for » 1
e finds equivalent definite integral in terms of u 1
e finds primitive and substitutes limits }

e simplifies exact answer




Answer

. J% sin 2x dx—J% I ”
u=smx z l+sin’x y l4u
du = 2sinxcosx dx } N
du=sin2x dx = [hl(l"' ”)];
x=2 :ﬁbuz% zm%_ln%
x=% Su=; =il
¢. Outcomes assessed : H5, PE3
Marking Guidelines
Criteria Marks
i e finds area of A4OC in terms of sin 26 1
e uses area information to complete equation for @ 1
i1 e shows that f(0-4), f(0-5) have opposite signs 1
e notes that / is continuous, and deduces equation has one root 8, 0-4<@.<0-5 1
i1l e applies Newton'’s rule to write numerical expression for next approximation 1
e evaluates this approximation L
Answer
1. LOCA=8 (£'s oppyequal sides are equal in AAOC')
LAOC =m - 20 (Lsumof Ais )
1 0 1 ZBOC=20"(adj. supp. £'s addto )
A g7 ] B Area sector BOC+ Area AAOC =+ Area circle
o X P20+ KT xsin(m—20) = 2xwx 1P
C 2 2
8+ %—sin 260 ~Z=0
ii. Let f(8)=6+1sin20 - Z iii. Since f7(8) =1+co0s28,
F(0-4)=~0-03<0 , , ez0_4_f(0-4)
£(0-5)= 0-14>0 and f"is continuous 77(0-4)
Also f(6)=1+co0s28 >0 = f monotonic increasing ~0.4— —0-0267
~ f(@)=0 forexactly onevalueof 8, 0-4 <6 <0-5 16967
=0-42 (to 2 dec. pl.)
Question 5
a, OQutcomes assessed : HE4
Mayking Guidelines
Criteria Marks
1 e shows correct shape and asymptotes |
e shows intercepts.on coordinate axes 1
ii o finds % and evaluates for x =1 1
e finds equation of tangent 1




Answer
I

ii. y=tan'(x-1)
y 4
E‘L y:% 22 1
----- R Lt dx  1+(x-1)
-1
y=tan (x~1) d
0 /’—} b W2 =1 when x=1I
~z| A1 ¥ dx
.,'s-ﬁ.i “““““““““““ .. Tangent at (1,0) has gradient’l and
-3 y=-% equation y=x-1

b. Outcomes assessed : HES

Marking Guidelines
Criteria Marks
1 e shows by differentiation that a 1s constant 1
it e integrates to find a primitive function for ¢ in terms of x 1
e evaluates constant of integration using initial conditions then writes x as a function of ¢ i
iii e evaluates x at =2 and ¢ =3 to find distance travelled in third second.
Answer
] - 1y =1 . 17 1 =
L. v""/; :>2v—3x HiR ——)f-zxz t=0 = c=—2
d dt x=
ca=-—(Ev)=1 forallx d .
dx * - ——= .'.132\[;—2
Hence a is independent of x. dx : x =142y
r=2x"+c )
iii. Between ¢t =2 and #=3, particle movesgight from x =4 to x =2
Distance travelled in third second is' 2 -25'm..
¢. Outcomes assessed : HS, HES, HE7
Marking Guidelines
Criteria Marks
i e finds AC and finds BC/in terms of (cot o 1
e uses Pythagoras’ theorem and an appropriate trig. identity to find AB in terms of cosecor 1
ii e differentiates AB with respect to ¢ using chain rule or implicit differentiation }
e substitutes given values and mterprets result
Answer
i. In AACD, ii. When o= £,
= =z
ZDAC=£ADC =% JAB do
L AC=15. ——gg—:—lScoseca’ COtOCFij
In ABCD, BC=15c0tex.
BC
II:MO ’ , =—15><-V%,~><%><0-01
AB* =15 +15 cot’ ol o
=15*(1+cot’ & AR
7( C? ) . AB is decreasing at arate of
=15"cosec’¢

s AB=15cosec

0-1ms™




Question 6
a. OQutcomes assessed : HE3

Marking Guidelines
Criteria Marks
i e integrates v with respect to ¢ to find expression for x 1
e uses initjal conditions to evaluate the constant of integration, giving x as a function of ¢ 1
o differentiates v with respect to ¢ to get ¥ then expresses % in terms of x 1
ii e states period 1
o states extremities 1
iil e solves trig. equation to find time to first return 1

Answer

i v =-~12sin(2¢ + %)
x=0c0s(2t+ %)+ ¢ % =—24cos(2 + %) 111
= O, x=5=c=2

sx=2+6c08(2t+35) cE=—4(x-2)

o
21‘+'—3'“-

T

1. Periodis # seconds.  —-4<x<8§
x=5=3cos(2t+5) =+

2

, 2m—=

3 33

_Q, 22
b=0, &, ..

First return after 2 seconds.

b. Qutcomes assessed : HE3

Marking Guidélines
Criteria Marks
1 e sketches graph of correct shape with correct vertical intercept 1
e shows asymptote for limiting population size 1
ii e differentiates with respect to ¢ i
1ii e writes and solves equation for N
Answer
1. 1. 1il.
Na N =500 —400e ! Initial rate of growth is
dN o 0-1(500-100)=0-1x400
500] =~ m o= " 0-1x400e™ ™" - want N such that
0-1(500-N)=0-1x200
=0-1(500—-N
( ) 500~ N =200
100 N =300
=2
0 t
c. Qutcomes assessed s HS, HE4
Marking Guidelines
Criteria Marks
e uses Inverse trig. identity to simplify equation I
e uses trig. expansion to evaluate x in terms of & 1
Answer
cos'x—sin"x=1Fk, ——g-ﬁksézﬁ s 2c0s x=k+Z% .‘.x:cosgcos%—sm%sin%
cos x+sin" x=% cos”x=£4+Z = -:}—f(cos% —sinf)

x= cos(-'g- +4)




Question 7
3. Outcomes assessed : HE3
Marking Guidelines

Criteria Marks

1 e uses integration to find expressions for ¥ and x
e uses integration to find expressions for y and y

11 e writes simultaneous equations for ¥ and 6 1
e finds the value of V' 1
e finds the value of 8 1
iii e finds the values of x and y just before impact 1
e uses Pythagoras’ theorem to find the magnitude of v 1
e uses trigonometry to find the direction of v as an angle relative to the horizontal 1
Answer
1.
= j=—10 .
=0 x =Vicosb+c, y y=-5t"+Visin@+c,
r=0 y=-10t+c,
x=c =c,=0 t=0
- %=V cosh ) . = ¢, =V sind y=0
- x =Vitcos@ y=Vsin® -y =Vising — 5
.y =—107+Fsin@ rE
ii. When ¢ =38
x =288 N 8V cosf =288 .V (cos® B+ sin” B)Y=36%+ 48° tan9=-§~§"=%
y =064 8V sin@ =384 Ve 60 0= tan'[%
iii. When 7 =8 v =36 +32° tang =L
. 3o
*=60x5=36 v = 4145 o =41.6°

7=-80+60x1=-32

Velocity of rocket just before impachis approximately 48 ms™ inclined at 42° below the horizontal.

b. Outcomes assessed : HE3

Marking Guidelines
Criteria Marks
i e writes a typical termyin x™ in the expansion of the RHS of the identity 1
o collects like terms to find coefficient of x", then equates to coefficient of x" on LHS !
ii e writes single binomial coefficient for sum on LHS 1
e writes single binomial coefficient for sum on RHS then deduces result 1




Answer

i. (1+x)m+n - (1+ x))l!(1+x)ﬂ
ForO0<r<mand 0<r<n,

terms in x" in expansion of the RHS have the form "’C‘kx”" X "C _ kx""" , k=0,1,2,...,r.

Collecting such like terms gives the coefficient of x” as Z "C."C ..
k=0

The coefficient of x” in the expansion of the LHS is "*"C .

Hence equating coefficients of x” on both sides of the identity gives "™'C, = 2 "C'C L, -
k=0

i. Usingi., for m=2 and n>2 ,
-} n m+l1 7 ] ” AmtD+a mn ) " ntl e fi+1 _ mee(artl])
C,"C, + "™C,"C + "IC,"C =" C, and "C,™IC, + C, " G Oyt =
. mEl n i+ n m+l # m n+l n n+l m n+) . mFn+l
LG, "G, + "M C + C, T, = "C,IC, + "CMIC, + T, = T

10



Independent Trial Examination 2009 Mathematics Extension 1 Mapping Grid
Syllabus Targeted
Question | Marks Content QOuicomes | Performance
Bands
1l a 2 Trigonometric functions H5 E2-E3
b 2 Series and applications HS5 E2-E3
c 2 Polynomials PE3 E2-E3
d 2 Angle between two lines HS5 E2-E3
el 1 Circle geometry PE3 E2-E3
i 2 Circle geometry PE2,PE3 E2-E3
it 1 Circle geometry PE3 E2-E3
2 a 2 Trigonometric functions H5 E2-E3
b 2 Permutations and combinations PE3 E2-E3
c 2 Division of an interval 15 E2-E3
d 2 Trigonometric functions H5 E2-E3
e1 2 Parametric representation PE3, PE4 E2-E3
ii 2 Parametric representation PE3, PE4 E2-E3
3 a 2 Trigonometric functions HS E2-E3
b 4 Induction HE2 E3-E4
ci 1 Inverse functions HE4 E2-E3
i1 3 Inverse functions HE4 E2-E3
11 2 Inverse functions HE4 E2-E3
4 a 2 Further probability HE3 E2-E3
b 4 Methods of integration HE6 E2-E3
ci 2 Trigonometric functions H5 E2-E3
i 2 Polynomials PE3 E2-E3
1l 2 Polynomials PE3 E2-E3
5 ai 2 Inverse functions HE4 E2-E3
i 2 Inverse functions HE4 E2-E3
bi 1 Velocity and acceleration as functions of displacement | HES E2-E3
it 2 Velocity and acceleration as functions of displacement | HES E2-E3
il l Velocity and acceleration as functions of displacement | HES E2-E3
c 1 2 Trigonemetric functions HS5 E3-E4
ii 2 | Rates of change HE5, HE7 E3-E4
6 ai 3 Simple hanmonic motion HE3 E3-E4
ii 2 Simple harmonic motion HE3 E3-E4
iii 1 Simpleharmonic motion HE3 E3-E4
bi 2 Exponential growth and decay HE3 E2-E3
i 1 Exponential growth and decay HE3 E2-E3
11 1 Exponential growth and decay HE3 E2-E3
C 2 Trigonometric functions, inverse functions H5, HE4 E2-E3
7 ai 2 Projectile motion HE3 E3-E4
1 3 Projectile motion HE3 E3-E4
111 3 Projectile motion HE3 E3-E4
bi 2 Binomial theorem HE3 E3-E4
i 2 Binomial theorem HE3 E3-E4







