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QUESTION 1 (12 marks) Start a new booklet Marks

(a)

(b)

©

(d)

©)

Find the acute angle, to the nearest degree, between the lines 2

y=5mxandy=%x+5.

(i)  Showthat (x—2) isa factor of x*~3x>+ 4 1
(i)  Express x’—3x*+4 asa product of three linear factors 2
Ifyzlogl{if—),where a>0 and N >0, showthat y =log , N 2

The point (0, 4) divides the interval from (@, &) to (b, @) internally in the ratio 3: 1.
Find the values of ¢ and b. 3

Find the Cartesian equation of the locus of a point Pfx, y) 2

where x = 2cosf and y = %Siné



QUESTION 2 (12 marks) Start a new booklet

(a)

(b)

©

(d)

(€}

sinx
5x

Find lim
x>0

A particle moves in a straight line so that its velocity, v, in minutes per second

at time ¢ is given by v =4-2¢. Initially, the particle isat x=1.

1 Find the displacement x of the particle as a function of «.

(i) ~ When is the particle at rest and what is its acceleration at that time?

Heat is applied to a metallic disc for f seconds.

Its area, 4 c¢m?,increases at a rate given by:

dd
— =t =2t+1
dt

(i) Find the rate at which the area of the metallic disc is increasing at the
end of the third second.

(i)  Before heat is applied the area of the metallic disc is 10cm®.

Heat is then apphied to the metallic disc for 3 seconds.

What is the area of this disc at the end of three seconds?

T _cosx-+sinx
cosx—sinx

Giventhat O<x <~§~ prove that : tan [WZ +x

Let f(x)=log[(x+2)(x~4)]

What is the domain of f(x)?

Marks



QUESTION 3 (12 marks) Start a new booklet : Marks

(a) In how many ways can the letters of the word SUCCESS be arranged? 2

All letters must be used.

(b) The staff in an office consists of 4 males and 7 females. 2

What is the probability that a randomly chosen committee of 5 staff can be formed

which contains exactly 3 females?

(©) M

N
o]

O is the centre of the circle ABP. MO L AB. M, P and B are collinear.

MO intersects AP at L.

(1) Prove that 4, O, P and M are concyclic. 2

(i)  Prove that LOPA = ZOMB. 2
(d) (i)  Showthat P(x)=x’~x"~x~1 hasazero between | and 2. | 1

(i)  Take x =2 as a first approximation and use Newton’s method to calculate 2

a second approximation.

(iii)  Explain why x = 1 was not a suitable first approximation in this case. 1



QUESTION 4 (12 marks) Start a new booklet

(2)

(b)

(©)

P(Zp,pz)

Marks

~

The diagram shows the graph of the parabola x* =4y and also the tangents at

T (23‘,1‘2) and P (2 D, pz) . The tangents intersect at X.
(i) Prove that the equation of the tangent at T'is y = tx—1°

(ii)  Show that the coordinates of the point X, the point where the tangents at

T and P intersect, are (p+t, pt).

(iiiy  The angle TKP is a right angle.
Show that the locus of X is a straight line.

Solve the inequation:

The polynomial P(x) = 6x>~7x*+ax+b hasazeroat x=-1.

The remaining zeros are reciprocals.

(1) By examining the product of the three roots, determine the values of b,

and hence of a.

(i)  Find all zeros of P(x).



QUESTION 5 (12 marks) Start a new booklet Marks

(&)  Use mathematical induction to prove that, for every positive integer #, 3
13 x 6" + 2 is divisible by 5.

sinx

(b)  Differentiate with respecttox: xe 2
. . 4x . 4
(¢) Thecurve y=sin2x andtheline y=— intersectat x=0and x= 7 2
T
Find the area bounded by the curve y =sin2x and the line y = 4x
1
in the first quadrant. (Answer in terms of 7).
(d) Find the exact volume of the solid formed when the area between the curve 2

y =log , x and the y-axis is rotated about the y-axis betweeny =0 and y = 3.

3
()  Use the substitution #« =[x to evaluate I ww—ixwm 3
il \/SC_ (1 + JC)



QUESTION 6 (12 marks) Start a new booklet Marks

1
(a) Find the exact value of I ad . 2
0 2— JC2
(b)  State the domain and range of the function y =2sin™ (3x). 3
Sketch the graph.
A1 o d 1
c If y=cos™|=| for 0<y<i, show that: e T e 2
© Y [XJ Y 2 dx  xx?-1
(d)  Consider the function f(x)=e™*~e*
(1) Show that £(x) is decreasing for all values of x. 1
(i)  Show that the inverse function is given by
_1 x2+4-x
77 ()=tog, | AT 3
(ili)  Hence, or otherwise, solve ¢ *—e*=6 1

Give your answer correct to two decimal places.



QUESTION 7 (12 marks) Start a new booklet

(2)

(b)

{®)

(i)

4

4
Show that J cos’xdx = E—g—%
0

The region under the curve y = cosx-+secx, above the x-axis, between

b . \
x=0and x= T makes a revolution about the x -axis.

Sn(r+2) 3

Show that the vohume traced out is units”.

Vm

A pole, OT, of length [ metres, stands on horizontal ground.

The pole leans towards the east, making an angle of 6 with the vertical.

From P, d metres south of O, the elevation of T'is «

(i)
(i)

(i)

(iv)

Find expressions, in terms of / and 8, for OM and MT.

Prove that PM =[cosOcotot.

dZ
cos 26 cot® o —sin” @

Prove that /=

Find the length of the pole, to the nearest metre, if
d=25,08=20", o=24".

END OF PAPER

Marks



Year 12 Mathematics xiension | Trial HSC 2009

_Question Mo, |

Sohutions and Marking Guidelines

Ountevmes Addressed in this Question

Year 12
Quesfion No. 3

Extension I Mathematics
Solutions and Marking Guidclines

Trial HSC 2009

PE3:solves problems involving polynomisls and paramelric representations |
H3:manipulates algebraic expressions involving logarithmic and exponential functions
HS:applies appropriate techniques from the studly of geometry and trigonametry to solve problems

Oufcomes Addressed in this Question

Ouicente

Soelnfions

Muarking Guidciines

Qi(a)
HS

QUG
PE3

QI (b))

PE3

Qe
13

QI
PE3

Qe
PL}

+5 T

y=5-~xand y=—23nx tan &=

gy = m, == C13

;{

g=T70

(x~2)isafactor of P(x)=x>~3x*+ 4 if P(2)=0
PRy =2°-3{2)"+ 4
=0
S (x—-2) is a factor.

¥ty -2

x-—2ix3-—3x2 + 4

2
X -2

—-x* +4

P = (-2 -5 -2)
= (e~ 2)(x+1)(x-2)
={x-2¥(x+1)

—x +2x

—2x+4
~2x+4

1y o1
a N
Take reciprocals

a’= N
~y=log, W

Solving simultancously, g=§,h=—2

Avto, 4y, {9 F30=0
b+3a=15

x=2cosd x
05 {7 2=
" P - 2
PESSINGL Gag=2y

Since cos®@ + sin? @=1

2 marks: Fully correct solution
1 mark: Atiempts applicatian of
formula with correet gradicats.
OR avithmesic ciror in gradionts,
sorrect warking for nngle.

Pmark

Correct use of factor theorem: to
prove the given result, ar corrool
division,

2 marks

Correely divides the piven
selynemizl, and factorises the
resulting quoticnt o show the 3
finear factors. O

Factorises corregtly by inspection,

1 mark
Substantial progress lowards the
correed solution

Z marks: Fully correut solulion
1 mark: Sufficient progress
towards coneet resull

3marks

Correctly produces 2 equstions,
and correctly sotves
simultancousty,

2 marks

Substantiaf progress towards the
correct solution

fmark

inlicates some knowledge of the
process of division of an islerval,

2 marks: Pully comect selution

I mark: Some propress towards
correet resuldt, inchuding use of the
Pylhagorean reguit.

PE3  selves problems involving permutations and combinations, incquatitics, polynomials, cirelo
geomciry and parametric representations
Solutions Marking Guidelines
T o
{a) | Number of ways = —— =420 Award 2 for correct
3z solution.
Award 1 for altempting to
usc an appropriate process.
(5 ' . ) . 11 Award 2 {or correct
Number of unrestricted commitices of 5 = 5 solution.
i ) \ Y4 Award 1 for atlempting to
MNumber of committees o 3 females = 315 uSe an appropriae process.
INZ) s
. Probability = =
robabilily T T
5
(C) (l) et LPAC =0 Awnrd 2 [or correct
-z . tution.
LAPE = 90° (angle in a semi-circle) sotution
) Award 1 [or substantial
a
5 LABP =({90--8Y (angle samof A ABP) progress towards solution,
L LBMO =8 (angle sum of A BMCY)
S LOQAP = ZBMO
= AOPM is a cyclic quadrilateral (OF subtends equal angles
al 4 and M)
~A O P and M are concyclic
() ZOPA=8 (angles opposite equal sides O and 04) Award 2 for correct
EBMO w & (above) solution.
L LOPA= £OMB Award 1 for subsiantial
progress towards selution.
(‘D (l) P(D =]—f=fel==2 Award I for correct

P =8-4~2]=1

.Since P{x}is a continnous funclion
and the sign changes, there must be
aroot between 1 and 2.

(i) Ple)=3x*-2x-1
P(Zy=1 and P(2)=7
I 6

SXy =D | —
) 7
(8  PH=0
This means that x = 1is @ stationary point
- Newtan's method will fail,

sohution.

Award 2 for correct
solulion.

Award [ for substantial
progiess towards solution.

Award 1 (or correct
solution




Yomr 12 Mathematics Extension | Task 4 Trial HSC 2009

Question No. 2

Solutions and Marking Guidelines

Outcomes Addressed in this Question

5 applies appropriat teckniques from the study of calculus, geomery, probability, trigonometry
and series to solve problems
Quteome Solutions Marking Guidelines
Q2.
i
H5 (@) 3 1 mark correct answer
Hs ¢b) (i)
° x= [{4-20)a
=d( -1 +C
whenx=1Lt=0=>C=1
xue bt =1 +1 1 mark correct answer
(i)
The particle is at rest when v=0
0=4-2t
0=2{(2-1)
1=2 t mark for correct time
particle is at rest
a= ﬂ‘j =2
dt
- The particle is at rest after 2 seconds and has constant 1 mark for correct
. . acceleration at that time.
acceleration of -2m/s”.
us |9
&
Ate=3
dd 2
S = {3y =2.(3)+1
Uy -2.)
=4
The rate at which the disc is increasing is dem® /s | | mask for correct answer

(i)
A= j(12—21+])dt
=£;-z’+t+C

o

Whent=0,4=10=C=10
Azét’—lzﬂﬂ(}

el
Atr=3, A:—é«(S)J—(B)ZHHO

=13cm’

{9)

LHS =tan (% + x]

f:d
fan—+tanx
4

i t
e [smce, tan{4+ B)= an A+tan B

1-tap Atan B |

lwtaaf—tanx
4

_l+tanx
j—-tanx
cosx | sinx
+,...-..-—-
_COSX  GOSX
cosx  sinx

. sin X cOS X
sifice, tanx = &i= ]
cosx cos xj

cosx COSX
L Sosxsinx
" cosx—sinx
= RHS

e cos X +5inx
1 I
4 COS X SMiX

{e)
f(x) =log, [(x-t-?_)(x—-li}] I
. [y

(x+2) (x-4) >0

Sx<=2,x>4

1 mark awarded for
partial correct solution

2 marks awarded for
complete correct selution

1 mark awarded for
partial correct solution

2 marks awarded for
further partial correct
solutigm

3 marks awarded for
complete correct solution

1 mark awarded for
partial correct sclution

2 marks awarded for
complete correct solution




Year 12
Question No. 4

Extension { Mathematics
Solutions and Marking Guidelines

Trial HSC2009

QOutcomes Addressed in this Question

PE3  solves problms involving permutations and cowmbinations, inequalities, polynomials, circle
geometry and parametric representations
Solutions Marling Guidelines
2
{a) (1} y= X Award 2 for correct
N solution,
;X
y= 5 Award 1 for attempting to
Use an appropriag process.
At (Zta tl) ,V, == mlungcm
- Equation of tangent is
yorf =t (x=U) = x -2
Ly=eo-tt
(i} Equation of tangent at Pis Award 2 for correct
¥y= Px—.pz solution,
-~ Atpoiat of intersection Award 1 for attempting to
px—pr = st USE an appropriag process.
(p~ryx=p*=2 = (p=e)(p+1)
x=p+t (o p#i)
Sub. into y = px- p*
y=plp+t)-p*=pt
- Intersect @ {p +¢, pt)
(i) I LTKP=90" Award 1 for correct
g X My =] solution.
Stxp=—]= pt=-1
S bLocus of Kisx= p4t, y=-1
. Locus of £ is the straight line y = 1.
b x
® PECE 4 Award 3 for correct

x(x-3) < 4(x-3)’
{(x-3)(x-4(x~3)}<0
(xWS)(12—3x) <0
(x-3)(4-1) <0

Lx<3orx>4

solution.

Award 2 for substantial
progress towards solution.

Award 1 for limited
progress towards solution

{©

(B

(i)

P=1)=0=6(~1) =7(~1) +{-1)a+b=0
Sb-a=13 )

Roots are mi,a,—i- = ~Ixe x—!- =&
3 o 6

b
L=l b=6
g =

Substitute into (1} = a=-7

Pix)y=6-7x"-Tx+6

-7 7
=gt =
a & 6
1 13
O e =
a 6
13
attl=—g
6

bat -13a+6=0
(3z-2)(22-3)=0
2
L= or g=1
3 2
2

o Zeros are -1

[\EF g

2 s

W

Award 2 for correct
solution.

Award 1 for substantial
progress towards solution,

Award 2 for correct
solution.

Award 1 for substantial
progress towards solution.




Vear 12 Mathematics Extension | Task 4 Triat HSC 2009

Question No. 5

Solutions and Marking Guidelines

QOutcomes Addressed in this Question

P7 determines the derivative of a function through roatine application of the rules of differentiation
PE2  uses multi-step deductive reasoning in a variety of contexts
HER  uses techniques of integration to calculate areas and volumes
HE6 determines integrals by reduction 1o a standard form through a given substitation
Outcome Solutions Marking Guidelines
5.
PE2 {2}
Let$,: 13x6"+2 is divisible by 5
ie. S I3x6"+2=5K where K nare positive integers.
Forn=1, LHS=13x6+2=80
RHS=5K =5x16=80
S for n = i mark awarded for
»-5, 1 tre forn =1 partiat correct solution
AssumeS, istrueforn=4k
585, 13x6 +2=5K
5, =13x6 42
=13x6" x6+2
={13x6}6+2
= - 2 * =SK
(5K ~2)6+2 (from 136" +2=5K) s marics awarded for
=30K~12+2 further partid correct
= 30K ~10 solution
=5(6K ~2)
=3M where M is an integer,
since K s a positive integer
=8, is true for n=k +1 3 marks for complete
Since S, jus true for n=1, itis true forn=2, correct solution
- it is true for n =3, and so on
. 8, is true for all positive integers.
dlxe™) L. o 1 raark awarded for
P7 by g T ok +em 1 partia} correct solution
= ¢ (xcosx+1} 2 marks for complete
correct solution
L 4y 1 mark awarded for
HS () A= f [sm 2x - ’;}L‘ partial correct sotution
~cos2x  4x? 3 2 marks for couplete
= - correct solution
[ 2 27 4,
[-eos2x 24
2 7 i,

HS

HEG

L.
g
LiLE
2 8
() y=log, x. ¢ =x, x'=e%
v=un[xidy
wrffez-"a’y

(e}

. _{ e 2ddu

T fx(lex) M1
:2[&\41"11];ﬁ
22([811“ 3 —tan” O)

:"--2><-jz
3

=27

P

3

i mark awarded for
partial correct solution

2 marks for complete
correct sotution

1 mark awarded for
partial correct solution

2 marks awarded for
farther partial correct
solution

3 marks for camplete
correct sclution




Year 12

Question No. 6

Mathematics Extension |
Solutions and Marking Guidelines

HSC Treal 2009

Outcomes Addressed in this Question:
HE4  uses the relationship between functions, inverse functions and their

derivatives
Quteome Solutions Marking Guidelines
2 marks
HE4 (a) i{ o i X :"_ " . ® kCorfect solution
= = F mar
-yt 4 A i
§N2-x 2, *  Substantial progress.
®) 3 marks

. H
Domain: ~—<xg
3
Range: ~msysn

!
3

e Cormect solution {All 3
COMPONENLts correct)
2 marks
+  Substantial progress towards
sotution
imark
*+  Partia progress towards solution

R T
(ii)f (2} x=e¥ =g == e

—e™txe’ ~1=0

: . . =xEJxied
Using quadratic formula; o7 =" ¥0 70

2
For all values of x, x< /x? +4, "z Jx? +4 50
But —x—Jx* +4 <0 for all values of x
2
. ~x+xt 44
Therefore only solution is & S

2
And given solution follows from this asertion.

3 marks
¢ Correct solution, including
Justification of positive and
negative values of &(You can’t
just assume that ! solution will
be negative. 1’3 not always true
for a gquadratic.)
2 marks
*  Substantial progress towards
solution
1 mark
+ Partial progress towards solution

(i) Solution is found by substituting x = 6 into the
sofution given for f(x) in part (if).
Calcufator answer = ~1-82

I mark
»  Comect solution.

2 marks

e Correct solution
1mark

* Substantial progress.

(d

~TA

{i)f’{x)mm1(3""+e“):~§(ﬁ:+e~vJ

As e">0) for all values of x, then the expression inside
the brackets is always positive. Multiplication by -}
gives a negative derivative for all values of x. This means
that fx) is decreasing for alf values of x.

I mark
s Correct derivative as well as
indicating the regative derivative
for all values of x.




Vear 12 Mathematics Extension 1 Task 4 2009 Toal HSC

Guestien No. 7

Selutions and Marking Guidelines

Outcomes Addressed in this Questicn

WS:aoplies appropriate techniques from the study of geometry and trigonometry to solve problems

HB uses techrigues of integration to calculate areas and volumes

Marking Guidelines

Outcome Soluttons
QHa)i) 7 marks: Fully carrect solution
25 =2 cos? 1 mark: Uses double angle result
HS cos2x=2c0s" x-1 for cos 2¥ and integrates.
1
ncos® x=—{cos 2x +1)
2
x .
3 1 3
[costxdr =— [{cos 2+ 1k
"o I3
B
i1 T
=] 8N 23X+ X
2.2 s
iy o ow
e d S+ —
202 2 4
11 =z
2 d e e
212 4
A+l
g
QG| T
- Y=C05X + SECX 3 marks
3 2 2 Fulty correst solution.
' =cos” x+seC X+ 2 2 snrks
z Obtains correct simplified
;o expressian for volume before
Vo= fij dx substitution of Hmits
o E miark
x = Ohtains correct smplified
o T expression for volume before
= JTI 08* xdx +7r_[(sec x + 2)ydx integration.
o ©
A+ x
e 4 ftanx+ 2x )3
ayi 7
= A b
8 2
_ {rr+2+8+4:r
8
e}
8
QI(L)E OM 2 marks: Correct resuits for
H! - .
s in aTOM, $inf= 4 both OM and MT.
! 1 mark: Corvect result for one
OM =Isinf of OM or MT
Similarly, M7 ={cos#
(it} InAPTM, tang s KLk 2 marks: Justification of
P result.
tcos@ 1 mark: Sufficient progress
PA a5 e
tanc towards result
=/cosfcota

{ii)

)

Now in AOPM, PM* = 0P + OM’
Peos@cotl a=d* +1 s’ 8
P eosfioot g—Iisin*G=d"
I {casl!?cc.t2 o -sin’ 6} =d’
4
{ces’ foot’ —sinzé‘}

T

25°
{cos™ 20cot" 24 -sin’® 20}

I =12m

e

1 marks: Justification of
result.

1 mark: Sufficient progress
towards result

 mark: Correct solution




