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General Instructions

o Reading Time- 5 minutes

o Working Time — 2 hours

o Write using a blue or black pen

o Approved calculators may be used

o A table of standard integrals is provided at
the back of this paper.

o All necessary working should be shown for
every question.

o Begin each question on a fresh sheet of
paper.

Total marks (84)
o Attempt Questions 1-7

o All questions are of equal value
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Question1 (12 Marks)  Begin a new booklet. Marks
&) Divide the interval from A (-3, 6) to B (12, -4) in the ratio 2:3 2
) Find the value of sin105° in simplest exact form 2
©) Solve the inequality li <3 and graph your solution on the number line 3
-x
@ Use the substitution % = cosx, to find J'cos2 x sin xdx 2
li -
€ Fna O 3X 2 1
x—>w x*+4
® Find the acute angle between the lines:  x -3y +1=0 2

y=x—4

End of Question 1
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Question2 (12 Marks)

(a)

®

©

CY

Begin a new booklet.
i) Show that x—2 is a factor of x* —4x> +7x -6

ify  Showwhy x* —4x® +7x—6=0 has only 1 real root.

1-cos2x _

@) Prove
sin2x

tan x

(i)  Hence express tan15"in simplest exact form.

dx
x?+4

243
Find the value of I
%

How many distinct permutations of the letters of the word ARRANGE are
possible

® In a straight line

(ii)  Inastraight line when the “word” begins and ends with the letter R.

(i) Inacircle

End of Question 2

Marks
1
2
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Question3 (12 Marks) Begin a new booklet, Marks
* xdx
()  Determine the exact value of I b 3
2 -
2
. 4f 3x
(b)  State the domain and range of y = cos 5 2
© Ifwetake = tan—i« then tanf) = - 2 3
Use the ¢ results or otherwise to obtain 0 correct to the nearest minute
when 7sin6 +2cosf =4
(d)  Atower CX is observed at an angle of elevation 14° from a point A on level ground.

The same tower is observed from B, 1 km from A, with an angle of elevation 17°.

ACB =120". C is the base of the tower.

@) Draw a diagram showing this information. 1
(i)  Calculate , the height of the tower CX. (nearest m) 3
End of Question 3
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Question 4

(a)

(b)

©

(12 Marks)  Begin a new booklet. Marks

The polynomial equation x* —5x* +7x+5 =0 has 3 roots, &, 3, ¥

@
(i)
(i)

®
(i)

Find o+ S +y
Find off + By + v
Find o + % + 42

Express \Bsin26 - cos 26 in the form R sin(20 - ), o acute.

Hence solve +/3sin 20 —cos28 =1 ; 00 <7, Answer in exact form.

Newton’s Law of Cooling states that the rate of change of temperature of a body

is proportional to the difference between the temperature of the body and its surrounds.

@
@i

CZ—€ =—k(T — D) where D is the surrounding temperature

Show that T'= D+ Ce™ satisfies Newton’s Law.
An ingot of Aluminium has an initial temperature of 1350°C
After 10 minutes in an environment at 25°C its temperature has fallen to

720°C . What total time elapses for the ingot to cool to 50°C

End of Question 4
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Question5 (12 Marks) Begin a new booklet.

@

®

@

The function f(x)=x* ~5x* +11x2 -12x+6
This function has only 1 minimum near x = 1.3
@ Use one application of Newton’s Method to obtain
a better approximation to the x value of this minimum.
(i) Justify why f(x) =0 has no roots
How many times should a die be thrown so that the probability of
throwing an even number is greater than 0.99?
A cube, side s, is growing at a rate of 200cm’ per second.
At what rate is the surface area growing at the moment when s = 15cm?

Prove by Mathematical Induction that,

(n)3 +(n+1)° + (n + 2)3 is divisible by 9 for all positive whole numbers #

End of Question 5

Marks
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@

®)

©

Question 6 (12 Marks)  Begin a new booklet.
i
Consider the function A(x) = 3% > for which m 3x =0
1-x x—>wo l-x
6} Describe the domain of A(x)
(i)  Pind A(-2) and A(2)
(iii)y  Show why A(x) has no turning points
(iv)  Sketch A(x) showing the important features
Find the volume generated when y = secx
betweenx=0and x= % is rotated around the x axis.
Express your answer in simplest exact form.
2 2
@) Prove that d—f = alr
dt*  dx\ 2

(i) A particle is moving in a straight line with v* =36 — 4x?

o Prove the particle is undergoing SHM

B What is the amplitude and period of the motion?

Y If the particle is initially at the origin, write an expression for its

displacement in terms of ¢

End of Question 6

Marks

[ S T Y
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Question 7 (12 Marks) Begin a new booklet. Marks
(a)  ABisachordinacircle. AB is produced to O outside the circle. 3
From O. the tangent OT is drawn to the circle.
The bisector of TOB Meets TB at P and TA at Q.
Prove ATPQis isosceles
()  Arock is hurled from the top of a 15m cliff with an initial velocity of 26ms™
at an angle of projection equal to tan™ (%) above the horizontal.
The cliff overlooks a flat paddock.
The equations of motion of the stone are ¥=0 and j=-10
) Taking the origin as the base of the cliff, show the components of 2
the rock’s displacement are, x =24t and y=-5/2+10¢+15
(i)  Calculate the time until impact with the paddock, and the distance 2

of the impact from the base of the cliff.

Question 7 continues on page 9




2009 Trial HSC Examination Mathematics Extension 1

Question 7 (12 Marks)  continued Marks

(¢)  The parabola x* =4y is shown in the diagram.
The point P has coordinates (2, tz). S(0, 1) is the focus and

M is the foot of the perpendicular from P on the directrix. MP is produced to A.
BPC is tangent to the parabola at P.

@ Find the length PS and PM. Describe APSM 2

(if)  Find the gradient of the tangent BPC and of SM. 2
What is true about the tangent and SM?

(iii)y Prove 4PB=SPC 1

RO Sy,

End of Examination
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Solutions Question 1 2009 Marks/Comments
o[t my, ey ) (2x12+3x—3 2><—4+3><6)
' m+n ' m+n 5 ’ 5 1
=3,2) 1
sin(60+ 45) = sin 60 cos 45 + cos 60sin 45 1
b. V31 11 341
=—X—=F X = — 1
2 V2 2 2 22
c. x#1,4=3-3x, x= —% are critical points })r by n;ultiplying
testx =-1TRUE 4/2<3 testx=0FALSE 4/1>3 by (1-x)

test x =2 TRUE 4/-1<3 solutionis x< —% or x>1

-1/3

O

1 pay 2 for any
legitimate

1 must have open circle
onx=1

du . .
U =Ccosx E=—smx du = —sin xdx

d. 1
2 s 1 5
I= —Iu du = —Eu = —gcos x+c 1 ignore constant of
integration
lim 2%-2  lim 3x-% lim Or divide by x°
€. = = o= = 3x=0
xoo0 144 x>0 l+4  xow 1
f 1
1
™= =1 1 12
m, — pay 1 for successful sub in
tanf = 1 _:m nr:: formula 2 if correct
2 conclusion
1
_B
1+L
V3
_|1=+/3
3+l
g=15°
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Solutions Question 3 2009

Marks/Comments

EIVR s

Solutions Question 2 2009 Marks/Comments
a.(i) 1
X —4x* +7x-6
P()=0 2°-4x2*+14-6=0 1
~ (x—2) is a factor
3_ 2 _
(i) Dividing x;“";ﬂ =¥ —2x+3 1
=
a quadratic with negative discriminant and no real roots
b ()
1-cos2x _ 1-(cos’ x —sin’ x) _1-(l-sin’x~sin’x)
sin2x 2cosxsinx 2cosxsinx
2 .
- 2sin x _ sinx = tanx 1
2cosxsinx  cosx
o 1=cos30° 1-8 2.3
i = = =2-43
@ sin30° 1 1 d 1
c.
NE)
v axP? o1 _11) l(ﬂ' n'j 7
~tan” 2| =—|tan'B-tan' = |=2{Z-Z|=2 |3
[2 2L 2[ B) 20376 ) T1g |0 et
3
d.() -2 =1260
. (1) Tz!— 1
.y S
(ii) 5 60 1
]
(iif) Fix the E or any of the single letters % =180 ) /12

-2 = E 3 lose 1 per error
2
a. \/7 Any equivalent exact value
=In| —— is okay.
(ﬁ)
b. —153—xsl ——ZSng domain 1
2 3 3
range 0<y<w 1
2
¢ zsin19+2cos6?=4 ~—7L2+21——t7=4
2 1+7¢ 1+¢ 1
Tt+2-2" =4+47 67 -Tt+2=0 (3t-2)2-1)=0
fan? = l, 2 0 tan'l(l] and tan'l(g)
2 2’3 2 2 3 1
6 =538 or 67°23' 1
d
1
d(ii) AC=b=hcotl4d BC=ag=hcotl? 1
2 =a® +b* —2abcosC
1000% = /% cot® 14 + h* cot® 17 — 2x heot 14k cot 17 cos120
= h*(cot 14 +cot? 17 + cot14cot17)
=h? x39.9035 1
h=+/1000000 +39.9035 =158.3 ~ 158m 1 /12
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Solutions Question 4 2009 Marks/Comments
a ¥ -5x>+7x+5=0
; b
@ a+,b’+7=—;=5 1
(i) of+Py+ya=S=7 1
a

(,,_)(a+ﬂ+y)2=a2+ﬁ2+7/2+2aﬁ+2ﬂ7+2;«1 1
il

Lo+ eyt =52 —2x7 =11 1

V3sin260 - cos20 = 2(? sin(29) - % cos(20)]

= 2sin(29 . ﬁ)
6

noting sin(A4 ~ B) =sin Acos B—cos Asin B

(i) 2sin(29-£)=1 (29-ﬁ]=sin'l(lj=ﬁ,5—”
6 6 2)7 676

20="2 7 9=2
3 6

b (@)

H

r
2

1forrand o

1 for correct form

1 for solving for
20

1for O

¢)i) T=D+Ce™ %:—k(Ce‘“ +D—D)=~k(T~D)
i)
D=25,C=1325 T(10) =720 = 25 +1325¢'%*

695 ~10k 695

s =° 1n§2-§+ 10 =k = 0.0645255...
50 = 25 +1325¢ 006425
—0.0645255t - 25
1325

£ = In—22_ + 0.0645255 = 61.53min
1325

1

1 for equation
1fork

1 for answer.

/12

Solutions Question 5 2009 Marks/Comments
a. fl(x)=4x>~15x* +22x—12  f'(1.3) =0.038
F'(x)=3.28 1
==L 1) 5 0038 o 1
S'(x) 3.28 1
f'(1.288) =-0.00128
ail f(1.3)=0.8611 x=1.3 is so close to the minimum 1
that the curve cannot get much lower.
b) 0.5 chance not even
0.57 =.0078125 chance of not throwing < 1% 1
Therefore chance of at least 1 even >-99% if 7 rolls 1
ds _ds _dV 1 200 8
== o 200= = — 1
dt dV dt 3s 675 27
iz1‘54—=§%x£=12sx£=53lcm2s'1 11
dt __ds dr 27 3
d) Ifn=1 P+2°+ 33 =36 = 9 x 4 50 the result holds when n =1 1
Assume that whenn =k
k)Y +k+1)’ +(k+2)=9m,meC
RTP (k+1)*+(k+2)* +(k+3)*=9p, peC 1
LHS =9m—k* +(k+3) =9m—k* + k> + 9k* + 27k + 27
1 12

=9(m+k*+3k+3)=9p
as reg?
Hence since true for » =1, and since if true for » = k. Also
true for # = k +1, by induction the result holds for all positive
integers n

Penalise 1 if conclusion not
stated
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Solutions Question 6 2009 Marks/Comments
a) i) x#£l 1
a) i) A(2)=-2, h(-2)=2 1
vu'-uvy' _ .3(1 ~x%) = 3x(-2x)
y? - 2y
) i) h(x) = — (-+)
I-x _3+43%7
(1-x*)
1

positive numerator and denominator .. never zero

a) iv)

2

2 award 1 for

Solutions Question 7 2009 Marks/Comments
a) TOP=BOP (given bisector)

OTP=TAB (angle between chord and tangent equals 1

the angle in the alternate segment)

004 =0PT (angle sum triangle) 1

But OPT = PT; O+ PQT and OQA = Pf’Q +TPQ (exterior
angle triangle)
PQT = PfQ (equals - PTQ )
ATPQ is isosceles as req? 1
Iftan 8 = 3 c050=1—2 sin67=i
12 13 13
$=0 = [ sdr=c §=-10 y=[ydt=-10t+c
b) #=26x2=24 =-106+10 1
13 y= [ydt=—5t +10t +¢

x= J'xdt=24t+c=24t 52 110415

since components given in first line and origin is 15m below
point of projection

1 explanation of evaluation
of Cs of I must be given

b)ii) Impact when £ =0
0=-5: +101 =15

0=1-2-3=0-3)¢+1)

progress
b V=nm Iyzdx =7 J.sec2 dx = zltanxff = 37 units® 2
o ¢
i dv dv_dv v _dv)ay d (v
c) 1) .-—2—=_=-—._x_._=v_—=——=._ — 1
a’ dt dx dt dx dv dx dx\ 2
9ida v =36-4x 55=%(18—2x2)=——4x 1
¥ =—n’x with n=2 signifying SHM
¢) i) B Attheendpoints v=0, x =43 amplitude=3 1
27
T=—"=nrx
" 1
cyii) ¥ x=3sin(2r) OR x=3cos(2—% 1 /12

1
whencet =3
x(3)=24%x3=72m 1
9 D PS =2t —0P + (2 —1) =+t +20 +1=F +1
PM=1*+1" 1
which is the distance of P above the x axis plus the distance
of the directrix below the x axis.. The lengths are equal 1
A PSM is isocseles
2
y= 2op=Eoyap 1
o) 4
-2 1 1
M
.._The two lines are perpendicular
c)iii) The altitude of an isosceles triangle bisects the angle at
the apex AND APB=CPM vertically opposite
. APB=SPC asreq’ 1 /12




