STUDENT NUMBER:

% TEACHER:

Founded 1982

THE HILLS GRAMMAR SCHOOL

Trial Higher School Certificate Examination 2014

MATHEMATICS EXTENSION 1

Time Allowed: Two hours (plus five minutes reading time)

Weighting: %

Qutcomes: H6, H7, H8, H9, HEI1, HE2, HE4, HE7, HE9

General Instructions: Total Marks — 70

o Board-approved calculators may be used

* Attempt all questions Section I Questions 1-10

¢ Start all questions on a new sheet of paper 10 Marks _ _ _

¢ The marks for each question are indicated on the | Allow about 15 minutes for this section

examination
s Show all necessary working for Questions 11-14
e The diagrams are not drawn to scale
o A table of standard integrals is provided

Section II Questions 11-14
60 Marks
Allow about 1 hour and 45 minutes for this section

MCQ Question 11 | Question 12 | Question 13 | Question 14 TOTAL

10 15 15 15 15 70
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Section 1 Multiple Choice (10 Marks)

1 When 2x* ~3x* +24—4 is divided by x—1 the remainder is -5. The value of a is:
(A) 2 ©) -2

(B) 0 (D) -3
2 The domain and range of f(x)=3sin"' (%—) is given by:

(A) xisreal ®) T <
2 2

-3<y<3
-3<yp<3
I 1
_3_”< <3_ﬂ “3_755)’53_”
2 =V 2 2 2

3 The angle between y=2x+3 and y =x’when x=3 is given by:

(A) 0° C) 90

(B) tan™ (%) (D) tan” (—%}

4 If the interval 4B is divided externally in the ratio 3:1 by the point P, the coordinates of P
given A(-2,3) and B(3,—4)are:

o (4}
o (-5-3)
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5 The equation of the tangent to the parabola y* = 4ax at the point (apz, 2ap) is given by:

(A) px-y-ap’=0

(B) x-py+ap’=0

7
6 The coefficient of x° in (xl —%J is:

(A) "C(-2)

€ C(=2)

7 Evaluate lim :
=0 tan 2 x

Ay 0

(B) o

L3
8 The derivative of tan"[g— Jis:
3x?
A
(A) 9+ x*
52
B
(B) 9+ x°

0 :
9 Ift=tan (:;) the correct expression for

47
® a-ry
(1+1%)
(©) 1=y

(C) px+y-ap’=0

(D)

(B)

x—py—ap’ =0

7 C4 (_2)4

(D) "C,(-2)’

©

)

©)

(D)

sec’ &
cosec’d

(B)

(D)

182

0.5

3x’

1+ x°

Ox
9+ x°

(1+1°)
(1-ry

-y
4¢°
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10 Inthe diagram below BE=3cm, AE=BD=x, DC=11lx and £ZBDE = £ZBAC.

What is the value of x?

@A L

2
3

(B) 7

) 1

(D) I—

A

E

3 ¢m
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Section 2 Marks

Question 11 (15 marks)

0
(a) Use the substitution ¥ =1+ x to evaluate 15jxx/1+x dx 3
-t

(b) Let f(x)=3x"+x . Use the definition f'(x)= Iim Jxt h]) =/ &) to find the derivative of
—» 1

f(x) at the point x = a. 2
(c) Find
(i) ji— dx 1
1+
(i) J‘cosz 3x dx 3
0
1 9
(d) Find the term independent of x in the binomial expansion of (xz ———) 3
X

(e) By using the binomial expansion,

: i " n =} h n=3 1
(1) showthat (g+p) —{g—p) =2 g p+2 q" " p 1
! 3 I
(i1) What is the last term in the expansion if » is odd? 1
(iii))  What is the last term in the expansion if » is even? 1

START A NEW PAGE



THGS Year 12 Maths Ext 1 Task 4 Trial 2014
Question 12 (15 marks)

(a) In the diagram the points 4, B and C lie on the circle and CB produced meets the tangent
from A at the point T. The bisector of the angle A7C intersects AB and AC at X and ¥
respectively. Let ZTAB=(.

- A
! e PV
SN T A N
e T 7 . /’t 1 kY
. “Fe A i ",
\\\ ; .:.frf"m i "o
. T e i ¥ i ¢ e g
~ ] A | NOT T
Tk ] SCALE
ff ]gi «.‘,‘"\ i "il“—».__“
¢ ., ; ! o
e \\ \\\ | !
) / '-.,\v “\%\ ]! ._,.-*’;
‘\w\'%--., \‘“\3 - -~
-k

Copy or trace the diagram into your writing booklet.
(1) Explain why ZACB =/ 1

(i)  Hence prove that triangle AXY is isosceles. 2

(b) A household iron is cooling in a room of constant temperature 22°C. At time
¢ minutes its temperature T decreases according to the equation

dT

= -k{T - 22) where k is a positive constant.
dt

The initial temperature of the iron is 80°C and it cools to 60°C after 10 minutes.

(i) Verify that 7 =22+ Ae™™ is a solution of this equation, where A4 is a constant. 1
(ii) Find the values of 4 and %. (give answers to 2 significant figures) 2
(111} How long will it take for the temperature of the iron to cool to 30°C? 2

(Give your answer to the nearest minute.)
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(c) The polynomial P(x)=x"~2x" +/x+24 hasroots «, S, y .

(1) Find the valueof a+ S+ y. 1

(11) Find the value of afy . 1

(i11) It is known that two of the roots are equal in magnitude but opposite in sign.
Find the third root and hence find the value of 4. 2

(d) Use the principle of mathematical induction to show that

2x1M 5% 24 10%3 .o+ (17 + D2l = n(n +1)! for all positive integers ». 3

START A NEW PAGE
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Question 13 (15 marks)

(@) If f(x)=In(x+3)
()  find f7(x) . 1

@i1) Sketch y = x, f{x) and /' (x) on the same axes. 2

(b) A particle moves in a straight line and its position at time ¢ is given by

x:4sin(2t+-§-}

1) Show that the particle is undergoing simple harmonic motion. 2
(i1) Find the amplitude of the motion. 1
(iii))  When does the particle first reach maximum speed after time ¢ = 07 1

(c) The acceleration of a particle P is given by the equation

d’x
dr’

= SJC(x2 +4)

where x metres is the displacement of P from a fixed point O after /7 seconds. Initially the
particle is at O and has velocity 8 ms™ in the positive direction.

(i) Show that the speed at any position x is given by 2(x* +4) ms™'. 2

(ii) Hence find the time taken for the particle to travel 2 metres from O. 2




THGS Year 12 Maths Ext 1 Task 4 Trial 2014
(d) A particle is projected from the origin with velocity v ms™ at an angle & to the
horizontal. The position of the particle at time ¢ seconds is given by the parametric equations
x=vicosx

s E (Do not prove these equations.)
y=vising——g
2

(i) Show that the maximum height reached, / metres, is given by
5y . L
pel sinda 5
2g
(i1) Show that it returns to the initial height at x = Y sin2a 2
o
f=]
START A NEW PAGE
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Question 14 (15 marks)

a) (i) Write 8cosx+6sinx in the form Acos(x~a) where 4 >0and 0< g <~ |
(a) (i) Write 8 Gsinx in the form A cos(x - ) where 4 >0 and 0 ’27 2

(ii) Hence, or otherwise, solve the equation Scosx+6sinx =5 for 0€a <27 . 2
Give your answers correct to three decimal places.

(b) The two points P(2ap,ap”) and Q(2ag,aq’) are on the parabola x* =4ay .
(i) The equation of the tangent to x* =4ay (2at,at’) at Pis y = px—ap®. (Do not prove

this.)
Show that the tangents at the points P and Q meet at R, where R is the point[a(p +¢),apg]. 2

(ii) As P varies, the point Q is always chosen so that ZPOQ is aright angle, where O is the
origin. Using this condition and the result of part (i) find the locus of R. 2

(©)

The points 4, B, C and D are placed on a circle of radius » such that AC and BD meet at £.
The lines AB and DC are produced to meet at F, and BECF is a cyclic quadrilateral.
Copy or trace this diagram into your writing booklet.

(i) Find the size of ZDBF , giving reasons for your answer. 2

(ii) Explain why AD equals 2 . 1
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(d)

(i) Show that for all positive integers n,

A+ )"+ (4 X)) A+ (14 27 + 1+ x) +1]= 1+ x)" -1

(11) Hence explain why
n—1 n—-2 n-3 k—1 n
+ + Fo+ = for ISk<hn
k-1 k-1 k-1 k-1 k

-1
(iii) Show that r{”! ]:(IHI)( " j
C

k41

END OF ASSESSMENT

10
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