Sydney Girls High School
2017
Trial Higher School Certificate
Examination

Mathematics Extension 1

General Instructions

e Reading Time — 5 minutes

e Working time — 2 hours

e Write using black or blue pen
Black pen is preferred

e Board-approved calculators may
be used

e In Questions 11- 14, show all relevant
mathematical reasoning and/or
calculations

e A mathematics exam reference sheet is
provided.

This is a trial paper ONLY. It
does not necessarily reflect the
format or the contents of the
2017 HSC Examination Paper in
this subject.

Total marks — 70
SECTION 1 -

10 marks
e Attempt questions 1 — 10
e Answer on the Multiple Choice sheet
provided
e Allow about 15 minutes for this section

SECTION Il -

60 marks
e Attempt questions 11— 14
e Answer on the blank paper provided
e Allow about 1 hours 45 minutes for this
section

Name:

Teacher:




Section | - Total Marks 10

Attempt Questions 1 - 10
Allow about 15 minutes for this section.
Use the multiple-choice answer sheet for Questions 1-10

15
1. Which sum is equal to )" (3k -1) ?
k=1

(A) 1+42+3+4+ ... +15
(B) 1+4+7+10+......... +44
©) 2+45+8+ 11+ ......... +44
(D) 2+5+8+11+......... +15

2. What is the remainder when 3x® +5x* —4x +3 is divided by x+3?
(A -21
(B) 117
(C) 3x*—4x+8

(D) —3x*+4x-8

3. Which expression is equivalent to cos3x cos7x—sin3xsin7x ?

(A) c0s10x —sin10x

(B) cos4x—sin4x
© c0s10x
(D) CoSs4x



4. In the diagram below, O is the centre of the circle ABCD, E is the point of intersection of AC

and BD , Z/ODE =30° and ZBEC =70".

What is the size of the angle CAB?

A 20
B) 30
© 40
(D)  60°

5. Which expression is equal to J‘cos2 : dx
(A) ;(x+sin X)+C
1 .
(B) ) (x=sinx)+c

(C) 2cos’ X +c

(D) 2sin’® X +c



6. What is the general solution of the equation 4sin X+ 2sinXcosX—cosx =2 ?

Az (-1 ’g
(B) Nz +(=1)" ’é
(C) Nz —(=1)" z

(D) Nz +(=1)" 7;

7. The displacement x of a particle at time t is given by

X=3sin2t+4cos2t .

What is the maximum acceleration of the particle?

(A) 4

(B) 28
© 16
(D) 20

8. The diagram below shows the graph of y = f (x) .

Which of the following is a correct statement?
(A) f") < f@Q) <1< f'QD)
(B) f")) < ') < f@) <1
©) f <1< ') < £"(QD)

(D) f') < f(L) <1< f"(1)



9. A committee of 7 people is to be formed from a group of 20 students. Among the 20 students

are 9 females. What is the number of possible committees containing at least 3 students who

are female?
(A) 56 400
(B) 77 520
© 199 920
(D) 27 720

10. Consider the polynomial p(x) = ax® +bx*+cx—5 where a and b are both negative.
Which graph below could represent y = p(x)?

(A) (B)

(©) (D)



Section 11 -

60 Marks

Attempt Questions 11 - 14

Allow about 1 hour 45 minutes for this section

Start each question on a new page

In Questions 11-14, your responses should include relevant mathematical reasoning and/or
calculations.

Question 11 (15 marks) Start a new page

(a) Find the inverse function of the function y = x> +3. 2

X

(b) Use the substitution u=x+3 to find '[ dx. 3
X+3
(c) Differentiate 4sin™(3x). 2
(d) Evaluate lim (Mj 2
x—0 2X
(e) Solve for : X + 2 <0. 3
X+3

(F) The letters of the word C RIS IS are arranged randomly to form a six-letter arrangement.

0] How many different ordered arrangements are possible ? 1

(i) Find the probability that the ordered arrangement starts and ends
with the letter S. 1

(iii)  Find the probability that the first letter and the last letter of the ordered

arrangement are not the same letter. 1

End of Question 11



Question 12 (15 marks) Start a new page

(a) For what values of k is the line y =29x+k atangent to the curve y=x>+2x ?

(b) The acute angle between the lines y =2x-3 and y=mx+1 is 60°. Find the

two possible values of m .

(©)

The shaded area shown above is bounded by the curvey =10— 100—x* and the

line y=h .

0] Show that the volume V formed when the shaded area is rotated around

3
the y axis is given by V =10zh* — ”2

(i) Asemicircle is rotated around the y axis to form a hemispherical bowl

of radius 10cm. The bowl is filled with water at a constant rate of 5cm3®s™ .

Find the rate at which the water level is rising when the water level is 2cm.



Question 12 (continued)

(d) A chocolate cake which is initially at a temperature of 22°C , is placed in a refrigerator that
has a constant temperature of 2°C . The cooling rate of the cake is proportional to the
difference between the temperature of the refrigerator and the temperature T, of the cake.

That is, T satisfies the differential equation

dT
L k(-2
m (T-2)

where t is the number of minutes after the cake is placed in the refrigerator.

0] Show that T =2+ Ae™ satisfies the differential equation. 1

(i) The temperature of the cake is 10°C after 15 minutes. Find the temperature

of the cake after 20 minutes, giving your answer to the nearest degree. 3

End of Question 12



Question 13 (15 marks) Start a new page

(a) The tide can be modelled using simple harmonic motion. At a particular location, the high
tide is 10 metres and the low tide is 4 metres. At this location the tide completes 2 full
periods every 25 hours. Let x represent the tide level in metres and t be the time in hours

after the first low tide today.

(1 If the tide described above can be modelled by the function

x=a+bcos(nt) , find the valuesof a, b and n. 2

(i) The first low tide is at 3am today. What is the latest time tomorrow at

which the tide is increasing at the fastest rate? 2

(b)

A rock is projected with a speed V. ms™ from a point 4 metres above a flat sea. The angle

of projection to the horizontal is &, as shown. Assume that the equations representing the

acceleration of the rock are X=0 and y=-10.

0] Let (x,y) be the position of the rock at time tseconds after it is projected,
and before the rock hits the water.
It is known that x =Vtcos@. Show that y =Vtsind-5t° +4 . 2

(i) Suppose the rock hits the water 30 metres away as shown in the diagram.
Find the value of V (correct to 2 decimal places) if @ =tan™ 152 : 3

(iii)  For the projection described in part (ii), find the maximum height above sea

level that the rock achieved. 2



Question 13 (continued)

(©)

In the diagram above B, C and D are points on the circle with centre at 0. The line CE is

tangent to the circle at C so that AB is parallel to CE.

0] Copy the diagram onto your writing paper.

(ii) Show that ~ CBD = / CAB

(iii) Deduce that CB? = AC x DC.

End of Question 13

10



Question 14 (15 marks) Start a new page

(a) Prove by mathematical induction that
n’+(n+1)°+(n+2)°

is divisibleby 3forn =1,2,3, .......

1
(b) Evaluate J? cos (2cos™x) dx .

(c) The points P(2ap,ap?) and Q(2aq,aq?) are the ends of a focal chord on the

parabola x* = 4ay .
(1 Show that pg=-1.
(i) The locus of the point of intersection of the normals at the ends of the

chord PQ is a parabola. Find the focus and directrix of this parabola

in terms of a .

(d) It is given that P(x) = (x—a)® + (x—b)? and the remainder when

P(x) is divided by (x—b) is —8. Prove that P(x) has no stationary points.

End of paper
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