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e Calculators approved by NESA may be used
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e In Questions 11-14, show relevant mathematical reasoning
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70 e Attempt Questions 1-10
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e Attempt Questions 11-14
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Section 1
10 marks
Attempt Questions 1-10

Use the Multiple-choice answer sheet for questions 1-10

1) An object moves with velocity 18 m/s at an angle of 150° in the anticlockwise direction

to the vector {. The vector representation of this velocity is :

A -9\3i-9;
B.  —9i-93
C. -93i+9

D. —9i+93;

2) What is the value of sin26 given that sinf = \i—g and 6 is obtuse ?

Al _v39
8
B. _B
2
c. B
2
D. v39
8

2
3) The equation y = e®* satisfies the differential equation % + Z—z — 6y = 0.

What are the possible values of a ?

A. a=—-2ora=3
B. a=—1ora=6
C. a=2or a=-3

D. a=1ora=-6



4) Given that 4sin@ + 3 cos @ = —5, what is the value of tan?

A. -2
B. -1
C. 1
D. 2

5) Ten people are to be seated around a circular table. The ten people consists of five students
and five parents. In how many ways can the people be arranged around the table if at least

two of the students must sit next to each other ?

A. 3600000
B. 3614400
C. 360000

D. 361 440

6) Given 0 < x < 1 , which of the following represents the derivative of sin"1v1 — x2 ?

A. xV1-x2
B. lixz
C. x 11—x2
D. 1_—1x2



7) The slope field for a first order differential equation is shown below.
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Which of the following could be the differential equation represented?

d X
A. a _x
dx y
d X
B. 2=-2
dx y
dy
C —=x
dx y

8) Given that sin (x — g) = 3 cos (x — %) , find the exact value of tan x.

-
c. &
D. ;ﬁ



)1 is divisible by 3 for all integers n > 1

9) Beryl made an error proving that 2™ + (—1
using mathematical induction. The proof is shown below.
Step 1: Prove 2™ + (—1)™*1 is divisible by 3 (n is an integer) for n = 1.
2'+ (=D =2+1
=3x1 Line 1
Result is true forn = 1.
Step 2: Assume true forn = k.
2k + (—1)**1 = 3m (where m is an integer) Line 2
Step 3: Prove true for n = k + 1.
2k 4 (—)kH1HL = (k) 4 (—1)k+2 Line 3
= 2[3m + (=1 + (=1)**? Line 4
=2X3m+2x (=12 4 (=1)k*2
= 3[2m + (—1)**?]
Which is a multiple of 3 since m and k are integers.
Step 4: Hence, proven true by mathematical induction for all integersn > 1.

In which line did Beryl make an error ?

A. Line 1
B. Line 2
C. Line 3
D. Line 4

10) The polynomial x2 + x + 2 is a factor of the polynomial x* + 4x2 + x + a.

Determine the value of the constant a .

A a=—6
B a=-3
C a=3
D a==6



Section 11

60 marks

Attempt questions 11-14

Start each question on a NEW piece of paper

Question 11 (15 marks)

Use a new sheet of paper.

(a) Find % given y = x3tan"1(2x).

(b) Find :

J dx
V12 —4xZ
(c) Use the substitution x = cos @ (where 0 < 6 < %)to determine :

2
X
dx .
J 1—x?

(d) The movements of a drone flying straight and level at a

constant speed are being monitored via a GPS screen. de) (g
One unit on the screen represents 100 m in the air.
The initial position vector of the drone on the screen is

5i+12j. An hour later its position vector on the screenis 15i+30 ;.

Find the distance travelled by the drone in km, correct to two decimal places.



Question 11 (continued)

(e)

(i) Express cosx —+/3sinx in the form R cos(x + a).

(i1) Hence, state the greatest value of the function :

f(x) = cosx —v3sinx + 10.

(f) Use the substitution u = e* to evaluate (correct to three decimal places) :

jlns 2eX
—— dx .
n3 2 +e¥



Question 12 (15 marks)

Use a new sheet of paper

. 4 2
(a) Consider the vectors @ = [_ \/g] and b = [ \/g]

Find the vector projection of g onto b. Express your answer in component form.

(b) Use the relationship sinA cosB =

N |-

[sin(A + B) + sin(A — B)] , or otherwise, to

determine where the curve y = sin5x + sinx cuts the x —axis for 0 < x < g

(c) The variables x and 8 satisfy the differential equation :

20 % _ 14 2tano
xcos? 0 -5 = ané,

for 0303% and x > 0. Itis giventhat x =1 when 6 =—.

. d 2 __ 2tané
(i) Show that —(tan® ) = 70
(11))  Solve the differential equation :

x cos? 0 Z_Z: 14+ 2tané.

(d) A particle P is in equilibrium under the action of four forces of magnitude 6 N, 5 N,

F N and F N acting in the directions shown in the diagram below.

(1) By considering the vertical components
of the forces, find an expression

for F in terms of «.

(i1) Hence, determine the value of « , correct

to the nearest degree.




Question 12 (continued)

(e) In the diagram below, OABC is a parallelogram where 04 = a and 0C = c.

A B

1Q

>
¢

O C

(1) X isthe midpoint of the line AC. Explain why X is also the
midpoint of OB.

(i)  OCD is a straight line so that OC: CD = k: 1.

Given that XD = 3¢ — %g , find the value of k.



Question 13 (15 marks)

Use a new sheet of paper

(a)
A ball is thrown horizontally with speed 5 ms™! from a point O on the roof of a
building. At time t seconds after projection, the horizontal and vertical displacements
of the ball from O are x metres and y metres respectively.
Note that after the ball is projected ,x >0 and y < 0.

Use 10 m/s? for the acceleration due to gravity.

(i)  Derive the expressions for x and y in terms of t.
(i1))  Hence, show that the Cartesian equation of the trajectory of the ball is

y = —0.2x2.

The ball strikes the horizontal ground which surrounds the building at a point A.
(ii1)) Given that 0A = 18 m, calculate the value of x at A.
Give your answer correct to 2 decimal places.
(iv)  Hence, calculate the speed of the ball as it strikes the ground at A.

Give your answer correct to 2 decimal places.

10



Question 13 (continued)

(b) Consider a rhombus OABC where 04 = a+b and 0C = b.

A B
C
(i)  Find an expression for the vector CA in terms of a and b . 1
(i1)) Find an expression for the scalar product OB - CA in terms of a and b . 1
(ii1)) Use the scalar product 0B - CA to prove the diagonals are perpendicular. 2

(c) A rectangular reservoir has a horizontal base of area 1000 m? . At time t = 0, the reservoir

is empty and water begins to flow into it at a constant rate of 30 m* s ™! . At the same time,
water begins to flow out at a rate proportional to Vh , where h m is the depth of the water at

time t seconds. When h = 1,% = 0.02.

(1)  Show that h satisfies the differential equation : 2
dh
— =0.01(3 — .
- =0.01(3 Vh)

(i)  The differential equation is transformed using the substitution x = 3 — Vh. 1

Show that the resulting differential equation is :

-3 = 0005

(iii))  Giventhat x =3 when t = 0, find t as a function of x. 1

11



Question 14 (15marks)
Use a NEW sheet of paper

(a) Use mathematical induction to prove that, for all positive integers n ,

D" n(n+1)
5 .

12-22 432 — -+ (- n? =

(b) In the diagram below, the two curves shown are y = cos 2x and y = sin? x.

(1) The two curves intersect at the points A and B.

Determine the coordinates of A.

(i1) The shaded region in the diagram is the area between the two
curves y = cos 2x and y = sin? x. This area is rotated about
the x —axis to form a solid. Find the volume of this solid.

Give your answer correct to two decimal places.
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Question 14 (continued)

(c) Solve the following inequation :
3*¥ < 4|1 - 3%

Express your answers correct to 3 decimal places.

(d) Find the Cartesian equation of the curve with the parametric equations :

x=4cos€—sin6}
y =5cosf +sinf

(e) Consider the function f(x) = x + e5* + 2 and its inverse function g(x).
Use the derivative of f(g(x)) to determine the gradient of the tangent to the

curve y = g(x), at the point where x = 3.

End of paper
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Sydney Girls High School

Mathematics Faculty

Multiple Choice Answer Sheet
Trial HSC Mathematics

‘Select the altemative A, B, C or D that best answers the question. Fill in theresponse aval
completely. _
Sample 2+4=7 Ay 2 @B 6 8 O 9

AC B@® CO DO

If wou think you have made a mistake, put 2 cross through the incorrect answer and fill in the |
NEW AnSWEr.

i®@ BY cO DO

If you change vour mind and have crossed out what vou consider to be the correct answer,
then indicate this by writing the word correct and drawing an arrow as follows:

'

x coO D O

correct

-xx B

‘ Student Number: 5:—» % T LS— N 5 EB/\/ ﬂ;\

Completely fill the response oval representing the most correct answer.

. AO BO c@® pO
2. A® BO cO bpO
3.AO0 BO c@ DO
4 A® BO cO bpO
5$. A0 BO c® bpO

(@)

. AO BO cO D@
740 B@® cO DO
3. A O B@® CcO DO
9. A O BO cO D@
lb.A O BO cCO D@
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