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Section I

10 marks

Attempt Questions 1 - 10

Allow about 15 minutes for this section

Use the multiple-choice answer sheet provided for Questions 1 to 10.

1. A section of a proof by mathematical induction is shown below.

Testn =1

LHS = n RHS=%><1><(1+1)><(2+1)
=1 =%><1><2><3

=1

~trueforn=1

What is the name of this section of the proof?

A. Initial statement

B. Base case

C. Inductive step

D. Conclusion

2. What is the domain of the function f(x) = 3 cos™? (1 + g) ?

A [-4,0]
B. [—4,4]
C. [-22]

D. [-1,1]
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Section I continued

3. What is the Cartesian equation of the curve with the parametric equations below?

x=3sinf +1
y = 3cosb

A x*+(y—-1)2=3
B. (x—1%+y%2=3
C. x2+@y—-12=9

D. (x—1%*+y%2=9

4, In AAOB, OA = 10cm, OB = 10cm, and £AOB = 0 radians. 0 is increasing at a constant
rate of 0.01 radians/second. What, correct to 2 decimal places, is the rate at which the
area of the triangle is changing when 6 = 1?

A. 0.27cm?/s
B. 0.28cm?/s
C. 0.49cm?/s
D. 0.50cm?/s
5.  Ten people, including Gordon and David, wish to board a plane. The plane has only one

door, so only one person can board at a time. Given David has to board before Gordon,
in how many ways can the 10 people board the plane?

A. 181440
B. 362880
1814400

D. 3628800
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Section I continued

6. Consider the vector u = 5i — 12j. Which of the following is a vector which is
perpendicular to u and has magnitude 26 units?

A v=-12i-5j
B. v=12i+5j

C. v=24i-10j
D. v =-24i-10j

7.  Abag contains 5 blue balls, 7 green balls, 8 yellow balls, 9 orange balls, and 10 red balls.
Balls are drawn at random one at a time without replacement from the bag. What is the
least number of balls that needs to be drawn from the bag in order to be certain that 8

balls of the same colour are amongst those selected?

A 9

B. 34
C. 35
D. 36

8.  Which of the following is an expression for f % dx » where a is a constant ?
ax‘+a

1 X
A. —tan™? (—) +C

Va Va
1 X
B. —tan‘1<—)+C
a Va
C 1 t ‘1(x)+c
. —tan~!|(—
ava Va
1 X
D ;tan1<\/—a>+(]



St George Girls High School

Year 12 - Mathematics Extension 1 - 2024 Trial HSC Examination Page 6

Section I continued

9. The quantity N increases exponentially over time according to the equation

N = P + Ae®?t. The graph below shows the change in N over time (t).

N

s >

Which equation describes the rate of change of Nwith respect to £?

dN—OZN 10

A. dt_ '( )
dN—OZN 25

B. dt_ '( )
dN-lON 0.2

C- dt_ ( ')
dN

D. = 25(N — 10)

dt
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Section I continued
10. Consider the polynomial P(x) = ax* + bx® + cx + d, where the constant a is negative

and the constant b is positive.

Which graph could represent y = P(x)?

A. B.
Y a

e

End of Section I



St George Girls High School
Year 12 - Mathematics Extension 1 - 2024 Trial HSC Examination

Page 8

Section Il

60 marks

Attempt Questions 11 - 15

Allow about 1 hour and 45 minutes for this section

In Questions 11-15, your responses should include relevant mathematical reasoning and/or
calculations

Question 11 (12 marks)

(a) Evaluate f, cos?6 df.

(b) Sketch the curve y = tan~! x, showing all important features.

(¢) Consider the polynomial P(x) = x* — 3x3 — 6x2 + 28x — 24. It is known that P(x)

(d)

has a triple root at x = «a.

(i) By using differentiation, find the value of .

(ii) Hence express P(x) as a product of linear factors.

(iii) Hence solve x* — 3x3 — 6x2 + 28x — 24 > 0.

Use the t-formulae to solve 2 cosx — V3 sinx = =2, for 0 < x < 2.

Give your answer correct to 2 decimal places where necessary.

Marks

3
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Question 12 (12 marks) Use a SEPARATE writing booklet. Marks
(@) (i) Expressv12sinx + 2cosx in the form R sin(x — «), where R > 0 and 3

0<a<?im.

(ii) Hence, or otherwise, solve V12sinx + 2 cosx = 2,for 0 < x < 2m. 1
(b) Use mathematical induction to prove that 9™ — 4" is divisible by 5 for all integers 3

n=1

: . . . 1\
(c) Find the coefficient of x3 in the expansion of (2x3 — x_Z) . 2
1
(d) By using the substitution u = x + 1, or otherwise, evaluatef xVx + 1dx, 3
0

correct to 2 decimal places.
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Question 13 (12 marks) Use a SEPARATE writing booklet. Marks
(a) Greta Hayes hits a hockey ball at an angle of 30° above the horizontal, at an initial 2

velocity of 35 ms™!. Gravity acts downward at 9.8 ms ™2,

By integrating y = —9.8, show that the ball reaches its maximum height before t = 2.

3
(b) Solve x >x + 2. 2

(c) Inthe diagram, OABC is a rectangle in which 04 = gi and OC = I 3

P is a point on OA such that 0P = Ai, for some scalar parameter A.

Use vector methods, and the fact that ZCPB = 90°, to show that 24> — 51+ 2 = 0,
and hence find any values of A.

C B

Y

0 P A

(d) Consider the curves y = 3 cos 2x and y = v/3 cos x, and the shaded region between
them and the y-axis, as shown in the diagram below.

YA
y = 3 cos Zx:
Sy = V3 cosx
— >
0 & 7 X
(i) By solving the equations simultaneously, show that the two curves meet when 2
x ==,
6
(ii) Find the volume of the solid of revolution formed when the shaded region is 3

rotated about the x-axis.
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Question 14 (13 marks) Use a SEPARATE writing booklet. Marks
(a) Use Mathematical Induction to show that for all integers n > 1. 3

0 1 2 n—1 1
(1><1!+—)+(2><2!+—)+<3><3!+—)+---+(n><n!+—)=(n+1)!——
1! 2! 3! n! n!

(b) Consider the curve x = \/4 — y2, and the two vectors u = i + v/3j and

v=1i-1/3j.
(i) Sketch the curve, as well as u and v as position vectors. 1

(ii) Find the angle between the two vectors u and v. Give your answer exactly,in 1
radians.

(iii) Hence, or otherwise, find the exact area enclosed between the curve 2

x=+4—y?andx = 1.

(¢) The velocity of a particle is given by v = tant¢, for 0 < t < % , where t is the time

in seconds.
(i) Use differentiation from first principles to find an expression for a, the 3
: . h
acceleration. You may use the fact that }lmé taZ = 1.
(i) Find when the acceleration is 2m/s?, correct to 2 decimal places. 1

(iii) Find how far the particle has travelled in the first second in exact form. 2
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Question 15 (11 marks) Use a SEPARATE writing booklet. Marks
7 sinlx
(a) Find f —dx 2
o V1 — x?

(b) 0 is at the base of a ramp inclined at an angle 8 = tan™! % above the horizontal.

A stone is projected from point O with speed V ms~! at an angle a = tan‘lg above

the horizontal. The stone moves in a vertical plane above the ramp under gravity
where the acceleration due to gravity is g ms~2. At time t seconds the horizontal and

vertical displacement of the stone relative to O is given by:
x =Vtcosa
: .,
y = Vtsma—igt

(Do not prove these results.)

|4
(i) Show that the stone hits the ramp at time ¢t = — seconds. 3
g
(ii) Hence or otherwise, find the angle of impact, 8, between the stone and the 3
ramp.
(c¢) The first rows of Pascal’s triangle are shown below. Consider an ordering of the 3

numbers, counting down and across the rows, as given in the diagram.

1st number
2nd number — *1 - 3rd number
>1 1
4t number—— 7 1 2 1

Find the sum of the first 496 numbers of Pascal’s triangle.

END OF EXAMINATION
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