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PENRITH HIGH SCHOOL

2013
HSC TRIAL EXAMINATION

Mathematics Extension 1

General Instructions: Total marks-70
¢ Reading time — 5 minutes
o Working time — 2 hours (SECTION| ) Pages3-5

e Write using black or blue pen
Black pen is preferred
e Board-approved calculators may

10 marks
e Attempt Questions 1-10
e Allow about 15 minutes for this section

be used
¢ A table of standard integrals is
provided at the back of this paper (SECTION Il ) Pages 6-9
e In questions 11 — 14, show
relevant mathematical reasoning 60 marks
and/or calculations e Attempt Questions 11-14
e Allow about 1 hours 45 minutes for this section
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This paper MUST NOT be removed from the examination room
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This page is for use by teachers ONLY

Student Name:

Exam Outcomes

agrNE

Problem solving (PS)

26/08/2013

Teacher Name:

Paper Grid

Use the relationship between functions, inverse functions and derivatives (Differential Calculus)
Study of simple harmonic and projectile motion (Motion)
Manipulate polynomial functions (Polynomials)

Applies angle and chord properties of the circle (Circle Geometry)

Outcome

Mark

Qn-Num/Out-of

Mark

Differential
Calculus

133

171
411
6 /1
8 /1
9 /1
10 /1

16

11-al1
11-e/3

14

12-al1
12-b /5
12-c/2
12-e/4

12

13-a/2
13-d/7

9

14-b /2

12

Motion

/13

14-a /3
14-c/10

13

Polynomials

15

2/1
711

12

13-b /3

13

Circle
Geometry

13

12-d /3

13

Problem
Solving

116

3/1
5/1

12

11-b/2
11-c/2
11-d/2
11 -f/5

111

13-c/3

13

Exam Total

170

%

Assessor: Daniel Antone
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Section |
10 marks

Attempt Questions 1-10
Allow about 15 minutes for this section

Use the multiple—choice answer sheet for Questions 1-10

n! A point P moves in the xy-plane such that P(tané, coté) is its parametric presentation with the

parameter &, where @is any real number. The locus of P then is

(A) Parabola
(B) Circle

(C) Hyperbola
(D) Straight Line

2)! Let P(x) be a polynomial of degree n > 0. Let Q(x) be a polynomial of degree m < n such that

P(X) = (x— )" Q(X) + R(x)

Then the degree of R(X) is

(A) n+m+r

(B) n—-m-r

C) n+m-r

(D) n—-m+r

3)! The sum of this infinite geometric series V2-1+— L —1+L— ...1s closest to
V2 2 22

(A) 0.5

(B) 1

(C) 15

(D) 2
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Let T(x) be a function defined by T(x) = [f(x)g(x)]" **, where f(x) and g(x) are

two real functions. Then (:j—T is
X

df dg

(A) ——(n+1)[f(X)9(X)] o dx

(B) ——(n+1)[f(X)9(X)] [— —X

dg

dT o d
© =+ DIF eIt S+
(D) ——(n+1)[f(x)g(x)] [g—+ f jﬂ

The only set of inequalities that represents the shaded regions between the circle

and the square below is

¥

Y4
/
-1 \O 1
-1
(A) ¥ +y*<land|x +|y|>1
(B) x*+y* <land|x|-|y|>1

(C) ¥ +y*<landx—-y|>1
(D) *+y*<land|x+y|<1

Consider the functions f(x) = e* and g(x) = Inx. Let a be a real number such thata > 1.

The only correct statement of the following is
(A) (@) <g9”(a)
(B) (2) > 9”(a)
©) f@<g’@
(D) t(a) > g’ (a)
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7! Let f(x) be the cubic polynomial defined by f(x) = (x — 1)® + x. The point (1, 1) is

(A) astationary point of f(x)
(B) aturning point of f(x)
(C) ahorizontal point of inflexion of f(x)

(D) a non-horizontal point of inflexion of f(x)

2sin(6 +45) i
5cos(45-6)

8)! The only correct statement about the function f (8) = s that

(A) itis a constant function
(B) it varies as @varies
(C) it has a maximum value 04

(D) it has a minimum value 0-4

9)! The domain and range for the function y = 2 cos™(x) is

(A) Domain: -1 <x<1,Range: 0 <y <2rx
(B) Domain: -1 <x<1,Range: 0 <y <7
©) Domain: 0 <x<1,Range: 0 <y <27

(D) Domain:0 <x<1,Range: 0 <y <&
10)!  Consider f(x) = In (x) = In (=x). Then f(x) is

(A) An even function

(B) An odd function

(C) Undefined everywhere
(D) Arelation which is not a function

©EDUDATA SOFTWARE PTY LTD:1995-2012
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Section 11
60 marks

Attempt Questions 11-14
Allow about 1 hour and 45 minutes for this section

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

Question 11 (15 marks) Start a NEW page

@! Find all exact values of the angle tanfl(— V3 ) in radians 1

(b)! A(-5, 6) and B(1, 3) are two points. Find the coordinates of the point P which 2
divides the interval AB externally in the ratio 5:2.

(©)! The perpendicular distance from the point (x;, y1) to the liney =x + 3 is 242 2
and to x-axis is 3. Find the coordinates of the point (X1, y1).

2 2
(d)! Find all possible solutions for the equation (2x* —1)% = % 2
—4x
e! Show that the first derivative of the function 2x+/sin x may be given as 3
COS X +2SsinX
Jsinx
(A Consider the following functions
f(x) = x* + 4x — 12 and g(x) _X+6
2—X
0] Solve the identity f(x) <0 and indicate your solution on a number line. 2
(i) Solve the identity g(x) <0 and indicate your solution on a number line. 2
(ilf)  Find the simultaneous solution of the two inequalities f(x) <0 and g(x) <0. 1

Proceed to next page for question (12)

©EDUDATA SOFTWARE PTY LTD:1995-2012
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Question 12 (15 marks) Start a NEW page

@! A circular plate is being expanded by heating. When the radius just reaches a value 1
of 20 cm, it (the radius) is increasing at the rate of 0-01 cm/s. Find the rate of increase
in the area at this moment in terms of .

(b)! Consider the two exponential functionsy = e® and y = e* + 2.

(i) Draw a neat sketch showing the graphs of y = e* and y = e* + 2 2
on the same diagram, showing any asymptotes and axes intercepts.

(i) Show that the coordinates of the point of intersection of y = e* 1
andy =¢€" + 2is (In2, 4).

(iii)  Find the area bounded by the y-axis and the two curves y = e* 2
andy = e* + 2. Give your final answer correct to 2 decimal places.

(o) The size of the acute angle between the tangents drawn to the curve y = Inx at the 2

points where x =1 and x =Xy is % Find the exact value of x;.

(d)! 3

XY is a diameter in the circle above. Given that £X =35° and £Q = 25°, find the size
of ZYPR, giving reasons.

(e)! Lety = sin (1 —x?).

0] By using the substitution u = 1 — x?, or otherwise, show that ;Jl_y = 2 = 1
X 1-x
(i)  Hence show that f “(x) = O where f(x) = 2 cos (%) —sin}(1 —xd). 1
iii Hence or otherwise, show that 2 cos ™ Xy sintfa-x®) =", 2
(iii) ( \/5) (1 -x) 5

Proceed to next page for question (13)
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Question 13 (15 marks) Start a NEW page

1
@! Evaluate j\/l — x2dx using the substitution x = sin 6.
0

(b)! 0] State the conditions that the quadratic expression ax? + bx + ¢
is negative definite.

(i)  Show that the expression (k* + k)x* — (2k —6)x + 2, where k = 0,
can never be negative definite.

(i) Find the range of values of k for which the expression is positive definite.

(©)! Prove by mathematical induction that
2x W+5x 21410 x 3l+...+4(n% +1)xnl=nx(n+1)! forall integersn =1, 2, 3, ...

(a)! A machine which initially costs $49 000 loses value at a rate proportional to the
difference between its current value $M and its final scrap value $1000. After 2 years
the value of the machine is $25 000.

(i)  Explain why dd—l\t/l =—k(M —1000) for some constant k > 0, and verify that
M =1000 + Ae ™, A constant, is a solution of this equation.

(i) Find the exact values of A and k.

(i)  Find the value of the machine, and the time that has elapsed, when
the machine is losing value at a rate equal to one quarter of the initial
rate at which it loses value.

Proceed to next page for question (14)
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Question 14 (15 marks) Start a NEW page

@!

(b)!

(©)!

A particle is moving with simple harmonic motion in a straight line.

It has amplitude of 10 metres and a period of 10 seconds.

0] Prove that it would take the particleicos‘lg sec to travel from one
T

of the extremities of its path to a point 4 metres away?
(i) At what speed, correct to whole m/s, would the particle reach this position?

It is known that In x + sin x = 0 has a root close to x = 0-5. Use one application of
Newton’s Method to obtain a better approximation of the root to 4 decimal places.

A projectile with initial velocity U ms™ at an angle of projection ¢, and acceleration
downwards due to gravity, g, has been fired from the origin.

(i) Atatimet >0 seconds the projectile is at the point (X, y), prove that

x = Ut cos and y:Utsinoz—%gt2

(if) Show that the equation of the path of a projectile is given by
2

gXx

2
y:xtana— SeC™ o
2U 2

Nicholas throws a small pebble from a fixed point O on level ground, with a velocity

U =710 ms*atan angle «, with the horizontal. Shortly afterwards, he throws another
small pebble from the same point at the same speed but at a different angle to the
horizontal S, where 8 < , as shown. The pebbles collided at a point P(10, 15).
Consider the acceleration downwards due to gravity is g = 9-8 ms™.

O|<___10m.__.>A 4

(i)  Show that the two possible initial angles of projection are
a=tan‘8and #=tan'2

(iv)  Show that the time elapsed between when the pebbles were thrown

was \/6507—\/%

seconds.

End of paper

[[End Of Qns]]
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STANDARD INTEGRALS

J'x” dx = ix"*l, n=-1; x=0, if n<0
n+1

1dx = Inx, x>0

X

Ieax dx = leax, a=0
a

1 .
J'cosaxdx = —sinax, az0

a
) 1
'[smaxdx — _Zcosax, a0
a
9 1
Isec axdx = =tanax, a=0
a

1
J'secaxtan axdx = —secax, az0
a

J. 1 dx = 1tan‘li,a;«to
a

-1

= sin ,a#0, —a<x<a

@ | <

J‘;dx

J‘%dx = In(x++x?-a?), x>a>0
x? —a

I%dx In(x++vx?+a?)
x° +a

NOTE: Inx = logex, x>0

©EDUDATA SOFTWARE PTY LTD:1995-2012
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