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SPECIALIST MATHEMATICS
Trial Written Examination 2 

Reading time:   15 minutes
Total writing time:   2 hours 

QUESTION AND ANSWER  BOOK

Structure of book

	           Section                  Number of                   Number of questions                 Number of

                                            questions                        to be answered                        marks
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SECTION 1

Question 1
The line 
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 is an asymptote to the hyperbola  
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, then it is possible that
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Question 2
The ellipse 
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 has a centre and semi-minor vertical axes respectively of
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Question 3

The graph of 
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 has one vertical asymptote at 
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 and crosses the y-axis at 
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.  Which of the following is false?
A.
The graph has a minimum stationary point at 
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B.
The x-axis is a horizontal asymptote.
C.
The graph has another vertical asymptotes at 
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Question 4
If 
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 is a positive real constant, then the ellipse 
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 and the hyperbola 
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A.
do not intersect.
B.
intersect at only one point.
C.
intersect at exactly two points.
D.
intersect at exactly three points.
E.
intersect at exactly four points.
Question 5

Which of the following functions has a range of  
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Question 6
A particle moves so that its position vector is given by 
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 where the position in measured in metres and 
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 is the time in seconds. The particle moves along part of

A.
a straight line.
B.
a parabola.
C.
a circle.
D.
an ellipse.

E.
a hyperbola.
Question 7

A fourth degree polynomial 
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 has roots 
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  where a and b are positive real constants. Then 
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Question 8

Given the complex number 
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 where a is a real positive number, if  
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Question 9
Given the complex number 
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 where a and b are non-zero real numbers. 

Then  
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Question 10

If  
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 can be found by evaluating 
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Question 11
A cricket ball is smashed by a batsman off his toes. Its position vector is given by 
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, where 
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 is a unit vector in metres horizontally forward and 
[image: image64.wmf]k

%

 is a unit vector in metres vertically upwards.

Students when analysing the motion of the cricket ball, stated some propositions

Alex stated that the cricket ball is hit with an initial velocity of  15
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 at an angle of 
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.

Betty stated that the cricket ball hits the ground again after a time of  2.16 seconds.
Colin stated that the cricket ball reaches a maximum height of  22.96 metres.

David stated that the cricket ball first hits the ground at a distance of  91.84 metres from where it was hit. 

Then


A.
Only Alex and Betty are correct.
B.
Only Alex, Betty and Colin are correct.

C.
Only Betty and Colin are correct.

D.
Only Colin and David are correct.

E.
All of Alex, Betty, Colin and David are correct.
Question 12
The gradient of the normal to a curve at any point 
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 is twice the square root of the gradient joining P and point 
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Question 13
Part of the graph with the equation 
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The shaded area that is the area bounded by the curve and the coordinates axis, can be expressed as
A.
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Question 14
[image: image81.emf]x

y

-4 -3 -2 -1 0 1 2 3 4

-4

-3

-2

-1

1

2

3

4


The differential equation which best represents the above direction field is
A.
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Question 15
The position vector of a 2 kg moving particle is given by 
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 where the position in measured in metres and 
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 is the time in seconds. The maximum momentum in kg-m/s of the particle is
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Question 16
Two boxes of masses 10 kg and 4 kg are connected by a light horizontal string and are on a horizontal table, as shown in the diagram below. The coefficient of friction between the 10 kg box and the table is 0.5.The contact between the 4 kg block and table is smooth. The 10 kg box is pulled by a force of  F , parallel to the table. Which of the following is false?
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            10 kg

A.
If 
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 newtons, the boxes move with a constant acceleration equal to 
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B.
If 
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C.
If 
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D.
If 
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If 
[image: image95.wmf]46

F

=

 newtons the boxes are not on the point of moving.

Question 17
A body is on a horizontal smooth plane and acted upon by three forces, 
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A north-south west-east framework is shown. 
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 and that the body moves in the north direction then
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Question 18

A tennis ball is thrown vertically upwards with a speed of  4 m/s from a point 1.6 metres above the ground. Then which of the following is most correct?
A.
The ball hits the ground after 1.11 seconds.
B.
The ball hits the ground after 0.29 seconds.

C.
The ball reaches a maximum height of 2.4 metres above the ground.
D.
The ball reaches its maximum height after 0.4 seconds. 
E.
The ball hits the ground with a speed of 3.92 m/s.
Question 19
A particle moves in such a way that its velocity vector at a time 
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Question 20
The acceleration in m/s2 of  a particle moving in a straight line is given by 
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Question 21
 The area between the graphs of 
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 is rotated about the y-axis, to form a volume of revolution. The volume obtained can be expressed as

 A.
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Question 22

A particle moves so that at a time t seconds, its velocity v m/s is given by
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. Over the first 10 seconds, the distance travelled by the particle in metres is closest to
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END OF SECTION 1

SECTION 2
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Question 1   (12 marks)

A curve is defined by the parametric equations
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a.i.
Show that the gradient of the curve is given by 
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           2 marks
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ii.
Find the coordinates on the curve where the gradient is parallel to the 
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b.
Sketch the curve on the axis below, clearly indicating any turning points 


and the endpoints.
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c.
A particle moves along the vector equation 
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. The speed of the particle at a time 
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 can expressed as 
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d.
The total area 
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e.
When the area 
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 is rotated about the 
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-axis, it forms a solid of revolution. The 

volume 
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Write down the values of 
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Question 2    (12 marks)

a.
Given that  
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b.
Let 
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i. 
Express u in polar form.
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ii.
Find 
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c.
For what values of  n  is  
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d.
Solve the equation 
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          3 marks

________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
e.
Let 
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On the argand diagram below, sketch all the roots of 
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f.
Find the area of the region 
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Question 3    (10 marks)

a.
In the triangle OAB, P and Q are the midpoints of OA and OB respectively and G 

is a point inside the triangle. The vectors 
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 are perpendicular to the 
sides OA and OB respectively.  Let  
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ii.
Let R be the midpoint of AB, show that RG  is perpendicular to AB. 
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b.
Given the vectors 
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Find the value of the scalar 
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 if the vectors 
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 form a linearly 
dependant set of vectors.










           3 marks

________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
Question 4    (10 marks )

A block of mass 
[image: image187.wmf]m

 kg rests on a rough plane inclined at an angle of 
[image: image188.wmf]q

 to the horizontal, where 
[image: image189.wmf]0
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. The coefficient of friction between the block and the plane is 
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Show that 
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The plane is now raised and is inclined at an angle of 
[image: image193.wmf]2
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 to the horizontal.
ii.
The block is now on the point of moving up the plane, when a horizontal force of 
[image: image194.wmf]P

 newtons is applied to the block. On the diagram below mark in labelling and describing all the forces acting on the block.
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iii.

By resolving the forces, show that 
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iv.
If 
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 in degrees and minutes.
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Question 5    (14 marks)
a.
While serving in tennis, a tennis ball is thrown vertically upwards with a speed of 
4 m/s from a point 1.6 metres above the ground. While travelling upwards the 
tennis ball is subjected to a resistance force of 
[image: image199.wmf]2
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 newtons, where 
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 m/s 
is its speed at a time 
[image: image201.wmf]t

 seconds after it has been released. The mass of the tennis 
ball is 58.8 gm.

i.
Show that the equation of motion of the tennis ball as it rises is given by
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ii. 
Using calculus, show that 
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iii.
Hence find the time in seconds, correct to three decimal places when the tennis ball reaches its maximum height.
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________________________________________________________________________________________________________________________________________________________________________________________________________________________
iv.
Write down a definite integral which gives the maximum height in metres, above 

ground level reached by the tennis ball.
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v.
Determine correct to three decimal places, the maximum height in metres, above

 
ground level that the tennis ball reaches.
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b.
The position vector of the tennis ball after it has been hit by the server is given by
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 where 
[image: image206.wmf]t

 is the time in 
seconds after the ball has been hit. The origin is the point from where the server 
stands when beginning to serve the ball. Dimensions are given in metres where 
[image: image207.wmf]i
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is a unit vector of one metre horizontally forward, 
[image: image208.wmf]j
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 is a unit vector of one metre 
to the left and 
[image: image209.wmf]k
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 a unit vector of one metre vertically upwards. 

i.
Find the time 
[image: image210.wmf]T

when the tennis ball hits the ground.
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ii.
Find the position vector of the tennis ball when it strikes the ground.
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iii.
Find the speed to the nearest km/hr at which the tennis ball was initially hit.
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________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
iv.
The net in tennis has a height of 1.07 metres and is 11.89 metres horizontally 
forward from the server. The ball just touches the top of the net as it passes over. 

Find correct to three decimal places the value of 
[image: image211.wmf]h

, the initial height from which 
the tennis ball was served.











           1 mark
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
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SPECIALIST MATHEMATICS

Written examination  2

FORMULA SHEET

Directions to students

Detach this formula sheet during reading time.

               This formula sheet is provided for your reference.

Specialist Mathematics Formulas

Mensuration

area of a trapezium:
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curved surface area of a cylinder:
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volume of a cylinder:
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volume of a cone:
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volume of a pyramid:
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volume of a sphere:
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area of triangle:
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[image: image220.wmf](

)

222

2cos

cababC

=+-


Coordinate geometry

ellipse:
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hyperbola:      
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Circular ( trigonometric ) functions
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Algebra ( Complex Numbers )
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 (de Moivre’s theorem )

Vectors in two and three dimensions


[image: image250.wmf]rxiyjzk

=++

%

%%

%



[image: image251.wmf]222

rxyzr

=++=

%






[image: image252.wmf](

)

1212121212

.cos

rrrrxxyyzz

q

==++

%%



[image: image253.wmf]drdxdydz

rijk

dtdtdtdt

==++

&

%

%

%%

%


Mechanics

momentum:
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equation of motion: 
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sliding friction:  
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constant  ( uniform ) acceleration:
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acceleration:
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Calculus
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product rule:  
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quotient rule:
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chain rule:        
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Euler’s method    
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Students are permitted to bring into the examination room: pens, pencils, highlighters, erasers, sharpeners, rulers,  a protractor, set-squares, aids for curve sketching, one bound reference, one approved CAS calculator or CAS software and, if desired, one scientific calculator. Calculator memory DOES NOT need to be cleared. 


Students are NOT permitted to bring into the examination room: blank sheets of paper and/or white out liquid/tape. 
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Question and answer booklet of 33 pages with a detachable sheet of miscellaneous formulas at the end of this booklet.


Answer sheet for multiple choice questions. 


Instructions 


Detach the formula sheet from the end of this book during reading time. 


Write your student number in the space provided above on this page.


Write your name and student number on your answer sheet for multiple-choice questions and sign your name in the space provided.


All written responses must be in English.


At the end of the examination


Place the answer sheet for multiple-choice questions inside the front cover of this book. 





Students are NOT permitted to bring mobile phones and/or any other unauthorised electronic devices into the examination room.





Instructions for Section I





Answer all questions in pencil on the answer sheet provided for multiple-choice questions. 


Choose the response that is correct for the question.


A correct answer scores 1 mark, an incorrect answer scores 0.


Marks will not be deducted for incorrect answers.


No mark will be given if more than one answer is completed for any question.


Take the acceleration due to gravity to have magnitude g m/s2, where � EMBED Equation.DSMT4 ���.
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Instructions for Section 2





Answer all questions in the spaces provided.


Unless otherwise specified an exact answer is required to a question.


In questions where more than one mark is available, appropriate working must be shown.


Unless otherwise indicated, the diagrams in this book are not drawn to scale.


Take the acceleration due to gravity to have magnitude g m/s2, where � EMBED Equation.DSMT4 ���.
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