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Question 1	(5 marks)
The displacement vector of a particle at time  seconds is given by  cm.

Show that the particle is moving at a constant speed and determine this speed.
Solution
Velocity is derivative of displacement:



Speed is magnitude of velocity:



Hence speed of particle is a constant  cm/s.

Specific behaviours
 indicates derivative of displacement vector
ü correct derivative of all components
ü forms expression for speed
ü eliminates trigonometric terms
ü states speed




Question 2	(6 marks)
Let .

(a)	Show that  is a factor of .	(2 marks)
Solution


Specific behaviours
 shows substitution for 
ü simplifies to obtain all terms in second line















(b)	Solve the equation .	(4 marks)
Solution
Complex roots appear in conjugate pairs, so .

Hence 

By inspection, .



Hence  when .

Specific behaviours
 uses conjugate of given factor
ü factors  into quadratics
ü indicates appropriate method to solve second quadratic
ü obtains all four complex solutions




Question 3	(7 marks)
The functions  and  are defined as  and .

(a)	Sketch the graph of  on the axes below.	(3 marks)
	[image: ]Solution

See graph.
Specific behaviours
ü both asymptotes
ü axes intercepts
ü hyperbolic curves


(b)	Sketch the graph of  on the axes below.	(3 marks)
	[image: ]Solution

See graph
Specific behaviours
 horizontal asymptote
ü curve from  thru' 
ü uses symmetry to complete


(c)	Determine the range of function , where .	(1 mark)
Solution
Graph of  obtained from graph in (b) by reflecting parts of curve below -axis above axis. Hence:



Specific behaviours
ü correct range




Question 4	(6 marks)
Let  and .

(a)	Express  and  in polar form and hence show that .	(3 marks)
Solution

Hence


Specific behaviours
 expresses  and  in polar form
ü clearly shows difference of arguments
ü shows quotient of moduli and simplifies



















(b)	Hence show that  .	(3 marks)
Solution

Imaginary parts:


Specific behaviours
 forms expression 
ü simplifies imaginary part of expression
ü clearly shows use of result from (a) to obtain required value




Question 5	(6 marks)
The equations of planes  and  are  and  respectively.

(a)	Explain whether any of these planes are parallel.	(2 marks)

Solution
The planes have normal vectors  and .
Since none of these vectors are scalar multiples of each other then none of the planes are parallel.

Specific behaviours
 indicates the normal vector for each plane
ü explains why none are parallel













(b)	Solve the system of linear equations for the three planes.	(3 marks)
Solution
 

Hence , and so the system is dependent with an infinite number of solutions, given by the parameter :


Hence


Specific behaviours
ü uses elimination correctly to realise dependency
ü deduces that there are an infinite number of solutions
ü sets up Gaussian elimination correctly or otherwise



























(c)	Describe the geometric interpretation of the solution of the system of equations.	(1 mark)
Solution
The system represents three non-parallel planes that intersect in a single straight line (a sheaf of planes).

Specific behaviours
 correct interpretation




Question 6	(7 marks)
[image: ]Linear function  has domain 
and is shown on the graph at right.
Solution (b)
See graph
Specific behaviours
 endpoints
ü straight line


(a)	Determine .	(1 mark)
Solution


Specific behaviours
 correct value











(b)	Draw the graph of 
on the same axes.	(2 marks)



Function  is defined by .

(c)	Determine .	(2 marks)
Solution


Specific behaviours
 cross multiplies and factors out 
ü correct inverse, with domain restriction

















(d)	Solve the equation .	(2 marks)
Solution




Specific behaviours
 uses inverse of  to obtain 
 uses graph of inverse of  to obtain 




Question 7	(6 marks)
The point  lies on the surface of a sphere with diameter . The position vectors of  and  relative to  are  and  respectively.

(a)	Prove that .	(2 marks)
Solution
 since angle in semi-circle.





Specific behaviours
ü indicates, with reason, that scalar product must be 
ü completes proof


















The point  lies on the diameter of the sphere such that  is perpendicular to  and .

(b)	When  and , determine the value of the constant  and the position vector of  relative to .	(4 marks)
Solution
Since  then .





Specific behaviours
 forms equation using scalar product
ü correct scalar products
ü value of 
ü correct position vector
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	See next page
	See next page
Question 8	(7 marks)
Let  and  be the two square roots of the complex number . On the diagram below, indicate the locus of a complex number  which satisfies  and .
[image: ]Solution
Let  so that .

From modulus .

But .

Hence .

Now, 

From real parts .

And so .

From imaginary parts .

Hence  and .

Specific behaviours
 defines one root in Cartesian form
ü obtains equation using modulus
ü obtains equations from real and imaginary parts
ü eliminates one variable from set of equations
ü states both roots
ü adds scale and sketches perpendicular bisector
ü correct sketch of locus with endpoints
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	End of questions
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