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1	 The roots of the equation

x2 + px + q = 0

	 are α and β.

	 Form a quadratic equation, in terms of p and q, whose roots are αβ  and βα   .	 [8]
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2	 A metal ingot has three parallel edges, AC, BE and DF, joining two parallel congruent 
triangular faces, ABD and CEF, as shown in Fig. 1 below.

A D

C F

E

Diagram not 
drawn to scaleB

Fig. 1

	 A, B, C and D are points with coordinates (–1, 2, 3), (3, 5, 6), (2, 7, 10) 
and (13, 12, 2) respectively.

	 Using a scalar triple product, find the volume of the ingot.	 [7]

..............................................................................................................................................................

..............................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................

..............................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................

..............................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................

..............................................................................................................................................................

..............................................................................................................................................................



*24SFM1105*

*24SFM1105*

15836
[Turn over

.............................................................................................................................................................. 	

...........................................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................	

..............................................................................................................................................................

..............................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................

..............................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................

..............................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................

..............................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................

..............................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................

..............................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................

..............................................................................................................................................................

..............................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................

.............................................................................................................................................................. 	

...........................................................................................................................................................................	

..............................................................................................................................................................

..............................................................................................................................................................



*24SFM1106*

*24SFM1106*

15836

3	 (a)	 (i)	 Describe the transformation of the x – y plane defined by the matrix

		  		 M = (  0
–1 

1
0  )		  			  [2]
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		  (ii)	 Find the single transformation matrix that represents the transformation 
defined by the matrix M followed by a rotation of +60° about the origin.	 [5]
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	 (b)	 The matrix  (1
 1  16

16 )  represents a transformation of the x – y plane.

		  Find the equations of the invariant lines through the origin under this 
transformation.	 [5]
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4	 (a)	 The complex numbers z and w are given by

  z = 3 + 3√3i  and  w = 1 – √3i 

		  (i)	 Find  | zw |	 [3]
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		  (ii)	 Write z* in modulus-argument form.	 [4]
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	 (b)	 In the space below, sketch on the same clearly labelled Argand diagram the 
following loci:

		  (i)	 the locus of the points representing complex numbers z which satisfy

| z – 1 + i | = | z – 5 – 3i |
	

[3]

		  (ii)	 the locus of the points representing complex numbers z which satisfy

arg ( z + 1 – i ) = π4 [3]
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		  (iii)	Find the point of intersection of the loci described in part (i) and part (ii).	 [3]
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5	 (i)	 Given that  3 + i  is a root of the polynomial equation

z4 – 6z3 + 19z2 – 54z + 90 = 0
	
		  find the roots of this equation.	 [8]
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	 (ii)	 Hence, by writing  w = 1z       , find the roots of the equation

90w4 – 54w3 + 19w2 – 6w + 1 = 0
		  	  
		  in the form  x + i y.	 [5]
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6	 A matrix N is given by

N = ( 12k   
–2
 3
 1

   
1
1
2

 )
	 (i)	 Find the inverse of N, in terms of k, when N is non-singular.	 [5]
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	 (ii)	 Write down the value of k for which N is singular.	 [1]
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	 Consider the system of linear equations

x –  2y +   z = – 1
2x +  3y +   z = – 7
kx +    y + 2z = – 0

	 where the variables x, y and z are real numbers, and the constant k is a real number.

	 (iii)		For each of the following values of k:

	 	 •	 State if the system of equations has
	 		  –  a unique solution
	 		  –  an infinite number of solutions 
	 		  –  no solution.

	 	 •	 Describe fully the geometry of the planes represented by the system 
		  of equations.

		  (a)	 k = 3 	 [5]
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		  (b)	 k = 1	 [4]
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7	 The lines L1 and L2 are defined by 

L1:  x – 3  
− 2   =  

y – 2
− 3   =  z – 1

1
    and    L2:  x – 2

3   =  
y + 2

2   =  z + 2
–5

	 (i)	 Write the equations of the lines L1 and L2 in vector form.	 [2]
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	 (ii)	 Show that L1 and L2 intersect and find their point of intersection.	 [7]
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L1:  x – 3  
− 2   =  

y – 2
− 3   =  z – 1

1
    and    L2:  x – 2

3   =  
y + 2

2   =  z + 2
–5

	 (iii)		Find, in Cartesian form, the equation of the plane Π1 in which L1 and L2 lie.	 [7]
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	 (iv)	Find the acute angle between Π1 and Π2 , where Π2 is given by

Π2:  6x + 5y + 7z = 35
		  			

[6]

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................

..........................................................................................................................



*24SFM1122*

*24SFM1122*

15836

8	 The vector a forms products with unit vector n as follows:  

n × a = 3i + 2j    and    n ∙ a = 6

	 Find | a |		  [7]
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