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Note: Some steps can be done by CAS 
 

SECTION 1 
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Straight line asymptotes are: 32 += xy  , 2=x  and 1−=x  D 

 

Q2  Circle byyxx =++− 46 22 , centre ( )2,−a , radius 5 

494496 22 ++=++++− byyxx  
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.: 3=a  and 2513 =+b , 12=b     B 
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Asymptotes: ( )6
2

3
3 −±=+ xy  
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1
 has the same argument as z but a 

smaller modulus, given 1>z .     C 

 

Q6  ( ) 0=zP  has real coefficients, .: the conjugate roots theorem 

can be applied to it. Given iz 3=  as one of the roots, .: iz 3−=  

is also a root.      B 

 

Q7         C 

 
 

Q8  ( )33 327 iiz =−= , .: one of the three roots of iz 27
3 −=  is 

3i. The three roots are evenly spaced around the circle of radius 

3. The points which represent the roots are 4P , 8P  and 12P . E 
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.: 0=x , ( ) 0sin =x  and ( ) 02cos ≠x  

.: 0=x , π  or π2      A 
 

Q10  The diagonals of a rhombus are perpendicular. 
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Q13  ( ) ( ) ( ) jtittr
~
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2~ +−= , 2≥t  

ty 2=  and 2−= tx , .: 0≥x  and 22 += xt  

.: ( ) 4222 22 +=+= xxy , 0≥x     C 

 

Q14  ( ) 00 =f , either B or D. 

( ) 00 =′f  for both also. 

Only D gives ( ) ( )xexf x sin2=′′     D 
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Q16  Gradient of the tangent
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gradient of the normal
1

1
2

1

−

−
×=−=

x

y

dx

dy
  

.: 
( )12

1

−

−
−=

y

x

dx

dy
, .: 

( )
0

12

1
=

−

−
+

y

x

dx

dy
   A 

 

Q17  The gradient of the little line segment at ( )0,1  is 2, i.e. 
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0.1=t , ( ) 97.305263.15.05.4 ≈−+=x    B   
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Q19  Position = area of the trapezium ‒ the area of the triangle 
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Q20  Given 212 xv −= , ( )22 14 xv −= , 
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Q21  0=u , 12=v , 16=s , ?=a  

asuv 2
22 += , 5.4=a , 0.95.42 =×== maF N  B 
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SECTION 2 
 

Q1a  1=− iz , 1=−+ iyix , 1
2

=−+ iyix , ( ) 11
2

=−+ iyx , 

.: ( ) 11
22 =−+ yx  

 

Q1b  The 2 circles are reflections of each other in the line xy = , 

.: the intersections are on  xy = . 

Solve ( ) 11
22 =−+ yx  and xy = , .: ( ) 11

22 =−+ xx , 

022
2 =− xx , .: 0=x  and 0=y  OR 1=x  and 1=y  

The points of intersection are ( )0,0  and ( )1,1 . 

 

Q1c and ei   
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Q1dii  zaz = , ( )yixayix −=+ ,  

.: ( )iai −=+ 11  since ( )1,1  is on it. 
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Q2b The k-component of ( )tr~  is zero at the start and finish. 

.: let 09.45.24 2 =− tt , 0=t  or 5. .: 505 =−=∆t  seconds 
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Q4 

                             N3                                             T 

                                                       T  

                                                                                       N2 

 

 

                             θ                                           2θ 

 

                                     3g                                    2g 
 

Q4a  agT 3sin3 =− θ   …………………  (1) 
 

Q4b  ( ) aTg 22sin2 =−θ   ………………  (2) 
 

Q4c  (1) + (2): ( ) agg 5sin32sin2 =− θθ  

agg 5sin3cossin4 =− θθθ , .: ( )3cos4
5

sin
−= θ

θg
a  

 

Q4d  Let 0=a  for equilibrium. .: ( ) 03cos4
5

sin
=−θ

θg
 

Since 
2

0
π

θ << , .: 03cos4 =−θ , °≈




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= − 4.41

4

3
cos 1θ  

 

Q4e                     N3                                         T 

                                                                              

                                                       T  

 

                        µN3                                                            N2 

 

                             30º                                       60º 

 

                                     3g                                       2g 
 

2

33
30cos33

g
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33
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33
05.03

gg
N =×=µ  

3-kg mass: aNgT 330sin3 3 =−°− µ , 

.: a
gg

T 3
40

33

2

3
=−−   ……………………  (1) 

2-kg mass: aTg 260sin2 =−°  

.: aTg 23 =−   ……………………………  (2) 

Solve (1) and (2): 2.0≈a m s
-2

   
 

Q4f                     N3                                         T 

                                                                              

                                                       T  

 

                        µN3                                                            N2 

M = m2 

                             30º                                       60º 

 

                                     3g                                       Mg 

 

3-kg mass: 030sin3 3 =−°− NgT µ , 097306.15 =−T   …  (1) 

M mass: 060sin =−° TMg , 0487.8 =− TM   ……….......  (2) 

Solve (1) and (2): 88.1≈M , i.e. 88.12 ≈m  kg 

 

 

                           N3                                         T 

                                                                              

                                                       T  

 

                        µN3                                                            N2 

M = m1 

                             30º                                       60º 

 

                                     3g                                       Mg 

 

3-kg mass: 030sin3 3 =−−° TNg µ , 0427.13 =− T   ……  (1) 

M mass: 060sin =°− MgT , 0487.8 =− MT   ………..….  (2) 

Solve (1) and (2): 58.1≈M , i.e. 58.11 ≈m  kg 

 

 

Q5a  At time t min, volume 1010 += t  litres, mass x= grams, 

.: concentration
( )110 +

=
t

x
 grams per litre 

 

Q5b  Rate of inflow of chemical t
e

2.0
20

−×= grams per min,  

rate of outflow of chemical
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x
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x
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Rate of change of the amount of chemical  

= rate of inflow ‒ rate of outflow 
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Q5cii  Differential equation: t
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Q5d 

 
 

Turning point: ( )3.35,3.8   

 

Q5e  Rate of outflow
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Amount of outflow
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