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Worked solutions

This book presents:

 worked solutions, giving you a series of points to show you how to work 
through the questions

 mark allocations.
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SECTION 1

Question 1

If  32 3  iiiz , then  zRe  is equal to

A. 3

B. 2

C. 1

D. 1

E. 3

Answer is C.

Worked solution

 32 3  iiiz

iiiz 32 42 
iz 312 

iz 31
  1Re z

Question 2

In polar form  i 1
2

1
 is equivalent to

A. cis
4

π 
 
 

B.
3

cis
4

π  
 

C.
1

cis
42

π 
 
 

D.
1 5

cis
42

π 
 
 

E.
1 3

cis
42

π  
 

Answer is B.
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Worked solution 

Let   iiz
2

1

2

1
1

2

1
 .

The complex number is in the third quadrant, so the argument is negative.

   
1

1 12

1
2

3
Arg tan tan 1

4

π
θ z  

 
       

1
2

1

2

1
22


















r

 cisz r θ

3
cis

4

π
z

   
 

Question 3

If iu 43  and iv 21  then 
2

2

v

u
is equal to 

A. u

B. u

C. v

D.
2

v

E.
2









v

u

Answer is D.

Worked solution

 
 

i
i

i

v

u
43

21

43
2

2

2

2







    54343 22

2

2

 i
v

u

Only two alternatives include a modulus sign, so eliminate A, B and E.

521 22 v Hence, solution is not C.

  55
22 v

Tip

 Use your calculator to determine 
2

2

v

u
.
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Question 4

The asymptotes of the curve 111664 22  yxyx intersect at the point

A.  2,3

B.  8,3 

C.  4,6 

D.  2,3

E.  8,3

Answer is A.

Worked solution

111664 22  yxyx

  11446 22  yyxx

    1691144496 22  yyxx

    4243 22  yx

    12
4

3 2
2




y
x

(h, k) = (–3, 2)
The asymptotes of the hyperbola intersect at the point (–3, 2).

Tip

 Put hyperbola equation in the form 
   

1
2

2

2

2







b

ky

a

hx
.

 The asymptotes will intersect at the point (h, k).

Question 5

The range of the function   Rf 12
7,0:  ,   1 3cosec

4

π
f x x

    
 

  is 

A. R

B.    , 2 2,   

C.  , 2 

D.  2,5 

E.  231,5 

Answer is D.
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Worked solution 

Minimum value is –5.
Maximum value is –2.
Range  2,5  .

Tip

 Use the calculator to graph the function. 
 Determine the coordinates of the maximum point and the end points over the

domain  12
7,0  .

Question 6

The equation of the graph shown above could be

A.  1cos 1   axy

B.  axy 2cos 1  

C. 





   a

x
y

2
cos 1

D. 





 

 

a

x
y

1
cos 1

E. 





   1cos 1

a

x
y

Answer is E.

O
x

y

 5,12
7 

 2,4 

4

3
x

 231,0 

2aO

π

y

x
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Worked solution

Graph of  xy 1cos  has been dilated by a factor of a units from the y-axis and then 
translated right by a units. The equation of the curve is

 





   ax

a
y

1
cos 1







   1cos 1

a

x
y

Verifying this is the solution by finding the x-intercept.







   1cos0 1

a

x

  10cos 
a

x

11 
a

x

2
a

x

ax 2

Question 7

Given the function    
1log

log




x

x
xf

e

e , which one of the following statements is false?

A. f  has an asymptote at ex  .

B. The point    xf0,1 .

C. The inverse, 1f , exists for  1,0x .

D. The range of f is  1,0\R .

E. f has more than two asymptotes.

Answer is D.

Worked solution

A is true. Vertical asymptote occurs where 01log xe ex 

B is true. When 1x ,    
0

1

0

11log

1log
1 







e

ef .

C is true. f  is one-to-one over  1,0x , therefore the inverse 1f  exists.

D is false. The range of f  is    , 0 1,   . This is written as  1,0\R .

E is true. The function has three asymptotes: 0x , ex  , 1y .

Tip 

 Eliminate the true alternatives.
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Question 8

At the point where 2y , the gradient of the curve 532  xy  is 

A. 3

B.
4

3


C.
2

3


D.
2

1

E. 2

Answer is B.

Worked solution

Use implicit differentiation.

032 2  x
dx

dy
y

y

x

dx

dy

2

3 2

 When 2y , 1253 2 x .

At the point 1x , 2y :

4

3

22

13 2






dx

dy

Question 9

The graph of )(xfy   is shown above.

Let  xF  be an antiderivative of )(xf .

The graph of  xFy   has a

A. local maximum at ax 
B. stationary point at bx 
C. point of inflexion at cx 
D negative gradient for cxb 
E. zero gradient at 0x

Answer is C.

a cb

y

x
O
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Worked solution

 xf  is a graph of the gradient of  xF . 

A is incorrect. ax   is a local minimum point on graph of  xF .
When ax  , 0)( xf .
When ax  , 0)( xf .
When ax  , 0)( xf .

B is incorrect. The point of greatest slope of  xF  will occur at bx   since )(xf  has a 
stationary point there.

C is correct. cx   is a point of inflexion on graph of  xF .
When cx  , 0)( xf .
When cx  , 0)( xf .
When cx  , 0)( xf .

D is incorrect.  xF  will have a positive gradient between cxb   because 0)( xf .

E is incorrect. 0)( xf  at 0x , so the gradient of  xF  is positive.

Question 10

Using the substitution xu  2 , the integral   dxxx 
4

2

62  is equal to 

A.  duuu 
4

2

762

B.  duuu 
4

2

67 2

C.  duuu



0

2

67 2

D.  duuu



2

0

67 2

E.  duuu



2

0

762

Answer is D.

+
0



  0 
+

+
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Worked solution 

Let xu  2 , 1
dx

du
dxdu 

Finding the terminals of integration: When 242,4  ux .
When 022,2  ux .

  dxxx 
4

2

62

Substituting xu  2

   



2

0

62 duuu

 



2

0

762 duuu

 



2

0

67 2 duuu

Question 11

The shaded region shown above is formed between the graph of  xy 2sec  and the line 

joining the points  1,0  and , 2
4

π 
 
 

.

The area of the shaded region would be

A.
3 8

8

π 

B.
3 4

8

π 

C.
3 1

8

π 

D.
3

8

π

E.
4

π

Answer is A.

y = sec2(x)

y

x

4

O

1

2
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Worked solution

Shaded region = area of trapezium –  
4

2

0

sec

π

x dx

   
4

2

0

1
1 2 sec

2 4

π

π
x dx   

   4

0

tan
8

3



x

3
1

8

π
 

3 8

8

π 


Question 12

Given  
xx

x

ee

e
xf




  and   20 f .

Using Euler’s method with increments of 0.1, an approximate value of  2.0f  is

A. 2.0500

B. 2.0550

C. 2.1050

D. 2.1099

E. 2.1484

Answer is C.

Worked solution

Using ( ) ( ) ( )f x h hf x f x  
Let 0x , 1.0h

 0.1 (0 0.1) 0.1 (0) (0)f f f f      5.00
00

0





 ee

e
f

 
05.2

25.01.01.0


f

 0.2 (0.1 0.1) 0.1 (0.1) (0.1)f f f f      5498.01.0
1.01.0

1.0





 ee

e
f

1050.2

05.25498.01.0)2.0(


f
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Question 13

A bowl of soup is heated to a temperature of 80°C. It is then left to cool in a room in which the 
air temperature is 20°C. The rate at which the temperature of the soup decreases is proportional 
to the difference between its temperature and the temperature of the room.

Let S °C be the temperature of the soup at any time t minutes after it is removed from the heat. 
Given k is a positive constant, the relationship between S and t may be modelled by the 
differential equation 

A.  20 Sk
dt

dS
; 0t , 60S

B.  20 Sk
dt

dS
; 0t , 80S

C.  60 Sk
dt

dS
; 0t , 80S

D.  60 Sk
dt

dS
; 0t , 20S

E.  80 Sk
dt

dS
; 0t , 20S

Answer is B.

Worked solution

The difference between the temperature of the soup and the temperature of the room is 
 20S . Initially, the temperature of the soup is 80°C.

Therefore,  20 Sk
dt

dS
 when 0t , 80S .

Question 14

The solution of the differential equation  xe
dx

dy sin , given 3y  when 2x , is

A.   3
2

sin   duey
x

u

B.   2
3

sin   duey
x

u

C.  dxey x
3

2

sin

D.   3
3

2

sin   dxey x

E.   2
3

2

sin   dxey x

Answer is A.
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Worked solution

 xe
dx

dy sin

  dxey xsin

 cxfy  )( ….(1) where    xexf sin
When 3,2  yx

  cf  23

  32  fc ….(2)

  32)(  fxfy

   3
2


x

ufy

  3
2

sin   duey
x

u

Question 15

A particle moves in a straight line such that its velocity is given by









4
coslog

x
v e ,  0, 2x π , where x is its displacement from the origin O. 

The particle’s acceleration 
4

3

π
 units from O is 

A.  2log
4

3
e

B.  2loge

C.
4

3


D.  2loge

E.  2log
4

3
e

Answer is E.

Worked solution









4
coslog

x
v e


























4

tan
4

1

4
cos

4
sin

4

1
x

x

x

dx

dv

dx

dv
va 
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4
coslog

4
tan

4

1 xx
a e

When 
3

4
x , 

4 4
3 31

tan log cos
4 4 4

π π

ea
        
   

1
tan log cos

4 3 3e

π π
a

        
   









2

1
log3

4

1
ea

 2log
4

3
ea 

Question 16

A, B and C are three points on the circumference of a circle with centre O.

AC passes through O.

Which one of the following statements is not true?

A. 0. 


BCAB

B. ~0


CABCAB

C.
2

.








  ACACBCAB

D.  AACABACAB cos.




E.


 BCABAC

Answer is E.

O

A B

C
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Worked solution

A is true.  B  is a right angle, therefore 0. 


BCAB .
B is true. Vectors are added head to tail.

C is true. 
2

..








  ACACACACBCAB

D is true. It is the dot product of two vectors  AACABACAB cos.




E is not true. For a right-angled triangle 
222 

 BCABAC

However, 


 BCABAC , 



 BCABAC

Question 17

Let ~~~~ 24 kjim   and ~~~~ 2 kjin  . 

A unit vector in the direction of ~~ 2 nm would be 

A. 





  ~~~ 632

7

1
kji

B. 





  ~~~ 22

3

1
kji

C. 





  ~~~ 232

17

1
kji

D. 





  ~~~ 46

41

1
kji

E. 





  ~~~ 423

29

1
kji

Answer is A.

Worked solution

~ ~ ~ ~ ~ ~~ ~
2 4 2 2 2m n i j k i j k              

~ ~ ~ ~~ ~
4 2 2 2 4i j k i j k     

~ ~~
2 3 6i j k  

Unit vector is 
 

~ ~~22 2

1
2 3 6

2 3 6
i j k   

   

~ ~~

1
2 3 6

49
i j k    

 

~ ~~

1
2 3 6

7
i j k    
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Question 18

The velocity of a particle at time t, 0t  is given by    ~ ~ ~
4sin 2 6cos 3v t i t j  .

If the particle was initially at 
~~ 2 ji  , its position after 

2

π
 seconds will be

A.
~~ 43 ji 

B.
~~ 23 ji 

C.
~~ 33 ji 

D. ~5 i

E.
~~5 ji 

Answer is D.

Worked solution

Finding the position of the particle at any time t:

 dtvr ~~

   ~ ~ ~
4sin 2 6cos 3r t i t j dt   
 

   ~ ~ ~~
2cos 2 2sin 3r t i t j c   

At 0t , 
~~~ 2 jir 

   ~ ~ ~~ ~
2 2cos 0 2sin 0i j i j c    

~~~ 23 jic 

   ~ ~ ~~ ~
2cos 2 2sin 3 3 2r t i t j i j    

     ~ ~ ~
3 2cos 2 2sin 3 2r t i t j   

When 
2

π
t  ,   ~ ~ ~

3
3 2cos 2sin 2

2

π
r π i j

       
  

~~~ 05 jir 

~~ 5 ir 
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Question 19

The graph below shows the velocity, v m/s, of a particle moving in a straight line
for 25 s.

How many metres is the particle from its starting point after 25 s?

A. 6

B. 14

C. 30

D. 46

E. 50

Answer is B.

Worked solution

The particle travels with a negative velocity for the first 8 s of motion.

Distance travelled:   16408
2

1
1 d  m

At 8t s, it stops moving momentarily, turns around and travels back over the same path.

Distance travelled:   42812
2

1
2 d  m

At 12t  s, it continues moving in the same direction with a constant velocity
of 2 m/s.

Distance travelled:   26212253 d  m

 Displacement 1426416   m

v

t
8 12

0

– 2

– 4

4

2

25
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Question 20

Two forces act simultaneously on a particle, as shown in the diagram below. One force of 9 N 
acts due west and another force of 11 N acts at an angle of  60° in an anticlockwise direction 
from due east.

Correct to the nearest degree, the resultant force acting in an anticlockwise direction from due 
east will be

A.   50°

B.   70°

C. 110°

D. 120°

E. 130°

Answer is C.

Worked solution

Add forces head to tail.

The resultant force, R, acts at an angle (θ + 60)° from due east.

Use the cosine rule to find the magnitude of the resultant force.

  60cos1192119 22R

103R  N

Finding θ, using the sine rule:
   sin sin 60

9 103

θ 


θ = 50°
The resultant force acts at an angle of 110°.

11 N

9 N

60°

North

resultant 
force

60°

11 N

9 N

60°
θ
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Question 21

A mass of 25 kg is pulled across a smooth horizontal surface by a force of 30 newtons acting at 
and angle of 20° to the horizontal level.

The magnitude of the normal reaction of the surface on the mass, in newtons, is closest to

A. 215

B. 217

C. 235

D. 245

E. 255

Answer is C.

Worked solution

Let N be the normal reaction of the surface on the mass.

Resolving forces in a vertical direction
  gN 2520sin30 

  20sin3025gN
3.10245 N

7.234N
235N  newtons

20°
25 kg

30 N

N

25g

30sin(20º)
20°

25 kg

30 N
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Question 22

Two bodies each of mass, m kg, are connected on a back-to-back plane by a light string passing 
over a smooth pulley, as shown in the diagram. The coefficient of friction of the surface of 
each plane is μ. 

If the system is on the point of moving in the direction shown, the value of μ will be

A.  tan θ

B.  cot θ

C.    sin cosθ θ

D.
   
   

sin cos

sin cos

θ θ

θ θ




E.
   
   

cos sin

cos sin

θ θ

θ θ




Answer is E.

Worked solution

Draw all forces acting.

N is the normal reaction 
F is the friction.
T is the tension in the string.
The remaining angle in the triangle is (90° – θ).

Resolving forces perpendicular to the planes to find F1 and F2:

 1 sinN mg θ  2 cosN mg θ

 1 1 sinF μN μmg θ   2 2 cosF μN μmg θ 

m

θ

direction of
motion m 

F1

N1
T

N2

F2

T

mg

θ
θ

θ
mg(90°  θ)

direction of
motion
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The system is on the point of moving. The mass on the left will move down the plane and the 
mass on the right will move up.

0~ a

Resolving forces (parallel to the plane) for the mass on the left:

  1cos 0mg θ T F  

  1cosT mg θ F 

   cos sinT mg θ μmg θ    ….(1)

Resolving forces (parallel to the plane) for the mass on the right:

  2sin 0T mg θ F  

  2sinT mg θ F 

   sin cosT mg θ μmg θ   ….(2)

Equate (1) and (2):

       sin cos cos sinmg θ μmg θ mg θ μmg θ  

        cos sin cos sinμ θ θ θ θ  

   
   

cos sin

cos sin

θ θ
μ

θ θ
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SECTION 2

Question 1

Let 2cis
3

π
u

   
 

.

1a. i. u, u and v are solutions of the equation Czkzz  ,: 3 .
Plot u, u and v on the Argand plane below.

Worked solution 

The solutions of the cubic equation are spaced equally around the circumference of a circle. 

The angle between the three solutions will be 
2

3

π
 (or 120°).

2u ; therefore, the circle has radius 2 units. 

2cis
3

π
u

   
 

2cis
3

π
u

   
 
 2cisv π

42-2-4

-4

-2

4

2

Im(z)
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1A
1A
1A

3 marks

Mark allocation 

 1 mark for each point plotted correctly.

1a. ii. Determine the value of k.

Worked solution

u, u and v are solutions of the equation z3 = 8. Hence, k = 8. 1A

1 mark

Mark allocation 

 1 mark for correct answer.

1b. Show that     4Im3Re:  zzzu .

Worked solution

Find the real and imaginary components of u.

2cis 2 cos sin
3 3 3

π π π
u i

              
      

iu 31
   1Re u ,   3Im u 1A

If     4Im3Re:  zzzu , then     4Im3Re  uu .

-4

-2

4

2

Im(z)

Re(z)
O

v
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RHS

4

331

Im3ReLHS






 uu

1A

2 marks

Mark allocation 

 1 mark for finding the real and imaginary components of u.
 1 mark for showing these values satisfy the equation.

1c. i. Sketch     4Im3Re:  zzz  on the Argand plane given in part a, showing the 
exact intercepts with the axes.

Worked solution

    4Im3Re  zz  is a line.

Vertical intercept at  
3

4
Im z .

Horizontal intercept at   4Re z .

1A
1 mark

Mark allocation 

 1 mark for line drawn correctly with intercepts shown in exact form.

3
4

u

u

42-2-4

-4

-2

4

2

Im(z)

Re(z)
O

v

    4Im3Re  zz
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1c. ii. Hence, shade the region represented by

      : Arg : Re 3 Im 4
6 3

π π
z z z z z

      
 

.

Worked solution

Region is shaded below.

1A
1 mark

Mark allocation

 1 mark for correct region shaded.

1c. iii. Calculate the exact area of this region.

Worked solution

 Arg
6

π
z      4Im3Re  zz

1tan
6

y π

x
    
 

3 4x y  …(2)

1

3
y x     …(1)

Substitute (1) into (2): 4
3

1
3  xx

42 x

2x
3

2
y

The lines intersect at 







3

2
,2 1A

3
4

 
3

Arg


z

u

u

42-2-4

-4

-2

4

2

Im(z)

Re(z)
O

v

 
6

Arg


z

 
3

2,2

    4Im3Re  zz
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Distance of this point from origin is 
3

4

3

4
4

3

2
2

2

2 







 .

Distance of point u from origin is u .

2u

Angle 
3 6 6

π π π
θ

    
 

Now, use formula for area of a triangle: 
1

sin
2

A ab θ .

1 4
2 sin

2 63

π
A

     
 

1M

3

2
A

Area of region is 
3

32
square units. 1A

3 marks

Mark allocation

 1 mark for finding the point of intersection.
 1 mark for using a correct method to find the area of the triangle.
 1 mark for correct answer.

Tip

 The point of intersection of the lines  Arg
6

π
z   and     4Im3Re  zz is needed to 

find the required area. It is easiest to find this point in Cartesian form.

Total 3 + 1 + 2 + 1 + 1 + 3 = 11 marks
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Question 2

Given   1
2

,:
2





x

x
xfRRf

2a. i. Show that  
 22

2

2

2






x

x
xf .

Worked solution

Applying the quotient rule:
 
 22

2

2

.221






x

xxx

dx

dy

 22

2

2

2






x

x

dx

dy
1A

1 mark

Mark allocation

 1 mark for showing how to find the correct derivative.

2a. ii. Hence, determine the exact coordinates of any stationary points of  f.

Worked solution

Stationary points occur where 0
dx

dy

 22

2

2

2
0






x

x
1M

02 2  x

2x

Stationary points occur at 







1

4

2
,2  and 










4

2
1,2 . 1A

2 marks

Mark allocation

 1 mark for applying a correct method to find x coordinate of stationary point.
 1 mark for two correct stationary points, given in exact form.

2b. i. Use calculus to show that  f  has points of inflexion.

Worked solution

 
 22

2

2

2






x

x
xf

Apply quotient rule to find second derivative.

      
 42

2222

2

22422






x

xxxxx
xf 1M

        
 42

222

2

24222






x

xxxxx
xf
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 32

33

2

4842






x

xxxx
xf

 
 

3

32

2 12

2

x x
f x

x

 


Points of inflexion occur where   0 xf .

 
0

2

122
32

3






x

xx

0122 3  xx

  062 2 xx

0x , 6x 1A

Hence, f has three non-stationary points of inflexion.

2 marks

Mark allocation

 1 mark for applying the quotient rule
 1 mark for the correct answer

2b. ii. Find the exact coordinates of all points of inflexion and explain what each point 
represents.

Worked solution

The coordinates of the non-stationary points of inflexion are:

 1,0 ,  







1

8

6
,6 ,  










8

6
1,6 1A

Points of inflexion are points where the rate of change of the gradient function is zero.

These are the points of maximum or minimum gradient. 

(0, 1) is the point at which the gradient is a maximum.









1

8

6
,6  and 










8

6
1,6  are the points at which the gradient

is a minimum. 1A

2 marks

Mark allocation

 1 mark for the correct coordinates, given in exact form.
 1 mark for a correct explanation.
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2c. Sketch a graph of  f on the axes below, labelling its features clearly.

Worked solution

1A
1A

2 marks

Mark allocation

 1 mark for correct shape and asymptote.
 1 mark for all relevant points shown correctly, in exact form.

Total 1 + 2 + 2 + 2 + 2 = 9 marks

y

x
O

y

x
O

(0, 1)

 4
21,2  8

61,6 

 1,2 4
2   1,6 8

6 
y = 1
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Question 3

The tank shown below has the shape of a truncated cone with base diameter 1.4 m, top 
diameter 1 m and height 2 m. It may be modelled by rotating the line segment MN around the 
y-axis.

3a. The line segment MN has equation 0 cbyax . Show that a = 10, b = 1 and c = –7.

Worked solution

Point M (0.7, 0) and point N (0.5, 2).
Find the line in the form 1cmxy  .

Find gradient: 10
7.05.0

02





m 1M

110 cxy 
Find y-intercept: 17.0100 c

71 c
Equation of line: 710  xy 1A
Place in the required form:
 10 7 0x y  
a = 10, b = 1 and c = –7

2 marks

Mark allocation

 1 mark for using a correct method.
 1 mark for showing how to find correct values.

2 m

1.4 m

1 m

M

N x

y
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3b. i. Show that the volume of the tank is  310
( 7) 343

3

π
h    L, where h is the vertical 

height to which the tank is filled.

Worked solution

Volume of revolution rotating around the y-axis

2

0

h

V π x dy  Given 0710  yx

10

7 y
x




2

0

7

10

h y
V π dy

   
  1M

 2

0

7
100

hπ
V y dy 

 3

0

1
7

100 3

hπ
V y

    
1A

    33 707
300

 hV


 m3

 3( 7) 343 1000
300

π
V h     L 1A

 310
( 7) 343

3

π
V h    L

3 marks

Mark allocation

 1 mark for correctly substituting values into formula.
 1 mark for correct integration.
 1 mark for correct working, leading to given formula.

3b. ii. Hence, find the capacity of the tank when full. Write your answer correct to the nearest 
litre.

Worked solution

The water tank is full when h = 2.

 310
(2 7) 343

3

π
V   

2180

3

π
V 

2283V  L 1A
1 mark

Mark allocation

 1 mark for correct answer.
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3c. Suppose the tank is filled initially to a height of 1 m. Liquid then drains from a tap at the 

base of the tank at the rate of h2  m3/h. Use calculus to determine how long it takes 
before the tank is empty. Write your answer correct to the nearest minute.

Worked solution

Given h
dt

dV
2 and  3( 7) 343

300

π
V h    m3

 2
7

100

dV π
h

dh
  

Apply the chain rule to related rates problem.

dt

dh

dh

dV

dt

dV


 2
2 7

100

π dh
h h

dt
    1M

 2

2

7
100

dh h
πdt h






 2
7

200

π hdt

dh h


  1A

 2
7

200

hπ
t

h


  

3 1 1

2 2 214 49
200

π
t h h h dh

 
    

 


5 3 1

2 2 2
2 28

98
200 5 3

π
t h h h c

 
     

 
1A

Let 0t  when h = 1:      
5 3 1

2 2 2
2 28

0 1 1 98 1
200 5 3

π
c

      
 

         
167

375

π
c 

5 3 1

2 2 2
2 28 167

98
200 5 3 375

π π
t h h h

 
     

 
1A

When 0h :      
5 3 1

2 2 2
2 28 167

0 0 98 0
200 5 3 375

π π
t

      
 

167
1.40

375

π
t    h

t = 84 min 1A
5 marks

Mark allocation

 1 mark for applying the chain rule.

 1 mark for finding 
dh

dt
.

 1 mark for correct integration.
 1 mark for correct expression for t.
 1 mark for correct answer.

Total 2 + 3 + 1 + 5 = 11 marks
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Question 4

A yacht, initially at point B, will sail to point P (2, 7) on the other side of the bay. Distances are 
measured in kilometres in relation to the origin, O.

4a. Write a vector 


OP that gives the position of point P.

Worked solution

~~ 72 jiOP 


1A

1 mark

Mark allocation

 1 mark for correct answer.

The yacht leaves B, sailing with a velocity of 
~~~ 22 jtiv   km/h. It reaches P after 3 h. 

4b. i. Determine the speed of the yacht when it reaches P.
Write your answer correct to 1 decimal place.

Worked solution

When 3t ,  
~~~ 322 jiv 

~~~ 62 jiv 

Speed   22 62 v

40v

3.6v  km/h 1A

1 mark

Mark allocation

 1 mark for correct speed.

Bay

O (0, 0)

B

P (2, 7)

~i

~
j

North
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4b. ii. Show that the yacht’s position at any time t hours is given by the vector 
   

~

2
~~ 228 jtitr  .

Worked solution

 dtvr ~~

 





  dtjtir

~~~ 22

~~

2
~~ 2 cjtitr  1M

Now, find ~c .

At 
~~~ 72,3 jirt   (given)

~~

2
~~~ 33272 cjiji 

~~~ 28 jic 

~~~

2
~~ 282 jijtitr  1A

   
~

2
~~ 228 jtitr  , as required.

2 marks

Mark allocation

 1 mark for using integration to obtain a position vector.
 1 mark for correct working, leading to the required expression.

4c. Write a vector 


OB that gives the position of point B.

Worked solution

When 0t ,    
~

2
~~ 20028 jir 

 ~ ~
8 2OB i j



  1A

1 mark

Mark allocation

 1 mark for correct answer.

4d. Determine BOP  in degrees, correct to 1 decimal place.

Worked solution

.
cos

OB OP
θ

OB OP

 

 




 

~ ~~ ~

22 2 2

8 2 . 2 7
cos

8 2 2 7

i j i j
θ

       
   

   
1M

8 2 2 7
cos

68 53
θ
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1 2
cos

3604
θ   
  

 
 1.88BOP 1A

2 marks

Mark allocation

 1 mark for using a correct method.
 1 mark for correct answer.

4e. How long after the yacht commences sailing will it be on a bearing north-east of O? 
Write your answer in hours, correct to 2 decimal places.

Worked solution

Yacht is north-east of O when the ~i  and 
~
j  component of ~r are equal.

This occurs when 228 2  tt 1M
01022  tt

From calculator:
32.2,32.4t ( 0t )

After 2.32 h the boat is on a bearing north-east of O. 1A
2 marks

Mark allocation

 1 mark for using a correct method.
 1 mark for correct answer.

4f. What is the closest distance the yacht comes to O when sailing from B to P? 
Give an exact answer.

Worked solution

Distance to origin is    222 228  ttr 1A

    2

1
222 228  ttr

         24284228
2

1 22

1
222 


ttttt

dt

rd

     2

1
222

3

2282

324
0






tt

t

0324 3 t
2t  h 1A

The closest distance is     5222228
222   km 1A

3 marks

Mark allocation

 1 mark for finding a correct expression for the distance.
 1 mark for finding t correctly.
 1 mark for finding the shortest exact distance.

Total 1 + 1 + 2 + 1 + 2 + 2 + 3 = 12 marks
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Question 5

A wire rope passing over a smooth pulley is used to transport materials to and from a building 
site situated below ground level. A 1 tonne engine at ground level applies a horizontal force of 
P newton along a track to pull a load of L kg upwards. The coefficient friction between the 
engine and the track is 0.25.

5a. The load, L kg, is on the point of moving.

5a. i. On the diagram above, show all forces acting.

Worked solution

1A

1N is the normal reaction of the ground on the engine.

2N  is the normal reaction of the building site on the load. (Note: If the load is on the point of 
moving then N2 = 0, so it can be omitted.)
T is the tension in the wire rope.

RF  is the frictional force acting to oppose motion.
1 mark

Mark allocation

 1 mark for showing all forces.

N2

Lg

T
N1

L kg

P newton

ground level

building 
site

FR

1000g
T

~i

~
j

L kg

P newton

ground level

building 
site



36

SECTION 2 –continued
Copyright © Insight Publications 2007

5a. ii. Find P in terms of L.

Worked solution

Resolving forces around the engine:
   

~1~~ 1000 jgNiFTPam R  1M

Load is not yet moving, so 0~ a .

   1~ ~~ ~
0 0 1000Ri j P T F i N g j     

Equating 
~
j  components:

010001  gN

gN 10001 
98001 N newton

1RF μN
980025.0 RF

2450RF  newton 1A

Equating ~i  components:

0 RFTP

RFTP 
2450 TP  …(1) 1A

Resolving forces around the load:
 

~2~
0 jLgNTj 

Since load is on the point of moving 02 N
LgT 

LT 8.9 …(2)
Substituting (2) into (1) gives:

24508.9  LP newton 1A
4 marks

Mark allocation

 1 mark for method used to find the equation of motion for the engine.
 1 mark for finding the friction (anywhere).
 1 mark for finding an expression P in terms of T and RF .
 1 mark for correct answer.
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5b. The engine exerts a horizontal force of 4000 newton. It pulls the load vertically upwards 
with an acceleration of 0.3 m/s2.

5b. i. Find the mass of load, L, in kg, correct to 1 decimal place.

Worked solution

b. i.

Resolving forces around the engine:
   

~~~ 1000 jgNiFTPam R  (from part a) 

     ~ ~~ ~
0.3 1000 0 4000 2450 1000i j T i N g j       1A

Equating ~i  components:

30024504000 T
30024504000 T

1250T newton 1A

Resolving forces around the load:
 

~~ jLgTam 

 
~~

8.912503.0 jLjL 

12501.10 L
8.123L  kg 1A

The load has a mass of 123.8 kg.
3 marks

Mark allocation

 1 mark for substituting values correctly into equation of motion for engine.
 1 mark for correct tension.
 1 mark for correct answer.

~i

~
j

T

Lg

T

N

  4000 newton

L kg

ground level

building 
site

FR

1000g

a m/s2

a m/s2

  4000 newton

L kg

ground level

building 
site



38

SECTION 2 –continued
Copyright © Insight Publications 2007

5b. ii. Determine the time taken, in seconds, to raise the load from rest to a point 15 m above 
the level of the building site.

Worked solution

The load is moving under constant acceleration.
0u , 15s , 3.0a

2

2

1
atuts 

23.0
2

1
015 tt 

100t
10t 1A

It takes 10 s to raise the load 15 m.
1 mark

Mark allocation

 1 mark for correct answer.

When the engine reaches the end of the track it applies its breaks so that the load will remain 
stationary at the loading platform.

The diagram below shows a 300 kg load suspended at the loading platform 
40 m above the building site. It is stationary.

300 kg

40 m

Platform ground level

building 
site
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5c. Find the minimum force that the engine’s breaks need to apply in order to keep the 300 
kg load stationary in this position.

Worked solution

The pulley system is in equilibrium.

Friction is acting in the same direction as the engine’s brakes in order to keep the engine 
stationary. (Otherwise it will be pulled backwards because the load will move down under the 
force of gravity.)

Let B be the minimum force applied by the engine’s brakes.

The forces acting are shown in the diagram below.

Resolving forces around the stationary engine (i.e. a = 0):

   
~~~ 1000 jgNiTFBam R  ( 2450RF  newton from part a)

   ~ ~~ ~
0 0 2450 1000i j B T i N g j      1A

Equating ~i  components:

02450  TB …(1)

Resolving forces around the stationary 300 kg load:
 

~~ 300 jTgR 

Tg  3000
2940300  gT newton 1A

Substitute T into (1):
029402450 B

490B  newton 1A
The minimum force the brakes apply to keep the load stationary is 490 newton.

3 marks

N

300 kg

40 m

Platform ground level

building 
site

T

300g

T

FR

1000g

B

~i

~
j
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5d. The brakes are released when a load is to be lowered to the building site and the engine 
moves backwards from rest.

Unfortunately, a problem occurs when the 300 kg load is being lowered. At a point 30 m 
above the building site, the wire rope breaks and the load falls downwards. Find the 
speed of the load when it hits the building site. Write your answer in m/s, correct to 1 
decimal place.

Worked solution

Resolving horizontal forces around the engine:

RFTam ~

24501000 ~  Ta ( 2450RF newton from part a)

24501000  aT …(1)

Resolving vertical forces around the load:
aTg 300300  …(2)

Substituting (1) into (2) gives:
  aag 30024501000300 

1300 300 2450a g 
4901300 a

130

49
a  m/s2 1A

When the rope breaks the load is moving downwards with a constant acceleration of

130

49
 m/s2. It has travelled 10 m.

Now, find the velocity of the load.

130

49
a , 0u , 10s

asuv 222 

10
130

49
2022 v

13

982 v

13

98
v  m/s 1A

building 
site

ground level300 kg

T

300g

N

T

FR

1000g
a m/s2

a m/s2
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After the rope breaks, the load falls 30 m to the building site under the force of gravity.

Need to find the velocity of the load when it hits the building site.

ga  , 
13

98
u , 30s

asuv 222 

302
13

98
2

2 







 gv

54.5952 v
4.24v  m/s 1A

3 marks

Mark allocation

 1 mark for finding the acceleration of the system initially.
 1 mark for finding the velocity of the mass when the rope breaks.
 1 mark for finding the correct answer.

Total 1 + 4 + 3 + 1 + 3 + 3 = 15 marks


