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Question 1     (**) 

 

 

 

 

 

 

The figure above shows the graph of the curve with equation ( )y f x= . 

The curve crosses the x  axis at ( )0,0O  and at the point ( )4,0A . 

The curve has a maximum at ( )2,4B . 

Sketch on a separate set of axes the graph of … 

a) … ( )3y f x= . 

b) … ( )2y f x= + . 

Each sketch must include the coordinates of any points where the graph crosses the 

coordinate axes and the new coordinates of the maximum point of the curve. 

graph  

 

 

 

 

( )2,4B

( )4,0AO

( )y f x=

y

x
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Question 2     (**) 

 

 

 

 

 

 

The figure above shows the graph of the curve with equation ( )y f x= . 

The curve crosses the x  axis at the points ( )2,0A  and ( )12,0B . 

The curve has a maximum at ( )3,7M . 

Sketch on a separate set of axes the graph of … 

a) … ( )2y f x= . 

b) … ( )y f x= − . 

Each sketch must include the coordinates of any points where the graph crosses the 

coordinate axes and the new coordinates of the maximum point of the curve. 

graph  

 

 

 

 

( )3,7M

( )12,0B

( )2,0A

( )y f x=

O

y

x
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Question 3     (**) 

 

 

 

 

 

 

The figure above shows the graph of the curve with equation ( )y f x= . 

The curve crosses the x  axis at the points ( )1,0  and ( )5,0 , the y  axis at ( )0,5 . 

The curve has a minimum at ( )3, 4− . 

Sketch on a separate set of axes the graph of … 

a) … ( )1y f x= + . 

b) … ( ) 5y f x= + . 

Each sketch must include the coordinates of any points where the graph crosses the 

coordinate axes and the new coordinates of the minimum point of the curve. 

graph  

 

 

 

 

( )3,7M

( )12,0B

( )2,0A

( )y f x=

O

( )3, 4−

( )5,0( )1,0

( )y f x=

O

( )0,5

y

x
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Question 4     (**) 

 

 

 

 

 

 

The figure above shows the graph of the curve with equation ( )y f x= . 

The curve meets the x  axis at ( )2,0A  and at the point ( )6,0B , the y  axis at ( )0,4C . 

The curve has a maximum at ( )9 9,
2 2

M . 

Sketch on a separate set of axes the graph of … 

a) … ( )4y f x= . 

b) … ( )2y f x= + . 

c) … ( )1
2

y f x= . 

Each sketch must include the coordinates of any points where the graph meets the 

coordinate axes and the new coordinates of the maximum point of the curve. 

graph  

 

( )9 9
2 2

,M

( )6,0B

( )2,0A

( )y f x=

O

( )0,4C

y

x
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Question 5     (**) 

 

 

 

 

 

 

The figure above shows the graph of the curve with equation ( )y f x= . 

The curve meets the x  axis at ( )3,0− , at ( )1,0  and at the origin O . 

Sketch on a separate set of axes the graph of … 

a) … ( )3y f x= − . 

b) … ( )y f x= − . 

c) … ( )1
3

y f x= . 

Each sketch must include the coordinates of any points where the graph meets the 

coordinate axes. 

C1A , graph  

 

x
( )1,0( )3,0−

( )y f x=

O

y
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Question 6     (**) 

The figure below shows the graph of the curve with equation ( )y f x= . 

The curve meets the y  axis at ( )0,7A  and has a minimum point at ( )2,3B . 

 

 

 

 

 

 

Sketch on a separate set of axes the graph of … 

a) … ( )2y f x= + . 

b) … ( ) 3y f x= − . 

c) … ( )2y f x= . 

Each sketch must include the coordinates of any points where the graph meets the 

coordinate axes and the new coordinates of the point B . 

C1D , graph  

 

x
( )2,3B

( )0,7A

( )y f x=

O

y
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Question 7     (**) 

( ) 2 6 10f x x x= + + , x ∈� . 

a) Express ( )f x  in the form ( ) ( )2
f x x a b= + + , where a  and b  are integers. 

b) Describe geometrically the two transformations which map the graph of 2
x  onto 

the graph of ( )f x . 

C1E , 3a = , 1b = , 
3

translation by 
1

− 
 
 
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Question 8    (**) 

The figure below shows the graph of the curve with equation ( )y f x= . 

The curve crosses the x  axis at the points ( )1,0  and ( )5,0 , the y  axis at ( )0, 5− . 

The curve has a minimum at ( )4, 8− . 

 

 

 

 

 

 

 

Sketch on separate diagrams the graph of … 

a) … ( )y f x= − . 

b) … ( )y f x= − . 

Each sketch must include the coordinates of any points where the graph crosses the 

coordinate axes and the new coordinates of the minimum point of the curve. 

graph  

 

( )4, 8−

( )5,0( )1,0
( )y f x=

O

( )0, 5−

y

x
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Question 9     (**) 

The figure below shows the graph of the curve with equation ( )y f x= . 

The curve crosses the x  axis at ( )2,0A  and at the point ( )10,0B . 

The curve has a minimum at ( )3, 6M − . 

 

 

 

 

 

 

Sketch on separate diagrams the graph of … 

a) … ( )2y f x= . 

b) … ( )y f x= − . 

Each sketch must include the coordinates of any points where the graph crosses the x  

axis and the new coordinates of the minimum point of the curve. 

C1G , graph  

 

 

( )3, 6M −

( )10,0B( )2,0A

( )y f x=

O

y

x
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Question 10     (**) 

The figure below shows the graph of the curve with equation ( )y f x= . 

The curve crosses the x  axis at ( )4,0A , the y  axis at ( )0,1B . 

The curve has a maximum at ( )3,8M . 

 

 

 

 

 

 

 

Sketch on separate diagrams the graph of … 

a) … ( )3y f x= . 

b) … ( )3y f x= + . 

Each sketch must include the coordinates of any points where the graph crosses the 

coordinate axes and the new coordinates of the maximum point of the curve. 

C1I , graph  

 

 

 

 

( )3,8M

( )0,1B

( )4,0A

( )y f x=

O

y

x
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Question 11     (**) 

The figure below shows the graph of the curve with equation ( )y f x= . 

The curve meets the x  axis at the origin and at the point ( )2,0A −  and has a local 

maximum at ( )1,2M − . 

 

 

 

 

 

 

Sketch on separate diagrams the graph of … 

a) … ( )2y f x= . 

b) … ( )1y f x= − . 

c) … ( )y f x= −  

Each sketch must include the coordinates of any points where the graph crosses the 

coordinate axes and the new coordinates of the maximum point of the curve. 

C1A , graph  

 

 

 

( )1,2M −

( )2,0A −

( )y f x=

O

y

x
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Question 12     (**) 

The figure below shows the graph of the curve with equation ( )y f x= . 

The curve meets the x  axis at the points with coordinates ( )1,0−  and ( )3,0 , and the y  

axis at the point with coordinates ( )0, 1− . 

The curve has a minimum at ( )2, 3− . 

 

 

 

 

 

 

Sketch on separate diagrams the graph of … 

a) … ( )2y f x= + . 

b) … ( )1
2

y f x= . 

Each sketch must include the coordinates of any points where the graph meets the 

coordinate axes and the new coordinates of the minimum point of the curve. 

C1L , graph  

 

 

 

 

( )2, 3−

( )4,0( )1,0−

( )y f x=

O

( )0, 1−

y

x
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Question 13     (**) 

The figure below shows the graph of a function with equation ( )y f x= . 

The graph consists of four line segments joined at the points  ( )2,2A − , ( )0,4B  and 

( )1,3C . 

 

 

 

 

 

 

 

Sketch on separate diagrams the graph of … 

a) … ( )1
2

y f x= . 

b) … ( )2 1y f x= − − . 

Each sketch must include the new coordinates of the points A , B  and C . 

graph  

 

 

 

 

( )1,3C

( )2,2A −

( )y f x=

O

( )0,4B

y

x
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Question 14     (**) 

The figure below shows the graph of a function with equation ( )y f x= , 4 4x− ≤ ≤ . 

The graph consists of four identical semicircular arcs joined together. 

 

 

 

 

 

 

 

 

Sketch accurately on separate diagrams the graphs of … 

a) … ( )2y f x= . 

b) … ( )2y f x= . 

graph  

 

 

 

 

1

( )y f x=

O
2

3 41−

2−

3−4−

1

2

3

4

5 6 7 8
5−6−7−8−

1−

2−

3−

4−
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Question 15     (**) 

The figure below shows the graph of a function with equation ( )y f x= . 

The graph consists of four straight line segments joining the points ( )6,0A − , ( )0,6B , 

( )6,0C , ( )9,12D  and ( )12,12E . 

 

 

 

 

 

 

 

Sketch on separate diagrams the graph of … 

a) … ( )6y f x= − . 

b) … ( )y f x= − . 

c) … ( )1 1
2 2

y f x= . 

Each sketch must include the new coordinates of A , B , C , D  and E . 

SYN-E , graph  

 

( )6,0C( )6,0A −

( )y f x=

O

( )0,6B

x

y

( )9,12D
( )12,12E
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Question 16     (**+) 

The curve C  has equation 

( )2
y x a b= − + , 

where a   and  b  are positive constants. 

By considering the two transformations that map the graph of 2
y x=  onto the graph of 

C , or otherwise, sketch the graph of C . 

The sketch must include the coordinates, in terms of  a and b , of … 

• … all the points where the curve meets the coordinate axes. 

• … the minimum point of the curve. 

graph  
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Question 17     (**+) 

 

 

 

 

 

 

The figure above shows the graph of a curve with equation ( )y f x= .  The curve meets 

the x  axis at ( )3,0−  and the y  axis at ( )0,2 . The curve has a maximum at ( )3,4  and a 

minimum at ( )3,0− . 

The line with equation 2y =  is a horizontal asymptote to the curve. 

Sketch on separate diagrams the graph of … 

a) … ( )3y f x= + . 

b) … ( ) 2y f x= − . 

c) … ( )1
2

y f x= . 

Each of the sketches must include 

•••• the coordinates of any points where the graph meets the coordinate axes. 

•••• the coordinates of any minimum or maximum points of the curve. 

•••• any asymptotes to the curve, clearly labelled. 

C1J , graph  

 

( )3,4

2y =

( )y f x=

O( )3,0−

( )0,2

y

x
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Question 18     (**+) 

The figure below shows the graph of the curve with equation ( )y f x= . 

 

 

 

 

 

 

The curve meets the coordinate axes at the points ( )0, 2A −  and ( )4,0B . 

Sketch in a separate diagram the graph of … 

a) … ( )1
y f x

−= . 

b) … ( )y f x= . 

c) … ( )2 2y f x= . 

Each sketch must indicate clearly the coordinates of any points where the graph meets 

the coordinate axes. 

C3C , graph  

 

 

 

 

( )4,0B

( )0, 2A −

y

x
O

( )y f x=
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Question 19     (***) 

The curve C  has equation 

32x
y

−= . 

a) Describe geometrically a single transformation that maps the graph of 2x
y =  

onto the graph of C . 

b) Describe geometrically a different transformation that can also map the graph of 

2x
y =  onto the graph of C . 

MP1-M , translation "right" by 3 units , 

1enlargement, vertically, by scale factor 
8
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Question 20     (***) 

 

 

 

 

 

 

The figure above shows the graph of a function with equation ( )y f x= .  

The graph of the function meets the x  axis at ( )6,0−  and has stationary points at the 

origin and at the point with coordinates ( )4, 2− − . 

Sketch the graph of 

( )4 1y f x= − + . 

The sketch must include the coordinates of any points where the graph meets the x  axis 

and the coordinates of the two stationary points. 

C3F , graph  

 

 

 

 

 

( )4, 2− −
( )y f x=

O( )6,0−

y

x
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Question 21     (***) 

( ) 3
27 1f x x= + , 1

3
x ≥ − . 

The graph of ( )f x  is stretched horizontally by scale factor 3 , to produce the graph of 

( )g x . 

Determine in its simplest form the equation of ( )g x . 

C1R , ( ) 3 1g x x= +  

 

 

Question 22     (***) 

( )f x x= , x ∈� , 0x ≥ . 

The graph of ( )f x  is translated by 3  units in the negative x  direction, followed by a 

reflection in the y  axis, forming the graph of ( )g x . 

a) Find the equation of ( )g x . 

b) Sketch the graph of ( )g x . 

The sketch must include the coordinates of all the points where the curve meets 

the coordinate axes. 

( ) 3g x x= −  
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Question 23     (***) 

The curve C  has equation 

3 9y x x= − . 

a) Sketch the graph of C . 

b) Hence sketch on a separate diagram the graph of 

( ) ( )3
2 9 2y x x= + − + . 

Each of the two sketches must include the coordinates of all the points where the 

curve meets the coordinate axes. 

C1H , graph  
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Question 24     (***) 

1 sin 2y x= − + ° , 0 360x≤ ≤ . 

a) Describe geometrically the two transformations that map the graph of siny x= °  

onto the graph of 1 sin 2y x= − + ° . 

b) Sketch the graph of 1 sin 2y x= − + ° , 0 360x≤ ≤ . 

1
2

horizontal stretch by scale factor ,

followed by translation "downwards" by 1 unit
 

 

 

Question 25   (***) 

A curve C  has equation 

2 2 2y x x= − + , x ∈� . 

The graph of C  is translated by the vector 
2

1

− 
 
 

. 

Determine the equation of the translated graph, in its simplest form. 

2 2 3y x x= + +  
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Question 26      (***) 

 

 

 

 

 

 

 

 

 

 

The figure above shows a star shaped curve consisting of four distinct sections, each in 

a separate quadrant, labelled as A , B , C  and D . 

The equation of A  is  

1x y+ = ,   0 1x≤ ≤ ,   0 1y≤ ≤ . 

Determine the equations for each of the remaining sections B , C  and D . 

SYN-K , : 1B x y− + = , : 1C x y− + − = , : 1D x y+ − =  

 

 

O x

y

A

C

B

D
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Question 27     (***) 

 

 

 

 

 

 

 

The figure above shows the graph of the curve with equation 

( )y f x= , x ∈� , 2x > . 

The curve meets the x  axis at the point with coordinates ( )3,0 , and the straight line 

with equation 2x =  is an asymptote to the curve. 

Sketch, on separate diagrams, each of the following graphs. 

a) ( )1
y f x

−= . 

b) ( )y f x= . 

c) ( )2 1y f x= − . 

Each sketch must include the coordinates of any points where the graph meets the 

coordinate axes and the equations of any asymptotes. 

C3J , graph  

 

( )y f x=

x

2x =

( )3,0

y

O
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Question 28     (***)      

A curve C  has equation 

2

1
y

x
= , x ∈� , 0x ≠ . 

a) Sketch the graph of C . 

b) Sketch on separate set of axes the graph of  ... 

i. ... 
2

1
1y

x
= + , x ∈� , 0x ≠ . 

ii. ... 
( )

2

1

1
y

x
=

+
, x ∈� , 1x ≠ − . 

Mark clearly in each sketch the equations of any asymptotes to these curves and 

the coordinates of any intersections with the coordinate axes. 

MP1-N , graph  
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Question 29     (***)        

A curve C  has equation 

( )
2

1
f x

x
= − , x ∈� , 0x ≠ . 

a) Sketch the graph of C . 

b) Sketch on separate set of axes the graph of  ... 

i. ... ( )1f x − . 

ii. ... ( )f x′ . 

Mark clearly in each sketch the equations of any asymptotes to these curves and 

the coordinates of any intersections with the coordinate axes. 

MP1-U , graph  
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Question 30     (***+) 

The figure below shows the graph of a function with equation ( )y f x= .  

The curve meets the y  axis at ( )0,2  while the lines with equations 2x =   and 0y =  

are asymptotes to the curve. 

 

 

 

 

 

 

Sketch on separate diagrams the graph of  … 

a) … ( )2 2y f x= + . 

b) … ( )2 2y f x= + . 

c) … ( )y f x= − − . 

The sketches must include 

•••• the coordinates of any points where the graph meets the coordinate axes. 

•••• any asymptotes to the curve, clearly labelled. 

C3A , graph  

 

2x =

( )y f x=

O

( )0,2

y

x
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Question 31     (***+) 

 

 

 

 

 

The figure above shows the graph of a function with equation ( )y f x= .  

The curve meets the y  axis at the point with coordinates ( )0,3  and the x  axis at the 

points with coordinates ( )1,0−  and ( )4,0 . 

Sketch on separate diagrams the graphs of 

a) ( )1y f x= − . 

b) ( )3 3y f x= . 

c) ( )y f x= − − . 

The sketches must include the coordinates of any points where the transformed graph 

meets the coordinate axes. 

graph  

 

 

 

 

( )1,0−

( )y f x=

O

( )4,0

y

x

( )0,3
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Question 32     (***+) 

( ) 3 26 10 3f x x x x≡ − + − , x ∈� . 

The graph of ( )f x  is translated by the vector 
2

3

− 
 
 

, forming the graph of a new curve, 

denoted by C . 

Find, in its simplest form, the equation of C , stating further the coordinates of the point 

where the graph of C  crosses the y  axis. 

MP1-I , 3 2 4y x x= − + , ( )0,4  
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Question 33     (***+) 

 

 

 

 

 

The figure above shows the graph of the curve C  with equation 

( ) 3 2
f x x ax bx c= + + + , 

where a , b  and c  are constants. 

The curve crosses the x  axis at ( )3,0−  and touches the x  axis at ( )1,0 . 

a) Find the value of a , b  and c . 

b) Sketch the graph of ( )1
3

y f x= , clearly marking the coordinates of any points of 

intersection with the coordinate axes. 

The graph of C  is translated by the vector 
1

1

− 
 
 

 to give the graph of ( )g x . 

c) Show clearly that ( ) 3 4 1g x x x= + + . 

C1P , 1a = , 5b = − , 3c =  

 

 

( )3,0−

O
x

( )1,0

y ( )y f x=
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Question 34     (***+) 

 

 

 

 

 

The figure above shows the graph of a function with equation ( )y f x= .  

The curve meets has a maximum point on the y  axis at the point with coordinates ( )0,1 .  

It meets the x  axis at the points with coordinates ( )1,0−  and ( )1,0 .  

Sketch on separate diagrams the graphs of … 

a) … ( )2 1y f x= − . 

b) … ( )2 1y f x= − . 

The sketches must include the coordinates of any points where the transformed graph 

meets the coordinate axes, and the coordinates of its maximum point. 

graph  

 

 

 

 

( )1,0−

( )y f x=

O

( )1,0

y

x

( )0,1
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Question 35     (***+) 

3 cos 2y x= − ° , 0 360x≤ ≤ . 

a) Describe geometrically the three transformations that map the graph of 

cosy x= °  onto the graph of 3 cos 2y x= − ° . 

b) Sketch the graph of 3 cos 2y x= − ° , 0 360x≤ ≤ . 

horizontal stretch by scale factor 2,

followed by reflection in the  axis,

followed by translation "upwards" by 3 units

x  
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Question 36     (***+) 

3 4 1 0x x− + = . 

The above cubic equation has three real roots 1x , 2x  and 3x .  

Use transformation arguments to find, in a simplified form, another cubic equation 

whose roots are 

1 1x + ,      2 1x + ,      3 1x + . 

MP1-A , 3 23 4 0x x x− − + =  
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Question 37     (***+) 

1 2cosy x= + ° , 0 360x≤ ≤ . 

a) Describe geometrically the two transformations that map the graph of cosy x= °  

onto the graph of 1 2cosy x= + ° . 

b) Sketch the graph of 1 2cosy x= + ° , 0 360x≤ ≤ . 

The sketch must include the coordinates of any points where the graph meets the 

coordinate axes. 

vertical stretch by scale factor 2,

followed by translation "upwards" by 1 unit
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Question 38     (***+) 

The curve C  has equation 

( )2
9 2y x= − − . 

a) Describe geometrically the three transformations that map the graph of 2
y x=  

onto the graph of C . 

b) Hence, sketch the graph of C . 

The sketch must include the coordinates of 

• … all the points where the curve meets the coordinate axes. 

• … the coordinates of the maximum point of the curve. 

reflection in the  axisx , translation "right" by 2 units , 

translation "upwards" by 9 units  
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Question 39     (***+) 

( )
1

f x
x

= , x ∈� , 0x ≠ . 

( )
1

2
2

g x
x

= +
+

, x ∈� , 2x ≠ − . 

a) Describe mathematically the two transformations that map the graph of ( )f x  

onto the graph of ( )g x . 

b) Sketch the graph of ( )g x . 

The sketch must include the coordinates of … 

• … all the points where the curves meet the coordinate axes. 

• … the equations of any asymptotes of the curves. 

translation "left" by 2 units, followed by translation "upwards" by 2 unit  
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Question 40     (***+) 

A curve C  has equation 

2 8 12y x x= + + , x ∈� . 

Describe fully a sequence of two transformations which map the graph of 2
y x=  onto 

the graph of C . 

SYN-F , 
4

translation by the vector 
4

− 
 − 
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Question 41     (***+) 

A curve C  has equation 

3

1

1
y

x
=

+
, x ∈� , 1x ≠ − . 

a) Determine an equation of the curve which is obtained by translating C  by the 

vector 
3

1

 
 
 

. 

b) Describe fully a sequence of two transformations which map the graph of C  

onto the graph with equation 

3

1

1
y

x
=

−
, x ∈� , 1x ≠ . 

MP2-A , 
( )

3

1
1

3 1
y

x
= +

− +
, reflections in the  axis and the  axis, in either order x y  
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Question 42     (***+) 

The figure below shows the graph of a function with equation ( ) 2 10 16f x x x= − + .  

The curve meets the x  axis at ( )2,0  and at the point ( )8,0 , the y  axis at ( )0,16  and 

has a minimum at ( )5, 9− . 

 

 

 

 

 

 

Sketch on separate diagrams the graphs of 

a) ( )2y f x= + . 

b) ( )2 9y f x= − + . 

The sketches must include 

•••• the coordinates of any points where the graph meets the coordinate axes,  

•••• the new coordinates of the minimum point of the curve. 

Show detailed calculations on how the y  intercept of the graph (b) was obtained. 

graph , ( )0,49  

 

 

( )5, 9−

( )8,0

( ) 2 10 16f x x x= − +

O

( )0,16

( )2,0

y

x
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Question 43     (***+)  

Sketch on separate diagrams the curve with equation … 

a) … ( )2 3y x x= + . 

b) … ( ) ( )2
3y x k x k= − − + , 

where k  is a constant such that 3k > . 

Both sketches must include the coordinates, in terms of k  where appropriate, of any 

points where each of the curves meets the coordinate axes. 

C1K , graph  
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Question 44     (***+) 

A semi cubical parabola C  has equation 

3y x= , x ∈� , 0x ≥ . 

a) Sketch the graph of C .  

b) Describe fully a sequence of two transformations which map the graph of C  

onto the graph with equation 

( )3
8 1y x= − , x ∈� , 1x ≥ . 

MP2-O ,  

11horizontal stretch by the scale factor , followed by translation by the vector 
2 0

 
 
 
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Question 45     (***+) 

 

 

 

 

 

 

The figure above shows part of the curve C  with equation 

( )y f x= , 4 4x− ≤ ≤ . 

a) Given that the graph of C  is even, sketch the graph of ( )2y f x= − − . 

b) Given that the graph of C  is odd, sketch the graph of ( )2y f x= − − . 

graph  

 

 

 

 

 

 

O
x

y

C

2 4

2
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Question 46     (***+)  

( ) 22 8 14f x x x= − + , x ∈� . 

a) Express ( )f x  in the form ( )2
a x b c+ + , where a , b  and c  are integer 

constants. 

b) Find the coordinates of the minimum point on the curve with equation … 

i. … ( )1
2

y f x= . 

ii. … ( )1 4y f x= + − . 

C1U , ( ) ( )2
2 2 6f x x= − + , ( )4,6 , ( )1,2  
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Question 47     (***+) 

 

 

 

 

 

 

 

The figure above shows the graph of a function with equation ( )y f x= .  

The graph consists of four straight line segments joining the points ( )6,0A − , ( )0,6B , 

( )6,0C , ( )9,12D  and ( )12,12E . 

a) Write down, with some justification, the number of roots of the equation … 

i. … ( ) 2f x = . 

ii. … ( )f x x=  

b) Sketch on separate diagrams the graph of … 

i. … ( )y f x= − . 

ii. … ( )1
2

y f x= . 

Each sketch must include the new coordinates of A , B , C , D  and E . 

C1N , 3 roots , 3 roots , graph  

 

 

( )6,0C( )6,0A −

( )y f x=

O

( )0,6B

x

y

( )9,12D
( )12,12E

not drawn to scale
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Question 48      (***+) 

A curve is defined as 

( ) ( )( )4 3f x x x≡ − +   ,  x ∈� , 

a) Sketch the graph of  ( )f x , clearly indicating the coordinates of its vertex and 

the coordinates of any points where the graph meets the coordinate axes. 

The graph of  the curve with equation ( )y f kx= , where k  is a constant, passes through 

the point with coordinates ( )1,0 . 

b) Determine the two possible values of  k . 

MP1-D , 4 3k k= = −∪  
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Question 49      (***+)  

 

 

 

 

3 4 1 0x x− + = . 

 

The figure above shows part of the curve with equation ( )y f x= , which has a local 

maximum at ( )2,6 . 

The graph ( )y f x=  is transformed onto the graph of ( )y g x= , so that the graph of 

( )y g x=  has a local minimum at the origin. 

Express ( )g x  in terms of ( )f x . 

MP2-M , ( ) ( )6 2g x f x= − +  

 

 

 

 

( )y f x=

( )2,6

O

y

x
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Question 50      (***+) 

A curve with equation ( )y f x= meets the x  axis at the points with coordinates ( )2,0−  

and ( )8,0 , and has a stationary point at ( )3, 6− , as shown in the figure below. 

 

 

 

 

 

 

 

a) If the graph of ( )2y f x α= +  passes through the origin, determine the possible 

values of α . 

b) If the stationary point on the graph of  ( )2y f xβ= +  has coordinates ( ),2γ , 

state the value of β  and the value of γ . 

SYN-Q , 2 8α α= − =∪ , 1
3

β = − , 1γ =  

 

 

 

( )8,0( )2,0−

( )y f x=

y

xO

( )3, 6−
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Question 51     (****)  

( ) 23 5 2f x x x= + − , x ∈� . 

a) Solve the equation ( ) 0f x = . 

b) Sketch the graph of ( )f x . 

The sketch must include the coordinates of any points where the graph of ( )f x  

meets the coordinate axes. 

c) Find the coordinates of any points where the graph of the curve with equation 

( )1
3

y f x=  meets the coordinate axes. 

The graph of ( )y f x=  is translated by 1 unit in the negative x  direction onto the graph 

of the curve with equation 2
y ax bx c= + + , where a , b  and c  are constants. 

d) Determine the value of a ,  b  and  c .  

C1M , 12,
3

x x= − = , ( ) ( ) ( )12,0 , ,0 , 0, 2
3

− − , ( ) ( ) ( )6,0 , 1,0 , 0, 2− − , 

3, 11, 6a b c= = =  
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Question 52     (****) 

 

 

 

 

3 4 1 0x x− + = . 

 

 

The figure above shows part of the curve with equation ( )2y f x= . 

The curve meets the coordinate axes at ( )6,0  and ( )0,4 . 

b) Sketch the graph of ( )y f x= .  

The sketch must include the coordinates of any points where the graph meets the 

coordinate axes. 

c) Sketch on separate diagram the graph of ( )4 1y f x= − .  

The sketch must include the coordinates of the point where the graph meets the 

x  axis. 

SYN-C , graph  

 

( )2y f x=

( )0,2

( )6,0O

y

x
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Question 53      (****) 

A function f  is defined by 

( ) ( )4 1f x x x= − , x ∈� . 

The graph of ( )g x  is obtained by translating the graph of ( )f x  by 1  unit in the 

positive x  direction, followed by a horizontal stretch by scale factor of 2
3

. 

a) Determine an equation for ( )g x . 

The graph of ( )f x  is obtained by translating the graph of ( )h x  by 1  unit in the 

positive x  direction, followed by a vertical stretch by scale factor of 2 . 

b) Determine an equation for ( )h x . 

SYN-A , ( ) 29 18 8g x x x= − + , ( ) 22 2h x x x= +  
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Question 54     (****) 

The curve C  has equation 

( ) ( )( )f x x a x b= − + , x ∈� , 

where a  and b  are constants such that 0a b> > . 

Sketch, in separate sets of axes, the graph of ... 

a) … ( )y f x= . 

b) … ( )y f x a= − + . 

Each of the graphs must show clearly … 

••••  … the coordinates of any points where the curve meets the coordinates axes. 

•••• … the equation of the line of symmetry of the curve.  

graph  
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Question 55     (****) 

( ) 8x
f x = , x ∈� . 

a) Describe the geometric transformation which maps the graph of ( )f x  onto the 

graph of … 

i. … ( )1
8

x

y = . 

ii. … 2x
y = . 

The graph of ( )f x  is mapped onto the graph of 18x
y

−=  by a single geometric 

transformation T , which is not a translation. 

b) Describe T  geometrically. 

MP1-P , reflection in the  axisy , horizontal stretch, scale factor 3 , 

1vertical stretch, scale factor 
8
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Question 56     (****) 

The curve C  has equation 

2 3

2

x
y

x

+
=

−
, x ∈� , 2x ≠ . 

a) Show clearly that  

2 3 7
2

2 2

x

x x

+
≡ +

− −
. 

b) Find the coordinates of the points where C  meets the coordinate axes. 

c) Sketch the graph of C  showing clearly the equations of any asymptotes. 

( ) ( )3 30, , ,0
2 2

− −  
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Question 57     (****) 

 

 

 

 

 

 

The figure above shows the graph of a function with equation  

( ) 2 4 3f x x x= + + , x ∈� . 

The curve meets the x  axis at the points ( )3,0−  and ( )1,0− , the y  axis at ( )0,3  and 

has a minimum point at ( )2, 1− − . 

Sketch on separate diagrams the graphs of … 

a) … ( )3 1y f x= − + . 

b) … ( )2 1y f x= + . 

The graphs must show … 

•••• … the coordinates of any points where the graph meets the coordinate axes. 

•••• … the new coordinates of the minimum point of the curve. 

•••• … detailed calculations for finding the y  coordinate of each graph.  

graph  

 

( )y f x=

O

y

x

( )0,3

( )2, 1− −
( )1,0−( )3,0−
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Question 58     (****) 

 

 

 

 

 

 

 

 

The figure above shows four distinct graphs, each located within a separate quadrant, 

labelled as A , B , C  and D . 

The equation of A  is  

( )2
2y x= − ,   0 2x≤ ≤ ,   0 4y≤ ≤ . 

Find the equations for each of the remaining sections, B , C  and D , giving each of the 

equations in a simplified form ( )y f x= . 

MP1-V , ( )2 2: 4 2 4B y x x x= − + = − − , ( )2 2: 2 4 4C y x x x= − + = − − − , 

( )2 2: 2 4 4D y x x x= − − = − + −  

 

O
x

y

A

C

B

D

4

2
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Question 59     (****) 

A curve C  has equation 

3 1x
y = + , x ∈� . 

a) Sketch the graph of C , clearly indicating the equation of the asymptote to the 

curve and the coordinates of any intercepts with the coordinate axes. 

b) Find an equation of the curve which is obtained by reflecting the graph of C  in 

the x  axis followed by reflection of the graph of C  in the y  axis. 

c) Describe fully a sequence of two transformations which map the graph of C  

onto the graph with equation 

13 3x
y

+= + , x ∈� . 

d) Describe fully a single transformation which map the graph of C  onto the graph 

with equation 

13 3x
y

+= + , x ∈� . 

SYN-D , 3 1xy −= − − , 
1

translation by the vector 
2

− 
 
 

, 

vertical stretch by the scale factor 3  
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Question 60     (****) 

The figure below shows part of the graph of 

cos( )y qx p= − ° , x ∈� , 

where q  and p  are positive constants. 

 

 

 

 

 

The graph of cos( )y qx p= − °  crosses the x  axis at the points A , ( )220,0B  and 

( )340,0C  . 

a) State the coordinates of A . 

b) Determine the values of q  and p . 

( )100,0A , 3 , 60
2

q p= =  

 

 

 

 

 

 

A B CO

y

x

cos( )y qx p= − °
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Question 61     (****) 

 

 

 

 

 

The figure above shows the graph of the function 

( ) ( )
2

1 2 1f x x≡ − − , x ∈� , 0 x a≤ ≤ . 

a) Find the value of the constant a . 

b) State the range of ( )f x . 

The function g  is suitably defined by 

( ) ( )12 2
2

g x f x= − . 

c) Sketch the graph of  ( )g x . 

d) State the domain and range of ( )g x . 

1a = , ( )0 1f x≤ ≤ , ( )0 2, 2 0x g x≤ ≤ − ≤ ≤  

 

 

( ),0A aO

y

x

( ) ( )2
1 2 1f x x= − −
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Question 62     (****) 

A cubic curve C  has equation 

( )( )2
3 4y x x= − + . 

a) Sketch the graph of C . 

The sketch must include any points where the graph meets the coordinate axes. 

b) Sketch in separate diagrams the graph of … 

i. … ( )( )2
3 2 4 2y x x= − + . 

ii. … ( )( )2
3 4y x x= + − . 

iii. … ( )( )2
2 5y x x= − + . 

Each of the sketches must include any points where the graph meets the 

coordinate axes. 

C1Q , graph  
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Question 63     (****) 

a) Sketch the graph of 2y x=  in its largest real domain. 

b) Describe a single geometric transformation which maps the graph of 2y x=  

onto the graph of 3 2y x= . 

c) Describe a single geometric transformation which maps the graph of 2y x=  

onto the graph of 3 2y x= , other than the one described in part (b). 

MP1-E , 3vertical stretch by scale factor of 2
2

, 

2horizontal stretch by scale factor of 
9
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Question 64     (****)  

Three geometric transformations are defined as follows. 

•••• R  is a reflection in the y  axis. 

•••• S  is a stretch parallel to the x  axis, by scale factor of  1
2

. 

•••• T  is a translation by 3  units in the negative x  direction . 

The transformation T , followed by S , followed by R  is applied to the graph of the 

curve with equation y x= . 

a) Determine a simplified equation for the transformed graph. 

b) Determine a sequence of transformations in terms of R , S  and T only, 

which map the graph of y x=  onto the graph of 4 3y x= + . 

3 2y x= − , T S S− −  
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Question 65     (****) 

( )
2

3

x
f x

x

−
=

−
, x ∈� , 3x ≠ . 

a) Express ( )f x  in the form 

( )
1

f x a
x b

= +
+

, 

where a  and b  are integers. 

b) By considering a series of transformations which map the graph of  
1

x
 onto the 

graph of ( )f x , sketch the graph of ( )f x . 

The sketch must include … 

• … the coordinates of all the points where the curve meets the coordinate 

iiii axes. 

• … the equations of the two asymptotes of the curve. 

1a = , 3b = −  
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Question 66     (****) 

 

 

 

 

 

 

The figure below shows part of the graph of 

sin( )y nx ϕ= − , 

where n  and ϕ  are positive constants, with 0
2

π
ϕ≤ < . 

The graph crosses the x  axis at the points A , B  and C  with respective coordinates 

,0
9

π 
 
 

, 
4

,0
9

π 
 
 

 and 
7

,0
9

π 
 
 

. 

Determine the value of n  and the value of ϕ . 

3n = , 
3

π
ϕ =  

 

 

 

 

A B CO

y

x

sin( )y nx ϕ= −
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Question 67     (****) 

( ) 2 2 8f x x x= − − , x ∈� . 

a) Express ( )f x  in the form ( ) ( )2
f x x a b= + + , where a  and b  are integers. 

b) Sketch the graph of ( )f x . 

a) By considering a series of three geometrical transformations, or otherwise, 

sketch the graph of ( )3 2y f x= − − . 

Both sketches must include the coordinates of … 

• … all the points where the curves meets the coordinate axes. 

• … the minimum or maximum points of the curves. 

1a = − , 9b = −  
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Question 68     (****) 

 

 

 

 

 

 

The figure above shows part of the graph of 

secy P Q x= + , 

where P  and Q  are non zero constants. 

The graph has turning points at ( ), 8A π −  and ( )2 , 2B π − . 

By using transformation considerations only, find the value of P  and the value of  Q . 

C3I , 5P = − , 3Q =  

 

 

 

 

 

 

 

( ), 8A π − ( )2 , 2B π −

O

y

x

secy P Q x= +
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Question 69     (****) 

By considering a sequence of three transformations, or otherwise, sketch the graph of 

( )ln 2 4y x= − , x ∈� , 1
2

x ≤ . 

The sketch must include the coordinates of any points where the graph meets the 

coordinate axes and the equations of any asymptotes. 

C3I , graph  
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Question 70     (****) 

A curve has equation 

32 x
y = , x ∈� . 

a) Describe the single geometric transformation which map the graph of 32 x
y =  

onto the graph of 3 42 x
y

+= . 

b) Describe a different geometric transformation which map the graph of 32 x
y =  

onto the graph of 3 42 x
y

+= . 

MP1-C , appropriate description  
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Question 71     (****+) 

A curve has equation 

( )2 3y f x= + . 

a) Describe the two geometric transformations which map the graph of 

( )2 3y f x= +  onto the graph of ( )y f x= . 

b) Describe a different set of two geometric transformations which map the graph 

of ( )2 3y f x= +  onto the graph of ( )y f x= . 

The description must be formal, clearly indicating the order in which the two 

transformations take place. 

SYN-S , appropriate description  
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Question 72     (****+)  

( ) 23 12f x x x= − , x ∈� . 

The curve with equation 2
y x=  is mapped onto the curve with equation ( )y f x=  

through a sequence of three geometric transformations. 

Describe these three transformations geometrically, clearly indicating the order in which 

they occur.  

translation "right" by 2 units,

vertical stretch by scale factor 3,

translation "down" by 12 units 
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Question 73     (****+)    

( ) 38 15f x x≡ − , 
3 15

8
x ≥ . 

a) Describe the geometric transformation which maps the graph of ( )f x  onto the 

graph of 3 15x − . 

The graph of ( )g x  is a translation of ( )f x  by the vector 
1

15

 
 
 

. 

b) Evaluate ( )3g . 

C1V , horizontal stretch by scale factor 2 , ( )3 22g =  
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Question 74     (****+)  

The curve with equation ( )y f x=  is translated by the vector 
1

0

 
 
 

, followed by a 

horizontal stretch of scale factor 1
2

, to give the graph of the curve with equation 

28 22 10y x x= − + . 

Show clearly that  

( ) 22 7 1f x x x= − + . 

C1X , proof  
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Question 75     (****+)  

The functions f  and g  are defined for all x  and are defined by 

( ) ( )
4

11
2

f x x= +   and   ( ) ( )4
1 3g x x= + . 

a) Describe the geometrical transformation which maps the graph of ( )f x  onto the 

graph of ( )g x . 

The graph of ( )f x  is translated by the vector 
2

0

 
 
 

 to give the graph of ( )h x . 

b) Find an expression for ( )h x  in its simplest form. 

MP1-X , 1horizontal stretch by scale factor of 
6

, ( ) 41
16

h x x=  
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Question 76       (****+)    

The curve 1C , with equation ( )y f x=  , undergoes 3  transformations in the order given 

below. 

1. A translation of 2  units, in the negative x  direction. 

2. An enlargement parallel to the x  axis, with scale factor 2 . 

3. A translation of 1 unit in the positive y  direction. 

The resulting curve 2C  has equation 

2 9 22

4

x x
y

x

+ +
=

+
, x ∈� , 4x ≠ − . 

Determine in its simplest form an equation for 1C . 

SP-M , 
1

2y x
x

= +  
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Question 77     (****+)  

( ) 42logf x x= , x ∈� , 0x > . 

( ) 41 2logg x x= + , x ∈� , 0x > . 

a) State the translation vector that maps the graph of ( )f x  onto the graph of ( )g x . 

It is given that the graph of ( )g x  can also be obtained from the graph of ( )f x  by a 

single transformation, but this transformation is not a translation. 

b) Describe this transformation geometrically. 

MP1-X , 
0

1

 
 
 

, 1horizontal stretch by scale factor 
2
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Question 78     (****+)  

2 16y x= + ,   x ∈� . 

a) Describe the geometric transformation which maps the graph of 2 16y x= +  

onto the graph of 24 1y x= + . 

When the graph of 2 16y x= +  is translated by the vector 
0

k 
 
 

, where k  is a non zero 

constant, the image of the transformed graph passes through the point ( )6,5 . 

b) Determine the possible values of k . 

MP1-X , 1horizontal stretch by scale factor 
4

, 3 9k k= ∪ =  
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Question 79     (****+) 

 

 

 

 

 

The figure above shows the graph of the quadratic curve with equation ( )y f x=  that 

meets the x  axis at the points ( )2,0−  and ( )4,0− ,  and the y  axis at the point P . The 

curve has a maximum at ( )1,6 . 

a) Sketch the graph of 

( )3 2y f x= − + , 

showing clearly the coordinates of any points where the graph meets the x  axis, 

and the new coordinates of the maximum point of the curve. 

The point  P  has coordinates ( )160,
3

. 

b) Find an equation for ( )y f x= . 

c) Hence, or otherwise, determine the y  intercept of ( )3 2y f x= − + . 

C1T , ( )( )2 2 4
3

y x x= + − , ( )0, 16P′ −  

 

( )1,6

( )4,0

( )y f x=

O

P

( )2,0−

y

x
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Question 80     (****+)     

A quadratic has equation 

2
y A Bx x= + − , x ∈� . 

The image of the curve, when reflected in the y  axis, is identical to the image of the 

curve when translated by the vector 
3

0

− 
 
 

. 

Given further that the curve meets the y  axis at ( )0,10 , determine the area of the finite 

region bounded by the curve and the x  axis. 

MP1-W , 
343

area
6

=  

 

 

 

 

 

 

 

 



Created by T. Madas 
 

Created by T. Madas 

Question 81     (****+) 

A curve has equation 

2 2xy x y= −  . 

This curve is translated by the vector 
3

2

 
 

− 
 , followed by reflection about the line with 

equation y x= .  

Find an equation of this curve after these transformations. 

SYN-X , ( )( )2
3 2 2 8y x y x− + = − −  
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Question 82     (****+)    

The curve 1C , with equation ( )y f x=  , undergoes 3  transformations in the order given 

below. 

1. A translation of 2  units, in the positive x  direction. 

2. A reflection about the y  axis. 

3. A translation of 1 unit in the positive y  direction. 

The resulting curve 2C  has equation 

2

2

3 3

4 5

x x
y

x x

+ +
=

+ +
,   x ∈� . 

Determine an equation for 1C , giving the answer in the form ( )y g x= , where ( )g x  is 

a single simplified fraction. 

SYN-V , 
21

x
y

x
=

+
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Question 83     (****+)       

 

 

 

 

 

 

 

 

The figure above shows the curve with equation ( )y f x= . 

The equations of the three asymptotes to the curve, and the three intercepts of the curve 

with the coordinate axes are marked in the figure. 

Sketch a detailed graph of ( )2
y f x= . 

SP-F , graph  

 

 

 

 

18y =
16

y

4

10
x

9x =
O

4y =

( )y f x=
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Question 84      (*****)       

 

 

 

 

 

 

 

The figures above show two transformations of a function with equation ( )y f x= , the 

graph of ( )2
y f x=  in the first set of axes, and the graph of ( )2

y f x=  in the second set 

of axes.  

The equations of the vertical asymptotes for each graph are included in the figures. 

The x  axis is a horizontal asymptote for both graphs. 

Sketch a possible graph of ( )y f x= , showing all relevant details. 

SP-H , graph  

 

 

 

 

4x =1x = −

y

x
O

( )2y f x=

2x = −

O

y

2x =

x

( )2y f x=
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Question 85     (*****) 

 

 

 

 

 

 

 

 

The figure above shows the curve with equation ( )y f x= . 

The curve has a local minimum at ( )0,2A  and crosses the x  axis at ( )9,0B . 

The straight lines with equations 4y =  and 8x =  are asymptotes to the curve. 

Sketch on separate set of axes the graph of … 

a) … 
( )
1

y
f x

= . 

b) … ( )y f x′= . 

c) … ( )2
y f x= . 

In each case, give if possible, the equations of any asymptotes, the coordinates of any 

stationary points and the coordinates of any points where the curve meets the coordinate 

axes. 

SP-N , graph  

[solution overleaf] 

( )y f x=

8x =

4y =

O

y

x
B

A
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Question 86     (*****) 

 

 

 

 

 

 

The figure above shows part of the graph of the function ( )y f x= .  

The graph meets the x  axis at ( )2,0  and at the origin, and has a maximum at ( )1,1 . 

It is given that ( )f x  is defined for 0 4x≤ ≤  and ( ) ( )4f x f x− = − . 

Sketch on separate diagrams the graph of … 

a) … ( )y f x= , 0 4x≤ ≤ . 

b) … ( )2y f x= , 0 2x≤ ≤ . 

c) … ( )4y f x= − , 0 4x≤ ≤ . 

The sketches must include the coordinates of any points where each of the graphs meets 

the coordinate axes and the coordinates of any minimum or maximum points. 

C1S , graph  

 

( )2,0

( )y f x=

O

( )1,1y

x
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Question 87     (*****) 

The graph of ( )y f x= −  and the graph of ( )y f x=  are shown below, in two 

separate set of axes.  

 

 

 

 

 

 

 

Sketch on separate set of axes a detailed graph of … 

a) … ( )y f x= . 

b) … ( )y f x′= . 

SP-D , graph  

 

 

y

( )y f x=

x

4y =

2x = − 2x =

O

( )y f x= −

2y = −

2x =

y

xO

( )2, 4− −
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Question 88     (*****)      

A quartic curve C  has the following equation. 

( )( )( )4 2 6y x x x x= − + − ,   x ∈� . 

By considering suitable transformations, show that C  is even about the straight line 

with equation 2x = . 

MP2-T , proof  
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Question 89     (*****) 

A curve is defined in the largest real domain by the equation 

( ) 2 8 12f x x x= − + − . 

Sketch on separate set of axes detailed graph of ... 

a) … ( )2
y f x= . 

b) … ( )y f x′= . 

c) … 
( )
1

y
f x

= . 

d) … ( )2 e
f x

y = . 

SPX-N , graph  
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Question 90     (*****)      

A cubic curve with equation 

3 23 9 3y x x x= − − + ,  x ∈� , 

is odd about some point P . 

Find the coordinates of P  and use transformation arguments to justify the assertion that 

the curve is odd about P . 

SYN-T , ( )1, 8P −  
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Question 91     (*****)      

 

 

 

 

 

 

 

The figure above shows the curve with equation 

( ) ( )( )1 5f x x x= + − , 

and the curve with equation ( )y g x= . 

The curve with equation ( )y g x=  can be obtained by two transformations of the curve 

with equation ( )y f x= . It is further given that these two transformations do not 

include any stretches, shears or rotations. 

If both curves meet the y  axis at the same point P , find an equation for ( )y g x= . 

MP1-S , ( ) 2 4 5g x x x= − +  

 

( ) ( )( )1 5f x x x= + −

O

P

x( )y g x=

y
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Question 92      (*****)     

A curve has equation 

( )
2

3

x
f x

x

−
≡

−
,       x ∈� , 3x ≠ . 

Sketch in separate set of axes the graph of 

• ( )y f x=  

• ( )2
y f x= −  

• ( )y f x′=  

You must show in each case the equations of any asymptotes and the coordinates of any 

intersections with the coordinate axes. 

SPX-A , graph  
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Question 93      (*****) 

 

 

 

 

 

 

A sketch of the curve with equation ( )y f x=  is shown above.  

Important information about the curve, such as the equations of its asymptotes and its 

intercepts with the coordinate axes are marked in the diagram. 

Sketch on separate detailed diagrams the graph of … 

a) … ( )y f x= . 

b) … ( )y f x= . 

c) … ( )2y f x= . 

d) … ( )y f x′= . 

SP-B , graph  

 

 

( )y f x=

O x

y

4x =

3

4

2x = −

3−

4y =
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Question 94      (*****)     

A curve has equation 

( ) ( ) ( )

( ) ( )

2 6 8, , 2 4

4 0,

4 0,

x x x x

f x f x f x x

f x f x x

 − + ∈ ≤ ≤


≡ + − = ∈


− + = ∈

�

�

�

 

Sketch a detailed graph of  ( )1 2f x− , x ∈� , 0 4x≤ ≤ . 

SPX-B , graph  

 


