1MA1 Higher themed papers: Spheres and Cones
[image: ]Spheres and Cones 

[bookmark: _Hlk35283394][bookmark: _Hlk35283830]Instructions
· [image: ]Use black ink or ball-point pen.
· [image: ]Fill in the boxes at the top of this page with your name,
centre number and candidate number.
· Answer all questions.
· Answer the questions in the spaces provided
– there may be more space than you need.
· You must show all your working.
· Diagrams are NOT accurately drawn, unless otherwise indicated. 
· If your calculator does not have a π button, take the value of π to be 3.142 
unless the question instructs otherwise.
Information
· The total mark for this paper is 47. There are 12 questions.
· Questions have been arranged in an ascending order of mean difficulty, as found by all students in the June 2017–November 2019 examinations.
· The marks for each question are shown in brackets
– use this as a guide as to how much time to spend on each question.

Advice
· Read each question carefully before you start to answer it.
· Keep an eye on the time.
· Try to answer every question.
· Check your answers if you have time at the end.


1 	A hollow cylinder has radius r cm and height 6r cm.
3 spheres, also of radius r cm, are put into the cylinder.

[image: ] 


(a) 	Work out the proportion of the cylinder that is not filled by the spheres.













.......................................................
(3)

The height of the cylinder is increased by 2r cm.
Another sphere of radius r cm is put into the cylinder.

Malcolm says,

“There is no change in the proportion of the cylinder not filled by the spheres.”

(b) 	Is Malcolm correct?
	Justify your answer.

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

..........................................................................................................................................
(1)
(Total for Question 1 is 4 marks) _____________________________________________________________________
[image: ][image: ]2	Jan has some metal that she is going to make 
into solid metal spheres.

Each sphere will have a radius of 2.15 cm.

Jan has 1490 cm3 of metal.



(a) 	Work out an estimate for the number of spheres that Jan can make.






















.........................................
(3)

(b) 	If you calculate the number of spheres accurately, how do you think your answer to part (a) will change?
	Give a reason for your answer.

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

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

..........................................................................................................................................
(1)
(Total for Question 2 is 4 marks)
_____________________________________________________________________




[image: ]3	The diagram shows a solid shape.
The shape is a cone on top of a hemisphere.

[image: ]

The height of the cone is 10 cm.
The base of the cone has a diameter of 6 cm.
The hemisphere has a diameter of 6 cm.
The total volume of the shape is k π cm3, where k is an integer.
Work out the value of k.





















k = .......................................................
(Total for Question 3 is 4 marks)
_____________________________________________________________________


[image: ]4	A cone has a volume of 98 cm3.
[image: ]The radius of the cone is 5.13 cm.
(a)	Work out an estimate for the height of the cone.










......................................................cm
(3)
John uses a calculator to work out the height of the cone to 2 decimal places.
(b)	Will your estimate be more than John’s answer or less than John’s answer?
	Give reasons for your answer.

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

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

..........................................................................................................................................
(1)
(Total for Question 4 is 4 marks)
_____________________________________________________________________




[image: ]5	Here are two solid spheres, A and B.

[image: ]

Sphere A is made of gold.
Sphere B is made of silver.
Sphere A has radius 2 cm.
Sphere B has radius 3 cm.
Gold has a density of 19 000 kg/m3
Silver has a density of 10 000 kg/m3
Which sphere has the greater mass?
You must show how you get your answer.























(Total for Question 5 is 4 marks)
_____________________________________________________________________


6	Shape S is one quarter of a solid sphere, centre O.

[image: ]

The volume of S is 576 π cm3
Find the surface area of S.
Give your answer correct to 3 significant figures.
You must show your working.































...................................................... cm2
(Total for Question 6 is 5 marks)
_____________________________________________________________________


7	The diagram shows a hemisphere with diameter 8.4 cm.

[image: ]

Work out the volume of the hemisphere.
Give your answer correct to 3 significant figures.









....................................................... cm3
(Total for Question 7 is 2 marks)




8	The diagram shows a solid metal cylinder.

[image: ]

The cylinder has base radius 3x cm and height h cm.

The metal cylinder is melted.
All the metal is then used to make 270 spheres.


Each sphere has a radius of  cm.

Find an expression, in its simplest form, for h in terms of x.















.......................................................
(Total for Question 8 is 3 marks)
_____________________________________________________________________


9	A factory makes ice cream tubs in two sizes, small and large.

[image: ]

The tubs are similar in shape.
The height of the small tub is 5 cm.
The volume of the small tub is 150 cm3.
The volume of the large tub is 500 cm3.
Work out the height of the large tub.
Give your answer correct to 3 significant figures.





















.......................................................cm
(Total for Question 9 is 2 marks)
_____________________________________________________________________


[image: ]10	The diagram shows a sector OACB of a circle with centre O.
The point C is the midpoint of the arc AB.
The diagram also shows a hollow cone with vertex O.
The cone is formed by joining OA and OB.








[image: ]

The cone has volume 56.8 cm3 and height 3.6 cm.
Calculate the size of angle AOB of sector OACB.
Give your answer correct to 3 significant figures.
You must show all your working.































....................................................... °
(Total for Question 10 is 5 marks)
_____________________________________________________________________


11 	The diagram shows a solid made by joining a solid hemisphere to a solid circular cone.

The centre of the plane face of the cone coincides with the centre of the plane face of the hemisphere.


[image: ]
The radius of the hemisphere is 3 cm.
The radius of the base of the cone is 3 cm.

The volume of the solid is 30 π cm3

Work out the total surface area of the solid.
Give your answer as a multiple of π.














.......................................................cm2
(Total for Question 11 is 5 marks)
_____________________________________________________________________
12	Here is a frustum of a cone.

[image: ]

The diagram shows that the frustum is made by removing a cone with height 3.2 cm from
a solid cone with height 6.4 cm and base diameter 7.2 cm.
The frustum is joined to a solid hemisphere of diameter 7.2 cm to form the solid S shown
below.

[image: ]

The density of the frustum is 2.4 g/cm3
The density of the hemisphere is 4.8 g/cm3
Calculate the average density of solid S.










[bookmark: _GoBack]

































.......................................................g/cm3
(Total for Question 12 is 5 marks)


TOTAL MARKS FOR PAPER: 47

This publication may only be reproduced in accordance with Pearson Education Limited copyright policy.
©2020 Pearson Education Limited.
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15 The diagram shows a solid shape. 
The shape is a cone on top of a hemisphere.



Volume of a cone = 
1
3
ʌU2h h



U



Volume of a sphere = 
4
3 ʌU



3  



U



10 cm



6 cm



 The height of the cone is 10 cm. 
The base of the cone has a diameter of 6 cm. 
The hemisphere has a diameter of 6 cm.



 The total volume of the shape is Nʌ cm3, where k is an integer.



 Work out the value of k.



k = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 



(Total for Question 15 is 4 marks)
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A 1 5   T h e   d i a g r am shows a solid shape.  T h e   s h a p e  is a cone on top of a hemisphere.

Volume of a cone = 

1

3

2

h 

h

Volume of a sphere = 

4

3

3  

10 cm

6 cm

  T h e   h e i g h t of the cone is 10 cm. 

T h e   b a s e   of the cone has a diameter of 6 cm. 

T h e   h e m i s phere has a diameter of 6 cm.

  T h e   t o t a l   volume of the shape is   cm

3

, where 

k

 is an integer.

  W o r k   o u t   t he value of 

k

.

k

 = 

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

(Total for Question 15 is 4 marks)
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Turn over     



15 A cone has a volume of 98 cm3.
 The radius of the cone is 5.13 cm.



 (a) Work out an estimate for the height of the cone.
  Volume of cone = 1



3
ʌU2h    



U



h



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .cm
(3)



 John uses a calculator to work out the height of the cone to 2 decimal places.



 (b) Will your estimate be more than John’s answer or less than John’s answer?
  Give reasons for your answer.



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



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



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



(1)



(Total for Question 15 is 4 marks)



16 n is an integer greater than 1



 Prove algebraically that  n2 – 2 – (n – 2)2  is always an even number.



(Total for Question 16 is 4 marks)
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Turn over   

  

1 5

  A   c o n e   h a s   a   v o l u m e   o f   9 8   c m 3 .

  T h e   r a d i u s   o f   t h e   c o n e   i s   5 . 1 3   c m .

  ( a )   W o r k   o u t   a n   e s t i m a t e   f o r   t h e   h e i g h t   o f   t h e   c o n e .

  

Volume of cone = 

1

3

2

h    

h

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

cm

(3)

  J o h n   u s e s   a   c a l c u l a t o r   t o   w o r k   o u t   t h e   h e i g h t   o f   t h e   cone to 2 decimal places.

  ( b )   W i l l   y o u r   e s t i m a t e   b e   m o r e   t h a n   J o h n ’ s   a n s w e r   o

r

 less than John’s answer?

    G i v e   r e a s o n s   f o r   y o u r   a n s w e r .

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

.

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

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

.

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

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

.

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

(1)

(Total for Question 15 is 4 marks)

1 6

 

n

  i s   a n   i n t e g e r   g r e a t e r   t h a n   1

  P r o v e   a l g e b r a i c a l l y   t h a t    

n

2

  –   2   –   (

n

  –   2 )

2  

  i s   a l w a y s   an even number.

(Total for Question 16 is 4 marks)
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16 Here are two solid spheres, A and B.



Volume of sphere = 34



3
πr



r



A



2 cm



B



3 cm



 Sphere A is made of gold.
 Sphere B is made of silver.



 Sphere A has radius 2 cm.
 Sphere B has radius 3 cm.



 Gold has a density of 19 000 kg/m3



 Silver has a density of 10 000 kg/m3



 Which sphere has the greater mass?
 You must show how you get your answer.



(Total for Question 16 is 4 marks)
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1 6   H e r e   a r e   t w o solid spheres, A and B.

Volume of sphere = 

3

4

3

πr

r

A

2 cm

B

3 cm

  S p h e r e  

A

  i s  made of gold.

  S p h e r e  

B

  i s  made of silver.

  S p h e r e  

A

  h as radius 2 cm.

  S p h e r e  

B

  h as radius 3 cm.

  G o l d   h a s   a   density of 19 000 kg/m

3

  S i l v e r   h a s   a  

d

ensity of 10 000 kg/m3

  W h i c h   s p h e re has the greater mass?

  Y o u   m u s t   s h

o

w how you get your answer.

(Total for Question 16 is 4 marks)
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19 Shape S is one quarter of a solid sphere, centre O.



Volume of sphere = 4



3
ʌU3



Surface area of sphere = 4ʌU2 



U



Shape S



O



 The volume of S is 576ʌ  cm3



 Find the surface area of S.
 Give your answer correct to 3 significant figures.
 You must show your working.



.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . cm2



(Total for Question 19 is 5 marks)
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1 9   S h a p e   S   i s   o n e quarter of a solid sphere, centre O.

Volume of sphere 

= 

4

3

3

Surface area of sphere 

= 4

2 

Shape 

S

O

  T h e   v o l u m e   o f 

S

 is 576  cm

3

  F i n d   t h e   s u r f a ce area of 

S

.

  G i v e   y o u r   a n swer correct to 3 significant figures.

  Y o u   m u s t   s h o

w

 your working.

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

 cm

2

(Total for Question 19 is 5 marks)
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17 A factory makes ice cream tubs in two sizes, small and large.



Ice Cream 5 cm Ice Cream



small



large



 The tubs are similar in shape.



 The height of the small tub is 5 cm



 The volume of the small tub is 150 cm3



 The volume of the large tub is 500  cm3



 Work out the height of the large tub.
 Give your answer correct to 3 significant figures.



.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .cm



(Total for Question 17 is 2 marks)
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1 7   A   f actory makes ice cream tubs in two sizes, small and large.

Ice Cream

5 cm

Ice Cream

small

large

  T h e  tubs are similar in shape.

  T h e  height of the small tub is 5 cm

  T h e  volume of the small tub is 150 cm

3

  T h e  volume of the large tub is 500  cm3

  W o r

k

 out the height of the large tub.

  G i v e

 

your answer correct to 3 significant figures.

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

c m

(Total for Question 17 is 2 marks)


image14.png
Volume of cone = % wr*h

Curved surface area of cone = 7r/
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20 Here is a frustum of a cone.



                                 
7.2 cm



3.2 cm



3.2 cm



 The diagram shows that the frustum is made by removing a cone with height 3.2 cm from 
a solid cone with height 6.4 cm and base diameter 7.2 cm.



 The frustum is joined to a solid hemisphere of diameter 7.2 cm to form the solid S shown 
below.



                   



7.2 cm



3.2 cm
Solid S



 The density of the frustum is 2.4 g/cm3



 The density of the hemisphere is 4.8 g/cm3



 Calculate the average density of solid S.



Volume of sphere = 4
3
ʌU3      



r



Volume of cone = 1
3
ʌU2h     



r



hl
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2 0   H e r e   i s   a   f r u s t u m of a cone.

                                                            

 

 

7.2 cm

3.2 cm

3.2 cm

  T h e   d i a g r a m   s h ows that the frustum is made by removing a cone with height 3.2 cm from 

a   s o l i d   c o n e   w i t h height 6.4 cm and base diameter 7.2 cm.

  T h e   f r u s t u m   i s   j oined to a solid hemisphere of diameter 7.2 cm to form the solid 

S

 shown 

b e l o w .

                                     

7.2 cm

3.2 cm

S o l i d  

S

  T h e   d e n s i t y   o f   t he frustum is 2.4 g/cm

3

  T h e   d e n s i t y   o f   t he hemisphere is 4.8 g/cm3

  C a l c u l a t e   t h e   a v e

r

age density of solid 

S

.

Volume of sphere = 

4

3

3

      

r

Volume of cone = 

1

3

2

h

     

r

h

l
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20 Here is a frustum of a cone.



                                 
7.2 cm



3.2 cm



3.2 cm



 The diagram shows that the frustum is made by removing a cone with height 3.2 cm from 
a solid cone with height 6.4 cm and base diameter 7.2 cm.



 The frustum is joined to a solid hemisphere of diameter 7.2 cm to form the solid S shown 
below.



                   



7.2 cm



3.2 cm
Solid S



 The density of the frustum is 2.4 g/cm3



 The density of the hemisphere is 4.8 g/cm3



 Calculate the average density of solid S.



Volume of sphere = 4
3
ʌU3      



r



Volume of cone = 1
3
ʌU2h     



r



hl
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2 0   H e r e   is a frustum of a cone.                                                 7.2 cm 3.2 cm 3.2 cm   T h e   d iagram shows that the frustum is made by rem o v i n g   a   c o n e   w i t h   h e i g h t   3 . 2   c m   f r o m   a   s o l i d cone with height 6.4 cm and base diameter 7 . 2   c m .   T h e   f rustum is joined to a solid hemisphere of dia m e t e r   7 . 2   c m   t o   f o r m   t h e   s o l i d   S   s h o w n   b e l o w.

                                 

7.2 cm

3.2 cm

Solid 

S

  T h e   d ensity of the frustum is 2.4 g/cm

3

  T h e   d ensity of the hemisphere is 4.8 g/cm3

  C a l c u late the average density of solid 

S

.

V o l u m e   o f   s p h e r e   =   4 3 3             r V o l u m e   o f   c o n e   =   1 3 2 h           r h l
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