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Answer ALL questions. Write your answers in the spaces provided.

1. 

                                                           

a

B

1

4
a

Figure 1

 A hemispherical shell of radius a is fixed with its rim uppermost and horizontal.  A small 
bead, B, is moving with constant angular speed, , in a horizontal circle on the smooth

 inner surface of the shell.  The centre of the path of B is at a distance 1
4

a  vertically

 below the level of the rim of the hemisphere, as shown in Figure 1.

 Find the magnitude of , giving your answer in terms of a and g.
(6)
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Question 1 continued
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4.

A

6a

ωR

B

θ

Figure 2

	 A small smooth ring R of mass m is threaded onto a light inextensible string. One end of 
the string is attached to a fixed point A and the other end of the string is attached to the 
fixed point B such that B is vertically above A and AB = 6a

	 The ring moves with constant angular speed ω in a horizontal circle with centre A. The 
string is taut and BR makes a constant angle θ with the downward vertical, as shown 
in Figure 2.

	 The ring is modelled as a particle.

	 Given that  tan θ = 
8

15

	 (a)	 find, in terms of m and g, the magnitude of the tension in the string,
(3)

	 (b)	 find ω in terms of a and g
(5)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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3.

C P

O

8d

10d

Figure 2

	 Figure 2 shows a hemispherical bowl of internal radius 10d that is fixed with its circular 
rim horizontal.

	 The centre of the circular rim is at the point O.

	 A particle P moves with constant angular speed on the smooth inner surface of 
the bowl.

	 The particle P moves in a horizontal circle with radius 8d and centre C.

	 (a)	 Find, in terms of g, the exact magnitude of the acceleration of P.
(6)

	 The time for P to complete one revolution is T.

	 (b)	 Find T in terms of d and g.
(3)
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Question 3 continued
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Question 3 continued
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Question 3 continued
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6.	

V

P

0.6 m

0.8 m

0.5 m

Figure 4

	 A hollow right circular cone, of internal base radius 0.6 m and height 0.8 m, is fixed 
with its axis vertical and its vertex V pointing downwards, as shown in Figure 4.

	 A particle P of mass m kg moves in a horizontal circle of radius 0.5 m on the rough 
inner surface of the cone.

	 The particle P moves with constant angular speed ω rad s�1

	 The coefficient of friction between the particle P and the inner surface of the cone  
is 0.25

	 Find the greatest possible value of ω
(9)
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Question 6 continued
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Question 6 continued
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Question 6 continued
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3.
A

B

P

0.6 m

0.6 m

0.8 m

Figure 4

	 A particle P of mass 0.2 kg is attached to one end of a light inextensible string of 
length 0.6 m.  The other end of the string is attached to the fixed point A.

	 A second light inextensible string of length 0.6 m has one end attached to P and the 
other end attached to the fixed point B.

	 The point B is vertically below A such that AB = 0.8 m , as shown in Figure 4.

	 The particle moves in a horizontal circle with constant angular speed ω radians per 
second, with both strings taut.

	 Given that the tension in the string from P to A is twice the tension in the string from 
P to B, find the value of ω .

(7)
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Question 3 continued
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5.

40 cm

P
O

A

60 cm

Figure 4

	 A particle P of mass 0.75 kg is attached to one end of a light inextensible string of length 
60 cm.  The other end of the string is attached to a fixed point A that is vertically above 
the point O on a smooth horizontal table, such that  OA = 40 cm.  The particle remains in 
contact with the table, with the string taut, and moves in a horizontal circle with centre O, 
as shown in Figure 4.

	 The particle is moving with a constant angular speed of 3 radians per second.

	 (a)	 Find	 (i)	 the tension in the string,

				    (ii)	the normal reaction between P and the table.
(7)

	 The angular speed of P is now gradually increased.

	 (b)	Find the angular speed of P at the instant P loses contact with the table.
(4)
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Question 5 continued
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Question 5 continued
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 5 is 11 marks)



Option 4C: Further Mechanics 2  ·  June2025  ·  Q8  ·  12 marks ANSWER  ›1.2  Vertical Circular Motion

25

*P72802A02832*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

28

  

8.		  In this question use  g = 10 m s–2

1.5 m

1.5 m

6 m s–1

v m s–1

O

P

P

θ

Figure 8

	 A particle P of mass 0.4 kg is attached to one end of a light inextensible string of 
length 1.5 m. The other end of the string is attached to a fixed point O. The particle is at 
rest vertically below O with the string taut. 

	 The particle is then projected horizontally with speed 6 m s–1

	 When the string has turned through an angle θ , the string is still taut and the speed of 
P is v m s–1 , as shown in Figure 8.

	 (a)	 Show that when v = 3 2 , the tension in the string is 6.4 N.
(7)

	 (b)	Find the magnitude of the acceleration of P when v = 3 2
(5)
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Question 8 continued
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Question 8 continued
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Question 8 continued
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Question 8 continued
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 (Total for Question 8 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS
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Question Scheme Marks AOs 

1 

 

  

cosR mg    M1 3.1b 

2sinR mr    M1 3.3 

 A1 1.1b 

tan

4

r

a
                 tan 15    B1 1.1b 

Complete strategy to find    M1 3.1b 

2 4
tan

mr r

mg a


    ,   2 4

,    2
g g

a a
      A1 1.1b 

 (6)  

Alternative:   

cosR mg    M1 3.1b 

2sin sinR ma    M1 3.3 

 A1 1.1b 

1
4

cos    B1 1.1b 

Complete strategy to find    M1 3.1b 

24 ,  4   2
g

R mg mg ma
a

        A1 1.1b 

    

(6 marks) 

 

 

Question Marks Marking Guidance 

1 

 

Check their diagram to see where they have put    

 

Check the working carefully, particularly the value of r: some errors 

in the working can lead to a fortuitously correct answer 

M1 Resolve vertically. Must be dimensionally correct.   

θ R

r

mg

B

1

4
a

a
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M1 
Resolve horizontally and form equation for circular motion.  Must be 

dimensionally correct. 

A1 Correct pair of equations for their unknowns (any r) 

B1 Correct trig ratio(s) seen or implied.  Allow for 
15

4
r a  

M1 
Complete strategy to form and solve a set of equations with r a   to 

find  .  For solving their 2 equations – not dependent 

A1 
Eliminate additional variables to obtain  .  Accept equivalent exact 

forms. 

(6)  

  
If R does not act through the centre of the hemisphere then the 

maximum available is M1M1A0B0M0A0: 2/6 
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Question Scheme Marks AOs 

4(a) 

 

  

Resolve vertically M1 3.4 

cosT mg =  A1 1.1b 

  
6.8 17

cos 6 15

mg mg mg
T



 
= = = 
 

  A1 1.1b 

 (3)  

4(b) Equation of motion M1 3.1b 

2 sinmr T T = +   2 8
3.2 1

17
m a their T
  

 = +  
  

  
A1 

A1 

1.1b 

1.1b 

Solves for   or 2   M1 1.1b 

2
21 sin 6.8 3.2 10

,
cos 6 6 3.2

r g

g a

 




 + +
= = = 

 
     

25 5

48 4 3

g g

a a
 = =   

 

A1 1.1b 

 (5)  

(8 marks) 

Notes: 

(a)M1 Need all terms.  Condone sin/cos confusion 

A1 Correct unsimplified equation. 

A1 

Correct answer only 

1.1mg  or better (1.13…mg) 

Do not ignore subsequent working if they try to combine this with a tension in AR 

(b)M1 

Equation for circular motion.  Need all terms and dimensionally correct.  Condone 

sin/cos confusion and sign errors.  

Any correct form for acceleration 

A1 

A1 

 

Unsimplified equation with at most one error 

Correct unsimplified equation  

θ

mg

T

Tr

10a-r

6a

B

A
R



MARK SCHEME  ·  Option 4C: Further Mechanics 2  ·  June2022  ·  Q4 ‹  QUESTION1.1  Horizontal Circular Motion

34

Allow M1A1A0 for ( )2 ( ) sinmr T their a = +  

M1 

Clear attempt to substitute for trig and tension  or divide their two equations to solve for 

  or 2 in terms of a and g 

Independent M mark but requires an equation using tension and trig. 

A1 

Any equivalent form   

0.72
g

a
 or better        (0.7216…) 
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Ques

tion 
Scheme Marks AOs 

3a 

 

  

Resolve vertically M1 3.3 

sinR mg =   A1 1.1b 

Horizontal equation of motion M1 3.3 

( )2cosR ma mr = =   A1 1.1b 

Solve for a DM1 2.1 

4
tan

3

g
a g

a
=  =   A1 1.1b 

 (6)  

3b 2 4
8

3 6

g
d g

d
 =  =  M1 3.4 

Use of 
2

T



=   M1 1.1b 

6
2 oe OR 15 or better

d d
T

g g
=   A1 1.1b 

 (3)  

Total 9 marks 

Notes: 

3a M1 Dimensionally correct equation.  Condone sine / cosine confusion for their angle 

 A1 Correct unsimplified equation 

 M1 
Dimensionally correct equation.  Condone sine / cosine confusion for their angle.   

Accept any correct form for the acceleration. 

 A1 Correct unsimplified equation.  Accept any correct form for the acceleration. 

 DM1 Eliminate R and θ to solve for a. Dependent on both previous M marks. 

 A1 Correct only (or exact equivalent) 

3b M1 Use 
2

2 or
v

a r a
r

= =  to obtain  or v    
32

3

dg
v
 

=  
 

 

C

O

8d

6d

10d

R

mg

θ

Ques

tion 
Scheme Marks AOs 

3a 

 

  

Resolve vertically M1 3.3 

sinR mg =   A1 1.1b 

Horizontal equation of motion M1 3.3 

( )2cosR ma mr = =   A1 1.1b 

Solve for a DM1 2.1 

4
tan

3

g
a g

a
=  =   A1 1.1b 

 (6)  

3b 2 4
8

3 6

g
d g

d
 =  =  M1 3.4 

Use of 
2

T



=   M1 1.1b 

6
2 oe OR 15 or better

d d
T

g g
=   A1 1.1b 

 (3)  

Total 9 marks 

Notes: 

3a M1 Dimensionally correct equation.  Condone sine / cosine confusion for their angle 

 A1 Correct unsimplified equation 

 M1 
Dimensionally correct equation.  Condone sine / cosine confusion for their angle.   

Accept any correct form for the acceleration. 

 A1 Correct unsimplified equation.  Accept any correct form for the acceleration. 

 DM1 Eliminate R and θ to solve for a. Dependent on both previous M marks. 

 A1 Correct only (or exact equivalent) 

3b M1 Use 
2

2 or
v

a r a
r

= =  to obtain  or v    
32

3

dg
v
 

=  
 

 

C

O

8d

6d

10d

R

mg

θ
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 M1 Complete method to find T 

 A1 
15 or better

d

g
- must be in terms of d and g. Accept 

2

6

T
g

d


=  
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Question Scheme Marks AOs 

6 

 

 

Resolve vertically 

 
M1 3.4 

cos sinF mg R + =   

( )4 5 3F mg R+ =  

A1 

A1 

1.1b 

1.1b 

Equation for motion towards centre 

 
M1 3.4 

2sin cos 0.5F R m  + =    

( )23 4 2.5F R m + =   

A1 

A1 

1.1b 

1.1b 

 

At max    

5
5 3

2

mg
R mg R R

 
+ = = 

 
 

( )2 23
4 2.5 19 10

4
R R m R m + =  =  

M1 1.2 

Solve for  :  25
19 10

2

mg
m =   DM1 3.1a 

( )2 19
max 6.8 6.82

4

g
 =  =  A1 2.2a 

 (9)  

(9 marks) 

Notes: 

M1 Need all terms.  Condone sign errors and sin/cos confusion. 

A1 

A1 

Unsimplified equation with at most one error. 

Correct unsimplified equation. 

M1 Need all terms.  Condone sign errors and sin/cos confusion in R or their R. 

A1 

A1 

Unsimplified equation with at most one error. 

Correct unsimplified equation in R or their R. 

 

NB: if F in wrong direction count this as one error (not one in each equation) and deduct 

one accuracy mark in the first equation affected.  

Either / both equation(s) could be replaced with equations for resolving parallel and 

perpendicular to the surface.  Perpendicular: 

2 23 2
sin cos

5 5
R mg mr R mg m   

 
= + = + 

 
 

θ

R

F
mg
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               Parallel: 2 24 3
cos sin

5 10
F mg mr F mg m   

 
+ = + = 

 
 

If they have more than 2 equations, mark the correct equations.  If they go on to use an 

incorrect equation then DM0. 

M1 
Use of F R=  to eliminate F or R 

Condone inequality 

DM1 Complete method including substitution of trig values to obtain a value for    

A1 
2 s.f or 3 s.f only  

19

4

g
is A0 

Must be an equation 
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Question Scheme Marks AOs 

3 

 
 
 
 

2sin
3
5cos

3
5

5
r

θ

θ

 = 
 
 

= 
 
 

= 
 

 
  

Resolve vertically M1 3.4 

2 sin 0.2 sinT g Tθ θ= +       ( )sin 0.2T gθ =   A1 1.1b 

Equation of motion M1 3.4 

20.2 2 cos cosr T Tω θ θ= +     ( )20.12 3Tω =   A1 
A1 

1.1b 
1.1b 

Complete strategy to find ω   DM1 3.1a 

2 5 1525
sin 2

g gTω
θ

= = =       ( )8.6 8.57ω =   A1 1.1b 

(7 marks) 

Notes: 

M1 Correct number of terms.  Condone sin/cos confusion and sign errors 

A1 Correct unsimplified equation.  Accept sin 0.2 sinA BT g Tθ θ= +   
Allow m in place of 0.2 and their numerical sinθ / cosθ 

M1 Circular motion.  Correct number of terms.  Condone sin/cos confusion. 
Acceleration must be rω² or v²/r 

A1 Unsimplified equation with at most one error. 
Allow m in place of 0.2 and their numerical sinθ / cosθ 

A1 Correct unsimplified equation.  Accept 20.2 cos cosA Br T Tω θ θ= +  
Allow m in place of 0.2 and their numerical sinθ / cosθ 

DM1 
Complete strategy to form sufficient equations to solve for ω including upper tension being 
twice lower tension and a method to find r. 
Dependent on both previous M marks. 

A1 2 or 3 sf only 
 
  

A 

B 

2T 

T 

θ 

0.2g 
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Question Scheme Marks AOs 

5(a) 

 

  

Resolve vertically 

 
M1 3.4 

0.75 cosg T R= +  

3 2

4 3

g
T R

 
= + 

 
  

A1 1.1b 

Equation of motion M1 3.4 

0.75 sin 9 sinT    =          

 

20 20
0.75 9

10 6
T

 
  =   

 
  

A1 1.1b 

Complete strategy to find T and R M1 3.1a 

6 0.75 9
4.05

10
T

 
= = (N)  A1 1.1b 

2
0.75 4.65

3
R g T= − =  (N)   or 4.7 (N) A1 1.1b 

 (7)  

(b) Use 0R =  to form revised equations M1 3.4 

cos 0.75T g =  ,  
210 20

sin 0.75
100

T  =    

                                                ( )2or sin 0.75 0.6sinT   =     

A1 1.1b 

Complete strategy to find     e.g. 
220 20

tan
10 4g


 = =  M1 1.1b 

                     
5

4.95
2

g
 = =  (rad/s) A1 1.1b 

 (4)  

(11 marks) 

 

 

 

θ

20/10

0.60.4

0.75g

T

R

A

O
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Notes: 

(a) M1 Correct number of terms 

A1 Correct unsimplified equation 

M1 Circular motion. Condone confusion over units.  
20

10
 might not be seen as r cancels. 

A1 Correct unsimplified equation 

M1 Complete strategy to form sufficient equations to solve for T and R.  

A1 One force correct 

A1 Both correct  (Finding value for R involves g) 

(b) M1 Correct interpretation of loss of contact 

A1 Revised equations 

M1 Solve for    

A1 Exact, 4.9 or 4.95 (non-exact answer requires substitution for g). 
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Question Scheme Marks AOs 

8(a) Conservation of energy: M1 3.1a 

2 21 1 (1 cos )
2 2

mu mv mg r θ= + × −  A1 
A1 

1.1b 
1.1b 

Equation of motion M1 3.1a 
2

cos mvT mg
r

θ− =   A1 1.1b 

Complete strategy to find T  M1 2.1 

                                 4 18 1.6 6.4 (N)
15

T ×
= + =  * A1* 2.2a 

 (7)  

8(b) 
cos 0.4θ =  B1 1.1b 

 

B1 
B1 

1.1b 
1.1b 

Use of Pythagoras or cosine rule and F = ma M1 3.1a 

         ( )2 22112 100 2 57 15 ms
25

a −= + × = =   A1 1.1b 

 (5)  

(12 marks) 

Notes: 

SC 

Candidates who use g = 9.8 are eligible for all marks except the final A1 in each of 
parts (a) and (b). 
If they only use g = 9.8 in one part, then this penalty only applies to that part. 
In part (b) candidates are also eligible for all marks except the final A1 if they use the 
given answer of 6.4 from (a) along with g = 9.8 in their other work. 

(a)M1 Need all terms. Dimensionally correct. Condone sign errors and sin/cos confusion 

A1 
A1 

Unsimplified equation with at most one error 
Correct unsimplified equation.  Accept with g or 10 

M1 Need all terms. Dimensionally correct. Condone sign errors and sin/cos confusion 

or

6.4 N

4 N

v2

1.5

g sin θ
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A1 Correct unsimplified equation.  Accept with g or 10 

M1 Complete strategy to find T e.g. use conservation of energy, circular motion and substitute 
value for v to form sufficient equations to find T 

A1* Obtain given answer from correct working. 
N.B. g = 9.8 gives T = 6.32 (but scores A0) 

(b)B1 
Correct only. Must be seen or used in part (b). Award for 21sin

5
θ =  

N.B. g = 9.8 gives 19cos ( 0.38775...)
49

θ = = , 2 510sin ( 0.92176...)
49

θ = =  

B1 
B1 

One component of acceleration or force correct (unsimplified) 
Both components of acceleration or force correct (unsimplified) 
N.B. g = 9.8 gives components as 12 & 9.03 (velocity) or 6.32 and 3.92 (force) 

M1 
Complete strategy to find magnitude of acceleration. 

2 26.4 4 2 6.4 4 cos 0.4F aθ= + − × × × =  

A1 
Accept 15 or better (15.09966887…) including exact equivalent 
N.B. g = 9.8 gives 15.01998… but scores A0 
g = 9.8 and T = 6.4 gives 15.18025… but scores A0 
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