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6.

A

1.5a
P

θ

B

C

Figure 5

	 Figure 5 shows a uniform rod AB of mass M and length 2a.

•	 the rod has its end A on rough horizontal ground

•	 the rod rests in equilibrium against a small smooth fixed horizontal peg P

•	 the point C on the rod, where  AC = 1.5a, is the point of contact between the rod and 
the peg

•	 the rod is at an angle θ to the ground, where  tan θ = 
4

3

	 The rod lies in a vertical plane perpendicular to the peg.

	 The magnitude of the normal reaction of the peg on the rod at C is S.

	 (a)	 Show that  S = 
2

5
Mg

(3)

	 The coefficient of friction between the rod and the ground is μ.

	 Given that the rod is in limiting equilibrium,

	 (b)	 find the value of μ.
(6)
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Question 6 continued
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Question 6 continued
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3.

B

θA

2a

Figure 2

	 A beam AB has mass m and length 2a.

	 The beam rests in equilibrium with A on rough horizontal ground and with B against a 
smooth vertical wall.

	 The beam is inclined to the horizontal at an angle θ, as shown in Figure 2.

	 The coefficient of friction between the beam and the ground is μ

	 The beam is modelled as a uniform rod resting in a vertical plane that is perpendicular 
to the wall.

	 Using the model,

	 (a)	 show that  μ  
1

2
cot θ

(5)

	 A horizontal force of magnitude kmg, where k is a constant, is now applied to the beam 
at A.

	 This force acts in a direction that is perpendicular to the wall and towards the wall.

	 Given that  tan θ = 
5

4
,  μ = 

1

2
  and the beam is now in limiting equilibrium, 

	 (b)	use the model to find the value of k.
(5)
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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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4.

A

C

α

6a

4a

B

Figure 1

	 A ladder AB has mass M and length 6a.

	 The end A of the ladder is on rough horizontal ground.

	 The ladder rests against a fixed smooth horizontal rail at the point C. 

	 The point C is at a vertical height 4a above the ground.

	 The vertical plane containing AB is perpendicular to the rail.

	 The ladder is inclined to the horizontal at an angle α , where  sin α = 
4

5
 , as shown in Figure 1.

	 The coefficient of friction between the ladder and the ground is μ.

	 The ladder rests in limiting equilibrium.

	 The ladder is modelled as a uniform rod. 

	 Using the model,

	 (a)	 show that the magnitude of the force exerted on the ladder by the rail at C is 
9

25

Mg

(3)

	 (b)	Hence, or otherwise, find the value of μ.
(7)
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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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4.	

θ

B

A

C

Figure 2

	 A uniform rod AB has mass M and length 2a

	 A particle of mass 2M is attached to the rod at the point C, where AC = 1.5a

	 The rod rests with its end A on rough horizontal ground.

	 The rod is held in equilibrium at an angle θ to the ground by a light string that is 
attached to the end B of the rod.

	 The string is perpendicular to the rod, as shown in Figure 2.

	 (a)	 Explain why the frictional force acting on the rod at A acts horizontally to the right 
on the diagram.

(1)

	 The tension in the string is T

	 (b)	Show that  T = 2Mg cos θ
(3)

	 Given that  cos θ = 
3

5

	 (c)	 show that the magnitude of the vertical force exerted by the ground on the rod at A 

is 
57

25

Mg

(3)

	 The coefficient of friction between the rod and the ground is μ

	 Given that the rod is in limiting equilibrium,

	 (d)	 show that  μ = 
8

19
(4)
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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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6.

A

B

θ

Figure 3

	 A rod AB has mass M and length 2a.

	 The rod has its end A on rough horizontal ground and its end B against a smooth 
vertical wall.

	 The rod makes an angle θ with the ground, as shown in Figure 3.

	 The rod is at rest in limiting equilibrium.

	 (a)	 State the direction (left or right on Figure 3 above) of the frictional force acting on 
the rod at A. Give a reason for your answer.

(1)

	 The magnitude of the normal reaction of the wall on the rod at B is S.

	 In an initial model, the rod is modelled as being uniform.

	 Use this initial model to answer parts (b), (c) and (d).

	 (b)	 By taking moments about A, show that

S = 
1

2
Mg cot θ

(3)

	 The coefficient of friction between the rod and the ground is μ

	 Given that  tan θ = 
3

4

	 (c)	 find the value of μ
(5)

	 (d)	 find, in terms of M and g, the magnitude of the resultant force acting on the rod at A.
(3)

	 In a new model, the rod is modelled as being non-uniform, with its centre of mass 
closer to B than it is to A.

	 A new value for S is calculated using this new model, with  tan θ = 
3

4

	 (e)	 State whether this new value for S is larger, smaller or equal to the value that S 
would take using the initial model. Give a reason for your answer.

(1)
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9.

C

α

2a
B

P
x

A

Figure 3

	 A plank, AB, of mass M and length 2a, rests with its end A against a rough vertical wall.  
The plank is held in a horizontal position by a rope.  One end of the rope is attached to the plank 
at B and the other end is attached to the wall at the point C, which is vertically above A.

	 A small block of mass 3M is placed on the plank at the point P, where AP = x.
	 The plank is in equilibrium in a vertical plane which is perpendicular to the wall.

	 The angle between the rope and the plank is α, where tan α = 
3
4

, as shown in Figure 3.

	 The plank is modelled as a uniform rod, the block is modelled as a particle and the rope 
is modelled as a light inextensible string.

	 (a)	 Using the model, show that the tension in the rope is 
5 3

6
Mg x a

a
( )+

(3)

	 The magnitude of the horizontal component of the force exerted on the plank at A by the 
wall is 2 Mg.

	 (b)	Find x in terms of a.
(2)

	 The force exerted on the plank at A by the wall acts in a direction which makes an 
angle β with the horizontal.

	 (c)	 Find the value of tan β
(5)

	 The rope will break if the tension in it exceeds 5 Mg.

	 (d)	Explain how this will restrict the possible positions of P.  You must justify your 
answer carefully.

(3)
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6.

B

C (2M )

A

α

Figure 4

	 A uniform rod AB has mass M and length 2a.

	 A particle of mass 2M is attached to the rod at the point C, where AC = 0.5a

	 The rod rests with end A on rough horizontal ground and end B against a vertical wall.

	 The rod lies in a vertical plane which is perpendicular to the wall.

	 The rod is in equilibrium at an angle α to the wall, as shown in Figure 4.

	 In an initial model

•	 the vertical wall is modelled as being smooth

•	 the magnitude of the normal reaction of the ground on the rod at A is R

•	 the magnitude of the force exerted on the rod by the wall at B is S

	 Using the model,

	 (a)	 find R in terms of M and g
(1)

	 (b)	 show that S = Mg tan α
(3)

	 In a refined model

•	 the vertical wall is modelled as being rough

•	 the magnitude of the normal reaction of the ground on the rod at A is R1

	 (c)	 State which is greater, R or R1 , giving a reason for your answer.
(1)

PMT
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Question 6 continued
B

C (2M )

A

β

(3M )

Figure 5

	 A second particle of mass 3M is now attached to the rod at B.

	 The rod again rests with end A on rough horizontal ground and end B against the 
vertical wall.

	 The rod lies in a vertical plane which is perpendicular to the wall.

	 The rod is now in limiting equilibrium at an angle β to the wall, as shown in Figure 5.

	 The vertical wall is again modelled as being smooth.

	 The coefficient of friction between the rod and the ground is μ

	 Given that  tan β = 
1

2

	 (d)	use the model to show that  μ = 
1

3

(6)
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Question 6 continued
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Question 6 continued
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Question Scheme Marks AOs 

6. 
                                                                                   

                                                                                                                         

                                                               S                 B                 

                                                                                              

                               1.5a                                 C 

                                                                      

                                                    G  

                   R             a 

                                                   Mg 

                                       

         A                                F 

 

 

  

6(a) 

 

Take moments about A M1 3.1a 

3
1.5 cos ( )

5
S a Mga Mga = =   A1 1.1b 

S = 
2

5
Mg * A1* 2.2a 

 (3)  

6(b) 
N.B. Marks for the equations should be awarded in the order in 

which they appear on the script. 
  

 Resolve horizontally:   M1 3.4 

 sinF S =  A1 1.1b 

 Resolve vertically:  M1 3.3 

 cosR Mg S = −  A1 1.1b 

 Other possible equations: (any of which is worth max M1A1) 

( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

(parallel to the rod):  cos sin sin

(perp to the rod):    sin cos cos

M( ):    0.5 2 cos cos 2 sin

M( ):    1.5 cos 0.5 cos 1.5 sin

M( ):    cos 0.5 sin

F R Mg

F Mg S R

B S a R a Mg a F a

C R a Mg a F a

G R a S a F a

  

  

  

  

 

+ =

+ = +

 +  =  + 

 =  + 

 =  + 

 

 

N.B. If they have more than two equations, mark only those that 

they use to try to find   

  

 F R=  and two of their equations used to solve for   DM1 3.1a 

 0.421
19

0
8

5 ==  A1 2.2a 
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  (6)  

(9 marks) 

Notes: 

6a M1 Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors. 

Allow use of a different letter for the angle. 

N.B. They may resolve the weight into two components, parallel and perpendicular to 

the rod, and then take the moment of each about A, one of which is 0. (see N.B. below) 

N.B. M0 if one or both a’s aren’t there originally. 

 A1 
Correct equation, cos may or may not be replaced by 

3

5
 

N.B.  you may see:  1.5 cosS a Mg a =   

 

A1* 
Given answer correctly obtained, need to see cos = 

3

5
used  

Allow: 
2

5

Mg
S =  or  

2

5

Mg
S=  

A0 if S is missing 

6b M1 Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors 

 A1 Correct first equation, S does not need to be substituted 

 M1 Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors 

 A1 Correct second equation, S does not need to be substituted 

 
DM

1 

Dependent on previous two M marks for using F R= and two equations to solve for 

   

 A1 Accept 0.42 or better  (as g cancels) 
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Question Scheme Marks AOs 

 Part (a) is a ‘Show that..’ so equations need to be given in 
full to earn A marks   

3(a)  
                            C              S       B 
 
 
                                     G 
                            R             mg 
                                                     D 
                            A   F 

  

Moments equation:  (M1A0 for a moments inequality) M1 3.3 

M(A), cos 2 sinmga Saθ θ=    
M(B), cos 2 sin 2 cosmga Fa Raθ θ θ+ =   
M(C), 2 sin cosF a mgaθ θ× =  
M(D), 2 cos cos 2 sinRa mga Saθ θ θ= +   
M(G), cos sin sinRa Fa Saθ θ θ= + .  

A1 1.1b 

   ( )  R = mg  OR  (↔ )  F = S    B1 3.4 

Use their equations (they must have enough) and F Rµ≤  to give an 
inequality inµ and θ  only (allow DM1 for use of F Rµ=  to give 
an equation inµ and θ  only) 

DM1 2.1 

1 cot
2

µ θ≥ * A1* 2.2a 

 (5)  

3(b) 

 
                          C               N        B 
 
 
                                     G 
                            R             mg 
                                                      D 

            1
2

mg       A         kmg 

  

Moments equation: M1 3.4 

M(A), cos 2 sinmga Naθ θ=   

M(B), 1cos 2 sin 2 cos 2 sin
2

mga kmga Ra mg aθ θ θ θ+ = +   

M(D), 2 cos cos 2 sinRa mga N aθ θ θ= +  

 M(G), 1sin sin sin cos
2

kmga Na mga Raθ θ θ θ+ = +   

 

A1 1.1b 

 

Question Scheme Marks AOs 

 Part (a) is a ‘Show that..’ so equations need to be given in 
full to earn A marks   

3(a)  
                            C              S       B 
 
 
                                     G 
                            R             mg 
                                                     D 
                            A   F 

  

Moments equation:  (M1A0 for a moments inequality) M1 3.3 

M(A), cos 2 sinmga Saθ θ=    
M(B), cos 2 sin 2 cosmga Fa Raθ θ θ+ =   
M(C), 2 sin cosF a mgaθ θ× =  
M(D), 2 cos cos 2 sinRa mga Saθ θ θ= +   
M(G), cos sin sinRa Fa Saθ θ θ= + .  

A1 1.1b 

   ( )  R = mg  OR  (↔ )  F = S    B1 3.4 

Use their equations (they must have enough) and F Rµ≤  to give an 
inequality inµ and θ  only (allow DM1 for use of F Rµ=  to give 
an equation inµ and θ  only) 

DM1 2.1 

1 cot
2

µ θ≥ * A1* 2.2a 

 (5)  

3(b) 

 
                          C               N        B 
 
 
                                     G 
                            R             mg 
                                                      D 

            1
2

mg       A         kmg 

  

Moments equation: M1 3.4 

M(A), cos 2 sinmga Naθ θ=   

M(B), 1cos 2 sin 2 cos 2 sin
2

mga kmga Ra mg aθ θ θ θ+ = +   

M(D), 2 cos cos 2 sinRa mga N aθ θ θ= +  

 M(G), 1sin sin sin cos
2

kmga Na mga Raθ θ θ θ+ = +   

 

A1 1.1b 
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S.C. M(C), 1cos 2 sin 2 sin
2

mga mg a kmg aθ θ θ+ =      M1A1B1 

                                                   5 51
4 2

k
+ =                    M1                          

                                                        0.9k =                     A1 

N kmg F= −   OR   R = mg B1 3.3 

Use their equations (they must have enough) to solve for k 
(numerical) DM1 3.1b 

0.9k =   oe  A1 1.1b 

 (5)  

(10 marks) 

Notes:  

 3a M1 Any moments equation with correct terms, condone sign errors and sin/cos confusion 

 A1 Correct equation 

 B1 Correct equation 

 DM1 
Dependent on M1, for using their equations (they must have enough)  and F Rµ≤  to 
give an inequality in µ and θ  only 
(allow M1 for use of F Rµ=  to give an equation in µ and θ  only) 

 A1* 
Given answer correctly obtained with no wrong working seen (e.g. if they use 
F Rµ= anywhere, A0) 

3b M1 Any moments equation with correct terms, condone sign errors 

 A1 Correct equation 

 B1 Correct equation 

 DM1  Dependent on M1, for using their equations (they must have enough) with trig 
substituted,  to solve for k, which must be numerical. 

 A1 cao 

   
 

   
 
 
 
 
 
 
 
 
 
 

 

Question Scheme Marks AOs 

 Note that g = 10; penalise once for whole question if g = 9.8   

4(a) Use 21
2

s ut at= +  vertically or any complete method to give an 

equation in t only 
M1 3.4 

2170 65sin
2

t g tα− = × − × ×   
A1 1.1b 

M (A)1 1.1b 

t = 7  (s)         A1 1.1b 

 (4)  

4(b) 
 

Horizontal velocity component at A = 65cosα    (60) B1 3.4 

Complete method to find vertical velocity component at A M1 3.4 

65sin 7gα − ×      OR       2( 25) 2 70g− + ×        (45)  A1ft 1.1b 

Sub for trig and square, add and square root : 2 260 ( 45)+ −   M1 3.1b 

75  Accept 80 ( 1m s− )           A1 1.1b 

 (5)  

4(c) 

e.g. an approximate value of g has been used, the dimensions of 
the stone could affect its motion, spin of the stone, g = 10 instead 
of 9.8 has been used, g has been assumed to be constant, wind 
effect, shape of the stone 

B1 3.5b 

  (1)  

(10 marks) 

Notes: 

 4a M1 Complete method, correct no. of terms, condone sign errors and sin/cos confusion 

 A1 Correct equation in t only with at most one error 

 M(A)1 Correct equation in t only 

  N.B. For ‘up and down’ methods etc, the two A marks are for all the equations that 
they use, lose a mark for each error. 

 A1 Cao   (g = 9.8 , 7.1 or 7.11)     (g = 9.81 , 7.1 or 7.12) 

4b B1 Seen, including on a diagram. 

 M1 Condone sign errors and sin/cos confusion 

 A1ft Correct expression; accept negative of this, follow their t 

 M1 Sub for trig and use Pythagoras 

 A1 Cao   (g = 9.8 or 9.81 , 75 or 74.8) 
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Question Scheme Marks AOs 

4(a) Take moments about A M1 3.3 

4 3 cos
sin

aN Mg a α
α

× = ×   A1 1.1b 

9
25
Mg

 * A1* 1.1b 

 (3)  

4(b) 
 

Resolve horizontally M1 3.4 

9( ) sin
25
MgF α→ =                    A1 1.1b 

Resolve vertically M1 3.4 

9( ) cos
25
MgR Mgα↑ + =   A1 1.1b 

Other possible equations: 
9( ), cos cos sin
25

( ), sin cos sin

MgR Mg F

Mg F R

α α α

α α α

+ = +

= +





  

 
M( ), .2 cos .5 sin .5 cos

9M( ), .2 .3 sin .3 cos
25

9M( ), .3 cos .6 sin .6 cos
25

C Mg a F a R a
MgG a F a R a

MgB Mg a F a R a a

α α α

α α

α α α

+ =

+ =

+ = +

  

( 36 98 , 
125 125

Mg MgF R= = ) 

  

F Rµ= used   M1   3.4 

Eliminate R and F and solve for µ   M1 3.1b 

 

Alternative equations if they have at A: 
 X horizontally and Y perpendicular to the rod. 

9( ), cos sin
25

( ), sin cos
9( ), cos cos
25

9( ), sin sin
25

MgY Mg X

Mg X
Mg Y Mg

MgY X

α α

α α

α α

α α

+ = +

=

↑ + =

→ + =




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M( ), .2 cos .5 sin .5
9M( ), .2 .3 sin .3
25

9M( ), .3 cos .6 sin .6
25

C Mg a X a Y a
MgG a X a Y a

MgB Mg a X a Y a a

α α

α

α α

+ =

+ =

+ = +

          M1A1  M1A1   

( 4 98,
3 75
Mg MgX Y= = )  

Then F Rµ=   becomes:  sin cosX Y Yα µ α− =                    M1 
Eliminate X and Y and solve for µ                                           M1 
 

 
18
49

µ =  (0.3673…..accept 0.37 or better) A1 2.2a 

  (7)  

(10 marks) 

Notes: 

4a M1 Correct no. of terms, dim correct, condone sin/cos confusion and sign errors for an 
equation in N and Mg only. 

For perp distance allow any of : 4 4, ,5
sin cos

a a a
α α

  but 

use of any of : 6a, 5 sin , 4 cos ,..a aα α .. or anything involving tanα   is M0  
Also M0 if no a’s in their first equation. 

 A1 Correct equation, trig does not need to be substituted 

 A1* Given answer correctly obtained. 

4b M1 Correct no. of terms, dim correct, condone sin/cos confusion and sign errors 

 A1 Correct equation, trig does not need to be substituted but N does. 

 M1 Correct no. of terms, dim correct, condone sin/cos confusion and sign errors 

 A1 Correct equation, trig does not need to be substituted but N does. 

  
N.B. The above 4 marks are for any two equations, either resolutions or moments or 
one of each.  Mark best two equations. 
Equations may appear in part (a) but must be used in (b) to earn marks. 

 M1 
Must be used, e.g. seen on the diagram. i.e. M0 if merely quoting it. 

 (M0 if 9
25
MgF µ= ×  used) 

 M1 Must have 3 equations (and all 3 previous M marks) 

 A1 Accept 0.37 or better 
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Question Scheme Marks AO 

4(a) Drum smooth, or no friction, (therefore reaction is perpendicular to 

the ramp) 
B1 

 

 2.4 

 (1)  

(b) 

N.B. In (b), for a moments equation, if there is an extra sin  or  

cos  on a length, give M0 for the equation 

e.g. M( ) :  20 4cos 5A g N  sin  would be given M0A0 

 

 

  

 

 

 

Possible equns     

( ) : cos sin 20 sin

( ) : cos 20 cos sin

( ) cos 20

( ) : sin

M( ) :  20 4cos 5

M( ) :  3 8cos 8sin 20 4cos

M( ) :  5cos 5sin 20 cos

M( ) :  4cos 4sin

F R g

N R g F

R N g

F N

A g N

B N R F g

C R F g

G R F N

  

  







  

  

 

 

  

  

 

 

     

    

   

  

M1 3.3 

A1 1.1b 

M1 3.4 

A1 1.1b 

M1 3.4 

A1 1.1b 

(The values of the 3 unknowns are: 

 N = 150.528; F = 42.14784; R = 51.49312) 

 

  

Alternative 1:   using cpts along ramp (X) and perp to ramp(Y) 

Possible equations: 

( ) : 20 sin

( ) : 20 cos

( ) : sin cos cos 20

( ) : cos sin sin

M( ) : 20 4cos 5

M( ) : 20 4cos 8 3

M( ) : 20 cos 5

M( ) : 4 1

X g

Y N g

X Y N g

X Y N

A g N

B g Y N

C g Y

G Y N





  

  









 

   

  

 

  

 

 

  

M1 3.3 

A1 1.1b 

M1 3.4 

A1 1.1b 

M1 3.4 

A1 1.1b 

(The values of the 3 unknowns are: 

 N = 150.528; X = 54.88; Y = 37.632) 
  

N

20g

F

R
C

B

A

θ
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Alternative 2:  using horizontal cpt (H) and cpt perp to ramp 

(S) 

( ) : cos 20 sin

( ) : sin 20 cos

( ) : cos cos 20

( ) : sin sin

M( ) : 20 4cos 5

M( ) : 20 4cos 8sin 8 3

M( ) : 20 cos 5sin 5

M( ) : 4 1 4sin

H g

S N H g

S N g

H S N

A g N

B g H S N

C g H S

G S N H

 

 

 

 



 

 





  

  

  

 

    

   

   

  

 

M1 3.3 

A1 1.1b 

M1 3.4 

A1 1.1b 

M1 3.4 

A1 1.1b 

(The values of the 3 unknowns are: 

 N = 150.528; H = 57.1666…; S = 53.638666…) 
  

Solve their 3 equations for F and R   OR    X and Y   OR   H and S M1 1.1b 

  
2 2Force R F                                             Main scheme 

       OR  
2 2X Y                                          Alternative 1 

 

       OR  =
2 2( 2 cos(90 )oH S HS            Alternative 2 

M1 3.1b 

 Magnitude =  67 or 66.5  (N) A1 2.2a 

 (9)  

(c) Magnitude of the normal reaction (at C) will decrease. B1 3.5a 

 (1)  

  (11)  
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Marks Notes 

4a B1 Ignore any extra incorrect comments. 

  

Generally 3 independent equations required so at least one moments equation.: 

M1A1M1A1M1A1. 

More than 3 equations, give marks for the best 3. For each: 

M1   All terms required.  Must be dimensionally correct so if a length is missing 

from a moments equation it’s M0 Condone sin/cos confusion. 

A1   For a correct equation (trig ratios do not need to be substituted and allow e.g. 

cos(24/25) if they recover 

Enter marks on ePEN in order in which equations appear. 

N.B. If reaction at C is not perpendicular to the ramp, can only score marks for 

M(C) 

Allow use of ( R ) for F  

4b M1 All terms required.  Must be dimensionally correct. Condone sin/cos confusion. 

 A1 Correct unsimplified equation 

 M1 All terms required.  Must be dimensionally correct. Condone sin/cos confusion. 

 A1 Correct unsimplified equation 

 M1 All terms required, dim correct, condone sin/cos confusion 

 A1 Correct unsimplified equation 

 

N.B. They can find F and R using only TWO equations, the 1st and 7th in the list. 

Mark the better equation as M2A2 (-1 each error). Mark the second equation as 

M1A1  

Alt 

1 
M1 All terms required.  Must be dimensionally correct. Condone sin/cos confusion. 

 A1 Correct unsimplified equation 

 M1 All terms required.  Must be dimensionally correct. Condone sin/cos confusion. 

 A1 Correct unsimplified equation 

 M1 All terms required.  Must be dimensionally correct. Condone sin/cos confusion. 

 A1 Correct unsimplified equation 

 

N.B. They can find X and Y using only TWO equations, the 1st and 7th in the list. 

Mark the better equation as M2A2 (-1 each error). Mark the second equation as 

M1A1 

Alt 

2 
M1 All terms required.  Must be dimensionally correct. Condone sin/cos confusion. 

 A1 Correct unsimplified equation 

 M1 All terms required.  Must be dimensionally correct. Condone sin/cos confusion. 
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 A1 Correct unsimplified equation 

 M1 All terms required.  Must be dimensionally correct.  

 A1 Correct unsimplified equation 

  

N.B. They can find H and S using only TWO equations, the 1st and 7th in the list. 

Mark the better equation as M2A2 (-1 each error). Mark the second equation as 

M1A1 

 M1 

Substitute for trig and solve for their two cpts. 

This is an independent mark but must use 3 equations (unless it’s the special case 

when 2 is sufficient) 

 M1 

Use Pythagoras to find magnitude (this is an independent M mark but must have 

found a value for F (or X) and a value for R (or Y))  

 

 

OR a complete method to find magnitude e.g. cosine rule 

but must have found a value for H and a value for S  

 

 A1 Correct answer only 

 B1 Ignore reasons 

 

 

  
Question Scheme Marks AO 

 In this question mark parts (a) and (b) together. 

5(a) Horizontal speed 20cos30    B1 3.4 

Vertical velocity at t = 2 M1 3.4 

                           20sin 30 2g    A1 1.1b 

1 9.6
tan

10 3
   
  

 
  M1 1.1b 

Speed 2100 3 9.6      or    e.g. speed = 
9.6

sin
  M1 1.1b 

 1
 19.8 or 20 m s  at  29.0o  or 29o to the horizontal oe A1 2.2a 

 (6)  

(b) Using sum of horizontal distances 50  at t = 2 M1 3.3 

                  cos 2  20cos30 2 50u         

                          cos 25 20cos30u       
A1 1.1b 

Vertical distances equal M1 3.4 

                  20sin 30 2 4 sin 2 4
2 2

g g
u            

                                       20sin30 sinu     

A1 1.1b 

Solving for both   and  u  M1 3.1b 

   = 52o or better (52.47756849….o)   

   u = 13  or better (12.6085128…) 
A1 2.2a 

 (6)  

(c) It does not take account of the fact that they are not particles 

(moving freely under gravity) 

It does not take account of the size(s) of the balls  

It does not take account of the spin of the balls 

It does not take account of the wind 

g is not exactly 9.8 m s-2 

N.B. If they refer to the mass or weight of the balls give B0 

B1 

 

 

 

3.5b 

 (1)  

  (13)  
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Question Scheme Marks AOs 

4(a) The horizontal component of T acts to the left and since the only 
other horizontal force is friction, it must act to the right oe B1 2.4 

 (1)  

4(b) 
 

Take moments about A or any other complete method to obtain an 
equation in T, M and θ  only. (see possible equations below that they 
may use) 

M1 3.1b 

.2 cos 2 1.5 cosT a Mga Mg aθ θ= + ×   
(A0 if a’s missing) 

A1 
1.1b 

Other possible equations but F and R would need to be eliminated. 
( ), cos sin cos 2 cos
( ), sin cos sin 2 sin
( ),  sin
M( ), .2 cos cos 2 0.5 cos .2 sin
M( ), sin cos 2 0.5 cos
M( ), 1.5 cos 0.5 0.5 cos 1.5 sin

R T F Mg Mg
R F Mg Mg
F T

B R a Mga Mg a F a
G Fa Ta Ra Mg a
C R a T a Mg a F a

θ θ θ θ
θ θ θ θ

θ
θ θ θ θ

θ θ θ
θ θ θ

+ = + +

+ = +
→ =

= + × +
+ = + ×

× = × + × + ×





  

 

  

2 cosT Mg θ= *   A1* 1.1b 

 (3)  

4(c) 
 

e.g. Resolve vertically M1 3.4 

( ), cos 2R T Mg Mgθ↑ + = +   A1 1.1b 

57
25
MgR = *  A1* 1.1b 

 (3)  

Other possible equations but F would need to be eliminated. 
( ), cos sin cos 2 cos
( ), sin cos sin 2 sin
( ),  sin
M( ), .2 cos cos 2 0.5 cos .2 sin
M( ), sin cos 2 0.5 cos
M( ), 1.5 cos 0.5 0.5 cos 1.5 sin

R T F Mg Mg
R F Mg Mg
F T

B R a Mga Mg a F a
G Fa Ta Ra Mg a
C R a T a Mg a F a

θ θ θ θ
θ θ θ θ

θ
θ θ θ θ

θ θ θ
θ θ θ

+ = + +

+ = +
→ =

= + × +
+ = + ×

× = × + × + ×





  

 

  

   

4(d) Find an equation containing F   e.g. Resolve horizontally M1 3.4 

 ( ),  sinF T θ→ =   A1 1.1b 

 Other possible equations   
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( ), cos sin cos 2 cos
( ), sin cos sin 2 sin
( ),  sin
M( ), .2 cos cos 2 0.5 cos .2 sin
M( ), sin cos 2 0.5 cos
M( ), 1.5 cos 0.5 0.5 cos 1.5 sin

R T F Mg Mg
R F Mg Mg
F T

B R a Mga Mg a F a
G Fa Ta Ra Mg a
C R a T a Mg a F a

θ θ θ θ
θ θ θ θ

θ
θ θ θ θ

θ θ θ
θ θ θ

+ = + +

+ = +
→ =

= + × +
+ = + ×

× = × + × + ×





 

 F Rµ= used  i.e. both F and R are substituted. M1  3.1b 

 8
19

µ =  * A1* 2.2a 

  (4)  

(11 marks) 

Notes: 

 4a B1 Any equivalent explanation 

 4b M1 Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors 

 A1 
Correct equation, trig does not need to be substituted 
(Allow: .2 cos 3 cosT a Mga Mgaθ θ= + ) 

 
A1* Given answer correctly obtained with no wrong working seen.  

Allow  2 cosMg Tθ =   
But not 2cosT Mgθ=   

4c M1 For an equation in R, M, T and θ  only 
Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors, 
each term that needs to be resolved must be resolved 

 A1 Correct equation, T and trig do not need to be substituted 

 A1* Given answer correctly obtained with no wrong working seen  

4d M1 For any equation with F in it 
Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors, 
each term that needs to be resolved must be resolved 

 A1 Correct equation, trig does not need to be substituted 

 M1 Must be used i.e M0 if merely quoting it. 

 A1* Given answer correctly obtained with no wrong working seen 
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Question Scheme Marks AOs 

6(a) The normal reaction at B is acting to the left so it must act to the right, 

right as it needs to balance (oppose, counter) the force at B, right as it 

prevents the rod from sliding  (slipping, falling), right as the weight (mass) 

of the rod will mean the rod tends to slip left,  mass or weight will be 

pushing the rod to the left so friction will oppose that. 

N.B.  

You may see an arrow on the diagram at A, instead of ‘right’. 

B0 if they say the rod is moving oe 

Accept towards the wall instead of to the right. 

B1 

2.4 

 (1)  

6(b) 

 

Take moments about A M1 3.4 

2 sin cosS a Mga  =    A1 1.1b 

1
cot

2
S Mg = * A1* 2.2a 

 (3)  

6(c) Resolve vertically, R = Mg B1 3.3 

Resolve horizontally, F = S B1 3.3 

Other possible equations: 

Resolve along the rod, cos sin cos sinF R S Mg   + = +  

Resolve perp to the rod, cos sin sin cosR S F Mg   + = +  

M(B), 2 cos 2 sin cosR a F a Mga   =  +  

M(G), cos sin sinRa Fa Sa  = +  

N.B. When entering these two B marks on ePEN, 

First B1 is for a vertical resolution, second B1 is for a horizontal resolution, 

and if either is replaced by a different equation, enter appropriately. 

If both are replaced by other equations, enter in the order in which they 

appear in their working. 

  

F R=  B1 1.2 

1 4

2 3
Mg Mg =  dM1 2.1 

2

3
 =  oe  Accept 0.67 or better A1 2.2a 

S.C. For  F R„  ,                              B0 

     
1 4

2 3
Mg Mg  „                             M1 
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2

3
 „                                  A0 

N.B.  If  
2

3
 =  follows this, they could score all the marks. 

 (5)  

6(d) 2 2F R+  M1 3.1a 

2

22
( )

3
Mg Mg

 
+ 

 
 M1 1.1b 

1
13

3
Mg  or 1.2Mg or better A1 2.2a 

 (3)  

6(e) New value of S would be larger as the moment of the weight about A 

would be larger 
B1 3.5a 

 (1)  

(13 marks) 

Notes: 

 6a B1 Any equivalent appropriate statement. 

6b M1 Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors. 

N.B.  If a’s never appear, M0 

 A1 Correct equation 

 

A1* Correct given answer correctly obtained, with no wrong working seen. 

Allow 
1

cot
2

Mg S =  or 
cot

2

Mg
S


=  or 

cot

2

Mg
S


=  or cot

2

Mg
S =  or similar 

 but NOT 
1

cot  Mg
2

S =  or similar 

N.B. Allow m instead of M 

Must be   in final answer but allow a different angle in the working. 

6c B1 cao 

 B1 cao 

 B1 Seen anywhere, e.g. on the diagram 

 

dM1 Using F R= , their two equations and substitute for trig (not necessarily correctly) to 

produce an equation in  only. 

This mark is dependent on the 3 previous B marks. 

 A1 Accept 0.67 or better 
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6d 
M1 Use of Pythagoras with square root to find the required magnitude, but F and R do not need 

to be substituted 

 

M1 Substitute for their F and their R in terms of Mg and take square root to obtain magnitude in 

terms of M and g only. 

N.B. Must be using Pythagoras  

 

  

ALTERNATIVE: Using trig on triangle of forces 

 

                                                                            

                                        X  

                                                          Mg 

                                           

 

                                               S 

 

M1: 
sin

Mg
X


=  or 

cos

S


 

M1:  substitute for sin or cos and S, where tan
Mg

S
 =  (=

3

2
), to obtain X in terms of M 

and g only. 

 
A1 Any equivalent surd form or 1.2Mg or better  

Must be in terms of M and g 

6e B1 Correct answer and any equivalent appropriate statement. 
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Question Scheme Marks AOs 

9(a) Moments about A (or any other complete method) M1 3.3 

T2asina =Mga+ 3Mgx  A1 1.1b 

T =
Mg(a+ 3x)

2a´ 3
5

=
5Mg(3x + a)

6a
    *        GIVEN ANSWER A1* 2.1 

  (3)  

(b) 5Mg(3x + a)

6a
cosa = 2Mg       OR        2 .2 tan 3Mg a Mga Mgx     M1 3.1b 

                                              x =
2a

3
 A1 2.2a 

 (2)  

(c) Resolve vertically                     OR                   Moments about B M1 3.1b 

   Y = 3Mg+Mg-
5Mg(3. 2a

3 + a)

6a
sina     2

3
2 3 (2 )aaY Mga Mg a    

Or: 
2

3 sin
cos

Mg
Y Mg Mg 



 
   

 
  

A1ft 1.1b 

                                              Y =
5Mg

2
       

N.B. May use Rsin   for Y   and/or  cosR   for X  throughout 

A1 1.1b 

tan
Y

X
     or 

sin

cos

R

R




   = 

5

2

2

Mg

Mg
   

M1 3.4 

            =
5

4
 A1 2.2a 

  (5)  

(d) 
5 (3 )

5
6

Mg x a
Mg

a


    and solve for x  M1 2.4 

                     
5

3

a
x    A1 2.4 

 

For rope not to break, block can’t be more than 
5a

3
 from A oe 

Or just:    
5

3

a
x   , if no incorrect statement seen. 

N.B. If the correct inequality is not found,  their comment must mention 

‘distance from A’. 

B1  A1 2.4 

  (3)  

(13 marks) 
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Notes: 

 

(a) 

M1:  Using M(A), with usual rules, or any other complete method to obtain an equation in a, M, x and T only. 

A1:   Correct equation  

A1*: Correct PRINTED ANSWER, correctly obtained, need to see 
3

sin =
5

 used.  

(b) 

M1: Using an appropriate strategy to find x. e.g. Resolve horizontally with usual rules applying OR Moments 

about C.  Must use the given expression for T. 

A1:  Accept 0.67a or better 

(c) 

M1:   Using a complete method to find Y (or Rsin )  e.g. resolve vertically  or Moments about B, with usual 

rules  

A1 ft: Correct equation with their x substituted in T expression or using 
2

cos

Mg
T


   

A1:   Y (or Rsin  ) =
5

2

Mg
or 2.5Mg or 2.50Mg 

M1:  For finding an equation in tan  only using tan
Y

X
   or tan

X

Y
    

This is independent but must have found a Y. 

A1:  Accept 
5

4


 if it follows from their working. 

(d) 

M1: Allow T = 5Mg or T  < 5Mg and solves for x, showing all necessary steps  (M0 for T > 5Mg) 

A1: Allow 
5

3

a
x   or 

5

3

a
x  .  Accept 1.7a or better. 

B1:  Treat as A1. For any appropriate equivalent fully correct comment or statement. E.g. maximum value of 

x is 
5

3

a
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Question Scheme Marks AOs 

6(a)  
                                                          S 
                                                                         B 
                                                                   α  
 
                                                         G 
                                 R         C           Mg 
 
                                                  2Mg 
                            F       A 

  

(    ):  (R = )  3Mg B1 3.4 

 (1)  

6(b) 
 
 

N.B. Allow consistent use of a different letter for the angle in the 
working but must be α in the final answer. 
BOD if their 's and 'sa α look the same. 

  

EITHER:      

Obtain an equation in S, M , a and α only, by  
taking moments about A 

M1 3.1a 

M(A):       2 cos sin 2 0.5 sinS a Mga Mg aα α α× = + ×  A1 1.1b 

OR   

Obtain an equation in S, M , a and α  only, by 
taking moments about B, C or G    
and  resolving once 
and eliminating F and R    (N.B.  R = 3Mg  from (a)) 

M1 3.1a 

Correct equation in S, M, a and α only A1 1.1b 

Possible Moments equations:             
M(B): 2 sin sin 2 1.5 sin 2 cosR a Mga Mg a F aα α α α× = + × + ×  
or  
M(C):

0.5 cos 1.5 cos 0.5 sin 0.5 sinF a S a R a Mg aα α α α× + × = × + ×   
or 
M(G): cos cos 2 0.5 sin sinSa Fa Mg a Raα α α α+ + × =  
Possible resolution equations: 
(      ):  F S=    
or 
(      ):  cos sin sin (2 )cosR F S Mg Mgα α α α+ = + +  
or 
(      ):  sin cos (2 )sin cosR S Mg Mg Fα α α α+ = + +   
 

  

tanS Mg α= * A1* 2.2a 

PMT
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 (3)  

6(c) 
 

The friction force at B will provide an extra upward (not just 
vertical) force so 1R  will be less i.e. R will be greater. 

R (is greater than 1R ) as the friction act against the weight of the 
rod. 
R (is greater) as the friction acts in the same direction as 1R   
R( is greater )as the friction holds the rod up as well.  

13R Mg R F= = +  so R will be greater 

N.B. Allow 1R  will be smaller with a correct reason. 
B0  R is greater as there is no friction from the wall. 

B1 3.5a 

 (1)  

6(d) 
                                                 
              

N.B. Allow consistent use of a different letter for the angle and 
could score FULL marks.   

                                                                  
                                                              P                B 
 
                                                                                3Mg 
                                                                       β  
 
                                                           G 
                                                                  Mg 
                                              N          C 
 
                                        1F               2Mg 
                                                   A 

  

EITHER:   Moments about B or D, the intersection of the normals M1 3.4 

M(B):  12 sin sin 2 1.5 sin 2 cosN a Mga Mg a aFβ β β β× = + × + ×  
or  
M(D): 

1 2 cos sin 2 0.5 sin 3 2 sinF ga Mga M a Mg aβ β β β× = + × + ×    

A1 1.1b 

A1 1.1b 

and resolve vertically:  ( ) 2 3N Mg Mg Mg↑ = + +  B1 3.3 

OR:  Moments about A or C or G     M1 3.4 

A correct moments equation. A1 1.1b 

A correct resolution                                  
 (N.B. Treat as a B mark so M0A0A1 is a possible score)     A1 1.1b 

A correct second resolution or a correct second moments equation     B1 3.3 

Possible Moments equations: 
M(A):  
2 0.5 sin sin 3 2 sin 2 cosMg a Mga Mg a P aβ β β β× + + × = ×  

  

PMT
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N.B. (You may see the first 2 terms collected as a single term) 
or 
M(C): 

10.5 cos 1.5 cos 0.5 sin 0.5 sin 3 1.5 sina Pa Na Mga Mg aF β β β β β+ = + + ×  
or 
M(G): 

1 cos cos 2 0.5 sin sin 3 sinF a Pa Mg a Na Mgaβ β β β β+ + × = +  
 
Possible resolution equations: 
 (    ):    2 3N Mg Mg Mg= + +  
(      ):   1F P=   (or P = Nµ ) 

(      ):  1 sin cos sin (3 2 )cosN P Mg Mg MF gβ β β β+ = + + +  

(      ):  1sin cos (3 2 )sin cosN P Mg M Mg Fgβ β β β+ = + + +  

(N.B.  1 2F P Mg= = )   

Use of 1F Nµ= , their equations (which must be correct) and 
1tan
2

β = , to obtain an equation in µ only. 

N.B. This mark is only available if the previous 4 marks have all 
been earned. 

dM1 3.1a 

1
3

µ = * A1* 2.2a 

  (6)  

(11 marks) 

Notes: 

 6(a)  B1 Cao. Must be in terms of M and g. 

6(b) 
 

 M1 M(A): Correct no. of terms, dim correct, condone sin/cos confusion and sign errors 

 A1 
Correct equation in S, M, a and α only. 
N.B. Must see use of 0.5a 

A1* Given answer correctly obtained. (Must be in α but allow a different angle used in 
the equations). 
Penalise incorrect use of brackets. e.g. if they use (90o α− ) , penalise missing 
brackets. 
N.B. Must see at least one line of intermediate working which will involve : 
like terms collected, division by cosα ,which does not need to be seen explicitly, 
division by 2   in some order. 
N.B. Allow the order of the terms on the RHS to be different and allow m for M. 

 OR 

M1 M(B) or M(C) or M(G) and a resolution and elimination of F and R. 
Both equations used must have correct no. of terms, dim correct, condone sin/cos 
confusion and sign errors 

PMT
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 A1 Correct equation in S, M, a and α  only 

A1* Given answer correctly obtained. 
N.B. Must see at least one line of intermediate working which will involve : 
like terms collected and division by cosα  

6(c) B1 Correct explanation 
B0 if any incorrect extras 

 6(d) 

 

N.B. If there is a combination of the two alternatives, mark both and award the higher 
mark. 
If there are errors in their equations for both methods and the total mark out of 4 is 
the same, enter the first 4 marks on ePEN for whichever of the 2 methods they use to 
try to find µ . 
If they don’t try and find µ , enter marks for the EITHER method. 

 EITHER 

M1 M(B) or M(D): Correct no. of terms, dim correct, condone sin/cos confusion and sign 
errors,  allow use of a different letter,θ  say, for β . 
( θ  could even be α ) 
 
N.B. Condone consistent missing a’s 
 
N.B. M0 if they are clearly using R from part (a) for N. 

 A1 Correct equation with at most one error 

 A1 Correct equation 

  B1 Correct vertical resolution 

 OR 

M1 M(A or C or G): Correct no. of terms, dim correct, condone sin/cos confusion and 
sign errors, allow use of a different letter, θ say,  for β . 
(θ  could even be α ) 
N.B. Condone consistent missing a’s 
 
N.B. M0 if they are clearly using S from part (b) for P 

 A1 Correct equation 

 A1 This is treated as a B mark for a correct resolution, seen or implied. 

B1 For another correct resolution or another correct moments equation (NOT about B) 
seen or implied. 

 N.B. when entering marks on ePEN for the two resolutions, if only ONE is correct 
enter as A1 B0. 

dM1 Dependent for using 1F Nµ= and their correct equations, to produce an equation in
µ only. 
N.B. Allow if they use 1F Nµ   

A1* Given answer correctly obtained 
 

PMT


