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Question Scheme Marks AOs

1(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)

1(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)

1(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

+ = + +

+ = +
→ =

= + × +
+ = + ×

× = × + × + ×





1(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:

 1a B1 Any equivalent explanation 

 1b 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=

1c 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 

1d 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 

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

2(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) 

2(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: 

 2a 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 inµ and θ  only 
(allow M1 for use of F Rµ=  to give an equation inµ and θ  only) 

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

2b 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 
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Question Scheme Marks AOs 

3(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) 

3(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: 

3a 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. 

3b 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)

8



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

10



Question Scheme Marks AOs

5(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
32 3 (2 )aaY Mga Mg a  

Or: 
23 sin
cos

MgY 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
ax  A1 2.4

For rope not to break, block can’t be more than 
5a
3

from A oe

Or just:    
5
3
ax  , 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 
3sin =
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

MgT




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
ax  or 

5
3
ax  .  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

12



Question Scheme Marks AOs

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

T cos30o x (1sin30o) = 20g x 1.5 A1 1.1.b

T cos30o x (1sin30o) = 20g x 1.5 A1 1.1.b

T =  679  or  680 (N) A1 1.1.b

(4) 

(b) Resolve horizontally M1 3.1b

X = T cos60o A1 1.1b

Resolve vertically M1 3.1b

Y = T cos30o  – 20g A1 1.1b

Use of  tanq =
Y

X
and sub for T M1 3.4

49o (or better), below horizontal, away from wall A1 2.2a

(6)

(c) Tension would increase as you move from D to C B1 3.5a

Since each point of the rope has to support the length of rope below it B1 2.4

(2)

(d) Take moments about G, 1.5Y = 0 M1 3.3

Y = 0 hence force acts horizontally.*   A1* 2.2a

(2) 

(14 marks) 

Notes:

(a) 

M1:  Correct overall strategy e.g. M(A), with usual rules, to give equation in T only
A1:  (A1A0 one error) Condone 1 error
A1: (A0A0 two or more errors)
A1:   Either 679 or 680   (since g = 9.8 used)
(b) 

M1: Using an appropriate strategy to set up first of two equations, with usual rules applying
e.g. Resolve horiz. or M(C)

A1:  Correct equation in X only
M1: Using an appropriate strategy to set up second of two equations, with usual rules applying
e.g. Resolve vert. or M(D)
A1:  Correct equation in Y only

13



M1: Using the model and their X and Y
A1:  49 or better (since g cancels)  Need all three bits of answer to score this mark

or  any other appropriate angle e.g 41o to wall, downwards and away from wall
(c) 

B1: Appropriate equivalent comment
B1: Appropriate equivalent reason
(d) 

M1: Using the model and any other complete method e.g. the three force condition for equilibrium
A1*: Correct conclusion  GIVEN ANSWER

14



Question Scheme Marks AOs

7(a) Take moments about A 
 (or any other complete method to 
  produce an equation in S , W and D only) 

M1 3.3 

WacosD � 7W2acosD = S 2asinD
A1
A1 

1.1b 
1.1b 

Use of  tanD  5

2
 to obtain S M1 2.1 

S = 3W  * A1*   2.2a 

(5) 
(b) R = 8W B1 3.4 

F = 1

4
R (= 2W) M1 3.4 

PMAX = 3W + F  or PMIN = 3W - F M1 3.4 

PMAX = 5W  or   PMIN = W A1 1.1b 

W �  P � �W A1  2.5 

(5) 
(c) M(A) shows that the reaction on the ladder at B is 

unchanged  M1 2.4 

also R increases (resolving vertically) M1 2.4 

which increases max F available M1  2.4 

(3) 
(13 marks)

15



Question 7 continued 
Notes: 

(a) 
1st M1: for producing an equation in S, W and D only 
1st A1: for an equation that is correct, or which has one error or omission 
2nd A1: for a fully correct equation 

2nd M1: for use of tanD  5

2
 to obtain S in terms of W only 

3rd A1*:for given answer S = 3W correctly obtained 
(b) 
B1: for R = 8W

1st M1:  for use of F = 1

4
R

2nd M1: for either P = (3W + their F) or P = (3W - their F) 
1st A1: for a correct max or min value for a correct range for P 
2nd A1: for a correct range for P 
 (c)       
1st M1: for showing, by taking moments about A, that the reaction at B is unchanged by the 

builder’s assistant standing on the bottom of the ladder
2nd M1: for showing, by resolving vertically, that R increases as a result of the builder’s 

assistant standing on the bottom of the ladder  
3rd M1: for concluding that this increases the limiting friction at A 

16



Question 
Number Scheme Marks

8.(a) ( ),   (150 1) (60 2.5) 4M D g g Tc     M1 A1
 75  or 735 N or 740 NTc g Allow omission of N A1         (3)

(b) ( ),   (150 4.5) (60 6) 3.5DM B g g T     M1 A2        

2900 NDT  or 2070
7

g Allow omission of N A1     (4)

(7)
Notes for Qu 8

Tc
8(a)
M1 for a complete method to find (M0 if they assume TC = TD )
i.e. for producing an equation in Tc only. Each equation used must have
correct no. of terms and be dimensionally correct.
First A1 for correct equation.
Second A1 for any of the 3 possible answers
Other possible equations:
( ), 60 150DTc T g g   

( ),   (150 4.5) (60 3) ( 1.5) ( 5.5)DM A g g Tc T      

( ),   (150 3) (60 1.5) 4DM C g g T    

( ),   (150 4.5) (60 6) ( 7.5) ( 3.5)DM B g g Tc T      

( ),   ( 1) (60 1.5) 3D CM G T g T    

8(b)
N.B. (M0 if  TC is never equated to 0)
M1 for a complete method to obtain an equation in 

DT only.
If they use more than one equation, each equation used must have 
correct no. of terms and be dimensionally correct.
First and second A1 for a correct equation in 

DT only. A1A0 if one
error.Consistent omission of g is one error except in M(D) where it’s not 
an error.
Third A1 for either answer
Other possible equations:
( ), 60 150DT g g Mg   

( ),   (150 4.5) (60 3) 9 5.5DM A g g Mg T     

( ),   (150 3) (60 1.5) 7.5 4DM C g g Mg T     

( ),   (150 1) (60 2.5) 3.5M D g g Mg   

( ),   ( 1) (60 1.5) 4.5DM G T g Mg   
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Question 
Number 

      Scheme Marks   

9(a) 

 A      P     G     Q        C       B

(0.2S) R 75g 30g       75g     (S) 5R

( ­ ) R+ 5R = 75g+ 30g+ 75g

34
15

( )     75 75 2 30  3 5  4
2.3 or better

M A gx g x g R

x

    

 

 ( N.B.  Or another Moments Equation)

M1  A2

M1  A2
A1

(M1 A2)
(7)

(b) 

uniform – mass is or acts at midpoint of plank;  centre of mass is at middle of plank; 

weight acts at the middle of the plank, centre of gravity is at midpoint

rod - plank does not bend, remains straight, is inflexible, is rigid

B1  B1 
(2)

      9 

Notes

(a) First M1 for either a vertical resolution (with correct of terms) or a moments equation (all 
terms dim correct and correct no. of terms) 
First A1 and Second A1 for a correct equation in R (or S where S = 5R) only or R and x
only or S and x only.  ( - 1 each error , A1A0 or A0A0)
Second M1 for a moments equation (all terms dim correct and correct no. of terms) 
Third A1 and Fourth A1 for a correct equation in R (or S where S = 5R) only  or R and x
only or S and x only.  ( - 1 each error, A1A0 or A0A0)
Fifth A1 for x = 34/15 oe  or 2.3 (or better)
(i) In a moments equation, if R and 5R (or S and 0.2S) are interchanged, treat as 1 error.

(ii) Ignore diagram if it helps the candidate.
(iii) If an equation is correct but contains both R and S, or S = 5R is never used, treat as 1
error.
(iv) Full marks possible if all g’s omitted.
(v) For inconsistent omission of g, penalise each omission.
M (B), R ´ 6 + 5R ´ 2 = 75g(6 - x)+ 75g(6 - 2x)+ 30g ´ 3
M (C), 75g(4 - x)+ 75g(4 - 2x)+ 30g ´1= R ´ 4
M (G), 75g(3- x)+ 5R ´1= R ´ 3+ 75g(2x - 3)
M (P), Rx + 30g(3- x)+ 75gx = 5R(4 - x)
M (Q), 75gx + 30g(2x - 3)+ 5R(4 - 2x) = R ´ 2x

(b) First B1 for first correct answer seen.
Second B1 for the other answer, but only award this second mark if no extras given.
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Question 
Number 

 Scheme Marks 

10. 

d m 

     A  0.5m   S G T 2m B

30 g 

M1 A1 

M1 A1

DM1 A1

      A1 

10. Notes 

N.B. They may use a different variable, other than d, in their moments 

equations 

e.g. say they use x = SG consistently,  they can score all the marks for

their two equations and if they eliminate x correctly, DM1 A1 (for M),

and, if they found x correctly, then added 0.5 to obtain d, the other A1

also.

First M1 for moments about S (need correct no. of terms, so if they 

don’t realise that the reaction at T is zero it’s M0) to give an equation 

in d and M only. 

First A1 for a correct first equation in d and M only. (A1 for both g’s 

or no g’s  but A0 if  one g is missing ) 

N.B. They may use 2 equations and eliminate to obtain their equation 

in d and M only   

e.g. M(A) 0.5RS = 30gd and (^) RS = 30g + Mg and then eliminate RS.

The M mark is only earned once they have produced an equation in d

and M only, with all the usual rules about correct no. of terms etc

applying to all the equations they use to obtain it.

Second M1 for moments about T (need correct no. of terms, so if they 

don’t realise that the reaction at S is zero it’s M0) to give an equation 

in d and M only 

Second A1 for a correct second equation in d and M only. (A1 for both 

g’s or no g’s  but A0 if  one g is missing ) 

N.B. They may use 2 equations and eliminate to obtain their equation 

in d and M only   

e.g. M(B)  2RT = 30g(6 - d) and  (^) RT = 30g + Mg and then eliminate

RT.

The M mark is only earned once they have produced an equation in d

and M only, with all the usual rules about correct no. of terms etc

applying to all the equations they use to obtain it.

M (S) :    Mg ´  0.5 = 30g(d - 0.5)

M (T ) :    Mg ´  2   =  30g(4 - d)

dividing:             4 =    
(4 - d)

(d - 0.5)
=>     (i)  d =1.2

=>    (ii) M = 42
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Third M1, dependent on 1st and 2nd M marks, for eliminating either M 

or d to produce an equation in either d only or M only. 

Third A1 for   (d =) 1.2 oe  (N.B. Neither this A mark nor the next one 

can be awarded if there are any errors in the equations.) 

Beware: If one g is missing consistently from each of their equations, 

they can obtain d = 1.2 but award A0 

Fourth A1 for (M =) 42 

Scenario 1: Below are the possible equations, (if they don’t use M(S)), 

any two of which can be used, by eliminating RS , to obtain an equation 

in d and M only , for the first M1. 

N.B. If RT  appears in any of these and doesn’t subsequently become 

zero then it’s M0.  

M(A)    0.5RS = 30gd 

M(B)    5.5RS = 30g(6 – d) + 6Mg 

M(T)    3.5RS = 30g(4 – d) + 4Mg 

  (^)    RS = 30g + Mg 

Scenario 2: Below are the possible equations, (if they don’t use M(T)), 

any two of which can be used, by eliminating RT , to obtain an equation 

in d and M only , for the second M1. 

N.B. If RS  appears in any of these and doesn’t subsequently become 

zero then it’s M0. 

M(A)       4RT = 30gd + 6Mg 

M(B)       2RT = 30g(6 – d) 

M(S)    3.5RT = 30g(d – 0.5) + 5.5Mg 

  (^)    RT = 30g + Mg 
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Question
Number

Scheme Marks

11(a) TA TC  85g

OR   M A ,   25g  2.5  60g  5  4.5 TC

OR   M C ,   TA  4.5  60g  0.5  25g  2
OR   M B ,   TA  5   TC  0.5  25g  2.5
OR   M G ,   TA  2.5  60g  2.5  2 TC

TA 
40g

9
 44N or 43.6N; TC 

725g

9
 790N or 789 N

M1 A1 

M1 A1 

A1; A1      (6) 

(b) M C ,  25g  2  Mg  0.5 M1 A1 

(i) 100M  A1 
(ii) Tc  25g 100g

Tc  125g 1200 or 1230 N
M1 A1      

B1        (6) 12
Notes 

11(a) First M1 for a moments or vertical resolution equation, with correct no. 
of terms and dimensionally correct. 
First A1 for a correct equation. 
Second M1 for a moments equation, with correct no. of terms and 
dimensionally correct. 
Second A1 for a correct equation. 
Third A1 for  44 (N) or 43.6 (N) or 40g/9 
Fourth A1 for  790 (N) or 789 (N) or 725g/9 
Deduct 1 mark for inexact multiples of g 
N.B. If they assume that both tensions are the same, can only score 
max M1 in (a) for M(A) or M(C). 
If a vertical resolution is used, please give marks for this equation 
FIRST. If not, enter marks for each moments equation in the order in 
which they appear. 

11(b) SCHEME CHANGE 
B1 BECOMES THE FOURTH A1 
First M1 for a moments equation with TA = 0 
First A1 for a correct equation 
Second A1 for M = 100 
Second M1 for a(nother) moments or vertical resolution  equation with 
TA = 0 
Third A1 for a correct equation 
Fourth A1 (B1) for  TC = 125g  or 1230 (N) or 1200 (N) 
N.B. Some candidates may need to solve 2 simult. equations in M and 
TC and so will earn the ‘equation’ marks before they earn Second and 
Fourth A (B) marks. 
If a vertical resolution is used, please give marks for this equation 
SECOND. If not, enter marks for each moments equation in the order 
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in which they appear. 

The possible equations are: 
TC = 25g + Mg 
M(C), 25g x 2 = Mg x 0.5 
M(A), 25g x 2.5 + 5Mg =  4.5 TC 
M(B), 25g x 2.5 = TC x 0.5 
M(G), TC x 2 = Mg x 2.5 

Any two of these can each earn M1A1 (M0 if incorrect no. of terms) 
Then Second A1 for M = 100 
And Fourth A1 (B1) for TC  = 125g or 1230 or 1200 

N.B.  No marks in (b) if they use any answers from (a) or M = 60 

22



Question 
Number Scheme Marks

12a Resolving vertically:  2 3T T T W   M1A1 
Moments about A:  2 2W T d   M1A1 

Substitute and solve:  2 2
3

W
W d DM1 

         3d   A1  
(6)

b Resolving vertically: 4T T W kW         5 1T W k  M1A1 ft 
Moments about A:  2 4 3 4W kW T    M1A1 ft 

Substitute and solve:   122 4 1
5

W kW W k   DM1 

             12 122 4
5 5

k k  

8 2
5 5

k  ,                   1
4

k  A1 
(6)

[12]
Notes for Question 12 

N.B.  In moments equations, for the M mark, all terms must be force x distance but take care in the 
cases when the distance is 1.  
Question 12(a) 
N.B. If Wg is used, mark as a misread. If T and 2T are reversed, mark as per scheme NOT as a 
misread. 
First M1 for an equation in W and T and possibly d (either resolve vertically or moments about any 
point other than the mid-pt), with usual rules. 
First A1 for a correct equation.  
Second M1 for an equation in W and T and possibly d (either resolve vertically or moments about 
any point other than the mid-pt), with usual rules. 
Second A1 for a correct equation.  
Third M1, dependent on first and second M marks, for solving for d 
Third A1 for d = 3 cso 
N.B. If a single equation is used (see below) by taking moments about the mid-point of the rod, 
 2T = 2T(d – 2), this scores M2A2 (-1 each error) 
Third M1, dependent on first and second M marks, for solving for d 
Third A1 for d = 3 cso 
Question 12(b)  
N.B. If Wg and kWg are used, mark as a misread. 
If they use any results from (a), can score max M1A1 in (b) for one equation. 
If T and 4T are reversed, mark as per scheme NOT as a misread. 
First M1 for an equation in W and a tension T1 and possibly their d or their d and k (either resolve 
vertically or moments about any point), with usual rules. 
First A1 ft on their d, for a correct equation. 
Second M1 for an equation in W and the same tension T1 and possibly their d or their d and k (either 
resolve vertically or moments about any point), with usual rules. 
Second A1 ft on their d, for a correct equation.  
Third M1, dependent on first and second M marks, for solving to give a numerical value of k 
Third A1 for k = 1/4 oe cso 
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Question 
Number Scheme Marks

13a Resolving vertically:   2 3T T T W   M1A1 
Moments about B:  2 2 1T d W    M1A1 
 Substitute and solve for d :  2 2 1 3T d T   DM1 

7
3

d  (m) A1 
(6)

13b Moments about C: (T
B
 2) (kW 1) W 

2
3

M1A1 

   T
B
W

2 3k 
6

or equivalent 
A1 

(3)

13c 
 solving TB ≥ 0  or TB > 0 for k.  

 0 < k ≤ 2/3  or   0 < k < 2/3 only 

M1 

A1 
(2)

[11]
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Notes for Question 13 
Question 13(a) 
N.B. If Wg is used, mark as a misread. 
First M1 for an equation in W and T and possibly d (either resolve vertically or moments about any 
point other than the centre of mass of the rod), with usual rules. 
First A1 for a correct equation.  
Second M1 for an equation in W and T and possibly d (either resolve vertically or moments about 
any point other than the centre of mass of the rod), with usual rules. 
Second A1 for a correct equation. 
N.B. The above 4 marks can be scored if their d is measured from a different point 
Third M1, dependent on first and second M marks, for solving for d 
Third A1 for d = 7/3 , 2.3 (m) or better 
N.B. Alternative 
If a single equation is used (see below) by taking moments about the centre of mass of the rod, 2T(3 
- d) = T(d – 1), this scores M2A2 (-1 each error)
Third M1, dependent on first and second M marks, for solving for d
Third A1 for d = 7/3

Question 13(b)   
First M1 for producing an equation in TB and W only, either by taking moments about C, or using 
two equations and eliminating 
First A1 for a correct equation 
Second A1 for W(2 – 3k)/6   oe. 

N.B.     M0 if they use any information about the tension(s)  from part (a). 

Question 13(c)  
M1 for solving TB ≥ 0  or TB > 0 for k.  
A1 for 0 < k ≤ 2/3 or 0 < k < 2/3 only. 
N.B. 
T = 0 => k = 2/3 then answer is M0. 
If they also solve TC ≥ 0  or TC > 0, can still score M1 and possibly A1. 
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Question 
Number Scheme Marks

14. 
(a) 

M(P),         50 2 ( 2)g Mg x× = × − M1 A1 
M(Q),         50 3 (12 )g Mg x× = × − M1 A1 

(i) 25 (kg)M =  DM1 A1 
(ii) 6 (m)x =  DM1 A1 

(8)
(b) 

(↑)R + R = 25g + 50g  M1 A1  ft 
M( ),   2 12 25 6 50A R R g g AX+ = × + × M1 A1  ft 

7.5 (m)AX = DM1 A1 
(6)

[14]

A B
P Q 

Mg 

2 m 3 m  

x m 

2 mA B
P Q 

25g 

3 m  

R R
50g 

X 
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Notes for Question 14 

Q14(a) 

First M1 for moments about P equation with usual rules (or moments 
about a different point AND vertical resolution and R then eliminated) 
(M0 if non-zero reaction at Q) 
Second M1 for moments about Q equation with usual rules (or moments 
about a different point AND vertical resolution) (M0 if non-zero reaction 
at P) 
Second A1 for a correct equation in M and same unknown.  
Third M1, dependent on first and second M marks, for solving for M 
Third A1 for 25 (kg) 
Fourth M1, dependent on first and second M marks, for solving for x 
Fourth A1 for 6 (m) 
N.B. No marks available if rod is assumed to be uniform but can score 
max 5/6 in part (b), provided they have found values for M and x to f.t. 
on. 
If they have just invented values for M and x in part (a), they can score 
the M marks in part (b) but not the A marks. 

Q14(b) 

First M1 for vertical resolution or a moments equation, with usual rules. 
First A1 ft on their M and x from part (a), for a correct equation. (must 
have equal reactions in vertical resolution to earn this mark) 
Second M1 for a moments  equation with usual rules. 
Second A1 ft on their M and x from part (a),  for a correct equation in R 
and same unknown length.  
Third M1, dependent on first and second M marks, for solving for  AX 
(not their unknown length) with AX ≤ 15 
Third A1 for AX = 7.5 (m) 
N.B. If a single equation is used (see below), equating the sum of the 
moments of the child and the weight about P to the sum of the moments 
of the child and the weight about Q, this can score M2 A2 ft on their M 
and x from part (a), provided the equation is in one unknown. Any 
method error, loses both M marks. 
e.g.    25g.4 + 50g(x – 2) = 25g.6 + 50g(12 – x)  oe.
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Question 
Number Scheme Marks    

15. 
(a) 

1-x0.8

2R

50g

R

DC

BA

x m0.2 m

Vertical equilibrium: 2 50R R g+ = ,  M1A1 
Moments about C:  ( )50 0.8 1.8 2g x R× = − × × M1A1 

3 0.8 3.6 2x× = − ,  0.6x = DM1A1 
(6)

(b) 

mg

0.60.8

4S

50g

S

EC

BA

0.4 m0.2 m

S, 4S B1
Vertical equilibrium: 4 (50 ) 5S S m g S+ = + =  M1A1 
Moments about B: 50 1 4 0.4 1.8 3.4g S S S× = × + × = M1A1 

( )550 50
3.4

m× = +
DM1 

m = 400/17, 24, 23.5 or better A1 
(7)

[13]
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Notes for Question 15 

15(a) 

In both parts consistent omission of g’s can score all the marks. 
First M1 for vertical resolution or a moments equation, with usual rules. 
(allow R and N at this stage) 
First A1 for a correct equation (with N = 2R substituted) 
Second M1 for a moments  equation in R and one unknown length with 
usual rules. 
Second A1 for a correct equation.  
Third M1, dependent on first and second M marks, for solving for x 
Third A1 for x = 0.6. 
S.C.  Moments about centre of rod: R x 0.8 = 2R(1 – x)    M2 A2

15(b) 

B1 for S and 4S placed correctly. 
First M1 for vertical resolution or a moments equation, with usual rules. 
(allow S and 4S reversed) 
First A1 for a correct equation.  
Second M1 for a moments  equation in S (and m) with usual rules. 
Second A1 for a correct equation.  
Third M1, dependent on first and second M marks, for eliminating S to 
give an equation in m only. 
Third A1 for m = 400/17 oe or 24 or better. 
N.B. SC  If they use the reaction(s) found in part (a) in their equations, can 
score max B1M1A0M1A0DM0A0. 
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Question
Number

Scheme Marks

  16.(a)      

    (b) 

    (c) 

( ),    8 (80  x 6) + (200  x 4)
160 ,  1600, 1570

M D R g g

R g

=
=

( ),     2 80 200
             140 , 1400, 1370

S g g

S g

↑ = +
=

M (B),    Sx + (S  x 10) = (80g x 8) + (200g x 6)
140 x +1400 = 640 +1200

140 x = 440
x = 22

7

M1 A1 
       A1    (3) 

M1 
       A1    (2) 

M1 A2    

       A1   (4) 
9 
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Question 
Number 

Scheme Marks 

17.

(a) ↑  2 4.5X X g+ = M1 A1 

 Leading to ( )3
 or 14.7 or 15 N

2

g
X = A1 (3) 

(b) ( )M A       ( )4.5 2 0.8 2.4g AG X X× = × + × M1 A2 ft (1,0) 

( )4
m ,  1.3,  1.33,...

3
AG =  A1 (4) 

[7] 

Question 17(a) 
First M1 for a complete method for finding RQ, either by resolving vertically, or taking moments twice,  with 
usual criteria (allow M1 even if RP =2RQ not substituted)    
First A1 for a correct equation in either RQ or RP ONLY. 
Second A1 for 1.5g or 14.7 or 15  (A0 for a negative answer) 

Question 17(b) 
First M1 for taking moments about any point, with usual criteria. 
A2 ft for a correct equation (A1A0 one error, A0A0 for two or more errors, ignoring consistent omission of 
g’s) in terms of X and their x (which may not be AG at this stage) 
Third A1 for  AG = 4/3, 1.3, 1.33,….. (any number of decimal places, since g cancels)  need ‘AG =’  or x 
marked on diagram 

N.B. if  RQ = 2RP throughout, mark as a misread as follows: 
(a) M1A1A0 (resolution method) (b) M1A0A1A1, assuming all work follows through correctly..

A P Q B 

0.8 m 0.6 m 

G 

2X X 

4.5g
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Y 

mg 5

2
mg

d d 
A 

G 
B 

D C 

Question 
Number Scheme Marks 

18 (a) 

( )M D             
5

2
mg GD mg d× = × M1 A1 

5

2
GD d=  � DM1 A1        

(4) 
(b) 

( )M C              
5 3

3
2 2 2

d
mg mg d Y d× + × = × M1 A2(1, 0) 

Leading to      
17

12
Y mg= DM1 A1        

(5) 
9 

Y 

mg 5

2
mg

d d 
A 

G 
B 

D C 
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Question 
Number 

Scheme Marks

19.
(a)

(i) EITHER         M(R), 8X + 2X = 40g x 6  + 20g x 4 M1 A2 
solving for X,  X = 32g = 314 or 310 N M1 A1 

(ii) (↑)  X + X = 40g + 20g + Mg  (or another moments 
equation) 

M1 A2 

solving for M, M = 4 M1 A1 

(i)          OR          M(P), 6X = 40g x 2  + 20g x 4 + Mg x 8 M1 A2 
solving for X,  X = 32g = 314 or 310 N M1 A1 
(↑)  X + X = 40g + 20g + Mg  (or another moments 

equation) 
M1 A2 

(ii) solving for M, M = 4 M1 A1 
(10)

(b)
              Masses concentrated at a point or weights act at a point B1 

(1)
11

X X

P R
Q

40g 20g Mg 

2 m 2 m 2 m 2 m 
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Question
Number

Scheme Marks

20. 
(a) 

 

Taking moments about B:  5 x RC = 20g x 3 M1A1

RC = 12g or 60g/5 or 118 or 120 A1

Resolving vertically:         C BR R 20g+ = M1

RB = 8g or 78.4 or 78  A1

(5)

(b) 

 

Resolving vertically: 50g = R + R B1

Taking moments about B: 
( )5 25   3 20 6 30g g x g× = × + − × M1 A1 A1

30 115x =  
x = 3.8 or better or 23/6 oe A1

(5)

[10]

3 m2 m 1 m C BA 

C
R

B
R

3 m2 m 

20g 

1 m C BA 

C
R

B
R

30g 

x 

20g 
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Question
Number

Scheme Marks

21          R 500      200           500 S 

( ),M B  
  500x + 500.2x + 200x3 = Rx5  +  Sx1(or any valid moments equation) M1 A1 A1

  (↓) R + S  = 500 + 500 + 200 = 1200 (or a moments equation) M1 A1

 solving for x;  x = 1.2 m M1 A1 cso

[7]
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Question
Number

Scheme Marks

22. (a) 

X Y 

1.8 m          
A 

1.5 m      W           1.5 m             20 

         ( )AM               1.5 20 3 1.8W Y× + × = × M1 A2 (1, 0)

5 100
6 3

Y W= + cso            A1 (4)

(b) ↑ 20X Y W+ = + or equivalent M1 A1

1 40
6 3

X W= − A1 (3)

(c) 5 100 1 408
6 3 6 3

W W
⎛ ⎞+ = −⎜ ⎟
⎝ ⎠

M1 A1 ft

280W =  A1 (3)

[10] 
Alternative to (b) 
M(C)    3.02.1208.1 ×=×+× WX  

3
40

6
1

−= WX
M1 A1
A1
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Question
Number

Scheme Marks

23 (a)

M (Q),   50g(1.4 − x) + 20g x 0.7 = TP  x 1.4

TP = 588 − 350x    Printed answer

M1 A1

A1 (3)

(b)

M (P),   50gx + 20g x 0.7 = TQ  x 1.4

TQ = 98 + 350x

or      R(↑), gTT QP 70=+ M1 A1

A1 (3)

(c) Since  0 < x < 1.4 ,        98 <  TP  <  588 and 98 <  TQ  <  588 M1 A1 A1

(3) 
(d)

98 + 350x   = 3 ( 588 − 350x ) 

x = 1.19 

M1

DM1 A1   (3)
[12] 
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C + D = 120g

M(Q),   80g.0.8 - 40g.0.4 = D.1.6
solving
C = 90g; D = 30g

Question
Number

Scheme Marks

24 (a)

M1 A1
M1 A1

M1
A1 A1 (7)

(b)

2F + F = 40g + 20g + 60g 

M(Q),  60gx + 20g.0.8 = 40g.0.4 + F.1.6
solving

QX = x = 16
15

 m = 1.07m

M1 A1

M1 A1
M1

A1 (6)
[13]

60g 
P      Q R     S         

40g      C       20g        D           

P      Q     x        X    R    S 

40g     2F  20g  60g   F 
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Question
Number

Scheme Marks

25. (a)

X 
2.4 

0.8 
A B

8g           12g  

M A( )                8g × 0.8+12g ×1.2 = X × 2.4    M1 A1          

X ≈ 85 N( ) accept 84.9, 26g

3
DM1 A1    (4) 

(b)    

X + 10 X 
2.4 

0.8 
x 

A B 

8g 12g

R ↑( )      
  

X +10( )+ X = 8g +12g M1 B1 A1 

X = 93( )

M A( )                8g × 0.8 +12g × x = X × 2.4  M1 A1          

x = 1.4 m( ) accept 1.36 A1         (6) 
[10]
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Question
Number

26.(a)

(b)

(c)

Scheme 

S T M(A):  T x 4  =  12g x 2.5
    A C        B 

T  =  7.5g or 73.5 N 

   R(↑) S + T = 12g   

⇒ S = 4.5g or 44.1 N

U             V 

    A          C        B 

       16g       12g     M(A)  V x 4 = 16g x y  +  12g x 2.5 

  V  =  4gy + 7.5g  or 39.2y + 73.5 N 

V  ≤  98  ⇒   39.2y + 73.5 ≤ 98 

⇒ y  ≤  0.625 = 5/8

Hence “load must be no more than 5/8 m from A” (o.e.) 

      Marks 

M1 A1 

A1    

 M1 

 A1          (5) 

 M1 A1 

 A1          (3) 

 M1 

 DM1  

 A1          (3) 

11 
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Q Scheme Marks Notes 

27 

M(A):  2 cosaT mga        
1

cos
2

T mg 
 

 
 

M(B): cos 2 sin 2 cosmga Fr a R a       

M1A1 

First equation  

Need all terms. Condone sign errors and 

sin/cos confusion 

Resolve   : 
1

sin cos sin
2

Fr T mg  
 

  
 

M1A1 

Second equation 

Need all terms. Condone sign errors and 

sin/cos confusion 

 :  cosR T mg  M1A1 

Third equation 

Need all terms. Condone sign errors and 

sin/cos confusion 

Use Fr R :  sinR T    B1 Condone correct inequality 

Form equation in and   :   

1
cos cos

2
R mg mg   

and   
1

cos sin
2

R mg   

DM1 

Eliminate T and R 

Dependent on first 3 M marks 

1
cos sin

2
1

cos cos
2

mg

mg mg

 


 





DM1 

Solve for    

Dependent on previous M 

2

cos sin

2 cos

 






A1 

Obtain given answer from correct working 

Must explain if inequality becomes 

equality 

[10] 

a

a
mg

θ

T

Fr

R

θ

B

A
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Alt 

1 

Moments (about B): 

cos 2 sin 2 cosmga Fr a R a               
M1 

A1 Correct unsimplified 

Resolving (parallel to rod): 

cos sin sinFr R mg   
M2 

A2 -1 each error

Use of Fr R  :     

cos 2sin 2cosmg R R      

cos sin sinR R mg    

B1 

Form equation in and   :

sin cos sin

cos 2 cos 2 sin

mg R R

mg R R

   

   






sin cos sin

cos 2cos 2 sin

   

   






DM1 

Solve for   :  
2 22cos sin 2 sin cos cos sin          DM1 

2 2 2

sin cos sin cos

cos 2sin 2 cos

   


  
 

 
 A1 

Obtain given answer from correct working 

NB for alternatives using moments and 

resolving:  

e.g. Resolve   : sinFr T 

        M(centre): cos sinaT a R a Fr             

First equation M1A1  

Sufficient equations to solve M2A2 
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Alt 

2 

3 concurrent forces 

 
tan tan

tan
1 tan tan

 
 

 


 


M1A1 

tan
2 tan

a

a



 

1
tan

2 tan



 M1 

 

1
tan

2 tantan
1

1 tan
2 tan

sin cos
2

cos 2sin


 




 

 



 

 

 
  

 

M1A1 

A1 

F R   

 
1

tan


 




B1 

DM1 

2 2

1 2sin cos

2 2sin cos

 

 

 
  

 
 

2

cos sin

2 cos

 






DM1

A1 

Obtain given answer from correct working 

(10) 

T

mg

Res

2atanα

α

θ

a

a

θ

B

A
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Q. 
Scheme Marks   Notes 

28a 

2

3
F R seen or implied B1 

Use of F R  .  Could be on diagram. 

Allow in (b) if not seen before 

M(C):5 3cos 7sin 7cosg F R        M1 

Moments about C or alternative complete 

method to find equation in F and R or R 

only. 

Dimensionally correct and all terms needed. 

Condone sin/cos confusion and sign error(s). 

A1 At most one error 

A1 Correct unsimplified equation 

14
15 cos 7cos sin

3
g R  

 
  

 

4 4 14 3 14
15 7

5 5 3 5 5
g R R

 
      

 

dM1 
Substitute for F and  trig and solve for R 

Dependent on previous M1 

30
42

7
R g  (N)   

A1 

(6) 

e.g. of alternative for M1A1A1:

M(A): sin 8 cos 8 sin 20 cosT R F g       

and M(B): 7 sin 20 cosT g    
(M1) 

(A1) At most 1 error 

20
cos 8 cos 8 sin 20 cos

7

g
R F g      (A1) 

Correct unsimplified equation in F and R or 

R only 

4 m5g

R

2

3
R

θ

β

α

C

3 m

1 m

B

A

T N
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Q. 
Scheme Marks   Notes 

28b 
Resolve :    cos 5T R g  

 sin 5R T g   
M1 

Need all terms.   

Condone sin/cos confusion and sign error(s). 

A1 Correct in R or their R 

Resolve  :    sin 28T F  

 
2

cos
3

F R T  
 
   
 

M1 

Need both terms.   

Condone sin/cos confusion 

A1 Correct in R or their R 

Solve simultaneous equations for    

 tan 4   ,  50.9    51 A1 cso .  Max 3 s.f. 

(5) 

Alt 28b M(B): 7 sin 5 cos 4T g        M1 

Moments equation.   

Dimensionally correct. 

Condone sin/cos confusion and sign error(s). 

16
sin

7
T g
 

 
 

A1 

OR: resolve perpendicular to the rod: 

2
sin cos 5 cos sin

3
T R g R     

(M1) 

(A1) 

Resolve parallel to rod:

cos 5 sin cos sinT g F R            

2
cos sin

3
R R 

 
  
 

M1 
All terms needed. 

Condone sin/cos confusion and sign error(s). 

13
cos

7
T g
 

 
 

A1 

Solve simultaneous equations for   

16
tan

13
  ,  50.9       51 A1 cso.  Max 3 s.f. 

(5) 

[11]
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Q Scheme Marks Notes 

29a M(A): cos 5 4d g P    M1 
Terms must be dimensionally correct. 

Condone trig confusion 

A1 

Resolving horizontally: sinP F  B1 

Resolving vertically: cos 5P R g   M1 
Requires all 3 terms.  Condone trig 

confusion and sign errors 

A1 Correct equation 

DM1 
Substitute for P to find R or F 

Dependent on both previous M marks 

25 cos
5

4

gd
R g


  A1 

One force correct.  Accept equivalent 

forms e.g. 
 

2

2

20 5 20 tan

4 1 tan

g gd g
R





 




5 cos sin

4

gd
F

 
 A1 

Both forces correct.  Accept equivalent 

forms e.g.  
2

5 tan

4sec

gd
F






(8) 

29a alt 
M(B): 

 5 cos 4 sin 4 cos 4g d F R         
M1 

Needs all three terms.  

Terms must be dimensionally correct. 

Condone trig confusion 

A1 At most one error 

Resolve parallel to the rod: 

5 sin sin cosg R F     
M1 

Requires all 3 terms.  Condone trig 

confusion and sign errors 

B1 At most one error 

A1 Correct equation 

cos
5

sin

F
R g




  

 5 cos 4 sin 4

cos
4cos 5

sin

g d F

F
g

 






   

 
  

 

DM1 
Eliminate one variable to find F or R 

Dependent on both previous M marks 

2cos
4 sin

sin

20 cos 20 cos 5 cos

F

g g gd






  

 
 

 

  

5 cos sin

4

gd
F

 
 A1 One force correct 

25 cos
5

4

gd
R g


  A1 Both forces correct 

See next page for part (b) 
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29b 2

5 cos sin

4
5 cos

5
4

gd

gd
g

 








M1 Use of F R

21 5 cos 5 cos sin
5

2 4 4

gd gd
g

   
  

 
A1  24 cos 2 cos sind d   

4 169 120 144d d   M1 Use 
5

tan
12

   and solve for d 

169

66
d  A1 (= 2.6 m or better) 

(4) 

29balt 
12 5 1 75

5
13 13 4 169

gd
F gd

 
     

 
M1 Use 

5
tan

12
 

5 144
5

4 169

gd
R g   A1 Both unsimplified expressions 

 
1

75 5 169 180
2

gd g gd   M1 Use of F R and solve for d 

150 180 845gd gd g  ,  
169

66
d  A1 (= 2.6 m or better) 

(4) 

29balt 
12

5
13

R g P  ,  
5

13
F P M1 

Substitute trig in their equations from 

resolving. 

5 1 12
5

13 2 13
P g P

 
  

 
M1 use F R and solve for d 

65

22
P g  A1 

4 169

5 cos 66

P
d

g 
    A1 

[12]
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Question
Number Scheme Marks

30

NB: If  and 1
3

are used the wrong way round the candidate 

loses the first A1 and the final A1.

Resolve horizontally or vertically:   M1 Allow without friction  R

R  N  or  1
3

W R  N A1 With coefficient(s) of friction .  Condone Wg 

Take moments about A or B. M1 All terms required but condone sign errors and 
sin/cos confusion. Terms must be resolved. 

M(A): lN2 sin  l2 N cos Wl co s
3

 M(B): 2 cosl R W cl os   2R sil n  

A2 
-1 each error.  Could be in terms of Fs. -1 if see Wg
in place of W.  Any Friction force used should be
acting in the right direction.
Mark the equation, not what they have called it.

10
3 3

52N N W or  2 R W  R2
3

M1 Use tan  5
3  (substitute values for the trig ratios)

1
3

 N W4 4 N R  N DM1 
Equation in N and R (Eliminate one unknown) 
Dependent on the moments equation 

11
3
R  R DM1 

Solve for    
Dependent on the moments equation 

0.273)
11

 
3 ( A1 0.27 or better 
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Alt 1 Resolve horizontally or vertically:  M1 Allow without friction  R

R  N or  1
3

W R  N A1 With coefficient(s) of friction  

M1 Take moments about A or B. All terms required but 
condone sign errors and sin/cos confusion. Terms 
must be resolved. 

M(A): lN2 sin  l2 N cos Wl co s
3

 M(B): 2 cosl R W cl os   2R sil n  

A2 

-1 each error,  Could be in terms of Fs. -1 if Wg
used.
Mark the equation, not what they have called it.
Any Friction force used should be acting in the right
direction.
For this method they need two moments equations –
allows the marks for their best equation.

2lN sin 2l N cos  2l cos
3

R R2 l sin   DM1 Use two moments equations to eliminate W 
Dependent on the moments equation 

52Use of tan :  2 2
3 3 3


5 2      M1 Substitute for the trig ratios 

Solve for  :  20
 

2 2
3 3 

 
 

, DM1 Dependent on the moments equation 

0.273)
11

 
3 ( A1 0.27 or better 

Alt 2 Resolving horizontally or vertically:   M1 Allow without friction  R

R  N  or 1
3

W R  N A1 
With coefficient(s) of friction   (condone Wg) 

cos
3

l   R cosl 
1

N sinl   N sinl   R M1 

Moments about the centre of the rod.  All terms 
required.  Terms must be resolved. Condone sign 
errors and sin/cos confusion.  Allow without friction 

= 1
3

N  . Any Friction force used should be acting in 

the right direction. 

A2 -1 each error.  Could be in term s of Fs. -1 if Wg
used.

cos
3

l   R cosl   1  R sin  l R  sin  l R  DM1 

Obtain an equation in   and   
cos  cos 1

  sin  s in    
 3

Dependent on the moments equation 

1cos 1
3

  

 
 2 sin       

11 53tan
32







  M1 Use of tan   (substitute values for the trig ratios) 

Solve for  :  10  3   ,    DM1 Dependent on the moments equation 

0.273)
11

 
3 ( A1 0.27 or better 

[9]
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Question 
Number Scheme Marks Notes

31(a) Resolving vertically: Y Pcos W M1 

A1

Moments about A: Wl cos  2lP   M1 

A1

 cos 2 co 2s
2 2 2

P W  W cos2


W  Y W  **

DM1 

A1        (6) 

Needs all 3 terms.  Condone sign errors and sin/cos 
confusion.  Condone Wg  

Terms need to be of the correct structure, but 
condone l implied if not seen. 

 Substitute for P to obtain simplified Y 
Requires both preceding M marks 
Obtain given result correctly. 

NB W Y  Pcos  with correct conclusion is possible 
They need to find two independent equations that do not include X.  If they have equations involving X they need to attempt to 
eliminate X before they score any marks 

(b) 45
4

  Y 
3W B1 

X Psin 45  M1 

= cos 45 .sin 45
42

 WW
  
 

DM1 

A1 

Resultant at A = 1232 10
4 4
W

 
W        (0.79W) 

DM1 

A1 
(6) 

Resolving horizontally.  Accept in terms of θ. 
Express X in terms of W.  Accept in terms of θ. 
Requires preceding M mark. 
Correct unsimplified but substituted. 

Use of Pythagoras with X, Y in terms of W only. 
Dependent on the first M1 

Or equivalent  (0.79W or better) 

Alternative moments equations:  about the centre  P l X sinl  ycosl
2

cos cos
lAbout the point where the lines of action of P and X intersectY  2l

 cosl W  
   
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Question
Number

Scheme Marks Notes

32. 

(a) R F B1
S Q  mg B1 

1
43

Q R,  2    F S B1 

2 1
33 4

Q R
2

   ,S         1 6
76

S S  m ,g S  mg
M1 

A1         (5) 
(b) M  A mg x cos60 Q 2l c os60 R 2 sl in 60  

M (B)  mg 2l xcos 60  F 2l si n 60 S 2l c os60
M (c of m) 
Sx cos 60 Fx sin 60  R(2l x)s in 60 Q(2 l x) c os 60

M1 

A2 

cos 60 cos 60
76 4 7

mgx  
1 6

mg 2l 
1


6
mg 2l sin 60 DM1 

NB As the rod is not uniform, the use of moments 
equations is not helpful in part (a). 

1 Re lve ho rizontally
Resolve vertically (requires Q acting upwards) 
Use both coefficients of friction  

Solve to find S in terms of m & g. (Can be scored if Q 
is acting downwards) 

Moments equation – must include all terms. 
Condone sign errors and sin/cos confusion 

Correct unsimplified equation (for their S.) 
-1 each error

Form an equation in x.  Depends on the preceding M  

11 1 3 32
72 2 14

x    l l

AG x 1.028.....l x 1.03l A1          (5) 1.03l or better  
 2 3 3 

7

l

mg

F

S

R

Q

B

A
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Question 

Number  
Scheme Marks   Notes 

33a 

Moments about A: 

M1 

bF acos mg 2acos mg( 3acos mg) A2 

Moments about A.  Requires all three 

terms and terms of correct structure (force 

x distance). Condone consistent trig 

confusion 

-1 each error

3amg cos
F

b
*Answer given*

A1 

[4] 

33b :
3 cos sin

sin
amg

H F
b

M1 

A1 

: V F cos2mg

M1 

A1 

23 cos 3 cos
2 cos 2

amg amg
V mg mg

bb

A1 

[5] 

Resolve horizontally. Condone trig 

confusion 

RHS correct. Or equivalent. 

Resolve vertically.  Condone sign error and 

trig confusion 

Correct equation  

RHS correct. Or equivalent 

mg

mg

θ

F

C

B

A

V 

H 
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Question 

Number  
Scheme Marks   Notes 

33c 23 cos
2

tan
3 cos sin

amg
mg

b
amg

b

M1 

A1 

22 3 ca os sin

3acos sin cos

b

2b 3acos2 3asin2 2b 3a ,  
2

3

a

b

DM1 

A1 

[4] 

Use of tan, either way up.  V, H, F 

substituted. 

Correct for their components in θ only 

Simplify to obtain the ratio of a and b, or 

equivalent 

33c alt 2 The centre of mass of the combined rod + particle is 
3

2
a from A M1A1 

3 forces in equilibrium must be concurrent 
3

2
b a M1 

Not on the spec, but you might see it. 

2

3

a

b

A1 

[4] 

alt c 3 

R acts along the rod, so resolve forces perpendicular to the rod. 

F mgcos mgcos

3 cos
2 cos

amg
mg

b

M1 

A1 

Resolve and substitute for F 

DM1 Eliminate θ 

2

3

a

b

A1 

[4] 

2mg

F

R

alt c 4 
R acts along the rod.  Take moments about C 

mg cos 2a b mg cos b a M1 A1 

Moments about B gives 

2a b F amg cos and substitute for F 

2a b b a ,     
2

3

a

b
DM1A1 

[4] 

c alt 5 
Resultant parallel to the rod R 2mgsin

And 2 2 2V H R
M1 

Substitute for V, H and R in terms of θ 

22 2
2 3 cos sin 3 cos

2 sin 2
amg amg

mg mg
bb

A1 

Eliminate θ DM1 

2

3

a

b

A1 

[4]
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Question 
Number Schemecheme Notes

34. 

(a) AC =  4a tan60o = 4a 3. M1 A1 Or 4
tan30

a or ( ) −8 4(a a2 2)
(2)

(b) use of F = µ  at either R A or C M1 
3 independent equations required.  Award M1A1 for each in the order seen.  If more than 3 relevant equations seen, award the 
marks for the best 3. 

),   .4 3 .3a 3cos60o
C(M A   R a =W M1 A1 

8CR =
3W

(↑),           cos30ocos60o
A C C+ FR + R =W M1 A1 

8AR =
5W

(→),         cos30oF R−A C C+ F cos60 0o = M1 A1 3
C 3A =F R

M(C) a 3 cos60 .4 3 sin 60 .4 3 ca os60AA+W F a R=

Parallel: coF s60 cos30 cos30AA C+ R + F =W
Perpendicular: cos60 cos30 W c+ os60C A A+R R F=

solving to give µ =
3

5
; 0.346 or 0.35.

DM1  

A1 

Equation in µ  only. Dependent on 4 M marks for their 
equations. 

Reactions in the wrong direction(s) – check carefully 
(9)

[11]
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Q Scheme Marks    

35 

P B

2 m

0.5 m

2.5 m
60g

18g

α

R

N

FA

F Nµ= B1 Used. Condone an 
inequality. 

( )R         18 60g g N↑ + = M1 Resolve vertically 
=78g A1

( )R    R F Nµ→ = =

P M1A2 
Moments equation. Condone 
sign errors. Condone sin/cos 
confusion 

A -1 each error
C 
B 
W 

    3 345 180 4
5 5

g g R× + × = DM1 
Eliminateα . Dependent on 
the second M1. 

135
4

R g=

13578
4

g gµ = DM1 
Equation in µ only.   
(Dependent on the first two 
M marks.) 

135 135 0.432... 0.43
4 78 312

µ = = = =
×

 A1 

NB g cancels. 0.43269..., 

, , awrt 0.433 
Do not accept an inequality. 

NB If use just two moments equations, M1A2 for the better attempt, M1A1 for the other.  
Remaining marks as above. 
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Question 
Number 

Scheme Marks 

36
(a) Taking moments about A: M1 

Tg 4.120cos7.04 =°××  A1 A1 
T = 18.4 N A1 

(4) 
(b) ↑  gTR 420cos =+

°−= 20cos4 TgR M1 A1 
→ 20sinTF = M1 A1 

( )°−=°⇒= 20cos420sin TgTRF µµ DM1 A1 

29.0
20cos4

20sin =
°−

°=
Tg

Tµ  A1 

(7) 
11 
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Question 
Number Scheme Marks

37. 
(a) 

M(A)   3 2 3 cos 4mg a mgx T aθ× + = × M1 A2,1,0 
12
5

aT=

12 6 3
5

aT mga mgx= +  

25 12 25      6 3
4 5 4

T mg a mg mga mgx= × = +  M1 

15 6 3a a x= +  
3x a=   ** A1 

(5)
(b) ( )R     sinR T θ→ =  M1 

25 4
4 5

mg= × A1 

5mg=   ** A1 
(3)

(c) ( ) 25 3R    3 3
4 5

F mg mg mg↑ + × = + M1 A2,1,0 

15 9            6
4 4

F mg mg mg= − =

9
94              

5 20

mgF

R mg
µ = = = DM1 A1 

(5)
13

B 

D 

A 

F 

R 
x 

2a 2a 
3mg 3mg 

3a 5a 

T 

θ  
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Question
Number

Scheme Marks

38. 

Taking moments about A: 
αcos21003 ××=S    M1 A1

Resolving vertically: 
100cos =+ αSR  M1 A1

Resolving horizontally: 
FS =αsin    M1 A1

(Most alternative methods need 3 independent equations, each one worth 
M1A1.  Can be done in 2 e.g. if they resolve horizontally and take 
moments about X then )cos23(cos2 2 αα ×−×=×× SR   scores M2A2) 

Substitute trig values to obtain correct values for F and R (exact or decimal 
equivalent). 

DM1

200 8
9

S
⎛ ⎞

=⎜ ⎟⎜ ⎟
⎝ ⎠

, 74.40
27

1100
27

1600100 ≈=−=R  , ...95.20
27

8200
≈=F  

A1 

,  200 8 1100,F Rµ µ≤ ≤ ×   200 8 2 8
1100 11

µ ≥ = .   
M1

( )Least possible  is 0.514 3sf ,  or exact.µ  A1

[10] 

x 

α 

S

100 N

F

R 

1 m

1 m

2 m 

B

C

A 
α 
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Question
Number

Scheme Marks

39

(a) M( )    3 cos 2 4A a T amg amgθ× = + M1
A1 A1

B1

  * A1 (5)

(b) 3 cos 2 4a T amg aMgθ× × = + M1

A1

  *            cso   
A1 (3)

[8]

R 

T 

2a a a 

mg mg 

D 

2a 

F 
A 

θ  
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Question
Number

Scheme Marks

40.

ααα cos220sin4cos4:)( ×+×=× gFRBm  M1 A2

Use of RF
2
1

=  M1

Use of correct trig ratios B1

R = 160N or 157N DM1 A1

[7]
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Question
Number

Scheme Marks

Q41     (a)

C

D

BA

Taking moments about A: 

5.0
2

75.03 ×=×
Tg

)4.62(
2
29

5
5.723 NggT ==×=

M1A1A1

A1

(4)

(b)
← )1.44

2
9(

2
NgTH ≈==±

↑ gTV 3
2

=+±   (⇒ 7.14
2
3

2
93 −≈

−
=−=

gggV Ν) 

⇒  )(5.46
2

981 NgR ≈×+=

at angle 
3
1tan 1−  = 18.4o (0.322 radians) below the line of BA

161.6o (2.82 radians) below the line of AB 
(108.4o or 1.89 radians to upward vertical) 

B1

M1A1

M1A1

M1A1

(7)
[11] 
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Question 
Number Scheme Marks 

)100(7525:)(R gggR =+=↑ B1 

gFRF 100
25
11

×=⇒= µ M1 

= 44g (=431) A1 

(3) 

  M(A): 

β
ββ

sin4
cos8.275cos225

×=
×+×

S
gg M1 

A2,1,0 

SF =↔ :)(R

176g sinβ = 260g cosβ M1A1 

42 (a) 

(b) 

S

F

R

75g

25g
β

C

B

A

)(56 °=β A1 

(6) 

(c) So that Reece’s weight acts directly at the point C. B1 
[10] 
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Question 
Number Scheme Marks    

43. (a) P 
α

0.5a 
R 

1.5a              W 
α
Rµ

( )R ↑ cosR P Wα+ = M1 A1 

( )M A 2 1.5 cosP a W a α× = × M1 A1          
3 cos
4

P W α⎛ ⎞=⎜ ⎟
⎝ ⎠

23cos cos
4

R W P W Wα α= − = − DM1 

( )21 4 3cos
4

Wα= − cso A1          (6) 

(b) Using 2cos
3

α = ,         WR
3
2

= B1 

( )R → sinR Pµ α= M1 A1 

Leading to 3 sin
4

µ α=

( )( )54
9 3sin 1α = − =√

5
4

µ √= awrt 0.56 DM1 A1     (5)

[11]
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Question 
Number Scheme Marks

44. (a) N      B 

2a
30°

a mg 
R

a 3mg

A rF

Μ(A)        4 cos30 3 sin 30 2 sin 30N a mg a mg a× ° = × ° + × ° M1 A2(1,0) 

°= 30tan
4
5 mgN  ( = mg

34
5 = 7.07…m) DM1 A1 

→ rF N=    ,    ↑  4R mg= B1, B1 
Using rF Rµ= B1 

5
4 3

mg Rµ=
√

   for their R M1 

5
16 3

µ =
√

awrt 0.18 A1             
(10)

[10]
Alternative method: 
M(B): 30sin430cos430sin3330sin2 aRaFamgamg ×=×+×+×

30sin430cos430sin11 aRaFmga ×=×+

RFmg 2
2

34
2

11
=+

↑ 4R mg= , 
          Using rF Rµ=

2
538 =µ ,     5

16 3
µ =

√

M1A3(2,1,0)

DM1A1 

B1 
B1 

M1  A1 
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