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Question 
Number Scheme Marks    

 
Notes 

1    
(a) 

d
 6 (4 2 )

d
t t

t
= = + −v

a i j      
M1  Differentiate v to obtain a.  

A1 
Accept column vector or i and j components dealt with 
separately. 

 When 1,     6 2t = = +a i j  DM1 Substitute t = 1 into their a.   Dependent on 1st M1 

 2 2 -26 2 40 6.32 (m s )= + = =a  
DM1  

Use of Pythagoras to find the magnitude of their a.  
Allow with their t.  Dependent on 1st M1 

A1 Accept awrt 6.32, 6.3 or exact equivalents.   
  (5)  

(b) 2 2(3 1) (4 )  dt t t t= − + −∫r i j      M1 Integrate v to obtain r 

 3 2 31
3  ( ) (2 )t t C t t D= − + + − +i j                 A1 Condone C, D missing 

 0, 1, 0t C D= = ⇒ = =r i  DM1                   Use t = 0, r = i to find C & D 

 When 3, 25 9  (m)t = = +r i j  DM1  
Substitute t = 3 with their C & D to find r.  Dependent on both 
previous Ms. 

A1 cao. Must be a vector. 
                                        (5)  
                                      10  
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Question 
Number Scheme Marks    

 
Notes 

2    

(a) 1 23 .2 4 3 4m u mu mv mv− = +  M1  CLM.  Need all terms.  Condone sign slips. 
A1 Correct but check their directions for v1 & v2. 

 1 2       (2 )   e u u v v+ = − +  
M1  

Impact law.  Must be used the right way round, but condone sign 
slips. 

A1 
Directions of v1 & v2 must be consistent between the two 
equations.  (Ignore the diagram if necessary) 

 2

(2 9 )
   

7

u e
v

+ =  
DM1  

Eliminate v1 to produce an equation in v2 only.  Dependent on 
both previous M marks – must be using both equations. 

A1 DO NOT accept the negative.  The question asks for speed. 
  (6)  

(b) 1

2 (1 6 )

7

u e
v

−=  

M1  Use the work from (a) or restart to find v1 or λv1 for a constant λ. 
If using work from (a) this mark is dependent on the first 2 M 
marks. 

A1 a.e.f. Correct for their direction.  Allow for 1vλ  

 1

1
0

6
v e< ⇒ >  

DM1  An appropriate inequality for their v1 (seen or implied) – requires 
previous M1 scored. 
Work on v1=0 scores M0 until the inequality is formed. 

A1 Accept 
2

12
.  Answer must follow from correct work for v1 

 
1

         1
6

e≥ >  B1 
For (their value) < e 1≤  

   SR: from 1 0v ≤ could score M1A0B1 

  (5)11  
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Question 
Number Scheme Marks    

 
Notes 

3    
(a) 

( ), .4sin 40 5 .2cos 25o oM A F g=  
M1  

A complete method to find F , e.g. take moments about A.  
Condone sin/cos confusion.  Requires correct ratio of lengths. 

A1 Correct terms with at most one slip 
A1 All correct 

                          35 F =  A1 
35 or 34.5   (>3sf not acceptable due to use of 9.8, but only 
penalise once in a question) 

  (4)  
(b) 

 cos75 5oF Y g± =  
M1  

Resolve vertically.  Need all three terms but condone sign errors.  
Must be attempting to work with their 75° or 15°.  

A1 Correct equation (their F) 

 
                    40  ;  

                           UP

Y =
 

A1  40 or 40.1  
Apply ISW if the candidate goes on to find R. 

A1 
cso (the Q does specifically ask for the direction, so this must be 
clearly stated) 

  (4)  
  8  

(b) OR1:
4 cos 25

5 2 cos 25 cos15 4 sin 25

m Y

g m F m

×
= × + ×

 M1 
A1 

Taking moments about the point vertically below B and on the 
same horizontal level as A.(Their F) 

          etc.   
 OR2: cos cos 40 5 cos 65R F gα = +   Resolve parallel & perpendicular to the rod 

          sin sin 40 5 cos 25R F gα + =    

          R=52.1, α=25.3°  Solve for R, α 

           ( )sin 25Y R α= +  M1A1 Need a complete strategy to find Y for M1. 

           Etc.   
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Question 
Number Scheme Marks    

 
Notes 

4    
(a) 2 2 2 2(4 )        (2 )       ( (4 ) (2 ) )

   4                 1                         3

  4                2                       

a a a a

a a x

π π π π−
 

B1 Correct mass ratios 

B1 Distance of c of m from P (or from a point on QP). 

    

 (4 x 4 ) (1 x 2 ) 3 a a x− =  M1 
Moments about axis through P, or about a parallel axis then 
convert the answer to distance from P.  Condone a sign slip. 

 
14

                           *
3

a
x=  A1 

Answer given – check working carefully.  Must reach positive 
answer legitimately. 

  (4)  
(b) 

10 2
4 tan

3 3

a a
OG a PGα  = = ⇒ = 

 
 

M1  
Vertical through S cuts OP at G.   
Use trig to find the position of G on OP. 

A1 
10 22 2

,  or 
3 3 3

a a a
OG QG PG= = =

   
seen or implied 

 

2 14
( ), ( ) . cos . cos

3 3

a a
M P m km g mgα α+ =

 
2 10 2

( ) : 4
3 3 3

M G km a m a a ma × = × + = 
   

10 2
( ) : (1 ) 4

3 3
M O m k a m a km a+ × + × = ×

 
12 14

( ) : (1 )
3 3

M C a k m a km× + = ×
 

22 10
( ) : (1 ) 8

3 3
M Q a m k a m a km× + = × + ×

 

M1  

Take moments about a point on QP – terms should be 
dimensionally consistent.  Masses must be associated with the 
appropriate distances, which might be incorrectly evaluated or 
not yet found – e.g. accept with QG.  Must have the right terms 
but condone trig confusion.  Also condone absence of trig. 

A1 
cso 
(C is the position of the original centre of mass.) 

                              6k =  A1 cso 
  (5) See next page for more alternatives….. 
  9  
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OR 
14

( 1)
3

k m PG m a+ × = ×
 

M1 
Moments about P 

 
14

3( 1)

a
PG

k
=

+  
A1 

Correct expression for PG 

 

14
4

73( 1)
tan 1

4 4 6( 1)

a
a

OG k
a a k

α
−

 += = = − +   

M1 

Use of tanα in the correct triangle. 

 
5 7

1
6 6( 1)k

= −
+      

6k =
 

A1, A1 
Correct equation in k, correct solution 

    
OR 

( )
2

13tan tan
4 6

a

CSO
a

β∠ = = =  M1 

 

 
4

. 32 .sin(45 ) . 16 .sin( )
9

km a m aα α β− = +  M1A1 
Moments about S 

 
6 5 148 6 5 1 6

. 32. .
32. 61 37. 61

k
− × + ×  = 

 
 A1 

Do not expect accurate working 

 
2

4 36
3

k = × ,  6k =  A1 
Final answer 6.0  

    

4a

2a

3

β
α

C

O

G

P
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Question 
Number Scheme Marks    

 
Notes 

5   
NB In a Q with parts labelled (i) & (ii) marks are awarded when 
seen – they do not belong to a particular part of the Q. 

 

1
1412.5sin ( 30)vα = − −  

or ( )1

1
12.5sin 30

4
vα− = −  ( )1 0v =  

M1  Impulse = change in momentum parallel to the initial direction.  . 

A1 Correct equation 

 1
2412.5cos ( 0)vα = −            ( )2 40v =  M1  

Impulse = change in momentum perpendicular to the initial 
direction. Condone sin/cos confusion 

A1 Correct equation 

   NB could be in the form:  
12.5sin 30

0.25 0.25
12.5cos 0

v
α
α

−   
= −   

   
 

 
-1speed is 40 m s ;

perpendicular to original direction
 

A1  
cwo. Correct magnitude of speed after impulse.   
NB Must be speed, not velocity.   

A1 
cwo. Correct direction (relative to the line given on the diagram – 
e.g. accept “vertically”, “North”, j direction, “up”).  

  6  

OR 
Using a vector triangle: 

2 2 2 o1
4( ) 7.5 12.5 2x7.5x12.5cos(90 )v α= + − −  

M1  
Use cosine rule to find 

1

4
v .  Terms must be of correct form, but 

accept unsimplified or slips e.g. their 
1

30
4

×  

A1 Correct equation 
 -1       40m sv =  A1 cao   (penultimate mark on epen) 

 
12.5 7.5

sin sinθ α
=  

M1  Use sine rule to find angle between initial and final directions. 

A1 Correct equation in α and θ 

 o    90θ =  A1 cao.   (final mark on epen) 
  6  
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Question 
Number Scheme Marks    

 
Notes 

6    
(a) 60000

 6000
10

F = =  B1  
Correct application of P Fv= seen or implied. 

 1200 sin 400 sin 1000 200 1600F g g aα α− − − − =  
M1  

Use of F = ma parallel to the slope for the car and trailer.   
Must have all the terms, but condone sign errors. 

A1 At most one error (with F or their F) 
A1 Correct equation (with F or their F) 

 -2                                                        2.3 (m s )a =  A1 only 

  (5)  
(b)                                              

 400 sin 200 400 x 2.3T g α− − =  

M1  Use of F = ma parallel to the slope for the trailer 
A1 ft At most one error (their a) 
A1 ft All correct (their a) 

                                                                 1400T =  A1 only 
  (4)  
OR 

   6000 1200 sin 1000 1200 x 2.3g Tα− − − =  
M1  Use of F = ma parallel to the slope for the car 
A1 ft At most one error (their a) 
A1 ft All correct (their a) 

                                            1400T =  A1 only 
  (4)  

OR (a) 6000F =  B1  
  400 sin 200 400 x aT g α− − =   Simultaneous equations in T and a 

    6000 1200 sin 1000 1200 x ag Tα− − − =    

 6000 1600 sin 1200 1600g aα− − =  M1A1A1 Add to eliminate T 

 -2                                                        2.3 (m s )a =  A1  

(b) 800 2 800 sin 800 6000a T g α− = + + −  M1A1A1 Subtract and / or substitute to eliminate a 

 2 5200 800 sin 800 2.3T g α= − − ×    
 1400T =  A1  
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(c) 

21
200 400.12 400 sin  

2
d gd α= −  

M1  Use of work-energy.  Must have all three terms.  Do not accept 
duplication of terms, but condone sign errors.  
Equation in only one unknown, but could be vertical distance. 

A1 At most one error in the equation 
A1 All correct in one unknown 

      60 (m)  d =  DM1  Solve for d – dependent on M for work-energy equation. 
A1 only 

  (5) For vertical distance 
60

4.29
14

 = = 
 

allow 3/5 

  14  
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Question 
Number Scheme Marks    

 

7 (a)     2 20 2 x 9.8 x 10Vu= −  
M1  Complete method using suvat to form an equation in uv. 
A1 Correct equation e.g. 20 20u g= −  

     14    *Vu =  A1 
*Answer given* requires equation and working, including 196, 
seen. 

  (3)  
OR conservation of energy: M1 Initial KE = gain in GPE + final KE 

 ( )2 2 21 1
10

2 2h v hm u u mg mu+ = × + ,
21

98
2 vu =  A1 

Correct equation 

     14    *Vu =  A1 *Answer given* 

  (3)  
(b) 

       21
2 ( ), 52.5 14t gt↑ − = −  

M1  Use the vertical distance travelled to find the total time taken. 
A1  At most one error  
A1  Correct equation  

    
 2                   49 140 525 0t t− − =  DM1 Solve for t.  Dependent on the preceding M mark 

                    ( 5)(49 105) 0t t− + =     5t =  A1 only 

   ( ),     50 = 5 Hu→  M1 Use their time of flight to form an equation in uH 

                                           10Hu =  A1 only 

 2 2                                          10 14u = +  M1 
Use of Pythagoras with two non-zero components, or solution of 
a pair of simultaneous equations in u and α. 

 -1                                            296 17.2 m s= ;  A1 
17.2 or 17  (method involves use of g = 9.8 so an exact surd 
answer is not acceptable) 

  (9)  
   See next page for an alternative route to u, and (c). 
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OR   First 3 marks for the quadratic as above. 
 50 cosu tα=   or 50 Hu t=  M1 Used in their quadratic 

 

2
50 50

49 140 525 0
H Hu u

   
− − =   

   
 

( ) ( )2
525 140 122500 0H Hu u+ − =  

A1 

 
 
Correct quadratic in Hu  

 Solve for Hu  DM1 
Dependent on the M mark for setting up the initial quadratic 
equation in t. 

 Hu  = 10 A1 only 

     etc.  Complete as above. 
    

(c) 
52.5

  tan 1.05
50

OBA = =  B1 
Correct direction o.e.  (accept reciprocal) 

                 1.05 x 10 10.5Vv = =  M1 
Use trig. with their  uH  and correct interpretation of direction to 
find the vertical component of speed. 
Working with distances is M0. (condone 10 1.05÷ ) 

 ( ),  10.5 14 gt↑ − = −  
DM1  

Use suvat to form an equation in t.  Dependent on the preceding 
M. 

A1 
Correct equation for their  uH.   

For incorrect direction give A0 here. 
                    2.5t =  A1 only 
  (5)    
  17  
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