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M2 Paper F – Marking Guide 
 
1.  I = ∆mom. = 0.5[(13i + 7j) – (5i – 8j)]             M1 A1 
  = 0.5(8i + 15j)                   A1 
  mag. of I = 0.5√(82 + 152) = 8.5 N s             M1 A1 (5) 
 
 

2.  (a)  change in KE = 2
1 1000(102 – 202) = –150 000 J        M1 A1 

    change in PE = 1000(9.8)(200sinθ) = 280 000 J        M2 A1 
    change in ME = 280 000 – 150 000 = increase of 130 000 J     A1 
 

(b)       air resistance                   B1 
     friction                   B1   (8) 
 
 
3.  (a)  s = t(2t2 – 13t + 20) = t(2t – 5)(t – 4)           M1 A1 
    particle at O when s = 0  ∴ at t = 0, 2

5 , 4 seconds       M1 A1 
 

(b)  at rest when v = 0,  v = t
s

d
d = 6t2 – 26t + 20          M1 A1 

  ∴ 3t2 – 13t + 10 = 0,  (t – 1)(3t – 10) = 0          M1 
t = 1, 3

10 seconds                 A1   (8) 
 

 
4.  (a)        S    µS 
 
           B 
       R 

       6g 
     A 
 

mom. about B:  6gcos30° – R.2cos30° = 0          M1 A1 
  ∴ R = 3g                   A1 
  mom. about A:  6gcos30° – S.2 = 0            M1 A1 
  ∴ S = 2

3 √3g                   A1 
  

(b)  resolve →: µSsin60°– Ssin30° = 0            M1 A1  

         µ = 
2
3

2
1

 = 
3

1              A1   (9) 
 

 
5.  (a)  at max. ht., vy = 0  ∴ 0 = (22 sinα)2 – 2gs          M1 A1 

    sy = g2
).22( 2

8
7

 = 18.91                M1 

    starts 1.6 m above P so max. ht. above ground = 20.5 m (3sf)    A1 
     

  (b)  sy = –1.4  ∴ utsinα – 2
1 gt2 = –1.4               

    4
77  t – 4.9t2 =  –1.4                M1 A1 

    14t2 – 55t – 4 = 0  ∴ (14t + 1)(t – 4) = 0         M1 
    t = 4 in this case  ∴ ball in flight for 4 seconds        A1 
 

  (c)  sx =  utcosα = 22 × 4 × 8
15 = 11√15 = 42.6         M1 A1 

    max. dist. fielder can run is 4 × 6 = 24 m          A1 
    max. initial dist. between fielder and ball = 42.6 + 24 = 66.6 m (3sf)  A1   (12) 
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6.  (a)  2
1 a,since masses on AD are equal to mass at B        A1 

 

(b)  
portion mass y my 
lamina 8m a 8ma 
particle at A 2m 0 0  
particle at B 6m 0 0 
particle at D 4m 2a 8ma 
total 20m y  16ma 

 

       y coords. taken vert. from AB           M2 A1 
     y = m

ma
20

16 = a5
4                M1 A1 

 

            (c)    
portion mass x mx 
lamina 8m 

2
a  4ma 

particle at A 2m 0 0  
particles at B (6 + k)m a (6 + k)ma 
particle at D 4m 0 0 
total (20 + k)m x  (10 + k) ma 

 

      x coords. taken horiz. from AD           M1 A1 
     x  = mk

mak
)20(

)10(
+

+ = )20(
)10(
k

ak
+

+              M1 A1 
 

  (d)  new  y = mk
ma

)20(
16

+ = )20(
16

k
a

+              M2 A1 

 
 

         )20(
16

k
a

+  

 45° 
 )20(

)10(
k

ak
+

+   

    tan 45° = ak
a

)10(
16
+  ∴ 1= k+10

16  giving k = 6         M2 A1 (16) 
 
 

7.  (a)  cons. of mom:  7u1 + 4u2 = 7( 2
1u ) + 4v2          M1 

          8v2 = 7u1 + 8u2             A1 

    
21

12
1

2

uu
uv

−
−

 = e  ∴ v2 = eu1– eu2 + 2
1 u1            M1 A1 

    eliminate v2 giving  7u1 + 8u2 = 8eu1– 8eu2 + 4u1        M1 A1 
    8u2 + 8eu2 = 8eu1 – 3u1  ∴ 8u2(e + 1) = u1(8e – 3)       A1 
 
  (b)  sub. in for u1 and u2:  24(e + 1) = 14(8e – 3)         M1 

    24e + 24 = 112e – 42  giving e = 4
3            M1 A1 

 

(c)  speeds of A, B after impact are v1 and v2 resp.    
v1 = 7 m s-1, v2 = ( 8

7 )14 + 3 = 15.25 m s-1          A1 

original KE = 2
1 × 7 × 142 + 2

1 × 4 × 32 = 704 J        M1 A1 

final KE = 2
1 × 7 × 72 + 2

1 × 4 × 15.252 = 636.625 J        M1 A1 

% KE lost = 100704
625.636704 ×− = 9.6% (2sf)          M1 A1 (17) 

 

 
Total  (75) 
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Performance Record – M2 Paper F 

 
 
 

Question no. 1 2 3 4 5 6 7 Total 

Topic(s) i, j 
impulse 

energy variable 
accel. 
 

statics projectiles centre of 
mass 
 

collisions, 
energy   

 

Marks 5 8 8 9 12 16 17 75 

Student         
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