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1.         EPE = l

x
2

2λ  = a
mgx
2

4 2
           M1 A1 

          a  con. of ME:  mg(a + x) = a
mgx
2

4 2
       M1 A1 

         ∴  a(a + x) = 2x2  giving 2x2 – ax – a2 = 0     A1 
          x   (2x + a)(x − a) = 0  ∴ x = 2

1− a or a     M1 
          x > 0  ∴  x = a  so  AB = 2a        A1   (7) 
 
 

2.  (a)  a = 
td

d (v) = ( 1
1
+t i + 2e− 2t j ) m s-2            M1 A2 

 
(b)  t = 1,  a = 2

1 i + 2e− 2j               M1 

  a = √( 4
1  + 4e− 4) = 0.5686             M1 A1 

    F = ma = 0.25 × 0.5686 = 0.142 N (3sf)          A1   (7) 
 
 
3.  (a)  ω = 60

45 × 2π = 2
3 π                M1 

v = ωr = 2
3 π × 0.1 = 20

3 π or 0.47 m s-1 (2sf)         A1 
 
  (b)  resolve ↑:   R − mg = 0  ∴ R = 0.005 × 9.8 = 0.049 N      M1 A1 
    resolve ←:  F = ma = mrω2 = 0.005 × 0.1 × ( 2

3 π)2 = 0.011 N (2sf)   M1 A1 
    ∴ horiz. and vert. components are 0.011 N and 0.049 N respectively 
 
  (c)  limiting friction  ∴ F = µR              M1 

0.01110 = 0.049µ  ∴ µ = 049.0
01110.0  = 0.23 (2sf)         M1 A1 (9) 

 

 
4.  (a) 

portion mass y my 
large cone ρ 3

1 π(3r)23h = 9ρπr2h 4
1 × 3h = 4

3 h 4
27 ρπr2h2 

small cone ρ 3
1 π(2r)22h = 3

8 ρπr2h h + 4
1 × 2h = 2

3 h 4ρπr2h2 

frustrum 3
19 ρπr2h y  4

11 ρπr2h2 

 

     ρ = mass per unit volume y coords. taken vert. from base    M2 A3 
    

   3
19 ρπr2h × y  = 4

11 ρπr2h2  ∴ y = 4
11 h ÷ 3

19  = 76
33 h       M1 A1 

 

(b)     α   tan α = 
r

r
3

276
33 ×

 = 38
11          M2 A1 

        ∴ α = 16° (nearest degree)        A1   (11) 
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5.  (a)  F = ma = 0.8 v
x
v

d
d  = 2x

k−               M1 

∴ ∫ 4v  dv  = ∫ 2
5
x
k−   dx              M1 

giving  2v2 = x
k5  + c                A1 

x = 2, v = 5  ∴ 50 = 2
5k  + c              M1 A1 

x = 4, v = 3  ∴ 18 = 4
5k  + c              M1 

solve simul.  32 = k( 2
5  − 4

5 ) = 4
5 k            M1 

∴ k = 5
432×  = 5

128                  A1 
 

(b)  c = 50 − 2
5k  =  −−−−

 14  ∴ v2 = x
64  − 7            M1 A1 

  rest when v = 0  ∴ x
64  = 7  so  x = 7

64  m          M1 A1 (12) 
 
 
6.  (a)         y 
 
    A       T1     P  T2   B 
 

    T1 = l
xλ  = a

ay
3

)3( −λ                 M1 A1 

    T2 = a
ya

2
)5(2 −λ                   A1 

    eqm.  ∴ T1 = T2,  a
ay

3
)3( −λ  = a

ya
2

)5(2 −λ            M1 

    giving  y − 3a = 3(5a − y)  ∴ y = 2
9 a           A1 

 
  (b)     2

9 a      x 

 
    A         T1  P   T2   B 
 

    m x = T2 − T1 = a
xa

2
)(2 2

1 −λ  − a
xa

3
)( 2

3 +λ  = a3
λ [( 2

3 a − 3x) − ( 2
3 a + x)]   M2 A2 

    giving  x = ma3
4λ− x  ∴ SHM with ω2 = ma3

4λ ,  ω = 2 ma3
λ      M1 A2 

    period = ω
π2  = π λ

ma3                M1 A1 (14) 
 
 
7.  (a)  just before B, resolve ↓:  60g − R1 = 0  ∴ R1 = 60g       M1 
    just after B, resolve ↓:  60g − R2 = r

mv2
 = 30

1260 2×  = 288     M1 A1 
    ∴ R2 = 60g − 288  so  loss of reaction = 288 N        A1 
    

  (b)   12   R  resolve :   mg cos θ  − R = r
mv2

 = 30
2mv     M1 A1 

          at P, R = 0  ∴ v2 = 30g cos θ        M1 
  

         v  con. of ME: 2
1 m(v2 – 122) = mg × 30(1 − cos θ )  M1 A1 

        θ    mg        ∴ v2 = 144 + 60g(1 − cos θ )    A1 
          combining,  v2 = 144 + 60g(1 − g

v
30

2
)     M1 

          giving  v2 = 144 + 60g − 2v2  ∴ 3v2 = 144 + 60g 
so,  v2 = 48 + 20g  ∴ v = 15.6 m s-1 (3sf)    A1 

 

  (c)  con. of ME:  2
1 m(v2 – 122) = mg × 30           M1 A1 

    giving  v2 = 144 + 60g  ∴ v = 27.1 m s-1 (3sf)         A1   (15) 
 

 
Total  (75) 

.. 

.. 
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Performance Record – M3 Paper C 

 
 
 

Question no. 1 2 3 4 5 6 7 Total 

Topic(s) elastic 
string, 
EPE 

variable 
accel. 

circular 
motion 

centre of 
mass, 
equilm. 

variable 
force 

elastic 
spring, 
SHM 

motion in 
a vertical 
circle 

 

Marks 7 7 9 11 12 14 15 75 
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