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1(i) muJ =  B1   
 21 2

2 5J a ma ω− ⋅ =  M1   

  A1   
 21 2

2 5mau ma ω− =  M1 eliminate J, m  

 
 

5 5 so ang.speed 
4 4
u u
a a

ω = − =  E1  
 

 ⇒≠ ωau slipping occurs E1   
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(ii) M1 N2L  
 

mx F
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= −
= −

 
B1 F mgμ=  stated or used  

 x u g
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             u 
 
  J 

tμ= −  
 

A1   

 M1   
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5 ma aF mgaθ μ= =  

A1 equation of rotation 
(ignore sign) 
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μθ⇒ =  M1  
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θ +−=  A1 cao 
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(iii) stops slipping when  θax = B1   
 

tgugtu
2

5
4

5 μ
μ +−=−  M1 use condition 
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μ14

9
=  A1 cao 

 

    3 
(iv) θθ axax =⇒=  M1   
 0F x≠ ⇒  and  have opposite signs so  θ 0== θx E1   
 therefore constant velocity of ( )9 5

14 14
u

gu g μμ− = u  F1 
follow their t in either 

or x aθ  
 

 0=−= xmF  B1 must be justified  
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2(a) M1   
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A1 evidence of working needed 

 

 FrC ×Σ=  M1   
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 A1  

 

 which cannot be zero hence a couple E1 must observe that C is non-zero  
 ( ) ( )22 22 1 1

2 21 2λ λ λ= + − = − +C  M1 or alternative method to find 
minimum 

 

 hence minimum magnitude of couple = 
2

1  A1 must be magnitude  

 when 2
1=λ  A1   
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(b)(i) M1 differentiate r  
 A1   
 

2 sin
cos
2

t
t

ω ω
ω ω

−⎛ ⎞
⎜ ⎟= −⎜ ⎟
⎜ ⎟
⎝ ⎠

v  
   

 vrL m×=  M1   
 M1 attempt vector product  
 A1 one correct component  
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ttt
ttt

m  

A1 all correct (aef)  
    6 
(ii) 

torque d
dt

=
L  M1  
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2 cos 2 cos 2 sin

4 cos 4 sin 4 sin
0

t t t

m t t t

t
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ω ω ω ω ω ω

⎛ ⎞− + −
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 M1 differentiate 

 

 
2

sin
2 2cos

0

t
m t t

ω
ω ω
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⎜ ⎟
⎝ ⎠

 A1 aef 

 

 if t > 0, torque = 0 0cossin ==⇒ tt ωω  M1 attempt to show vector non-zero  
 but sin 0 cos 1t tω ω= ⇒ = ±  so torque not zero E1 convincing argument  
    5 
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3(i) M1 attempt V in terms of θ  
 A1 GPE ( ± constant)  
 

( )21
2cos 2 sin

2
V mga a a

a
λθ θ= + −  

A1 EPE  
 M1 differentiate  
 ( )( )1 1

2'( ) sin 2 2 sin cos
2

V mga a a a
a

λ
2θ θ θ= − + ⋅ − θ  

M1 good attempt at both terms  
 ( )1 1 1 1

2 2 2 22 sin cos cos 2sin 1mga aθ θ λ θ θ= − + −     

 
1 1
2 2cos 1 2 1 sinmgaλ θ θ

λ
⎛ ⎞⎛ ⎞= − + −⎜ ⎟⎜ ⎟

⎝ ⎠⎝ ⎠
 E1  

 

    6 
(ii) 0)('0cos 2

1 =⇒=⇒= θθπθ V  M1   
 ⇒ equilibrium E1   
 

1 1 1
2 2 2

1 1
2 2

''( ) sin 1 2 1 sin

cos 1 cos

mgV a

mga

θ λ θ θ
λ

λ θ θ
λ

⎛ ⎞⎛ ⎞= − − + −⎜ ⎟⎜ ⎟
⎝ ⎠⎝

⎛ ⎞+ ⋅ −⎜ ⎟
⎝ ⎠

⎠  M1 differentiate again 

 

 
1
2

2''( ) 1 mgV aπ λ
λ

⎛ ⎞= − −⎜ ⎟
⎝ ⎠

   
 

 ⇒>⇒< 0)(''2 πλ Vmg stable M1 consider sign of ''( )V π   
  E1   
 ⇒<⇒> 0)(''2 πλ Vmg unstable B1   
 )sin1(cos2)('2 2

1
2
1 θθθλ +−=⇒= mgaVmg     

 0))(()(',0))(()(' >−−=+<−+=− επεπ VV  M1 any valid method  
 ⇒ minimum, hence stable A1   
    8 
(iii) 1 1

2 2cos 0, '( ) 0 1 2 1 sin 0mgVθ θ θ
λ

⎛ ⎞≠ = ⇒ − + −⎜ ⎟
⎝ ⎠

=  M1  
 

 

( )
1
2

1sin
2 1 mg

λ

θ⇒ =
−

 A1 or equivalent 
 

 ( )1 1 1
2 2 22 0 sinmgmg λλ > ⇒ < < ⇒ < < 1θ  M1 

only required to establish 
1
2sin 1θ <  

 

 θ π⇒ <  E1   
 1

22 sin 1mgλ θ θ= ⇒ = ⇒ = π  as before E1   

 1
22 sin 1 no solutions, so only mgλ θ θ< ⇒ > ⇒ = π  as 

before 
E1  
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4(i) If mδ  is mass lost in time tδ  

PCLM ( )( ) (mv m m v v m u v)δ δ δ= − + − −  M1 change in momentum over time 
δt 

 

 d d
d d

v m m vm u v m u
t t t t

δ δ δδ
δ δ δ

= + ⇒ = −
m
t

 

dNB using 0 but 0
d
mm
t

δ⎛ ⎞> <⎜ ⎟
⎝ ⎠

 
A1 accept sign error 

 

 
0

d
d
m k m m k
t

= − ⇒ = − t  M1 get m in terms of t 
 

 
0

d( )
d
vm kt uk
t

⇒ − =  E1  
 

 

0

dukv t
m kt

=
−∫  M1 separate and integrate 

 

 0ln( )u m kt c= − − +  A1 multiple of   0ln( )u m kt−  
 00, 0 lnt v c u m= = ⇒ =  M1 use initial condition  
 

0

0

ln
m

v u
m kt

⎛ ⎞
= ⎜ ⎟

−⎝ ⎠
 A1 aef 
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(ii) matter all ejected when 1

02kt m=  M1   

 0

2
m

t
k

=  A1 cao 
 

 M1 integral  

 distance = 
0

2 0
0

0
ln d

m
k m

u t
m kt

⎛ ⎞
⎜ ⎟−⎝ ⎠

∫  
M1 limits (0 to their t)  

 0
2

0
0

ln 1 d
m

k ku t
m

⎛ ⎞
= − −⎜ ⎟

⎝ ⎠
∫ t  M1 rearrange into any suitable form 

for integrating 

 

 M1 reasonable attempt at integral  

 

0
2

0

0 0 0 0

1 ln 1 1

m
kum k k kt t t

k m m m
⎡ ⎤⎛ ⎞ ⎛ ⎞ ⎛ ⎞

= − − − −⎢ ⎥⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎢ ⎥⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎣ ⎦

 
A1   

 ( ) ( )0 01 1 1
2 2 2ln 1 1 ln 2

2
um um

k k
= − − − = −  E1  
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(iii) 

speed when fuel runs out 0
1

02

ln ln 2
m

u u
m

⎛ ⎞
= =⎜ ⎟⎜ ⎟

⎝ ⎠
 M1 

use 1
02kt m=  or their t from (ii) 

in their v 

 

 
distance remaining ( )0 1 ln 2 ln 2

2 2
um um

a
k k

= − − = 0  B1  
 

 
time after fuel runs out 

0
2 0ln 2

ln 2 2

um
k m

u k
=  M1 their distance/their speed 

 

 0 0total time
2 2
m m m

k k k
= + = 0  E1 must be all correct 
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2612 - Mechanics 6 
 
 
General Comments 
 
Questions one was not a popular choice, with most candidates attempting the other three 
questions.  The standard of work varied widely, but most candidates were able to show 
some competence at three questions. 
 
 
 
 
Comments on Individual Questions 
 
1) (i) Most candidates were able to find the angular speed and deduce that slipping 

occurred. 
 

 (ii) The velocity and angular velocity expressions were often well done, although 
some confusion of signs occurred with the angular velocity. 
 

 (iii) Most candidates knew the condition for slipping to stop. 
 

 (iv) Most candidates assumed that the frictional force was zero without any 
explanation, and then used this to show that the velocity was constant. 

   
2) (a) This part was generally done well, except few candidates pointed out that the 

total moment was not zero, and hence this was a couple (rather than 
equilibrium). 
 

 (b)(i) There were many good solutions, but some tried to work with scalars rather 
than vectors. 
 

 (ii) The word ‘hence’ indicated that candidates should use the angular 
momentum, which some did not. However, there were many good solutions to 
this part. 

   
3) (i) Most candidates knew what to do here, but algebraic slips were common. 

Some candidates made very heavy weather of finding the gravitational 
potential energy, using very complicated geometry. 
 

 (ii) This was often well done except for the λ = 2mg case. In this case it was very 
surprising how many candidates wrongly thought that a zero second derivative 
guaranteed a point of inflection. Also surprising was that they often then 
deduced that the equilibrium was stable on one side and unstable on the 
other! 
 

 (iii) Again, most candidates knew what to do, but algebraic errors hindered some. 
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4) (i) Deriving the relevant differential equation was often done well, but some 
candidates confused the signs. Most candidates found v correctly. 
 

 (ii) Most candidates knew how to find the distance, but many struggled with the 
integral, even with the result that was given in the question. 
 

 (iii) Some candidates produced excellent concise solutions to this part, but some 
thought that integration was required. 
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