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1(i) M1 N2L (3 terms)  
 vjv mkmg

t
m −−=

d
d  A1   

 B1   
 

d d,
d d
x ykx g ky
t t
= − = − −
� �� �  B1   

    4 
(ii) ktAx −= e�  M1   
 ktuxuxt −=⇒== e,0 11 ��  E1   

 d dy t
g ky

=
− −∫ ∫

�
�

 M1 separate variables 
 

 
1

1 ln g ky t c
k

− + = +�  M1 integrate 
 

 ktBykg −=+ e�  M1 rearrange and use conditions  
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10, (( )e )ktt y u y g ku g
k

−= = ⇒ = + −� �  E1  
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(iii) 

2
0 e kt gy

g ku
−= ⇒ =

+
�  M1 solve for time at max. height 
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 A1 any equivalent form 
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−= = − + − +∫ �  M1 integrating 
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10, 0 ( )t y c g ku
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= = ⇒ = +  M1 initial condition 
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g ku k k gk k
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= − + − + + +⎜ ⎟+ ⎝ ⎠
)  M1 substitute their t 
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= − +⎜ ⎟
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u
 E1  

 

 
for unresisted motion, max. height 

2
2

2
u
g

=  B1 from constant acceleration formulae 
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2 2 21

2ln 1
ku ku ku
g g g

⎛ ⎞ ⎛ ⎞
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2  terms of order 
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2(i) M1 diagram  
 

 
A1 completely correct including angles 

 

 8
sin15 sin135
V

=
° °

 M1  
 

 1s m 93.2 −=V  A1   
 8

sin 30 sin135
bv =
° °

 M1  
 

 14 2 5.66 m sbv
−= ≈  A1   
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(ii) 

 

B1 diagram 

 

 8
sin( 45) sin 45

V
α

=
− ° °

 M1  
 

 sin 45sin( 45) ( sin15 ) 60
8

Vα α°
⇒ − ° = = ° ⇒ = , 

so angle of 60° 
A1  

 

    3 
(iii) jiv °+°−= 30sin830cos8wb  B1   
 iv U=wc  B1   
 ( ) jivvv 434wcwbcb ++−=−= U  E1   

 collide if 341625100//cb −=⇒+− Ujiv  B1   

    4 
(iv) jijir 25100)4(cb −++−= ta  M1   
  A1   
 222 )254()100( −+−=⇒ tatd  M1   

 10625)1(200)16( 22 ++−+= tata  E1   

 010600)1(200)16(5 2222 >++−+⇔> tatad  M1   

 true for all t  010600)16(4)]1(200[ 22 <⋅+−+⇔ aa M1   

 07981003 2 <−+−⇔ aa     
 ( ) ( )10650or  10650 3

1
3
1 +>−< aa     

 U < 6.31 or U > 13.2 A1  7 
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3(i) rr ˆr=  M1   
 dˆ ˆ( )

d
r r

t
= +v r r�  M1  

 

 ˆˆr rθ= +r θ��  E1   
 d d d ˆ ˆˆ ˆ( ) ( )

d d d
r r r r r

t t t
ˆθ θ θ= + + + +

v r r θ θ� �� �� � θ��  M1  
 

  A1   
 θθrrθ ˆˆˆˆˆ 2 θθθθ ��������� rrrrr ++−+=     

 θr ˆ)2(ˆ)( 2 θθθ ������� rrrr ++−=  E1   

 2 2d 1( ) 2 transverse cpt. ( )
d d
r rr r r

t r
2d

t
θ θ θ θ= + ⇒ =� � ��� �  E1  
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(ii) force // r ⇒ transverse cpt. = 0 M1   
 21 d ( )

d
r

r t
θ⇒ =� 0  M1  

 

 constant 2 =⇒ θ�r  A1   
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(iii) 2

2
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r r
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θ =�  
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r r

= −��  A1  
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r r r
= −
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d
rr r
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h kr c

rr
= − + +�  M1 integrating 
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2
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r
−

= +�  E1  
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(iv) 222 )()( θ�� rr +=v  M1   
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2

2 2
2kr h hA r
r r
− ⎛ ⎞= + + ⎜ ⎟

⎝ ⎠
 M1  

 

 2k A
r

= +    
 

 2k A
r

= +v  A1  
 

 so speed maximised when r minimised, i.e. at closest approach A1   
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4(i) )( rak −=ρ  B1   
 

0
( )2 d

a
M k a r r rπ= −∫  M1 integral for mass; allow kr for k(a – r)  

 [ ]arark
0

3
3
12

2
12 −= π  M1   

 3
3
1 kaπ=  A1   

 M1 integral for I; allow kr for k(a – r)  
 

2
0

( ) 2 d
a

I k a r r r rπ= − ⋅ ⋅∫  A1   
 [ ]arark

0
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14

4
12 −= π  M1 integrating  
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10
35

10
1 Maka == π  E1   
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(ii) perp.axes: 2

10
3 MaII yx =+  M1   

 symmetry 2
20
3 MaIII xyx =⇒=⇒  A1   

 par.axes (G at origin)  2
tangent xI I M= + a M1   

                                               2
20
23 Ma=  E1   

    4 
(iii) M1 energy  
 

21
2 0I Mgaω − =  

A1 correct equation  
 MgaMa =⋅ 22

20
23

2
1 ω  M1 solve for ω  

 40 4.13
23
g
a a

ω = ≈  A1  
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(iv) M1 N2L  
 

θθ sin)( 2
20
23 MgaMa −=��  

A1   
 20

23
g
a

θ θ≈ −��  M1 using θθ ≈sin  
 

 232 2.1
20
aT a
g

π≈ ≈ 5  A1  
 

    4 
     
 



 
 
 

Examiner’s Report 



2611  Mechanics 5 
 
General Comments 
 
The entry of 89 for this year was well up on recent years and was very welcome and 
pleasing. There did however appear to be a significant number of candidates who 
seemed ill at ease with the paper and as a consequence perhaps did not do 
themselves justice. In contrast though there were many very good scripts and 
candidates should be pleased with their efforts.  
 
I have noted on numerous occasions before that there is a problem with algebraic 
manipulation. Last year this did not do too much harm, but regrettably this time it did 
to a few candidates.  
 
 
Comments on Individual Questions 
 
Q.1 This question on the two dimensional motion through resisting air of a ball 

was on the whole reasonably well done. However, very few candidates were 
able to write down the vector equation of motion at the start in part (i).  By 
contrast the majority could and did write down the scalar equations of motion 
and then for the most part were able to solve them! The responses from then 
on were only marred by algebraic errors in manipulation. 

 
Q.2 There was a very sharp deterioration in the response this year to this relative 

velocity question. Although there were some quite good answers, for the most 
part the candidates seemed to have little idea how to proceed. It is true to say 
that historically there has been a tendency for candidates to have trouble with 
this topic, but in recent years this seemed to have improved somewhat. It is 
not easy to analyse the problem as there was really insufficient material to 
judge, but I would say that the absence or weakness of a diagram was at the 
heart of most difficulties. It is absolutely crucial in my view to express the 
information on a well-labelled diagram. From then on the problem often 
solves itself.  

 
  In later parts of the question, some candidates resorted to an algebraic 

approach with some success in a few cases. This alternative approach can 
be used in any relative velocity situation and for some people is a preferred 
approach. Consistency and accuracy are the keys though whatever method is 
adopted. 

 
Q.3 I was very surprised with the response here. Apart from the final part perhaps, 

I expected that candidates would be entirely familiar with this sort of problem. 
The establishment of the equations of motion for a satellite motion moving 
under the effect of an inverse square law of central attraction is the entire 
basis of this topic. Candidates however gave the clear impression that they 
were not at all familiar with the material. Very few candidates indeed were 
able for instance to derive the vector velocity components from the position 
vector, although a similar request for the acceleration vector was found easy. 
In a way this is entirely in keeping with the failing noted above at the 
beginning of question 1. A very common error in part (ii) was to use an 
inverse cube law rather than the given inverse square. This is because 
candidates forgot that the position vector r has a modulus of r and not 1. The 
integration of the vector acceleration to find the velocity was either omitted or 



poorly done. Many though were able to have a stab at the final part using the 
given expression for the speed. 

 
Q.4 Candidates were much happier with the first part of this question on moments 

of inertia. There were many good answers establishing the moments of inertia 
about various axes for a uniform circular disc. The final parts to use this 
information in a moving situation were not so good though. Part (iii) required 
the use of energy to find an angular speed whereas part (iv) needed an 
equation of motion to find a period of small oscillations. Candidates often 
interchanged the two applications for these two cases and ended up rather 
confusing themselves. I think that most knew what the theory was but were 
unable to apply it successfully. 

 




