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1(i) ( )2 sin 4cos 2m ma t tω ω ω= − +r i j��  M1 use of N2L  

 M1 integrating  
 

( ) 1cos 2sin 2a t tω ω ω= − − + +r i j c�  
A1   

 10,t aω= = ⇒ =r i c� 0  M1 condition  
 ( )cos 2sin 2a t tω ω ω= −r i j�  A1   

 ( ) 2sin cos 2a t tω ω= +r i +j c  M1 integrating  

 ( )20, sin cos 2t a a t tω ω= = ⇒ = ⇒ = +r j c 0 r i j  E1   

    7 
(ii) sin , cos 2x a t y a tω ω= =  M1 components and eliminate t  
 2(1 2sin )y a tω= −  B1 trig identity  
 22xy a

a
= −  A1  

 

 B1 parabola ( )∩  through (0,a)  

 

 

B1 endpoints indicated 
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(iii) 

2 sin cos
( )( )

4cos 2 2sin 2
t t

P ma a
t

            a 
 
 
 
-a                         a 

t
ω ω

ω ω
ω ω

−⎛ ⎞ ⎛
= ⋅ = − − ⋅⎜ ⎟ ⎜

⎝ ⎠ ⎝
F v

⎞
⎟
⎠

 M1  
 

 2 3 (8sin 2 cos 2 sin cos )ma t t t tω ω ω ω ω= −  A1   
    2 
(iv) 2 22 3 1

20 0
WD d (4sin 4 sin2 )dP t ma t t t

π π
ω ωω ω= = −∫ ∫ ω  M1 attempt integral of P  

 M1 trig identity and integrate  
 

22 3 1 1
4 0

cos 4 cos 2ma t t
π

ω

ω ωω ω ω= − +⎡ ⎤⎣ ⎦  
A1 [ ] or constant multiple  

 2 2 2 21 1 1
4 4 2( )ma maω ω= − − = −  A1   

 ( )2 21
2KE m aωΔ = −0 i  M1   

 2 21
2 ma ω= −  E1 both results  
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2(a)(i) B Av  must be due West B1 may be 

implied 
 

 

 
or 

4cos 2

4sin 2
B A

α

α

⎛ ⎞− −
= ⎜ ⎟⎜ ⎟−⎝ ⎠

v  M1 

diagram or 
relative 
velocity 
vector 

 

 2 4
sin sin 45α

=
°

 or 4sin 2 0α − =  M1  
 

 20.7  hence bearing 290.7α = °

              α          45 
          4                    2 

°  A1   
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(ii) 

 

or 
2 3 2

2 2
B A

⎛ ⎞− −
= ⎜ ⎟⎜ ⎟−⎝ ⎠

v  
M1 

diagram or 
relative 
velocity 
vector 

 

 2 2 24 2 2 4 2cos105B A = + − ⋅ ⋅v

         4                β 
                                2 
                 30       45 

°  or ( ) ( )22 2 3 2 2 2B A = − − + −v
2
 M1 calculate 

magnitude 
 

 14.913 km hB A
−=v  A1   

 4 4.913
sin sin105β

=
°
…  or 1 2 3 2tan

2 2
− ⎛ ⎞− −
⎜ ⎟⎜ ⎟−⎝ ⎠

 M1 calculate 
angle 

 

 51.8  hence bearing 276.8β = °… °  A1   
 10sin( 45 )d β= − °  M1 complete 

method 
 

 = 1.19 km A1   
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(b) M1   
 

20 100 50
100 200 300
10 0 10

Y X

−⎛ ⎞ ⎛ ⎞ ⎛
⎜ ⎟ ⎜ ⎟ ⎜= − − = −⎜ ⎟ ⎜ ⎟ ⎜
⎜ ⎟ ⎜ ⎟ ⎜− −⎝ ⎠ ⎝ ⎠ ⎝

v
⎞
⎟
⎟
⎟
⎠

 
A1  

 

 100 50
600 300
100 10

XY t
⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟= −⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

JJJG
 A1  

 

 2 2 2

2

(100 50 ) (600 300 ) (100 10 )

200(463 1860 1900)

2XY t t

t t

= − + − + −

= − +

JJJG
t

 A1  
 

 
M1 

any valid 
method for 
minimum 

 

 

930min. when 2.0086
463

t = = …  

A1   
 

 
M1   

 hence closest at t = 2.0086… i.e. just after vertical E1   
 least distance = 79.96 A1   
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3(i) 

3

kmm
r

= −
rr��    

 

 ( )21 d 0
d

m r
r t

θ⋅ =�  M1  
 

 2  constantr θ⇒ =�  E1   
 M1   
 

2
3( ) kmrm r r

r
θ− = −���  A1   

 2

2 2

h hr r
r r

θ ⎛ ⎞= ⇒ − = −⎜ ⎟
⎝ ⎠

� ��
2

k
r

 M1  
 

 2

3 2

h kr
r r

⇒ − = −��  E1  
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(ii) 

2 2

1 1 d
d

ur u
u u

θ
θ

= − = − �� �  M1  
 

 2
2

1 d
d

u hu
u θ

= −  M1  
 

 d
d

uh
θ

= −  A1  
 

 2 2
2

2 2

d d
d d

u ur h h huθ
θ θ

= − = −���  M1  
 

 2
2 2

2

d
d

uh u
θ

= −  A1  
 

 2
2 2 2 3 2

2

d
d

uh u h u ku
θ

− − = −  M1  
 

 2

2 2

d
d

u ku
hθ

+ =  A1  
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(iii) CF sin cosu A Bθ θ= +  M1   
 

2PI  ku
h

=  B1  
 

 
2 sin cosku A B

h
θ θ= + +  A1  

 

  min.  max. at 0 0r u Aθ⇒ = ⇒ =  B1   
 

0 2 2
0 0

1 10, k kr r B B
r rh h

θ = = ⇒ = + ⇒ = −  M1  
 

 
0 0

0

at 0,  rad. vel. = 0 trans. vel., hr v v
r

θ θ= ⇒ = ⇒� =  M1 relating h to  0 0,r v
 

 2 2
0 0

2
0 0( ) co
v r

r
k v r k sθ

=
+ −

 A1  
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4(i) Taking a semicircular ‘strip’ of radius 

 and width r rδ     

 
21

2

area  so mass m rr r r
a
ππ δ δ
π

≈ ≈  M1  
 

 
mom. of inertia 2

2

2mr r r
a

δ≈ ×  M1  
 

 3 41
42 2 00

2 2d
a am mI r r r

a a
⎡ ⎤= = ⎣ ⎦∫  M1  

 

 21
2 ma=  E1   
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(ii) 2 21

square 3 ( ) 2I m a a maλ λ= + +  M1   

 21
O square2I ma I= +  B1   

 2 2 251 1
O 2 3 6 (3 10 )I ma ma maλ λ= + = +  E1   

    3 
(iii) 4 4

3 3
am a mλ λ
π π

⋅ = ⋅ ⇒ =  B1  
 

 
21

O 6 (3 10 )
1

MI a λ
λ

⎛ ⎞= +⎜ ⎟+⎝ ⎠
 M1  

 

 23 10
6(1 )

Maλ
λ

+
=

+
 A1  

 

 40
3

4
3

3 9 40
6(1 ) 18 24

k π

π

π
π

+ +
= =

+ +
 E1  
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(iv) 2 2

X (2 )I kMa M a= +  M1 parallel axis theorem  
 2( 4)k Ma= +  A1   

    2 
(v) 21

X2 2 cos 2 cosI Mg a Mg aθ θ α− ⋅ = − ⋅�  M1 energy  

  A1   
 2 4 (cos cos )

( 4)
g

a k
θ θ α⇒ = −

+
�  A1 aef 
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(vi) M1 differentiate or use equation of 

rotation 
 

 

42 ( si
( 4)

g
a k

n )θθ θ= −
+

��� �θ  
A1   

  small sinθ θ θ⇒ ≈  M1 approximation  
 2

( 4)
g

a k
θ θ≈ −

+
��  i.e. SHM A1  
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2611: Mechanics 5 
 
General Comments 
 
The standard of work varied widely, but most candidates were able to demonstrate some 
understanding of the principles involved in this unit. 
 
 
Comments on Individual Questions 
 
1) (i) Most candidates integrated successfully, but a surprising number omitted the 

arbitrary constants. Although they are zero in this case, they must not be 
simply ignored, particularly when the answer is given. 
 

 (ii) The path was often found successfully, but many of the sketches were 
incomplete. 
 

 (iii) Some were unable to make any progress here, but others knew the relevant 
formula and were able to apply it successfully. 
 

 (iv) Many candidates knew how to find the work done, but algebraic slips were 
common. 

   
2) (a)(i) Most candidates attempted this with Cartesian vectors rather than geometric 

methods. It was usually done correctly. 
 

 (ii) Again this was usually done correctly. 
 

 (b) Candidates generally knew how to find the closest approach, but many did not 
show that it occurred just after Y passes vertically above X as requested.  

   
3) (i) This standard result was usually done well. 

 
 (ii) This was also often done well, but some struggled to get the correct 

expression for the second derivative. 
 

 (iii) Most were able to get the general solution for the differential equation. Most 
candidates did not know how to use the given condition to find the position of 
the initial line and just assumed its position. Many candidates were not able to 
correctly substitute for h in their expression. 

   
4) (i) Most candidates were able to derive the moment of inertia correctly. 

 
 (ii) Again, most candidates were able to do this correctly. 

 
 (iii) Some candidates were unable to calculate the value of λ. 

 
 (iv) Most candidates were able to find the moment of inertia. 

 



 (v) Errors in the energy equation were common, so correct answers were rare. 
 

 (vi) Few candidates were able to correctly find the angular acceleration, either 
from the equation of motion or from the energy equation. 
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