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1(i) 2
3
4 MaI =  B1   

 0sin2
2
1 =− θθ MgaI  M1 using energy  

 2 3 sin
2
g
a

θ θ=  F1 follow their I  
 

 θθ cosMgaI =  M1 equation of motion or differentiate energy  

 3 cos
4
g
a

θ θ=  F1 follow their I  
 

    5 
(ii) 2sin θθ MaMgY =−  M1 radial N2L equation  

                      3
2 sinMg θ=  M1 substitute for 2θ   

 θsin2
5 MgY =⇒  A1   

 θθ MaMgX =+ cos  M1 transverse N2L equation  

                        θcos4
3 Mg=  M1 substitute for θ   

  θcos4
1 MgX −=⇒  A1   

    6 
(iii) θ23

4
2 2 MaaJ =⋅  M1 angular momentum about A  

 θMaMvJJ ==+ 21  M1 linear momentum for centre of mass  

 
 

θMaJ 3
1

1 =⇒  dM1 dependent on both previous M marks  

 21
2

3
2
g
a

θ π θ= ⇒ =  M1  
 

 
1 1

1 3 6
3 6
2
gJ Ma M ag
a

⇒ = =  E1  
 

    5 
(iv) If possible at distance x below A    
 θ23

4 MaJx =  B1 follow their I  

 θMaJ =  B1   
 ax 3

4=⇒  M1 eliminate J  

 aa 23
4 <  so possible if doorstop is a3

4  below A A1 for a3
4   

    4 
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2(i) ∑= iFF  M1   

 kji 36 −+=  A1   
 ∑ ×= ii FrC  M1 use of ×r F  (or ) ×F r  

 

31
02
1

12
21
31

10
11

21

−−
+

−
−+−=

k
j
i

k
j
i

k
j
i a

 M1 attempt all vector products 

 

 )2)13(6()573()3( kjikjikji −−+−+++−+−−= a  B1 one correct product (accept ) ×F r  
 ji )53(8 ++−= a  A1   
    6 
(ii) kjiF0FF 3644 +−−=⇒=+  B1 – (their F )  
 jiFr0FrC )53(84444 +−=×⇒=×+ a  B1 – (their C )  
    2 
(iii) 4444 FCFFr ⊥⇒⊥×  M1   
 4 0.⇒ =C F  E1   
 0)53(48 =+− a  M1   
 3

43=a  E1   
    4 
(iv) CFr −=× 44     
 

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−
−

×
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

0
48
8

3
1
60

z
y  M1 set up equation with vector product 
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⎟

⎠
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⎜
⎜

⎝

⎛
−=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−
+

0
48
8

6
6

3

y
z
zy

 M1 calculate vector product 

 

 8,0 ==⇒ zy  M1 solving  
 kr 84 =  A1 must state vector  
    4 
(v) line of action of  is 4F 44 Frr λ+=  B1 direction vector a multiple of  4F  
 i.e. )36(8 kjikr +−−+= λ  M1 reasonable attempt at line of action  
 4FF −=  along same line of action M1   
 so line of action of F is )36(8 kjikr +−−+= λ  A1 or any equivalent form  
     
 Alternatively, λ= +r b F  B1 direction vector a multiple of their  F  
 × =b F C  M1 set up equation  
  M1 solve for b  
 so line of action of F is (6 3 )λ= + + −r b i j k  A1 with a correct explicit vector b  
     
    4 
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3(i) 2

0
( ) sin

2
xV mga
l

λθ θ= − +  M1 attempt at potential energy (two terms required) 
 

 22sin ( )
2
mgmga BC a
a

θ= − + −  A1 EPE term correct 
 

 21
2

2sin (4 sin )
2
mgmga a a
a

θ θ= − + −  M1 BC in terms of θ 
 

 ( )21
2sin (4sin 1)mga θ θ= − + −  A1   

 ( )1 1
2 2( ) cos 2(4sin 1) 2cosV mgaθ θ θ′ = − + − ⋅ θ  M1 differentiate  

 ( )1 1 1
2 2 2cos 16sin cos 4cosmga θ θ θ= − + − θ     

 ( )1
28sin cos 4cosmga θ θ θ= − −  M1 use trig. identity  

 f( )mga θ=     
 equilibrium ( ) 0V θ′⇔ =  M1   
 f( ) 0θ⇔ =  E1 condition for equilibrium must be referred to  
    8 
(ii) Equilibrium at 0.6, 3θ ≈ −  B1 identify one correct value  
 for stable equilibrium, f( ) 0, f ( ) 0α α′= >  B1 reason for choosing α  
 for unstable equilibrium, f( ) 0, f ( ) 0β β′= <  B1 reason for choosing β  
 so from graph, 0.6α ≈ , 3β ≈ −  B1 both correctly identified  
 

 
B2 diagram of system 

 

  

 

Special case if f( )θ interpreted as V ( )θ : 
SC1 for equilibrium at θ at max and min of f 
SC1 for justifying stability for both 
SC1 for diagram for their β 

 

    6 
(iii) 21

2 ( ) constantI Vθ θ+ =  M1 energy  

 ( )2 21 4
2 3 ( ) constantma Vθ θ+ =  B1 correct moment of inertia  

 24
3 ( ) 0ma Vθθ θ θ′+ =  M1 differentiating an energy equation  

 3 f( ) 0
4
g
a

θ θ+ =  A1  
 

 f( ) f( ) 7.7( ) 7.7( )θ α θ α θ≈ + − = −α     
 

( )37.7 0
4
g
a

θ θ α⎛ ⎞+ −⎜ ⎟
⎝ ⎠

≈  M1 use approximation to get equation of motion  
 

 4 0.50.5 2 0.6
7.7 3

a T
g

π ×
= ⇒ ≈ ≈

×
 E1  

 

    6 
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4(i) 

0
d
d
m k m m k
t
= ⇒ = + t  B1  

 

 d ( )
d

mv mg
t

=  M1 using N2L in variable mass form 
 

 
0d ( ) dmv mg t m kt g t= = +∫ ∫  M1 integrating  

 21
0 2m gt gkt A= + +  A1 including constant  

 0, 0 0t v A= = ⇒ =  M1 use condition on v  
 0

0

(2 )
2( )

gt m kt
v

m kt
+

=
+

 E1  
 

    6 
(ii) 0

0

(2 )
d

2( )
gt m kt

x t
m kt

+
=

+∫  M1  
 

 M1 rearranging into suitable form for integration  

 

2
0 0 0

0 0

11 d
2 2

m m mgt gt t
m kt k k m kt

⎛ ⎞⎛ ⎞ ⎛
= + = + −⎜ ⎟⎜ ⎟ ⎜⎜ ⎟+ +⎝ ⎠ ⎝⎝ ⎠
∫ ∫ dt

⎞
⎟
⎠

 
   

M1 integrating  2 0 01
02 2 ln( )

2
m mg t t m kt
k k

⎛ ⎞= + − +⎜ ⎟
⎝ ⎠

B+  
A1  

 

 2
0

020, 0 ln
2

mgt x B m
k

⎛ ⎞
= = ⇒ = ⎜ ⎟⎜ ⎟

⎝ ⎠
 M1 use condition on x 

 

 
2 0 01

2 2
0

ln 1
2

m mg ktx t t
k mk

⎛ ⎞⎛ ⎞
= + − +⎜ ⎟⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

 A1  
 

    6 
(iii) d ( )

d
mv mg v

t
λ= −  M1 using N2L in variable mass form 

 

 d
d
vm vk mg
t

vλ⇒ + = −  M1 using product rule and rearranging 
 

 

0

d
d
v k v g
t m kt

λ+
+ =

+
 E1  

 

 
( )( )0

0
exp d exp 1 ln( )k

kI t m
m kt

λλ⎛ ⎞+
= = +⎜ ⎟+⎝ ⎠

∫ kt+  M1  
 

 ( )10
km kt

λ+= +  A1 simplified  

 
( )( ) ( )1 1

0 0
d
d

k km kt v m kt g
t

λ λ+ ++ = +    
 

 
( ) ( )1 2

0 0
1

2
k km kt v m kt g C

k
λ λ

λ
+ ++ = +

+
+  M1 integrating 

 

 2
00, 0

2

km
t v C

k

λ

g
λ

+

= = ⇒ = −
+

 M1 use condition on v 
 

 

( )

2
0

0 1
0

2

k

k

mgv m kt
k m kt

λ

λλ

+

+

⎛ ⎞
⎜ ⎟= + −
⎜ ⎟+ +⎝ ⎠

 A1  
 

    8 
     
 



 
 
 

Examiner’s Report 



Report on the Units taken in June 2004 

2612  Mechanics 6 
 
General Comments 
 
There were some good scripts, although virtually all candidates ran into difficulties at some 
point. Question 3 was the most popular with all but 2 candidates attempting it. Questions 2 
and 4 were also very popular, but only 15 of the 40 candidates attempted question 1. 
Question 2 attracted the most successful responses. 
 
 
Comments on Individual Questions 
 
Q.1 The early parts of the question were well done, but candidates often found the use of 

momentum and angular momentum difficult in the last two parts of the question. Most 
responses omitted the impulse at the hinge in part (iii) where it was necessary, and 
then included it in part (iv) when it was zero! Most responses did not appreciate the 
need for two separate impulse-momentum equations, i.e. linear and angular. 

 
Q.2 This question was usually done very well. Most candidates were very confident in 

their use of vector product. The main difficulty was found in justifying . Many 
candidates thought that stating that they were perpendicular was sufficient, but 
showing that they were perpendicular was the key step! The last part of the question 
was often done well, with some candidates using the line of action of , as led by 
the question, and others calculating it from scratch. 

4 0. =C F

4F

 
Q.3 Candidates understood the general principles of this topic, but many had difficulties 

with the technicalities. A particular problem arose with many candidates confusing 
f(θ) with the potential energy and therefore misreading the graph. Some allowance 
for this was made in the mark scheme. In the final part of the question, some 
candidates did not realise that they needed to differentiate the energy equation to 
obtain the equation of motion. 

 
Q.4 The first part of the question was often well done, but many candidates unnecessarily 

expanded 
d ( )
d

mv
t

and then used an integrating factor, rather than the simpler 

approach of integrating it directly. Many attempts in part (ii) were hampered by 
difficulties with the integration, with candidates not realising that they needed to 
divide (as polynomials) to find a suitable expression for the integrand. Part (iii) was 
usually more successful, although algebraic slips were common. 
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