












 
 
 

Mark Scheme 
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Q 1  mark  sub 

(i)     
 [frequency] = T –1  B1   
     
 [density] = M L –3 B1   
     
 [pressure] = [force] / [area]  B1 Award for pressure as force/area seen  
     
                  = M L –1 T –2 E1   
    4 
(ii)     
 T –1 = L α (M L –1 T –2 ) β (M L –3) γ  M1 Set up equation with all the terms  
  A1 Correct FT (i)  
     
 M:     γβ +=0  M1 Comparing powers for at least 1 dimension  
  A1 One equation correct.  FT (i)  
 L:       γβα 30 −−=  A1 Second equation correct.  FT (i)  
     
 T:        β21 −=−     
     
 

giving 
2
1-   ,

2
1   ,1 ==−= γβα  A1 All correct. cao 

 
    6 
(iii)     
 

d
d

p
p

a
a

d
p

ka

d
pka

f
f '.

'
'

'
'

'

'
==  M1 Attempt to eliminate k.  Accept assigning values to a, a’, 

p and  d  for full credit here and below. 

 
 

'aa = ,  005.1
'
=

p
p  and 98.0

'
=

d
d  B1 for either 005.1

'
=

p
p or 98.0

'
=

d
d or equivalents 

 
     
 

so 
98.0

005.1440=f  A1 Seen or implied.  FT (ii) only. 
 

     
 = 445.576…  so 446 Hz (3 s. f.) A1 Ignore wrong α used. cao  
    4 
                                                                                   total 14 

 

 



Final Mark Scheme 2609/01 June 2004 

 
Q 2  mark  sub 

(i)     
 )cos1(5.05.0 22 θ−+= mgamvmu  M1 Attempt to use KE + PE = const  
  B1 )cos1( θ−mga   
     
 so  )cos1(222 θ−−= aguv E1 Clearly shown.  Accept consistent signs throughout.  
    3 
(ii)     
 

a
mvmgT

2
cos =− θ  ( )2maω=  M1 Radial EoM attempted.  Accept mg not resolved.  All 

terms present. Do not accept T resolved.  
  B1 LHS  
  B1 RHS accept u v↔ and a r↔   
     
 

so ( )( θθ cos12cos 2 −−+= agu
a
mmgT ) B1 Subst correct  into their T. 2v

 
     
 

= ( )aguag
a
m 2cos3 2 −+θ  A1 Accept any form with T the subject. 

 
    5 
(iii)     
 Need ( )23 cos 2 0 (for all )ag u agθ θ+ − ≥  M1 Accept =, > and given in words.  Or start again.  
     
 Worst case is when πθ =  B1 May be implied  
     
 giving  agu 52 ≥ E1 > must be justified  
    3 
(iv)     
 

aguv 2  
2

 when 0 2 =⇒==
πθ  M1 Attempt to find u from initial conditions.  

 
  A1   
     
 we need  ( )gbaag −= 52 M1 Attempt to relate result in (iii) to this situation.  Accept  
   2 5u b= g .  Or start again.  
 

so  or ab 35 =
5

3ab =  A1  
 

    4 
                                                                                 total 15 
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Q 3  mark  sub 

(i)     
 

Vol is  ∫
−

1

1

2dyxπ   
 

 
=  ( )dyyy  12

1

1

42∫
−

+−π M1 Limits not required 
 

 
=  

1

1

53

53
2

−⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+− yyy

π  A1 Limits not required 
 

  M1 Limits dealt with correctly  
 

⎟
⎠
⎞

⎜
⎝
⎛ +−= 1

5
1

3
22  π    =  

15
44π  giving 

15
44π  m 3  E1 Clearly shown 

 
     
 ( ) ( ) 1212 4242 +−=+−−− yyyy     
 so symmetrical about y = 0 so c. m. is at (0, 0) B1 Must show symmetrical as well as give c.m.  
    5 
(ii)     
 

dx
h
rxxxhr

h 2

0

2
3
1

∫ ⎟
⎠
⎞

⎜
⎝
⎛= ππ  M1 

Use of elementary discs radius rx/h or equivalent.  
Award for attempt to find 2xy dxπ∫ or equivalent 

 
  B1 Correct relation between x and y.  
 h

x
h
r

0

4

2

2

4
.

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

π  F1 Integration of their expression correct if at least 
quadratic.  Neglect limits. 

 
 

so 
43

1 22
2 hrxhr ππ =  M1 Appropriate limits substituted and attempt to use M 

 
 

hx
4
3

=  so h
4
1  from base. E1 Clearly established 

 
    5 
(iii) Radius of cone is 2112 =+−  B1   
     
 

Require 1
15

44
4

2
3
1

×=×××
ππ hh  M1 Attempt to write equation using , e.g.,moments  

 
 A1 LHS or equivalent. FT their r.  
 

 
 
 
 
 
 
 
 

A1 RHS or equivalent. FT their r. 

 
   [If three terms, A2  -1 each incorrect term.  FT their r.]  
 

5
88

=h  (= 4.1952…) A1  
 

    5 
                                                                                 total 15 
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Q 4  mark  sub 

(i) 05.06.19 ×=mg  M1 Use of HL  
     
 m = 0.1  A1   
    2 
(ii) N2L  ↓ M1 Use of N2L. Condone sign errors and mg omitted.  
 xmFmg =−     
 ( ) xxg 1.005.06.191.0 =+−  M1 Linear expression for F in terms of x  
  A1 F  correct  
  B1 All correct including signs.  
 so  0196 =+ xx E1   
   [Award up to 4/5 if x taken +ve upwards]  
    5 
(iii) either    
 ( )2222 xav −=ω  M1 Award M1 even if x = 0 used below  
     
 so ( )( )222 05.01.0196 −−=v  = 1.47 A1 Correct substitution  
     
 so v = 1.2124… so 1.21 m s-1 (3 s. f.) A1 cao  
 or    
 21 10.1 0.1 9.8 0.15 19.6 0.15

2 2
v× × + × × = × × 2  M1 Equating KE + GPE to EPE 

 
  A1 All correct  
 so v = 1.2124… so 1.21 m s-1 (3 s. f.) A1 cao  
 or    
 First find  (see below) tx 14cos1.0=    
 1.4sin14v t= −  B1   
 

sub  
21
π

=t  (see below) M1  
 

   and speed is 1.21 m s1.2124...v = − -1 (3 s. f.) A1 cao  
     
     
 tx 14cos1.0=  B1 Obtaining expression for x in terms of t  
     
 we need  t14cos1.005.0 =− M1 Equating x in terms of t to –0.05  
     
 

so 
21
π

=t   (0.150 s (3 s. f.)) A1 cao.  [Award 0 for ¼ period] 
 

    6 
(iv) either    
 The motion is SHM, a = 0.2, 14ω =  M1 May be implied  
 maxv v=  of the SHM B1 May be implied  
 max 0.2 14 2.8v aω= = × =  A1   
 or    
 ( 222 05.025.0

2
6.192.01.01.05.0 −=×+×× gv )  M1 Equating KE + GPE to EPE 

 
  M1 Correct change in EPE  
 v = 2.8 A1   
   [SC1 for ] 2 20.5 0.1 0.5 0.2v k× × = × × 3 
                                                                                 total 16 

 

 



 
 
 

Examiner’s Report 



2609  Mechanics 3 
 

General Comments 
 
Most of the candidates were able to make some progress with every question and 
very many of these attempts were substantial.  Many completely correct solutions 
were seen to each question but even the most able candidates seemed to find some 
challenge in the paper.  On the whole, candidates did better at Q1 than the others 
and the scores on Q3 were higher than those on Q2 and Q4.  In some cases all the 
candidates from a centre did especially well or badly on particular questions and this 
was presumably due to unequal coverage of the syllabus. 
 
The standard of presentation was generally reasonable but many candidates placed 
themselves under a considerable disadvantage by producing work that elevated 
untidiness to an art form and consequently misled and confused themselves.  As 
always, others did not show sufficient working or give an adequate indication of  
method when establishing a given result 
 
 
Comments on Individual Questions 
 
Q.1 Almost all of the candidates knew exactly how to set about the first two parts 

and did so successfully.  A few candidates did not know the dimensions of 
frequency but most of the other errors were slips.  A small minority could not 
eliminate the dimensionless constant in the last part, presumably because 
proportional changes were given instead of numerical values.  However, most 
candidates found some way of coping, the most common error being the use 
of 1.05 instead of 1.005 as the multiplier to increase by 0.5%. 

 
Q.2 Most of the candidates knew how to establish the given result in part (i) but 

many failed to obtain full credit because they did not include sufficient working 
to show their derivation. 

 
  In part (ii), many candidates knew exactly what to do and did it neatly and 

effectively.  A few did not know how to establish any equation for circular 
motion but rather more analysed the problem as if the motion was that of a 
conical pendulum instead of taking the radial direction to be that of the string. 

 
  In part (iii), some candidates immediately saw the need to establish that the 

force in the string was non-negative at any point of the motion if the string 
was to remain taut but others falsely thought that the condition depended only 
on energy considerations and so only required the speed to be positive 
everywhere but at the highest point.  Some candidates did not use the result 
from part (iii) but, instead, established from first principles the equation for the 
motion at the top. 

 
  Again, in part (iv) some candidates did not see the connection with the 

previous part and started again.  Many candidates did not really see what was 
going on but others efficiently applied the result from part (iii) to the new 
situation.  A common error was to take the radius of the new circle to be b 
instead of . a b−

 
Q.3 In part (i), almost all of the candidates correctly found the volume of revolution 

but a few did not show enough detail when substituting the limits to obtain full 
credit for establishing a given answer.  Quite a few candidates established the 



symmetry of the function about the x axis by correctly arguing that x was an 
even function of y: others wrongly considered the symmetry about the y axis 
or argued that the symmetry was proved by comparing one or more values 
above the axis with the corresponding ones below: others wrongly argued 
that the symmetry was shown because the volumes of revolution above and 
below the x axis were the same.  Many candidates directly calculated the 
position of the centre of mass and did not answer the question set about the 
symmetry. 

 
  Part (ii) required the candidates to carry out a standard piece of bookwork, 

namely to find the centre of mass of a uniform right circular cone.  Although 
this was done very well by many candidates, a surprisingly large number of 
candidates made a bit of a mess of it.  Some could not find the equation of 
the generator and others could not use their equation properly in their 
integral.  A quite common error was to consider the cone with x and y 
intercepts of r and h respectively and then to rotate this about the x-axis 
giving a cone of height r and base radius h; errors with the limits of the 
integration and the volume of the cone often falsely produced the given 
answer.  A few candidates thought that the cone had h = r, despite the 
wording of the question; perhaps this was a wrong interpretation of the right 
circular cone.  For some candidates, their poor presentation of the problem 
produced an alphabetical soup in which confusion was widespread. 

 
  Many candidates knew exactly what to do in part (iii) but did not always 

choose the best place for the origin to simplify the working.  Common errors 
were either not to realize that r could be evaluated or to assume that r = 1. 

 
Q.4 Virtually everyone correctly found the mass in part (i). 
 
  There were a lot of sound answers to the standard situation presented in part 

(ii) but, as always, many candidates omitted the weight term and then fiddled 
the tension term.  Some candidates wrote an equation where x was taken to 
be positive upwards instead of downwards, as instructed in the question, and 
there were penalties for doing this. 

 
  Although there were many neat and correct solutions, there were also a lot of 

inefficient methods seen in part (iii) and many mistakes made. Common 
errors were: to think the amplitude was 0.15 m: to argue that the spring was 
at the centre of the simple harmonic motion when at its natural length: for 
those who used an energy approach, to forget the gravitational potential 
energy term.  Many candidates tried to find the time by a sound method but 
many substituted 0.05 instead of –0.05.  Surprisingly at this level, quite a few 
candidates used their v with an acceleration determined from the equation of 
motion for some x (or simply took the acceleration to be g) and then used 

. v u at= +
 
  In part (iv), many candidates realized that this was again simple harmonic 

motion with a new amplitude but the old ω  and obtained the answer quickly.  
Many of those who tried an energy method either omitted the gravitational 
potential energy term or did not consider the energy initially stored in the 
spring.  Since it is true that, in these circumstances, if the stiffness of the 

spring is k and the distance dropped is h then 21 1
2 2

mv kh= 2 , some credit was 

given for writing this down without justification. 




