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Mech an ics Mat h em at ics Un i t  M3  

Sp eci f i ca t ion  6 6 7 9  
 

I n t r od u ct ion  

 

As ever, the gulf between the best  and worst  was very wide with som e 

candidates m aking errors that  should not  be seen on a Further Mathem at ics 

paper. The applicat ion of calculus in quest ions 3 and 5 was relat ively weak 

while the m ore form ulaic quest ions (2, 4 and 7 in part icular)  were generally 

well done. 

Most  candidates seem ed to have sufficient  t im e to com plete the paper. 

Although there were a few unfinished final quest ions these seem ed m ost ly 

to have run out  of ideas rather than t im e. 

Again as ever, it  is incom prehensible that  som e candidates take so lit t le 

care over the presentat ion of their  solut ions. The best  are well set  out , 

logically explained and show detailed calculat ions but  others are scr ibbled 

and m essy in barely legible handwrit ing. Candidates would do well to 

rem em ber that  exam iners cannot  give m arks when they cannot  read the 

work. 

I n calculat ions the num erical value of g which should be used is 9.8, as 

advised on the front  of the quest ion paper. Final answers should then be 

given to 2 (or 3)  significant  figures – m ore accurate answers will be 

penalised, including fract ions.   

 

I f there is a pr inted answer to show then candidates need to ensure that  

they show sufficient  detail in their  working to warrant  being awarded all of 

the m arks available. 

 

I n all cases, as stated on the front  of the quest ion paper, candidates should 

show sufficient  working to m ake their  m ethods clear to the Exam iner. 

 
 

Qu est ion  1  

 

This was intended to be a st raight forward opening quest ion which would 

give candidates confidence to proceed with the rest  of the paper. The 

m ajority of candidates no doubt  thought  they had answered it  correct ly.  

However m any failed to realise it  was an elast ic energy quest ion instead 

t reat ing it  as an equilibr ium  of forces problem  put t ing T mg=  at  the lowest  

point . Those who recognised it  as an energy quest ion rarely lost  any m arks;  

the EPE form ula was well known and the st raight forward energy equat ion 

easily solved. The only recurr ing error, following careless reading of the 

quest ion, was to assum e that  the part icle fell from  the natural length of the 

st r ing rather than the full height . 
 

 

 

 

 

 

 

 

 



Qu est ion  2  

 

The basic results for SHM were well known and invariably quoted correct ly 

hence m ost  candidates had 3ω =  even if a num erical m istake occurred later  

in their  working. Som e did the working for part  (c)  to find a value for t  

before answering parts (a)  and (b)  with   
2
sinx a tω ω= − and cosx a tω ω= − . I n 

(a)  som e candidates failed to give the m agnitude of the accelerat ion while 

others did not  give a suitable descript ion of the direct ion. "Opposite to the 

direct ion of m ot ion", “Backwards” , “Away from  O”  ( there wasn’t  an O! )  were 

all seen m any t im es. There were, inevitably, a few very weak at tem pts at  

the whole quest ion, featur ing m isquoted form ulae in (a)  and (b)  and 

at tem pts to do (c)  by assum ing that  distance and t im e were proport ional.  

The reference circle approach to (c)  was com parat ively rare and not  usually 

well done;  they had difficulty ident ifying the correct  angle. As always som e 

candidates failed to change the m ode of their  calculator from  degrees to 

radians. 
 

 

Qu est ion  3  

 

I n part  (a)  there were several var iat ions on an expression for the 

accelerat ion, som e of which were incorrect . Many used 
d

d

v
a

x
= , som e wrote 

d

d

v
a

t
=  but  calculated 

d

d

v

x
and others used 

21
d

2

d

v

x

⎛ ⎞
⎜ ⎟
⎝ ⎠

and these m ainly  obtained 

the correct  answer. Those who used the ant icipated 
d

d

v
v

x
were usually able to 

com plete the solut ion successfully. There were som e problem s with the 

different iat ion, with som e candidates being unable to deal with negat ive 

powers correct ly which is very disappoint ing at  this level.  

Part  (b)  was m ore st raight forward and there were m any com pletely correct  

solut ions.  Som e candidates were unable to separate the variables and 

( )ln 6x +  was then seen.  Most  candidates preferred to use indefinite 

integrat ion. 

 

 

Qu est ion  4  

 

Part  (a)  was generally answered very well with Hooke’s Law and the 

resolving done correct ly. There was som et im es a lack of clar ity in the 

processing of the two equat ions with unnecessary and m uddled working 

frequent ly seen. A few candidates had not  read the quest ion properly and 

used 60  as the angle with the horizontal.  

I n part  (b)  som e candidates used r =  0.8 instead of (0.8 0.4)sin 60r = + . 

Those who resolved T correct ly and cancelled the sin 60  usually reached the 

correct  answer. Unfortunately m any either om it ted it  on one side or did not  

see that  sin 60 would cancel and worked out  all the num erical values -  this 

m eant  that  som e lost  the last  A1. A few left  their  final answers in term s of m 

– when values are given in the quest ion they m ust  be used. 

 

 



Qu est ion  5  

 

Candidates need to be careful in "show" quest ions like part  (a)  that  they 

write down a convincing argum ent . There were m any candidates who failed 

to use R and x appropriately at  the start  and t r ied to correct  them selves at  

the end with no clear  reason as to why their  x becam e R x+ . Many t r ied to 

reproduce a m em orised proof that  they clearly didn't  understand. They 

knew that  m g and R were significant  in finding k but  failed to int roduce them  

together;  so 
2

( )

k
mg

R x
=

+
 or 

2
( )

GMm
mg

R x
=

+
 were not  uncom m on as first  

statem ents. Others sim ply stated, without  any at tem pt  at  a reason, that  
2k mgR= ; probably they deduced this from  the result  they were t rying to 

derive. 

 

I n part  (b) , quite a num ber of candidates failed to see the need for the use 

of an integral as the accelerat ion was a funct ion of x in whatever m ethod 

they used.  

Those who t reated it  as a variable accelerat ion problem  generally obtained 

good results, even if som e errors were m ade in their  work – the m ain one 

being the wrong sign, with occasional poor integrat ion and general algebra 

when subst itut ing the lim its. The m ajor it y opted to t reat  it  as an indefinite 

integral. As with part  (a) , som e candidates chose to work with x as the 

distance from  the cent re of the earth rather than R x+  as given in the 

quest ion. Most  changed the lim its to 2R and 3R and so had effect ively m ade a 

linear subst itut ion. Quite a num ber used the work-energy pr inciple and the 

vast  m ajor ity who correct ly used an integral got  good answers;  

unfortunately m any failed to realise that  an integral was required, instead 

using mgh as the GPE at  all the relevant  points. There were also m ore than 

a few at tem pts to use 
2 2

2v u as= + , with an accelerat ion found by using 

either x = R or x = 2R in 

2

2
( )

mgR

R x+
. A few used this sam e constant  value of the 

accelerat ion to set  up a different ial equat ion;  som e of these m ay even have 

qualified for a m ark or two before their  m ajor m istake. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Qu est ion  6  

 

This quest ion was probably the m ost  difficult  for candidates. The energy 

equat ion in part  (a)  was set  up with two KE term s and one GPE term  but  a 

com m on m istake was to use cosmgl θ  instead of ( )1 cosmgl θ− . The 

resolut ion towards the cent re was usually correct , with the om ission of the 

weight  term  being the only error. Those who had writ ten the two equat ions 

correct ly, (as well as som e who had not )  went  on to obtain the given 

answer. 

The first  m ark in part  (b)  followed from  the answer to part  (a)  but  a few 

started again with an energy equat ion. Most  used energy to find v  but  the 

easier opt ion was to go back to the equat ion for  T, set t ing T = 0 and 

1
cos

4
θ = − . 

Very few correct  solut ions were seen for part  ( c) . Som e used conservat ion 

of energy forget t ing that  there was KE at  the top. Others used equat ions of 

m ot ion vert ically but  forgot  to resolve the velocity. For those who did 

resolve, there was som e difficulty in finding the angle with the vert ical  

– they often used num erical values rather than relat ing it  to the 
1

cos
4

θ = −  

obtained in part  (b) .  
 

Qu est ion  7  

 

Part  (a)  should have been a st raight forward applicat ion of the result  for 

calculat ing the cent re of m ass, and m any candidates produced im pressive 

solut ions. However too m any candidates were let  down by m istakes with 

basic algebra and integrat ion. There was plenty of scope for ar ithm et ic 

errors when subst itut ing the lim its, so candidates would be well advised to 

show som e interm ediate steps in their calculat ions -  m ethod m arks for an 

incorrect  solut ion can only be awarded when the m ethod is m ade clear to 

the exam iner. A few showed som e incorrect  working and then sim ply wrote 

down the given answer in the hope that  the exam iner would not  not ice. 

Others did not  com plete their  correct  work as they realised their  working 

was not  going to yield 1.42 and had forgot ten that  they needed to subt ract  

2 as a final step. 

 

I n part  (b) , m ost  candidates knew that  the cent re of m ass had to be direct ly 

above the lowest  point  of contact , but  m any m istakes were m ade in the 

incorrect  value of radius being used, usually 2 instead of 4 and in finding 

the wrong angle by having the fract ion upside down. 

Part  (c)  seem ed to be bet ter but  by this stage there was som e scrappy work 

and the resolut ions and equat ions were not  always presented clearly. 

However, the correct  answer was obtained by the m ajor ity of those who 

at tem pted this part  as the shape was irrelevant  for correct  answers here 

since β only relied on the value of µ.  
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