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2603 
MEI P3 June 2005 Mark Scheme post-coordination 

General Instructions 
 
1. (a) Please mark in red and award part marks on the right side of the script, level with 

the work that has earned them.  
    (b) If a part of a question is completely correct, or only one accuracy mark has been 

lost, the total mark or slightly reduced mark should be put in the margin at the end of 
the section, shown as, for example, 7 or 7 − 1, without any ringing. Otherwise, part 
marks should be shown as in the mark scheme, as M1, A1, B1, etc.  

   (c) The total mark for the question should be put in the right hand margin at the end of 
each question, and ringed. 

 
2. Every page of the script should show evidence that it has been assessed, even if the 

work has scored no marks. 
 
3. Do not assume that, because an answer is correct, so is the intermediate working; nor 

that, because an answer is wrong, no marks have been earned. 
 
4. Errors, slips, etc. should be marked clearly where they first occur by underlining or 

ringing. Missing work should be indicated by a caret (∧).  
• For correct work, use ,  
• For incorrect work, use X,   
• For correct work after and error, use  
• For error in follow through work, use  

 
5. An ‘M’ mark is earned for a correct method (or equivalent method) for that part of the 

question. A method may contain incorrect working, but there must be sufficient 
evidence that, if correct, it would have given the correct answer. 

 
An ‘A’ mark is earned for accuracy, but cannot be awarded if the corresponding M 
mark has not be earned. An A mark shown as A1 f.t. or A1  shows that the mark has 
been awarded following through on a previous error. 

 
A ‘B’ mark is an accuracy mark awarded independently of any M mark. 

 
‘E’ marks are accuracy marks dependent on an M mark, used as a reminder that the 
answer has been given in the question and must be fully justified. 
 

6. If a question is misread or misunderstood in such a way that the nature and difficulty 
of the question is unaltered, follow the work through, awarding all marks earned, but 
deducting one mark once, shown as MR − 1, from any accuracy or independent marks 
earned in the affected work. If the question is made easier by the misread, then deduct 
more marks appropriately. 

 
7. Mark deleted work if it has not been replaced. If it has been replaced, ignore the 

deleted work and mark the replacement. 



8. Other abbreviations: 
 c.a.o. : correct answer only 
 b.o.d. : benefit of doubt (where full work is not shown) 
 X 
   : work of no mark value between crosses 
  
 X 
 s.o.i. : seen or implied 
 s.c.  : special case (as defined in the mark scheme) 
 w.w.w :  without wrong working 
 
 

Procedure
 
1.  Before the Examiners’ Meeting, mark at least 10 scripts of different standards and 

bring them with you to the meeting. List any problems which have occurred or that 
you can foresee. 

 
2. After the meeting, mark 7 scripts and the 3 photocopied scripts provided and send 

these to your team leader. Keep a record of the marks, and enclose with your scripts a 
stamped addressed envelope for their return. Your team leader will contact you by 
telephone or email as soon as possible with any comments. You must ensure that the 
corrected marks are entered on to the mark sheet. 

 
3. By a date agreed at the standardisation meeting prior to the batch 1 date, send a further 

sample of about 40 scripts, from complete centres. You should record the marks for 
these scripts on your marksheets. They will not be returned to you, but you will 
receive feedback on them. If all is well, you will then be given clearance to send your 
batch 1 scripts and marksheets to Cambridge. 

 
4. Towards the end of the marking period, your team leader will request a final sample of 

about 60 scripts. This sample will consist of complete centres and will not be returned 
to you. The marks must be entered on the mark sheets before sending the scripts, and 
should be sent, with the remainder of your marksheets, to the office by the final 
deadline. 

 
5. Please contact your team leader by telephone or email in case of difficulty. Contact 

addresses and telephone numbers will be found in your examiner packs. 
 



 
 
1 (a) 5 cos x − 6 sin x = R cos (x + α) 
                            = R (cos x cos α − sin x sin α) 
 ⇒ R cos α = 5, R sin α = 6 
 ⇒ R2 cos2 α + R2 sin2α = 52 + 62 = 61 
 ⇒ R2 = 61, R = √61 = 7.81 
 tan α = Rsin α/Rcos α = 6/5 
 ⇒ α = 0.876 Accept 0.88 or 0.279π but not 50.2° 
 

 
M1 
 
 
 
A1 
M1 
A1cso 
[4] 
 

 
Expansion or equations in R  and α, soi 
NB R (cos x cos α + sin x sin α ) gains 
M1 but final A1 cso will be lost. 
 
R = 7.81 or √61. Accept 7.8 
tan α = 6/5 soi 
Note, cos α = 5, sin α = 6 ⇒ tan α = 6/5 
is M0. 

 

   (b) xxx d2sin4
1

0∫
π

  let u = x, dv/dx = sin 2x 

    ⇒ v = −½ cos 2x 

   = ∫ −−⎥⎦
⎤

⎢⎣
⎡−

π
π

4
1

0

4
1

0

.1).2cos
2
1(2cos

2
1 dxxxx  

   = 0  + 
π

4
1

0

2sin
4
1

⎥⎦
⎤

⎢⎣
⎡ x  

   = ¼ 
 

 
 
M1 
A1 
 
 
A1ft 
 
DM1 
 
A1cao 
[5] 
 

 
 
u = x, dv/dx = sin 2x 
v = − ½ cos 2x 
 

− xxx 2sin
4
12cos

2
1

+  ft their v 

substituting limits 
 
 
 

 
    (c)  1 + ln 1 = 1, sin π/2 = 1, so (π/2, 1) lies on curve. 
           x

dx
dy

ydx
dy cos1

=+   

 
 
 
 
 
 
 
 
   ⇒  x

ydx
dy cos)11( =+     

 
 ⇒ 

y
x

dx
dy

/11
cos
+

= = cos
1

y x
y +

 * 

 
Allow verification: Separating the variables    M1 
                                    A1 Cxyy +=+ sinln
            x = π/2, y = 1  ⇒ C = 0                         E1 
 
When x = π/2, y = 1, dy/dx = 0 

 
E1 
 
 
M1 
 

 
 
 
 
 
 
 
B1 
 
 
E1 
 
 
 
 
 
 
B1 
 
[5] 
 
[14] 

 
1 + ln 1= 1 or 1 + 0 =1 
 

1dy dy
dx y dx

+ .Some evidence of implicit 

differentiation. Ignore spurious dy/dx. 

Allow 
dx
dyy

dx
dy

+ =,or .....11 =+
dx
dy

y
 

but not  =+
dx
dyy1 … 

 
 
cos x 
 
 
An intermediate step must be seen. 
 
 
 
 
 
 
www. 

 



 
 

2 (i)  
x

B
x

A
xx 212)21)(2(

5
−

+
+

=
−+

 

⇒ 5 = A(1 − 2x) + B(2 + x) 
x = −2 ⇒ 5 = 5A  , ⇒ A = 1 
x = ½ ⇒ 5 = 2½ B  ⇒ B = 2 
 ⇒ 5 1

(2 )(1 2 ) 2 1 2
2

x x x
= +

+ − + − x
 

 

 
 
 
M1 
 
A1 
A1 
[3] 
 

 
 
 
Equating numerators soi 
 
A = 1/(2+x) 
B = 2/(1−2x) 
SC If no working seen , one fraction 
correct B2, the other correct B1. 

 
   (ii)   

)21)(2(
5

d
d

xx
y

x
y

−+
=  

⇒ 1 5
(2 )(1 2 )

dy dx
y x

=
+ −∫ ∫ x

 

           = 1 2( )
2 1 2

dx
x x

+
+ −∫  

⇒   ln y   = ln 2 ln 1 2x x c+ − − +  
 
 
 When x = 0, ln 2 = ln 2 + c  ⇒ c = 0 
 
 
⇒ ln y = 2ln(2 ) ln(1 2 ) ln( )

1 2
xx x
x

+
+ − − =

−
 

⇒ y = 2
1 2

x
x

+
−

* 

 

 
 
 
 
M1 
 
 
 
B1 
B1 
B1 
 
DM1 
 
 
 
 
E1 
[6] 

 
 
 
 
Re-arranging.  Allow eg ∫ y dy =… 
 
 
 
ln y             ) 
ln(2 + x)     )     Condone no C 
−ln(1 − 2x) ) 
 
calculating c without incorrect log work 

eg 0
21

2
=⇒+

−
+

= ce
x
xy c  is DM0 

 
www. 

 
   (iii)       y = 12 (2 )(1 2 )

1 2
x x x
x

−+
= + −

−
 

                   =  2 3(2 )(1 2 4 8 ...)x x x x+ + + + +
 
                   =   2 32 4 8 16x x x+ + +  
                      + .  2 32 4 ..x x x+ + +
                   =  * 2 32 5 10 20 ...x x x+ + + +
 
 Valid for 1 1

2 2
x or x< − < <

1
2

 

 
 
 
M1 
 
 
M1 
 
E1 
 
B1 
[4] 
 

 
 
 
Binomial expansion : evidence of correct 
binomial coefficients and correct use of 
(−2x)r 

multiplying out 
 
given answer 

 
   (iv) f ′(x) = 5 + 20 x + 60 x2   
           f ′ (0.01) = 5.206 

 y = 2.01
0.98

= 2.051… 

 5 2.051... 5.206
0.98 2.01

dy
dx

×
= =

×
..  

So accurate to 3 decimal places 

(OR 
( )221

5
xdx

dy
−

= = 2)02.01(
5

−
 using the 

 
 
B1 
 
M1 
 
A1 
[3] 
 
 
 
 

 
 
5.206 
 
substituting for x in y,and then x and y in  
dy/dx 
5.206 



quotient rule, (must be correct), and substitution,   = 
5.206) 
  
 

 
[16] 

 
 

 
3 (i)   At A, cos 2θ = −1,  
 ⇒  A is (2, 0) 
            At B, sin 2θ = 1  
 ⇒  B is (1, 2). 
 

 
M1 
A1 
M1 
A1 
[4] 
 

 
Or,  y = 0 ⇒ sin 2θ  = 0  
       θ = π/2,x=2 
or,  x = 1 ⇒ cos 2θ = 0  
     θ = π/4, y=2 
SC Allow B2, B2 for correct answers 
without working 
 

 
  (ii)  y =x  ⇒ 1 − cos 2θ = 2 sin 2θ 
 
 
 ⇒   2 sin2θ = 4 sin θ cos θ 
 ⇒   2 sin θ (sin θ − 2 cos θ) = 0 
 ⇒   (sin θ = 0)  or sin θ = 2 cos θ 
 ⇒    tan θ = 2 * 
 

 
M1 
M1 
 
A1 
 
 
E1 
[4] 

 
Equating 
Attempt to use the double angle formulae  
to obtain an equation in θ.  
Any correct equation in θ 
 

 
   (iii)          /

/
dy dy d
dx dx d

θ
θ

=  

 
                          = 4cos 2

2sin 2
θ
θ

 

                          = 2 cot 2θ* 

 ⇒  gradient at C = 
21 tan2.

2 tan
θ

θ
−  

                                       = ( 3)2
4

−
×  

                                        = −1.5 
 

 
M1 
 
 
A1 
 
E1 
 
M1 
 
 
 
A1cao 
[5] 
 

θ
θ

dtheirdx
dtheirdy

dx
dy

/
/

=  

 
4cos 2
2sin 2

θ
θ

 

(Allow these marks if seen in part (i).) 
 
Use of tan 2θ formula or θ = 63.43…° 
or 1.107… rads 
 
 
 

 
   (iv)        cos 2θ = 1 − x  , sin 2θ= y/2 
 
 ⇒ 

2
2 2 2cos 2 sin 2 (1 ) 1

4
yxθ θ+ = − + =  

                                            or eg  y2 + 4 x2 −8x= 0 

 
M1 
 
A1 
[2] 
 
[15] 

 
These equations plus a  valid method of 
eliminating 2θ 

 



 
 

4 (i)  a =  , b =  
3

4
12

−⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

2
4
4

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

⇒ . ( 3) 2 4 4 12cos
169 36

θ − × + × + ×
= =

×
a b
a b

4  

               = 58 41.96
78

θ⇒ = ° (Accept 42° or 0.73 radians) 

 Area of triangle OAB = 1 13 6sin
2

θ× ×  

                                             = 26.1 (units 2) (Accept 26) 
 

 
 
 
 
 
M1 
A1 
A1 
A1 
 
M1 
 
A1 ft 
[6] 
 

 
 
 
 
 
use of scalar product (allow one slip) 
correct numerator 
correct denominator 
 
 
 
 
ft their θ 

 

   (ii)  
3 8

4 9
12 5

λ
−⎛ ⎞ ⎛ ⎞

⎜ ⎟ ⎜ ⎟= + −⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

r

 
B1 
 
 
B1 
 
 
[2] 
 

r = .⎜ ⎟
3

4 ..
12

−⎛ ⎞
+⎜ ⎟

⎜ ⎟
⎝ ⎠

 or, using D, r = 
5

5 ...
17

⎛ ⎞
⎜ ⎟− +⎜ ⎟
⎜ ⎟
⎝ ⎠

 

8
... 9

5
λ

⎛ ⎞
⎜ ⎟+ −⎜ ⎟
⎜ ⎟
⎝ ⎠

  o.e. 

 

   (iii)  
8 3

. 9 . 4 24 36 60 0
5 12

OA
−⎛ ⎞ ⎛ ⎞

⎜ ⎟ ⎜ ⎟= − = − − + =⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

c

      
8 2

. 9 . 4 16 36 20 0
5 4

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

c

 ⇒  c is perpendicular to the plane OAB 
           OAB:  8x − 9y + 5z = 0 
            CDE:   8x − 9y + 5z = d 
           At C, x = 8, y = −9, z = 5 
 ⇒    d = 64 + 81 + 25 = 170 
     ⇒  8x − 9y + 5z = 170 
 
 

 
 
B1 
 
 
 
 
B1 
 
 
B1 
 
M1 
 
A1 
[5] 

 
 
Working must be seen 
 

 
   (iv)  OC = √170 
 Volume of prism = 26.1 × √170 
                                       = 340 (units3) 

 
M1 
A1cao 
[2] 
 
[15] 
 

 

 
 
 
 
 



Section B 
 
1. The masses are measured in units.  
           The ratio is dimensionless           
            

 

 

B1 
B1 
 [2] 

 
 
 
 
‘units cancel out’  ⇒ B2 

2.     Converting from base 5, 
 

2 3 4 5

0 3 2 3 23.03232 3
5 5 5 5 5

= + + + + +   

                        = 3.14144    
 

 
 
M1 
A1 
[2] 

 
 
Allow this M1 for misreading and 

3.03232 = 3 + 5432 6
2

6
3

6
2

6
3

6
0

++++  

then A0 
3.    

n nx  
0 0.5 
1 0.8 
2 0.512 
3 0.7995392 
4 0.5128840565 
5 0.7994688035 

 

 
 
 
 
 
B1 
 
 
[1] 

 
 
 
 
 
Ignore the ninth and tenth d.p. 
 

4.                                      1
1 1
φ

φ
=

−
               

              ⇒   ⇒     2 1φ φ− = 2 1 0φ φ− − =
     Using the quadratic formula gives 

1 5
2

φ ±
=  

     

 
 
 
M1 
 
E1 
 
[2] 

 
 
 
A Q.E. in φ, (either form), and an attempt to 
solve- formula must be used  correctly. 
 
SC Allow B2 for verification if completely 
correct. 

5. Let 1

1

n n

n n

a ar
a a

+

−

= =  

                                1 12 3n na a a+ −= + n

dividing through by an. ⇒ 32r
r

= +          

                                      2 2 3r r⇒ − − = 0
0                                       ( 3)( 1)r r⇒ − + =

⇒ r = 3 (discounting −1)  
  

 
M1 
 
 
M1 
 
A1 

A1 
[4] 

 
Either ratio 
 

Forming the equation in r,  32r
r

= +  

Correct equation in standard  QE form 

Correct solution by factorisation or formula and 
rejecting the –ve root 

SC Allow B2 for calculation at least as far as  

a8 = 1093, a9 =3281, a10=9841 

⇒ a9/a8 =3.00…, a10/a9 = 2.99… 
 



 
6.  The length of the next interval = l, where 

0.0952... 4.669...
l

=   

⇒ l = 0.0203… 
So next bifurcation at 3.5437… + 0.0203… ≈ 3.564 

 
 
M1 
 
A1 
M1 A1 

[4] 

[15] 

 
 
 
 
 
 

 



 
2603 - Pure Mathematics 3 

 
General Comments 
 
There was a wide range of marks for this paper, fewer candidates than in past years 
scoring in the range 65 plus and more than previously receiving marks of 15 or less. 
The majority of candidates scored marks between these two extremes.  Marks were 
pulled down by poorer performances on the comprehension paper on which some 50 per 
cent of candidates scored 6 marks or fewer.  Having said that, there were some very good 
performances and quite a pleasing number of candidates scored well on both papers. 
These candidates presented their work well, in contrast to weaker candidates whose work 
was often very difficult to follow and, occasionally, difficult even to read. 
 
Marks were often lost by candidates who missed, or misread, small parts of questions.  
For example an appreciable number of candidates failed to find the area of the triangle in 
question 4(i), and  quite a large number found  f(0.01) instead of f′(0.01) in question 
2(iv). There was little evidence of candidates being short of time unless time had been 
wasted with overlong solutions or work crossed out and repeated with little improvement. 
 
 
Comments on Individual Questions 
 
1) (a) This question was generally well answered although the value of α was 

frequently given in degrees.  Other errors that occurred were tanα = 5/6 or 
−6/5 or α = 0.88π. 

 
(b) Almost all candidates realized that integration by parts was required and 

chose the correct functions, u = x and dv/dx = sin 2x. Integration of the 
latter function however, was not so sure; v = ½ cos 2x or v = − 2 cos 2x, or 
similar, were often seen. These errors were often repeated or introduced at 
the next stage when integrating v. Most candidates arriving at a result of 
integration were able to substitute the limits correctly, although 1/2x= 45° 
at the upper limit was seen occasionally. 

 
(c)  Most candidates were able to show that the point (π/2, 1) lies on the given 

curve. 
Solutions to the main part of the question involving implicit differentiation 
were often spoiled by the omission of brackets,  

                                         ,cos11 x
dx
dy

y
=+  

by attempts to fudge the result after an error, 

                      x
dx
dy

y
y cos1

=+  ⇒ 
1

cos
1

cos
1

cos
+

=
+

=
+

=
y

xy

y
y

x

y
y

x
dx
dy , 



or by poor notation; the misuse of the symbol 
dx
dy  was often seen. 

In the final part of this question it was surprising to find candidates 

interpreting 
2
0  as undefined or infinity. 

 
2)  Partial fractions, differential equations, the binomial theorem  
 

(i) The partial fractions were obtained correctly by almost all candidates, just a 
few errors in the coefficients. For example, 5A=5 ⇒A=5 was seen on more 
than one occasion. 

 
(ii) The differential equation was not so well done, the separation of variables 

often being incorrect or completely absent. Candidates realized that the 
partial fractions had to be used and so the most common errors were, 

                            =∫ ydy5 dx
xx

)
21

2
2

1(
−

+
+∫ ; 

           or, simply,                 dx
xx

y ∫ −
+

+
= )

21
2

2
1( ; 

although dy and dx were often omitted. This meant that most candidates 
had the opportunity to score two marks at least for integrating their partial 
fractions. For those candidates who separated the variables correctly and 
integrated, the next common errors were the omission of an arbitrary 
constant or incorrect log work in the process of finding the value of the 
constant, 

                               ln y = ln(2+x) − ln(1−2x) + C 

⇒ y = C
x
x

+
−
+
21

2 , or perhaps +eC. 

 
(iii)  Many candidates were able to apply the binomial theorem to obtain a 

correct expansion of (1−2x)−1.Surprisingly, over-enthusiasm for the 
binomial theorem led a number of candidates to apply it, also, to 2+x 

                                          2+x = 2(1+x/2)1

                                                 = 2(1 +1.x/2 + 
2

)11.(1 − (x/2)2+….) 

                                                 = 2 + 2.x/2 = 2+x 
Multiplication of the series by 2+x was almost always correct, although 
just occasionally the x3 term was omitted from the binomial expansion 
leading to an incorrect x3 term in the product. 
Unfortunately a very large number of candidates lost the final mark in this 
part by failing to state the range of validity or by giving it incorrectly; |x| ≤ 
½, x < ½ ,or ½ < x< −1/2, etc.  

 
(iv)  Many candidates differentiated the given f(x) and substituted x = 0.01 to 

find f′(0.01) correctly but then failed to find the value of dy/dx at x=0.01, 



for comparison . Others found f(0.01) and y(0.01) both equal to 2.051 and 
thought they had answered the question. There were, however, many fully 
correct answers. 

 
 
 
3) Parametric coordinates and equations 
 

(i)  A variety of methods was seen often leading to the correct coordinates for 
A and B. The work of many candidates, however, was confused, and this 
question was a good example of one where the work of weaker candidates 
was very difficult to follow because of the lack of explanation. In some 
cases a value of θ was given as one of the coordinates. 

 
(ii)  Almost all candidates wrote down the equation  1−cos 2θ = 2 sin 2θ as a 

start to this question and realized that it was then necessary to use the 
double angle formulae in order to prove the given result.  The RHS of the 
above equation presented no problem, and many good candidates gave a 
very neat solution using ½(1− cos 2θ) = 2 sin2 θ, but weaker candidates 
often used an incorrect formula for cos 2θ or substituted with little regard 
for bracket or signs.  
cos 2θ = cos2θ −1 or  1− sin2θ, 
cos 2θ = 1− cos2θ  − sin2θ, 
cos 2θ = 1− (cos2θ − sin2θ) = 1− cos2θ + sin2θ = 1− 1 = 0 
cos 2θ = 1− (1− 2 sin2θ ) = − 2 sin2θ 
were all seen. 

 
(iii)  Some candidates did the work for the start of this question in part (i) and 

sensibly referred back to it, others repeated the work here. Many 
candidates obtained full marks for dy/dx. Many then went on to find the 
gradient at C, finding tan−12 on their calculator and retaining it  to obtain 
an exact value of  −1.5 . Others used the double angle formula for tan 2θ, 
usually correctly. 

 
(iv) Only a small number of candidates obtained the Cartesian equation using 

the identity sin2 2θ + cos2 2θ = 1; most attempted to use sin2 θ + cos2θ = 1 
which involved more work and therefore more likelihood of errors 
occurring. 

 
4)  Vectors 
 

(i)   The first part of (i) was answered well by the majority of candidates but 
many failed to go on to find the area of triangle OAB. Those who did 
attempt this often used an incorrect method; ½ |AB| sin θ, ½ a.b cos θ, ½ 



OB.BA and ½ OA. AB were all seen, as well as incorrect attempts to find 
a perpendicular height to go with base OB or OA. 

 
(ii)  Many candidates confused the vector equation of AD with the vector AD 

and this may account for   

                                   AD =  
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−+

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛−

5
9

8

12
4
3

λ

instead of  r = …… 
 
(iii)  The fact that c.a = 0 implies that c is perpendicular to a was well known 

and usually shown; just a few candidates failed to show the working which 
was necessary to obtain the mark. However many candidates thought that 
this was sufficient and did not show that in addition c.b = 0 or c.AB = 0. 
The equation of the plane OAB was usually found correctly but not always 
the equation of CDE. A number of candidates wasted time on this question 
by attempting to use the vector equation of a plane and eliminate the 
parameters to find the Cartesian equation. Such attempts were only very 
rarely successful. 

 
(iv) Most candidates obtained the method mark for this final question but 

many, not having the correct area of the triangle OAB could not get the 
correct answer. 

 
Section B Comprehension 
 
1)  A reasonable number of candidates recognized the problem with units and 

explained that sending the ratio of the two masses was a way of overcoming this. 
Other candidates commented on ‘the different conditions on earth’ or the ratio 
being ‘the same everywhere’ without saying why. Some candidates erroneously 
referred to different number systems or numbers being too small to transmit. 

 
2) Many candidates were able to write down the correct expression for the 

conversion of the given number in base 5 to a decimal number but unfortunately 
many of them failed to evaluate it.  Many other candidates just wrote down the 
usual value of π in terms of powers of 10. 

 
3)  Very well done indeed, very few candidates were unable to complete the table 

correctly. 
 
4) Candidates were roughly, equally divided between those who verified that the 

given values of φ satisfied the equation, and those who transformed the equation 
into standard form and then used the formula to solve it. Unfortunately many of 
the former used their calculator to evaluate the given values of φ and then 
substituted them into the equation. This approximate solution was not acceptable 



but a complete justification involving rationalizing was accepted. Those 
candidates transforming the equation usually applied the formula correctly.  

 
5) Many candidates took the reference to ‘the method on page 5’ to refer to the 

demonstration that the sequence there appeared to converge to the limit φ, rather 
than to the proof that it did converge. Some credit was allowed to those 
candidates who calculated a sufficient number of ratios to draw a reasonable 
conclusion, but very few did this, and many made errors in their calculations of 
the early terms of the sequence. Of those who used the algebraic approach some 
used inconsistent values of the ratio r, but many obtained the appropriate 
quadratic equation, solved it correctly, gave the positive root as their answer and 
rejected the negative root. 

 
6) Many candidates failed to attempt this question but others, not necessarily the 

most able candidates, completed it correctly. There was sometimes some 
misunderstanding as to which point of bifurcation was required and some 
candidates calculated both the point of bifurcation from 8 to 16 outcomes and also 
the point where the number of outcomes changed from 16 to 32. Some candidates 
gave a range of values of k rather than a specific value. 
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