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2603A 
MEI P3 Jan 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. 
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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. As soon as possible after the meeting, mark the 3 benchmark scripts given out at the Examiners’ 

Meeting, together with another 7 scripts, 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. About a week later, you should send a sample of about 40 scripts, covering a range of standards. 

Again, keep a record of the marks, and enclose with your scripts a stamped addressed envelope for 
their return. Your team leader will return these scripts to you, and you should amend the marks on 
the mark sheets as necessary. Your team leader will contact you and, provided all is well, authorise 
you to send off mark sheets and scripts for batch 1 before the batch 1 deadline.  

 
4. Towards the end of the marking period, contact your team leader, who will ask for a batch 2 of 

about 80 scripts, from complete centres. These scripts will not be returned to you – you should 
record your marks on the mark sheets and send these off to the Board separately. 

 
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. 
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1 (a)  
2 2

5
( 2)( 1) 2 1

A Bx C
x x x x

+
= +

− + − +
 

 ⇒  5              = A(x2 + 1) + (Bx + C)(x − 2)  
 x = 2 ⇒   5 = 5A  ⇒  A = 1 
 coefft of x2:  0 = A + B  ⇒ B = −1 
 coefft of x0: 5 = A − 2C  = 1 − 2C 
 ⇒ 2C = −4, C = −2 
 ⇒    

2 2

5 1 2
( 2)( 1) 2 1

x
x x x x

+
= −

− + − +
 

 

 
 
 
M1 
 
M1 
 
A1 
A1 
A1 
 
[5] 
 

 
 
(Equating numerators,s.o.i. Condone 
(absence of brackets if subsequent 
(working is correct 
substituting x = 2 or equating 
coeffs;independent of first M 
A = 1 
B = −1 
C = −2 
SC Cover-up rule followed by A=1 and 
nothing more is M1 A1 

 
   (b)   sin 30° = 1

2
  cos 30° = 3

2
 

 
 ⇒ sin( 30) sin cos 30 cos sin 30x x x+ = +  

 
 
B1 
 

B1 

 
 
1
2

, 3
2

 

compound angle formula 

                   = 3 1sin cos
2 2

x x+  

  √3 sin x + cos x = 1 
 ⇒ 2 sin(x + 30°) = 1 

 
 

 
B1 

 
 
 
 
s.o.i. 

or, by re-starting cos x + √3 sin x = R sin(x + α) 
                                     = R(sin x cos α + cos x sin α) 
 ⇒ R cos α = √3  , R sin α = 1 
 ⇒ R2 = √32 + 12 = 4, R = 2 
  tan α = 1/√3, α = 30 
 ⇒ 2 sin (x + 30) = 1 

 
 
 
 
 
B1 

 

 ⇒ sin(x + 30) = ½  
 ⇒ x + 30° = 30°, 150° 
 ⇒ x = 0, 120° 

M1 
A1 
A1 
[6] 
 

Solving for their  (x+α) 
 
Or A1 for 30° and 0° 

 
    (c)   x = 1 + t2   ⇒ dx/dt = 2t 
 y = t3    ⇒ dy/dt = 3t2 
 ⇒ dy/dx = /

/
dy dt
dx dt

 

             = 3t/2 
 When x = 2 and y = 1, t = 1 
 
 ⇒ dy/dx = 3/2 
 

 
 
M1 
 
A1 
 
M1 
 
 
A1cao 
[4] 
 
[15] 
 

 
 
dy/dx = /

/
dy dt
dx dt

 

3t/2 accept 3t2/2t 
 
t = 1 or both 1+t2=2 and t3=1 and attempt 
to solve 
s.o.i. by dy/dx=3/2 
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  2 (i)  2

2
2 2

sec 1cos (1 )
2

x xx x
x x

= =
−

 

             = x(1 − ½ x2)−2   * 
   = x(1 + (−2)(− ½ x2) + …) 
   = x + x3 + …* 
   

 
 
M1 
 
E1 
M1 
 
E1 
[4] 
 

 
 
cos x = 1 − ½ x2 soi and used 
 
 
Binomial expansion -  ignore subsequent 
terms 
Independent of first E1 

 

   (ii) 
0.1

0.1 3 2 4

0
0

1 1( )
2 4

x x dx x x⎡ ⎤+ = +⎢ ⎥⎣ ⎦∫  

               = 0.005025 
 

 
 
M1 
 
A1cao 
[2] 

 
2 41 1

2 4
x x⎡ ⎤+⎢ ⎥⎣ ⎦

 

Accept 0.00503 or 5.03 ×10−3or better 
Accept one fraction of equivalent 
accuracy  

 
  (iii)  

2

sin cos .cos sin .( sin )( )
cos cos

d x x x x x
dx x x

− −
=  

                             = 
2

1
cos x

 

                    = sec2x 
 

 
M1 
 
A1 
 
E1 
[3] 
 

 
quotient rule 
 
numerator = 1 
 
www 
 
 

 
   (iv)  0.1 0.12

0 0
sec (tan )dx xdx x x dx

dx
=∫ ∫  

           = [ ]
0.10.1

0 0
tan tanx x xdx− ∫  

           = 0.1 tan 0.1 + [ ]0.1

0
ln cos x  

           =  0.1 tan 0.1 + ln cos 0.1 
 
           = 0.005025… 
 Approximation is accurate to 4 s.f. 
 

 
 
M1 
 
A1 

A1 
M1 
 
A1cao 
B1 
[6] 
[15] 

 
 
u = x, v = tan x 

[ ]tan tanx x xdx− ∫  

ln cos x 
substituting limits; allow even if 
calculator is used in °mode. 
 
Answers to (ii) and (iv) must be correct 
to earn this B1 
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3 (i)   4dy x

dx y
= −  

 ⇒ 4ydy xdx= −∫ ∫  

 ⇒ ½ y2   = −2x2 + c 
 substituting x = 0, y = 2 
 ⇒        2   = c 
 ⇒ ½ y2 = −2x2 + 2 
 ⇒ 4x2 + y2 = 4   * 

 
 
 
M1 
A1 
 
M1 
 
 
E1 

 
 
 
Separating the variables  
Any correct form. 
 
calculating c. Condone the absence of c 
for the first A1 but it must be present in 
the solution to earn this M1 
 

or 4x2 + y2 = 4    
 when x = 0, y = 2, 4x2 + y2 = 0 + 4 = 4 
 Differentiating implicitly: 
 8 2 0dyx y

dx
+ =  

 ⇒ 8 4
2

dy x x
dx y y

= − = −  

 
E1 
M1 
 
A1 
 
E1 
[4] 
 

 
verifying (0, 2) is on curve 
implicit differentiation 

 
   (ii)  x = cos θ    , y = 2 sin θ   
 ⇒ 4x2 + y2 = 4 cos2 θ   + 4 sin2 θ    
      = 4(cos2 θ   + sin2 θ  ) = 4 
  Ellipse 
 

 
 
M1 
E1 
B1 
[3] 
 

 
 
 
Some intermediate step must be seen. 

 
   (iii) tan α  = y/x   
 from the differential equation  tan β = −4x/y 
 ⇒ tan α  tan β  = 4( ) 4y x

x y
× − = − * 

 

 
B1 
 
E1 
[2] 
 

 
For tan α = y/x or  tanβ = −4x/y 
 
For both above and the result 

 
   (iv) tan α  tan β   = tan α  tan 2α   
             = 

2

2 2

2 tan 2 tantan .
1 tan 1 tan

α αα
α α

=
− −

 

 ⇒ 
2

2

2 tan 4
1 tan

α
α

= −
−

 

 ⇒ 2tan2 α  = −4 + 4 tan2 α 
 ⇒ 4           = 2 tan2 α 
 ⇒ tan2 α   = 2  * 
 ⇒ tan α    = √2 
 ⇒ α         = 54.73…° 
                                = 55° 
 

 
 
 
B1 
 
M1 
 
M1 
 
E1 
M1 
 
A1cao 
[6] 
 

 
 
 
 
 
Forming equation tanα (their tan2α)=−4 
 
Simplifying their equation to the form 
tan2α = const. 
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4 (i) 
1.4

0.2
1

BC
⎛ ⎞
⎜ ⎟= −⎜ ⎟
⎜ ⎟−⎝ ⎠

   , 
0.2
1.4

1
BF

⎛ ⎞
⎜ ⎟= ⎜ ⎟
⎜ ⎟−⎝ ⎠

 

 

 
 
B1 
[1] 

 
 
Accept row vectors 

 
   (ii)  BC = √(1.42 + 0.22 + 12) = BF  
   so triangle BCF is isosceles 
 

 
M1 
A1w.w.w. 
[2] 
 

 
Length formula 
applied to BC and BF 
SCB1 for convincing verbal argument 

 

   (iii) 
4 1.4

. 3 . 0.2 5.6 0.6 5 0
5 1

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

1n  

 
4 0.2

. 3 . 1.4 0.8 4.2 5 0
5 1

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

1n  

  
 
Equation of plane is therefore 4x + 3y + 5z = d 
 Substituting x = 4, y = 3, z = 2: 
 ⇒ d = 16 + 9 + 10 = 35 
 ⇒  plane is 4x + 3y + 5z = 35. 
 
  

 
 
 
M1 
A1 
 
 
A1 
 
 
 
M1 
 
 
A1 
[5] 

 
 
 
 
Scalar product with BC  or with CF = 

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛−

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

0
6.1
2.1

.
5
3
4

= −4.8+4.8   or with BF  

Allow one error if all three are done. 
OR M1 correct form of vector equation 
      A1  correct vector equation 
      M1 eliminate parameters 
      A1  correct cartesian equation 
      A1 confirm the normal 

 
   (iv) At A (0, 0, 2): 3×0 − 4×0 + 5×2 = 10 
 At B (4, 3, 2): 3×4 − 4×3 + 5×2 = 10 
 At D (6, 2, 0): 3×6 − 4×2 + 5×0 = 10 

 
2

3
4

5

⎛ ⎞
⎜ ⎟= −⎜ ⎟
⎜ ⎟
⎝ ⎠

n  

 

 
M1 
 
A1 
 
 
B1 
[3] 

 
substituting one set of coordinates into 
equation 
all three done correctly 
OR M1 correct form of vector equation 
and elimination of parameters 
      A1 correct Cartesian equation 

 
   (v) 2

2

.cos

.
θ = 1

1

n n
n n

 

             = 

4 3
3 . 4
5 5
50. 50

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟−⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠    = 25 1

50 2
=  

 ⇒ θ = 60°. 

 
 
M1 
 
A1ft 
 
A1cao 
 
A1 
[4] 
 

 
 
Use of  n1 and their  n2 
 
scalar product = 25 ft their n2 
 
cos θ = ½  
 
allow 120° 
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Mark scheme 
 
1. Points to be plotted        B1, B1, B1 

 
Star Type   Abs. Mag.   
The Sun G2 4.8 
Sirius  A1 1.4 
Polaris F8 -4.6 
 
 
 

 
 
 



 2

2. 2
2 1 10

1

2.5 log Em m
E

⎛ ⎞
− = − × ⎜ ⎟

⎝ ⎠
 

 
 Take star 1 as Bellatrix and star 2 as Arcturus,    M1 

 so 1 1.64m = , 2

1

4.7E
E

= and 2m  is to be found 

 ( )2 101.64 2.5 log 4.70m − = − ×  
 The apparent magnitude of Arcturus is 0.04−     A1 
 
 
 

3. (i)  (A) Using 
2 tan

bd
α

=  )       M1  

 
 with 82 (1.5 10 )b = × ×        ) 
 and  1α ′′=          )                  A1   
 
 133.093... 10d⇒ = ×  in kilometres      A1   
  
 (i) (B) Convert to light years by dividing by 53 10 60 60 24 365× × × × ×  M1   
 
 3.27d⇒ =          A1   
 

(ii) The values used for the radius of the earth’s orbit, the speed  
of light and the length of a year, were approximate. Also the Earth’s orbit 
 is assumed to be circular.                  Any one reason is sufficient for          B1    

 

4. 
2

102.5log
100Abs App
dM M

⎛ ⎞
= − ⎜ ⎟

⎝ ⎠
 

   
2

102.5log
10Abs App
dM M ⎛ ⎞= − ⎜ ⎟

⎝ ⎠
 

102.5 2 log
10Abs App
dM M ⎛ ⎞= − × × ⎜ ⎟

⎝ ⎠
      M1   

 
10 105 [log log 10]Abs AppM M d= − × −       M1   

 
105 [log 1]Abs AppM M d= − × −  

 
105 5logAbs AppM M d= + − .       E1   

 



 3

 
5. Sirius has a large apparent magnitude because it is quite close to us, even though it 

does not have a very large absolute magnitude.    B1 
 
or an equivalent comment, e.g. 
 
O and B stars on the main sequence have higher absolute magnitudes.  

 



 
 
 

Examiner’s Report 


