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Paper 1 Markscheme 
 

Instructions to Examiners 
 
Note:  Where there are 2 marks (e.g. M2, A2) for an answer do NOT split the marks unless otherwise 

instructed. 
 
1 Method of Marking 
 

(a) All marking must be done using a red pen. 
 
 (b) In this paper, the maximum mark is awarded for a correct answer, irrespective of the method 

used.  Thus, if the correct answer appears in the answer box, award the maximum mark and 
move onto the next question; in this case there is no need to check the method. 

 
 (c) If an answer is wrong, then marks should be awarded for the method according to the 

markscheme.  Examiners should record these marks using the abbreviations shown on the 
markscheme.  (A correct answer incorrectly transferred to the answer box is awarded the 
maximum mark.) 

 
2 Abbreviations 
 
 The markscheme may make use of the following abbreviations: 
 
 (C) Marks awarded for Correct answers (irrespective of working shown) 
 
 (M) Marks awarded for Method 
 
 (A) Marks awarded for an Answer or for Accuracy  
 

(R) Marks awarded for clear Reasoning 
 
Note: It is not possible to award (M0)(A1). 

 
 Follow through (ft) marks should be awarded where a correct method has been attempted but error(s) 

are made in subsequent working which is essentially correct. 
 
� Penalize the error when it first occurs 
� Accept the incorrect result as the appropriate quantity in all relevant subsequent working 
� If the question becomes much simpler then use discretion to award fewer marks 
 
Examiners should use (d) to indicate where discretion has been used.  It should only be used for 
decisions on follow through and alternative methods. It must be accompanied by a brief note to 
explain the decision made. 

 
 
3 Using the Markscheme 
 
 (a) This markscheme presents a particular way in which each question may be worked and how it 

should be marked.  Alternative methods have not always been included.  Thus, if an answer is 
wrong then the working must be carefully analysed in order that marks are awarded for a 
different method in a manner which is consistent with the markscheme.  Indicate the awarding 
of these marks by (d). 
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  Where alternative methods for complete questions are included, they are indicated by 
METHOD 1, METHOD 2, etc.  Other alternative (part) solutions, are indicated by 
EITHER�OR.  Where possible, alignment will also be used to assist examiners to identify 
where these alternatives start and finish. 

 
  It should be noted that G marks have been removed, and GDC solutions will not be indicated 

using the OR notation as on previous markschemes. 
 

 (b) Unless the question specifies otherwise, accept equivalent forms.  For example: sin
cos

θ
θ

 for tanθ .  

On the markscheme, these equivalent numerical or algebraic forms will be written in brackets after 
the required answer.  Paper setters will indicate the required answer, by allocating full marks at 
that point.  Further working should be ignored, even if it is incorrect.  For example: if candidates 
are asked to factorize a quadratic expression, and they do so correctly, they are awarded full 
marks.  If they then continue and find the roots of the corresponding equation, do not penalize, 
even if those roots are incorrect, i.e. once the correct answer is seen, ignore further working, 
unless it contradicts the answer.  This includes more than the required number of solutions, 
unless otherwise specified in the markscheme. 

 (c) As this is an international examination, all alternative forms of notation should be accepted.  For 
example: 1.7 , 1·7, 1,7; different forms of vector notation such as 1, , ; tanu u u x−!  for arctan x. 

 
4 Accuracy of Answers 

 
 If the level of accuracy is specified in the question, a mark will be allocated for giving the answer to 

the required accuracy. 
  

There are two types of accuracy error.  Candidates should be penalized once only IN THE PAPER 
for an accuracy error (AP).  Award the marks as usual then write �1(AP) against the answer and also 
on the front cover. 
 
Rounding errors: only applies to final answers not to intermediate steps. 
 
Level of accuracy: when this is not specified in the question the general rule unless otherwise stated 
in the question all numerical answers must be given exactly or to three significant figures applies.   
 

�  If a final correct answer is incorrectly rounded, apply the AP 
OR 

� If the level of accuracy is not specified in the question, apply the AP for answers not given to 3 
significant figures.  (Please note that this has changed from 2003). 

 
 Note:  If there is no working shown, and answers are given to the correct two significant figures, 

apply the AP.  However, do not accept answers to one significant figure without working. 
 
 Incorrect answers are wrong, and the accuracy penalty should not be applied to incorrect answers. 
 
5 Graphic Display Calculators 

 
Many candidates will be obtaining solutions directly from their calculators, often without showing 
any working.  They have been advised that they must use mathematical notation, not calculator 
commands when explaining what they are doing.  Incorrect answers without working will receive no 
marks.  However, if there is written evidence of using a graphic display calculator correctly, method 
marks may be awarded.  Where possible, examples will be provided to guide examiners in awarding 
these method marks. 
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Examples 
 
1. Accuracy 
 
 A question leads to the answer 4.6789�. 

� 4.68 is the correct 3 s.f. answer. 
� 4.7, 4.679 are to the wrong level of accuracy : both should be penalised the first time this type of 

error occurs. 
� 4.67 is incorrectly rounded � penalise on the first occurrence. 

 Note: All these �incorrect� answers may be assumed to come from 4.6789..., even if that value is not 
seen, but previous correct working is shown.  However, 4.60 is wrong, as is 4.5, 4.8, and these should 
be penalized as being incorrect answers, not as examples of accuracy errors. 

 
2. Alternative solutions 
 
 The polynomial 2 4 3x x− +  is a factor of 3 2( 4) (3 4 ) 3x a x a x+ − + − + . 
 Calculate the value of the constant a. 
 

METHOD 1 
Using the information given it follows that 
 3 2 2( 4) (3 4 ) 3 ( 4 3)( 1)x a x a x x x x+ − + − + ≡ − + +  (M1)(A1) 

 Comparing coefficients of 2 (or )x x  (M1) 
  4 3 (or 3 4 1)a a− = − − = −  (A1)(A1) 

 giving 1a =    (A1) (C6) 
 
 METHOD 2 

  2 4 3 ( 3)( 1)x x x x− + = − −  (M1)(A1) 

 EITHER 
 1 ( 4) (3 4 ) 3 0a a+ − + − + =  (M1)(A1) 

  Solving, 1a =   (M1)(A1) 
 OR 
 27 9( 4) 3(3 4 ) 3 0a a+ − + − + =  (M1)(A1) 

  Solving, 1a =   (M1)(A1) (C6) 
 
Note that the first line of METHOD 2  applies to both EITHER and OR alternatives. 
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3. Follow through 
 
 Question 
 
 Calculate the acute angle between the lines with equations  
 

 
4 4
1 3

s
⎛ ⎞ ⎛ ⎞

= +⎜ ⎟ ⎜ ⎟−⎝ ⎠ ⎝ ⎠
r    and   

2 1
4 1

t
⎛ ⎞ ⎛ ⎞

= +⎜ ⎟ ⎜ ⎟−⎝ ⎠ ⎝ ⎠
r . 

 
 Markscheme 
 
 Angle between lines = angle between direction vectors (may be implied) (A1) 
 

 Direction vectors are  
4
3
⎛ ⎞
⎜ ⎟
⎝ ⎠

 and 
1
1

⎛ ⎞
⎜ ⎟−⎝ ⎠

  (may be implied) (A1) 

 

 
4 1 4 1

cos
3 1 3 1

θ
⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞

=⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟− −⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠
i  (M1) 

 

 4 1 3 ( 1)× + × − = ( )2 2 2 2(4 3 ) 1 ( 1) cosθ+ + −  (A1) 

 

 1cos
5 2

θ =  (= 0.1414�.) (A1) 

 
 81.9θ = "   (1.43 radians) (A1) (C6) 
 
 
Examples of solutions and marking 
 
 Solutions Marks allocated 
 

1. 
4 1 4 1

cos
3 1 3 1

θ
⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞

=⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟− −⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠
i  

 7cos
5 2

θ =   (A0)(A1) 

  8.13θ = "    (A1)ft 
Total 5 marks 

 

2. cosθ  

4 2
1 4

17 20

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟−⎝ ⎠ ⎝ ⎠=
i

  

  0.2169=   (A1)ft 
    77.5θ = "   (A1)ft 

Total 4 marks 
 

END OF EXAMPLES 
 
 
 

(A1)(A1) implied 
(M1) 

(A0)(A0) wrong vectors implied 
(M1) for correct method, (A1)ft 
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QUESTION 1  
 
 
 
 
 
 
 
 
 
 
 
  
  
 METHOD 1 

 sin 31 sin BAC  
3 5

=   (M1) 

 5sin31sin BAC
3

=  

 BAC 59.137  or 120.863∠ = " "  (A1)(A1) 
 ACB 89.863  or 28.137∠ = " "  

  3 AB
sin 31 sin89.863

=  3 AB
sin 31 sin 28.137

=  

      3sin89.863AB
sin 31

=  or  3sin 28.137AB
sin31

=  (A1) 

      AB 5.82=   AB 2.75=  (A1)(A1) (C6) 
 
 METHOD 2 
 2 2 23 5 AB 2 AB BC cos31= + − × × × "  (M1)(A1) 
 20 AB 10ABcos31 16= − +"  (A1) 

 
210cos31 100cos 31 64

AB
2

± −
=

" "

 (A1) 

    5.82 or 2.75=  (A1)(A1) (C6) 
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QUESTION 2 
 
 METHOD 1 

 6.2 7.8 12.1 9.7 5.2 14.8 16.2 3.7 75.7
8 8

x + + + + + + +
= =  (M1) 

     9.46=  (9.4625 is exact) (A1) (C2) 

 ( )2 2 2 2 2
1

1 (6.2 9.46) (7.8 - 9.46)  (12.1 9.46) ... (3.7 9.46)
8 1ns − = − + + − + + −
− ∑  (M1)  

  1 (145.678) 20.811 ...
7

= =  (A2) 

 20.8=    (A1) (C4) 
 
METHOD 2 

 28, 75.7, 861.99n x x= = =∑ ∑  (A1)(A1) (C2) 

 (a) Unbiased estimate of population mean 75.7 9.46
8

x = =  (M1)(A1)  

 (b) Unbiased estimate of population variance 
2

2
1

861.99 75.7
7 56ns − = −   (M1) 

        20.8=  (A1) (C4) 
 
 
QUESTION 3 
 
 3 2( ) 4 1P x x px qx= + + +  
 3 2(1) 4(1) (1) (1) 1 2P p q= + + + = −  (M1) 
 
 7p q⇒ + = −   (A1) 

 
3 21 1 1 1 134 1

2 2 2 2 4
P p q⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞= + + + =⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠

 (M1) 

 2 7p q⇒ + =   (A1) 
 Solving gives 21, 14p q= − =  (A1)(A1) (C6) 
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QUESTION 4 
 

 
3

2 3 4
3
xy x x= − − +  

 2d 2 3
d
y x x
x

= − −   (M1) 

 at d 0, ( 3)( 1) 0
d
y x x
x

= − + =  (M1) 

 173, 1; 5,
3

x y= − = −  

 So 17P(3, 5) and Q 1,
3

⎛ ⎞− −⎜ ⎟
⎝ ⎠

  (A1)(A1) 

 Equation of (PQ) is 5 3
17 1 35
3

y x+ −
=
− −⎛ ⎞+⎜ ⎟

⎝ ⎠

 (M1) 

         3 15 3
32 4

y x+ −
=

−
 

         3 15 3
8 1

y x+ −
=

−
 

          3 15 8 24y x− − = −  
           8 3 9 0x y+ − =  (A1) (C6) 
 
 
 
QUESTION 5 
 

 Matrix for rotation is 

1 3cos sin
3 3 2 2

3 1sin cos
3 3 2 2

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

 (M1)(A1) 

 Coordinates are 

1 3 1 3
2 32 2 2 2

3 1 3 2 3 3 5
2 2 2 2

⎛ ⎞ ⎛ ⎞
− − −⎜ ⎟ ⎜ ⎟⎛ ⎞

⎜ ⎟ ⎜ ⎟=⎜ ⎟⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 (M1)(A1) 

 

 Image of A is 1 3 3A ,
2 2

⎛ ⎞
′ −⎜ ⎟⎜ ⎟
⎝ ⎠

, image of B is 3 5B ,
2 2

⎛ ⎞
′ −⎜ ⎟⎜ ⎟
⎝ ⎠

 (A1)(A1) (C3)(C3) 
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QUESTION 6 
 
 METHOD 1 

 1 1 1 2i i
1 i 1 2i 2 2 5 5

a b a b⎛ ⎞ ⎛ ⎞+ = − + +⎜ ⎟ ⎜ ⎟+ − ⎝ ⎠ ⎝ ⎠
 (M1)(A1) 

 3
2 5
a b

+ =  and 2 0
2 5
a b

− + =  (M1)(A1) 

 Solving gives 4, 5a b= = . (A1)(A1) (C6) 
 
 METHOD 2 

 3
1 i 1 2i

a b
+ =

+ −
 

 (1 2i) (1 i) 3(1 2i) (1 i)a b− + + = − +  (M1) 
      9 3i= −  (A1) 
 Re( ): 9z a b+ =  
 Im( ): 2 3z a b− + = −  (M1)(A1) 
 3 12a =  
 4, 5a b= =    (A1)(A1) (C6) 
 
 
 
QUESTION 7 
 
 e cos d e cos e sin dx x xx x x x x= +∫ ∫  (M1)(A1) 

        e cos e sin e cos dx x xx x x x= + − ∫  (M1)(A1) 

 ( )2 e cos d  = e cos sin +x xx x x x c+∫  (M1) 

    ( )ee cos d cos sin +
2

x
x x x x x k= +∫  (A1) (C6) 

  
  Note:   Do not penalize for missing integration constants. 
 
 
 
QUESTION 8 
 

 
15

2 2 2 2 3 2 15 2

1
(ln ) (ln ) (ln ) ... (ln )n

n
a x x x x

=

= + + + +∑  (M1) 

  2 2 2 2(ln ) (2ln ) (3ln ) ... (15ln )x x x x= + + + +  (M1) 
  2 2 2 2 2(ln ) 1 2 3 ... 15x ⎡ ⎤= + + + +⎣ ⎦  (A1) 

  2 15(ln ) (16)(31)
6

x=  (M1)(A1) 

  21240(ln )x=  (A1) (C6) 
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QUESTION 9 
 
 3 2( )f x ax bx cx d= + + +  (M1) 
 2( ) 3 2f x ax bx c′ = + +  
 ( ) 6 2f x ax b′′ = +   (M1) 
 (0) 2f d= =   (A1) 
 (1) (1) 2 3 2f f a b c a b c′ = → + + + = + +  
   2 2a b= +  
 (0) 3f c′ = − =   (A1) 
 ( 1) 6 6 2f a b′′ − = = − +  

 12 1,  
5 5

b a= = −   (A1)(A1) 

 3 21 12( ) + 3 2
5 5

f x x x x= − − +  (Accept 1 12, , 3, 2
5 5

a b c d= − = = − = )  (C6) 

 
 
 
QUESTION 10 
 
 
 
 
 
   
 
  
 
 
 
 
 
 
 
 
 
 
 

 (i) 1 6 1 4P( )  
2 8 2 7

R = × + ×  (M1)(A1) 

           3 2 37   (0.661)
8 7 56

= + =  (A1) (C3) 

 

 (ii) P( )P ( | )
P( )
B RB R

R
∩

=  (M1) 

        

2
7

37
56

=  (A1) 

          16  (0.432)
37

=  (A1) (C3) 
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QUESTION 11 
 
 A(3, 2, 0), B(7, 1, 1), C(10, 3, 0), D(6, 0, 1)− − −  

 Two bounding vectors are 
7 3 4

AB 1 2 3
1 0 1

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

 and (A1) 

 
6 3 3

AD 0 2 2
1 0 1

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

 (A1) 

 Area of parallelogram 4 3 1
3 2 1

⎛ ⎞
⎜ ⎟= − −⎜ ⎟
⎜ ⎟−⎝ ⎠

i j k
 (M1) 

 2 2 2( 3 2) (4 3) ( 8 9) ( 5) ( 7) ( 1)= − − − + − − + = − + − + −i j k  (M1)(A1) 

 75=  (accept 5 3  or 8.66) (A1) (C6) 
 
 
 
QUESTION 12 
 
 P ( 6.2) 0.9474X > =  gives 1.62z = −   (A1) 
  
 P( 9.8) 0.6368X < =  gives 0.35z =  (A1) 

 6.2 9.81.62 and 0.35µ µ
σ σ
− −

= − =  (M1)(A1) 

 6.2 1.62µ σ− = −     
 9.8 0.35µ σ− =  
 Solving gives 1.83 and 9.16σ µ= =  (A1)(A1) (C6) 
 
 
 
QUESTION 13 
 

 1 1( )
2

xg x− +
=   (M1)(A1) 

 1

1 1
2( ) ( )

2

x

f x f g g x−

+
+

= =" "  (M1) 

     3
4

x +
=  (A1) 

 ( 3) 3( 3)
4

xf x − +
− =  (M1) 

      
4
x

=    (A1) (C6) 
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QUESTION 14 
 

 (a) 1 0.5 1.5
0.5 0.5

− − −⎛ ⎞
= ⎜ ⎟
⎝ ⎠

M  (A1) (C1) 

 

 (b) 
0.5 1.5 0.5 4.5 1.5 1.5 5

0.5 0.5 3 1 0.5 1.5 0.5 2 0.5
x x x x

x x x x
− − − − + −⎛ ⎞⎛ ⎞ ⎛ ⎞ ⎛ ⎞

= =⎜ ⎟⎜ ⎟ ⎜ ⎟ ⎜ ⎟− + − −⎝ ⎠⎝ ⎠ ⎝ ⎠ ⎝ ⎠
 (M1)(A1) 

  1
1.5 0.5 is 
5 2

x yL − +
=

−
 (M1)(A1) 

  2 3 5 2.5x y− = − −  
  2 5 0.5 0x y+ − =  
  4 10 1 0x y+ − =  (A1) (C5) 
 
 
 
QUESTION 15 
 
 Substituting  y kx=  in the circle equation (M1) 
 2 2 2 2 2( 2) 1 4 4 1x kx x k x kx+ − = ⇒ + − + =  (A1) 
 2 2(1 ) 4 3 0k x kx+ − + =  (A1) 
 For tangency  
 2 2( 4 ) 4(1 )(3) 0k k− − + =  (M1) 
 24 12k =  

   2 3k =   
    3k = ±     (A1)(A1) (C6) 
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QUESTION 16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Arc length, 4s θ=   (A1) 

 d d4
d d
s
t t

θ
=    (A1) 

 Segment area, 21 (4) ( sin ) 8( sin )
2

A θ θ θ θ= − = −  (A1) 

 d d8(1 cos )
d d
A
t t

θθ= −  (A1) 

  
 When numerically equal, 

 d d4 8(1 cos )
d dt t
θ θθ= −  (M1) 

    1 1 cos
2

θ= −  

    1 cos
2

θ=     

    
3

θ π
=  (Accept 60" ) (A1) (C6) 
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QUESTION 17 
 
 4sin 3cos sin ( )Rθ θ θ α+ ≡ +  (M1) 

 2 24 3 5R = + =   (A1) 

 3arctan
4

α⎛ ⎞=⎜ ⎟
⎝ ⎠

 

 1 1
34sin 3cos 5sin arctan
4

k kθ θ θ
=

+ + ⎛ ⎞+ +⎜ ⎟
⎝ ⎠

 

 Fraction reaches maximum when 3sin arctan 1
4

θ⎛ ⎞+ = −⎜ ⎟
⎝ ⎠

 (R1) 

 1 1 2
3 55sin arctan
4

kkθ
= =
− +⎛ ⎞+ +⎜ ⎟

⎝ ⎠

 (M1) 

 1 10 2k= − +   (A1) 

 11
2

k =    (A1) (C6) 
 
 
QUESTION 18 
 
 Let there be n black disks and 25 n−  white disks. 
 
  EITHER  
  
  Since the two probabilities are equal, 

  

25
2 21

252
2

n n−⎛ ⎞ ⎛ ⎞
+⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠=
⎛ ⎞
⎜ ⎟
⎝ ⎠

 (M1)(A1) 

  
251 ! (25 )!
22 ( 2)!2! (23 )!2!

n n
n n

⎛ ⎞ −
= +⎜ ⎟ − −⎝ ⎠

 (A1) 

  300 ( 1) (25 )(24 )n n n n= − + − −  
  20 2 50 300n n= − +  (A1) 
  20 25 150n n= − +  
  0 ( 15)( 10)n n= − −  
  15, 10n =    (A1)(A1) (C6) 
 
  OR 

  ( 1) (25 )(24 )P(same color)
25 24 25 24
n n n n− − −

= +
× ×

 (A1) 

  (25 ) (25 )P(different color)
25 24 25 24

n n n n− −
= +

× ×
 (A1) 

  probabilities the same so, 

  ( 1) (25 )(24 ) (25 ) (25 )
25 24 25 24 25 24 25 24
n n n n n n n n− − − − −

+ = +
× × × ×

 (M1) 

  2 2 2 2600 49 25 25n n n n n n n n− + − + = − + −  
  24 100 600 0n n− + =  
  2 25 150 0n n− + =   (A1) 
  ( 10)( 15) 0n n− − =  
 10,15n =    (A1)(A1) (C6) 
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QUESTION 19 
 

 8 4( ) ,
3

xf x x
x
−

= ∈
−

#  

 18 4 0 and 3 0  and 3 3
2

x x x x x− ≥ − > ⇒ ≥ > ⇒ >  (M1)(A1) 

 or 1 18 4 0 and 3 0  and 3
2 2

x x x x x− ≤ − < ⇒ ≤ < ⇒ ≤  (M1)(A1) 

 So largest set of values of x is ] [1, 3,
2

⎤ ⎤−∞ ∪ ∞⎥ ⎥⎦ ⎦
    1 , 3

2
x x⎛ ⎞−∞ < ≤ < <∞⎜ ⎟

⎝ ⎠
 (A2) (C6) 

 
  Note: A graphical approach is acceptable providing a graph sketch is shown.  Award (M1)(A1) for 

recognizable sketch, (M1)(A1) for intercepts and asymptotes and (A2) for answers. 
 
 
 
QUESTION 20 
 

 Line direction is 
1
2
2

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

 and plane normal is 
1
1
1

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠

 (M1) 

 Angle θ  between these two given by 

 
2 2 2 2 2 2

1 1
2 1
2 1

cos
1 2 2 1 1 1

θ

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠=

+ + + +

i

 (M1)(A1) 

    5
3 3

=  

   5arccos
3 3

θ =  

   0.276 radiansθ =  (A1) 

 Angle between line and plane is 0.276 1.295 radians
2
π
− =  (A1) 

 Angle between line and its reflection is 1.295 2 2.59 radians× =  (A1) (C6) 
 
  Note:   Do not award the final (A1) if the answer is given in degrees, 148" . 
 
 
 


