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1. (a) Given that sin2θ + cos2θ ≡ 1, show that 1 + tan2θ ≡ sec2θ.

(2)

(b) Solve, for 0 ��θ < 360°, the equation

2 tan2θ + secθ = 1,

giving your answers to 1 decimal place.

(6)
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Question 
Number 

Scheme Marks 

1        (a) 
Dividing by cos :2







22

2

2

2

cos

1

cos

cos

cos

sin
  

M1 
 

 Completion :  1  + tan    (no errors seen)  22 sec A1           (2) 
 

(b) Use of  :     22 sectan1  1sec)1(sec2 2   M1 
 

 [ ] 03secsec2 2    

 Factorising or solving:  0)1)(sec3sec2(    M1 
 

 
[ sec  – 

2

3
  or  sec ]1         

 

 0   B1 
 

 
cos – 

3

2
  ;     8.1311  ° 

M1 A1 
 

 
2 228.2  ° A1√         (6)

 [A1ft  for  2 360° – 1 ]  

  [8]
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2. (a) Differentiate with respect to x

(i) 3 sin2x + sec2x,

(3)

(ii) {x + ln(2x)}3.

(3)

Given that 

(b) show that 

(6)
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Question 
Number 

Scheme Marks 

2        (a) (i)        xxxx 2tan2sec2cossin6  M1A1A1 
              (3) 

 or  3 sin 2 2sec 2 tan 2x x x         [M1 for 6 sin x]   

 (ii) 
3( )1()2ln

12

x
xx    

B1M1A1 
              (3) 

 [ B1 for 3( 2ln 2 )x x ]  

(b) Differentiating numerator to obtain 10x – 10 
 

 

        Differentiating denominator to obtain 2(x-1)   

 Using quotient rule formula correctly: 
 

 

 
To obtain                

4

22

)1(

)1(2)9105()1010()1(

d

d





x

xxxxx

x

y
 

 

 
Simplifying to form        

4

22

)1(

)9105()1(5)[1(2




x

xxxx
 

 

 
=     

3)1(

8




x
 * (c.s.o.)  

 

3        (a) 

2

3

)1)(2(

15







xxx

x
 

B1 

 
         =  

)1)(2(

)1(315




xx

xx
    

M1 

 M1 for combining fractions even if the denominator is not lowest common  

 
=  

)1)(2(

42




xx

x
 = 

)1)(2(

)2(2




xx

x
 = 

1

2

x
   *  

M1 A1 cso    
               (4) 

 M1 must have linear numerator  

(b) 
y = 

1

2

x
       2 yxy       xy  = 2 + y    

M1A1 
 

 
f –1(x) = 

x

x2
    o.e.  

A1          (3) 
 

 
fg(x) = 

4

2
2 x

    (attempt)  [ 
1""

2

g
] 

M1 

 
Setting 

4

2
2 x

 = 
4

1
  and  finding  x2 = …;       x =  2   

M1; A1       
(3)
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3. The function f is defined by

(a) Show that 

(4)

(b) Find f –1(x).

(3)

The function g is defined by

g : x → x2 + 5,   x ∈ R.

(c) Solve fg(x) = .

(3)
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Question 
Number 

Scheme Marks 

2        (a) (i)        xxxx 2tan2sec2cossin6  M1A1A1 
              (3) 

 or  3 sin 2 2sec 2 tan 2x x x         [M1 for 6 sin x]   

 (ii) 
3( )1()2ln

12

x
xx    

B1M1A1 
              (3) 

 [ B1 for 3( 2ln 2 )x x ]  

(b) Differentiating numerator to obtain 10x – 10 
 

 

        Differentiating denominator to obtain 2(x-1)   

 Using quotient rule formula correctly: 
 

 

 
To obtain                

4

22

)1(

)1(2)9105()1010()1(

d

d





x

xxxxx

x

y
 

 

 
Simplifying to form        

4

22

)1(

)9105()1(5)[1(2




x

xxxx
 

 

 
=     

3)1(

8




x
 * (c.s.o.)  

 

3        (a) 

2

3

)1)(2(

15







xxx

x
 

B1 

 
         =  

)1)(2(

)1(315




xx

xx
    

M1 

 M1 for combining fractions even if the denominator is not lowest common  

 
=  

)1)(2(

42




xx

x
 = 

)1)(2(

)2(2




xx

x
 = 

1

2

x
   *  

M1 A1 cso    
               (4) 

 M1 must have linear numerator  

(b) 
y = 

1

2

x
       2 yxy       xy  = 2 + y    

M1A1 
 

 
f –1(x) = 

x

x2
    o.e.  

A1          (3) 
 

 
fg(x) = 

4

2
2 x

    (attempt)  [ 
1""

2

g
] 

M1 

 
Setting 

4

2
2 x

 = 
4

1
  and  finding  x2 = …;       x =  2   

M1; A1       
(3)
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4. f(x) = 3ex – ln x – 2,   x > 0.

(a) Differentiate to find f ´(x).

(3)

The curve with equation y = f(x) has a turning point at P.  The x-coordinate of P is α.

(b) Show that α = e–α.

(2)

The iterative formula

is used to find an approximate value for α.

(c) Calculate the values of x1, x2, x3 and x4, giving your answers to 4 decimal places.

(2)

(d) By considering the change of sign of  f ´(x) in a suitable interval, prove that α = 0.1443

correct to 4 decimal places.

(2)
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Number 

Scheme Marks 

4        (a) 
 f   (x)  = 3 ex  –  

x2

1
 

M1A1A1 
(3)

 1
3e

2
x

x
 = 0                  

M1 

 
 1e6     e

6

1
    (*) 

A1   cso 
    (2)

(c) ....1445.0...,1425.0..,1568.0...,0613.0 4321  xxxx  M1 A1    (2) 

 [M1 ,  A1 all correct to 4 d.p.] correctleastat 1x  

(d) 
Using  f  (x)  = 3 ex  –  

x2

1
 with suitable interval 

 

 e.g.   f   (0.14425) = – 0.0007 M1 
 

 f   (0.14435) = + 0.002(1)  

 Accuracy  (change of sign and correct values) A1           (2) 

  [9]
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5. (a) Using the identity cos(A + B) ≡ cosA cosB – sin A sinB, prove that

cos 2A ≡ 1 – 2 sin2A.

(2)

(b) Show that

2 sin 2θ – 3 cos 2θ – 3 sin θ + 3 ≡ sin θ (4 cos θ + 6 sin θ – 3).

(4)

(c) Express 4 cos θ + 6 sin θ in the form R sin(θ + α), where R > 0 and 0 < α < π.

(4)

(d) Hence, for 0 � θ < π, solve

2 sin 2θ = 3(cos 2θ + sin θ – 1),

giving your answers in radians to 3 significant figures, where appropriate.

(5)
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Question 
Number 

Scheme Marks 

5        (a) cos 2A  = cos2 A  – sin2 A   ( +  use of  cos2 A  + sin2 A )1      M1 

 = (1  – sin2 A); – sin2 A   = 1  – 2 sin2 A       (*) A1           (2) 

(b) 22sin 2 3cos 2 3sin 3 4sin cos ; 3(1 2sin ) 3sin 3                B1; M1 

 
 sin3sin6cossin4 2   M1 

 
)3sin6cos4(sin      (*) A1           (4) 

(c)  sincoscossinsin6cos4 RR   

 Complete method for R (may be implied by correct answer)  

 [  ,64 222 R ,4sin R  6cos R ] M1  

   R = 52    or 7.21  A1 

 Complete method for  ;     588.0   (allow  33.7º)  M1 A1    (4) 

(d) sin  ( cos4 + 3sin6  ) = 0 
 

M1 

 0      B1 

 
sin( )588.0  =  ..4160.0

52

3
  (24.6º)  

M1 

 588.0  = (0.4291),  2.7125  [or 7.33 ° = (24.6º),  155.4°]  dM1 

 12.2      cao A1         (5) 

  [15]
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6. Figure 1

Figure 1 shows part of the graph of y = f(x), x ∈ R.  The graph consists of two line

segments that meet at the point (1, a), a < 0.  One line meets the x-axis at (3, 0).  The other

line meets the x-axis at (–1, 0) and the y-axis at (0, b), b < 0.

In separate diagrams, sketch the graph with equation

(a) y = f(x + 1),

(2)

(b) y = f( |x | ).

(3)

Indicate clearly on each sketch the coordinates of any points of intersection with the axes.

Given that f(x) = |x – 1| – 2, find

(c) the value of a and the value of b,

(2)

(d) the value of x for which f(x) = 5x.

(4)

14 *n23494B01420*
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Question 
Number 

Scheme Marks 

Translation  by 1  M1 6.       (a)  
 
 
 
 
 
 
 
 

Intercepts correct A1           (2) 
 

    
(b) x  0, correct “shape” B1 

 [provided not just original]  

 Reflection in y-axis B1 

 

 

Intercepts correct B1           (3) 

(c)    a = – 2,    b = – 1  B1 B1      (2)

(d) Intersection of  y = 5x with  y = – x – 1 M1A1 

 
 Solving to give  x = – 

6

1   
M1A1    (4) 
 

  [11]

 [Notes: 
             (i) If both values found for 5x = – x – 1  and 5x =  x – 3, or solved 

                  algebraically, can score 3 out of 4 for  x = – 
6

1   and x = – ¾; 

                   required to eliminate x = – ¾ for final mark. 
             (ii) Squaring approach: M1 correct method,  
                   24x2 + 22x + 3 = 0 ( correct 3 term quadratic, any form) A1 
                   Solving M1, Final  correct answer A1.] 

 

y 

x
0–2 2 

a 

y 

0 3 –3 x 

b 
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7. A particular species of orchid is being studied.  The population p at time t years after the

study started is assumed to be

where a is a constant.

Given that there were 300 orchids when the study started,

(a) show that a = 0.12,

(3)

(b) use the equation with a = 0.12 to predict the number of years before the population

of orchids reaches 1850.

(4)

(c) Show that 

(1)

(d) Hence show that the population cannot exceed 2800.

(2)
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0.2

336
.

0.12 e tp −=
+

0.2

0.2

2800 e
,

1 e

t

t
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a

=
+
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Scheme Marks 

7        (a) 
Setting p = 300 at t = 0    300 = 

a

a

1

2800
 

M1 

              (300 = 2500a);       a = 0.12  (c.s.o) * dM1A1  (3) 
 

(b) 
1850 = 

t

t

2.0

2.0

e12.01

e)12.0(2800


  ;         ...2.16e 2.0 t

M1A1 

 Correctly taking logs to  0.2 t = ln k M1 

 t = 14     (13.9..) A1          (4) 

(c) Correct derivation: 

 (Showing division of num. and den. by ; using a) t2.0e B1          (1) 

(d) Using      ,0e, 2.0   tt M1 

 
p 2800

12.0

336
  

A1          (2) 

  [10]
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