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1. (a) Gradients: AB ,
4

3

412

210





 B1 

 

   BC ,
22

4

1210

106





 B1 

 

   CA .
3

4

410

26





 B1 

 

 (b) gradient AB  gradient AC = 1 (o.e.) M1 (m1m2 = 1) 

     (or Pythagoras1 Theorem) 

 

   AB r AC 

  giving BÂC = 90  A1 

 

 (c) Equation of AB is 

 

  )4(
4

3
2  xy  M1 (y y1 = m (x x1)) 

 

  so that 4y  8 = 3x  12 

 

  or 3x  4y 4 = 0 (1) A1 (convincing) 

 

 (d) Coordinates of D: ( 1,8). B1, B1 

 

   AD = 22 )82()14(    M1 (correct formula) 

 

   125  A1 

 

2. 
)25)(25(

)25)(252(




 = 

25

21010210




 M1 (rationalise) 

     A1 (numerator unsimplified) 

     A1 (denominator unsimplified) 

   = 
3

10312
 

 

   = 104  A1 
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3. Equate ys 

  73232  xxx    M1 

 giving 0962  xx    M1 (standard form of quad 

  0)3( 2 x  and attempt to solve) 

 so that 2,3  yx    A1 

     A1 
 

 The line 73  xy  is a tangent to the curve 232  xxy  at the 

 point (3, 2)   B2 
 

 (Allow B1 for (3, 2) is point of intersection of line 73  xy  and 

 the curve )232  xxy  

 

4. Condition for distinct real roots is M1 (Use of acb 42  ) 

   0)1(2416  kk  A1 

   kk  22  > 0 

   22  kk  < 0 A1 (convincing) 

 giving )1)(2(  kk  < 0 B1 (fixed points) 

 then 21  k  or ).2,1(  M1 (any method) A1 

 

5. (a)  25)6(2 2  xx  

 

  = 25]9)3[(2 2 x  

  = 7)3(2 2 x  B1(a), B1(b), B1(c) 

  (a, b, c need not be displayed). 

 
 

 (b) Least value of  725122 2  xx  B1 

 

  Corresponding value of 3x  B1 

 
 

 (c) 

 
 

M1 (shape) 

A1 (location of minimum) 
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6. (a) 026328  k  M1 (use of factor theorem) 

  A1 (correct) 

  so that 3k  A1 (convincing) 

 

 (b) 2383 23  xxx  = )123)(2( 2  xxx  M1 A1 

 

  = ).1)(13)(2(  xxx  A1 

 

  Roots are .1,
3

1
,2   A1 

 

 (c) Remainder = 29)3(8)3(3 23   M1 (use of remainder theorem) 

 

   = 160. A1 

 

7. (a) 22344 )3()2(6)3()2(4)2()32( xxxx   M1 (5 terms, 2 correct) 

   43 3)3)(2(4  x  A2 (unsimplified, 1 for each 

     error) 

  812162169616 234  xxxx  A1 (simplified) 

 

 (b) 2

2 )3(Cn  = 54  B1 

  so that 
2.1

3)1( 2nn
 = 54  B1 

 

   122  nn  = 0 M1 (standard form of 

  quadratic and attempt to solve) 

 

   4n  A1 
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8. (a) .2)(4)( 2  xxxxyy   (o.e.) B1 

 

  2)(4)( 2  xxxxy   (o.e.) M1 

 

  242  xx  

 

  .4)(2 2 xxxx    (o.e.) A1 

 

   )42(
00d

d






 xx

xx

y

xx

y








limlim
 (o.e.) M1 

 

  .42  x  A1 

 

 (b) 2

1

5

2

1
4)4(3


  xx  M1 (attempted differentiation 

    of x4 

    A1 

  = .
212

5
xx

  M1 (attempted differentiation 

    of 2

1

x ) 

    A1 

 

9. 14
d

d 3  x
x

y
 B1 

 = 5 at (1,3). B1 

 

 Equation is 

  )1(53  xy  M1 (for using gradient) 

   A1 
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10. (a) .963
d

d 2  xx
x

y
 B1 

 

  .0)32(30
d

d 2  xx
x

y
 M1 

  giving x = 3, 1 A1 

 

  When x = 3, y = 24, 

   x = 1, y = 8 A1, A1 

 

  .66
d

d
2

2

 x
x

y
 M1 (any method) 

 

  x = 1, .066
d

d
2

2


x

y
 Max. point at (1, 8) A1 

 

  ,3x  .0636
d

d
2

2


x

y
 Min. point at (3, 24). A1 

 

(b) 

 
  

   

 

 

 

 

 

 
 

M1 (general shape) 

A1 (Position of Max) 

A1 (Position of Min) 
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1. Integral  
2

250 
 [05 + 2 (03386243 + 02285714 M1 (correct formula) 

   + 01572482) B1 (3 values) 

   + 01111111] B1 (other 2 values) 

    

     

  02575  A1 (F.T. one slip) 

 

 

2. (a) 6 (1  cos2  ) + cos    5 = 0 M1 (correct elimination of  

    sin 2x) 

 

  6 cos 2   cos   1 = 0 M1 (standard form of  

    quadratic and an attempt  

    to solve) 

 

  giving cos  = 
2

1
,  

3

1
.  A1 

 

   = 60, 300, 1095, 2505 B1 (60, 1095) B1, B1 

 

 (b) 3x = 135, 315, 495   B1  

 

  x = 45, 105, 165.  B1, B1, B1 

 

3. 

 

 

 

 (a) By the Sine Rule, 

 

   
45sin

10
 = 

Csin

12
 M1 (correct Sine Rule) 

 

   sin C = 
10

45sin12 
 

 

   C = 58, 122 (correct to the nearest degree) A1, A1 
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 (b) When C = 58, B = 180  (45 + 58) = 77 

 

  Sine Rule,  
45sin

10
 = 

77sin

AC
 M1 (any correct method) 

    A1 (correct B) 

 

  so that AC = 




45sin

77sin10
  138cm A1 

 

  When C = 122, B = 180  (45 + 122) = 13 

 

  Sine Rule, 
45sin

10
 = 

13sin

AC
 A1 

 

  so that AC = 




45sin

13sin10
  32cm A1 

 

4. (a)   Sn = a + a r +  + a rn2 + a r n1 B1 

 

  rSn =     a r + a r2 +  + a rn2 + a rn1 + a rn M1 

 

   Sn – rSn = a – a rn 

 

   Sn = 
r

ra n





1

)1(
   A1(convincing) 

 

  Sum to infinity = 
r

a

1
 B1 

 

 (b) 
r

a

1
 = 4a  M1 ( 

 r

a

1
 k a, k = 

4

1
 or 4) 

    A1 (correct) 

 

   1 – r = 
4

1
  M1 (eliminate a and attempt 

    to solve) 

 

  giving r = 
4

3
  A1 

 

5. (a) a + 3d = 11  B1 

  a + 5d = 17  B1 

  d = 3, a = 2  M1(attempt to solve) 

    A1 

 

 (b) S8 = 
2

8
 [2  2 + 7  3] = 100 B1 
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6. 

2

3

2

3

x
 + 

x

2
 + C  M1 (attempt to integrate 2

1

x ) 

    A1 

 

 = 
3

2
 2

3

x  + 
x

2
 + C  M1 (attempt to integrate x2) 

    A1 

 

7. (a) Coordinates of A 12 – 2x = 2x2 M1 (equate ys) 

 

   x2 + x – 6 = 0 M1 (standard form of  

    quadratic and attempt to solve) 

 

    x = 2 A1 

    A (2, 8) A1 

 

  Coordinates of B are (6,0) B1 

 

 (b) Integral =  









2

0

22 dxx









6

2

d)212( xx  M1 (sum up difference or 

    definite integrals) 

    A1 (all correct) 

 

   = 

6

2

2

2

0

3

12
3

2

















xx

x
 B1, B1, B1 

 

   = )424(36720
3

16
  M1 (use of limits) 

 

   = 
3

64
 A1 (C.A.O.) 

 

8. AÔB = , 

 

 2  68 + 68 = 2312  B1 

 

 so that  = 14  B1 

 

 shaded area = )41sin41(
2

1 2 r  B1 (sector area) 

    B1 (triangle area) 

 

    M1 (difference of areas) 

 

    958cm2 A1 
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9. (a) Let x = ay, y = logax  B1 

 

  so that xn = (ay)n = any B1 

 

  and loga x
n = ny = n logax B1 

 

 (b) (y + 1) log 2 = log 3  B1 

 

  y = 
2log

2log3log 
  M1 (attempt to isolate y) 

     A1 

 

   0585   B1 

 

10. (a) (5, 7); 5   B1, B1 

 

 (b) Gradient of radius = 
25

37




 = 

3

4
 M1 (correct method of  

     finding gradient of radius) 

 

   Gradient of tangent = 
4

3
  M1 

     A1  

 

   Equation of tangent is 

 

   y – 3 = )2(
4

3
 x  A1 

 

 (c) (i) CQ2 = (13  5)2 + (13  7)2 = 64 + 36 = 100 M1 (attempt to find CQ) 

 

   CQ  radius and Q lies outside circle A1 (convincing) 

 

  (ii) For circles touching externally, 

   sum of radii = CQ M1 

 

   Radius of required circle = 55100   A1 

 

   Equation of circle is  

 

   (x – 13)2 + (y – 13)2 = 25 (o.e.) A1 
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1. x  x3 + 10 x 4 

 

 0   4 

 

 1   7 M1 (attempt to 

     find values) 

 

 change of sign of x3 + 10x  4 indicates that there is a root between 0 and 1. 

     A1 (correct values 

     and conclusion) 

 

 xo = 03, x1 = 03973, x2 = 039372873 B1 (x1) 

 

 x3 = 039389633, x4 = 039388853 

 

 x4  039389.   B1 (x4) 

 

 

  x x3 + 10x –4 

 

 0393885 000004 Change of sign indicates M1 

 0393895   000006 presence of root which  A1 

     is 039389, correct to A1 

     five decimal places 

 

2. Integral  
3

250 
 [141421356 + 412310563 + 2(246221445) M1 (formula with 

        +4 (185510275 + 322163099)] h = 025) 

 

     B1 (3 values) 

 

     B1 (2 other values) 

 

     256  A1 (C.A.O.) 

 

3.  9  > 2x – 5 >  9. B1, B1 

 

   14 > 2x >  4 

 

 giving 7 > x  >  2 or ( 2,7) B1 (7 > x) 

     B1 (x >  2) 
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4. (a) 322
d

d
2

d

d
3 222  xxy

x

y
yx

x

y
y  B1 









x

y
y

d

d
3 2  

     M1 







 22 2

d

d
2 xy

x

y
yx  

 A1 

 

   
yxy

xyx

x

y
22

2

23

232

d

d




  A1 (all correct) 

 

 (b) 
tt

t

x

y

3

2

3

2

d

d
2
   M1 










t

x

t

y

x

y

d

d
/

d

d

d

d
 

     A1 

 

  

t

x

x

y

t

x

y

d

d

d

d

d

d

d

d
2

2 








  M1 (correct formula) 

 

   

  
42

2

9

2

3

3

2

tt

t   A1, A1 (convincing) 

 

 

5. cosec2  1 = 7 – 2 cosec  M1 (correct elimination  

     of cot ) 

 

 cosec2 + 2 cosec  8 = 0 M1 (standard form of 

     quadratic and attempt 

     to solve) 

 

 giving  cosec  = 2, 4, A1 

 

 so that sin  = ½, ¼ B1 

 

   = 30, 150, 1945º, 3455º B1 (30, 150) 

     B1 (1945) B1 (3455) 
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6. (a) e2xcos x + 2e2x sin x M1 (e2xf(x) + g(x) sin x) 

     A1 (f(x) = cos x),  

     A1 (g(x) = ke2x) 

     A1 (k = 2) 

 

 (b) 
2222

22

)3(

20

)3(

)2)(42()4)(3(








x

x

x

xxxx
 M1  












22

22

)3(

)()42()()3(

x

xgxxfx
 

 

     A1  (f(x) = 4x, g(x) = 2x) 

 

     A1 (simplification) 

 

 (c) 8x sec2(4x2 + 3) B1 (f(x) sec2 (4x2 + 3) 

     B1 (f(x) = 8x) 

 

7. (a) (i)  ¼ e4x + 1 B1 (ke4x + 1) 

     B1 (k = ¼) 

 

  (ii) 
22

1

)73(6

1
|12|ln




x
x  M1 (k ln | 2x + 1 |) 

     A1 (k = ½) 

 

     M1 








 2)73( x

k
 

 

     A2 









6

1
k  

 

     (A1 for ½) 

 

 (b) 
2

02

x2cos










  M1 (k cos 2x, k = ± ½, 2) 

 

     A1 (k =  ½) 

 

  1
2

1

2

cos



 A1 
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8. (a)  y = tan –1x 

 

  so that tan y = x B1 

 

  then sec2 y = 
y

x

d

d
 B1 

 

  
222

1

1

tan1

1

sec

1

d

d

xyyx

y





  B1 

 

 (b) 
1

2
2 x

x
   M1 









1

)(
2x

xf
 A1  xxf 2)(   

 

 (c) x
x

x
x

x
x

x

x
d

1

2

2

1
d

1

1
3d

1

3
222 






















 M1 (attempt to rewrite) 

     A1 (correct) 

 

   Cxx   )1ln(
2

1
tan3 21  B1, B1 

 

9. 

 
  

  

B1 (Asymptote y = 3) 

B1 (shape) 

B1 (0, 5) 

B1 (shape) 

B1 (0,1) 
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10. (a) (i) Let y = ln (2x –3) + 4 M1 (attempt to isolate x) 

 

     y  4 = ln (2x –3) 

 

   giving ey4 = 2x – 3 A1 

 

    
2

34 


ye
x  A1 

 

   so that 
2

3e
)(f

4
1 





x

x  A1 

 

  (ii) domain [4,), range [2,) B1,  B1 

 

 (b) gh(x) = (2x + 2)2 + 3, hg(x) = 2(x2 + 3) + 2. B1,  B1 

 

   (2x + 2)2 + 3 = 2 [2(x2 + 3) + 2] + 15 M1  (unsimplified) 

 

   4x2 + 8x + 4 + 3 = 4x2 + 16 + 15 M1 (attempt to solve) 

 

   and x = 3 A1 
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1.   
   

2.1

2
21

2

2

3

2

1

2

1
x

x


  

 

    





3.2.1

2
3

2

5

2

3

2

1 x
 

 

=  3

2

52

2

31 xxx  B1 (1  x) 

 B1    3

2

52

2

3 1B xx   

 

    


 3

2
52

2
32

2

121
)21(

1

2

1
xxxxx

x

x
 

 

=  3

2

52

2

31 xxx  

 

 2x + 2x2  3x3 + 

 

+ x2  x3 + 

 

=  3

2
132

2
931 xxx  B1  x31  

 B1  2

2

9 x  

 B1  3

2

13 x  

 

Valid for 
2

1x  B1 

 

2. (a) Substitution of appropriate value of  B1 

  Convincing conclusion A1 

  

 (b) 3 (1  2 sin2 ) = 1  sin M1 (correct elimination of 

cos2) 

 

  6 sin2   sin  2 = 0 M1 (Standard form of 

quadratic and attempt to 

solve) 

 

  (3 sin    2) (2 sin  + 1) = 0 

 

 so that sin  = 
2

1

3

2 ,  A1 

 

   = 418º, 1382º, 210º, 330º B1 (418º, 1382º) 

 B1 (210º) B1 (330º) 
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3. R cos  = 5, R sin  = 4 B1 (both) 

 

,41R   = 3866º M1 (any method of funding R 

or ) 

 A1 (R) A1 (38.7º) 

 

 sin ( + 387º) = 
41

3
 M1 

 

 + 3866º = 15206º, 38794º A1 (any value) 

 

 = 1134º, 3493º A1 (both) 

 

4. (a) Let 
  11

123
22

2








x

C

x

B

x

A

xx

xx
 M1 (correct form) 

 

3x2 + 2x + 1  Ax (x  1) + B (x  1) + Cx2 m1 (clearing fraction and 

attempt to find constants) 

 

so that A =  3, B =  1, C = 6 A2 (3 constants) 

A1 (2 constants) 

 

(b) 
  x

xx
xx

xx 1
ln3d

1

123
2

2









 B1, B1 

1ln6  x  B1 

 

(      may be omitted) 

 

5. 
tat

a

x

y 1

2

2

d

d
  M1 










t

x

t

y

x

y

d

d
/

d

d

d

d
   

  A1 

 

 For normal at P, gradient = p B1 
 

 y  2ap = p (x  ap2) M1 
 

 giving px + y  2ap  ap3 = 0 A1 (convincing) 
 

 Q:  y = 0, x = 2a + ap2 B1 
 

 R:  y = 0, x = ap2 B1 
 

QR = 2a B1 
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6. (a) kx
t

x


d

d
 B1 

 

Now at t = 0, x = 2, 0640 
dt

dx
 M1 (use of data) 

 
 

Then 0320
2

064.0





k  

 

 x
dt

dx
0320   A1 

 

(b) 


   t
x

dx
d0320  M1 (separation of variables 

and integration of r.h.s.) 
 

lnx = 0032t + A A1 
 

  t = 0, x = 2 
 

A = ln2 M1 
 

  lnx = -0032t + ln2 
 

0.032t = ln2  lnx  
 

= ln 
x

2
 A1 

 

  
x

t
2

ln
0320

1


  

 

x

2
ln

4

125
  A1 

 

(c) 2ln
4

125
,1  tx  M1 

 

 2166 years A1 
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7. Volume 
e

1

3 dn1 xxx  B1 

 






























e

1

4
e

1

4

d
1

4
ln

4
x

x

x
x

x
  M1 (parts, correct choice of u, v) 

A1 
 






























e

1

3
e

1

4

d
4

ln
4

x
x

x
x

  m1 (division) 

 


































e

1

4
e

1

4

16
ln

4

x
x

x
  A1 

 

 1e3
16

4 


 A1 

 

8. (a) 







d
2

2cos1
d cos

4

0

4

0

2








 
  M1 (a + b cos 2) 

A1 (a = ½, b = ½) 
 

4

04

2sin

2












  B1 

 

  
4

0

2

0

4

1

8



 

 

4

1

8



 A1 (convincing) 

 

(b) x = 3 tan , dx = 3 sec2 d M1 (substitution for dx) 

x = 0,  = 0, x = 3,  =
4


 B1 (limits) 

 

 












4
4

0
4

2

0

22

2

d
sec81

sec3
27d

9tan9

sec3
27












 A1 (unsimplified) 

A1 (1 + tan2 = sec2) 
 





dcos
81

273
4

0

2









  A1 (simplified) 

 











4

1

8


 A1 
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9. (a) Where the lines intersect, 

 

 2i + j +  (i + j + 2k) M1 (attempt to equate i, j, k 

terms) 

 = 2i + 2j + tk + μ (i + 2j + k) 

 

2 +  = 2 + μ, 

1 +  = 2 + 2 μ, A1 (correct) 

2 = t + μ. 

 

Then  = μ = 1 M1 (attempt to solve) 

t = 1 A1 (, μ) 

A1 (convincing) 

 

  Position vector of point of intersection is i  2k B1 

 

(b) 
   

kjikji

kjikji






2 2

2 .2
cos  B1 (identification of 

appropriate vectors) 

B1 (scalar product) 

 

  Now (i + j + 2k).  (i + 2j + k) M1 (correct method) 

= 1 + 2 + 2 = 5 A1 

i + j + 2k = 6  B1 (for one) 

i + 2j + k = 6  

6

5
cos   

  

  34º. B1 
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1. If 2 - i is a root, so is 2 + i. M1A1 

 Also, x x2 4 5  s a factor of the quartic.  A1 

 Using long division, 

    x 2   2x + 5 M1A1A1 

  x x2 4 5   ) x x x x4 3 26 18 30 25    ( 

              x x x4 3 24 5   

           2 13 303 2x x x  

            2 8 103 2x x x  

           5 20 252x x   

           5 20 252x x   

              .        .         . 

 The other roots are  

   
2 4 20

2

 
 , ie  1  2i. M1A1 

 

2.             f(x + h) - f(x) = 
1 1

3 3( )x h x
  M1A1 

            = 
x x h

x x h

3 3

3 3

 



( )

( )
 A1 

            = 
  



h x hx h

x x h

( )

( )

3 32 2

3 3
 A1 

    


  


f (x

h

x hx h

x x h
)

lim ( )

( )0

3 32 2

3 3
 M1 

            = 
3

4x
 A1 

   

3.   
2i)+2i)(1(1

2i)+i)(168(

2i1

i68









 M1A1 

              


 
20 10

4 2
i

5
i  A1 

            3(a + ib)  (a  ib) = 4 + 2i M1 

        2a = 4 and 4b = 2 A1 

          a = 2 and b = 1/2 A1 

 

4. (a)   T n n n nn      2 22 1 2 1( ) ( )  M1A1 

   = n n n n n2 22 2 1 2 2       A1 

   = 2n + 1 (AG) 

 (b)  S r rn

r

n

r

n

r

n

  
  

  4 4 12

1 1 1

 M1 

       
 





4 1 2 1

6

4 1

2

n n n n n
n

( )( ) ( )
 A1A1A1 

            
n

n n n
3

4 6 2 6 6 32( )  A1 

         
n

n n
3

4 12 112( )  A1 
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5. Assume the proposition is true for n = k. M1 

 Letting Tk

k 3 72 , consider 

   T Tk k

k k



    1

2 2 23 7 3 7( )  m1 

       3 9 12k ( )  A1 

                  3 82k .  A1 

 So, if the proposition is true for n = k, it is also true for n = k + 1. A1 

 It is true for n = 1 since T1 16 which is divisible by 8. A1 

 The result is therefore proved by mathematical induction A1 

 [The final A1 is for a concluding statement plus satisfactory lay-out] 

 

6.  lnf(x) = 
1

2
1

3

2
13 2ln( ) ln( )x x    M1A1 

  








f

f

( )

( )
.
( )

.
( )

x

x

x

x

x

x

1

2

3

1

3

2

2

1

2

3 2
 M1A1A1 

  Putting x = 2, 

  


 
f (2)

3 / 5 5

1

2

12

9

3

2

4

5
. .   M1 

  )2(f  = 
8

25 5
 (0.143)  A1 

 

7. 3   and 3  B1 

 

 

















2)( 2

 M1 A1 A1 

 

= 4 A1 

 

 
















2)(1 2   M1 A1 

 

= 4 A1 

 

 3 







 M1 A1 

 

 Required equation is 

 

 x3  4x2 + 4x  3 = 0 M1 A1 
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8. (a) Det = 1(10  1)  1(5  ) +2(1  2) = 6  3 M1A1 

  Matrix is singular when  = 2. A1 

 (b) (i) Using reduction to echelon form, 

 

            

1 1 2

0 1 1

0 1 1

2

0

4

























































x

y

z 

 M1A1A1 

   Comparing the second and third rows,  = 4 for 

   consistency. M1A1 

 

  (ii) Put z = a so that y = a and x = 2  3a. M1A1A1 

 

9. (a) Matrix of translation = 

1 0 2

0 1 1

0 0 1



















 B1 

  Matrix of rotation = 

0 1 0

1 0 0

0 0 1

















 B1 

             T - Matrix = 

0 1 0

1 0 0

0 0 1

1 0 2

0 1 1

0 0 1





































 M1A1 

        = 

0 1 1

1 0 2

0 0 1

















 A1 

 (b) Consider the image of the point ( , ).a a2   This is given by M1 

  

0 1 1

1 0 2

0 0 1 1

1

2

1

2

2





















































a

a

a

a  A1 

  So, x a y a   1 22 , .   Eliminating a, the required 

  equation is  M1 

    1 2 2  x y( ) . A1 
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1. For the continuity of g at x = 1, 

    1 + b = 2 + a M1A1 

 Since bxx 21)(g  for x < 1 and 3 2ax for x > 1, it follows that M1 

             1 + 2b = 3a A1 

 The solution is a = 3, b = 4. M1A1 

 

2. The equation can be rewritten 

   sin3 + 2sin3cos2 = 0 M1A1 

      sin3(2cos2 -1)  = 0 A1 

 Either 

   sin3 = 0 M1 

  from which   = 0, 60, 120, 180. A2 (1 each error or extra 

     root in the range) 

 Or 

   cos2 = 1/2 M1 

  from which   = 30, 150. A1 

 

3. Converting to trigonometric form 

 

 3  2i = r(cos  + i sin )   M1 

 where 13r  and  = 






 

3

2
tan 1   A1, A1 

 )sin(cos))sin(cos(
33

3/13/1  irir   M1 

 So (3  2i)1/3 = )sin(cos)13(
3
5880.0

3
5880.03/1   i  A1, A1 

   = 150  030i   A1 

 

 or  = )sin(cos)13(
3

5880.02
3

5880.023/1    i  A1 

   = 049 + 145i  A1 

 

 or  = )sin(cos)13(
3

5880.04
3

5880.043/1    i  A1 

   = 101  115i  A1 

 

 

 

4. (a)  
  


 


f x

x x

x x
( )

( ) ( )

( ) ( )

2 1 2 1

1

3

12 2
 M1A1 

  This is < 0 for all x in the domain so f is strictly decreasing. A1 

 

 (b) The range is (2,). B1B1 

 

 (c) (i) f(3) = 7/2 and f(4) = 3 so f(S) = [3,7/2]. M1A1 

 

   (ii) f(x) = 3  x = 4 (from above) and f(x) = 4  x = 5/2. B1M1A1 

   So f-1(S) = [5/2,4]. A1 
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5. Using de Moivre’s Theorem,   

   z n nn  cos sin i  M1A1 

   z n nn  cos sin i  A1 

 So,      z
z

nn

n
 

1
2i sin   A1 

  z
z

z z z
z z z








      

1
5 10

10 5 1
5

5 3

3 5
 M1A1 

         






  







z

z
z

z
z

z

5

5

3

3

1
5

1
10

1
 A1 

  ( sin )2 25i isin5 -10isin3 + 20isin     M1 

 whence  

   sin sin sin sin5 1

16
5 5 3 10       A1 

 

6. (a) Completing the square, 

    ( ) ( )y x  2 8 12  M1A1 

 

  (i) Vertex is (1, 2). A1 

 

  (ii) Focus is (3, 2) A1 

 

 (b) (i) For the point P, 

    ( )y p 2 162 2   

   and   8(x - 1) = 16 p2 . M1A1 

   confirming that P lies on the parabola. 

 

  (ii) 
d

d

y

x p p
 

4

4

1
 M1A1 

   Equation of tangent is 

   y p
p

x p    4 2
1

2 12( )  M1A1 

 

  (iii) This passes through the origin if 

       4 2 2 12 2p p p  

   2 2 1 02p p    M1A1 

    p 
 


2 4 8

4

1 3

2
 A1 

   In view of line 1 in (ii), 

   Gradients of tangents = 
2

1 3
 A1 
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7. (a) (i)  y 

 

 

 

 

 

 

          x 

 

 

  G1 (shape) 

  G1 (asymptotes) 

 

 

  (ii) The asymptotes are x = -1 and y = 0. B1B1 

 

 (b)  Let  
1

1 4 1 4

4 1

1 4
2 2

2

2
( )( ) ( ) ( )

( ) ( )( )

( )( )x x

A

x

Bx C

x

A x x Bx C

x x 










   

 
 

 M1 

  x = -1 gives A 
1

5
.  A1 

  Coeff of x B2 1

5
 gives   .  A1 

  Const term gives C 
1

5
. A1 

 

 (c)  Int = 
1

5

1

1

1

5

1

4

1

5 40

1

20

1

20

1

( ) ( ) ( )x
x

x
x

x

x
x







  d d d  M1 

  =    
1

5
1

1

10 2

1

10
4

0

1 1

0

1

2

0

1

ln( ) tan ln( 
















  x

x
x  A1A1A1 

  = 
1

5
2

1

10

1

2

1

10
5 41ln tan (ln ln )







    A1A1A1 

  = 0.163 A1 
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1.   1 32  sinh sinhx x  M1 

 leading to sinh sinh2 2 0x x    A1 

   (sinh )(sinh )x x  2 1 0  M1 

   x   sinh ( ) ln( )1 2 2 5  A1A1 

  or x     sinh ( ) ln( )1 1 1 2  A1A1 

 

2. (a)   y x cot  

   

     y x 3  

 

 G1G1 

 

 

         /2 

 

 

 

 

 

 The one point of intersection confirms that there is only one  

 root in (0,/2). B1 

 

 (b) The Newton-Raphson iteration is 

   x x
x x

x x
 





3

2 23

cot

cosec
 M1A1 

  The iterates are 

    1 

    0.9188838545 M1 

    0.9158148137 

    0.9158112781 A1 

  x3 0 915811 . correct to 6 decimal places. A1 

    Let f(x) = x x3  cot  M1 

    f(0.9158105) = negative 

    f(0.9158115) = positive A1 

  So the root is 0.915811 correct to 6 decimal places. A1 
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3. (a)  Area = 2 1

2

0

1

 y
y

x
x









d

d
d  M1 

                       =  2 1 93

0

1
4 x x x  d  A1 

 

 (b)          u x u x x  1 9 36
4 3
, d d  B1 

        [0,1]  [1,10] B1 

   Area = 2
1

36 1

10

 . u u d  M1A1 

           = 


18

2

3

3 2

1

10

u /





 A1 

           = 


27
10 10 1( )  A1 

 

4.   I xx 

 e d2

0

2 /

sin  M1 

      =   e e d  
2

0

2 2

0

2

2x xx x xsin sin .
/ / 

 A1A1 

      = e  2J  A1 

   J xx 

 e d2

0

2 /

( cos )  M1 

       =     

e e d2

0

2 2

0

2

2x xx x xcos cos .
/ / 

 A1A1 

       = 1 - 2I A1 

 Substituting, 

   I I  e  2 1 2( )  

 so  I   2

5

1

5
e 

 M1A1 

 It follows that 

   J   1

5

2

5
e 

 A1 

 

5. (a)  f(x) = ln(1 + sinx) : f(0) = 0 B1 

   


f ( )
cos

sin
x

x

x1
 : f (0) = 1 B1B1 

    


f ( )
sin

x
x

1

1
: f (0) = -1  B1B1 

   


f ( )
cos

( sin )
x

x

x1 2
 : f (0) = 1  B1B1 

  The series is 

   x
x x

 
2 3

2 6
 M1A1 

 (b)  Int 
x x x2 3 4

0

1 3

2 6 24
 











/

 M1A1 

   = 
1

18

1

27 6

1

81 24






 A1 

   = 0.05 A1 
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6. (a) 

 

    C1 

 
       G1G1 

 (b)  Area = 
1

2
1 2

0

2

( cos )  


d  M1 

   = 
1

2
1 2 2

0

2

( cos cos )    


d  A1 

   = 
1

2

3

2
2

1

2
2

0

2

 






 cos cos  



d  A1 

   = 
1

2

3

2
2

1

4
2

0

2


 


 






sin sin  A1 

   = 
3

2


  A1 

 

 (c) The curves meet where 

    cos2 = 1 - cos M1 

   2 2 02cos cos     A1 

   cos 
 1 17

4
= 0.780776... A1 

  giving (0.219, 0.675) and (0.219, -0.675) A1A1 

 The curves also intersect at the pole (origin). B1 

 

7. (a) sin sin( ) cos( ) sinn n n      2 2 1  M1A1 

  The given result follows by division by sin. 

 

 (b)  Using this result, 

    
 





00

d)1ncos(2d
sin

)2nsin(nsin
 M1 

     I I
n

nn n 


2 0

2

1
1sin( )


 A1A1 

        = 0 A1 

 

 (c) (i) If n is even,  

    I In   0
0
0.d


 M1A1 

      = 0 A1 

   (ii) If n is odd, 

    I In   1
0
d


 M1A1 

     =  


0
 

     =  A1 
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1. (a) Attempt to apply N2L to lift, dimensionally correct equation M1 

  600g – T  =  600a A1 

  a  =  0.4,  T = 600(9.8 – 0.4)  = 5640 N A1 

 

 (b) a = 0,  T = 600  9.8  = 5880 N B1 

 

2. (a) Attempted use of tvus )(
2

1
  with u = 20, v = 25, s = 720 M1 

  720  = 0.5(20 + 25)t A1 

  time taken during acceleration = t = 32 s A1 

 

 (b) 

 

M1 (vt graph) 

G1 (1st 2 points correct) 

G1 (last part correct) 

 

 (c) Use of distance = area under graph M1 

  Distance = 720 + 05  270  25 A1 

      = 4095 m A1 

 

3. (a) Use of asuv 222   with u = 0, v = 1.4, a = 9.8, s = h M1 

  142  =  02 +2 9.8h A1 

  h = 10 m A1 

 

 (b) Use of atuv   with u = 0, v = 1.4, a = 9.8 M1 

  14 = 9.8t A1 

  t = 
7

10
 s A1 

 

 (c) Required speed = 0.6  14 M1 

     = 8.4 ms-1 A1 
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4. (a) 

 
 

 

 

 Attempt at restitution equation M1 

 8 – 7  = - e(6 – 10) A1 

 e = 0.25 A1 

 

 (b) 

 

 

 

 Attempt at use of conservation of momentum, dimensionally  

 correct equation M1 

   9  8 – 4m  =  (9 + m)  5 A1 

   m = 3 kg A1 

 

5. 
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 (a) N2L applied to each particle, dimensionally correct equation  

 For A, T  =  4a M1 A1 

 For B, 3g – T  =  3a M1 A1 

 Substitute for T, 3g – 4a  = 3a m1 

 a  =  
7

893 
  =  4.2 ms-2 A1 

 T  = 4  4.2  =  16.8 N A1 
 

 (b) Vertically for B, T  =  3g B1 

 Vertically for A, R  =  4g B1 

 Horizontally for a, F  =  T  = 3g B1 

 Use of F    R M1 

     
g

g

R

F

4

3
   =  0.75 A1 

 

6. 

 

 

 

 (a) Attempt to take moments about C/B to obtain dimensionally 

  correct equation M1 

   P  1  + 5g  0.6  =  0 A1 

  P  =  3g  = 29.4 N A1 

 Attempt at second equation with P and Q M1 

 P + Q  =  5g (o.e.) A1 

 Q  =  5g – 3g  = 2g  =  19.6 N A1 
 

 (b) Attempt to take moments about C, dimensionally  

  correct equation M1 

 -P  1 + 5g  0.6  =  W  0.2 A1 

 Plank does not tilt iff P = 3g – 0.2W  0 m1 

 Greatest W = 
2.0

3g
  = 15g  =  147 N A1 

 

7. 

 

 

 

 (a) Resolve perpendicular to plane  R  =  12g cos20 M1 A1 

 F  =  0.6 R M1 

 F  =  0.6  12  9.8 cos20 A1 

Attempt to apply N2L // to plane, dimensionally correct M1 

150 – F – 12g sin20  =  12a A2 (1 each error) 

a = 3.62(28) ms-2 A1 
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 (b) e.g. Body modelled as particle 

   No air resistance B1 

 

8. (a) attempt at use of Impulse = change of momentum M1 

 -2  =  0.25(v – 5) A1 

 v  =  -3 A1 

 

 (b) Attempt at use of Impulse = force  time M1 

 -2  =  F  0.2 A1 

 Magnitude of force = 10 N A1 

 

9. (a)  Area  Dist of c of m Dist of c of m   

     from AE  from  AB 

  DEF  36  2  10 B1 Areas 

  ABCF  12  1  3 B1 Distance from AE 

  Lamina 48  x  y B1 Distances from AB 

 

  Take moments M1 

 48x = 36  2 + 12  1 A1 

 x = 175 A1 

 48y = 36  10 + 12  3 A1 

 y = 825 A1 

 

 (b) Required angle identified M1 

  tan   = 
25818

751




 A1 

    = 1018 A1 
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1. (a) Use of 
t

v
a

d

d
  M1 

  a  =  6t + 40t3 A1 

 

 (b) Use of  tvx d  M1 

  x  =  t3 + 2t5 + c A1 

  Use of t = 0, x = -3 m1 

  x  =  t3 + 2t5 – 3 

  when t = 2, x  =  8 + 64 –3  =  69 m A1 

 

 

2. (a) 

 

 

 

  Use of 
25

P
F   B1 

  N2L F – 600  =  0 M1 

  600
25


F

 

  P  =  600  25  =  15000 W A1 

 

  

 (b) 

 

 

 

  12000
3

100036



F  B1 

  F – 600 – 8000g sin  =  8000a M1  A1 

  a8000
14

1
89800060012000   A1 

  a  =  0.725 ms-2 A1 

 

 

3. (a) Tension in string, T  =  
70

50619




 M1 

  T  =  14 N  A1 

 

 (b) Energy stored in string = 
70

50619

2

1
2




  M1 

      =  3.5 J A1 
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(c) Attempt at conservation of energy (at least 3 terms) M1 

  Gain in potential energy = 0.4  9.8  0.5 sin M1 

       = 0.4  9.8  0.5 0.6  =  1.176 J A1 

  Gain in kinetic energy = 0.5  0.4 v2 B1 

  1.176 + 0.2v2  =  3.5 A1 

  v  =  3.4(088) ms-1 A1 

 

 

4. (a) y = ut 2

2

1
gt   M1 

  0 = 245 sin 30t 289
2

1
t  A1,A1 

  t = 25 seconds A1 

 

 (b) AB = 245 cos 30  25 M1 

    FT student's time 

  = 530 m A1 

 

 (c) Greatest Height = 245 sin 30  125 
2

1
 . 98(125)2 M1 

    FT student's time 

  = 7656 m A1 

 

 (d) y  = 245 sin 30  98  2 = 735 B1 cao 

  x  = 245 cos 30               = 21218 B1 cao 

  Speed = 4522)21821()357( 22   m/s M1,A1 

 

  Angle with horizontal = tan1 



119

21821

357
(  M1,A1 

      

5. (a) a = 
2

1
((3i – 2j) – (i + 2j)) M1 

  a  = i – 2j A1 

 

 (b) Use of v =  a dt M1 

  v  =  ti – 2tj + c A1 

  When t = 0, v = i + 2j m1 

  c = i + 2j A1 

  So v = (t + 1)i  (2t  2)j (o.e.) 

 

 (c) Use of a.v = 0 M1 

  (t + 1) – 2(2 – 2t)  =  0 A1 

  t  =  0.6 A1 
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(d) Use of r  =   v dt M1 

  r = 
2

1
t2 i - t2j + ti + 2tj + c A1 

  when t = 0, r = 2i – j, c = 2i – j m1 

  r = (
2

1
t2 + t + 2)i + (-t2 + 2t –1)j A1 

 

 (e) when t = 2, r = (2 + 2 + 2)i + (-4 + 4 –1)j M1 

  r = 6i – j 

  r = 22 16   M1 

  r = 37  A1 

 

 

6. (a) Attempt at conservation of energy M1 

  
2

1
mu2  =  

2

1
mv2 + mg(a - acos) A2 (-1 each error) 

  v2  = u2 + 2ag(1 - cos) A1 

 

 (b) Attempt at N2L towards centre M1 

  R – mg cos  = m  acceleration A1 

  R – mg cos  = 
a

mv2

  A1 

  R  =  mg cos - 
a

m
(u2 + 2ag – 2agcos) m1 

  R  =  mg cos - 2mg + 2mgcos - 
a

mu 2

 

  R  =  mg(3cos - 2) - 
a

mu 2

 A1 

 

 (c) R = 0 when ball bearing leaves bowl. M1 

  0.05  9.8(3cos - 2) - 
50

2050 2




 = 0 A1 

  cos = 0.938(77551) 

    = 20.15(3) A1 
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7. (a) 

 

 

 

  Resolve vertically.  T cos30 = mg M1  A1 

  T  =  
30cos

8920 
 = 2.26 A1 

 

 (b) N2L towards centre M1 

  T sin30  = 
30sin80

2



mu
 A1 L.H.S. 

   A1 R.H.S. 

 

  Substitute for T m1 

  u = 1.50(43979) ms-1 A1 

 

 (c) Tension is constant throughout the rope. B1 
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1. (a) N2L applied to particle M1 

  
9

44
2gv

ga   A1 

  Magnitude of retardation = )36(
36

2v
g

  A1 (convincing) 

 

 (b)  236
36d

d
v

g

t

v
  M1 

   


tg
v

v
d

36

d
36

2
 A1 

  cgt
v

 

6
tan

6

1
36 1  A1 

  When t = 0, v = 6 m1 

  C  =  6  
2

3

4


  A1 

  At maximum height, v = 0 M1 

  s480
2

3


g
t


 A1 

 

 (c)  236
36d

d
v

g

x

v
v   M1 

   


xg
v

vv
d

36

d
36

2
 A1 

  10 ln(36 + v2)  =  -gx + c A1 

  When t = 0, v = 6, x = 0 m1 

  c  =  18 ln(72) A1 

  At maximum height. v = 0 M1 

  x  =  
89

18


ln(2)  =  1.27 m A1 

 

 

2. (a) Max. speed  = a M1 

   a = 8 A1 

      = 
5

8
 A1 

 

  Period  =  
4

52 




  B1 (F.T.) 

 

  Time for 9 oscillations =  
4

45
 (or 35.34s) B1 

 



GCE AS/ MATHEMATICS Specimen Assessment Materials 53 

 

 

 

 (b) Using )( 2222 xav   with 
5

8
,4,5  xa  o.e. M1 

 

  )45(61 2222 v  A1 

  v = 48ms1 A1 

 

 (c) a  = 2x M1 

   = 162  3 A1 

   = 768ms2 A1 

 

 (d) x = 5sin (16t) B1 

  When x = 24, tA =  03129 B1 

  When x = 36, tB = 05024 B1 

  Required time = tB  tA M1 (overall strategy) 

    = 08153 A1 (C.A.O.) 

 

3. Auxiliary equation m2 + 8m + 12  =  0 M1 

 (m + 2)(m + 6)  =  0 

 m  =  -2, -6 A1 

 Complementary function x  =  Ae-2t + Be-6t A1 

 For particular integral, try x = at + b M1 

 a
dt

d


x
 

 Substitute into differential equation 

 8a + 12(at + b)  = 12t + 20 A1 

 Compare coefficients m1 

 12a  =  12 

 a  =  1 

 8a + 12b  =  20 

 b  =  1  both values A1 

 General solution x  =  Ae-2t + Be-6t + t + 1 A1 

 When t = 0, x = 0 M1 

 0  =  A + B + 1 B1 

 When t = 0, 3
d

d


t

x
 

 1e6e2
d

d 62   tt BA
t

x
 B1 

 -2A – 6B + 1  =  3 A1 

 Solving A =  1, B = 0 A1 

 General solution is x  =  e2t+t+1 

 When t = 2, x = 298 m A1 
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4. (a) 

 

 

 

 Resolve horizontally M1 

 S  =  Tsin A1 

 Moments about A, dimensionally correct M1 

 15g  3 + 4T  = S  8 A1 

 Substitute for S  =  08T m1 

 45g + 4T  =  64T 

 T = 18375 N A1 

 S = 147 N A1 

 Resolve vertically M1 

 R  =  15g + T cos A1 

 R  =  15  98 + 18375  06  =  25725 N A1 

 

 (b) Using T = 2000 N and adding extra term in  

  moment equation M1 

  441 + 4T + 80g  x cos  =  64 T A1 

  4704x  =  (64 – 4)  2000 – 441 

  x  =  927 m A1 

  Man will not reach top of ladder A1 

 

 (c) Any reasonable assumption B1 

  (e.g. man is a particle, ladder is a rigid rod) 
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5. (a) 

 

B1 

 

 v  =  7 cos  = 4.2 ms-1 B1 

 For B,  -J  =  5  7 sin - 5u M1  A1 

 For A,  J  =  2u B1 

 -J  =  28 – 5u  =  -2u 

 u  =  4 ms-1 A1 

 Speed of A = 4 ms-1 

 Speed of B = 22 244   M1 

 Speed of B = 8564.33   ms-1 A1 

 J  = 2u  =  8 Ns A1 

 

 (b) Loss in K.E.  =  Initial K.E. - Final K.E. M1 

  Loss in K.E.  =  0.5  5  72 – 0.5  5  33.64 – 0.5  2  42 m1 A1 

  Loss in K.E.  =  22.4 J A1 
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1. (a) Prob = 
4

9

3

8

2

7
6

2

7
      (or  

4

1

3

1

2

1

9

3








 








 



















) M1M1A1 

 (b) P(3 reds) = 
4

9

3

8

2

7
    =  

1

21
 B1  

  P(3 blues) = 
3

9

2

8

1

7
   =  

1

84
 B1 

  P(3 yellow) = 0 B1 

  P(3 same colour) = Sum = 
5

84
 B1 

    ( or  

4

3

3

3

9

3








 



















 ) 

 

2.  E(Y) = 4  4 + 1 = 17 M1A1 

  Var (X) = 4 B1 

  Var (Y) = 16  4 = 64 M1A1 

  SD(Y) = 8 A1 

 

3. (a) P A B P A P B P A B( ) ( ) ( ) ( )      

         =  0.7 + 0.4 - 0.28 = 0.82 (or = 1 1 018     P A B( ) . )  M1A1A1 

 

 (b) (i) Prob = P A P B P A P B( ) ( ) ( ) ( )    M1A1 

   = 0.7  0.6 + 0.3  0.4 = 0.54 A1 

 

  (ii) P A B( )  and  = 0.3  0.6 = 0.18 M1A1A1 

 

4. (a) (i) P(X  4) = 0.8488 (or 1 - 0.1512) M1A1 

 

  (ii) P(X = 6) = 0.6063 - 0.4457 (or 0.5543 - 0.3937) M1A1A1 

 = 0.1606 

 

 (b) (i) P(Y = 2) = e  1 12
2112

2
0 205. .
.  M1A1 

 

  (ii) P(Y  2) = 1 - P(Y  1) M1 

   = 1 - e  1 12 1 112. ( . )  A1 

   = 0.308 A1 

 

5. (a) P(White) = 0.5  0.15 + 0.3  0.2 + 0.2  0.25 = 0.185 M1A1A1 

 

 (b) P(AWhite) = 
0 5 0 15

0 185
0

. .

.
.405


  M1A1A1 



GCE AS/ MATHEMATICS Specimen Assessment Materials 59 

 

 

 

6. (a) Mean = 10  0.8 = 8 ; SD = 10 0 8 0 2 1 26  . . .  B1M1A1 

 (b) (i) 302.02.08.0
8

10
)8( 28 








XP  M1A1 

   (or using tables  0.6242 - 0.3222 or 0.6778 - 0.3758) 

 

  (ii) Y is B(10,0.2)  P X P Y( ) ( )4 7 3 6         M1A1 

    =  0.9991 - 0.6778 = 0.321 m1A1 

    (or 0.3222 - 0.0009) 

 

7. (a) Mean = 1 0.2 + 2  0.3 + 3  0.2 + 4  0.3 = 2.6 M1A1 

  E( X 2 ) = 1  0.2 + 4  0.3 + 9  0.2 + 16  0.3 = 8.0 M1A1 

   Var = 8 - 2.62 = 1.24 A1 

 

 (b) E
1

1 0 2
1

2
0 3

1

3
0 2

1

4
0 3 0

X







         . . . . .492  M1A1A1 

 

 (c) Possibilities are (2,2), (1,3), (3,1). (si) B1 

  Prob = 0.3  0.3 + 2  0.2  0.2 M1A1 

           = 0.17  A1 

 

8. (a)     E(X) = 
1

12
8

0

2
3x x x x( )  d  M1A1 

   = 
1

12

8

3 5

3
5

0

2

x
x










  A1 

   = 1.24 A1 

 

 (b) (i) F(x) = 
1

12
8 3

0
( )y y y

x

 d  M1A1 

   = 
1

12
4

4

2
4

0

y
y

x










  A1 

   = 
1

12
4

4

2
4

x
x










  A1 

 

  (ii) P(X  1) = 1 - F(1) = 0.6875 M1A1A1 

 

  (iii) The median satisfies F(m) = 0.5, ie M1 

    4
4

62
4

m
m

   leading to the given equation. A1 

   Solving, 

     m 2 16 256 96

2


 
 M1A1 

     giving m = 1.29 A1 
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1. (a) (i) z = 
200 195

5
1


   M1A1 

    P(overflow) = 0.1587 A1 

 

  (ii)  = 200 - 2.326  5 = 188.4 M1A1A1 

 

 (b) T is N(980,125)  M1A1 

  z = 
1000 980

125
1 79


 .   m1A1 

  Prob = 0.0367 A1 

 

2. (a) Distribution of T is Poi(2.5). B1 

  Prob = e 2 5
22 5

2
0 257. .

.
.  M1A1 

 

 (b) T is now Poi(125)  N(125,125)  M1A1 

  z = 28.2
125

1255.99



 M1A1A1 

  Prob = 0.0113 A1 

  

3. (a) x  73 5.  M1A1 

  95% confidence limits are 

   73.5  1.96
10

16
 M1A1A1 

  giving  [71.0, 76.0]. A1 

 

 (b) A 95% confidence interval is an interval determined by a method  

  which would ensure that the parameter lies within the interval  

  95% of the time. B2 (Allow B1 if not 

     completely convinced) 

 

4. (a) P( R2 36 ) P(R > 6) M1 

    =
( )

( )

10 6

10 4




 A1 

    = 
2

3
 A1 

 

 (b) (i) The density of R is f(r) = 1/6  (si) B1 

    E(A) =  r r2

4

10 1

6
. d  M1A1 

          =   


18

3

4

10

r  A1 

           =  52 A1 
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  (ii)  E d2A r r  2 4

4

10 1

6
.  M1A1 

              =   
 2

5

4

10

30
r  A1 

               =  3299.2 2  A1 

   Var(A) = 3299.2 2 2 252  

              = 595.2 2  A1 

 

5. The appropriate test statistic is 

           TS = 
x y

m n




1 1

 M1 

     =  
52 6 49 8

5
1

10

1

10

. .



 A1A1 

     =  1.25 A1 

 

 EITHER 

  p-value = 2  0.1056  

   = 0.2112   M1A1 

  This is greater than 0.01 so accept that concentrations are equal. A1 

 

 OR 

    Critical value = 2.576 M1A1 

  The calculated value is less than this so accept that concentrations  

  are equal. A1 

 

6. (a) (i) X is B(20,p) (si) B1 

   Sig level = P(X  14p = 0.5)  M1A1 

    = 0.0577 A1 

 

  (ii) We require 

   P(X  14p = 0.7) = P(Y  6p = 0.3) M1A1 

          = 0.608 A1 

 

 (b) Under H0, X is B(200,0.5)  N(100,50) M1A1 

       z = 
119 5 100

50

. 
 m1A1 

         = 2.76 A1 

       p-value =  0.00289 A1 

  Strong evidence to support Dafydd’s theory. B1 
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7. (a) (i) H  versus H0 1: :  3 3  B1 

 

  (ii) In 5 days, number sold Y is Poi(15) under H0. B1 

   p-value = P( Y  20 ) M1 

     = 0.1248 A1 

   We cannot conclude that the mean has increased. B1 

 

 (b) Under H0 the number sold in 100 days is Poi(300)  N(300,300) 

    B1B1 

   z = 
329 5 300

300

. 
 M1A1 

     = 1.70 A1 

   p-value = 0.0446 A1 

  Significant at the 5% level because 0.0446 < 0.05. B1B1 
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1. (a) The possible combinations are given in the following table. 

 

Combination Sum 

1 2  3 

1 3 4 

1 3 4 

2 3 5 

2 3 5 

3 3 6 

 M1A1 (combs)A1(sum) 

 

  The sampling distribution is 

 

Sum 3 4 5 6 

Prob 1/6 2/6 2/6 1/6 

 M1A1 

 

 (b) The possibilities are 

 

Possibility Sum 

1 1 2 

1 2 3 

1 3 4 

1 3 4 

2 1 3 

2 2 4 

2 3 5 

2 3 5 

3 1 4 

3 2 5 

3 3 6 

3 3 6 

3 1 4 

3 2 5 

3 3 6 

3 3 6 

 M1A2(Poss)A1(sum) 

 (1 each error) 

 

 The distribution is 

 

Sum 2 3 4 5 6 

Prob 1/16 2/16 5/16 4/16 4/16 

 M1A1 
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2. (a)   .p  
930

1500
0 62  B1 

 

 (b)  SE  
0 62 0 38

1500

. .
 M1 

 

        = 0.0125...  A1 

   The value of p is not known and has to be estimated. B1 

 

 (c) 90% confidence limits are 

    0.62  1.645  0.0125 M1A1 

  giving [0.60,0.64]. A1 

 

 (d) No we are not.  The confidence interval has a level of confidence  

  associated with it and it is not certain. B1B1 

 

3. (a)  H  versus H0 1: :   x y x y   B1 

 

 (b)     Test statistic = 
2 51 2

0 082

120

0 094

80

. .45

. .





 M1A1A1 

                = 1.39.. A1 

   p-value = 0.0823  2 M1A1 

    = 0.1646 A1 

  We conclude that there is no difference in mean weight. B1 

 

4. (a) (i)  x = 30.4  ;  x  3 8.  B1B1 

    x 2 11714  . ,  B1 

    
. .4

 2
211714

7

30

7 8
 


 M1 

             =  0.231(428..) A1 

 

  (ii)  99% confidence limits are 

    3.8  2.365  
0 231428

8

. ..
 M1A1A1 

   giving [3.4, 4.2]. A1 

 

 (b)  x  
431 2

110
3 92

.
.  B1 

   
. .

 2
21712 1

109

431 2

110 109
 


 M1 

        =  0.2 A1 

  95% confidence limits are 

   3.92  1.96  
0 2

110

.
 M1A1 

   giving [3.84,4.00] A1 
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5. (a)  b = 
8 17882 5 220 6381

8 7100 220 2

  

 

. .
 M1A1 

      =  0.319 A1 

   a = 
6381 220 0 319

8

. . 
 M1 

      = 71.0 A1 

 

 (b) Test statistic = 
0 319 0 3

0 2
7100 220 82. .

.
/


  M1A1A1 

    = 3.08 A1 

   p-value = 2  0.001 M1 

    = 0.002 A1 

  Very strong evidence that the value of  is not 0.3. B1 

 

 (c) (i) Est length = 71.0 + 0.319  35 M1 

        = 82.165 A1 

   SE = 0 2
1

8

35 27 5

7100 220 8

2

2
.

( . )

/





 M1 

   = 0.085 A1 

 

 (ii) 95% confidence limits are 

   82.165  1.96  0.085 M1 

   giving [82.0,82.3] A1 

 

6. (a)   E   ( )  2E X  M1 

             = 2E(X) A1 

             = 2.



2
  A1 

           Var   ( )  4Var X  M1 

            = 4
48

.
( )Var X

 A1 

            = 
 2

144
 A1 

            SE(  )



12

 A1 

 

 (b)    , 


 








N 0

144

2

 B1 

   We require 

    P   .    0 05  M1 

                z = 
0 05

12

.

/




 m1A1 

       =  0.6 A1 

        Prob = 0.2743  2 = 0.5286 A1 

 
 

RJC/JD/W100(04) 
24-Sep-13 


