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1  (i) 
 

Use of N(25,25)  (in either part) 

9.1
5

255.15
−=

−

=z  

P (Y 15) = 0.0287 

M1 
M1A1 

 
A1 
[4] 

  (ii)  Ф(z) = 0.95 ⇒ z = 1.645     (Allow [1.64,1.65] ) 

x = 0.5 + 25 + 5 × 1.645 = 33.725   (Allow for ± 0.5) 

⇒ 34 narrowboats required.    (CAO) 

B1 
B1 
B1 
[3] 

2  (i) 









9

64
,156~B  , 









16

49
,160~G    (Can be implied by working.) 









−−

144

1465
,4~ NGB  

254.1

144

1465

)4(0
=

−−

=z  

sf)3(105010490)2541(1 ... ==−φ  (AWRT 0.105) 

B1B1 
 
 

B1M1A1 
 
 
 

M1A1 
 

A1 
[8] 

  (ii) Samples are taken from underlying normal distributions ⇒ distributions of sample 

means are normal. 

B1 
[1] 

3  (i) 

)265001(

)762201(
)36P(

.

.
XX

−

−
=>>  

    = 0.324 

M1A1 
 

A1 
[3] 

  

 (ii) P(Y 1) = e–λ(1 – λ) = 
2

1
 

 ⇒ eλ = 2(1 + λ) ⇒ λ = 1n{2(1 + λ)} (AG) 

 

M1A1 
 

A1 
[3] 

  (iii) =
0

λ 1.6 or 1.7 

)}1(2ln{
1 rr

λλ +=
+

 

(3dp) 1.678=λ  (Award B2 for correct answer with no working.) 

B1 
M1 
A1 
[3] 
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4  (i)  P: 
1
x = 4.0125  S.D.P. = 0.73218 … or 0.78273 … (or variance) 

Q: 
2
x = 2.55  S.D.Q = 0.39895 … or 0.43703 … (or variance) 

 

43697.0
268

955.028875.4
ˆ
2

=

−+

+
=σ  

782.1)95.0(
12

=t  

90% confidence limits are: 

)68...66104.0782.1(4625.1 11 −−

+××±   (ft on t value.) 

90% confidence interval is (0.826 , 2.10)   (Accept 0.827 from t =1.78.) 

B1 
B1 

 
 

M1A1 
B1 

 
 
 

M1A1√ 
A1 
[8] 

  (ii) Distributions of broadband speeds are normal. 

The populations have a common variance. 

B1 
B1 
[2] 

 

5 
 

 (i) (a) 
 
  (b) 
 

10

1
1)235( =⇒=++ kk  

 

Modal value is –1. 

 

B1 
[1] 
B1 
[1] 

  

 (ii) (a) 
 
 
  (b) 
 
 

221 )235(
100

1
)(G ttt

y
++=

−  (ft on k value and also in (b):1st two lines.) 

 

)45)(235(
50

1
)(G 221 

ttttt
y

+−++=
−−′

 

 

E(Y) =  

′′

y
G (1) = 

5

1

50

10
−=−  

 

 

G
′′

y
(t) = 

50

1
 {(–5t–2 + 4t)2 + (5t–1 + 3 + 2t2)(10t–3 + 4)} 

 

 

G
′′

y
(1) = 

50

1
 (1 + 10 × 14) = 

5

1

25

1

50

141 2
++=σ  

         (B1 for their σ2 + µ2 = µ.) 
 

58.2
50

1292
==⇒σ (AWRT 2.58)  

 

B1√ 
[1] 

  
M1A1√ 

 
 

B1 
 
 
 

M1A1√ 
A1B1 

 
 
 

A1 
[8] 

6  (i)  
 

2

2

0

0

1
2

0

)F(

>

≤

<

≤








x

x

x

x

x  

B1B1 
[2] 

 

  (ii) Y = X(8 – X) = 8X – X 2 ⇒ 16 – Y = 16 – 8X + X 

2 = (4 – X)2 (AG) 

G(y) = 
2

1
{4 – y−16 }, 0 Y y Y 12 

 ∴ g(y) = G′(y) = ,

y−164

1
0 Y y Y 12 (AG) 

 

M1A1 
B1B1 

B1 
[5] 
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 (iii) 
G (Median) = 

2

1
 ⇒ Median = 7 

M1A1 
[2] 

 (iv) 
∫

−

=

12

0

d
164

)E( y
y

y
Y  

Let 2
16 uy =−   (or any other valid substitution) uuY d)

2

1
8()E(

4

2

2∫ −=  

3

20

3

4
16

3

32
32

6
8)E(

4

2

3

=







−−








−=








−=
u

uY  

Or: ∫ −+











−−

12

0

2

1
12

0

2

1

d)16()16(
2

1
yyyy  

[ ]
3

20
)16(

3

1
12

12

0

2

3

=











−−+−= y  

 
B1 

M1A1 
 
 
 
 

M1A1 
[5] 

(M1A1) 
 

 

(M1A1) 

  
Or:   xxxY d)8(

2

1
)E(

2

0

2∫ −=  

   
3

20

6

1
2

2

0

32 =







−= xx  

 

(M1A1) 

 

(M1A1) 

7  Work against gravity: 3 × 103 × 25 × 10 = 750 000J  

Let speed of delivery be v ms-1. 

36005.0
2

=×× vπ  

ππ

20
or3666

60050

3

2
.

.

v =

××

=⇒  

Kinetic energy )60792(366.6103
2

1 23
=×××  

kW513
100060

60792750000
Power .=

×

+
=  

M1A1 
 

M1A1 
 

A1 
 

B1 
 

M1A1 
[8] 

8  (i) 
 
 

)4(80 22
−= aω  

)5(64 22
−= aω  

Dividing: 39
5

4

4

5 2

2

2

=⇒=⇒

−

−
= aa

a

a

 

4=ω , 
24

2 ππ

==T  seconds. 

 

B1 
B1 

 
 

M1A1 

 

A1A1 
[6] 

 

  (ii) 
( ))...2102.0...1824.0

3

5
sin

4

1

3

2
sin

4

1 11

21
+=













 −
−








=− −−

tt  

,,.tt π

8

1
or3930

21
=−⇒  seconds (3sf) 

 
M1A1 

A1 
 

[3] 
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9  (i) 

16

1
2

d

d
4 =⇒−== k

x

v
v,v  

x

v
vkv
d

d
2

3
=−  

∫ ∫ −

−= vvx d2d
16

1 2
 

c

v

x

+=
2

16
 

x = 0, v = 4 ⇒ c = 
2

1
−  

32

81

2

1

16

2 +
=⇒+=
x

v

x

v

  (AG) 

 

B1 

 

M1 

 

M1 

 

A1 

 

A1 
 

A1 
[6] 

  (ii) 

8

32

d

d

+

==

xt

x
v  

 

3

968
2

32

)d8(d32

8

0

2

8

00

=⇒

=







+=

+= ∫∫

t

x
x

t

xxt

t

 

 

M1 
 
 

M1A1 
 
 
 
 

A1 
[4] 

  Or 

3
1

16
428

1

1616
1

1

16

1

1616

1
40

16

d2d
16

1

d

d
2

16

2

2

2

2

3

3

=⇒
+

+⇒+=










+
=⇒=+⇒

−=−−⇒−=⇒==

−=+−⇒

=⇒=−

−

−∫ ∫

t
t

v,x

t
v

v
t

v

t
cv,t

vc
t

vvt
t

vv

 

 
 
 

 

(M1) 
 
 

(M1) 
 
 

(A1) 
 
 

(A1) 
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10  (i) 
 

Uses A’s velocity perpendicular to AVB for closest approach.         

Calculates relevant angle from (12, 16, 20) ~ (3, 4, 5) triangle.  
 

e.g. °=







−

87.36
5

4
cos

1  

Finds bearing: 300º + 36.87º = 337º (nearest degree).  

M1 
M1A1 

A1 
 
 

[4] 

 (ii) 
Magnitude of 121620

22
=−=

BA
V  

Uses distance triangle to find length of travel along relative path: 

15cos(120 – 53.13)° = 5.892 km 

Time 5.2960
12

892.5
=×=  minutes 

 

M1A1 
 
 

M1A1 
 

M1A1 
[6] 

11  (i) Conservation of energy:       

)75.7(6060

5
2

1

2

1

5

4
10.50

2

2

==⇒=

×=







−

vv

v

 

Speed is 7.75 ms–1. 

 

 
M1A1 

 

A1 
 

A1 

  Resolving along string:  

70

60
10

5

5

4
50

=⇒

×=×−

T

T
 

Tension is 70N 

 

 
M1A1 

 
 

A1 
[7] 

 (ii) Acceleration towards centre: 

6
10

60
=  

Newton II along tangent:   

6
5

30
5

5

3
50 ==⇒=× aa  

Magnitude of acceleration    
2

ms26456
−

=°sec  (AG) (CWO) 

 

 
B1 

 
 
 

M1A1 
 

A1 
[4] 
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12  (i) 
 

Let speed on AP be u and speed on PB be v. 

 

Momentum:  θθ sincos vu =   (Method mark can be awarded in part (ii), if not 

here) 

NEL:  θθ cossin veu =   (Method mark can be awarded in part (ii), if not 

here)  

θθ

θ

θ

θ

2
tan

1

sin

cos

cos

sin
=⇒= ee  

9

1
=⇒ e  

 
 

M1A1 
 

M1A1 
 
 

M1 
 

A1 
[6] 

  (ii) Momentum:  )45sin()135cos(cos °−=−°= θθθ vvu  

NEL:  )45cos(sin
3

2
°−= θθ vu  

 

Dividing:  
1tan

tan1

54sincoscos45sin

sin45sincos45cos
tan

3

2

−

+
=

°−°

°+°
=

θ

θ

θθ

θθ
θ  

 

0352)tan(where33)(2 22
=−−⇒=+=−⇒ tttttt θ  

3tanacute,is Since
2

1
or30)3)(12( 1−

=−=⇒=−+ θθttt  

B1 
 

B1 
 

 

DM1 
 
 

A1 
 

DM1A1 
[6] 
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