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(a)
X | 15 45 75 105 135 165 195 225
VR 15 33 21 11 7 5 3
X =97.2 (exactly)
(b)
X | 30 60 90 120 150 180 210 240
2f ‘ 5 20 53 74 85 92 97 100
Note: Award (41) for correct values for x, 37 .
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(M1)

(A1)
[2 marks]

(AD)

[1 mark]

(44)

Notes: Award (42) for 6 or more points correct, (41) for 4/5 points correct.
Award (A1) for a reasonable graph, (41) for the correct axes and the given scales.

(d) Median =872

Lower quartile =652

Upper quartile =123 +2

[4 marks]
(A1)

(AD)

(41)
[3 marks]

Total [10 marks]
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@ =2 O h=50-5(2%) =50 -20
=30 (Al)
OR
h =90 —40(2) +5(27%)
=30 (41)
[1 mark]
(b)
N
o RTINS § N
T T T L3 T /
I 3 4 8 o
(44)
Note: Award (41) for marked scales on each axis, (41) for each section of the curve
[4 marks]
. dh _d )
— =—(50-5¢
© O 4 g t( )
=0-10t =-10¢ (A1)
.. dh _d 5
— =—(90 —40¢ +5¢
i =7 t( )
=0-40 +10r =40 +10z (Al)
[2 marks]
dh dh
(d)  When r=2 (i) E=—10(2) or E=—40 +10 %2 M1)
=-20 =-20 (Al)
[2 marks]
(e) %:0 O+ 10 08 £ 2) or —40 +10f =0(2 <t <5) (M1)
t
t=0 or t=4 (A1)(AD)
[3 marks]
h=90-40(4) +5(4%) M1)
=90 -160 +80
[3 marks]

Total [15 marks]
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Notes: The sketch does not need to be on graph paper. It should have the correct shape, and
the points (0, 0), (1.1, 0.55), (1.57, 0) and 2, —1.66) should be indicated in some way.
Award (A1) for the correct shape.
Award (A2) for 3 or 4 correctly indicated points, (41) for 1 or 2 points.

(il)) Approximate positions are

positive x-intercept (1.57, 0) (A1)

maximum point (1.1, 0.55) (A1)

end points (0, 0) and (2, —1.66) (Al1)(A1)

[7 marks]

(b) x’cosx=0 x#0 O cosx 0 M)
Tt

Note: Award (42) if answer correct.

[2 marks]

(c) (i) seegraph (Al)
2

(ii) J'O x* cosx dx (42)

Note: Award (41) for limits, (41) for rest of integral correct (do not penalise missing dx).

[3 marks]

continued ...



Question 3 continued

(d)

Integral =0.467
OR

2 . . 2
Integral = [ sinx +2xcosx —2sin x

_ O org,. .0 B
_Ez(l)uHEB(O) 2(1)5 [0+0-0]

; —2 (exact) or 0.467 (3 s.f.)

N00/520/S(2)M

(G3)

(MI)

(M1)

(AD)

[3 marks]
Total [15 marks]



(a)

(b)

(c)

" r_D@+%u]
i =0.,0
' Hod H-s
060
=00
T HA
|1 |=y06” +12%) =20
.. _ 020
(i1)  Velocity vector =[]
50
0 speed= (124 « 5)7)
=13
0 0161 012
3O AE +
DO 048 O
D[ﬁgﬂ@j}é@l@g[}@tuz
S0F O 0
HzDDE 0l2o []%25[?5

U5+ 125 8¢ 144

Sx+12y =224
OR
x-16 _ y-12
12 =5

5x—-80=144-12y
= S5x+12y =224

OR

x=16+12,y =12 -5t O 7 127
a2-yQd

Ox 16 12
Hs H

0 5% 88 144 12y

0 5¢ 125 224

_g2g in
w=0..0 "
50 N

_02002.5]
v, =008 .0
500 60
=30-30
Oy 0
0e& 90°

2.51
6t
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(M1)

(A1)

(MI)
(AD)

[4 marks]

(MI)

(41)
(A1)(AG)

(MI)
(AD)
(AD)(AG)

(M1)

(AD)

(A1)(AG)
[3 marks]

(MI)

(M1)
(AD)

(41)
[4 marks]

continued...
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Question 4 continued

(d)

(e)

, E;m[gm 0230 12
O 0Og _%ﬂ %
D008 080
e 12x=-5y=23x12 +25 =301

OR

x=23 _y+5

25 6

0 6x 138 2.5y 125
0 12x 276 Sy 25
0 12¢ 5§ 301

(i)  Sx+12y=2240 25x+60y =11200
12x =5y :3015 144x —60y =361%
169x = 4732

x=28, y=(12x28 =301) =5 =7

(28,7)

Note:  Accept any correct method for solving simultaneous equations.

16+12t=23+2.5 O 958 7
12 -5t =-5 +6¢ o 1% 1t
7,1
95 11
O planes cannot be at the same place at the same time
OR
r_EZ8D D2@%1 _}% 2
-0, 0=0-4
“HHHHHE BB
a2t =12 =
E—St——S
_ 230 02,51 0258 O
When /=1 n=nng 0¥ .07
oSO geg o 10
OR
. _ 280 DZ@%ZIE _I%
-0,0<0-0
H HHHE B
e t=2

N00/520/S(2)M

(MI)

(AD)

(M1)

(AD)

(M1)

(AD)(A1)

[5 marks]

(MI)
(M1)

(AD)
(RI)

(MI)

(AD)

(AD(RI)

(M)

(A1)

[4 marks]

Total [20 marks]
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Note: A reminder that a candidate is penalised only once in this question for not giving
answers to 3 s.f.
(@  7(5)=10000x(0.933%) =7069.8...

(b)

(c)

(d)

=7070 (3 s.f)

We want ¢ when 7 =5000
5000 =10000 %(0.933)"

0.5=0.933"
log(0.5) _ ; 0 . In(0.5) O
log(0.933) 0 1n(0.933)g
9.9949= ¢

After 10 minutes 0 seconds, to nearest second (or 600 seconds).

0.05=0.933'
log (0.05)
log(0.933)

=3/4 hour

=t =43.197 minutes

(i)  10000-10000(0.933)"%" =0.693

dv
(i1))  Initial flow rate = E where ¢t =0,

4V _0.69 _ o

dr ~ 0.001
=690 (2 s.f)

OR

a _ 690
de

(41)
[1 mark]
M)

(AD)

(41)
[3 marks]

(M1)
(M1)(A1)

(4G)
[3 marks]
(41)

(MI)

(A1)

(G2)

[3 marks]
Total [10 marks]
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Note: Candidates using tables may get slightly different answers, especially if they do
not interpolate. Accept these answers.
() (a) P(speed>50)=03 =1 - (DEISOl; HO
Hence, Sl ©7'(0.7)
H=50-10D7"(0.7)
=44.75599...... =44.8 km/h (3 s.f.) (accept 44.7)
(b)  H,: ‘the mean speed has been reduced by the campaign’.
(¢)  One-tailed; because H, involves only “<”.
(d)  For a one-tailed test at 5% level, critical region is
Z<u,-1.640, (accept —1.650,,)
g 10
Now, u, =u=44.75...;0, =—= =—= =2 (allow ft)
Ho A NFENGT
So test statistic is 44.75...—1.64x2 =41.47
Now 41.3<41.47so reject H, yes.
(il)) (a) Expected frequencies:
25.5 24.5
25.5 24.5
(b)  Observed, Yates corrected.
30.5 19.5
20.5 29.5
» L/ )2
(C) Xcalc - Z fe
=4.00
Note: If Yates’ correction is not used the answer should be 4.84.
Award (M1)(A1) for 4.84, and apply ft to part (d).
(d) 5% critical value is 3.84

4.00>3.84
So, results significant at 5% level.

N00/520/S(2)M

(AD)

(M1)

(M1)
(4G)

[3 marks]
(AD)

[1 mark]
(42)

[2 marks]

M1)
(41)
(41)
(41)
[4 marks]

(42)
[2 marks]

(M1)(A1)
[2 marks]

(MI1)(M1)
(AD)

[3 marks]

(AD)
(AD)
(AD)

[3 marks]

continued. ..
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Question 6 continued
(iii)
X 1 2 3 4
y 55 57 56 59
(a) x=25, y =56.75 (G1)
s, =1.118..., s, =1.479
=1.12(3s.f) =148 (3s.f) (G1)
[2 marks]
b)) xy =%(55 +2 X57 43 X56 +4 X59) (M1)(A1)
=143.25 (AG)
OR
Z xy =573 (G1)
0 xF %3= 143.25 (G1)
[2 marks]
Se _(F-XF
(C) r= A ( Y y) (M])
5,8, S, XS,
_143.25-2.5%56.75 Al
1.118...x1.479... (A1)
=0.8315...=0.83 (AG)
[2 marks]
__ G0  _
(d) y=y=rg-Qx-X) (M1)
8.0
1.479...0
-56.75 =(0.8315... -2.5
y ( )WH(X ) M1)
y =1.1x +54 (A1)(Al)
OR
y =lL1x+54 (G4)
[4 marks]

Total [30 marks]



(b)

(c)

(d)

(e)

Q)

15— N00/520/S(2)M

From graph, period =21 (41)
[1 mark]
Range ={y|—0.4 <y <0.4} (Al)
[1 mark]

O  flx)= %{cosx(sinx)z}

= cos x(2sinxcosx) —sin x(sinx)* or —3sin’ x +2sin x (M1)(Al)(Al)

Note: Award (M1) for using the product rule and (41) for each part.

(i)  f'(x)=0 M1)
g sinx{2coszx sinzx}‘ 0 or sin){ 3cos” x }1= 0 (A1)
0 3cos’x * 0
U cosx* [%ﬁ (A1)
A _ fDlD
tA, f(x)>0,hence cosx = ng (R1)(AG)
0 O
oo Bpo
(i) £ (x) =\/ a - 0 M1)
O
e BRHE
2,1 .2
3% 9J§ (A1)
[9 marks]
_n
x= > (A1)
[1 mark]
@) J'(cosx)(sin x) dx = %sin3 x+c (M1)(Al)
y _ 2 NRICUE 1= PN | s =
(i) Area —J'O (cosx)(sinx)”dx = 3 ngm ZH (sin0) 5 M1)
-1
=3 (A1)
[4 marks]
AtC f'(x)=0 M)
= 9cos’ x—7cosx =0
= cosx(9cos’x—7)=0 M1)
O = g (reject) or x = arccosg =0.491 (3 s.f) (A1)(Al)
[4 marks]

continued...
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Question 7 continued

(i) (a)
X ‘ e x2
0.5 0.606... > 0.25 Ml)
1 0.367... < 1 (A1)

Note:  Award (M1)(A1) for sketching the graphs of ¢™* and x?, or the graph of

e —x*, for 0.5<x<1.

[2 marks]

® @ x.=ET), x=07
x, =0.7046(880897)
x, =0.7030(382037) (42)
X, =0.7036(184094)

Note: Award (A42) for three correct, (41) for two correct, (40) for one correct.

(i) x,=0.7034677...

x,, =0.7034673... (M1)
X, =0.7034674...
x=0.703467 (6 5.1 (Al)

Note: If part (i) is correct, award (42) for a correct answer without explanation.
Award (A40) if part (i) is incorrect.

[4 marks]
) @ e =x
O x Inx?
O x- Inx=- 2lnx (Al)
X, =~In(x;) = 2Inx, (AD)
x, =0.7 (AG)
(i) X =0.7133(49887...)
x, =0.6755(66505...)
x; =0.7844(07346...) (Al)
Note: Award (A1) for all three correct.
(ii1) It is divergent. (Al)
[4 marks]

Total [30 marks]
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Note: Geometric or algebraic approaches may be used in parts (a) and (b).

(a) PQ is areflection in the y-axis (or the line x =0)

Note: Award (41) for reflection, (41) for y-axis.

OR

Sy

S
kasas

T
|
|

PQ is a reflection in the y-axis (or the line x =0)

OR
_1 —
0 has matrix ay S P has matrix SO 15
g oo ol 0Q

00 -1mo -0 0 -1
0P
¢ 0, (8 FHo &

U PQ is a reflection in the y-axis (or the line x=0)

=

N00/520/S(2)M

(42)

(M1)

(A1)

(M1)

(41)
[2 marks]

continued...
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Question 8(i) continued

(b) Xis areflection in the x-axis (or the line y =0). (A3)

Note: Award (A1) for reflection, (42) for x-axis.

OR
I“,l Il. | ]II ||||| |||
38 iﬁ-.l?,d- = Q| |
] T H
‘ AN \\ 1
M. B T tab).
THS =R U gce
‘ XN s A
e M)
SESSRRRaRd ckarc o AEVNAERRERATED
H lig"”/{l"- Eam ‘|‘r+Lﬁ ==
EEEEEENL JSNEE SEEERRRERECC A
| | ebey o
H HE TN
T N [ EEEEEEEEERE N
X is a reflection in the x-axis (or the line y =0). (41)
OR
X0=pP0 X PQ"' M1I)

Note: If candidate gives X = Q7'P award (M0) but use ft.

-1, . 0o 10
O is rotation by —90° about (0, 0) and has matrix [J O
ol 0O
ox 7B BB as
F1 off- G Ho
X is a reflection in the x-axis (or the line y =0). (A1)

[3 marks]

continued...



Question 8 continued

(i)

(a)

(b)

(c)

OB =

@

(i)

(@)

(i)

(iii)

|

2
9

1
5

b
1

OA+0C =

oS
oo

g 0o-
00
uo

(|

(12, 9) is on the line 4y —3x =0
= 4(9)-3(12)=0 <= 0=0

Cb,_%%—(—lo)gzgﬂ
O 85 0O D%
- 020

Vector in direction of 4y —3x =01is OA =[]_[]
000

CC'is parallel to invariant line.
OR

Gradient of (CC')=—>—° =3
“6-(-10) 4

Invariant line: y =%x has gradient %

CC' is parallel to invariant line.

. 2 1 0-100 O-6¢]
Since M%l E=E % and M _ 00 O
090 090 05 0080

g2 -100_ 012 —61
Then M 0=0 0

09 5009 80

02 -e6mi2 -1q7°"
M= m 0
09 8m9 50

g2 -60105 1@
Ho g HisoH-o 18

1 014 48000.76  0.32]
15027 1865 H-0.18 124
A shear transformation preserves area
and |detM | is the area scale-factor. Hence det M = +1

In this case detM =0.76 (1.24) —0.32(-0.18) ="1

(d) Area of parallelogram OABC =area of rectangle OAB'C’

Area =

OC' | =+/9? +122/(~6)? +8* =15(10)

ok‘

=150

N00/520/S(2)M

(A1)

[1 mark]

(AD)

(AD)

(RD)

(AD)

(R1)
[3 marks]

(RD)

(M1)

(AD)(AD)

(AD)

(RI)
(RD)

(A1)
[8 marks]
(M1)
M1)

(41)
[3 marks]

continued...
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Question 8 continued

(i)  (a)

(b)

(d)

53 0 O I i

Now P Q where OHQ = (5P+215P', P projection of Pony =1.

kO 0OX1 -l DDCE
So §': DD'_)DD"' I%

0 000
=gpot 2D 0
DO o-x
_dx 0O
bl
0 a0
SR: DDI—)S
ERDJDEE
6 —
~+H
O e6-y O
= 0
B~ (6-9H
_ B-yO
= 0.0
X —40
0 06-y0 Ox O 6-y, =K,
0'0~0 3R oo Tz O
o D% OMad 0O % =
Oy + 5o =6
X — Vo =4
Say()_l

Rotation of *90°
about (5, 1)

N00/520/S(2)M

(MI)

(MI)(Al)

(AD)

(AG)

[4 marks]

(AD)

(AD)

(4G)
[2 marks]

(AD)

(AD)

[2 marks]

(A1)
(AD)

[2 marks]
Total [30 marks]




