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INTRODUCTION

The marking schemes which follow were those used by WJEC for the Summer 2014
examination in GCE MATHEMATICS - M1-M3 & S1-S3. They were finalised after detailed
discussion at examiners' conferences by all the examiners involved in the assessment. The
conferences were held shortly after the papers were taken so that reference could be made
to the full range of candidates' responses, with photocopied scripts forming the basis of
discussion. The aim of the conferences was to ensure that the marking schemes were
interpreted and applied in the same way by all examiners.

It is hoped that this information will be of assistance to centres but it is recognised at the
same time that, without the benefit of participation in the examiners' conferences, teachers
may have different views on certain matters of detail or interpretation.

WJEC regrets that it cannot enter into any discussion or correspondence about these
marking schemes.
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Q Solution

1(a)

TR

M1

Mark

ll.st‘z

l

259
Apply N2L to crate
25g—-R = 25x1.2

R =215 (N)

1(b) R=25g=245(N)

© WIJEC CBAC Ltd.

M1

Al

Al

Bl

Notes

R and 25g opposing.
Dim. Correct
correct equation
Any form



Q Solution

2(a) Use of v=u + at with u=10, v=24, t=21

24 =10+ 21a

2, 2
a=-(ms
5 (Ms7)

2(b) s= %(u + V)t with v=0, u=24, t=16

s:%xz4><16
s =192 (m)

2(c)

P2

10

»

0 o1 21+T  37+T

2(d)  Areaunder graph = 15000
0.5(10+24)21 + 24T + 192 = 15000

24T = 14451
T =602(.125)
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“ts

Mark

M1
Al

Al

M1

Al
Al

Bl
Bl
Bl
Bl

M1
Al
Bl

Al

Notes

oe

accept anything derived

from %rounded correctly

oe

(0, 10) to (21, 24)

(21, 24) to (21+T, 24)
(21+4T, 24) to (37+T, 0)
all labels, units and shape.

used

ft (b)

0.5(10+24)21 or 24T
Ft graph

Accept 600 from correct
working. Cao.



3(a)

3(b)

Solution

Resolve perpendicular to plane

R = mgcosa
F = umgcosa.

F=O.6x7x9.8xg
F =32.9(28 N)

Apply N2L to A

T+ mgsina—F =7a
T+41.16-32.928=7a
T+8232=7a

Apply N2L to B
3g—T=3a

3g +8.232 = 10a

a=3.7(632 ms?)
T = 18.1(104 N)

© WIJEC CBAC Ltd.

Mark

M1
ml

Al

M1

Al

M1
Al

ml

Al
Al

Notes

sin/cos
correct expression

Accept rounding to 32.9.

dim correct equation
Friction opposes motion
4 terms. Accept cos.

ft (a)

dim correct equation
one variable eliminated
Dep on both M’s

cao
cao



Q Solution

Take moments about C

0.4Rp = 3gx0.6 + 12gx1.5
0.4Rp = 19.8g = 194.04
Rp = 49.5¢ = 485.1 (N)

Resolve vertically

Rp = Re + 159
Rc = 34.5¢ = 338.1 (N)

Alternative solution
Moment equation about A/centre/B
Correct equation

Second moment equation
Correct equation

Correct method for solving simultaneously

Rc = 34.5¢ = 338.1 (N)
Rp = 49.5g = 485.1 (N)

© WIJEC CBAC Ltd.

Mark

Bl

M1

Al

Al

M1

Al
Al

M1
Bl

M1
Al

ml

Al
Al

Notes

any 1 correct moment.
dim correct equation. oe
correct equ any form

Ccao

equation attempted.
Or 2™ moment equation.

Ccao

Dep on both M’s

cao
cao



5(a)

5(b)

5(c)

Solution

Resolve perpendicular to motion
20sin60 + Tsin30 = 28sin60

20£+Tx£:28 ﬁ
2 2 2
T=83

N2L in direction of motion

20c0s60 + Tcos30 + 28cos60 — 16 = 80a
20x% + Sﬁxg + 28x% -16 = 80a

a=0.25(ms?

N2L -16 =80a
a=-0.2

Use of v=u + at, v=4, u=12, a=(+/-)0.2

4=12-0.2t
t =40 (s)

© WIJEC CBAC Ltd.

Mark

M1
Al

Al

M1

A2

Al

M1
Al

ml
Al
Al

Notes

equation, sin/cos

convincing

dim correct all forces and
No extra force
-1 each error

cao

no extra force
accept +/-

ftif a<0
ftif a<0



Q Solution Mark Notes

6(a)
2ms? -5 ms?t
vams?t vg ms™
Conservation of momentum M1  equation required
Only one sign error.
Ignore common factors
2x3 - 7x5=3vp + 7vg Al
3va + 7vg =-29
Restitution M1  vg, Va OppoSing consistent
with diagram, +/-7 with
the 0.6.
Vg —Va =-0.6(-5-2) Al
Vg —Va = 4.2
-fvp + Vg = 29.4
3va + 7vg =-29
10vp =-58.4 ml  one variable eliminated.
Dep on both M’s.
va =(-)5.84 Al cao
vg =(-)1.64 Al cao
6(b) Impulse = change of momentum M1  used
| = 7vg — 7(-5)
| =-11.48 + 35
| =23.52 (Ns) Al ft their va or vg
6(c) 3.65=e(5.84)
e =0.625 Bl  ftvaif>3.65.
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Q Solution Mark Notes

7.
E Tac
Tre 60t 4
9
Resolve horizontally M1  equation, no extra force
Tas sin 60 = Tac sin45 Al
J3 1
> Tag = 7z Tac
2
Tag = \/; Tac
Resolve vertically M1  equation, no extra force
TasC0S60 + TacC0s45 = 9g Al
Tag + ~/2 Tac = 18g
\ETAC + /2 Tac=18g m1
Tac =79.(078) (N) Al  caoallow 79
Tas = 64.(567) (N) Al  caoallow 65

Alternative Method

Third angle 75°/105° Bl
T¢ = .9g M1  sine rule attempted
sin45 sin75
Tpp = 292545 Al si
sin75
Tag = 64.(567) (N) Al cao allow 65
TL = _9g M1  sine rule attempted
sin60  sin75
9g xsin60 .
=277 7 Al Sl
AC sin75
Tac =79.(078) (N) Al cao allow 79
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Q Solution
8(a) mass AD
ABCD 72 6
XYZ 12 6
E 24 3
F 36 9
Jewel 120 X

8(a)(i) Moments about AD

120x + 12x6 = 72x6 + 24x3 + 36x9
120x = 756

= 6—(3) =6.3(cm)

X

8(a)(ii) Moments about AB

120y + 12x2 = 72x3 + 24x4 + 36x4
120y = 432

y= % = 3.6 (cm)

8(b) PC=12-x
PC =5.7 (cm)

© WIJEC CBAC Ltd.

A B DN

Mark

Bl
Bl

Bl

Bl

M1

Al

Al

M1

Al

Al

Bl

Notes

both E and F correct

masses in correct
proportions.

masses and moments
consistent.
ft table if triangle subt.

Ccao

masses & moments
consistent
ft table if triangle subt.

Ccao

ft their x if < 12.



1(a)

1(b)

M2

Solution

2
EE = %x ’Ili  A=625, x=(+/-)0.1, 1=0.2

2
cg. 1, 625%0:1
2" 02

EE = 15.625 (J)

KE = %x0-8vz (= 0.4v%)
WD by resistance = 46 x 0.1 (= 4.6)

Work-energy Principle
%o.av2 +46 x 0.1 = 15.625

0.4v* = 15.625 — 4.6
0.4v° = 11.025

11-025
V=
| 0-4

v=5.25 (ms™)

© WIJEC CBAC Ltd.

Mark

M1

Al

Bl
Bl

M1
Al

Al

Notes

3 terms, no PE.

FT their EE

cao



2(a)

(b)

2(c)

Solution

F-R=ma
30t2-150 = 5a
6t2-30 = a
N 62 _30
dt
24 = % -30

t
6
t_2 =54
=1

3

Integrate w.r.t. t
v =-6t*—30t (+ C)
t= l v=18

3
18=-18-10+C
C=46
v=-6t"—30t +46

Whenv =10
10=-% - 30t + 46

5t —6t+1=0

Gt-1)@t-1) = 0
t=21
5

© WIJEC CBAC Ltd.

10

Mark

M1

Al

M1

Al

M1
Al

ml

ml

ml

Al

Notes

used, F and R opposing.

Answer given

Ft (a) if same form

cao, accept 0.3.

Increase in powers

recognition of quadratic
Some attempt to solve.

Ccao



Q Solution
P
3@ T=—,P=90x1000,v=4.8

Vv

= 90 x1000

4.8
T =18750
N2L

T -mgsina. - R =ma
18750 — 4000x9.8 x % -R = 4000x1.2

R = 18750 — 1600 — 4800
R =12350 (N)

3(b) N2Lwitha=0
901000
7= XN
v
T-1600-12800=0
V=6.25ms"

© WIJEC CBAC Ltd.

11

Mark

M1

Al

M1

Al
Al

Al

M1
Bl

Al
Al

Notes

Si

Si

dim correct, all forces
T, R opposing.

cao

all forces.

Si



4(a)

4(b)

4(c)

Solution

r=p+tv
ra= 3 -1)i+(5+2t)j+ (20 + t)k
rg = (-2 + 3t)i + (x - 4t)j + (15 + 2t)k

N-Ia=
(-5+4t)i+ (x-5-6t)] + (-5+t)k

AB? =X +y* + 7
AB? = (-5 + 4t)® + (X — 5 -6t)* + (-5 + 1)°

Differentiate
2
GAB” _ )5+ 41)(4) + 2(x — 5 -61)(-6)

dt
+2(-5+1)(1)
40+ 32t-12x +60 + 72t - 10+ 2t =0
106t + 10 = 12x
Whent=5
x=45

© WIJEC CBAC Ltd.

12

Mark

M1
Al
Al

M1
Al

M1
Al

M1

ml

Al

Notes

used

ft (a) similar expressions.

Cao

powers reduced

equating to 0.

Ccao



Q Solution Mark Notes

42

5@) uy= 25" 16.8 (ms™) B1
s=uyt+0.5at’, s=3,t=2.5 a=(+)9.8 M1
3= 25Uy — 4.9x2.5° Al
uy = 13.45 (ms™) Al  cao, accept 13.4, 13.5.

50b) w=uy+at,uy=1345a=(+)9.8,t=25 Ml

vw=1345-98x%x25 Al  ftfrom (a)
vy =-11.05
magnitude of vel = u, > +v,° m1
= 20.11 (ms™) Al  cao
11-05
0 =tan* 16-8 ml
6 = 33.33° (below horizontal) Al cao

5(c) s=ut+0.5at’ s=0,u=13.45 a=(+)9.8 M1
0 = 13.45t — 4.9t
t=2.7449
Distance = 2.7449 x 16.8 ml
Distance = 46.11
Required distance =46.11 -42=4.11(m) Al cao

© WIJEC CBAC Ltd.
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Q Solution Mark Notes

6(a) a= % M1  differentiation attempted.
Vectors required.
a=8cos2t i - 75sin5t § Al
3z . . .
Att= > (a=-8i + 75j) ml  substitution of t.
Magnitude of force = 3x /8% +75° M1  or F = 3(-8i + 75j)
= 226.28 (N) Al  cao
6(b) r= I4sin 2t i + 15cosbt j dt M1  integration attempted
r=-2cos2t i + 3sin5t j (+ ¢) Al
Att=0,
-2i + 3 = -2i +C m1l
c=3j Al

r =-2c0s2t i + 3sin5t j + 3j

6(c) Particle crosses the y-axis when

-2c0s2t =0 M1
2t = z
2
t=2 Al cao
4
Distance from origin = 3sin(5x%) +3 ml  substitute tintor
=0.88 (m) Al cao

© WIJEC CBAC Ltd.
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Q Solution Mark Notes

7(a) Conservation of energy M1
0.5m(4u)? = mg(2l) + 0.5mu? Al
16u® = 4gl + u?
, 4 _
u = —dgl Al  convincin
15 g g
7(b)(i) Conservation of energy M1
0.5m(4u)? = 0.5mv? + mgl(1 - cos) Al
v = 16u° — 2gl + 2glcos®
34
2
v- = —qgl + 2glcosd Al
15 gl+29
NZ2L towards centre of circle M1
mv?
T - mgcosd = Al
34 . .
T= Emg + 3mgcoso ml  If M1s gained, substitute
for v°.
_ mg
T= 5 (34+ 45c0s6) Al  any correct form
. 34 . .
7(b)(ii))when T=0, cos 6 = — = M1  putting T=0inacos+b
0 =139.1° Al  Ftcos=a,a<0.

© WIJEC CBAC Ltd.
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1(a)

1(b)

1(c)

M3
Solution

N2L 500 -100v = 1200(;—\{

dv _500-100v _5-v
dt 1200 12

jlzﬂzjdt
5-v
-12In6-v) =t + (C)

Whent=0,v=0,C =-12In5

t=12|n(ij
5-v

limiting speed = 5 (ms™)

Whenv=4,t=12In (ij
5-4

t = 12In5 (= 19.31s)

© WIJEC CBAC Ltd.

16

Mark

M1

Al

M1
Al

ml

ml

Al

Bl

M1
Al

Notes

convincing

sep. var. (5-v) together.

correct integration

allow +/-, oe

inversion ft similar exp.

cao

Ft similar expression

cao



2(a)

2(b)

2(c)

2(d)

2(e)

Solution

Period = 2—7[ =2
w

k=w=nrn

X = 0.52cosnt

When t = 1, X = 0.52cosZ
3 3

x=0.26

0.4 = 0.52cosmt
cosntt=0.4
0.52
t=0.22
t=1.78

2 = »%(0.52% - x%)
v2 = 7%(0.52° - 0.2%)
v = 1(0.48) (= 1.508 ms™)

maxyv=aw

=0.527 (= 1.634 ms™)

© WIJEC CBAC Ltd.

17

Mark

M1
Al

Bl
M1
Al

M1

Al
Al

M1
ml
Al

M1
Al

Notes

for amp=0.52
allow asin/acos, ¢’s a

cao

allow sin/cos

cao
FT t,ie 2-first t.

used. oe
subx=0.2
cao

used

cao



Q Solution

Impulse = change in momentum
J =2uco0s30 - 2v
J=3v

Eliminating J
3v = 2ucos30 — 2v

5v = 2ucos30

v = 0.4u cos30

v =2.77 (ms™)(speed of A)
J=1.2ucos30 =8.31 (Ns)

Ug = U sin30 = 4 (ms™)

Speed of B = V(2.77% + 4%
Speed of B = 4.87 (ms™)

© WIJEC CBAC Ltd.

18

Mark

M1
Al
Bl

ml

Al

Al

Bl

ml
Al

Notes

used

one variable eliminated

cao

ft3xc’sv.

cao



4(a)

4(b)

4(c)(i)

Solution

Auxiliary equation

2m’ +6m+5 = 0

m=-15+0.5i

C.F.is x = e>*'(Asin0.5t + Bcos0.5t)

For Pl,tryx=a
ha=1
a=0.2

GS is x = e*'(Asin0.5t + Bcos0.5t) + 0.2

e 5 0ast— o
X tends to 0.2 as t tends to infinity
Limiting value = 0.2

x=0.5and %:Owhentzo

B+02=05
B=03

o -1.5e™*(Asin0.5t + Bcos0.5t)

dt

+ e°'(0.5Ac0s0.5t - 0.5Bsin0.5t)
0=-1.5B + 0.5A
A=3B=09

x = e°(0.9sin0.5t + 0.3c0s0.5t) + 0.2

4(c)(ii) When t = %

X = e'“’2(0.93in% + 0.3cos%) +0.2

X = 0.348

© WIJEC CBAC Ltd.
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Mark

Bl
Bl
Bl

Bl

Bl

M1

Al

M1

Al

Bl

Al

Al

Notes

ft complex roots

ftCF+a

Si

ft similar expression

used

cao

ft similar expressions

cao

Ccao



Q Solution Mark Notes

5(@ Using F=ma

1200(v+3)™ = 800 a M1
2vd—V = 3 Al  convincing
dx V+3
5(b) I 3dx = .[ 2v(v+3)dv M1  separate variables
3
3X = 2% +3v? +(C) Al  correct integration
x=0,v=0,henceC=0 B1
Whenv =3, 3x =18 + 27 ml
x=15 Al  convincing
dv 3
5c) — =—F——=
© & T2v+3)
j 2(v+3)dv = j 3dt M1
V2 +6v = 3t+(C) Al
t=0,v=0,henceC=0 Bl
Whenv =3
3t=9+18=27
t=9 Al cao
5(d)(i) v+ 6v-3t =0 M1  recognition of quadratic
And attempt to solve
v =0.5(-6 + V(6% — 4 x -3t)) Al i
v = -3+(9 +3t) Al
1
(ii) 3—1‘ =—3+(9+3t): M1
3
X = -3t+ §(9+3t)2 + (C) Al correct integration
x=0,t=0, (hence C =-6) ml
2 3
X = -3t+ 5(9+3t)z + (-6)
Whent=7
X = -21-6 + 2 x30™°/9 = 9.5148 Al cao

X is approximately 9.5

© WIJEC CBAC Ltd.
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Q Solution

5(d)(ii)v = -3 + V(9 + 3t)
When t=7, v = -3+V(9+21)

v =-3+V30
v =24723
_ 2 3 2
X = 5(— 2.4723) +(2.4723)
X = 9.51 (m)

© WIJEC CBAC Ltd.

21

Mark

M1
Al

ml

Al

Si

cao

Notes



Q Solution

Mark

B2
BO
6(b) Resolve vertically M1
R =129 + 70g = 82¢ Al
6(c) Moments about B M1
3Tsin75 + 12gx4cos75 + 70gxxc0s75
= 8Ssin75 A4
Resolve horizontally
T+F=S
F=0.1R = 8.2g B1
S=T+8.2g Bl
8(8.2g+T)sin75 — 3Tsin75 — 48gcos75
= 70gxcos75
5Tsin75 =
48gcos75 — 65.6gsin75 + 70gxcos75
T = 100
X=5.53m Al

© WIJEC CBAC Ltd.

22

Notes

B1 if one error.
more than one error.

all forces

dim correct equation
All terms

-1 each incorrect term
Accept T=100.

ftR
ftF

cao



Q Solution

OR
Moments about A

5Tsin75 + 12gx4cos75 + 70g(8-x)xcos75
+8Fsin75 = 8Rcos75

F = 0.1R = 80.36 N

T = 100
X=553m

6(d) Ladder modelled as a rigid rod.

© WIJEC CBAC Ltd.
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Mark

M1

A5

Bl

Al

Bl

Notes

dim correct equation
All terms

-1 each incorrect term

Accept T=100.
FtR

Ccao



S1

Ques Solution Mark Notes
1(a) | EITHER
P(AnB) =P(A) + P(B) - P(AUB) M1 Award M1 for using formula
=0.2 Al
This is not equal to P(A) x P(B) therefore not
(b) independent. Al
OR
Assume A,B are independent so that _
P(ARB) = P(A) + P(B) — P(A)P(B) M1 | Award M1 for using formula
=058 Al
Since P(AUB) # 0.58, A,B are not independent. Al
~ P(ANB .
P(A|B") = % M1 | Award M1 for using formula
_03-02 Al | FT their P(ANB) if
0.6 independence not assumed
1
"6 Al Accept Venn diagram
2 np=0.9, npg=0.81 B1B1
Dividing, = 0.9, p=0.1 MIA1l
n=9 Al
3(a) P(1 of each) =
§x§><§x6or 3 % 3 % 3 - 9 M1A1 M1AQO if 6 omitted
9 8 7 1 1 1 3
= i Al
28
(b) P(2 particular colour and 1 different) =
3,26 3o 3[)(° MI1AL | M1AO if 3 omitted
9 8 7 2 1 3
-3
1 Al Allow 3/28
P(2 of any colour and 1 different) = % Bl FT previous line
4(a) Let X denote the number of goals scored in the
first 15 minutes so that X is Po(1.5) si Bl
e—l.5 ><1-52
P(X=2)= o M1 Award MO if no working seen
o) =0.251 Al
2
P(X>2)= 1—e1'5(1+1.5+%j M1Al
- Al

=0.191

© WIJEC CBAC Ltd.
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Ques Solution Mark Notes
5(a) Let X = number of female dogs so X is B(20,0.55) | B1 Si
(i) 20
P(X=12)=| , |x 0.55' x 0.45° M1 | Accept 0.4143 - 0.2520
.7480 — 0.5857
~0.162 Al or 0.7480 — 0.585
i :
(i Let Y = number of male dogs so Y is B(20,0.45) M1 Award MO if no working seen
PB<X<16)=P(4<Y<12) Al
=0.9420 — 0.0049 or 0.9951 —0.0580 AlAl
=0.9371 Al
(b) _
Let U = number of yellow dogs so
U is B(60,0.05) = Po(3) M1
P(U <5)=0.8153 m1A1l
6(a) 23 11
P(head) = /x> +7x1 MIAL | M1 Use of Law of Total Prob
_5 Al (Accept tree diagram)
8
(b)(i)
P(DH|head) = 174 B1B1
5/8 B1 num, B1 denom
_ % cao B1 FT denominator from (a)
(ii) EITHER
P(head) = Sx T + 2 x1 M1AL
5 2.5 M1 Use of Law of Total Prob
_ Al (Accept tree diagram)
10
OR
3 w1+ 1 k1
P(Head) = A % 5% % BIB1 | B1 hum, B1 denom
é FT denominator from (a)
_ 7 Bl
10

© WIJEC CBAC Ltd.
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Ques Solution Mark Notes
7(a) [0,0.4] Bl Allow(0,0.4)
(b) E(X)=0.1+0.6+30+0.8+5(0.4—-6) M1
=35-26 Al
The range is [2.7,3.5] Al FT the range from (a)
©) E(X2)=0.1+1.2+90 + 3.2+ 25(0.4 — 6) M1AL | Must be in terms of @
Var(X) = 0.1+ 1.2 + 99+3.2 +25(0.4 — ) M1
— (3.5-26)7
=2.25-20 - 44 Al
Var(X) = 1.5 gives M1
46* +20-0.75=0 Al
166° +86-3=0
(49+3)(40-1) =0 M1 | Allow use of formula
0=0.25 Al
8(a) EITHER the sample space contains 64 pairs of
which 8 are equal OR whatever number one of
them obtains, 1 number out of 8 obtained by the M1
other one gives equality.
P(equal numbers) = % Al
(b) The possible pairs are (4,8);(5,7);(6,6);(7,5);(8,4) | Bl
EITHER the sample space contains 64 pairs of
which 5 give a sum of 12 OR each pair has M1
probability 1/64.
P(sum = 12) = > Al
64
(©) EITHER reduce the sample space to
(4,8):(5,7);(6,6);(7,5):(8,4)
M1
OR  P(equal numbers) = P(6.6) = 1/64
P(sum=12) 5/64
Therefore P(equal numbers) = % Al

© WIJEC CBAC Ltd.

26




Ques Solution Mark Notes
9(a)(i) | P(0.4 < X <0.6) = F(0.6) — F(0.4) M1
=0.261 Al
(i) The median m satisfies
2m®* —m® =0.5 B1
2m® —4m® +1=0
m? = i (0.293) M1AL | Award M1 for a valid attempt to
solve the equation
m = 0.664 Al Do not award Al if both roots
(b)(i) given
Attempting to differentiate F(x) M1
f (x) = 6x% — 6X° Al
(i) N b M1 for the integral of x°f (x)
E(x?) = jx (6x" —6x7)dx MIAL | A1 for completely correct
) although limits may be left until
{6x 6x° } Al 2" line.
6 9 . FT their f(x) if M1 awarded in (i)
Al

=1/3

© WIJEC CBAC Ltd.
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S2

Ques Solution Mark Notes
1
. 405.6 (=50.7) Bl
8
- 4
SEof X =— (=14142... M1AL
7 ( )
90% conf limits are
50.7 + 1.645 x 1.4142. M1A1 | M1 correct form, Al c_orrect Z.
giving [48.4,53.0] cao Al Award MO if no working seen
2(a) Upper quartile = mean + 0.6745 x SD M1
=86.0 Al
(b) Let X=weight of an orange, Y=weight of a lemon
E(2X) = 1984 Bl
Var(2X) = 512 B1
2000-1984 . :
z=————=0"71 M1A1 | Award MO if no working seen
V512 g
Prob =0.7611 cao Al
© | et u=x—3y M1
E(U)=-7 Al
Var(U) = 64 + 9 x 2.25 = 84.25 M1A1
We require P(U >0)
_ 0+7 _ 0.76 m1Al | Award mO if no working seen
\/84.25
Prob = 0.2236 Al
3(a) Ho “aty = pte  Hy -y # st B1
b Let X=male weight, Y=female weight
(b) (3 x=3023y=4656)
X=4.9,y=4.66 B1B1
2 2
SE of diff of means= 0-5 + 012 (0.237...) M1A1
... 49-466 . .
Test statistic = 023 ml Award mO if no working seen
=1.01 Al
Prob from tables = 0.1562 Al
p-value = 0.3124 Bl FT line above
Insufficient evidence to conclude that there is a
difference in mean weight between males and Bl FT their p-value

females.
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Ques Solution Mark Notes
4(a)(i) H,:p=0.6;H,: p<0.6 B1
(i) Let X = Number of games won
Under Ho, X is B(20,0.6)  si Bl
Let Y = Number of games lost
Under Ho, Y is B(20,0.4) Bl
p-value = P(X < 7|(X is B(20,0.6))) M1 Award MO if no working seen
= P(Y >13]Y is B(20,0.4) Al
=0.021 Al
Strong evidence to reject Gwilym’s claim (or to
(b) accept Huw’s claim). Bl FT on p-value
Xis now B(80,0.6) (under Hp) = N(48,19.2) B1B1
p-value = P(X < 37|X is N(48,19.2)) M1 | Award MO if no working seen
zZ= 37.5-48 Al Award M1AO0AL1 for incorrect or
V19.2 no continuity correction
=-240 Al No cc ; z=—2.51, p = 0.00604
p-value = 0.0082 Al 36.5;z=—2.62, p=0.0044
Very strong evidence to reject Gwilym’s claim (or B1 FT on p-value only if less than
to accept Huw’s claim). 0.01
5(a) E(X)=E(Y)=12 Bl
E(U) = E(X)E(Y) = 1.44 cao Bl
(b) Var(X) = Var(Y) = 0.96 B1 _
E(xZ)(: E(YZ)):Var(X)+[E(X)]2:24 M1A1 FT thewvalues from (a)
Var(U) = E(X?Y?) —[E(XY)]’ M1
= E(X")E(Y*) -[EQOEMT AL
=3.69 cao Al
6(a)(i) | Under H,, X is Po(15) si Bl
P(X <10) = 0.1185; P(X >20) = 0.1248 Bl Award B1 for either correct
Significance level = 0.2433 Bl
(i) X is now Poi(10) B1
P(accept Hp) = P(11< X <19) M1 Award MO if no working seen
= 0.9965—-0.5830 or 0.4170-0.0035 Al
=0.4135 cao Al
(b) .
Under H,, X is now Po(75) = N(75,75) Bl
91.5-75 -
z=—"+—=1091 M1A1 | Award M1AO for incorrect or no
J75 continuity correction but FT
Prob from tables = 0.0281 Al further work.
p-value = 0.056 Al FT from line above
Insufficient evidence to reject Ho B1 FT from line above

No cc givesz =1.96, p = .05
92.5givesz=2.02,p=0.0434
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Ques Solution Mark Notes
7(@) | P(L<4)=PA<4%) M1
_ 16-15 Al
20-15
=0.2 Al
(b) E(L) - E(AIIZ)
- Tauz oL da M1A1 | Limits can be left until next line
15 5
2 [ 3120 Al
=—la
15[ FE)
=4.18 Al Do not accept +/17.5 =4.18
(c) , ,
Var(L) = E(L°) —[E(L)] M1
=175-4.18° Al FT their E(L)
=0.03 Al
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S3

Ques Solution Mark Notes
1 X =52.0 si B1
. . 162480 31207
Variance estimate = - =4.068
50 60x59 MIAL
(Accept division by 60 which gives 4.0)
90% confidence limits are
52 +1.645./4.068/60 M1A1l
giving [51.6,52.4] Al
2(a) Hy:p=45H,: u#45 B1
(b) D x=43.6;> x*=190.3428 B1B1
UE of 1 =4.36 Bl No working need be seen
2
UEof o2 — 190.3428 4:;,: M1
—0.0274(22...) Al Answer only no marks
©) 4.36-4.5
test-stat = = = MI1AL | FT their values from (b)
J/0.0274222../10
=—2.67 (Accept +2.67) Al Answer only no marks
DF =9 si Bl
Crit value =3.25 B1
This result suggests that we should accept Hy, ie | B1 FT their t-statistic
that the mean weight is 4.5 kg
because 2.67 < 3.25 Bl
3(a . Bl
@ p= 654 _ 0.436 si
1500
esg = |2436x0.564 _ 0198 i M1AL
1500
95% confidence limits are M1 M1 correct form
0.436+1.96x0.0128.. Al Al correct z
giving [0.41,0.46] Al
®) 0.4348 + 0.4852
p=— ; 992 _0.46 B1
Number of people = 0.46 x 1200 = 552 Bl
0.4852 — 0.4348 = 27| 0:40x 0-54 M1A1
1200
z2=1.75 Al
Prob from tables = 0.0401 or 0.9599 Al _
Confidence level = 92% B1 FT line above
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Ques Solution Mark Notes
?é;‘) Ho pty = g Hy 2 gty # Bl
SE = wfw +m (= 0.053) M1A1
80 70
Test stat = 02 —3:92
0.053 M1A1
=2.45 (Accept 2.46) Al
Tabular value = 0.00714 (0.00695) Al
p-value = 0.01428 (0.0139) Al
Strong evidence to conclude that there is a FT their p-value
difference in mean weight Bl Accept the conclusion that the
Variety B mean is greater than
(c) Estimates of the variances of the sample means are the Variety A mean
used and not exact values. B1
The sample means are assumed to be normally
distributed (using the Central Limit Theorem). B1
5(a) ZX = 42'ZX2 :364,Zy = 340.6,ny =2906.4 | B2 Minus 1 each error
S, =2906.4 — 42x340.6/6 = 522.2 81
S, =364-42°/6=70 Bl
522.2 M1
b= 0 7.46 Al Answers only no marks
M1
a= 340.6—7.46x42 _ 455 Al
6
(b)) . N . :
Unbiased estimate = a + 5b = 41.85 Bl FT their values of and a,b if
(ii) 1 (5-7) Miay | Bnswer between 33.9 and 49.9
SEofa+5b=0.5,/=+ (0.2365...) And FT their value of Sy
95% confidence limits for a + 55 are
41.85+1.96x0.2365... mlAl
giving [41.4,42.3] Al
(iii) _
Test stat = 76—2746 =234 M1A1 | FT their values of b and Sy if
V0.57/70 possible.
Critical value = 1.96 or p-value = 0.01928 Al FT their test statistic
We conclude that g = 7.6 is not consistent ]
with the tabular values. B1 FT the line above
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Ques Solution

Mark

Notes

6(a)(i) ko

E(Y)=KkE(X) =KE(X) ==
For an unbiased estimator, k = 2.

(i) Var (Y) = 4Var (X)

iVar(X)
n

|
|
X
|

(b)) Van
Using Var(Y) = E(Y?) —[E(Y)]’
£y =2 40
3n

# 07 therefore not unbiased

2y _ o2 3n+1
EW)—H( . )

2
E 3nY _o
3n+1

2

(i)

Therefore
3n+1

is an unbiased estimator for 6?

M1Al
Al

M1

Al

Al

Al
Al

M1

Al

Bl

M1

Al

Al

FT their k

FT the line above
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