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General Marking Instructions
GCE Advanced/Advanced Subsidiary Further Mathematics
Introduction

The mark scheme normally provides the most popular solution to each question. Other solutions given
by candidates are evaluated and credit given as appropriate; these alternative methods are not usually
illustrated in the published mark scheme.

The marks awarded for each question are shown in the right-hand column and they are prefixed by the
letters M, W and MW as appropriate. The key to the mark scheme is given below:

M indicates marks for correct method.
A\ indicates marks for working.
MW  indicates marks for combined method and working.

The solution to a question gains marks for correct method and marks for accurate working based on this
method. Where the method is not correct no marks can be given.

A later part of a question may require a candidate to use an answer obtained from an earlier part of the
same question. A candidate who gets the wrong answer to the earlier part and goes on to the later part is
naturally unaware that the wrong data is being used and is actually undertaking the solution of a parallel
problem from the point at which the error occurred. If such a candidate continues to apply correct method,
then the candidate’s individual working must be followed through from the error. If no further errors are
made, then the candidate is penalised only for the initial error. Solutions containing two or more working
or transcription errors are treated in the same way. This process is usually referred to as “follow-through
marking” and allows a candidate to gain credit for that part of a solution which follows a working or
transcription error.

Positive marking

It is our intention to reward candidates for any demonstration of relevant knowledge, skills or
understanding. For this reason we adopt a policy of following through their answers, that is, having
penalised a candidate for an error, we mark the succeeding parts of the question using the candidate’s
value or answers and award marks accordingly.

Some common examples of this occur in the following cases:

(a) anumerical error in one entry in a table of values might lead to several answers being incorrect,
but these might not be essentially separate errors;

(b) readings taken from a candidate’s inaccurate graphs may not agree with the answers expected but
might be consistent with the graphs drawn.

When the candidate misreads a question in such a way as to make the question easier only a proportion of
the marks will be available (based on the professional judgement of the examining team).
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Section A Mechanics 1 AVAILABLE
MARKS

1 Shape Rectangle | Triangle Triangle Circle
CDEF PFC PAB
Mass 12x24m | 1 1 T % 32
738 m 5 X 12x18m | 5 x4 x6m —9nm M1 W1
=108 m =12m
Distance of | 12 1 1 10
CoM 24tz 18 _63; 3 %6 M1 W1
from DE =30 a
= 288m x 12+ 108m x30—12m x 38 —9mm x 10 = M2
(288m+108m—12m—9nm)y W2

6240 — 90m = (384 — 97) ¥

y=16.7cm (3 sf) Wi 9
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J 600
30°

TAD

Y Tsp W

309

A 00
X

Whole system
M(A) W x2[=40 %3]
W =20\3

(ii) Whole system

(M Y=w
Y=20\3

(—) X=40

20V3

40

R=1402+(203 )
R=529N (3sf)

. 205)
6 = tan (40

6 =40.9° (3 sf)
i.e. 52.9N at 40.9° to the horizontal

(i) A (1) Tap cos30°+7Y=0
TAD =—40N

D (l) TAD cos 30° + TBD =0
TBDZZO\/gN

(iv) BD is in tension.

13929.01 F

M1 W2
W1

M1 W1
MW1

Ml
W1

Ml
W1

Ml
Wi
Ml
Wi

MW1

AVAILABLE
MARKS

16




3 () T =mg Ml AVAILABLE
Smge MARKS

;e
e = é metres W1
2
(ii) mg—T= m% M1 W1
S5mg(e+x)  dPx
ng—f— m? M1
B Smge B Smgx d*x
d’x_ 3¢
dtZ - l X Wl
(iif) Maximum value of x is £ MW1
(iv) t=0,v=0,x=0.2
= Amplitude is 0.2 m MW1
5g
2 28
=14 Ml
w = «/g W1
X =71 COS wt
=x=02 cos(Bt) Ml
x=0.15=0.15=0.2 cos ({357) w1
t=0.122 (3 sf) W1 15
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s G
@ T+ 7y

0.5¢—T-7v=0.5a
6x dv_ o d’x
2 =08 Tar~ 0
d°x, ,,dx —
4 +14 4, +40x =10
(i) AQE: m?+14m+40=0
b*—4ac =196 — 160
= b*—4ac>0
Hence the motion is over-damped.

(iii) m>+ 14m+40=0
(m+4)(m+10)=0
m=-4,-10

CF: x=A4e ™+ Be!™

Pl: x=C
de _dx_
ds dt2

=0+0+40C=10

= x=Ae ¥+ Be 10+ }—1

t=0,x=0:0:A+B+}L @®

t=0,v=0 v=—44e*—10Be '
=0=-44-10B @
0=44+4B+1 4 x®
0=-6B+1

_ 3
A=-13
5 | 1

:}x:_ﬁe“‘-l_i_ge*lol_j’_ Z

t=1 x=0.242 (3 sf)

13929.01 F 6
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MW1
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(i)

13929.01 F

About to topple inwards = Rg=0

M(G) Rax125=Frx2
Fr=0.625R,
2
(<) R sina— Frcos a = MTV
) Racos o+ Frsin a = Mg

- Rasina—0.625Rycos a A2
Ry cosa+0.625R sina Mrg

— =rg tan o — 0.625
1+ 0.625 tan a

=252 12 rg < tan 25 —O.625>

1 +0.625 tan 25°

tan 25°-0.625 <0
= v not feasible

= It is not possible to be on the point of toppling inwards.

< tan 25° - 0.4 )

a=25pu=04=>u'=rg 1 + 0.4 tan 25°

tan 25°-0.4>0
= u is feasible
= It is possible to slide downwards.

MW1
M1 W1
Wi

M3 W1

M1 W1

M3

Wi

MW1

MW1

MW1

MW1
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Section B Mechanics 2

@ 8
L 12
(02 |
AT 4------- >B<—2-;1é-——-3-——>D
P
T
______________ I N
N 4 X5 2 >é >D X
M(C) 8 x6+12cos 60° x2=-3Y M1 W1
=-20 Wi
(=) —12cos30°=X M1
X=-6\3 Wi
0= 1(6{3) +20’ Ml
0=22.5(3sf) WAl
20
= tan-! [ Z=
6 = tan (65) Ml
= 62.5° (3 sf) below line DA Wi
(i) (1) 8+12cos60°—P=-20 Ml
P=34 W1
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2 (i) t=2v=u+tat AVAILABLE
v=(7i+2j+ 10k) + 2(4i + 3j — 2k) M2 MARKS

— 150+ 8j + 6k wi
2<t<4 V:jadt M1
V=T 8t + L k+e wi
(=2
151+ 8j + 6k = 14i — 2j + 4k + ¢ M1 W1

¢ =i+ 10j+2k
v=(Tt+ 1)i+<10—t8—2>j 2+ )k Wi

(ii) S:Jth
_(Z 2+ . 8 . l3
=g +e)i+ {107+ )j +(37 +2t)k+c¢ M1 W1
(=2 s=22i +10j+ 16k
=220 +10j+ 16k = 16i + 24j + F'k + ¢ Ml
¢ =6i—14j + Sk wi

s= (32 +re)ir(10+8-1a)j+ (374 2+ )k
(=4= s=66i+28j +110k MWI1 13
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(i)

(iii)

13929.01 F

mu + 0 =mvy+ mvg
U=vpatvg

_Eu =VA— VB

%mu+0=mvB+mvc
%u =vg+ve
—gu =Vg—V(C

_ 3 _9
VB = EM Ve = _6M

[a—

3

After 2nd collision v, = }_l“ VB= U Vo= Tz U

oo

A and B are moving in the same direction and v, > vy
Hence A and B will collide for a second time.

mA=nl¢ mB:Wé

Up= gu ug = {g U

1 3 _

Zmu+ Emu—va+ mvg

%u =vatvp
35U T VA~ VB
13 _ 15 9

VAT @Z/l vB—au Vc= 161/1
A, B and C are moving in the same direction with

VA< Vg and V< V¢
Therefore no further collisions will happen.

10

M1 W1
M1 W1

M1 W2

MW1

MW1
MW?2

MW1

MW1

MW1
M1 W1

MW1
MW1
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4 @

(i)

13929.01 F

40t —8(v+ 1) =4a
d

= g = 100-2(w+1)
dv _

= a +2v=10r-2

IF = ef2dt= eZt

= Q¥ 4 2e2y = (10/ - 2)e*

ve = I(lOt —2)eXdt

(({; 10— 2 %—It/=1ezf
av 12
dt_lo V—2ef

= ve¥ = (5¢t— l)ezt—j 52 dt

ve¥ = (5t—1)e* — %ez“r c

1=0,v=0 o=—1—% ve
_1
¢c=2
v=(5t—1)—3+5e
v=>5t— %‘erfzt

t=6 v=265ms"! (3sf)

11

M1 W1

MW1

M1 W1
MW1

M1 W1

Ml

W1

M1 W1

MW1
Ml

W1

MW1
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5 ()

(i)

13929.01 F

Shape Cylinder Removed Added
hemisphere | hemisphere
2
Mass 224(7%;23)(6RXP %an3xp %an3><3P
B 2 3 — 27‘CpR3 M2 W2
=3 PR
Distance of | 3R 6R_ 3R 6R_ 3R
CoM from 8 8
45 45 M1 W1
base - 3p B S
8 8
24mpR3 x 3R — %npR3 X %R + 2mpR3 X %R
= (24-2+2) ;R MI W1 MWI
159 76 —
> TpR* = 3 TRy
y = %R metres (= 3.14R) Wi
About to slide
Fr=uN N
r=u
(7) Fr=Mgsina rr
(N) N=Mgcos a MWI1
= 0.5 Mg cos a = Mg sin o M1
tan a = 0.5
a=26.6° a Mg W1
About to topple
477
1527
2R
tan f = 28— M1 MW1
<4ﬂ R)
152
p =32.5° w1
Since the angle of the slope is only 20° and therefore less than « or £
the ornament neither topples nor slides. MW1
Section B

AVAILABLE
MARKS

17

75




1 @)

SECTION C Statistics

Let X=2F-3S
E(X) = 2E(F) - 3E(S)

EX)=2x14-3x 10 M1
EWX)=-2 w1
Var(X) = 22 x Var(F) + 32 x Var(S)

Var(X) =4 x2+9 x 1 M1 MW1
Var(X) =17 W1
X~N(-2,17) 1 MW1

P(S < %F) - P(%F—S > 0)

o\ s

=PQF -35>0)
=P(X>0) - Ml
=0.314 M1 W1
(i) F~N(14,2)
LetT=F1+F2+F3+ +F12
E(T) = 12E(F) £
E(T)=12 x 14 =168 MW1
Var(7) =12 x 2 =24 | MW1
T~N(168, 24) 160 168
P(T> 160) = 0.949 M1 W1
(iii) F ~N<,u, o ) 4
n
= 2
F ~N(14, ﬁ) ‘ M1 W1
P(F<13.5)=0.110 | M1 W1
13.5 14

13929.01 F
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2 @M

(i)

13929.01 F

Hj : student gender and likelihood to study Chemistry are independent MW1
H, : student gender and likelihood to study Chemistry are not

independent MW1
Observed frequencies
Chose Chem Did not Total
choose Chem
Male 54 26 80
Female 64 56 120
Total 118 82 200 M1 W1
If Hy is true then the expected number of male students who
choose Chemistry is
80 X 118 _
200 472 M1 W1
Expected frequencies
Chose Chem Did not Total
choose Chem
Male 47.2 32.8 80
Female 70.8 49.2 120
Total 118 82 200 | M1 W1
_E 052
Test statistic:  y*>= E(IO Eg 0.5) (applying Yates’ correction)
0 E (10— El —0.5)?
E
54 47.2 0.8409
26 32.8 1.2101
64 70.8 0.5606 M1 MW1
56 49.2 0.8067 Wi
¥=13.4183 W1
2 x 2 contingency tablei.e. k=2 and k=2
v=1x1=1 MWI
Critical value: 3, (1) =2.705 MW1
1> 124, (1) - reject H MW1
1.e. there is sufficient evidence, at the 10% level, to indicate that student
gender and likelihood to choose Chemistry are not independent. MW1
From observed frequencies.
Percentage of males who chose Chemistry = % =67.5%
Percentage of females who chose Chemistry = % =53.3%
Given the lack of independence in part (i), Chemistry teacher may
wish to focus on female students. MW1
Smaller proportion of female students chose Chemistry. MW1

14
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13929.01 F

(@)

(i)

Before refinements

f:

>x_ 12824
=55 = 1603

2__n (2x?2 2\ _ &(205586.08_ 2\
Sx_n—l(T_x>_7 3 160.3)—2.48

After refinements
»_ 20—’ _ 6336

Sy 1 9 - 0.704

Pooled estimator S3 = (7 2'48)1L6(9 X 0.704) =1.481
H0 S Ty

Hy e # 0y

Two-sample #-test (two-tailed)
v=16..T~#16)
(D) ()

S3<L+L>

nx Ny

Test statistic: 7T

If Hy is true then u, — 1, = 0, and the test value is given by

xX-—y ~160.3—160.08

S%(,%;L) _ \/1-481@?*%)

ny

=0.381

ttest =

Critical value at 10% (5% in each tail) with v=16 is ¢. = 1.746
|test| < ... donotreject Hy

1.e. there is insufficient evidence, at the 10% level, to claim that the
refinements have affected the average volume dispensed.

(iii) Samples taken from Normally distributed populations.

(iv) The two samples are taken from populations with equal variances.

Population variance after refinement likely to be smaller than
that before.

15

MW1

M1 W1

M1 W1

M1 W1

MW1
MW1

Ml

MW1

M1

MW1
W1

MW1

MW1

MW1

MW1

MW1

MW1
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4 ()

(i)

)

s2=1815 M1 W1
n—1
0.98=2x1.96 x > M2 MW1
s> "
0.0625 = o
_ 78.75
0.062517% — 0.0625n —78.75 =0 WAl
n?—n-1260=0

n=36

S2=2.25 MWI1

x=461+049=5.1 MW1

90% CI = 5.1 + 1.645 x =2 M1 MWI

36

=(4.69,5.51) (3sf) W1
(iii) Answer would be the same. MW1

Large sample (n > 30) .. CLT applies. MW1
(iv) 90% of 80 =72 MWI1

098 =2xzx L& MW1

{70

z=2.562 W1

From tables P(Z <2.562) = 0.9948 M1 W1

(1-0.9948) x 2=10.0104 = 1.04%

i.e. 99% CI MW1

Section C

13929.01 F
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SECTION D Discrete and Decision Mathematics

1 @ @ 1 2 2 1

M1 W3

(i)

A B
4
1 2
3 3
2 1
2 1
4 4
3
C

M1 W3

13929.01 F 17
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(b) (i) A cutsetis a set of edges whose removal partitions the graph into

2 ()
(i)

(i) vot—o>s—-p—-r—ou—gq

(iv) It does not guarantee traversing every vertex to complete a path.

3 G3)
(i)

two disjoint subgraphs L and R.

Each edge in the cutset joins a vertex of L to a vertex of R.

(i) { [be], [bf], [cf], [df], [dg] }

(iii) Maximum flow from vertex a to vertex h = sum of capacities

of edges in the minimum cutset = 9

S—>t—>VvVow—o>u—o>q—op—or

17

13.5, 12.5 weeks
0 A 14
0
0 14 14
14 B | 23 14 C | 235 14 | D | 21.5
0.5 0 2
1451 9 | 23.5 14 195|235 16 | 7.5 | 23.5
23.5 E 37 23.5 F 36
0 1
235 | 13.5 | 37 245 | 12.5 | 37
37 G 43
0
37 6 43
EF times
LS times
LF times
Slack times
(iii) Critical path=ACEG
18

13929.01 F

Ml

W1

M1 W1

M1 W1

M1 W2

MW1

M1 W1

MW1

M1 W1

MW1
MW?2
MW?2
MW1

MW1

AVAILABLE
MARKS

14




(iv)

Activity | Predecessor |  t-opt t-norm t-pess t-exp
A — 11 14 17 14
B A 7 9 11 9
C A 8 9 13 9.5
D A 5 7 12 7.5
E B,C,D 10 14 15 13.5
F B,C,D 11 12 16 12.5
G E,F 6—d 6 6+d 6

Expected time = 14 + 9.5 + 13.5 + 6 = 43 weeks

Project variance = (36 + 25 + 25 + 4d?)/36
P(T'< 46) = 0.95
z=1.645

(46 —43)

= <—'86+74d2>: 1.645

6

3><6>2

2 — (2229
86 +4d _<1.645

d=2.90

pessimistic time = 6 +2.90 = 8.90 weeks

4 (i) Q+x+x?) =1 +x+x) (1 +x+x%

=1 +x+x?)(1+2x+3x>+ 23+ x%)
=1+ 3x+ 6x2+ 73+ 6x*+ 3x°+ x°

3 items = 7 ways

(i) (x +x% +x%)?

13929.01 F
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MW1

M2 W1

MW1

M1 W1

W1

Wi

Ml

W1

W1

M1 W1

M1 W2

AVAILABLE
MARKS

18




5 (i)

(i)

(iii)

(iv)

13929.01 F

0 rooks 1 way
1 rook 4 ways
2 rooks 2 ways

So the rook polynomial is 1 + 4x + 2x?

Rook polynomial for

is 1+ 4x + 2x?

Rook polynomial for is1+x

Three shapes are non-interfering.

Combined rook polynomial is (1 + x)(1 + 4x + 2x?)(1 + 4x + 2x?)
= (1 +x)(1 + 8x + 20x%+ 16x> + 4x%)

=1+9x+28x? +36x° +20x* + 4x°

1 2 3 4 5

Rook polynomial for excluded positions
=1+9x+28x* +36x3 +20x* + 4x>

Rook IE theorem

Number of positions
=51-9x4!1+28x31-36x21+20x 1! -4 x0!

16 ways

20

M1 W1

Wi

M1

MW1

M1

M1

W2

M1 W2

MW1

M2 W2

W1

AVAILABLE
MARKS

18




6 (a

(b)

13929.01 F

P = %(x{s +8x3 + 3x12x§)

Replace x; by 3

Number of possible colour patterns is

%(xf +8x3+ 3x12x%)

= 308X +3x32x 3

L 720+ 72+ 243)= 87

(i) period=3

(ii) 2 non-identity elements x 4 sets
= 8§ elements

(iii) period =2

(iv) 1 non-identity element X 3 sets
= 3 rotation elements

(v) order =12

21

M1

MW1

Wi

MW1

M1

Wi

MW1

M1

Wi

MW1
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