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Mark schemes are prepared by the Lead Assessment Writer and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any amendments
made at the standardisation events which all associates participate in and is the scheme which was
used by them in this examination. The standardisation process ensures that the mark scheme covers
the students’ responses to questions and that every associate understands and applies it in the same
correct way. As preparation for standardisation each associate analyses a number of students’
scripts: alternative answers not already covered by the mark scheme are discussed and legislated for.
If, after the standardisation process, associates encounter unusual answers which have not been
raised they are required to refer these to the Lead Assessment Writer.

It must be stressed that a mark scheme is a working document, in many cases further developed and
expanded on the basis of students’ reactions to a particular paper. Assumptions about future mark
schemes on the basis of one year's document should be avoided; whilst the guiding principles of
assessment remain constant, details will change, depending on the content of a particular
examination paper.

Further copies of this Mark Scheme are available from aga.org.uk
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Key to mark scheme abbreviations

M
m or dM
A
B

E
Jorftor F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—X EE
NMS
Pl
SCA

c

sf

dp

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy
mark is independent of M or m marks and is for method and

accuracy
mark is for explanation

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within
anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks
deduct x marks for each error
no method shown

possibly implied

substantially correct approach
candidate

significant figure(s)

decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see
evidence of use of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that
the correct answer can be obtained by using an incorrect method, we must award full marks.
However, the obvious penalty to candidates showing no working is that incorrect answers, however
close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for

full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question
directly, the correct answer without working earns full marks, unless it is given to less than the
degree of accuracy accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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Q Solution Mark | Total Comment
1(a) X = 4\/§t B1
y =4t —%gtz B1
f= X
443
2
X 1 X
y=4x——-= 9.8)(—) M1
443 2( 443
_x49x?
~J3 480 Al 4 | AG
(b) 2
= %_ 425340) M1 PI by correct answer
(The height is0.676+0.3) 0.98m or 98cm Al 2 CAO
(c) No air resistance or B1 1
The ball does not spin or
No loss of energy
Total 7
Q Solution Mark | Total Comment
2 [J]=MLT?
[g]_ LT B1 Dimensions of J and g, PI
MLT? = L« (M2 ) (LT2f M1 FT from B1
MLT-]. — M,HLa+2ﬁ+}/T-2}/ Al Pl
p=1 B1
-2y=-1
a+2B+y=1 ml Correctly solving their two
equations involving three
unknowns, Pl by the answers
1
772
3 Al
o =——
2
Total 6

(a) Only quoting the formula and substituting scores M1 A1l.

4 0of 13




MARK SCHEME - A-LEVEL MATHEMATICS - MMO3 - JUNE 14

Q Solution Mark | Total Comment
3 (a) 3 M1 Condone missing limits
|=j(3t+1)dt and missing dt
0
3., 3 ml For correct integration
=Sttt only
2 0
= 3—23 or 16.5 Ns Al 3

Condone missing units

(b) % —0.5v—0.5(4)

M1 Impulse/momentum
v=37 ms? equation for correct
AlF 2 terms, FT on their

impulse from part (a)

(€ |
I (3t+1)dt = 0.5(20)-0.5(4) M1 Correct impulse-
0 momentum equation,
[ ‘ +t} ~0.5(20)-0.5(4) condone missing limits
3T*+2T-16=0 Al Correct quadratic
equation
(BT +8)(T-2)=0o0r T =— 2+ \/(_2) —4(3)(-16) m1 Correct solution of their
2(3) equation, PI
T-2s Al R.ejecting impossible
time PI
(T =—§ S impossible)
3 4
Total 9

(a)
Alternative (non-calculus): Attempt at finding the area under force-time graph M1

41003 0 a1

=33/2 or 16.5 (NS) A1l
(c)

Alternative:
_3t+1

0.5
V= J. St+l (dt) Attemptat integrating the acceleration M1
v=3t? + 2t +4
20=3T% +2T +4
3T%?+2T -16=0 Al, etc.

50f 13




MARK SCHEME - A-LEVEL MATHEMATICS - MMO3 - JUNE 14

Alternative (non-calculus): Attempt at finding the area under force-time graph for impulse

WXT ~05(20)-05(4) OF M1

6 of 13
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Q Solution Mark | Total Comment
4 (a M1 for a difference of two
(@) Vp = ( I+3l) (+21) —4i+2j . .
1 corresponding position
2( M1 vectors divided by %, Al
2 Al for all correct
AVp = (—4i+2j)—(6i-4j)
— 10is6i ml Accept any difference of
aVe =010 their velocities
Al 4 NMS scores 0/4
=(i+2j)~(-i+])
(b) B1
ro=(i+2j)—(-i+]j)+(-10i +6j)t
M1 M1 for using I =ry+,Vgt
with their ,Vvg.
r =(2-10ti+(1+6t)j
(2-10t)+(1+6t)] AL 3 | AG
(c) | AB?=(2-10t)° +(1+6t) M1 Or AB=y(2-10tf +(1+6tf
2
Aand B are closest when S22~ [ or AB_|_g Bl PI
dt dt
=2(2-10t)-10)+2(1+6t)6 =0 Condone one sign error or
dt Al one coefficient error
All correct
t— or 0103 Al 5 | Atleast 3 s.f. required if
68 decimal. Accept equivalent
fractions
@ | aB = (2-10x0.103) +(1+6x0.103)?
2312 (5512 ml Dependent on M1 and m1
or ,||—| +|— in part (c)
5 (&)
AB=1.89 or 1.886... Al At least 3 s.f. required
2
Total 14
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4 (c) Alternative 1:
AB? =(2-10t) +(1+6t)’

AB? =440t +100t? +1+12t + 36t>

2
Aand B are closest when dAB

-40+200t+12+72t=0

t= l or 0.103
68

4 (c) Alternative 2:

AB? = (2-10t)* +(1+6t)

AB? =440t +100t? +1+12t + 36t
AB? =136t% —28t+5

2
AB? =136 [t—lj +..
68

t:l or 0.103
68

[Or dAB J: 0
dt

M1
A1

M1
Al

ml

Al

m1 A1 m1 for attempt at completing the square of their quadratic

A1

4(c) Alternative 3 (Not in the specification):

[(2-10t)i + (1+6t)j].[-10i + 6j] (= 0)

-20+100t+6+36t (=0)
-20+100t +6+36t=0

t= l or 0.103
68

M1 for the scalar product of the r with their ,vg

Al for all correct
Al

m1 for correctly solving their equation

Al
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Q Solution Mark | Total | Comment
5(a) ‘No change’ with an attempt to explain B1
Explanation referring to smoothness or lack of friction B1 2
parallel to the plane
\J2ghsin 9 J2ghsin g
(b) \/ﬁ e,2gh cos 4
\/ﬁcosg v
9
Before After
Speed before impact = ,/2gh Pl M1
Al Allow +
expressions
Parrallel component after impact = /2ghsin & AL
Perpendicular component after impact = e4/2gh cos$ 3
() M1 Al Allow M1 for
using sin 9
: « 1 2 instead of
~ AtB,) 0=e42ghcos$ t——=gcosdt N
2 cos$ and +
Al instead of —
t= 2e Zgh cos 4 r Ze\l 29h M1 A1l Allow M1 for
% cos 9 g using cos$
X =/2ghsing” t+= gsin 92 instead of
2 sing” and —
instead of +
m1 Elimination
AB \/ﬁsin32e\/ﬁ+ gsin 94e22gh oft. OF
g 292
4ghesing 8g2he?sin g
AB = : + 297 Al 7 AG, must be
AB = 4hesin 9+ 4he? sin 9 convinced
AB = 4he(e +1)sin 9
Total 12

(a) The minimum statement for 2 marks is: ‘No friction, so no change to velocity parallel to the plane’

Allow numerical value of 9.8 for g in part (c), but deduct one Al mark in part (b) if they have used numerical

value.
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5(c) Alternative

(AtB,) 0:vsinat—%gtzco&9 M1
t:2v3|na mi
gcosd
x=vcosat+%gtzsinl9 M1
. . 2
AB =vcosa 2vsin & +lg 2vsin o sin g Al
gcosd ) 27\ gcosd
2 i 2 ain?2 H
AB:ZV 5|na003a+2v sin 255|n3
gcosd gcos” 4
. +/2gh ecos &
sing=—"——
v B1(for both)
JJ2ghsin g
cosq =———
v
2
2\lzxw/Zghecos&l>< 2gh sin 2\,2(‘\'2%5005'9] sin 9
AB = Y v - m1
gcosd gcos” 4
AB = 4hesin 9 + 4he? sin 9
AB =4he(e +1)sin 4 Al AG, mustbe convinced
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Q Solution Mark | Total Comment

6 (a) | Conservation of linear momentum along the
line of centres:

2x3c0s60° —4x5c0s60° =2xV M1 Condone sign errors
Al Correct with 2v or -2v
v =-35 Al

Or %, accept 3.5 from

consistent working

Velocity of A 1 toline of centres: 3sin 60° Bl Possibly seen on a diagram
Y
Vv :\/(3.5)2 +(3sin 60 ) M1 FT their v from above
V=436 or 19 ms" Al 6 AWRT 4.36, condone
missing
units
(b)
tan-L 3sin60° . " . T
35 M1 or.correc expression,
their v from part (a)
=37 Al 2 |cAo
(c)
o 35
3c0s60° +5c0s60° M1 For correct expression, FT

their v from part (a
e=0.875 or % part (a)

Al 2 CAO
(d) | | =4x5c0s60° ~4x0 or 2x3c0os60° ——2x35 | M1 OE, condone the missing
zero term, FT
I =10 Ns
Al CAO, condone missing
2 units
Total 12

(b) * or sin 1 3SIN60" gt 3D
436 436
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Q Solution Mark | Total Comment
7 | J =2m(2u)-2m(0) M1
(a) _ amu Al 2 AO for sign error or —4mu as answer
o) 2m(2u) =2mv, +mvg M1 CM
4u =2V, + Vg
2U—0 = § M1 Restitution, condone sign error
Al All correct
8
Vg = @u Al 5
9
- —-r
© |t =% or 9(230 ) M1 (s — r)divided by their v from( b)
u
9
: : 9(s-r)
Distance travelled by Alis - ~=x 20U m1l Their v, x their time from the line above
_2(s-r) Al oF
5
Distance of centre of A from the wall is
2(s-r
<ior_ ( ):3s+12r Al AG
5 5 4 )
(d) 20u 2 M1 Their v from (b) xe
= X —
5 9 "5
9
A and B have the same speed
= The distance between them will be halved to Explanation not
l 3s+12r “ar | or 3s—3r M1 needed
2 5 10
The required distance is
1(3s+12r 3s+7r
E( 5 _3rj+ r= 10 Al 4 Simplification not required
Total 15

| (a) Condone omission of —2m(0).

12 of 13




MARK SCHEME - A-LEVEL MATHEMATICS - MMO3 - JUNE 14

7(d) Alternativel:
é) 5
=—u A1
9
Time taken by B to collide again = SL
—u
39 12
stlor o
Time taken by A to collide again = 8
—u
9
3s+12r 3s—-3r
X = -3r—x or
10 35-3 3s+7
The distance of the centre of B from the wall = Sl_O L ir= SlJE) r A1

Alternative 2:

Wpg :@ g M1
g 5
=—u A1
X 16
Velocity of A relative toB = =4
Distance to collision = 3s J;lzr -3r
3s 4;12r _ar
Time to collision =
lou
9
_27s-21r
. 27s-27
Distance moved by B = 8uf2rs—2ir M1
9 80u

The required distance = 8u(27s—27r) ~_ 3s+17r A1
9 80u 10
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