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AQA/

ASSESSMENT and
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ALLIANCE

General Certificate of Education

Mathematics 6360

MM2A Mechanics 2

Mark Scheme
2006 examination - January series

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

It must be stressed that a mark scheme is a working document, in many cases further developed
and expanded on the basis of candidates’ 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.

Copyright © 2006 AQA and its licensors. All rights reserved.
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MM24 — AQA GCE Mark Scheme, 2006 January series

Key To Mark Scheme And Abbreviations Used In Marking

M mark is for method
m or dM mark is dependent on one or more M marks and is for method
A mark is dependent on M or m marks and is for accuracy
B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation
Jor ftor F  follow through from previous
incorrect result MC mis-copy

CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp 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. However, there are situations in some units where part
marks would be appropriate, particularly when similar techniques are involved. Your Principal Examiner
will alert you to these and details will be provided on the mark scheme.

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.

PMT



AQA GCE Mark Scheme, 2006 January series — MM2A4

PMT

MM2A
Q Solution Marks | Total Comments
1 5T, =20x9.8x1.5 Mi Moment equation.
Al Correct equation
20%9.8x1.5
T,= — s - 58.8 N Al Correct tension
M1 Vertical equation with 7 or moments
T+58.8=20x9.8 cquation.
Al Correct equation
T=1372 N Al 6 Correct tension
Total 6
2(a) | Tcos30°=2x9.8 Ml Resolving vertically with two terms
Al Correct equation
_2x9.8
cos30°
T=226N AG Al 3 Correct T from correct working
(b) V2 Ml Resolving horizontally.
T cos60°=2x 06 Al Correct equation
) dM1 Solving for v
v=1.84 ms’! Al 4 Correct v
Total 7
3(a)(i) a=2+12¢" MIA1 2 Differentiating, with at least one term
correct. Correct velocity
(i) | 2<a<l4 B1,B1 For 2, For 14
B1 3 Correct inequalities
) | s=2+12e +c Ml Integrating, with at least one term correct.
Al Correct expression with or without ¢
§s=0,t=0=>c=-12 dM1 Finding c
s=t2+12¢7 —12 Al 4 Correct final expression
Total 9
4(a) | P=(30x42)x42 AG M1 Finding force
=52020 W Al 2 Correct answer from P = Fv
(b)) | F=1200%9.8sin5°+30v MI1A1 Finding force. Correct force
52920 =(1200%9.8sin5°+30v)v dM1 Using P=Fv
v +392sin5°v —1764 =0 Al 4 Correct equation from correct working
AG
O I —
- 3925sin 5° + \/ (3925in5°)" — 4 x1x (~1764) M1 Solving quadratic
2x1
v=28.3or-62.4
v =283 ms’ Al 2 | Correct solution
Total 8




MM24 — AQA GCE Mark Scheme, 2006 January series

Q Solution Marks | Total Comments
5 Ml Applying Newton’s second law with 40v
d and (4

16007‘} =—40v dr’

! Al Correct equation
I ldv = J.—Ldt dM1 Separating variables

v 40
Inv= _L +c dMl1 integrating to get Inv term.
40
b Ae_‘%o Al Correct integral with or without ¢
t=0,v=20=c¢=20 dM1 Finding constant
t
v =20e 40 Al 7 Correct final result
Total 7
6(a) lmvz _ lm N mg(3—3c0s6) M1 Three term energy equation
2 2 Al Correct equation
M1 4 Solving for v2.
v =4+6g(1-cosb) AG d g ‘
Al Correct result from correct working
®) |, gc0s0 = mﬁ M1 Resolving towards the centre
3 Al Correct equation
3gcos@=4+6g—6gcosd dM1 Solving for cosé
cos@ = 4+6g Al Correct cos@
9¢g
0=44.6° Al 5 Correct angle
Total 9

PMT



AQA GCE Mark Scheme, 2006 January series — MM2A4

PMT

MM2A (cont)
Q Solution Marks | Total Comments
100 e
7(a) Y e=10x9.8 M1 Use of Hookes law and equilibrium
e=0.392 m Al 2 Correct length
1 100 2
(b) | EPE =EXWXO.6 =45] M1 Use of EPE formula
AG ) Al 2 Correct value from correct working
. - - 2
©) | 5 :lxﬂ(x_(m)z +l><10v2 £10%9.8(1— x) M1 Expression for EPE with (x+0.4)
2 04 2 Al Correct EPE
Ml Four term energy equation
45=125(x—0.4)* +5v> +98(1—x) Bl Correct GPE
Al Correct equation
50" =98x —98+45—125x" +100x - 20 dM1 Solving for v2
2 2
v:=39.6x-25x" —14.6 AG Al ; Correct result from correct working
(i) | 39 6x—25x% ~14.6=0
25x* —39.6x+14.6=0
v 39.6i\/39.62 —4x25x%x14.6 M1 Solving quadratic
2x25
=1or0.584 Al Correct solutions
x=0.584 Al 3 Appropriate value selected
SC Only correct answers given, award
MIAL.
Total 14
TOTAL 60
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Mark schemes are prepared by the Principal Examiner and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at
the standardisation meeting attended by all examiners and is the scheme which was used by them
in this examination. The standardisation meeting ensures that the mark scheme covers the
candidates’ responses to questions and that every examiner understands and applies it in the
same correct way. As preparation for the standardisation meeting each examiner analyses a
number of candidates’ scripts: alternative answers not already covered by the mark scheme are
discussed at the meeting and legislated for. If, after this meeting, examiners encounter unusual
answers which have not been discussed at the meeting they are required to refer these to the
Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further developed
and expanded on the basis of candidates’ 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.

Copyright ©2006 AQA and its licensors. All rights reserved.
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MM2B—- AQA GCE Mark Scheme, 2006 June series

Key To Mark Scheme And Abbreviations Used In Marking

M mark is for method
m or dM mark is dependent on one or more M marks and is for method
A mark is dependent on M or m marks and is for accuracy
B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation
Jorftor F  follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp 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. However, there are situations in some units where part
marks would be appropriate, particularly when similar techniques are involved. Your Principal Examiner
will alert you to these and details will be provided on the mark scheme.

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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MM2B
Q Solution Marks | Total Comments
1) | v=(61 —20)i+(1-12¢%)j Ml differentiating both components
Al one component correct
Al 3 second component correct
(b)(i) V[lj _ ( 6 zjl N [1 3 2)3 _ —lj Ml substituting t%le value for # into their v
3 9 3 9 3 Al 2 correct velocity
(ii) | Travelling due south Alft 1 correct description (Follow through from
v==£kj)
(©) | a=(12t-2)i— 244 Ml differentiating their velocity
a(4) = 46i — 96 Al correct acceleration at time ¢
Al 3 correct acceleration at ¢ =4
(d) | F=6(46i—-96j)=276i—576j Ml apply Newton’s second law correctly
M1 finding magnitude
_ 2 2 _
F=y276"+576" =639 N Al 3 correct magnitude
or
a=+46"+96> =106.45
F=6x10645=639 N
Total 12
2(a) KE=1x0.6><142 =5887 M1 use of KE formula
2 Al 2 correct energy
(b) | 0.6x9.8h=58.8 M1 two term energy equation involving PE
58.8 and previous energy
= = Al correct equation
0.6x9.8 Al 3 correct height
Note: Constant acceleration methods not
accepted.
(c)(@) | WD against resistance M1 three term energy equation
—588-0.6x9.8x8 Al correct equation
Al 3 correct value
=11.76 =11.8 J (to 3 sf)
(i) | 8F =11.76 M1 using work done = Fd with d = 8
F=147N Alft 2 correct force
accept 1.48
(d) | The magnitude of the force would vary B1 1 appropriate explanation
with the speed of the ball.
Total 11




MM2B—- AQA GCE Mark Scheme, 2006 June series

MM2B (cont)
Q Solution Marks | Total Comments
T R
3(a) Bl 1 correct force diagram, with labels and
l l arrows.
T 98 N
(b) | 2T'=0.5%x98 M1 moment equation
T=245N Al correct equation
AG Al 3 correct positive value for the tension from
correct working
(©)(i) | 2x2x24.5=3%x9.8xm+0.5x98 B1 tension doubled
98-49 5 M1 moment equation
= =—=1.67 kg (to 3 sf) Al correct equation
3x9.8 3
Al 4 correct mass
Or
2x2.45=39.8m (M1A1) for equation
m=—49 =§=1.67kg )
294 3 (M1A1) for finding m
i 5 Ml considering vertical equilibrium with 3
(i) | R=245x2+98+=x9.8=163N ¢
3 erms
Al correct equation
Al 3 correct reaction
must be consistent with 3(c)(i) if awarding
accuracy marks
(d) | This allows the centre of mass to be
placed at the centre of the rod for the
moment calculations. Bl 1 correct explanation
Total 12
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AQA GCE Mark Scheme, 2006 June series — MM2B

MM2B (cont)
Q Solution Marks | Total Comments
4(a) 1 mU? = 1 mv* + mgl(1 - cos 60°) Ml three/four term energy equation with a trig
2 2 term
U>=v+gl Al correct equation
dM1 solving for v or v*
— 2 _
v=UT -l Al 4 correct v in a simplified form
2
(®) | 7—mgcos60° = m— Ml resolving towards the centre of the circle
[ with three terms
U-gl g Ut g dM1 substituting for v’
T'=m ; + S1T™M T TS Al correct equation
dM1 making 7 the subject
Al 5 correct expression for 7 . Simplification
not necessary.
2
© | 7-mg= mT Ml considering the vertical forces and using
2
(U ? J Newton’s second law with —
T=m —+g /
! Al 2 correct 7'
Total 11
1200
S@) | F =800+ 20 £ =800+ 60 M1 finding the gradient of the line
12004 = 800 + 607 Al correct gradlent
B1 correct intercept
a= 800 " 60 f= 2 " z dM1 using Newton’s second law on two terms
1200 1200 3 20
AG Al 5 correct result from correct working
2t 2t
)| v= 3 2—0dt 3 + 40 + M1 integrating
Al correct integral with or without ¢
v=0,t=0=c¢=0
_u 2
VT390 Al 3 showing ¢ =0
02t 1 Ml integrating
© —J 3 + 4—0dt Al correct integral, with or without c.
20
_ 2 + i dM1 use of both limits or finding ¢
3120
=200 m Al 4 correct distance
(d) | The 2! term would change, because onl
3 ge, y B1 correct term
the constant term in the force would
change. When integrated this becomes the ]
t term in the velocity. B1 2 correct explanation
Total 14




MM2B—- AQA GCE Mark Scheme, 2006 June series

MM2B (cont)
Q Solution Marks | Total Comments
2
6(a) | ,= uw_ 3.92 Ml finding acceleration
50 Al correct acceleration
F=1200x3.92 AG dM1 use of F' =ma
=4704 N Al 4 correct force from correct working
(b) | R=1200%x9.8=11760 B1 normal reaction
4704 < ux11760 MI applying F < uR or F = uR
> 2704 AG
11760
©>04 Al 3 correct result from correct working
Total 7
d
7(a) 2Od_: =—10/v Ml applying Newton’s second law with %
dv v Al correct differential equation
a2 dM1 separating variables
1 1
—dv=|—-—dt
/ J -2 AG
t
Wy =——+
W "¢ dM1 integrating
t=0,y=25=c=10 Al correct integrals with or without ¢
20 5 dM1 finding the constant of integration
— t)
V=
( 4 Al 7 correct final result from correct working
(b) | t=20 Bl 1 correct time
Total 8
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of candidates’ 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 to download from the AQA Website: www.aqga.org.uk

Copyright © 2007 AQA and its licensors. All rights reserved.

COPYRIGHT

AQA retains the copyright on all its publications. However, registered centres for AQA are permitted to copy material
from this booklet for their own internal use, with the following important exception: AQA cannot give permission to

centres to photocopy any material that is acknowledged to a third party even for internal use within the centre.

Set and published by the Assessment and Qualifications Alliance.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number 3644723) and a registered charity (registered charity number 1073334).
Registered address: AQA, Devas Street, Manchester M15 6EX Dr Michael Cresswell Director General
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MM2B - AQA GCE Mark Scheme2007 January series

Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

Jor ftor F follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp 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. However, there are situations in some units where part
marks would be appropriate, particularly when similar techniques are involved. Your Principal Examiner
will alert you to these and details will be provided on the mark scheme.

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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MM2B
Q Solution Marks | Total Comments
1(a) | 1 M1 Energy method
@1 L 35207 =35x9.8x10 Al =
2
v=14 (ms™) Al 3
(b) | Air resistance or friction Bl 1
(c¢) | Energy lost =
1 ) M1 Difference attempted
35><9.8><10—§><35><12 (=910) Al +
Work done: F x 20 (=910) ml
20F =910 F=455(N) Al 4 F>0
Total 8
2(a)
Bl 1 Arrows + labels, w in centre
(b) | M) 04w =0.6T, Ml Moments equation
2w
Ty = 5 Al Accept 2 dp
for
w M1 each Al
Res T or M (B) T, - — Al 4
(¢) | Lamina is uniform B1 1
= weight acts at centre
Total 6
3(a) M1 Energy equation
mg 2a = — my Al
V:Z‘ ’ga Al 3
(b) mv? M1 All terms for M1, no component
T —mg=—— Al
2a
T=3mg AlF 3 ftif 7T >0
Total 6
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MM2B (cont)
Q Solution Marks | Total Comments
4(2) | (10x40) px5+(10x60) px 40 MI
=(10x40+10%x60) py Ml
Al
y=26 cm Al 4
(b) | Symmetry of shape B1 1
(©
Ml Attempting subtraction leading to 13 cm
0 26 Ml Or inverted, must see 26
tan &/ = "3 Al Or inverted
0=063° (63.4) Al Accept 117°
Total
5(@)(i) | t=0,r=2i+10k B1 1
(i) | 7=2m, r=2i+7.49k Bl 1 Orr=21+(10-0.8m)k accept 7.5k
(iii) | =2m, t=4n Bl
B1 2
(b) | v=—2sinti+2costj— 0.4k Ml Differentiation
Al Trig
Al 3 k
(¢) | a= —2costi—2sintj MIA1
F=—50costi—50sintj M1
|F| = \/502 cos” ¢ +50% sin® ¢ Ml No unit vectors
|F| =50(N) Al 5
Total 12




MM2B - AQA GCE Mark Scheme2007 January series
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MM2B (cont)
Q Solution Marks | Total Comments
6(a) | 40x2m 4n M1
= — (rad/sec
0 3 ¢ ) Al 2
(b) 2
a=w’r :(4?“) x 0.2 Ml
B 16m*
45 Al 2 Accept 0.3567° (3sf)
(©®
Bl 1
(ii) | Vertically
No acceleration, forces balance
mg=T cos @ B1 1
(iii) | Horizontally
. 16n° M1
T'sin@ =mx A1F ft acceleration
o’r
T cosO=mg ml SC tan 6 =? 1** 3 marks for quoting and
using correctly
2
tan @ = 167
45g
or
tand = 0358(08) AlF ft provided M1
0=20° A1F 5 earned in (b)
Total 11




MM2B - AQA GCE Mark Scheme2007 January series

MM2B (cont)
Q Solution Marks | Total Comments
7(a) | Max speed =zero acceleration used M1 Implied
72000
60 M1
72000 _ 4 60
60
k=20 Al 3
b
®O | 50, ~ 5009 dv
de Ml see —, *
dt
v
dt 25 Al 2
(ii) dv Ml M1 separating variables
5] = —Jd Al
Alternative
[251nv]12(()) :_[t]g Al 25Inv =—t(+c¢) Al
25In10-25In20= —¢ ml t=0,v=20, ¢c= 25In20 ml
Al t=tv=10,
25In10 = —¢ + 25In20 Al
t=25In2 or17.3 Al
t =25In2 or 17.3 or —251n% Al 6 feor
Total 11
8(a) 49 x x Ml
8= Al
x=0.2
Al 3
(b) 49x(02)° Ml
EPE =
2x0.5
=1.96 (J) Al 2
(c)(@) 49 x x> M1 All terms attempted for M1
1.96 = 2%05 +0.8><9.8><(0.2+x) A3 -1 EE from A3
x* +0.16x —0.008 =0 Al 5
(i) 16+ 162 + 4
016z Jo. 62 + 4%0.008 i
x=0.04 Al 2 x = 0.04 only identified
Total 12
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the
scheme which was used by them in this examination. The standardisation meeting ensures
that the mark scheme covers the candidates’ responses to questions and that every
examiner understands and applies it in the same correct way. As preparation for the
standardisation meeting each examiner analyses a number of candidates’ scripts: alternative
answers not already covered by the mark scheme are discussed at the meeting and
legislated for. If, after this meeting, examiners encounter unusual answers which have not
been discussed at the meeting they are required to refer these to the Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of candidates’ 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 to download from the AQA Website: www.aqga.org.uk
Copyright © 2007 AQA and its licensors. All rights reserved.

COPYRIGHT

AQA retains the copyright on all its publications. However, registered centres for AQA are permitted to copy
material from this booklet for their own internal use, with the following important exception: AQA cannot give
permission to centres to photocopy any material that is acknowledged to a third party even for internal use
within the centre.

Set and published by the Assessment and Qualifications Alliance.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number 3644723) and a registered charity (registered charity

number 1073334). Registered address: AQA, Devas Street, Manchester M15 6EX Dr Michael Cresswell Director General

PMT



MM2B - AQA GCE Mark Scheme 2007 June series

Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

Jor ftor F follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G graph
NMS no method shown C candidate
PI possibly implied sf significant figure(s)
SCA substantially correct approach dp 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. However, there are situations in some units where part marks would be
appropriate, particularly when similar techniques are involved. Your Principal Examiner will alert you to these
and details will be provided on the mark scheme.

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.

PMT
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MM2B
Q Solution Marks | Total Comments
L 1
1(a) Kinetic energy = 5 x5x10° M1 Full method
=2501] Al 2
(b) | Using conservation of energy:
KE when box hits ground
= Initial KE + Change in potential energy M1 Could have sign errors
=250+5X30 Xg Alft
=17201] Al 3 AG; SC2 5x35.1x g =1720. ...
|
() EmV =1720 Ml
V? =688 Al
. Speed is 262 ms ' Al 3 | CAO; accept /688 or 4443 ; SC2 26.3
(d) | No air resistance El Or no resistance forces
Box is a particle El 2 Deduct 1 mark for unacceptable third
reason
Total 10
2(a) | Symmetry of the lamina about PQ El 1 Accept ‘mirror line’
(b) | Taking moments about AB:
6000 x 15+ 100p x 35 MI1Al Condone lack of p
=700px Al
X =17.857 =179cm Al 4 SC3 17.8
an@ = 10 MIA1 M1 fi f tan@
(c) 17857 or use of tan
= 0.56
Angle is 29.2488... M1
=29° Al 4
Total 9
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MM2B (cont)

Q Solution Marks | Total Comments
3(a) | Using F' = ma:
2400i — 4800¢j = 800a Ml
a=3i— 64 Al 2
(b) | v= J-a dt M1
=3i-3Fj+c¢ Al Condone no ‘“+ ¢’
When t=0, v=6i+ 30j
o e=61+ 30j M1 Needs ‘+ ¢’ above
. v=(3t+6)i+ (30 - 35)j Al 4 | AG
(¢)| r= IV dr M1
3 . .
= (Et2+ 6f)i + (30t —£)j +d Al,Al Al iterm, Al j term; condone no ‘+ d’
When =0, r=2i+5j
Sod=2i+5j) Ml
“ r=(%t2+6t+2)i+(30t—t3+5)j Al 5
Total 11
4(a) | Centre of mass of rod is 3 m from river Bl Use of centre of mass is centre of rod
bank
Taking moments about 4, edge of bank: Or resolve R = 65g B1
3x15=50x Ml Moments about any point (correct) M1
x=0.9 Al 3 0.9 Al
(b) | Taking moments about A4:
50x2=15x3+mx8 MIA1 M1 3 terms, 2 correct
55=8m Al
m=6Z
8
LT
Mass is 6§kg Al 4 Accept 6.88 and 6.87
(c) | Centre of mass of rod is 3 m from river El 1 Centre of mass is at centre of rod
bank
(d) | eg Woman is a particle El 1
The mass is a particle
The plank is a rigid rod
Total 9
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MM2B (cont)
Q Solution Marks | Total Comments
5(a) | Using conservation of energy (lowest and M1
highest points):
1 1
5m(7v)2 = Emv2 + 2mga AlAl Al for 7vand v
48
5 Vv =2ga M1 Needs 48 or 24
y= %€ Al 5 |AG
12
(b) | Velocity at 4 is /%
Resolving vertically at 4: M1 3 terms
2
m - +R = mg Al,Al Al correct 3 terms, Al correct signs
a
m_ag 1
R=mg—- —xX—= 1-— M1A2
PR [ 12jmg
11 11
=—m Al 4 Condone ——m
12 & 12 &
Total 9
2
6(a) | EPE is 25
2
_ 200(0.5) M1
2x2
=12.57 Al 2
(b) | When string becomes slack,
.1 . .
using —mv® = loss in EPE: M1 NB Using 5 to answer (a) and thus (b)
2 = no marks
%XSXVZZIZS Al
Speed is \/g ms Al 3 AG
(¢) | Resolving vertically, R = 5¢g Bl
F=uRr Ml
0.4 x5g=2g M1
Using change in energy = work done:
2gx0.5= Ml M1 for force x distance
1 1
—><5><(\/§2)——><5><v2 ALAI Al first term (or 12.5)
2 2 Al second term (inc —)
9.8=12.5— 22
2
V' = 1.08
Speed is 1.04 m s Al 7
Total 12
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MM2B (cont)
Q Solution Marks | Total Comments
7(a) | Using F = ma:
d
—Amv=ma = md—‘; Ml Condone no “ -’
__ Al 2 AG .
t Note: no use of m = no marks in (a)
dv
b —=-A|dt Ml
)| [—=-2]
Inv=-At+c Al Needs ‘+ ¢’
v=_Ce™
Whent=0,v=U = C=U Ml Needs correct working
v=Ue" Al 4 | AG
Total 6
8(a) | O is in equilibrium El Q at rest, or not moving
T'=5g=49N B1 2 AG
(b) | Resolving vertically for P:
Tcos§=3g MI1A1
cos 0= 3
5
43 o
60 =cos 3 =53.1 Al 3 Do not condone 53°
. 4
() o-smH:g Bl
Resolving horizontally for P:
2
i T sin 6 MI1Al M1 2 terms: 1 term correct, other term
r includes sin or cos
2
r
2
3x4” _ 4g
r
48
vy = —
4g
=1.22 Al 4 SC3 1-23
Total 9
TOTAL 75
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Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark isindependent of M or m marks and is for method and accuracy
E mark is for explanation

Jorftor F follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form Fw from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown c candidate
PI possibly implied o significant figure(s)
SCA substantially correct approach dp 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. However, there are situations in some units where part marks would be
appropriate, particularly when similar techniques are involved. Your Principal Examiner will alert you to these
and details will be provided on the mark scheme.

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 aresult, 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 awar ded.
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MM 2B
Q Solution Marks | Total Comments
1(a) | Kinetic energy = %x 0.6 x 157 M1
=675J Al 2
(b) | Using mgh =%mv2: M1
675=06xgx h Al
67.5
h= =2
~ """ 069
= 115m Al 3
(c) | When 3 m above ground level:
Changein PEis0.6xgx 3
=17.64J
~. KEof ball is67.5—-17.64 M1
= 49.86 J Al
; 49.86
Speed of ball is 1 mi Dep on M1
E><O.6
=129ms™ Al 4 No KE given: speed = 12.9 SC3
(d) | eg ball isaparticle, no air resistance, El 1 Accept no spin, no wind
weight isthe only force acting etc
Total 10
2@)()| a= % = 6t — 6cos3t M1A1 2 M1 for at least one term correct
i - _ I I
(i) | Whent = 3,a—6>< 3 6cos(3.3) M1
=2n+6 Al 2 AG
(b) F=t® 4+ 20083t +6t+C M1A1 M1 for 3 termsincluding cos3t term
3 Condoneno ‘+ ¢’
Whent=0,r:O.'.c=—% M1
Cr=t342 _2
. r=t +30033t+6t 3 Al 4

Total
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MM 2B (cont)

PMT

Q Solution Marks | Total Comments
3(a) B2 2 B1 for any 4 correct
(b)| Resolve verticaly:
R=20g + 80g Must see 20g + 80g or 100g to obtain any
marksin (b)
= 100g Bl
Using F = uR: ml Depon Bl
F =0.4 x 100g
=40gor 392N Al 3 AG
(c)| Resolve horizontally:
S=40g Bl
Moments about A:
80gxcos 60 + 20g.2cos60 M1A1 M1 for 3 terms, all moments
= S4c0s30 Al
40gx + 20g = 138.569
X= 11856 ml Depon M1
40
=296m Al 6 | Accept 24/3 —%
Total 11
dr
4a) | v=—
(a) o
v = (32— 6t)i + (4 + 21)] M1A1 2
(b)(i) | a= (6t—6)i + 2 M1
Alft
Using F = ma:
F=(18t-18)i + 6 Alft 3
(i) | Whent=3, F = 36i + 6
Magnitude is /36> + 6 M1
=36.5 Alft 2 | Accept 6+/37; ft from (b)(i)
(c) | When F acts due north:
Component of F inthei directionisO M1
18t—-18=0
t=1 Alft 2 ft from (b)(i)
Total 9
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MM 2B (cont)

PMT

Q Solution Marks | Total Comments
2
5(a)| Acceleration is VT
=2
0.2 M1
=20ms? Al 2
(b)| 6=30° B1
Resolve verticaly:
T,cos8=mg M1
T, cosd =4g Al
T1=453N Al 4 |AG
(c)| Resolve horizontally:
2
T,sn0+T,= mvT M1A1 M1 for 3 terms, 2 correct
453snf+T,=4x%x20
T,=574N Al 3 Condone 57.3 N
Total 9
2
6(a) | EPE = AX°
2l
2
_ 300x(1.5) M1
2x4
=84.375
=844 Al 2
(b) | When string is slack, gain in PE is mgh
=6 x g x 1.5sn30 M1
=441 Al
KE = EPE—-gainin PE ml
=84.375-44.1
=40.275 Al
%.G.Vz = 40.275
v =3.66 Al 5 AG
(c) | At A, PE gained above initia position is
6 x g x 5.5sn30 Or PE above position string slack is 117.6
=161.7J Bl KEat Ais—77.3
Thisis more than initial elastic potential Bl
energy
.. particle will not reach A El 3 Or
Using V* = u” + 2as
a=0.5¢g Bl
s=1.37or 1.366 B1 [or 2.87 above
starting point]
Hence stops before A E1
Vertical height above sling dlack is 0.683
Vertical height above starting point is
1.435
Total 10
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MM 2B (cont)

PMT

Q Solution Marks | Total Comments
7(a) | Conservation of energy:
2
%m(&/ag) +nga:%mv2 M1A1 M1 for 3terms: 2 KE and PE
gmga+2mga:%mv2 Al
v=,/13ag Al 4
(b) | At A, consider vertical forces:
2
T-mg= il M1A1l M1 for 3 terms, 2 correct
T =mg+13mg ml
T =14mg Alft 4 | ftfrom(a)
Total 8
8(a) | Power of engineis 8kW
.. Force exerted by engine =&\?0 M1A1 M1 for Power = Fv
Using F = ma: ml
8000 _ 12 — goo 2V
v dt
6009v _ 8000 , 2 Al 4 | AG
dt v
(b)(i) | When engineisturned off, power is zero:
— kv = 600 % B1 1 |AG
i) | (6002 =k
(i) j v —_[ t M1
—@:—kwc Al Need '+ C
Whent=0, v=20:
o= _600 _ _
- C 0 30 Al
00 =it +30
When v =10, kt = 30: M1
ot :3—k0 Al 5 _% SC3
Total 10
TOTAL 75




PMT

AQY/

ASSESSMENT and

Version 1.0: 0608

QUALIFICATIONS
ALLIANCE

General Certificate of Education

Mathematics 6360

MM2B Mechanics 2B

Mark Scheme

2008 examination - June series



PMT

Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
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Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

Jorftor F follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CsoO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or Q) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown C candidate
Pl possibly implied sf significant figure(s)
SCA substantially correct approach dp 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. However, there are situations in some units where part marks would
be appropriate, particularly when similar techniques are involved. Your Principal Examiner will alert you to
these and details will be provided on the mark scheme.

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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MM2B
Q Solution Marks | Total Comments
1(a) a=d—\t’:12t+4 M1 Al 2
(b) | Using F = ma,
Force = 3x(12t+4) M1
Whent=4, force =3 (12 x 4 + 4)
Force = 156 N Al 2
©|r=2%+2t° - 7t+c M1 Al
Whent=0,r=5, ..c=5 M1
r= 2842t -7t 45 Al 4 | SC3ifno “+c’ seen
Total 8
2(a) TTA TTB Bl 1
A 1409 B
(b) | Taking moments about A
2.1x40g =Tgx 4 M1 B1 Bl for2.1
Ts = 21g Al 3
(c) | Resolve vertically To + Tg = 40g M1
Ta =199 or 186N Al 2
(d) | Gravitational force acts through mid point El 1
of the rod
Total 7
3 g = 25x1+12x4+4x%x5
- 1+4+5 M1 Two terms on top correct (+third) and
denominator correct
- 93
=10 or 9.3 Al
vV = 10x1+7x4+18%x5 M1
10
— 128 _ _
= 7p orles Al 4 | SC3for interchanged X and Y
.. Centre of mass is at (9.3, 12.8)
Total 4
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MMZ2B (cont)

Q Solution Marks | Total Comments
4(a) | Using power = force x velocity
Power = (40 x 50) x 50 M1
. = 100,000 watts Al 2
(b) | When speed is 25,
max force exerted is —102200
= 4000N Bl
..Accelerating force is 3000N
Using F = ma
3000 = 1500 a M1 Need 3 terms eg ‘4000’ £ 1000 = ma
or 2000 £+ 1000 = ma
MO for 1000 = ma
a =2ms™ Al 3
(c) | When van is at maximum speed
force against gravity is mgsin 6 (parallel Bl
to slope)
Force against gravity and resistance is
mgsin6 +40v M1
= 1536.6+ 40 v Al
Speed is maximum
when 1536.6 + 40v = —100\?00 M1 For 3 terms; 100\?00 and 1 other term
correct
40v*+ 1536.6 v—100000=0 Al CAO
Speed is 34.4 ms ™ Al 6
Total 11
5() y _dr
~dt
V= -2sin %ti— 2cos%t j M1 A1l 2 No i, j: no marks
b 1
(b) Speed is {(—25in%t)2 + (-2 cos.%t)z}2 M1
1
= 2 (sin? %t+c052%t 2 ml clear use of sin’@+cos*6 =1
= 2 which is a constant Al 3 Use of 2 values SC1
(c) | Magnitude of r is
1
{Bcos11)° +@Bsin11)°y? M1 a=-kr=circle SC2
= 8 which is a constant Al 2
.. Particle is moving in a circle
d
@ Using V=aw M1 M1 for their b if both found
c
Angular speed is 0.25 Al 2
© g =2 coslti+Lsinlti
a 2cos4t| 2s.|n4tj M1 Al 2
() Magnitude of acceleration is % Bl 1
Total 12
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MMZ2B (cont)

Q Solution Marks | Total Comments
6(a) | Using F =ma
. —mdav
0.05mv=m at
. dv_ _gosy Bl 1 Need to see m terms
- :
b
(b) | rav =—jo.05dt B1
v
Inv =-0.05t+c M1 Need first 2 terms
V= Ce—O.OSt
Whent=0,v=20,
~C=20 M1 fully correct solutions
v =200 Al 4
(©) | When v =10, 10 = 20e % M1
g0t — 9 Al
-1
Lt=——1In2
=005 "
= 139 Al 3 Accept 20 In 2
Total 8
7(a) | At top, for complete revolutions:
2
MV_ _ mg where v is speed at top M1
~Vv? = ag Al
Conservation of energy from B to top :
1 5 1 5 M1 3 terms, 2 KE and PE
—mv° +mg2a=—mu Al
2 2
u’ =4ag+v’
= bag
u= ,/5ag Al 5 AG
(b) | At C, speed of particle is \/3ag Bl
Resolving horizontally at C:
_ mv? M1 Needs 2 correct terms
T a
T = m&ﬂ
a
T =3mg Al 3
(c) | No air resistance Bl 1
Bead is a particle
Total 9
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MMZ2B (cont)

Q Solution Marks | Total Comments
8(a) e
Work done = J.%dx M1
0
a2
= |— Al Needs limit of 0
2l
0
2
_ A Al 3 | AG
2l
Or
Area under a straight line =
2
average force x distance =%
(b)(¥) Using T =%
150x x
5g = =~~~
9= 06 M1
Extension is 0.196 m Al 2
(i) Ax?
EPE = 24X
2l
2
_ 150x(0.3) M1
2x0.6
= 11.25) Al 2
(iii) | When x above P,
150% (0.3 - x)? 150%(...— X)?
EPE 2x0.6 M1 for =508
Al
PE[relativetoP] = (-)5xgxx M1 for 5 x g x distance
KE + EPE [at new point]
= EPE [at P] - gain in PE M1 4 terms, all signs correct, 2 terms correct
1, 150x(0.3-x)* _
=mvi+— 7 =
M 2x0.6
150 (0.3)?
_ _5 Al
2x06
2
1 2 4 190X (x” -0.6x) _ _ 5gx mi Equation involving terms in v2, x* and x
2 2x0.6 only
%.s.v2 +125 X% 75 X = — 49X
v> =10.4x — 50 x 2 Al 7
(iv) | Particle is at rest whenv =0
10.4x - 50x% =0 M1
x = 0 [not required]
Orx = % =0.208 m above P. Al 2
Total 16
TOTAL 75

PMT



PMT

AQA/

General Certificate of Education

Version 1.0: 0109

Mathematics 6360

MM2B Mechanics 2B

Mark Scheme

2009 examination - January series



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

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of candidates’ 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 to download from the AQA Website: www.aqa.org.uk

Copyright © 2009 AQA and its licensors. All rights reserved.

COPYRIGHT

AQA retains the copyright on all its publications. However, registered centres for AQA are permitted to copy material
from this booklet for their own internal use, with the following important exception: AQA cannot give permission to
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Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

Jorftor F  follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown C candidate
Pl possibly implied sf significant figure(s)
SCA substantially correct approach dp 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. However, there are situations in some units where part marks would be appropriate,
particularly when similar techniques are involved. Your Principal Examiner will alert you to these and details will be
provided on the mark scheme.

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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MM2B
Q Solution Marks | Total Comments
1| r=[vadt M1
=t* +4cos2t +5t (+c) Al
Whent=0,r=0 = c=-4 M1 Finding c correctly
s r=t*+4c0s2t+5t -4 Alft 4
Total 4
2(a) | Initial KE = %mv2
= %x 6 x 127 M1 Allow one of m and v incorrect
= 432 Al 2
(b)(i) | When it hits the ground, conservation of
energy gives
KE = Initial KE + loss in PE
= 432+6xgx4 M1 Need 6 x g x4 or 235.2
= 667.2
= 667 J (3sf) Al 2 AG
(ii) | 667.2 = %x 6% \2 M1A1
Speed is 14.9 ms™ Al 3
(iii) | Stone is a particle Bl Not g constant
No air resistance Bl 2 No other forces acting
Total 9
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MM2B (cont)

Q Solution Marks | Total Comments
= dr
3(@) |V pm M1
L ) Al i terms
v=(e? -8)i +(2t-6)j Al 3 | jterms
3
(b)(i) | Whent=3,v=-3.52i Bl Accept (e? —8)i
Speedis3.52ms Bl 2 3.5 does not give 2" B mark
(i) | West B1 1
L
© |a= %ez i+ 2j M1A1
3
Whent=3,a= %ez i +2j or 2.24i+2j Al 3
(d) | Using F = ma: M1 Accept F=7a
3
F=7(3e?i+2))
. Magnitude of force is
1
7((%&)2 +22)2 M1
F =21.025
F =21.0 Al 3 Accept 21
Total 12
4(a) | Taking moments about AD:
8x10+2x15=10% MI1AL M1 for moments and 1 term on left
correct and 1 term on right
X = m
10
=1lcm Al 3
(b) | 5cm Bl 1
. (a)-10 .
(c) | (tan) 6= % ie ( 2b) M1 From areas; % = 6 =15.6 or 15.7
=0.2 Alft
Angle is tan™(0.2) M1
=11.3° Alft 4
(d) | Centre of mass is at middle of lamina El 1
Total 9
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MM2B (cont)

Q Solution Marks | Total Comments
5(a) | 40 revolutions per minute
2
= 80m radians per minute Bl or 3 rev per second
= 4—?? radians per second B1 2 AG
(b) | Resolve vertically:
T cos 30 = 6g M1A1l M1 1 term each side, 1 correct
T=679N Al 3 AG
(c) | Resolve horizontally:
T sin30 = me? M1 M1 1 term each side, 1 correct
SINSU=mart Al Al Tsin30
2
67.9sin30=6 % r x (4—‘,;‘) Al Al RHS
r=0.322m Al 4 Condone 0.323 (using = as 3.14)
Total 9
6(a) | At maximum speed,
tractive force = resistance force M1
Using power = force x velocity:
800 000 = F x 40 M1
F=20000N Al 3
(b) | Using force x distance = work done =
change in energy:
1 M1 M1 Fs = change of KE
20 000's = 2 x 60 000 x (40% - 36°) Al Al 2 of 3 terms correct
Al Al all 3 terms correct
Distance =456 m Al 4
Total 7
1 , 1 2 M1 M1 3 terms, 2 KE and 1 PE
7(a) Emv _me8 mg2 Al
V> =64-39.2
=248
v=4098 Al 3 Accept /24.8
(b) | Using F = ma radially:
_ mv’ M1 M1 3 correct terms (not necessarily
R=mg cos60+ r Al correct signs)
B1 B1 for 60°
=6g c0560+—6Xi4'8
= 66.6 N Al 4
Total 7
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MM2B (cont)

Q Solution Marks | Total | Comments
8(a) | Using F = ma:
~0.08v° = 0.05a B1
% =-1.6V2 Bl 2 AG; condone sign error in first B1
(b) dv =—1.6J'dt M1
V2
1 _ 1 1
v =-1.6t (+ ) Al Condone —V=—1.6t+c:V=1.6t+c
Whent=0,v=3= c:—% M1
1_li16t = Al
v 3
1_1.8
2—-=454
v 3 " 5
1_5+24t
v 15
15 N
V= Al 5 AG; all working lines correct from *
5+ 24t
Total 7
9(a) | When acceleration is zero,
tension = gravitational force
7213:)( =80g M1 Both terms correct
X=16, Xx+16=32m Al Al for x=16
Length of cord is 32 m Al 3
(b)(i) | When bungee jumper comes to rest,
_ 784xx°
EPE = oxl6 M1
_ 49x%°
2
Change in PE = 80 x g x (16 + X) M1 Or 80x g x 65— (80g[16+x])
(or 80g(49-x))
2
497X=80><9.8><(16+x) Al
x* = 32x + 512
X*—32x-512=0 Al 4 | AG
2
X =43.7128 Al
Distance below point of jump is
43.7+16 =59.7m
Distance between jumper and ground is
65— 59.7 M1
=529m Al 4 Accept 5.287, 5.3
Total 11
TOTAL 75
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Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

Jorftor F  follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown C candidate
Pl possibly implied sf significant figure(s)
SCA substantially correct approach dp 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. However, there are situations in some units where part marks would be appropriate,
particularly when similar techniques are involved. Your Principal Examiner will alert you to these and details will be
provided on the mark scheme.

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 Marks | Total Comments
dv ) . . M1A1 Al (iterms) Al (] terms)
1(a) a=E=(3t ~15)i+(6-2t)] AL 3
(b)(i) | Using F = ma:
Force = 4x{(3t* —15)i + (6 - 2t) j} M1
= (12t - 60)i+(24-8t)] Al 2 | AG
(ii) | Whent = 2, force =-12i + 8] M1A1l
Magnitude of force = \/12° +8° N M1
=14.4 (N) Al 4
Total 9
2(a) | KE :%><55><32 M1
= 24751 Al 2
(b) | Change in PE as slides down:
mgh =55 x 9.8 x 20 cos 30 M1 Need cos 30 or sin 30
=0335.7... Al
Using Conservation of Energy:
KE at end of slide =247.5 + 9335.7 ml ‘a’ + ‘9335.7°
=95801J Al accept 9583
Speed of Anne is 9583 ml
1
—x55
2
=18.7ms™ Al 6
(c) | Anne is a particle; no air resistance El 1
Total 9
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MM2B (cont)

Q Solution Marks | Total Comments
3(a)
90g
AN
229"
F 4 ..............
A
Resolve vertically:
R =229 + 90g
=112¢g B1
Using F = uR: M1
F =0.6R
F=0.6 x 112¢ Al Needs 0.6x112g or 0.6 x 1097.6
NOT 0.6x1097 unless 658.56 seen
=67.2g or 658.56
F =659 N Al 4 AG
(659 must be shown from correct
working)
(b) | Resolve horizontally:
S =F Bl
Moments about A:
90g x5xcos@+ 229 x3xcosd M1
M1Al . .
(one term, force x distance x cos or sin)
=67.2g x6xsiné Al
4509 + 669 =403.2g tan 8
tang = 516
403.2
@ =52.0° Al 5 accept 52

Alternative: or moments about B:

M1 A2, 1 or O for four-term moment
equation

+ M1 for rearranging etc (dep on 4 term)
+ Al for answer

Total
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MM2B (cont)

Q Solution Marks | Total Comments
4(a) | Resolving vertically:
T cos 60 + T cos 40 = mg M1A1
1.266 T = 69 M1
T=464N Al 4 AG no marks if g deleted
(b) | Radius of circle is 0.6 tan 60 Bl r=1.039 or 1.04
Horizontally:
mv? ML
. =T00s50+T cos30 Accept sin instead of cos for M1
6> B 46.4c0s50 + 46.4 cos 30 AL
1.039 or 70.01
v =12.123
Speed is 3.48 ms™ Al 4
Total 8
5 | Force acting against gravity is mgsiné M1 Or 147000
Force acting against gravity and resistance
is mgsin &+ 200000 m1l 200 000 + ‘mg sin@”’
=600000g sin 8+ 200000
=347000 Al
Using power = force x velocity M1
= 347000 x 24 AlF
= 8330 kW Al 6
Total 6
2
6(a) | EPE =2
21
2
_180x0.38 M1
2x1.2
=48] Al 2
(b) | Using initial EPE = KE when string
: M1
becomes slack:
48 :%><5><v2 AlF
_[s
5
= 4.38ms™ oy
ft -2
AlF 3 G
(c) | Normal reaction is 5g or 49 M1
Frictional force is 5gxu m1lAl
Work done by frictional force is 5ug x 2 m1l
=10ug Al
Stops at wall = 10ug =48 m1l ml 10ug="a’
1 =0.490 Al 7 accept i—g OE
Total 12
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MM2B (cont)

Q Solution Marks | Total Comments
7(a) | By conservation of energy to point where
QP makes an angle @ with upward vertical:
1, 1 ) M1 for 3 terms, 2 KE and 1 PE
Emv _Emu —mga(1+siné) AL mga (L+sin 8)term
v? =u®—2ag(1+sin®) Al
Resolve radially
2
R= mv__ mgsiné@ M1Al M1 for 3 terms, include sin @ or cos @
2
- —3mgsin8-2mg Al 6 AG
a
(b) | When particle leaves the track, R =0 M1
0=3mg —3mgsiné&—2mg Al
sin¢9:1 M1 SC3 sin’11
3 3
6@ =19.5° Al 4 accept 19.4° or = 0.340°
Total 10
8(a) | Using F = ma:
3
—Amv? = m& M1
dt
3
PR Al 2 | AG
dt
(b) | rdv
— =] dt M1
v2
2 %
T MG Al Condone no ‘+¢’
V2
Dep. on correct integration
Whent=0,v=9:>c:—E M1 P . .1.9
3 Al (accept sign or 5" error )
2
—=At+= Al
N
i
2 /1t+g
3
6 2
= ml
(2 n 3/1,[) Needs correct algebra
__ 36 Al 7 | AG
(2+34t)?
© When v =4, or Lzz 4 M1
(2+34t)
2
S T T M1AL (2+34t)"= 9 Al
NN )
1 t=— Al needs statement why
t=— 31
34 Al 3 | 2434t -3
Total 12
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the
relevant questions, by a panel of subject teachers. This mark scheme includes any
amendments made at the standardisation meeting attended by all examiners and is the scheme
which was used by them in this examination. The standardisation meeting ensures that the
mark scheme covers the candidates’ responses to questions and that every examiner
understands and applies it in the same correct way. As preparation for the standardisation
meeting each examiner analyses a number of candidates’ scripts: alternative answers not
already covered by the mark scheme are discussed at the meeting and legislated for. If, after
this meeting, examiners encounter unusual answers which have not been discussed at the
meeting they are required to refer these to the Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further
developed and expanded on the basis of candidates’ 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.
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Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

Jorftor F follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSsO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown C candidate
Pl possibly implied sf significant figure(s)
SCA substantially correct approach dp 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. However, there are situations in some units where part marks would be
appropriate, particularly when similar techniques are involved. Your Principal Examiner will alert you to these
and details will be provided on the mark scheme.

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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MM2B
Q Solution Marks | Total Comments
1 | Work done = Fscosé M1 Accept Fssinég for M1
=40x5xcos30 Al
= 1731 Al 3
Total 3
— M1 for at least 3 multiplication & addition
5 X=3><15+1><7+6><8+10><12 M1AL p
3+1+6+10
=@ or 11 Al
20
V=3><6+1><14+6><7+1O><9 M1AL
20
_164 g5 Al 5 -SC4 (10, 7.4) [omit lamina]
20 ie: B2, B2
.. Centre of mass is at (11, 8.2)
Total 6
3(3.) RA RB
T T B2 2 B1 for four forces
B B2 for two different reactions and 30g and
209 20g marked
30g
(b) | Taking moments about A:
3.2x30g =Ry x5 M1B1 B1 for 3.2
R; =19.2¢ Al 3 AG
(c) | Resolve vertically: R, + R; =509 M1 Can be awarded in (b)
R, =30.8g or302 N Al 2
(d) | Gravitational force acts through mid-point El 1
of the rod
Total 8
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MM2B (cont)

Q Solution Marks | Total Comments
4@ | r= _[th M1 M1 for at least one term correct

= (t* —6t” +3t)i +5tj + 4t°k +c Alml m1 for +c
When t=0, r=-5i+6k ..c=-5i+6k
S r=(t" =6t +3t—5)i+5tj+(6+4t° )k | A1 4

(B) | a=(12t* -12)i +8k M1ALl | 2 | M1 for either component

: T M1

(c) | Magnitude is {(12t2 -12) +64}2 ALF 5

(d) | Magnitude is a minimum when 12t? —12 M1 M1 for correct differentiation of correct
is zero expression in (c)
iewhent= 1 Al 2

(e) | Minimum acceleration is 8
Using F = ma, M1 a could be a vector
F=7x8=56 Al 2 CAO

Total 12

PMT



MM2B - AQA GCE Mark Scheme 2010 January series

MM2B (cont)

Q Solution Marks | Total Comments
5(a) | Using F = ma,
1
—02mvz =m%¥
dt
dv : , .
pre =-0.2v? Bl 1 AG Must see equ’n containing m
dv
by | JT=-Jo-2at M1
VZ
1
2vZ =-0.2t+c Alml ml for +c
When t=0, v=16..C =8 Al
1
2vZ=-0.2t+8
v=(4-0.1t)" Al 5 | AG
(c) | When v=1,1=(4-0.1t)’ M1
4-01t==+1
1
t=30 or 50 Al [if use 2v2 = 8- 0.2t no need to see 50}
t=30 Al 3 t =50 as ball stops when t = 40
(d) | Integrating v=(4-0.1t):
v=16-0.8t +0.01t°
x:16t—0.4t2+%t3+d M1 M1 for first 3 terms or — % (4-01t)’
When t=0, x=0=d =0 Al
x =16t — 0.4t +%t3
When speed is Ims™, t = 30
X =480 — 360 + 90 ml dep on M1 above
=210 Al 4 [No ‘d’, 3 marks only]
Total 13
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MM2B (cont)

Q Solution Marks | Total Comments
6(a) | r=1.2sin@ B1 1 1.2 cos@ 0 marks
(b) | Resolve horiz: T sin@=ma’r M1A1 T cos@=ma’r etc M1 (+second M1)
Tsin@=4x5*x1.2sin@
T=120 Al
Resolve vert: T cos@ =4g M1A1
30sin@
cos @ =0.32666 M1 for tan6 = :
6 =70.9° or 1.24° Al 6
Total 7
7(a) | Using conservation of energy:
1 ., 1 5 M1 for 3 terms, 2 KE and PE
S =omy mgh MIAL or 4 terms, 2 KE and 2 PE
%mu2 :%mv2 —mga(1-cosh) M1A1 M1A1 for finding h
v? =u®+2ga(1-cosd)
1
v=(u®+2ga[l-cos6])? Al 5 |AG
(b) | Using F = ma radially,
mv?
mgcos¢— N = M1A1 M1 Correct 3 terms
Al Correctsigns (- N or+N)
Particle leaves surface of hemisphere B1
when N =0
mgcose=m(u2+29a[1—cos€]) M1
a

u2
cos@=—+2-2cosé

ga

1 ( u’ j
cosf=—| —+2 Al 5

3\ ga

Total 10
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MM2B (cont)

Q Solution Marks | Total Comments
8(a) | When x > 22, KE is %><49><v2
epE s 1078(x— 22)* 2
2% 22 M1Al M1 for any ~2/CP
2x22
Change in PE is 49 x g x X
Conservation of energy:
1 1078(x —22 2 M1 3 terms (KE, PE, EPE)
= x49xV? +¥:49xgxx Mi’f‘l Al 2 terms correct
2 2x22 Al all 3 terms correct
49 , 49 2
—V+—(Xx—22) =49¢gx
2 2 ( ) g
2
V' +(x=22)" =19.6x SC3 4—29v2+4—29e2=49g(e+22)
[could use x for €]
5v® = 318x —5x* — 2420 Al 6 AG
(b) | If x is not greater than 22, cord is not
B1 1
stretched
(c) | At maximum value of x,v=0 M1
- 5x* —318x+2420=0
2
X:318i\/3182 —:><5><2420 - dep on M1 above
X
X =54.76.. or 8.84.. Al Al for either solution
=548 El 4 Needs to give a reason for deletion of
second root. Both roots must be positive:
one above 22, one below 22
(d)(i) | When speed is a maximum, a=0 or
tension = gravitational force M1 d(5v2)
——~=318-10x
dx
1078(x—22
* =49¢g Al = 0 at maximum speed = 318 - 10x =0
x—22=9.8
x=31.8 Al 3 AG
(ii) | From part (a), v* =19.6x31.8-9.8° M1
v=22.96 Al 2
Maximum speed is 23.0ms™
Total 16
TOTAL 75
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Mark schemes are prepared by the Principal Examiner and considered, together with the relevant
guestions, by a panel of subject teachers. This mark scheme includes any amendments made at
the standardisation meeting attended by all examiners and is the scheme which was used by them
in this examination. The standardisation meeting ensures that the mark scheme covers the
candidates’ responses to questions and that every examiner understands and applies it in the
same correct way. As preparation for the standardisation meeting each examiner analyses a
number of candidates’ scripts: alternative answers not already covered by the mark scheme are
discussed at the meeting and legislated for. If, after this meeting, examiners encounter unusual
answers which have not been discussed at the meeting they are required to refer these to the
Principal Examiner.

It must be stressed that a mark scheme is a working document, in many cases further developed
and expanded on the basis of candidates’ 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 to download from the AQA Website: www.aga.org.uk

Copyright © 2010 AQA and its licensors. All rights reserved.

COPYRIGHT

AQA retains the copyright on all its publications. However, registered centres for AQA are permitted to copy material
from this booklet for their own internal use, with the following important exception: AQA cannot give permission to

centres to photocopy any material that is acknowledged to a third party even for internal use within the centre.

Set and published by the Assessment and Qualifications Alliance.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number 3644723) and a registered charity (registered charity number 1073334).
Registered address: AQA, Devas Street, Manchester M15 6EX

PMT



MM2B - AQA GCE Mark Scheme 2010 June series

Key to mark scheme and abbreviations used in marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

JorftorF  follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSsO correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2,1 2 or 1 (or 0) accuracy marks NOS not on scheme
—X EE deduct x marks for each error G graph
NMS no method shown c candidate
Pl possibly implied sf significant figure(s)
SCA substantially correct approach dp 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. However, there are situations in some units where part marks would be appropriate,
particularly when similar techniques are involved. Your Principal Examiner will alert you to these and details will be
provided on the mark scheme.

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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MM2B
Q Solution Marks | Total Comments
1), _ ds ither ds
v at ML M1 for either at or 1 of 2 terms correct
(ignore signs)
=10t - 12 sin 4t AlAl 3
Total 3
2(3) | Kinetic energy = %x 3x 4 M1
=24 (J) Al 2
(b) | PE lost is
=3xgx51 M1
= 153g or 1499.4
=15001J Al 2 Accept 1499, 153g
(c)(i) | KE is 24 + 153g M1 M1 ‘(@) + “(b)’
=1523.4
=1520J Al (if done (c)(i) in (b) 0 marks; if done (b)
and then (c)(i) in (b) M1 only)
(1) | Using KE = %mv2
vZ =1015.6 M1
Speed of stone is 31.9 ms™ Al 4 | Accept 31.8 from 1520
If use constant acceleration formulae in
2D, possible 4 marks in (c) BUT no
marks if initial speed is treated as being
vertical
(d) | eg Stone is a particle El 1
No air resistance Not no resistance; accept no wind
resistance
Total 9
3(a) | Symmetry El 1 Only accept ‘symmetry’
(b) | Moments about B:
04%x4+01x8=05%xX M1A1 M1 3 terms , 2 correct
__ 24
X = —
0.5
= 4.8cm Al 3
Total 4
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MMZ2B (cont)
Q Solution Marks | Total Comments
4(a) | Using F = ma,
400 cos% ti+600t?j=200a M1
a=2005%ti+3t2j Al 2
(b) | v= ja dt M1 M1 for eitherja dtor 1 of 2 terms correct
= %sin% ti+t’j+c Almil m1 for +c
When t = 4, r = -3i + 56j,
64j + ¢ =-3i + 56j ml
s c==-3i-8j
RV (%sin%t —3)i + (t* - 8)j Al 5 Do not accept % Accept 1.27 for 4
5 T
(c) | When particle is moving due west,
northerly component is zero M1
~10-8=0 \N
t=2 Al 3
(d) | Whent=2,v=-3i+0j B1/
Speed of particle is 3 ms™ Bl 2 B1 for change -3 to +3
Total 12
dv A
5 d_ =7 M1
t va
1 1 1
Iv“dv = —I/ldt m1l Condone one of v #, +I/1dt, vl
4 5 AlAl
§V4 =-At+c ml m1 for + ¢
4 5
t:O,v:uzc:gu4 Al
5 5
vt = ut - Eﬂt
4
4
5 5 5
V= (u 4 — —ﬂt} Al 7
4
Total 7

PMT
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MMZ2B (cont)

Q Solution Marks | Total Comments
6(a) | Using power = force x velocity
Power = (30 x 48) x 48 M1
= 69120 watts Al 2 AG

(b) | When speed is 40 ms™,
max force exerted is %
=1728 N Bl
Accelerating force is ‘1728 — 1200 N M1
Using F = ma:

528 = 1200a ml
a=044ms? Al 4

(c) | Force exerted by engine is @ B1
Force exerted by the engine
= 30v— mg sin%/ g M1 (Use of cos3 delete A1,Al of 3 A terms)

i 2y— 69120 A2 All terms correct
30v - 615.47 (or 1200gsin 3)=
( g ) v ALAL Al Two terms correct
30v°-615.47v - 69120 =0 Al SC3 for 30v° +615.47v-69120=0
,_ B15.47:£/615.47° + 4x30x 69120 M1
2x30
Speed is 59.3 ms™ Al 7
Total 13
7(@) .
\/v B2 2 B1 for S and 69 (in correct place)
c B1 for R and F or combined vertical force
s atC
69
A

(b) | Moments about C:

3 xS xcos20=6gx1xcos 20 M1A1l M1 2 terms, 1 term correct

S=19.6 Nor2g Al 3
R, F not correct 0 marks in (c)(i) and
(c)(ii)

(c)(i) | Moments about A: Or

2x6gxcos20=Rx 3 M1A1 Moments about mid-point of rod:

R=36.8N Al 2x5xcos20=P x1xcos 20

(or resolving, R =6g cos20 — S cos20 P=39.2N or4g

= 4g c0s20) (Or resolving vertically P =4q)

(ii) | Resolve parallel to AB: R =P x cos 20 M1 Al
Scos 70 + F = 6g cos 70 M1 =36.8N Al
F=4gcos 70 F =P xsin 20 M1

=134N Al 5 =13.4N Al
(or F = 69 sin20 — S sin20 = 4g sin20)

(d) | Using F=uR: M1 M1 “(c)(ii)” = u“(c)(i)’
13.4=ux36.8
#=0.364 or tan20 A1, 2 (condone >)

Total 12
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MMZ2B (cont)

Q Solution Marks | Total Comments
8(a) | Using conservation of energy:
1
%mv2 =3mg(1-cos6) M1A1 M1 > mv® =mgh
v? =6g(1—cos15) ml
1
v =(6g[1- cos15])?
=142 Al 4 SC3: 141
(b) | When particle is at rest,
2
resolve radially T =mg cos 15 M1A1 M1 T —mgcosl5 =% or T=mgsinl5
22 =mg cos 15
m = 2.32 Al 3
Total 7
. mv? or
9 | As particle moves, T = ; M1 using unknown as extension:
If radius is r, extension is r — 1.2 Bl If extension is x, radius is 1.2 + x Bl
UsingT:%: Using T:%:
_192(r-1.2) - 192x
=T M1 1712 M
=160(r-1.2) Al = 160x Al
mv? 8x3? mv?2 8x3?
T= 160(r —1.2) = = — =160x = M1
r (r ) M1 r 1.2+x
M1
160r? —192r =72
Al 192x +160x* =72 Al
(or 192r° —230.4r =86.4)
20r’ —24r-9=0 20x* +24x-9=0
(10r +3)(2r-3)=0 M1 (10x-3)(2x+3) =0 M1
r=15o0r-0.3 x=0.30r-15
Radius is 1.5 Al 8 Radius is 1.5 Al
Total 8
TOTAL 75
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Key to mark scheme abbreviations

M mark is for method

m or dM mark is dependent on one or more M marks and is for method
A mark is dependent on M or m marks and is for accuracy
B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

Jor ftor F follow through from previous incorrect result

CAO correct answer only

CSO correct solution only

AWFW anything which falls within

AWRT anything which rounds to

ACF any correct form

AG answer given

SC special case

OE or equivalent

A2,1 2 or 1 (or 0) accuracy marks

—X EE deduct x marks for each error

NMS no method shown

Pl possibly implied

SCA substantially correct approach

c candidate

sf significant figure(s)

dp 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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MM2B
Q Solution Marks | Total Comments
1(a) | r= _[v dt
_ 3 o - M1 either i or j term correct.
= (4t+t7)i+ (12t-4t9)j +c M1Al Condone no ¢
Whent=0, r =5i-7j
c=5i-7j M1 Any attempt at ¢
r=05+4t +t°)i + (=7 +12t —4t%)j Al 4
= dv
() | a= 4
a=6ti —8j M1A1 2 M1 either term correct
(c) | Using F =ma M1 Or: using F=ma
F =2(6ti —8j) F=2(6ti -8j)
= 12ti -16j Al Whent=1,F=12i -16
.. Magnitude of force is
(144»[2 + 256)% whent=1 M1 Magnitude of force is (144 + 256)%
=20N Al 4 =20N
Total 10
2(a) | PE lostis
= 4xgx5cos70 M1A1 2 M1 4xgx5xcos or sin20 or 70
=67.0J
(b) | KE is loss of PE = KE is 67.0 J B1 1 ft
(c) | Using KE = %mv2
v = 335 M1
Speed of particle is 5.79 m s™ Al 2 (ft from (b))
Total 5
3(a) | PEis400x g x 8
=3200g [or 31360] Bl 1
o 1 2
(b) | KEis §x400><2
= 800 Bl 1
(c) | Work done per minute is 32 160 J
Power = 32 160 + 60 M1 [(a)+(b)]+60
=536 W Al 2 CAO Accept 537 from 31400 in (a)
Total 4

PMT
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MM2B(cont)
Q Solution Marks | Total Comments
4(a) | Moments about line AD:
5x30+4%x10=9x%x X M1A1l M1 2 of 3 terms correct
—_190
X=——
9
=21.1cm Al 3
(b) | Moments about line AB:
5x15+4x25=9x y M1A1 M1 2 of 3 terms correct
7 = ﬁ
9
y=19.4cm Al 3 If moments about DC; 10.6 found SC2
_ 80 8.9 M1 M1 use of tan
() | 0= 175 194 Al Al use of 8.9 or 80 (30— (a))
=0.4571 Al Or 0.45876
Angle is tan™ 0.4571
= 24.6° Al 4 65.4° = M1Al only
(d) | Moments about the line PR: M1
(or AD or BC)
30m=4><200r9><% Al
m _8 Al 3
3
(e) | Centre of mass is at middle of lamina E1l 1
Total 14
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MM2B(cont)
Q Solution Marks | Total Comments
5(a) | Resolve vertically R = mg Ignore all inequalities
If the particle is on the point of sliding,
F=uR M1
.. F=0.3R=0.3mg Al
Resolving radially: F = ma’r M1
0.3mg =ma’x 0.8
_ 0.3xg
& = 0.8
w =1.92 Al 4
i i i - 90n
(b)(i) 45 revolutions per minute 50 M1
= 37" or 4.71 radians per second Al 2
(ii) | Resolving radially: F = mafr
_ (3xY M1A1 M1A1 either side correct
mug=m| —- | x0.15 Al ALl second side correct
2
(?’nj x0.15
2
="
g
# =0.340 Al 4 | CAO (accept 0.339)
Total 10
6(a) | By conservation of energy
1 » 1 ) M1 M1 for 3 terms , 2 KE and PE
Em(Sv) _Em(?,v) +mg2a Al
8v* = 2ag Al
V= ) or L/ag Al 4
4 2
(b) | Greatest and least values of tension are at
the highest and lowest points of its path
2
At top, T:m—mg M1
5 . .
= ng Alft ft - must be positive tension
2
Atg, T=TOD M1
a
:%?mg Alft
Ratiois 29:5 Al 5 CAO Condone5:290r 1:5.8
Total 9
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MM2B(cont)
Q Solution Marks | Total Comments
¢ AxX .
7(a) | Work done = fl—dx M1 Condone lack of limits and *dx’
0
e
= { } Al Must include limits from integral
2l |,
2
= A Al 3 | AG
21
Usi T_/lx 70 = 196x
(b)(i) Sing T 9= 2 M1 M1 could use 3g or 4g — at least 1 side
correct
=149 Al
196
=07 Al 3
(i) | By C of Energy, when next at rest,
EPE (initial) = PE change (for platform)
+ EPE (when at rest)
M1 3 terms (not includin lmvz)
196x0.7° _4ng(07_x)+196x2 M1A1 95
2x2 ' 2x2 Al Al 2 of 3 terms correct
Al all correct
2.45=2.8 - 4x + 5%°
100x°-80x +7=0 m1
(10x-7)(10x-1)=0 Al
x=0.1 Al 6 [last Al, must give 0.1, not 0.1 and 0.7]
Alternative
(b)) | 196%0.72 196(0.7— X )’ (M1)
xR 4gX +¥ (A1) (where X is distance moved upwards)
49X =98x0.7X +49X? (m1)
X =0, 0.6 (A1A1)
(iii) | Max speed when T = mg M1
4g =—1926X Al
x=0.4 Al 3 Or mid-point of values 0.2 and 0.6 above
SC2
Total 15

PMT



Mark Scheme — General Certificate of Education (A-level) Mathematics — Mechanics 2B — January 2011

MM2B
Q Solution Marks | Total Comments
8(a)(i) | F = 65g — 260v Accept 260v — 659
=65(9.8—4v) B1 1 AG must see 65g or 260
(if) | Using F =ma
d . .
65 d_\tl =65(9.8—4v) M1 Need to see terms in m (condone —sign)
%:—4(v—2.45) Al 2 AG
1 dv
b —=—4 B1
(b) v—2.45 dt
I dv = —I4dt
v—2.45
_ _ M1 M1 log side correct
In(v—2.45)=—-4t+c Al ditc
v-245=Ce™
t=0,v=19.6
.. C=17.150r e** Al Or c=In17.150r 2.84
sV=245+17.15e" 2.45+17.2¢" Al 5
Total 8
TOTAL 75
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Key to mark scheme abbreviations

M

m or dM
A

B

E

Jor ft or F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1

—-x EE
NMS
PI

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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Solution

Marks

Total

Comments

1(a)

(b)

KE=%><58><22
=116

Change in PE: mgh =58 x 9.8 x 7
=3978.8

KE =3978.8 +1161J
=4094.81]

4094.8

Speed of Kim is
%x 58

=11.88ms"
=119ms"'

Ml
Al

Ml

Al

M1

dM1

Al

M1: Correct fully substituted expression
for KE.
Al: CAO

M1: Expression for PE with 58 and 9.8 or
9.81 with 6 or 7 for the height (or 11 and
4,11 and 5 or 10 and 4).

Al: Accept 3980 or 3970 or 3978 or 3979
or 3978.8.

Accept 3982 or 3983 or 3980.

M1: Adding their two previous answers.

dM1: Seeing expression for v (not v%),
dependent on second M1

Al: Accept 11.88 or 11.8 or 11.9
Accept 11.88 or 11.8 or 11.9 or AWRT
11.89 from g =9.81.

Obtaining v=+/u’ +2gh followed by
incorrect substitution MOM1M1, unless 4
is 6 or 7, which is MIM1M1

11.0 (from & = 6) MIM1M1
v=4/2"+2xgx7 MIMIMI
=141.2 Al

=11.9 Al

v=4/4+14g MIMIMIAI
=11.9 Al

v=42"+12¢g MIMIMI

Total

PMT



MM2B (cont)

Q

Solution

Marks

Total

Comments

2x9+3x2+8x3+7%x6
2+3+8+7

X =

90
20 or 4.5

. 2x6+3x44+8x8+7x11
20

=165 ;. g05

20

.. Centre of mass is at (4.5, 8.25)

M1

Al

Ml

Al

Al1F

M1: Expression for X with no more than

one error in the numerator and correct
denominator.
A1l: Correct distance.

Accept % or % or equivalent.

MI: Expression for ¥ with no more than

one error in the numerator and correct
denominator.
Al: Correct distance.

Accept 33 or 165 or equivalent
4 20 .
Al: Correct coordinates; dependent on
M1 M1
Do not accept 3—8 etc at this stage.

SC4: For final answer (8.25, 4.5) award 4
marks.

Moments about B, (2.5, 4.25) SC2

Total

PMT



MM2B (cont)

Q Solution Marks | Total Comments
_dv
a ==
3(a) T
a=-8"i+(6-60)j M1 M1: Differentiating with either of the two
Al components correct. Do not need to see i
Al 3 orj.
Al: Correct i component.
Al: Correct ] component.
(b)(i) | Using F =ma
F=5x{-8i+(6-6¢t)j} M1 M1: Multiplying their acceleration by 5,
Al 2 even if not a vector.
A1: Correct expression.
=—40e i+ (30-301)j
(ii) | Magnitude of F is
M1: Finding magnitude from two non-
{(=40)> + (30)°}* Ml zero terms. Must add terms and square
root. Condone {(40) +(30)*}?
=50 Al 2 Al: Correct answer only.
In this part, condone lack of negative
signs in expression for force in (b) (i).
(¢) | When F acts due west, j component is
Zero Ml M1: Putting j component equal to zero.
30-30t=0
t =1 Al 2 Al: Correct time.
d) | r==2e%i+@*-)j+c M1 M1: Integration with either of the two
Al components correct. Do not need to see i
Al orj.
Al: Correct i component.
Al: Correct j component.
Condone lack of + ¢
Whent=0,r=6i+5j .. c=8i+5j dM1 dM1: Finding ¢ using 6i + 5j and ¢’ =1.
L r = (8-2e)i+(5+3F-1)j Al 5 Al: Correct position vector.
Total 14
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MM2B (cont)

Q Solution Marks | Total Comments
4(a)
B1: Two weights correct and in correct
B1 relative positions.
Rcor 65g 17g Rpor Bl 2 B1: Two upward reaction forces, labelled
Cor Or Or D or differently.
38g 637 166.6 44g
Note all forces must be shown as arrows
and have labels.
Condone use of g = 9.81 for calculating
weights.
(b) | Taking moments about C
3x17g+2.6 x65¢ =44g xd B1 B1: Seeing 2.6.
Ml M1: Three term moment equation
Al including 17g, 65¢ and 44g or 17, 65 and
44, with different distances for the 17¢g
and 65g.
A1l: Correct equation.
44d =220
d=5
Distance is 5 —4.6=0.4m Al 4 A1l: Correct final answer.
Alternative
Rc=38¢g (B1)
Taking moments about D Could take moments about any other point
382(4.6+x)=65g(2+x)+17g(1.6+x) M1)
(AD)
174.8 — 130 — 27.2 =44x
x=04 (A1)
(c) | Gravitational force (centre of mass or El 1 E1l: Correct explanation.
weight) at mid-point (or centre) of the
plank
Total 7
5(a) | 90kmh™" =90 ><mms’1
36(1)0
25ms AG Bl ! B1: Must see 1000 or 10020 .
3600 60
(b) | Resistance is 5000 N Bl B1: Obtaining 5000.
Using power = force x velocity
= 5000 x 25 M1 M1: Using P = Fv with 25 and their F.
= 125kW Al 3 Al: Correct final answer, must be in kW.
125W or 125000 W  B1MI
125 BIMI1Al
Total 4

PMT



MM2B (cont)

Q Solution Marks | Total Comments
6(a) | Using F = ma
5
—2mv* = m%
3
d 5 B1: Must see —2mv* = mﬂ or
KU N AG Bl 1 dr
dt £l
—2mv* =ma and correct final answer.
dv _ M1: Two integrals with one in the form
(0 | [& =—2far : R
ve Ml [ ()av where f(v)=v* orv . The
other integral must not contain v terms.
—il =-2t+c )
e Al Al: Correct expression.
Condone lack of + ¢ for this A1, but no
subsequent marks if no c.
Whent=0,v= 16 =>c=-2 dM1 dM1: Using ¢t =0 and v =16 to find c.
Al Al: Obtaining ¢ = -2.
T
vé
A2
1+¢
RN Al: Correct final answer. Must see
v=| — AG 1
(mj S R OV SO TN U G L S &
1
Or
2 4
if they obtain v = (—j
t+c
2
vy=16,t=0=16* =— , condone ¢ = 1
c
(no other root considered)
Total 6
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MM2B (cont)

Q

Solution

Marks

Total

Comments

7(a)

(b)

Resolving vertically
T cos 30 +20cos 50=4g

T cos 30 =26.344

T=304N

4x5°

=30.53

r=3.27537
=3.28

2
Horizontally: mTv =20co0s40+ T cos60

MI1A1
Al

Al

Ml
Al1F

dM1

Al

M1: Three terms, which must include 4g,
TcosBor Tsinfand 20cosd or 20sinb,
where 8 = 30, 40, 50 or 60.

Al: Correct terms

ATl: Correct equation

Al: Correct final answer.

Accept 30.4 or AWRT 30.42.

Accept 30.4 or 30.5 or AWRT 30.45 from
g=9.8l.

M1: Three terms, which must include

mv? 4x5°
0

, Tcos@or Tsinfand
r r

20cos@ or 20sin&, where € = 30, 40, 50 or
60.

AT1F: Correct equation. May include T, m
and v.

dM1: Substitution of values for 7, m and
2

v. Equation of form = number

7

A1l: Correct answer. Accept 3.27 or 3.28
or AWRT 3.28.

Accept 3.27 or AWRT 3.27 from g =
9.81.

2

Note: Do not accept ™V _3040r

7

similar.

Total

PMT



MM2B (cont)

Q Solution Marks | Total Comments
8(a) | Using conservation of energy
(lowest and highest points)
L= L2 4mo(2 M1: Equation for conservation of energy
MM mg(24) MIAL with two KE terms and one or two PE
terms. May see m or 0.3.
Al: Correct equation.
w=v + 4dag
For complete revolutions, v> 0
sout > 4ag
u>2jag AG Al 3 A1l: Correct result with statement of v > 0
and some intermediate working including
4ag term.
Or
Use of PE at top and KE at B M1)
Correct PE and KE (A1)
Correct deduction including inequality (A1)
(b)(i) | C of Energy
M1: Equation for conservation of energy
1 1,2, 1 + sind with two KE terms and one or two PE
2 i 2" mga( ) MIAT terms including a sin6. May see m or 0.3.
A1l: Correct equation.
( % j —2ga(1 + sind)
5
= Eag 2agsin @
Resolve radially
. mv’ M1: Three term equation from resolving
R = —mgsin6+ P MIA1 radially. Correct three terms, but condone
signs and replacement of sin by cos.
Al: Correct equation. May see m or 0.3.
= —mgsin6’+§mg —2mgsin @
. 5
= —3mgsm6’+5mg
3 9 A1l: Simplified correct final answer.
- (Z ~Losin ng OE (must include g) | Al 5 Condone (isin 0 ijg
10 4
(ii) | When this reaction is zero,
3 9 .
[Z - Esm 6’) g=0 Ml M1: Putting their reaction equal to zero.
0 = 3
sin 3
6 is 56.4° above horizontal Al 2 Al: Correct angle. Accept AWRT 56.44.

Total

10
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Q Solution Marks | Total Comments
_ Ax
9(a) | EPE 5
_1800x (4)? Bl B1: Extension = 4.
T T %6 M1 M1: Substitution of 6, 1800 and their
extension into EPE formula.
= 24001J Al 3 Al: Correct EPE
(b)
1800 (x)* 1 5 M1 M1: Equation with EPE and KE terms,
x| g <200x8 both correct.
x* =42.67 N
x=6.53m Al A1l: Correct extension. Accept N or
6.53 or AWRT 6.532.
Distance from O is 12.5 m Al 3 A1l: Correct distance. Accept 12.5 or
AWRT 12.53.
(c) | Resistance force is 800 N
Work done by resistance force is
800 x (x + 6) B1 B1: Correct work done by resistance
force.
C of Energy gives
2 .
180§:éx) 4800 (x4 6)= % < 200x &> MlizlAl zflil.g}?]fe energy terms, KE, Work Done
Al: EPE correct.
Al: Correct equation.
150x> +800(x + 6) = 6400
3x2 +16x—32=0 Al A1l: Correct quadratic equation with no
or 150x* +800x—1600 =0 brackets.
16+ \/m dM1: Solving their quadratic equation
x= dM1 with correct formula and correct
2x3 substitution
x=1.5497 Al A1l: Correct positive solution stated.
Accept 1.54 or 1.55 or AWRT 1.55.
Distance from O is 7.55 m Al 8 A1l: Correct distance from O. Accept 7.55
or 7.54 or AWRT 7.55.
OR
Use d for distance:
800 x d (B1) B1: Correct work done by resistance
C of Energy gives force.
1800 % (d — 6)2 1 (M1A1) M1: Three energy terms, KE, Work Done
#+800xd:§x200x82 (AIAI) and EPE.
2 _ (A1) Al: Seeing d — 6 in EPE
15(2d —-1000d —1000=0 Al: EPE correct.
3d*-20d -20=0 Al: Correct equation.
—20++/20% +4x3%20 (dM1) A1l: Correct quadratic equation with no
xX= 2%3 brackets.
d=1755 (A1) dM1: Solving their quadratic equation.
Al: Correct distance from O. Accept 7.55
or 7.54 or AWRT 7.55.
Total 14
TOTAL 75
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Key to mark scheme abbreviations

M

m or dM
A

B

E

Jor ft or F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1

—-x EE
NMS
PI

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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MM2B
Q Solution Marks | Total Comments
1(a) | KEat P = %x 25x 60° Ml correct
=4500017J Al 2
(b) | change in PE as it falls:
mgh =25 % 9.8 x 34 M1 correct
=8330 Al 2 ISW
(c)(i) | using Conservation of Energy:
KE at ground = 8330 + 45 000 Ml ft C’s (a) and (b)
=533301J Al 2 ft if M1 gained in (a) and (b)
(=53 3007 to 3sf)
. . 153330 .
(ii) | speed of packet is Ml ft C’s (c)(1)
1x25
=653ms’ Al 2 | CAO
Total 8
2(a) | using F = ma: Ml ie dividing by 50
a=(6t—12t%)i+2e ] Al 2
(b) |v= adt
=37 -047)i —e?j +c MI1Al condone lack of + ¢; M1 one term correct
whent=0,r=7i-4j
c=7i-3j mlAl 4 ft from ke ' in (b); just adding 7i — 4j, m0
v=(7+3F -047)i—(3+e™)j accept unsimplified. CAO
(c) | whenz=1,v=9.61-3.135] MI1Al ft from (b)
speed = /9.6° +3.135° ml
=10.1 ms Al 4 ft from (b)
Total 10
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MM2B (cont)

Q Solution Marks | Total Comments
3(a)
R S
v accept ‘weight of man’ or wy, etc for 72g
72
g R
28g" ?
F 4—
force diagram B2 2 B1 for any error
(b)(i) | moments about P:
72gx6xcos 69 + 28g x4x cos69 M1 3 terms including distance and angles
=S x 8 xsin69 AlAl A1 2 correct terms
(432g + 112g)cos 69 = 8 S sin 69
S=255.8 Al accept division seen eg >44g
8tan 69
=256N 4
(ii) | resolve vertically:
R=28g+72g
=100g Bl
resolve horizontally:
S=F Bl
using ' = uR:
H1=256+100g Ml
=0.261 Al 4
Total 10
4(a) | using power = force x velocity
power = (25 x 42) x 42 Ml
~.power is 44 100 watts Al 2
(b) | when speed is 15 m's ',
. 44100
max force exerted is
=2940N Bl
resistance force is 25 x 15 =375N
accelerating force is 2940 — 375N M1
=2565
using F' = ma
2565 =1500a ml
a=171ms™ Al 4
Total 6
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MM2B (cont)

Q Solution Marks | Total Comments
5| R=mg M1
F=0.85mg Al
mvz Vz
=0.85 mg MIA1 condone =0.85R (for M1A1)
r r
V' =34x0.85%xg ml dependent on both Mls
=283.22
v=168ms" Al 6
Total 6
6(a) | using ' = ma
dv _
4= =2-4
04 i v Ml
%: —10(v-0.5) Al 2 Needs line above
®) 1 hence [ L gy -- [10d:
v—0.5
In(v—-0.5) =-10t+ ¢ MI1Al M1 for any side integrated correctly
ml ml for + ¢ (and M1 gained)
v—0.5=Ce™"
t=0,v=1
~C=0.5 Al
sv=0.5+0.5¢e" Al 5 condone v=0.5+¢ """
_ _ 1ot substitute 0.55 into C’s (b), after finding
(¢) | whenv=0.55,0.55=0.5+0.5¢ Mi ¢, possible numerical error
t=1nl10~+ 10
=0.230 Al 3
Total 10
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MM2B (cont)

Q Solution Marks | Total Comments
7(a) | by conservation of energy:
1 , 1 ) M1 for 3 terms, 2 KE and PE; not
Em(u) =3 m(v)” +mg2a Ml V4 2as
v =u’ —4ag Al 2
(b)(i) 2
atpoint A; 7, = m(v) —mg MI1A1
a oth signs incorrect M1
2 either correct M1A1
at point B; 7, = m(u) +mg Al
a
ﬁzg B1 or 5T, =2Tg
T, 5 orT,=2T,T,=5T
2 2
S(M—mgj:2£M+ng Al CAO
a a
m@u® —4ag)
S| ———-m
m(u)’
=2 ——+m
2 A2 fromratio 2 : 5 or 5 : 2 and one tension
Su” —20ag —5ag =2u” +2ag ml equation correct
3u’ =27ag
u =3,/ag Al 7 condone /9ag
() | 42 =2 +4ag — v = 4/5ag Bl condone v’ =5ag
ratiou:v=3: \/g B1 2 accept 1.34: 1 or 1:0.745
Total 11
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MM2B (cont)

Q Solution Marks | Total Comments
8(a 2
@ using EPE = ’12’; :
EPE = 2222 Bl B1 for 2.2
2x0.8
=96.8J Al 3
(b) | by C of Energy, when next at rest,
EPE (initial) = work done against friction -
+ EPE (when at rest) MI1Al M1A1 for work done by friction or 5F
2
96.8=F><5+% MIA1 M1 3 terms; A1l all correct
x 0.
5F=96.8-28.8 B1 B128.8
frictional force is 13.6N Al 6
(c) | at B, tension is 32x12
0.8
=48N B1
tension > friction
hence particle starts to move E1l 2
(d) | when particle is next at rest,
work done against friction is EPE at B
13.6 x distance = 28.8 Ml
distance is 2.1176 Al 2 CAO
=2.12m
ft from M1 in (d)
(e) | total distance is 5 +2.1176 B1 1 or total distance x 13.6 = original EPE,
96.8
=712m total distance is 7.12 m
Total 14
TOTAL 75
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Mark schemes are prepared by the Principal Examiner 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 examiners 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 examiner
understands and applies it in the same correct way. As preparation for standardisation each
examiner 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,
examiners encounter unusual answers which have not been raised they are required to refer
these to the Principal Examiner.

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.
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Key to mark scheme abbreviations

M

m or dM
A

B

E

Jor ft or F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1

—-x EE
NMS
PI

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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MM2B
Q Solution Marks | Total Comments
1(a) | KE= %x 76 %28 M1 All terms correct
=297921] Al 2
= 2980017
(b) | Change in PE: mgh= 76 x9.8 x31 J Ml All terms correct
=23088.8 J Al 2
=23100 J
(c)(i) | KE when touches down on ground
=29 792 + 23 088.8] M1 Their values, one correct
=52881]J
=529001] Al 2 CAO
. 52881
(i) | Speed of Alan is Ml
2x76
=37.304 ms '
=373ms "’ Al 2 | CAO
Total 8
. dv
2@)(1) | a=—
@ | 2=
=12t+8¢ ¥ ms™ Ml1Al 2 M1 for either term correct
(i) | When¢=0.5,a = 6+8x ¢ ml
=7.08ms” Al 2 Condone 7.07
SC1 for 7.1 with no working
(b) | Using F' = ma:
F=4x708
=283N Bl1ft 1 Ft from value awarded Al
(| r= jvdt M1 At least two terms correct
=20 +Le ¥+ 81+ ¢ Al Does not need +c
When 1=0,r=0— c= —% ml Does not need ¢ = —+
r=28 + %e*" + 8t — % Al 4 Need 7, s (or words)
Total 9
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MM2B
Q Solution Marks | Total Comments
3(a)(i) | Moments about AB:
1.6 x4+04%x8 =2xx MIA1 M1 for 2 terms correct
x=438
Distance is 4.8 cm Al 3
(ii) | Moments about AD:
1.6 x6+04x12 =2xy MI1Al M1 for 2 terms correct
y =12
Distance is 7.2 cm Al 3 SC2+SC2 for (a)(i) and (a)(ii) reversed
(b) | Moments about A:
1.6gx 6 +0.4gx 12 =12 xTg MIA1 M1 for 1 side of equation
Or using above: moments about A4
12xTp =72 x2g  (ft for M marks)
Tp =12¢g=11.8N Al
Resolve vertically: T, + Tz= 2g Ml
T,=08g=7.84N Al 5 1.2 and 0.8 is zero marks
If 11.8 and 7.8 as final answer, must lose
1 mark somewhere
Total 11
4(a) | Distance of particle from the origin is
1
{(4cos3t)’ + (4sin3¢)*}? MI
=4 which is a constant Al 2
.. particle is moving in a circle centre the
origin
dr
) | v="p
= —12sin3¢i—12 cos 3¢} MIl1Al 2 M1 for either term correct
dv
(©) | a=—
a= —36cos3ti+36sin3t] MI1ALl 2 M1 for either term correct
(d) | a= —9 (4 cos 3ti—4sin 3¢))
=-9r
k=-9 B2 2 B1 for 9
(e) | Acceleration is towards centre of circle El 1
(or origin)
Total 9
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MM2B
Q Solution Marks | Total Comments
5(a) | For particle B,
tension in string = 2.1g N Bl
Resolve horizontally for particle 4:
my’
2 —
molr=T Mi Or mw'r=m,g or =m,g
(condone lack of 1 and 2)
1.40* x0.3=2.1g Al
o’ =49
Angular velocity is 7 rad/sec Al 4
(b) | Using v = r w:
speed = 0.3 x7 M1
=21ms" Al 2 Part (b) marks can be awarded in (a)
(c) | Time taken is 27/ @ M1 0 27r
r —
2.1
_2n _
= 77‘ =0.898 sec Al 5 Accept 27—7[
(0.895 M1A0)
Total 8
6(a) | Using conservation of energy:
%mv2 =mgh M1 M1 for 2 or 3 terms, 1 KE and 1 or 2 PE
1
Emv2 = mg2.4(1-cos18) mlAl mlAl for finding
v = 4.8g(1 —cos18)
= 2.302
v =152ms" Al 4 | Condone 1.51
(b) | Resolving vertically:
2 M1 Correct 3 terms
- 4+ my )
T=mg a Al Correct signs
_ 22x2.302
22g +
& 2.4
= 236.7...N Al 3
= 237N Accept 236 N
Total 7
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MM2B
Q Solution Marks | Total Comments
7(a) | Using F = ma:
dt dt 5
% =—-196(wv-95) Al 2 Must see m terms (nota =...)
dv_—_ 196 [di de i

(b) ] v . Ml And one side integrated
In(v-5)=-1.96t + ¢ AlAl Need + ¢, Al each side
Whent=0,v=7 =>c=In2 Al OE

v—5 _
In 5 1.96¢
v 5 S_ ol 9ot
v=5+2¢""" Al 5 CAO
Total 7
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MM2B
Q Solution Marks | Total Comments
2
8(a) | Initial EPE = %
2
= % Ml M1 for formula with extension 0.5
X
=3] Al
Initial KE is %x 0.4x9> =16.2]
When block is at 4, %mv2 =3+162 M1
Vi =192+02 =96
Speed is 9.80 m s ™' Al 4 Accept 4\/€; condone 9.79
(b)(i) | Normal reaction is mg = 0.4g Ml
Frictional force is 0.4ug N Al
Work done by frictional force is
5.5 x(0.4ug) or2.2ug ml
C of Energy, when at 4, gives
192 -5.5 x (0.4u0) = Lx0.4x12 M1 Three terms, eg initial energy in (a)
(0-4ug) Y (=3 or 19.2); work done; KE at 4.
Al Fully correct
192-22ug = 0.2v*
v=1/96-1lxg Al 6 |Ftv=\(Vin(a)-1lug
(ii) | Speed when rebounding is % 96-11ug Bift
Block is stationary at B
L04axL©96-11ug)-22 Ml Three terms
2 4( Hg) 2248 Al Two terms correct with sign
2
= 120x(0.5) Al Third term correct with sign
2x5
%x 0.1(96 —11g) —2.2ug =3
4.8-2.75ug =3 Al Or 4.8-0.55ug -22ug =3
1 = 0.0668 Al 6
Total 16
TOTAL 75
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Mark schemes are prepared by the Principal Examiner 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 examiners 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 examiner
understands and applies it in the same correct way. As preparation for standardisation each
examiner 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,
examiners encounter unusual answers which have not been raised they are required to refer
these to the Principal Examiner.

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
Copyright © 2013 AQA and its licensors. All rights reserved.

Copyright
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Key to mark scheme abbreviations

M

m or dM
A

B

E

Jor ft or F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1

—-x EE
NMS
PI

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 Marks | Total Comments
1(a) KE:%XO.léxllz Mi
= 9.68] Al 2
(b) | Change in PE: mgh = 0.16 x 9.8 x5 M1
=784 ] Al 2
(c)(i) | KE when reached point B
=9.68 — 7.84] M1 ‘(@) -*(b)’
=1.84] Al 2 cao
) 1.84 If added in (c)(i) 0 marks for (c)(i)
(ii) | Speed of ballis |- M1 14.8 M1A Ifor c(ii)
~x0.16
2
=4.7958 m s
=4.80ms" Al 2 | Condone 4.8,4.79
Total 8
dv
2(a == M1
@ |a="y,
(). . M1 for either term correct
= —4msin gt 1 —18¢ - -
Al ) Accept —12 x;sm (;tjl —18¢j condone
no i in (a)
(b)(i) | Using F = ma:
. (m ). .
F=4x {—4n sin (gt j' - 181‘]} Ml Or either term correct
E AT .
F= —16nsm(§tjl - 72t Al 2
(ii) | When ¢ =3, F = 4 X[ -4z sin(n)i — 54] ]
=-216j B1
Magnitude is 216 Bl1ft 2 ft finding magnitude of their F
©|r= J‘ v dr Mi either term correct
36 T ). . No need for ¢ (otherwise cao)
_ sin| =t |i-3Fj+c 12
s 3 Al Condone ——
T
(%)
When ¢ =3, r=4i - 2j M1
— 8lj+c=4i-2j
c = 4i+79j Al
36 . (=m . ]
r—4—sin| =t [+4i+{79-3}j | Al 5 | cao
T 3
Total 11
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Q Solution Marks | Total Comments
3 | Force acting against gravity is mgsiné
Force acting against gravity and resistance Condone cosé or -1 for M marks
is mgsind + 8000 Ml
= 1500 x g x sin@ + 8000
= 8588 N or 8590 N Al
Using power = force x velocity
= 8588 x 22 M1
dep
= 188936 W Al
= 189 kW Al 5 Accept 188.9 or 188
Total 5
4(a) | Symmetry El 1
(b) | Moments about 4B:
3000.15 + 1000.5 + 3000.15 = 7000. x MI1A1 (condone lack of ¢ )
9500 M1 needs correct total marks
700
95
= — orl3.6cm Al 3
7
(c) | Distance from HG is 16.4 cm B1
15
- 16.42857 Ml Seeing both 15,16.4 and tan
= 0.913043
6 = 42.3974° Al
6 = 42° [ 48° probably B1, M1]
Al 4 NB 136 etc =42°no marks
Total 8
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Q Solution Marks | Total Comments
5(a) | Using F = ma:
1
3 dv
4y’ =12¢ BI
T
Ldv_ 13
dt 3
3pdv _
3 % -[ d Ml condone —, 3 incorrect side
v
2
v:o_
-3 XS T tte Al condone lack of + ¢
3
9 2
-——Vvi=t+c
2
Whent=0,v=8 =>c¢c=-18 MI1Al1
2
-—v = t-18
2
V3 =4—zt
9
3
v=[4 _Ez)z Al
9
S 2
(b) | Particle is at rest when 4—§t =0
The value of 7is 18 Bl
Total
6(a) | Resolve vertically:
Tcos O =mg M1 M1 for T cos@ or T'sind and mg
34cosf=2x98 Al
19.6
cosf = ——
34
6 =54.8° Al
(b) | Resolve horizontally for particle:
m’
P T'sin 0 Ml M1 for Tcos@ or T'siné
> 34sin54.8x0.8 Al ft
V.= B from
(@)
v: = 11.113
Speed is 3.33 m s Al Accept 3.34
c) | Time taken is 27tr /
() | Time taken is 2 /v M1 Or find o and use 2z
®
= 1.51 sec Alft

Total
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Q Solution Marks | Total Comments
7(a) | Using conservation of energy:
1 1
5 my* = 5 mu® — mgh M1 for 3 terms, 2 KE and 1 PE
l><3>< 2—l><3><42 3xgx1.2(1 25 M1
KV Ty ~3xgx1.2(1-cos25) N M1A1 for finding 4 [M1 for
1.2(1—cos250r sin25) ]
vi=47 —2.4><g(1 —c0s25)
v =16 —2.2036
y=3.7lms" Al 4 Accept 3.7, 3.70, 3.72
(b) | Resolving radially:
mv’ M1 accept cos25or sin25, + or —sign
T =mg cos25+ p MIA1 and =2
= 26.645 + 34.491 Al fully correct and substituted
=61.1N Al 3 Accept 61.0 or 61

Total

PMT
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Q Solution Marks | Total Comments
e ﬂl e }\l
8(a) | Work done = I—xdx M1 SC1 I—ede
0 ! o !
_ | AX Al sct | X i with no limits
2 |, !
2
- fe Al 3
2]
(b)(i) | Using T =% :
392x
§o = 22X
£ 16 Mi
_5gx1.6
392
=02
Extension is 0.2 m Al 2
v | When extension is 0.6 m, EPE = Ax®
(i) B 2] Bl B1 for 0.6
2
_ 392x(0.6) M1
2x1.6
= 44.1] Al 3
(iii) | Let y metres be distance particle is above
A.
C of energy, when particle has speed
0.8ms, gives
392x (0.6 — y)* 1 , M1 4 terms, 2 correct
Sxgxy +2x—1,6+EX5X0'8 MI1A1 M1A1 4 terms, 3 correct
) M1A2 4 terms correct
_ 392x(06)° AIF Ft answer to (b)(ii)
2x1.6
49y +122.5(0.6 — y)* + 1.6 =122.5 x 0.6>
49y — 147y +122.5/*+ 1.6 =0
122.5)* - 98y + 1.6 =0
984982 —4x122.5%1.6
2x122.5
_ 98+93.9148
245
= 0.016674 and 0.7833 Al if x used instead of 0.6 -y, Al here for
x=0.5833...
Speed first becomes 0.8 when y =0.0167 El 5
Total 13
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Q Solution Marks | Total Comments
9(a) | Smooth, hence reaction is perpendicular El 1
to possible movement
(b)
B
C
v"e
B2 2 B1 for 2 forces correct
(c) | Resolving along the rod: Or geometrically:
S cosf = mg sin 6 MI1A1 three forces act through a point B1
M1 is for 2 or 3 terms; 1 term correct
(could be horizontal force at C used)
Moment about C: S 2acos 6 .sin 6 [forces act through point D]
= mg(2acosf — § I)cos 0 MI1A1 ADcosZé?:écosH MI1Al
4a.Ssin@ =mg(4acosf—1) ADcos@=2acosf Ml
D 4acosf—1 4acos26
Dividing: 4atan = ——— [ =—— Al
sin @ cos 6
[=4acos @ — 4asin @ tan 0
4 2
; = Aacos 0 Al 5
cos

PMT



MM2B - AQA GCE Mark Scheme 2013 January series

Solution

Marks

Total

Comments

9 cont

or

Resolving perpendicular to S:
R cosf =mg cos 20

Moments about 4:
1

R 2acos 0=mg~ [ cos O

4a R = mgl
4amg cos 260 = mgl cos 6
/= 4acos?26

cos @
or

Resolving horizontally:
R sin =S cos 26

Resolving vertically:
R cos 8+ S sin 20 = mg

Moments about 4:

R 2acos =mg+ 1 cos 0

4a R = mgl
sin @

Rcos@+R
cos 20

dacos20
cosf

| =

sin 20 = 4a§

(M1A1)

(M1A1)

(A1)

(M1A1)

(M1A1)

(AT)

Both attempted for M1
Both correct for Al

Total

TOTAL

75
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Key to mark scheme abbreviations

M

m or dM
A

B

E

Jor ftor F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1

—-x EE
NMS
PI

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 Marks | Total Comments
ds
1(a =— M1
(a) py
= 24¢* Al 2
dv
b) | a=—
(b) py
=48t B1
Whent=2,a=96 B1
Using F = ma
F=3x96 Ml
=288 N Al 4
Total 6
2(a) KE=%><52><72 Ml
=12741] Al 2
=1270]J
(b) | Change in PE: mgh=52x9.8 x 8 Ml
=4076.8 Al
Carol’s KE when she reaches the net
=1274 +4076.8 J =5350.8J
=53501J Al 3
©) Speed of Carol is 51350'8 MI1A1
5% 52
=14.3457ms"'
=143 ms’ Al 3
Total 8
3@) | v= Ia dr
=20 +£)i-5ej+c MI1A1 M1 for either term correct
Condone no ‘+¢’
Whent=1,
6i—5e*j=2li-5¢*j+c Ml Finding “+ ¢’; not using ¢ = 6i — 5¢*j
c=-15i Al
V=20 +1£ —15)i—5e "] Al 5
(b) | Whent=0, v=-15i-5]j M1
Speed is \/15% + 57 M1
=158ms" Al 3 Accept 5410
Total 8

PMT
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Q Solution Mark | Total Comments
4(a)(i) | Moments about O Ml Or
2.2 %x25g=Tp x4.2 Al Moments about any point M1A1
Tp=13.095x g Moments about any other point M1
Ty =128 N Al Ty Al; Ty Al
Resolving vertically
Tv+ Ty = 25g or 245 M1
To=117N Al 5
(ii) | Weight of plank acts through its centre El 1
(b) | Resolve vertically M1 Could use T rather than 7p, Ty
Ty +To =(25+m)g=2Tp Al Or
Moments about B M1 Moments about O
Tp x5+ To*x0.8=25gx3 Al Tp x42=25g%x22—-mgx0.8
25+ m)gx2.9=25g %3 %X (25 + m)g x 4.2
=25gx22-mgx0.8
2.9mg=25g x 0.1 M1 2.9mg =25g x 0.1
29m =125 29m =25
OR
Moments about any point M1A1
Moments about any other point M1A1
Solution M1A1
m=0.862 or 25 Al 6
29
Total 12
5 | In limiting equilibrium, using ' = uR
Frictional force is 0.2 x mg MI1Al
Resolve horizontally
2
15 0.2 mg MI
r
15°
r=
02xg
=114.79 Al 4
=115
Total 4

PMT



Mark Scheme — General Certificate of Education (A-level) Mathematics — MM2B — June 2013

Q Solution Marks | Total Comments
6(a) | Using F = ma
1600%=4000—40v M1
dv _ 4000 —40v
dt 1600
dv _ 100—v Al ’
de 40
®) | 40— _g Bl
100—v
dv
40 =|d¢ M1
J.100 -V '[
—40In(100-v)=t+c¢ Al Condone lack of “+ ¢’
Whent=0,v=0= c¢=-40In100 MI1A1
—40In(100—v) =¢—40In100
t=40In 100
100—v
Lo 100
100 —v
v=100-100e % or 100(1—e “) Al 6
Total 8
7 | Using power = force x velocity
240 000 = F x 20 MI1A1
F=12000 Al
Accelerating force is 12 000 — 5000
= 7000 N B1
Using F' = ma M1
22 000a = 7000
a=0318 or —-ms> Al 6
22
Total 6

PMT
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Q Solution Marks | Total Comments
8(a) | Using conservation of energy:

1 , 1 5 M1 for 3 [or 4] terms: 2 KE
Em(Su) =Em(2u) +2amg MI1Al and 1[or 2] PE
%x2lxu2 —2ag MI MIAL for finding
u= |28 Al 4

21

(b) | Using conservation of energy with speed
at point S'to be V- Or
2
%m(Su)2 :%m(V)2 + amg(1+cos60) M1 %m(V)2 :amg(l—cos60°)+%m(2‘ /‘;L‘lgj
%mV2 =%m(5u)2 - I%amg
V?=25x (4&) —-3ag
21

yr 3748 Al

21
Resolving radially at point S:

2
R=-mgcos60+ )" MIAL
a
1 37mg
=——mg+—=
2 & 21
53
=—mg or 1.26m Al 5
2" g
Total 9
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Q Solution Marks | Total | Comments
9(a)(i) | Using T = %
. .. 60x25
Tension in string is
=50N B1
Frictional force on A4 [using F' = uR]
is04x8xg
=31.36 N B1
which is less than tension in string
Thus particle 4 moves towards the hole B1 3
(ii) | Gravitational force on B is 3g =29.4 B1
which is less than tension in string
Thus particle B moves towards the hole B1 2
2
O] .
21
2
_60x(2.5) M1
2x3
=62.51] Al 2
(c) | Let x be the distance B has moved
upwards
Work done by friction [on A] is
31.36 x 0.46 Ml
= 14.4256
=1443] Al
When B is at rest, extension is 2.04 — x
2
EPE =2
21
~ 60x(2.04—x)*
2x3
=10(2.04 —x)*J B1
C of Energy, when particle B is at rest,
gives
3 x g x x +10(2.04 — x)* + 14.4256 MI1Al
=62.5 Al
10x* —11.4x—6.4584=0 Or 10x* —11.4x-6.454=0
x=1.555 and —0.415
Particle B is first at rest when it has
moved upwards 1.56 m Al 7 Accept 1.55
Total 14
TOTAL 75
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Key to mark scheme abbreviations

M
m or dM
A
B

E

Jor ftor 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.

30f10
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Q Solution Mark | Total Comment
1(a) | KE= 1x3x8’ M1
=96 Al 2
(b) | Change in PE;
mgh= 3x9.8x13 MIl
= 382.21] Al 2
=382 SC1 380
(c)(i) | Salmon’s KE when it reaches the sea (a) +(b)
=96 + 382.2] M1 [both non zero]
=4781] Al 2 Ft [one correct]
(i1 478.2
Speed of salmon is |~ ) Ml
1x3
= 17.8549 ms™'
= 17.9 ms” Al 2 Accept
17.8,17.85,17.855,
17.86
Total 8

4 of 10
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Q Solution Mark | Total Comment
2 (a) | Using F = ma MIl M1 either term
correct oe
a = 4e %ti- 2t3j Al 2
(b) |, = J' adt M1 M1 for either term
correct
— _De2tj —lt4i+C Al Ft from (a)
2 oe Condone no +c¢
When t =0,
71 — 4j==-21i +cC ml
c=-5i-4]j
V= - (2e 24 5)i - (St* + 4)] Al 4 | CAO
() | Whent=0.5,
VE=-@Qe +5)i-(5x054+4) | MIAL
=— 5.73571-4.03125j
Speed is V5.7362 + 4.0312 M1
= 7.0106... Al 4
or 7.01 ms™ MR A0 in (a) and last
part of (c)
Do not accept 7
Total 10
Q Solution Mark | Total Comment
3| x = M1 for at least 4
4x114+3x3+7x5+1x1+5%x7 correct
4+3+7+1+5 Ml
= % or 6.2 Al Accept %
Y = Ml
A4x24+3x6+7x9+1x4+5%x6
20
= B or 6.15 Al
.. Centre of mass is at (6.2, 6.15) Alft 5 Do not accept 4 etc
(6.15,6.2)M2A2
If lamina not used
SC2; ie M1,M1
Total 5

50f 10
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Q Solution Mark | Total Comment
4 (@) | 20 revolutions per minute
= 407 radians per minute BI or l revolutions per
3
second
= 2z radians per second Bl 2| Accept 2.09
(b) | Resolve vertically
Tcos 35=0.8¢g MI Al M1 if Tsin35 used;
need g
7= 9.5708... Al 3
= 9.57TN
(c) | Resolve horizontally
Tsin35 = mao’r M1 M1 condone Tcos35
2
and m—
r
957sin35=0.8 xr x (ZTH)Z Al Al Al for either side
r=1.564... Al 4
Radius is 1.56 m Condone 1.57
Total 9
Q Solution Mark | Total Comment
5 (@) | Using conservation of energy :
lmv,f _ lvaZ +2amg MIl M1 for 3 [or 4] terms
2 2 Al 2 KE and 1[or 2] PE
vé =49ag —4ag Ml
vQ2 =45ag
vy =+/45ag Al 4 vy =34/5ag
(b) | AtQ, T +mg= "% MI1ALl M1 for correct 3
a terms
T= m45g — mg
= 44mg Al 3
Total 7

6 of 10
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Q Solution Mark Total Comment
6 (a) | Using F =ma
—0.3mv" = m<
o 0317 B1 Need substitution for a
J.vfédv = —IO.3dt Mi
3, = _037+0c AlA1l Al for each side
2 no — sign [BO] could
get M1A1
Whent=0,v=28,
Lc= 06 Al
3 2
SV = - 03t+6
2
vsi =-02¢+4
3 Al 6
v=(4-0.2¢)?
(b) | Whenv=0, 4-02¢=0 M1
t = 20 Al 2
(©) 3
Integrating v=(4-0.2¢)2,
3 M1 for power of 5/2
x=-2(4-0.2t)? +d MI1A1 Al correct [condone no d]
Whent=0,x=0,=d =64
3 Al
— 2
x=-2(4-02t)> | 64
When speed is 0ms ™', ¢=20 M1
x= 64 Al 5
Total 13

7 of 10
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Q Solution Mark Total Comment
7(a) B2 2 Need 5 forces
correct
ignore labels
B1 for 4 forces
correct
(b) Resolve horizontally
F = Scos 30 B1
Resolve vertically
R =88g+22g— S sin 30 Bl
58 = 209g any point
Resolve once B1
moments twice
is M1A1, Bl
S = 41.8g[409.64] Al
Using F = pR; R =873.18
S cos 30 = ],L(l IOg — S sin 30) M1 F =354.758
__5V3
M 2209-s
41.8V3
~ 220-418
= 4117.2«/25 Accept 0.407,
19y3 Al 6 | 0.4063..,0.41
= —— = 0.406
81 not 0.4
If' S is horizontal, B1 in (a)
In (b) M1 [moments], M1 for friction,B1 [2
resolve] 0.439 SC3
Total 8

8 of 10

PMT
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Q Solution Mark | Total Comment
8 (a) | Resolve perpendicular to plane
R =mg cos 20 M1
F = pR = pmg cos20 ml
=0.8 x 4 xgcos 20 or 0.8 x 36.8359
= 29.468.. Al 3
= 295N
(b)(i) | As particle moves from C to B;
Constant friction acts.
Work done by friction is B1
(x +2) x 29.468
Change in PE is mg(x+2)sin 20 B1
Initial EPE = 4-
120x(x-1.5)*
2x1.5
= 40 (x— 1.5)* Bl
Final EPE = 12203°  — o Bl
(x +2) x 29.468 + mg(x+2)sin 20 MI1A1 M1 for 4 of these terms at
=40 (x—1 5)2 10 Al least 2 correct
’ Alfor 3 terms correct
with correct signs
Al for equation totally
correct
40 x* ~162.875x —5.75=0
x = 4.1069 or-0.035
- x =4.11 Al 8 condone 4.10, 4.12, and
anything in between,
(i) | Using T =4
Tension when particle is at B is 12202
= 40 B1
Frictional force is 29.468
Gravitational force is mg sin 20
= 13.407 B1 For both 29.4. and 13.4.
Using F =ma
4a=40+13.407 —29.468 Ml Need all terms & correct
= 23.938
Acceleration is 5.984
= 5.98 ms” Al 4 condone
5.99,5.984..,5.985
Total 15
TOTAL 75
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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.
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Key to mark scheme abbreviations

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and
accuracy

E mark is for explanation

Jorftor F  follow through from previous incorrect result

CAO correct answer only

CsO correct solution only

AWFW anything which falls within

AWRT anything which rounds to

ACF any correct form

AG answer given

SC special case

OE or equivalent

A2,1 2 or 1 (or 0) accuracy marks

—X EE deduct x marks for each error

NMS no method shown

PI possibly implied

SCA substantially correct approach

C candidate

sf significant figure(s)

dp 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 i _d
@0 |ja=a
a=-8sin2ti+3cost]j Bl All correct
Using F =ma
F=4x{-8sin2ti+3costj} M1 Multiplying their a by 4 [must be a
vector with at least one trig term]
= — 32sin2ti+12costj Al 3 CAO
(ii) Whent=mn, F=-12] B1 CAO
Magnitude of F is 12 B1 2 CAO
(b) r= 2sin2ti—3costj +c¢ Ml M1 one term correct
Al A1l another term correct
Condone lack of + ¢
Whent=0, r=2i-14j, ml ml use of + ¢ [c # 0]
sc=2i-11]j Al Al CAO
oo r = (2sin2t+2)i — (3cos t+11) J Al 5 CAO [accept uncollected form and
ISW [condone lack of brackets but
must have — 11j]
Total 10
Q Solution Mark | Total Comment
2 Resolve vertically
R=3g+4g+5g+8g
R=20g Bl Orusing € Y m,= Xx,m,
zm; =20 B1
Taking moments about 4
3x4g+AC % 8g+6x5g=4.3x20g Ml or moments about any point
Al need 4 non zero terms; could have 20
incorrect
all terms either with/without g
A1 for all terms correct
42 g+ AC x 8¢ = 86g
AC = 2
Distance AC is 5.5 m Al |4 CAO
Total 4

4 of 12
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Q Solution Mark | Total Comment
3 (a) (i) |Pis2 metres above QR. B1 Do not accept unsimplified expression
KE = change in PE
= mgh= 32x98x%x2 Ml Correct terms, any value of h used
= 64 gor627.2] Al 3 CAO
= 6271] AWRT
(i) 272 M1 Ft from their a
Speed of Simon is -
1x32
= 6.26 ms ' Al 2 CAO [AWRT]
Accept square root 4g or 2 root g
(b) Work done travelling Q to R is F x 5 Bl Needs F times 5
R=32¢g B1 CAO [or313.6]
Work done = change in energy
W x32gx5=64gor627.2 M1 Ft their 32g and their 64g [from a]
condone incorrect distance [eg, 7, 9, 4,
2]
u=104 Al 4 CAO
Or
if constant acceleration;
Bl for32 g
B1for acceleration =+ 2g/5 or &+ 3.92
M1 for ng = 2g/5
Al for 0.4
Total 9

5of 12
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Q Solution Mark | Total Comment
4 (a) Resolve vertically
T4ypcos20 = 5g MI1A1 M1 could be sin 20
Al correct
(b) Resolve horizontally
Tpsin 20 + Tgp = mﬁ M1 Needs a}l the terms, could be cos 20
r Al Needs sin 20 or cos 70
_ ﬁ _ g .
Tep =557 ~ a0 20
=2 42 - 5gtan20 Al 3
AG
(c) Typ = Tsp
25 _ S5¢g
1'3_51;,2 = 69.9 Al CAO PI
12 = 8.388 or 8.3975
y = 2.90 Al 4 Or 2.896.. or 2.8978 CAO
2.9 not accepted
Total 10

6of 12
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Solution Mark | Total Comment

900 rpm
=900 x z—'; radians per second M1 Use of g

= 30n radians per second Al CAO or forv=9mor 28.27 or 28.3
Minimum reactive force is
merr —mg M1 Needs both terms and correct signs

could be using v

= 0.8 X (307)* X 0.3-0.8g
= 2131.83 -7.84
Minimum magnitude is 2123.99

= 2120 Al CAO AWRT
Maximum reactive force is
méerr +mg M1 Needs both terms and correct signs
= 0.8 X (307)* X 0.3+0.8¢
= 2131.83 +7.84
Maximum magnitude is 2139.67

= 2140 Al CAO AWRT

[must be clear which is min/max
unless in this order]
Total 6
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Solution Mark | Total Comment
Gravitational force is mgsin @ M1 Could accept cos 0
= 1400 x g x sin O Al CAO
Accelerating force is ma
= 1400% 0.2 =280 B1 CAO [do not need the 280]
Total force exerted by engine is
1400 x g x sin 6 + 280 + 4000 Need 3 terms [gravity, acc force, 4000
could be wrong sign];
= 1400 x g x sin O +4280 B1 CAO
Power =91100
= (1400 x g x sin @ +4280) x 20 Ml Needs force [ft] times 20
M1 M1 for equation need 4 terms 3 correct
1400 x g x sin O + 4280 = 4555 Al or
Total force exerted by engine is
91100/20 M1 =4555 Al
1400 x g x sin® =275 or
using F = ma
1400%0.2=91100/20 — 4000 -1400gsin6
need 4 terms 3 correct [ignore signs]
Blfor 1400x0.2;91100/20M1A1
1400gsinBM 1A 1;form equation M1A1
sin ® =0.0200 Al
CAO
0 = 1.15° Al 9 CAO
Total 9
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Q Solution Mark | Total Comment
7(a); Using F =ma
M1 CAO
72% = T72g— 240v
t
_3d_ 204 Al 2 | AG; Needs M1 above
10 de
(b) Hence J. dv =—2 jdt
v—2.94 3
In(v-2.94)= — W4 MIAI M1 for either side integrated correctly
3 Al for all correct
ml ml for +c
v—294 =Ce 3
t=0,v=30
~.C=27.06 Al CAO condone 1353/50
accept ¢ =1n 27.06
Sy o= 294+ 27.068_]% Al 5 CAO Condone 27.1m
(c) speed B2 2 B1 for starting at 30 and basic shape
3 0“ B1 for asymptote of 2.94
2.94 1 -
Total 9
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Q Solution Mark | Total Comment
8 () When x > 26,
KE is +x70x v
EPE is 1456x(x—26)>
2x26
Change in PEis 70 x g x x
Conservation of energy : MIA1 M1 for 3 terms of correct items
1x70%V* + 1456;(:;;26) = 70 g xx Al Al for 2.of the 3. types of energy are
correct [ignore signs]
[treat all GPE terms as one term]
Al for all terms correct [70g is 686]
Accept 4 terms if PE is on both sides
3507 + 28(x—26)* = 70gx
5v + 4(x—26)" = 98x
5v7 =306x — 4 x* —2704 Al 4 |CAO
(b) If x is not greater than 26, cord is not B1 1 Either statement,
stretched. or cord not taut
no EPE
Hence EPE cannot be used unless x is
greater than 26.
(c) At maximum value of x, v=0 M1 Correct use of v=10
o 4x7 —306x+2704 = 0
X = 66.3 Al 2 CAO [bod if give 2 values]
(d)() When speed is a maximum, a =0
tension = gravitational force M1 or differentiating (a)
306 -8x=0
1456><(2);—26) — 70 g
x—26=12.25
x =3825 Al 2 Accept 38.2 or 38.3
Could be seen with no working
(i) Using (a) and (d)(i)
for maximum speed
517 =11704.5 — 5852.25 — 2704
V= 629.65
Maximum speed is 25.1 ms Bl 1 CAO
Total 10
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Solution

| Mark | Total |

Comment

a/ PT=tan 30

el

_-tEHHD

Resolve vertically
R+Scos30+uSsin30=W (1)

Resolve horizontally
pUR + puS cos 30 =S sin 30 2)

Moments about P
PT xS =W xacos 30

acos30
x S=W xacos 30
Fin3l

S=Wsin30 or = %W

(2)—uR = W (sin® 30—usin30cos30)

or pR=W (-2

(1)= uR + pScos30 +¢£28 sin30 = pW
W (=) W2 SW S =W
w = sin*30 + Fsin® 30

1 -

1
or u= ; + ; ;f

£ —4u+1=0
u = 2-3 or0.268

B1

MIA1

MIA1

B1

ml

Al

Or resolve along the rod

puS+ Rsin30 + pRcos 30 =W sin 30

M1 for any 4 terms; must include at
least 1 friction term and a trig term

Resolve perpendicular to rod

S + R cos 30 =pRsin 30 +W cos30
M1 for any 4 terms; must include at
least 1 friction term and a trig term

If resolve horizontally M1 for any 3
terms; must include a trig term

Allow,bod, if moments taken about
another point

R(sin30 +p cos 30) = Wsin 30 (1 - p)

R(c0s30 —p sin 30) =W(cos30 —sin 30)
Dividing

Find0+Uucos30 _ sind0(1-Q)

ros30—Uzin30  cos30—sind0

m1 for simplifying into a quadratic
Dependent on both M1 above

condone p = 2++3

Total
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