Mark Scheme (Results)

January 2019

Pearson Edexcel International Advanced Level In
Mechanics M2 (WME02/01)



Edexcel and BTEC Qualifications

Edexcel and BTEC qualifications are awarded by Pearson, the UK's largest awarding body. We
provide a wide range of qualifications including academic, vocational, occupational and
specific programmes for employers. For further information visit our qualifications websites
at www.edexcel.com or www.btec.co.uk. Alternatively, you can get in touch with us using the

details on our contact us page at www.edexcel.com/contactus.

Pearson: helping people progress, everywhere

Pearson aspires to be the world's leading learning company. Our aim is to help everyone
progress in their lives through education. We believe in every kind of learning, for all kinds of
people, wherever they are in the world. We've been involved in education for over 150 years,
and by working across 70 countries, in 100 languages, we have built an international
reputation for our commitment to high standards and raising achievement through
innovation in education. Find out more about how we can help you and your students at:
www.pearson.com/uk

January 2019

Publications Code WME02_01_1901_MS

All the material in this publication is copyright
© Pearson Education Ltd 2019


http://www.edexcel.com/
http://www.btec.co.uk/
http://www.edexcel.com/contactus
http://www.pearson.com/uk

General Marking Guidance

All candidates must receive the same
treatment. Examiners must mark the first
candidate in exactly the same way as they
mark the last.

Mark schemes should be applied positively.
Candidates must be rewarded for what they
have shown they can do rather than
penalised for omissions.

Examiners should mark according to the
mark scheme not according to their
perception of where the grade boundaries
may lie.

There is no ceiling on achievement. All marks
on the mark scheme should be used
appropriately.

All the marks on the mark scheme are
designed to be awarded. Examiners should
always award full marks if deserved, i.e. if the
answer matches the mark
scheme. Examiners should also be prepared
to award zero marks if the candidate’s
response is not worthy of credit according to
the mark scheme.

Where some judgement is required, mark
schemes will provide the principles by which
marks will be awarded and exemplification
may be limited.

When examiners are in doubt regarding the
application of the mark scheme to a
candidate’s response, the team leader must
be consulted.

Crossed out work should be marked UNLESS
the candidate has replaced it with an
alternative response.



PEARSON EDEXCEL TAL MATHEMATICS

General Instructions for Marking

1.

2.

The total number of marks for the paper is 75
The Edexcel Mathematics mark schemes use the following types of marks:

M marks: Method marks are awarded for ‘knowing a method and attempting to apply
it’, unless otherwise indicated.

A marks: Accuracy marks can only be awarded if the relevant method (M) marks
have been earned.

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

. Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark
schemes.

e bod — benefit of doubt

o ft— follow through

o the symbol\/ will be used for correct ft
e cao — correct answer only

e cso - correct solution only. There must be no errors in this part of the question
to obtain this mark

e isw —ignore subsequent working

e awrt— answers which round to

e SC: special case

e oec — or equivalent (and appropriate)

e d... or dep — dependent

e indep — independent

e dp decimal places

e sf significant figures

e Xk The answer is printed on the paper or ag- answer given

|: or d... The second mark is dependent on gaining the first mark

All A marks are ‘correct answer only’ (cao.), unless shown, for example, as A1 ft
to indicate that previous wrong working is to be followed through. After a misread
however, the subsequent A marks affected are treated as A ft, but manifestly absurd
answers should never be awarded A marks.



For misreading which does not alter the character of a question or materially simplify
it, deduct two from any A or B marks gained, in that part of the question affected.

If a candidate makes more than one attempt at any question:

e [fall but one attempt is crossed out, mark the attempt which is NOT crossed
out.

e [f either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working or incorrect statements following a correct answer.



General Principles for Mechanics Marking
(But note that specific mark schemes may sometimes override these general principles)

Rules for M marks: correct no. of terms; dimensionally correct; all terms that need resolving (i.e.
multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is an accuracy error not method error.
Omission of mass from a resolution is a method error.

Omission of a length from a moments equation is a method error.

Omission of units or incorrect units is not (usually) counted as an accuracy error.

DM indicates a dependent method mark i.e. one that can only be awarded if a previous specified
method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised once per complete
question. However, premature approximation should be penalised every time it occurs.

Marks must be entered in the same order as they appear on the mark scheme.

In all cases, if the candidate clearly labels their working under a particular part of a question i.e. (a) or
(b) or (c),...... then that working can only score marks for that part of the question.

Accept column vectors in all cases.

Misreads — if a misread does not alter the character of a question or materially simplify it, deduct two
from any A or B marks gained, bearing in mind that after a misread, the subsequent A marks affected
are treated as A ft

Mechanics Abbreviations

M(A) Taking moments about A.

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)

HL  Hooke’s Law

SHM Simple harmonic motion

PCLM Principle of conservation of linear momentum

RHS, LHS Right hand side, left hand side.



January 2019
Mechanics 2 - WMEO2
Mark Scheme

Scheme Marks Notes

Moments about x-axis (or parallel axis) Ml Require all‘ terms. Dimensionally correct.
Condone sign errors

3mx8+mx0+2mx—-2=6mx2k Al Correct unsimplified equation

Moments about y-axis (or parallel axis) M1 Require all‘ terms. Dimensionally correct.
Condone sign errors

3mxa+mx—4+2mx5=6mxk Al Correct unsimplified equation

Eliminate £ and solve for a: 6a+12=20, Al Or equivalent. 1.3 or better

(5) . . .

Form vector equation in k and @ M1 Require all‘ terms. Dimensionally correct.

Condone sign errors
a -4 5 k i
3m +m +2m =6m Al Or equlvalept. . .
8 0 -2 2k Correct unsimplified equation

Use components from dimensionally correct M1 Seen or implied

equation to form two separate equations Condone processing errors

=3a+6=060k . o .

Al Pair of correct unsimplified equations
20=12k
Eliminate k and solve fora: 6a+12 =20, % Al 1.3 or better

(6))

[5]




Q Scheme Marks Notes
2a | Useof I=mv—mu: M1 Accept im(v—u)
3 3. . <A . 19, T :
i Z(4l +j)+(-6i+4j)| =| 3i+ 2 Al Correct unsimplified equation
T . -1
ve 4( 3l+£Jj —4i+2j (s Al 4i+6.3j (m s™!) or better. ISW
3 4 3 Accept as a column vector.
3
Use u and their v to find a relevant angle
o between the two velocities
2b | Change in direction MI1 1
(e.g.not just tan™ " )
—180° 1 19 iy L 12 Correct unsimplified. Follow their v
—I807tan o —tan o or tanastan g AU (1900 _14.036..0-57.724..°)
=108° (108.2°)  (1.89 radians) Al 108.2° or better. Accept 252°
3
2b . . . .
alt Using scalar product: M1 Using vectors u and their v or equivalent
-16+ L4
cos 6 = " Alft | follow their v
7 io+(12)
3
0=108° (108.2°) Al (1.89 radians) Accept 252°
3)
a1 Use cosine rule in triangle with sides
alt \/1— \/50 8\/35 M1 Or equivalent
174 505 64 X 13
cosd = (=-0.313) Al
217 V53°5
60 =108° (108.20) Al (1.89 radians) Accept 252°
3)

[6]




Scheme Marks Notes
Either equation of motion M1 All terms required.
Motion up the road: F, = R+900gsind Al One equation correct unsimplified
Motion down the road: F,, = R—900gsind Al Both equations correct unsimplified
Use of P =Fv to form at least one equation in R M1
and v
10800 )
, ~ R+900gsing | Comect unsimplified
90gsinf =180
10800:R—900gsin6? ( & )
2v
10800 )
N =R+900gsind 10800 1 Solve simultaneous equations, both
10800 = 7y 1800g x 9 DM1 | containing R and v, for R or v
=R-900gsind v Dependent on 2 preceding M marks
2v
v=15  only Al One correct value
R =540 only Al Both values correct
Alternative working:
2(R-900gsin#)=R+900g sin &
= R=540 ,v=15
®

8]




Q Scheme Marks Notes

large small L
4a Mass ratio 167 4 127 Bl Correct ratios and distances
c of m from B 4a 3a X
Or equivalent from another point. Require
Moments about B: 167 x4a—-4rx3a=127xxx Ml all terms. Condone sign errors.
Dimensionally correct.
Al Correct unsimplified
64a—-12a 52a 13 . : .
X = a12 2 - 12a = ?a *Given Answer* Al Obtain given answer from correct working
(C)]
4b For all alternative moments equations the
4 distances must relate to the stated point
(7
0
Moments about B: ) ) )
13 M1 Require all terms. Dimensionally correct.
5 acos Ox M = 42acos(45+60)x M (1+k) Condone sign errors
Al Unsimplified equation with at most one
error
Al Correct unsimplified

Substitute for trig and solve:
?x%:(l+k)x4\/§(ix%—— Ej DMI

1
$5 25

13 10
?=1+k , k=— Al (3.3 or better)
[5]
4b Moments about B- M1 Require all' terms. Dimensionally correct.
alt Condone sign errors
Ea cosOx M = acosOx M (1 N k) Al Unsimplified equation with at most one
3 error
Al Correct unsimplified
(Substitute for trig and) solve for £: ? =1+k , DM1
10
k= 3 Al (3.3 or better)

10




Q Scheme Marks Notes
4b Moments about O M1 Require all‘ terms. Dimensionally correct.
alt Condone sign errors
1
—39% M +kM x4a = (kM +M )x Al Unsimplified equation, at most one error
1
(k+1)x = (41( - gj a Al Correct unsimplified
x 3 DMI
oD 4
10
k= EY (3.3 or better) Al
4b New ¢ of m at G where %:tané? , OG =3a M1
alt OD
Moments about G: Mg| 3a+ a)_ kMg ( 4a— 3a) DM Require all‘ terms. Dimensionally correct.
3 Condone sign errors
Al Unsimplified equation, at most one error
Al Correct unsimplified
k= % (3.3 or better) Al
4b New ¢ of m at G where %:tané? , OG=3a M1
alt OD
Moments about D: ) ) )
4 DMI Require all terms. Dimensionally correct.
Mg (351 + gj cosd = kMg (4a—3a)cosd Condone sign errors
Al Unsimplified equation, at most one error
Al Correct unsimplified
k= ? (3.3 or better) Al
4b | Moments about G- M| &+ 0G | = ks (4a-0G) M1 Require all' terms. Dimensionally correct.
alt 3 Condone sign errors
Al Unsimplified equation, at most one error
1 12k -1
OG(l+k)=a (4!{ ——j , | OG = M Al Correct unsimplified
3 3(k+1)
oG 3
—_—=—, DM1
OD 4
10
k=— Al
3

Other alternatives:

Moments equation: M1A1A1

Use angle and solve for &z M1A1

[9]
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Scheme Marks Notes
Differentiate to find a: MI Powers going down
a= dv_ 3t2 -6 Al
dt
Solve for a =0 : M1
1
1?=2=t=4 Al
Integrate to find s: s = jvdt M1 Powers going up
4 3
=5 =31 +21(+C) Al
Use limits 0 and their 4: Limits used correctly
4 B DM1 | Use of 0 can be implied
=5 32-48+8(=-144) Dependent on the preceding M1
Distance =14.4 (m) (14 (m)) | Al Or equivalent. Positive answer required
®)

8]
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Q Scheme Marks Notes
6a
A—> 5
Moments about A: M1 Dimensionally correct. Condone sin/cos
' confusion
2.5N =2cosx20 Al Correct unsimplified equation
4
2x—x20 64
N=_—39 _ _128 (N) Al Accept ?
2.5
(3) . . .
6b | Resolve] : R+ Ncosf+ Psinf =20 M1 Ist equation. Dimensionally correct.
' Condone sin/cos confusion and sign errors
( R=976-06 P) Alft Correct unsimplified equation in N or their
. . N
Resolve <5 - F+ Pcosd = Nsind M1 2nd equation. Dimensionally correct.
' - Condone sin/cos confusion and sign errors
( F=768-05% P) Alft Correct unsimplified equation in N or their
. : N
Use F = lR : Bl
4
Equation in P only: 7.68—-0.8P = 5(9.76 — 0.6P) DM (or eliminate P)
( P=806 ) Dependent on the preceding 2 M marks
Solve for i : P=uN DM1 | Dependent on the preceding M mark
1=0.630, (0.63) Al 0.63 or better
®

See over for alternatives
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Q Scheme Marks Notes
6b | Moments about C: M1 1*' equation. Dimensionally correct.
alt | 20x0.5cos@+ F x2.5sinf = Rx2.5cos6 Condone sin/cos confusion and sign errors
(40+7.5F =10R) Al Correct unsimplified equation
nd . . .
Resolve parallel rod: M1 2 equatlop. Dlmen51opally corr'ect.
Condone sin/cos confusion and sign errors
P+ Fcos@+Rsinf=20siné (: 12) Al Correct unsimplified equation
Use F:%R: (8.125R=40, R=4.92...) Bl
Solve for P:
p_ IZ—Exi—Rxé _ 12—iR _3.06.. DM1 | Dependent on the preceding 2 M marks
4 5 5 5
Solve for # : P=uN , DM1 | Dependent on the preceding M mark
1 =0.630 (0.63) Al
®)
6alt | If the use of moments about C is part of the solution
to (a)
Moments about C and use : M1 From (b) Dimensionally correct. Condone
20x0.5cos@+ F x2.5sinf = Rx2.5cos 8 sin/cos confusion and sign errors
1
Use of F = ZR Bl From (b)
64
R:E’ (R=4.92..) Al From (b)
Resolve perpendicular to the rod: Ml *From (a)
N+ Rcos@ = uRsin@+W cos@ Al From (a) Correct unsimplified equation
N=128 (N) Al From (a)
Resolve parallel rod: M1 Dlme'nsmnally. correct. Condone sin/cos
confusion and sign errors
P+ Fcosf+Rsin@ =20sin0(=12) Al Correct unsimplified equation
Solve for P:
P=12-R. 2 _r3_12-2R_306.. DMI
4 5 5 5
Solve for # : P=uN , DM1
1 =0.630 (0.63) Al
* could use an alternative pair of
resolutions
[11]
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Q Scheme Marks Notes
7a
SN —
CLM (taking the initial direction of P to be +ve) MI1 All terms qeeded. Dimensionally correct.
Condone sign error(s)
3mxu—2mx2u =3my+ 2mw(= —mu) Al Correct unsimplified equation
Negative total Alt: solve CLM & impact equation for
=v<0andw<0 orv<0 and w>0 u
. . =——(1+6 d use th f
because w<0 and v >0 is impossible Al v( 5 ( e)) and use the range o
therefore v <0 - P has changed direction possible values for e to justify given
*Given answer* answer
3
7b | Impact law: M1 Used correctly
Correct unsimplified equation
w—v=e(u+2u)=3eu Al Signs consistent with CLM equation
Allow M1A1 if seen in (a) and used in (b)
Solve for kw: v=w-3eu = 3(w—-3eu)+2w=—
otve Tor vEwmse (W eu) e DM1 | Dependent on the preceding M1
Sw=9eu—u
Correct inequality for theirw:  w>0 DMI Form inequality in e
= %eu—u>0 Dependent on the preceding M1
> 1 Al Allow if upper limit not stated.
(12)e> 9 AOQ if upper limit incorrect. Condone 1> e
3
v and w in terms of u:
Te |5, 9 7 7 M1 Solve for v or w
W=—u—-u=—u, w=—u
2 2 10
3 8
V=w——u=——u Al Both values correct
2 10
Accept change in KE
Loss in KE Ml Must be using two different masses (3m
and 2m)
_1 22 1 22 Follow their v, w.
=" 3mx (u Y )+ 2" 2mx (4u i ) AT Correct unsimplified equation
81 .
:%mu2 (1-0.64)+mu® (4-0.49) = 4.05mu’ Al (%muz or equlvalent]
3
[13]
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Q Scheme Marks Notes
: 1
Change in KE: 5><3><(152 _102) (=187.5) () Bl One term correct unsimplified
8a o ) . _ Bl Two terms correct unsimplified
Gain in GPE: 3gx6sin20 (= 60.3...) (J) B1 All three terms correct unsimplified
Work done against friction: 6F
) Dimensionally correct. All terms needed.
Work energy: MI Condone sign errors and sin/cos confusion
187.5=6F +18gsin 20 Al Correct unsimplified equation
F=212 (21) Al
(6)
_ Dimensionally correct. All terms needed.
8b | Encrgy: Mi Condone sign errors and sin/cos confusion
1 : 1
5 x3x100+3%x9.8x6sin20 = 5 x3xw’ Al Correct unsimplified equation
w=11.8 (12) (ms™) Al
11.8
o
10co0s20
o 10cos20
Direction :cosa = % Ml Use trig. to find a relevant angle
37.5° (37°) below the horizontal Al
3
2}1 Find components and use Pythagoras: Ml Condone sign errors and sin/cos confusion
‘ > . 5 Correct unsimplified equation
w=\/((1051n20) +12g5in 20)+(10c0s 20) AL 1 (1, 29.39%... v,=7.205..)
w=11.8 (12) (ms™) Al
. 2 .
Direction : tang = \/(IOsm 20) +12¢sin20 M1 Use trig. to find a relevant angle
10cos 20
37.5° (37°) below the horizontal | Al
3

See over for (¢)
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Q Scheme Marks Notes
8c | Use suvat to find height above B: M1 Complete method
(10sin 20)2 =2gxs (s = 0.5968....) Al Correct unsimplified equation in s
Total height = s+ 65sin 20 DM1 | Dependent on the preceding M1
=2.65(2.6) (m) Al
“)
:lct Vertical component of w (by trig or Pythagoras) M1
=7.205.. Al
2
Max ht = ;— DM1 | Dependent on the preceding M1
g
2
_ 1205 2.65 Al
19.6
)
8c : _ Using speed at max ht =10cos 20°
alt Conservation of energy: M1 Need all terms. Condone sign error
1 1
5 3%(10c0s20°)" +3gh = 5 3w’ Al Correct unsimplified equation
. w” —100cos” 20° DM]1 Substitute for w and solve for 4
2g Dependent on the preceding M1
=2.65(2.6) (m) Al
“)
[15]
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