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General Marking Guidance

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

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

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

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

e 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.

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

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

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



EDEXCEL GCE MATHEMATICS
General Instructions for Marking
1. The total number of marks for the paper is 50.

2. The Edexcel Mathematics mark schemes use the following types of marks:
e M marks: method marks are awarded for 'knowing a method and attempting to apply it/
unless otherwise indicated.
e A marks: Accuracy marks can only be awarded if the relevant method (M) marks have
been earned.
e B marks are unconditional accuracy marks (independent of M marks)
e Marks should not be subdivided.

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

e Dbod - benefit of doubt

o ft-follow through

e the symbol V will be used for correct ft

e (Cao - correct answer only

e ¢so - 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 oOe - orequivalent (and appropriate)

e dep - dependent

e indep - independent

e dp decimal places

e sf significant figures

e Xk The answer is printed on the paper

e [ The second mark is dependent on gaining the first mark

4. 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.

5. Where a candidate has made multiple responses and indicates which response they wish
to submit, examiners should mark this response.
If there are several attempts at a question which have not been crossed out, examiners
should mark the final answer which is the answer that is the most complete.

6. lgnore wrong working or incorrect statements following a correct answer.

7. Mark schemes will firstly show the solution judged to be the most common response
expected from candidates. Where appropriate, alternatives answers are provided in
the notes. If examiners are not sure if an answer is acceptable, they will check the
mark scheme to see if an alternative answer is given for the method used.



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.



Question Scheme Marks AOs
1(a) 0.5g, %g or 4.9 (N) seen Bl 3.4
1)
1(b) %x4.9 oe seen Ml | 3.1a
1.4,1400r 1 ¢ Al 1.1b
(2)
(3 marks)

Notes: Ignore units in this question.

N.B. Use of g = 9.81 should only be penalised once for the whole question as should two fractional
answers (a) 49/10 (b) 7/5.

Penalise the use of g = 9.81 the first time you see it.

N.B.

If g =9.81 1s used in (a), BO. If it is then used again in part (b), and they give the answer as 1.4 or
1.40, they can score M1A1 in part (b).

If g =9.81 is only used in (b), they can score max M1AO for (b).

1a

Bl

cao. (must be positive)

4
BO for a fraction (% )

BO if they have 0.5g and then clearly use g = 9.81 i.e. NOT isw

This answer must appear in (a) to earn this mark. If no labelling, give BOD and award

as many marks as possible.

1b

Ml

%x their (a) (must be a numerical value)

If no answer for (a) or if (a) is incorrect and they don’t use it,
allow a correct restart i.e.

2 2 2 . .
;x4.9 or ;xO.Sg or ;xO.S (missing g is not an M error)

Al

AQ for a fraction
N.B. X = 1isnotneeded BUT

AO for F (or P or horizontal force) = a correct answer if they don’t go on to state X =...
If they obtain the correct answer for F and they have said F =X they can score Al.

N.B. 1.4, 1.40 or % ¢ with no working, scores M1A1




Question Scheme Marks AOs
1
2 19 Ml | 34
4
2.5, i ,Q ms™ units needed. Al 1.1b
2 4
(2)
2(b) Find the area, with correct structure, from t =0 to 18 M1 3.1b
% x4x10+(14x10)  triangle + rectangle
1 .
or B x10x (14 +18) trapezium
or (18><1())—%><4><10 rectangle — triangle Al 1.1b
1 1 . 1,
N.B. 3 x4x10 may be replaced by 3 x2.5x4" using s =ut+ 5 at
2 _ 02 ] 5 5
or by using v° =u" +2as
x2.
160 (m) Al 1.1b
3)
2(c) Using area, from ¢t = 18 to t = 24, = (200 —their (b))
with correct structure
OR 5= (200—their (b)), using suvat to find s M1 3.1b
N.B. If their (b) is incorrect and they don’t use it, allow a correct
restart.
6U + % x6x(10—-U) = 200 — their (b) rectangle + triangle
1 ) . u+v
or Ex6><(10+U)=200—the1r(b) trape21um(s=( > jt
or (6x10) — % x6x(10—-U) =200—their (b) rectangle — triangle
1( (10-U) 2 . _ 1 5
or (10x6)+5(— p jx6 =200 — their (b) s—ut+2at Alft 1.1b
or (Ux6) —%(— (IO_U)jx62 =200 — their (b) s = vt—%at2

N.B. Two stage suvat method:
(10><6)+%a><62 =200 — their (b)=> AND U =10+ 6xtheir a




1
— = 35 oe Al 1.1b

3

(8 marks)

Notes:

2a

Ml

Any complete suvat method to find a
1
e.g.use s =20 and 20 = Ea><42

N.B. Ignore units at this stage

Al

Any equivalent number with correct units.

Accept m/s>, m/s/s, m per s per s.

2b

Ml

Complete method, they may use suvat on one or more sections, to find the TOTAL
area.

MO if a single suvat equation is used for the whole motion

L1 )
MO if E not seen used in an area method

Al

Correct unsimplified expression.

Al

cao. Ignore units.
N.B. Correct answer, with no working, can score all 3 marks.

2¢

M1

Complete method, using area or suvat, to give an equation in U only, with correct
structure

1
MO if 5 not seen used in an area method

MO if 10 is used instead of (10 — U) or (10 — U) is used instead of (10 + U) in any
equation

Alft

Correct unsimplified equation in U only (allow V or v instead of U), ft on their 160.

Al

Accept 3.3 or better. Ignore units.
Allow use of V throughout instead of U, including in the answer.
N.B. Correct answer, with no working, can score all 3 marks.




Question Scheme Marks AOs
3(a) (R=)mgcosc Ml 3.4
12
13
2
3(b) Equation of motion down the plane Ml 2.1
mgsina —F =ma or mgsina—F =-ma Al 1.1b
(F =) puxtheir R Ml 34
1
Bg(5_121u) & Al* 2.2a
C))
3(c) P wouldn’t move B1 24
1)
(7 marks)
Notes:
M1 | Correct no. of terms, condone sin/cos confusion and sign errors, dimensionally
3a correct.
Allow use of a different symbol for the angle.
Al Accept 0.92mg or better. Must be positive.
Correct no. of terms, condone sin/cos confusion and sign errors
3b Ml (MO if they use g for a)
N.B. Must be using mg or m not W for the weight.
Al Any correct equation e.g. mgsina =ma+ F
N.B. F does not need to be substituted.
ux their R seen (possibly on a diagram), any trig does not need to be replaced.
M1 | MO if they use u =%
MO for just 4R with R not replaced.
A1* | Given answer correctly obtained, with at least one further line of working with
both trig ratios substituted as fractions.
Allow é(5—12,u) or M
13 13
3c B1 | e.g. P (or the particle or the object) would stay at rest, P would not slide down,
would not roll down the plane, static equilibrium, equilibrium at rest
Allow ‘it’ for P or just ‘stays at rest oe’
B0 for wouldn’t accelerate, would be in equilibrium (only), would stop
N.B. Ignore reasons but not contradictions.




Question = Scheme Marks | AOs
4(a) ALTERNATIVES when 7 = 4 is substituted at the beginning.
2ci—6j or as a column vector, seen or implied. B1 1.1b
ALT 1 Ml 3.1a
AND
either tan 457 = % =>2c=6
or states isosceles triangle so 2c =6
N.B. In both of the above,we must see the justification for the
equation.
ALT 2
2c
tan135° =—6 =>2c=6
N.B. MO if they are using the wrong bearing.
c=3% Al* 2.2a
SC1 M1AOQ:

no right-angled triangle
2ci—6j=k(i—-j) =>22=6
or i-cpt=— jcpt =>2c=6

N.B. In both of the above,we must see the justification for the
equation.

SC2 MI1AO0:
no right-angled triangle

tan 45° zﬁor i =>2c=6
2c

N.B. In the above,we must see the justification for the equation.




ALTERNATIVES when f = 4 is substituted at the end:

L 2
ct> =2¢ and (—)%: (—)6 when t =4, seen or implied Bl
ALT 3
C'l‘é
0 45°
ad or a I P
8 8 1D
P Ct%
AND M1
3t
either tan 45° = % => 2¢=6 whentr=4
ct’?
or states isosceles triangle, so ct? = N 2c=6 whent=4
N.B. In both of the above,we must see the justification for the
equation.
N.B. MO if they are using the wrong bearing.
c=3 Al*
SC3 MI1AO:

no right-angled triangle
(o i-2"j)=k(i—j) =>2c=6 whenr=4
8

. . 3t
or i-cpt=—jcpt =>ct’=—=>2c=6 whent=4
8

N.B. In both of the above,we must see the justification for the
equation.

SC4 MI1AOQ:
no right-angled triangle

3t

tan 45° :LI =>2c=6 whent=4

ct’




N.B. Allow a verification: i.e. use ¢ = 3 and ¢t = 4 to show that P is on
a bearing of 135° from O.

6i—6j

then a diagram: B1
0 L
6
Ml
6 . .
AND tan 0= P or isosceles triangle => 6= 45°
N.B. In the above,we must see the justification for the equation.
bearing = 45° + 90° = 135° Al*
3)
4(b) Differentiate r wrt ¢ to obtain v M1 2.1
1 -1 _1
v=3x—t 2i—§><2tj:§t 2i—gtj oe Al 1.1b
2 8 2 4
3 2
— 1 . — — 2
Put ¢ = 4 into both components and use Pythagoras: (4) +(=3) M 3 1a
13 o 133 ﬂor 3 /ﬁ =3.0923.. (ms™) Al | 1.1b
16 4 4 16
)
4(c) Differentiate their v wrt ¢ to obtain a M1 34
3 -2 3
a=—"1 2j—=j Al 1.1b
4 4
P
4 -1
=— Ml 2.1
3 27
4
(T=)9 Al 1.1b

C))




(11 marks)

Notes: Accept column vectors throughout

4a | B1 | 2ci—6j seen or implied. BO forr=2¢ -6 if no evidence of components.

M1 | ALT 1: Use the bearing to obtain a CORRECT diagram showing a right-angled
triangle with at least one 45° angle marked or clearly explained (i.e. 135° marked on the
diagram and either 135" —90° =45” or 180" —135° =45"), and 2¢ and * 6 marked
AND use of isosceles triangle or tan or (sin/cos and Pythag) to obtain 2c = 6
ALT 2: No diagram required Use tan135° = 2—2 =>2c=6

A1* | Given answer correctly obtained
ALTERNATIVE when ¢ = 4 is substituted at the end:

1 3t?

Bl | ¢t? =2¢ and (—)?= (—)6 when t =4, seen or implied

M1 | ALT 3: Use the bearing to obtain a CORRECT diagram showing a right-angled
triangle with at least one 45° angle marked or clearly explained (i.e. 135° marked on the
diagram and either 135” —90” =45 or 180° —135° =45°), and cti and + 2= marked

8
AND use of isosceles triangle or tan or (sin/cos and Pythag) to obtain 2¢ = 6 when t =4

Al1* | Given answer correctly obtained

Both powers of ¢ decreasing by 1 (MO if i or j is missing but allow recovery or working
4b | M1 | with components only)
N.B. This mark is available if ¢ has not been substituted for.

Al | Correct unsimplified derivative or two correct components
Put 7 = 4 in their v (must be using an attempted derivative of r) and then use

M1 Pythagoras with the root, allow a missing —sign
N.B. If they state 7 = 4, allow a slip when they substitute in, for this M mark.

This mark is available if ¢ has not been substituted for.

Al | Accept 3.1 or better

Both powers of ¢ decreasing by 1
4c | MI1 | N.B. This mark is available if ¢ has not been substituted for
(MO if i or j is missing but allow recovery or working with components only).

Al | Correct unsimplified derivative

M1 | Use of an appropriate ratio (must be using an attempted derivative of their v), condone
sign error and the reciprocal, to obtain an equation in 7 or 7T only.

3,.-3. 3. . . . .
N.B. If they state that _ZT i 2 Jj=k(—1-27)) and then equate coefficients to give
two simultaneous equations in k and 7, these need to be used to produce an equation in
T only, before the M mark is earned.
Al | cao (allow finstead of 7)




Question Scheme Marks AOs
5(a) Using horizontal motion, s = ut, with 35 resolved M1 3.3
x=35cosa xt Al 1.1b
1
Using vertical motion, s = ut + Eat2 , with 35 resolved M1 34
. 1
y:35s1naxt—5gt Al 1.1b
.. . X 1 X ?
Eliminate # : y =35sina x -—g DM1 | 3.1b
35cosax 2 \35cosa
1
=2 xo—x Al* | 11b
4 160
N.B. No marks available if they just quote the equation of the path.
ALTERNATIVE: they do (b) and/or (c) first using a suvat
method
Assume y=ax’ +bx+c
Use any three of (0,0), (120,0) from part (b), (60,22.5) from part (c)
or d—y:E at x =0 to find a, b, and c.
dx 4
M1A1, M1A1, DM1A1* for finding each of a, b and ¢ and stating
final answer in correct form.
N.B. If they realise that c =0, and just use y = ax’® +bx , that could
score M1A1.
Enter marks on ePEN in the order in which a, b and ¢ are found:
e.g. x=0,y=0=>c¢=0 MIA1
220, ¥ opap-S=sp=2 MI Al
dx 4 4
x=120,y=0=> 0:1202a+120><E =>a=_—1 DM1
4 160
1
S0, yzéx——x2 Al*
4 160
(6)
5(b) ALT1 3.1b
3 1 , M1
0=—x———x" and solve for x
4 160
ALT 2
dy 3 «x

—=———=0=>x=60 and OA=2x60
dx 4 80

ALT 3




A complete suvat method to find OA:

1
e.g. O:353ina><t—5gt2
. t
or 0=35sina—g—
2
or —35sina =35sina — gt
to find ¢ (: TOsina _ @J
g 7
70sin
AND (OA=)35cosaxt=35cosax
8

N.B. OR use the calculator to input the equation of the path which
then gives ymax = 45/2 when x = 60 with no working,

S0 OA =2x60

(OA =)120 (m)

Al

1.1b

(2)

5(c)

ALT1
H :§><6O—L><6O2
4 160

ALT 2
-1, 1 >
=—(x"-120x)=22.5———(x—60)" somax y=45/2 or 22.5
y 160( ) 160( ) y

ALT3
32X 5o x=60 then find y when x = 60
dr 4 160

ALT 4
A complete suvat method:
(35sin a)2
eg H=——""-—
28

or
35sina

8

0=35sina — gt to find the time to top, ¢ = , or use half their

time they found in (b) AND

ing _ L, (35si 35sinar+0)_35si
H:355ina><355§n0‘__g(35s51,na)2 or ( sin o jx sin &
2 2 2

N.B. OR use the calculator to input the equation of the path which
then gives

Ymax = 45/2 (when x = 60) with no working.

Mil

3.1b

(H=)22.5 Accept23

Al

1.1b




(2)
5(d) H is greater (or K is smaller), as air resistance would slow the particle Bl 3.5a
down oe. '
1)
5(e) e.g. the inaccuracy of using 9.8 ms™ for g Bl 3.5b
1)
(12 marks)
Notes:
Correct terms but condone sin/cos confusion and sign errors
Sa Ml ) . .
Available if they use s instead of x
Correct equation in x and ¢
Al
N.B. they may have the wrong value for cosa
Correct terms but condone sin/cos confusion and sign errors
M1 Available if they use a different letter for y provided it’s not the same as they’ve used
for x.
N.B. MO if they subsequently use a value for y e.g. 0
Correct equation in y and ¢
Al N.B. they may have the wrong value for sin«
They may have 7 in terms of x, from their first equation.
DM | Dependent on the two previous M marks for eliminating ¢ to give an equation in y and x
1 only.
Al1* | Given answer correctly obtained, with at least one further line of working with trig
ratios and g = 9.8 explicitly seen or 4.9 oe used for 0.5g..
2
Allow y = x_ X and with y on the RHS
4 160
Sb | M1 | ALT 1: Use of y = 0 in equation of path and solve for x.
ALT 2 : Use calculus to find the x-coordinate of the max point and double it
ALT 3 : Any other complete suvat method to find OA, condone sin/cos confusion and
sign errors
Al cao
Sc | M1 1 . .
ALT 1: Use of x= 3 x their OA | in equation of path
ALT 2: Complete the square for the equation of the path and deduce maximum value
of y: Need to see p—q(x—r)* with p as the answer
ALT 3: Use jx—y =0 to find the x-coordinate of the max point and then use the path
equation to find the y-coordinate
ALT 4: Any complete suvat method to find H, condone sin/cos confusion and sign
errors




Al

AO for 4—5
2

Sd

Bl

Possible justifications for H greater (or K smaller):

air resistance will provide an extra force acting against the stone or opposing the
motion

air resistance would take away energy from the stone

work would be done against air resistance

air resistance will mean the acceleration will be less (or deceleration greater)
air resistance would reduce the velocity/speed

Allow ‘it’ for air resistance

BO if no justification given.

BO for air resistance would reduce the initial velocity of the stone

BO for air resistance will limit the vertical height (not a reason) or oppose the vertical
force.

Ignore extras.

Se

B1

Any single correct answer.

Acceptable answer:

the inaccuracy of using 9.8 m s~ for g

or wind or weather effects

or the spin of the stone

or the size (or shape or surface area) of the stone oe
or the stone is still modelled as a particle

N.B. Allow if the stone is referred to as e.g. a ball

BO if any incorrect extras

Unacceptable answers:

The model (it) does not take account of:
the mass or weight of the stone

air resistance.

The ground may not be horizontal.

BO for consequences of air resistance being included e.g.
the path won’t be a parabola
the path won’t be symmetrical




Question Scheme Marks AOs
6.
6(a) Take moments about A Ml 3.1a
3
le.Sa:Mgacosé’:(Mgaxg) Al 1.1b
2
S = gMg * Al* 2.2a
3)
N.B. Marks for the equations should be awarded in the order in
6(b) . .
which they appear on the script.
Resolve horizontally: MIl 34
F =Ssinf Al 1.1b
Resolve vertically: MIl 33
R=Mg—Scos@ Al 1.1b
Other possible equations: (any of which is worth max M1A1)
(parallel to the rod): F cos@+ Rsin@ = Mgsiné
(perp to the rod):  Fsin@+Mgcos@ =S+ Rcosé
M(B): (S ><O.5a) + (R x 2a cos 6’) = (Mg X 1 COS 0) + (F x 2asin 0)
M(C):  (Rx1.5acos@)=(Mgx0.5acos@)+(F x1.5asin0)
M(G): (Rxacosf)=(Sx0.5a)+(F xasin6)
N.B. If they have more than two equations, mark only those that
they use to try to find u
F = uR and two of their equations used to solve for DMI1 3.1a
8
Al 2.2a

=8 _0.42105...
“=19




(6)

(9 marks)
Notes:
6a | M1 | Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors.
Allow use of a different letter for the angle.
N.B. They may resolve the weight into two components, parallel and perpendicular to
the rod, and then take the moment of each about A, one of which is 0. (see N.B. below)
N.B. MO if one or both a’s aren’t there originally.
. 3
Al Correct equation, cos @ may or may not be replaced by 3
N.B. you may see: Sx1.5a=MgcosOxa
Al* . : 3
Given answer correctly obtained, need to see cos 8 = 5 used
Allow: § = 2Ms or 2Ms =S
5 5
AQ if S is missing
6b | M1 | Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors
Al Correct first equation, S does not need to be substituted
M1 | Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors
Al Correct second equation, S does not need to be substituted
DM | Dependent on previous two M marks for using F' = gR and two equations to solve for
1 H
Al Accept 0.42 or better (as g cancels)
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