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General Marking Guidance

e Allcandidates mustreceive the same treatment. Examiners must mark the
first candidate in exactly the same way as they mark the last.

e Markschemesshouldbe applied positively. Candidates must be rewarded
forwhat 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 Thereisno ceiling onachievement. All marks on the mark scheme should be
used appropriately.

e Allthe marks onthe mark scheme are designed to be awarded. Examiners
should always award fullmarks if deserved, i.e. if the answer matches the
mark scheme. Examiners should also be prepared to award zero marks if the
candidate’sresponse is not worthy of credit according to the mark scheme.

e Where somejudgementisrequired, mark schemes will provide the principles
by which marks will be awarded and exemplification may be limited.

e Whenexaminers are in doubt regarding the application of the mark scheme
to acandidate’sresponse, the team leader must be consulted.

e Crossedoutworkshould be marked UNLESS the candidate hasreplaced it
with an alternative response.



General Principles for Mechanics Marking
(N.B. specific mark schemes may sometimes override these general principles)

e RulesforMmarks:

o correctnumberofterms

o dimensionally correct

o alltermsthat needresolving(i.e. multiplied by cos or sin) are
resolved

o onlytermsthat needresolving are resolved

o +/-errorsarecondoned

o sin/cosconfusionis condoned

e Omissionorextraginaresolutionis anaccuracy error not method error.

e Omissionof mass from aresolutionis a method error.

e Omission of alength fromamoments equationis amethod error.

e Omission of units orincorrect unitsis not (usually) counted as an accuracy
error.

e DMindicates adependent method mark,i.e. one that canonly be
awarded if a previous specified method mark(s) has been awarded.

e Anynumerical answerwhich comes fromuse of g = 9.8 should be given as
adecimalto 2 or3SF.

e Useof g=9.81shouldbe penalised once per(complete) question.

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

e Marks must be enteredinthe same order as they appear on the mark
scheme.

e Inallcases,if the candidate clearly labels theirworking under a particular
part of aquestioni.e. (a) or(b) or(c)..then that working can only score
marks for that part of the question.

e Acceptcolumnvectorsinall 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 aftera
misread, the subsequent Amarks affected are treated as A ft



Question | Answer Mark
Number
1(a) Moments equation M1
2m(42)+3m(2)+7m(4)=12mx Al
T A4A+17 Al*
6
3)
1(b) Moments equation to find y M1
2mA+3m(4)+Tm(-3)=12my Al
Use of straight line equation to form an equation in A only: Ml
42+17 6x (24-9) _6
12
(A=)4 Al
4
@)
Notes for question
(a)
M1 Moments about y-axis (or a parallel axis). All terms required.
Dimensionally consistent. Condone sign errors.
Al Correct equation
Al* Obtain given answer from complete and correct working.
Allow terms reversed.
N.B. Must see x = .. somewhere.
(b)
M1 Moments about x-axis (or a parallel axis). All terms required.
Dimensionally consistent. Condone sign errors.
Al Correct equation
M1 Use of straight line equation to form an equation in A only

N.B. Must use the given answer for X and have found a y

Al

Correct answer.




Question | Answer Mark
Number
N.B. Accept column vectors throughout the question
2(a) Integrate both components of v MI
t :
=|—-—cost |i+(sint-3t)j (+
r (2 cos jl (sin )i (+¢) Al
Complete method using /=0 andr =2ito findr when t=7: | Ml
2
r:(ﬂ-—+4Ji—3ﬁj Al
2
4)
2(b) Differentiates both components of v MI
a=(1+cost)i+(—sint)] Al
Use of F = m a or F' = ma and Pythagoras MI
[F|=0.5/(1+cos)’ +(~sin#)’ Al
Expand and use trig identity to reach given answer
*
|F|: /1+cost « Al
2
()
(&)
Notes for question
(a)
M1 Integrates both components of v. At least one power of # must
increase by 1 and at least one trig term must change (sin#/cost)
overall, rather than in each component.
Al Correct unsimplified expression. Allow with no constant of
integration.
M1 N.B. Must have attempted to integrate.
Complete method using =0 and r =2i to find r when =7
Constant of integration is 3i
Al Correct answer. Trig values must be evaluated.
(b)
M1 Differentiates both components of v. At least one power of ¢
must decrease by 1 and at least one trig term must change
(sint/cost) overall, rather than in each component.
Al Correct expression for acceleration
M1 Use F = ma or F' = ma and Pythagoras with root.
N.B. Must have attempted to differentiate v to find a
MO if only one component of a is multiplied by 0.5
Al Correct expression
Al* Expand and use trig identity to obtain the given answer.

N.B. Must see |F| =.. somewhere




Question | Answer Mark
Number
3(a) Use of P =Fv atleast once
P , \OP
((D )15 or PO J Mi
Equation for motion down road M1 Al
D+900gsin@—-R=0
Equation for motion up road M1 Al
D'-900gsind—-R=0
P =2646: possible answers are 2650 or 2600 or 270g Al
R =735 (exact) or 740 or 75¢g Al
(7
3(b) GPE term = 900g(40sin ) (=2400g) Bl
WD against R = 40R Bl
(Total work-done =) Increase in KE + GPE + WD against R M1
= %(900)162 —%(900)122 +900g(40sin )+ 40R Al
=103,320 (exact)
So possible answers are only: 103 000 or 100000 (J) or 103 kJ | Al
or 1.03x10° (J)
(b) ALT 1 | 900gsin @ x40, seen or implied B1
40R seen or implied (R does not need to be substituted) Bl
Equation of motion:
2 2
K—R -900gsinf = 900x[ﬁj
40 2x40 M1Al
2 2
orR: L_SP_g, 16 712)
40 12 2x 40
(W =) 103,320 (exact) Al
So possible answers are only: 103 000 or 100000 (J) or 103 kJ
or 1.03x10° (J)
()
(12)
Notes for question
(@
M1 Use of P = Fv at least once
M1 Equation of motion down the road. Dimensionally correct,
correct number of terms, condone sin/cos confusion and sign
errors. Trig and D do not need to be replaced.
Al Correct unsimplified equation
M1 Equation of motion up the road. Dimensionally correct, correct
number of terms, condone sin/cos confusion and sign errors.
Trig and D do not need to be replaced.
Al Correct unsimplified equation
Al One correct value (P or R) 2/3 sf.




P =26500r 2600 or 270g R =735 or 740 or 75g

Al Both correct values (P and R)

(b)

B1 GPE term seen

B1 WD against R

M1 Expression for total work-done by the engine. Dimensionally
correct with all required terms present and no extras or double-
counting. All terms of correct structure. Condone sign errors.

Al Correct unsimplified equation, R does NOT need to be
substituted.

Al Correct answer 2 or 3 sf.

(b) ALT 1 | For the M mark, if no reference to 40 in the force term is seen

or implied then MO:
16° —12°

X

ie. F—R-900gsinf = 900>{ j is MO unless the F'is

then multiplied by 40.




Question | Answer Mark
Number
N.B. If areas are involved there are no marks available.
4(a) Using arc ABC + BA
For arc ABC, distance of centre of mass from O
. (57 Bl
asin| —
6 3a
d=—>"7_""
Szt 5z
6
Line
Arc ABC BA Total
Mass Sra 571 B1 mass
ratio 3 2a a 3 +2 ratios
Distance 3a — .
from BA 107 0 Y Bl dist
Moments about B4 or a parallel axis MI
Sma 3a hY/4
M(BA): —X—=q| —+2 |y
(B4) 3 107 ( 3 ]y Al
_ 3a * Al*
y =
2(57+6)
(6)
(a) ALT1 | Using arc AB + BA + arc BC
For arc BC, distance of centre of
mass from O
asin| =
) 3) 3\/§Cl
T 2z
3
OR for arc AB, distance of centre of B1

mass from O




Arc .
4B Line B4 Arc BC Total
Mass 27a 57
ratio za 2a KN al —+2 ||| Bl mass
. 3 ratios
Distance | 2a 9
FromBA | 0 . Y B1 dist
Moments about B4 or a parallel axis MI
2a 2rma 9a Sz
M(BA): Tax————Xx—=qa| —+2 |y
(B4) 3 arn ( 3 jy Al
_ 3a N Al*
Y=
2(57 +6)
(6)
(a)ALT2 | Using Circle + B4 —arc AC
For arc AC, distance of centre of mass from O
. (7
asin| —
o)
7 = B1
4 6
Circle | Line g4 | ArcAC Total
Mass ra a
ratio 2ra 2a — 27a+2a——— || Bl mass
3 3 || ratios
Distance 34
from BA 0 0 — y B1 dist
2
Moments about B4 or a parallel axis M1
mra 3a za
M(BA): 0+0—(——x—)=|2mra+2a— |y
(B4) ( 3 27[) ( 3 jy Al
_ 3a * Al*
Y=
2(57+6)
S.C. Moments about an axis through O, perpendicular to the M1
line of symmetry and multiply y by sin%
0+0—(—?x3—a}:(27m+2a—?j? Al

T




_ 3a Al*
Y=o o
2(57+6)
(6)
4(b)
M(axis through O): (using arc ABC + BA) MIl
5ta_(3a 3 5t )= Al
—X| —Xx— |=a| —+2 |X
3 Sz 2 3
OR:
M(axis through O): (using circle + BA — AC) M1
Al
0+0—(-2%x 3“‘/5) =(27m+2a—ﬂjf
3 2z 3
OR:
M(axis through O): (arc AB + BA + arc BC)
2za_3av3 2 W
(72'a><0)+(2a><0)+ﬂ>< a )= ma+2a+ 4 |7 Al
3 4r 3
OR:
. T 3a\3 Ml
Using symmetry: X =ytan—=
&5 v d 3 107+12 Al
Method to find a relevant angle
M1
tan @ = ——
Vertical a—Xx
¥ 3a
o - Al
il a-x x0 ! 2(57 +6)
0 3043
107 +12
-
(o)
107 +12-33
0=4.51dp. Al
(©)
4(b) ALT 1 | M(axis through B) to find x M1

(using arc ABC + BA):

M—ax(a—(ﬁxﬁﬂjt(%zxa):(s”—c%r
3 S5z 2 3

ZaJJT




OR: (using arc AB + BA + arc BC)
(7ra><a)+(2axa)+2%x a— 3a\/§J :(S”a +2ajf

4
OR: (using circle + B4 — AC)

(27raxa)+(2axa)—%x a+ 3a\/§]:(57m +2aj

Al

2 3
y M1
tan @ = %
X
3a
_ 2(57+6) Al
(10 +12- 33
107 +12
B 3
107 +12-33
0=4.51d.p. Al
()
(1)
Notes for question
(@
B1 i
Correct distance from O seen or implied for an arc, rsme
a
T Sw
where o =—,—,—or—
6 32 6
B1 Correct mass ratios, including total mass.
B1 Correct distances. Allow +.
M1 Moments about BA4 or a parallel axis. Condone sin/cos
confusion. Must be dimensionally consistent and distances must
be resolved and correct no. of terms in the total mass
Al Correct unsimplified equation.
Al* Obtain given answer from complete and correct working. Must
see at least one line of working or simplification before
reaching the given answer.
(a) ALT1
Bl Correct distance from O seen or implied for an arc, rema
a
T Sw
where ¢ =—,—,—or—
32 6
B1 Correct mass ratios
B1 Correct distances
M1 Moments about BA or a parallel axis. Condone sin/cos
confusion. Must be dimensionally consistent.
Al Correct unsimplified equation.




Al* Obtain given answer from complete and correct working. Must
see at least one line of working or simplification before
reaching the given answer.

(b)

M1 Moments equation about axis perpendicular to B4 to find x
with correct structure. Must be dimensionally consistent.and
distances must be resolved and correct no. of terms in the
total mass.

Al Correct unsimplified equation.

M1 Complete method using trig to find an equation in 4.

allow tan @ =—2 — or tanf= % as appropriate for their
a—-x X

X andy but must be dimensionally consistent.

N.B. x andy do NOT need to be substituted for this mark.

Al Correct unsimplified equation

Al Correct answer to 1dp

(N.B. 4.488138..is the unrounded value)




Question | Answer Mark
Number
5
P
10 m
9
A B
5(a) Conservation of energy used to find relevant height M1
1 1 2
Em(14) —Em(IO.S) = mgh Al
poB_33
8g 8
(BQ =)5.6 or 5.63 (m) Al
A3)
5(b) Horizontal component of velocity = 10.5cosa seen B1
Use direction of motion at Q with 10.5cos & to form an
equation in & only
10.5cosa
14
. sing — 10.5cosax
-8 RV M1
OR 14° =(10.500$0{)2+(14coso5)2
OR (14cosa)’ =(10.5sina)* +2g x4.375
10.5cos 10.5cos
OR . ) =0
10.5sinx —\/142 —(10.5cos )’
ie. (10.5cos a)2 —10.5sin 05\/142 —(10.5cosax)’ =0
OR similarly:
(10.5cos 0{)2 —10.5sin a\/(IO.S sina)’ +2gx4.375=0
OR (10.5c0s0¢)2 —10.5sinax14cosa =0
3
tang =— *
4 Al*

(€)




5(c) Complete method to find an equation in the time from P to Q
only (#) using vertical motion
e.g. —l4cosa =10.5sinax — gt
1 M1Al
OR 10—5.625=—10.5sinoc><t+§gt2
Horizontal motion of ball: 4B =10.5cosa x¢ MIl
(4B =15)
Motion of car: AB = %at2 Ml
a=9.40r941 (ms?) Al
(6]
(€8))
Notes for question
N.B. Allow use of a different angle for « throughout apart from
in the answer to (b).
(a)
M1 Method using conservation of energy as directed in the question
to find a relevant height. Dimensionally correct, all required
terms.Condone sign errors.
N.B. Award the mark if seen, even if not used.
MO if only suvat is used.
Al Correct unsimplified equation.
Al Correct answer for BO to 2 or 3 st (45/8 is A0)
(b)
B1 Horizontal component of velocity seen.
M1 Use perpendicularity of velocities at P and Q to form a trig
equation in ¢ only.
N.B. Must see any scalar product evaluated.
N.B. tana = 105 is MO.
14
Al* Obtain given answer from complete and correct working.
N.B. tan8 = % is AO.
©
M1 Complete method to find an equation in time from P to Q only,
condone sign errors and sin/cos confusion.
N.B. MO if they use s = 10 or -10 but allow their £ BO
Al Correct equation
M1 Method using horizontal motion to form an equation in 4B and
t only (z does not need to be substituted)
M1 Correct method to find an equation in AB, ¢ and a
(¢ does not need to be substituted)
Al Correct answer, 2/3 sf (exact is 9.408)




Question | Answer Mark
Number
6
D
13a
Y4
Al
6(a) Method to form an equation in d (and a) M1
E.g. M(A):
Al Al
(W xdsin20) +(%x 18asin 29} = (%x 13asin 49)
Al
d= ﬁa =2.45a
20
“4)
6(b) First relevant equation M1
E.g.
Horiz: +Xx = 6?Wsin 7] Al
Second relevant equation MI
E.g.
w Al

Vert: iY+%cosl9= W+?

Other possible equations:

Parallel to the rod: +tP+ 6TW cos@ =W cos20 + % cos26

Perp. to the rod: J_rQ+6TWsin0 =W sin 2¢9+%sin 20
M(B):

311a

(6?W><SasinQJ+(Y><18asin29)+(X><18acos26?)=(W>< o

M(O):
[%xSasin2«9j+ (Y x13asin20) + (X x13acos26) =W x 2;(1)61

M(D):
13aX = (W x%sin 26’) + [%Wx 18asin 20j

S

sin




(%)

Pythagoras using P and Q:

. 2 >
Pythagoras using X and Y- \/[ 6Wzln 9) + ( 4 _ 6l cos ej

2
\/(Wcos%ﬂ%cosZH—%cosH] +(Wsin2¢9+%sin 20—%

(2]

dM1

/ 2
= 0.51W or better (0.51374..)W or W 279725 or any

equivalent surd form.

Al

(6)

(10)

Notes for question

()

Complete method to find an equation in d only. Correct no. of
terms with correct angle and force pairings. Dimensionally
correct. Condone sin/cos confusion. Trig does not need to be
replaced here. s may be cancelled before the equation is
formed. The distance d may be a different letter or written as a
multiple of a e.g. ka

N.B. Allow M1AOAO if they use say a for 26

Can score max M1A1AOAO if they have T instead of 6TWand

never replace it.

Allow the % x13asin @ term to be cancelled down immediately

to either gx S5a or 6Wa

Al

Unsimplified equation with at most one error.
N.B. Count each error on each term.

Al

Correct unsimplified equation.

Al

Any equivalent exact answer.

(b)

M1

First relevant equation. Dimensionally correct. Condone sin/cos
confusion but must be using the correct angle.

N.B. Trig does not need to be replaced here nor 7' = %




Al

Correct unsimplified equation with 7" = 6TW

M1 Second relevant equation. Dimensionally correct. Condone
sin/cos confusion but must be using the correct angle.
N.B. Trig does not need to be replaced here nor 7' = %
Al
Correct unsimplified equation with 7' = %
dM1 Solve equations to find X and Y and use Pythagoras with square
root to find magnitude of the force at 4 in terms of W and 6 only,
dependent on both M marks.
Al (0.51374..OW




Question | Answer Mark
Number
7 2u u .
A B
3m 2m
v w
7(a) Equation for CLM M1
3m(2u)+ 2mu = 3mv+2mw Al
Use of impact law M1
eu=w-vy Al
Solve to reach given answer for speed of B
u Al*
—(8+3e) *
5
(6]
7(b) Speed of B after collision = %l Bl
Speed of 4 after collision = 3u Bl
Difference in KE before and after in terms of m and u only MI
2 2 Al
KE Loss = ~3m(2u)’ +~2m(u)’ —~3m 22| ~Lom[ 74
2 2 2 2 2 4
9
16™ 225
= =Y — 0, 0
Percentage of KE lost — x100 = T % (8.03571...%) Al
)
7 M1
© Time taken for B to reach wall = 7d oe
u
)
B1
Rebound speed of B = 7L:Lf
Remaining time = 60d _4d (_38d
s Ol 7u \ 9lu Ml
(Time moved by B after hitting the wall)
Complete method to form an equation in f only: dM1

ALT RIICARTEDY
4 \91u 2\ 91u

aurz g-(3,A0) T8 08
2 Tu 4 \91u 2\ 91u




1 Al
4 14
&)
15)
Notes for question
(@
M1 Equation for CLM. Dimensionally correct, all terms required,
correct pairings of masses and velocities.Condone sign errors.
Al Correct unsimplified equation.
M1 Use of impact law. Condone sign errors but must be used the
right way round.
Al Correct unsimplified equation, signs consistent with CLM.
Al* Obtain given answer from correct working.
Accept terms in bracket reversed and all over 5.
(b)
B1 Seen or implied
B1 Seen or implied
M1 Expression for difference in KE in terms of m and u only using
their speeds.
Must be dimensionally correct with all terms present and with
the correct structures. Mass and velocity must be correctly
paired. Must be = (initial KE —final KE)
Al Correct unsimplified expression for the KE loss
Al Correct percentage, accept 8% or better (8.03571...%)
©
M1 Find, in terms of u and d, the time taken for B to reach wall using
their speed of B, seen
Bl Cao, seen or implied. Allow — %
N.B. Allow f vy if their vy is correct.
M1 Remaining time, in terms of « and d, seen or implied, either as an
expression or in an equation.
N.B. Accept unsimplified
dM1 Complete method to form an equation in f only.Allow
uncancelled d’s and u’s.
Dependent on both previous M’s.
Al Accept 0.071 or better (0.07142857.....)
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