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Mark Scheme

Annotations and abbreviations

June 2017

Annotation in scoris | Meaning

vand x

BOD Benefit of doubt

FT Follow through

ISW Ignore subsequent working
MO, M1 Method mark awarded O, 1
A0, Al Accuracy mark awarded 0, 1
BO, B1 Independent mark awarded 0, 1
SC Special case

N Omission sign

MR Misread

Highlighting

Other abbreviations | Meaning

in mark scheme

El Mark for explaining

Ul Mark for correct units

Gl Mark for a correct feature on a graph

M1 dep* Method mark dependent on a previous mark, indicated by *
Cao Correct answer only

Oe Or equivalent

Rot Rounded or truncated

Soi Seen or implied

www Without wrong working
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Subject-specific Marking Instructions for GCE Mathematics (OCR) Mechanics strand

A

Annotations should be used whenever appropriate during your marking.

The A, M and B annotations must be used on your standardisation scripts for responses that are not awarded either 0
or full marks. It is vital that you annotate standardisation scripts fully to show how the marks have been awarded.

For subsequent marking you must make it clear how you have arrived at the mark you have awarded.

An element of professional judgement is required in the marking of any written paper. Remember that the mark scheme is
designed to assist in marking incorrect solutions. Correct solutions leading to correct answers are awarded full marks but work
must not be judged on the answer alone, and answers that are given in the question, especially, must be validly obtained; key
steps in the working must always be looked at and anything unfamiliar must be investigated thoroughly.

Correct but unfamiliar or unexpected methods are often signalled by a correct result following an apparently incorrect method.
Such work must be carefully assessed. When a candidate adopts a method which does not correspond to the mark scheme,
award marks according to the spirit of the basic scheme; if you are in any doubt whatsoever (especially if several marks or
candidates are involved) you should contact your Team Leader.

The following types of marks are available.

M

A suitable method has been selected and applied in a manner which shows that the method is essentially understood. Method
marks are not usually lost for numerical errors, algebraic slips or errors in units. However, it is not usually sufficient for a
candidate just to indicate an intention of using some method or just to quote a formula; the formula or idea must be applied to
the specific problem in hand, eg by substituting the relevant quantities into the formula. In some cases the nature of the errors
allowed for the award of an M mark may be specified.

A
Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. Accuracy marks cannot be given unless
the associated Method mark is earned (or implied). Therefore MO Al cannot ever be awarded.

B
Mark for a correct result or statement independent of Method marks.
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E
A given result is to be established or a result has to be explained. This usually requires more working or explanation than the
establishment of an unknown result.

Unless otherwise indicated, marks once gained cannot subsequently be lost, eg wrong working following a correct form of
answer is ignored. Sometimes this is reinforced in the mark scheme by the abbreviation isw. However, this would not apply to a
case where a candidate passes through the correct answer as part of a wrong argument.

When a part of a question has two or more ‘method’ steps, the M marks are in principle independent unless the scheme
specifically says otherwise; and similarly where there are several B marks allocated. (The notation ‘dep *' is used to indicate
that a particular mark is dependent on an earlier, asterisked, mark in the scheme.) Of course, in practice it may happen that
when a candidate has once gone wrong in a part of a question, the work from there on is worthless so that no more marks can
sensibly be given. On the other hand, when two or more steps are successfully run together by the candidate, the earlier marks
are implied and full credit must be given.

The abbreviation ft implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect
results. Otherwise, A and B marks are given for correct work only — differences in notation are of course permitted. A
(accuracy) marks are not given for answers obtained from incorrect working. When A or B marks are awarded for work at an
intermediate stage of a solution, there may be various alternatives that are equally acceptable. In such cases, exactly what is
acceptable will be detailed in the mark scheme rationale. If this is not the case please consult your Team Leader.

Sometimes the answer to one part of a question is used in a later part of the same question. In this case, A marks will often be
‘follow through’. In such cases you must ensure that you refer back to the answer of the previous part question even if this is
not shown within the image zone. You may find it easier to mark follow through questions candidate-by-candidate rather than
guestion-by-question.

Unless units are specifically requested, there is no penalty for wrong or missing units as long as the answer is humerically
correct and expressed either in Sl or in the units of the question. (e.g. lengths will be assumed to be in metres unless in a
particular question all the lengths are in km, when this would be assumed to be the unspecified unit.)

We are usually quite flexible about the accuracy to which the final answer is expressed and we do not penalise over-
specification.

When a value is given in the paper
Only accept an answer correct to at least as many significant figures as the given value. This rule should be applied to each
case.
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When a value is not given in the paper
Accept any answer that agrees with the correct value to 2 s.f.

ft should be used so that only one mark is lost for each distinct accuracy error, except for errors due to premature approximation
which should be penalised only once in the examination.

There is no penalty for using a wrong value for g. E marks will be lost except when results agree to the accuracy required in the
guestion.

Rules for replaced work

If a candidate attempts a question more than once, and indicates which attempt he/she wishes to be marked, then examiners
should do as the candidate requests.

If there are two or more attempts at a question which have not been crossed out, examiners should mark what appears to be
the last (complete) attempt and ignore the others.

NB Follow these maths-specific instructions rather than those in the assessor handbook.
For a genuine misreading (of numbers or symbols) which is such that the object and the difficulty of the question remain
unaltered, mark according to the scheme but following through from the candidate’s data. A penalty is then applied; 1 mark is

generally appropriate, though this may differ for some units. This is achieved by withholding one A mark in the question.

Marks designated as cao may be awarded as long as there are no other errors. E marks are lost unless, by chance, the given
results are established by equivalent working.

‘Fresh starts’ will not affect an earlier decision about a misread.

Note that a miscopy of the candidate’s own working is not a misread but an accuracy error.

If a graphical calculator is used, some answers may be obtained with little or no working visible. Allow full marks for correct
answers (provided, of course, that there is nothing in the wording of the question specifying that analytical methods are
required). Where an answer is wrong but there is some evidence of method, allow appropriate method marks. Wrong answers

with no supporting method score zero. If in doubt, consult your Team Leader.

If in any case the scheme operates with considerable unfairness consult your Team Leader.
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Question Answer Marks Guidance
1 (1) 1 ) ) SC B1.: for incorrect
I ==(2M)(2a) +2M (ka) B1B1 | B1 for each term masses in both
3 expressions
T 27r\/8Ma2 +6Mk*a’ vy | YUsing T =27 /Lh with correct
3(2Mg)(ka mg
( g)( ) mass
2
T=2x i(4+3k j Al AG www
3g k [4]
(ii) d (443K o vy | Attempt to differentiate (k) andset | Or differentiates T
dk{ 3k equal to zero wrt K
, Correct application of quotient rule (or
3k(6k) — (4 +3k")(3) ) other correct method) and get to d(4
(3k)? 0=k = M1 k? =... ork=... (if k® not stated ° dk \ 3k "
first)
4 Al
k?=— Cao (e
3 B |00
2 (i) | 180-60-35=85 B1 Correct angle (soi)
—Slg 0 = SI; 25 M1 Sine rule with cv(85) 6 =35.873446...
bearing = (180 —85— 0)—35 M1
=24.1 (3 sf) Al 24.12655...
(il »
I 2 g2 2 w 8.5
w* =5"+8.5"-2(5)(8.5)cos(180-85-4 *M1 - =—
(©)®5) ( ) sin(180-85-60) sin85
w=7.32 (3sf) Al | 7.32344...
—9500 * _
t= A, M1dep t =1297.20427
s=>5t M1 Dependent on both previous M marks
S =6486 (4sf) Al 6486.021... Accept 3sf or better
[5]
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Question Answer Marks Guidance
3 (i) | GPE forrod: —2mgasin @ Bl
1 (2 Aasi 9)2 Genuine attempt at extension and
. Amg(2a+4asin 2
EPE for string: oa MLAL | (bstitution into 2%
2a
V =22mga(1+2sin 6’)2 —2mgasin @ Al Accept unsimplified
3—\; =42mga(1+2sin @) (2cosd) —2mgacos M1 Differentiates their V
dv . Al
— =2mgacosd(44(1+2sind)-1 AG www
g ~ 2meacoso(4( ) [6
(i) M1 SetV/ =0
- _ 1-42 L (1-44 Al for 6 = % Al for the existence of
c0sd=0=0=—and sSinf=——|=6=sin" | —— Al Al 1-44
2 84 84 the root at sin‘l(_—J for A>3
81
do M1 Al | M1 Attempt to differentiate V' correct for M mark
..+ 2mgacos §(44(2cos6))
V" =-2mga(122-1) M1 | Substitute their @ = % into their V"
A> é =(122-1)>0..V" <0=> unstable Al
2 Substitute theirsin@ = =—= into
I 1-42 1
V¥ =16mgal|1-| —— | | or mga| ——+2+124 M1 o i 2
81 42 their V"' or V"' =164Amgacos” ¢
(which is positive for all values of )
2
/1>i:>(ﬂj <1..V">0= stable Al
12 81

[9]
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Question Answer Marks Guidance
(iii) . V4 . .
v = _2mga (12 2 _1) ML Substitute 8 = E (not their @) into
their vV "/
/1<é:>(122—1)<0.'.v”>O:>stab|e Al

[2]
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Question Answer Marks Guidance
4 (|) In2 In2
V,= ﬂIXZdy = 7TJ- (ezy)2 dy orV = nj (42 —(ezy)z)dy M1 For j(ezy)zdy
0 0
1 In2 1 Limits not required
= 7Z'|:—64yj| Al For —e* for M and first A
4 0 4 mark
= z(e‘””2 —1) _Lo7 Al For correct substitution of limits
4 4
V =7(4) (In2)—157ﬂ:i7z(64ln2—15) Al | AG www
[4]
(“) , In2 2 In2 A
V,y = 7Z'j yx2dy = ﬁj y dy ﬁj ye*'dy *M1 | For Iyxzdy
Clear indication of
- _ ety * integrating
or Vy = ”I 16y —ye™'dy Midep exponential term and
differentiating y term
In n In2 . . . .
— 7| Zye® ’ 1 | J’2 etdy b = 7| = ye® — 1 o4y A2 Both terms integrated correctly (Al for Emanghfmﬁgm
4 4 4 16 one error)
0 0 0 A marks
15
Vy=rx|Inl6——
1Y ( 16)
Table of values idea — dependent on
M1 both previous M marks and using exact
volume from (i)
1 15 15
(Eln Zj(n(4)2 (In 2)) (Ian—l—j = ( (4)’(In2) ——”j Al | Two terms correct
128(In2)* -16In16 +15 For guidance:
y= ( ) Al Exact (oe) y :go 273629
256In2-60 : e
[7]
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Question Answer Marks Guidance
5 i
® Mass per unit volume ——— Bl oe
za‘h
Moment of inertia of elemental disc about diameter 4
1 2 2 Bl M5X
Z(my 5x)y an°
By the parallel axis theorem, about the given axis M1* Condone use of h for x
1, s\ 2 3M (a’x*
2P7Y Sx+(pry’ox)x S e +4x* |5
_1 _zj' ’ XL Axtdx or 3_Mj a’x’ A% |dx M1den* Condone lack of limits — dependent on
B 4’0 h? 3 h? 4h% 4| h? P™ | previous M mark
B E a_ a’x’ 3M | a’x®  4x° M1 Integrating and using correct limits —
4 h? 5h2 or 4h® | 5h2 5 dependent on both previous M marks
0 0
= ipﬁazh( 2 )
( j (a®+4n?) 3 —~M(a’+4h?) Al | AG www
2
h 20
0 [7]
ii 2 . .
3 2 2 3 * Use of parallel axis theorem to find Allow + for the M
l, = 20 M (a +4h )_ M (Zhj M1 moment of inertia through the CoM mark
I, = %(3)(4(0.4)2 +(1.2)°) AL | 1= M == (4a+h?) 0.234
(1, =), + m(0.75(1.2))2 Bl I,+0.81m allow for any I,
9.61, =7.8l, M1dep* | Using cons. of angular momentum
1
=— Al 0.0666...
15
[5]
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6 i
® Moment of inertia of rods AB and AC: 2(% mazj Bl
Moment of inertia of BC about A: lma2 +3ma® m1 | Use of parallel axis theorem for M of |
3 of BC about A
I =gma2+%ma2 = 6ma’ Al | AG www
[3]
(i) M1 Equation involving KE (must involve |
and two terms) and PE (two terms)
1 2
=(6ma*)6* -3mg \/_acosH (6ma )’ —3mg| =+/3a Or B1 for either the KE or PE terms
2 2 3 Al
correct
2_2 2 2
ad =§a) —kg~/3(1—cos6) Al k:§
. . Condone >0 or=0
M1 Setting =7 and 8 >0 for the M mark
2 49
" >—= Al
a3
[5]
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Question Answer Marks Guidance
(iii) M1 | Attempt to differentiate their & wrt to
t
é:—kg\/gsine or _kgx/§ AlLft followthrough their k (or allow in
2a 4a erms of k)
For radial acceleration re? - must sub
Y —3mg cos @ = 3mhé? «\1 | for 67 -allow incorrect m and r for
M mark only
Y =3mgcosé +3m 2\/§a Zg\/§cosé? Al Y =@mg
3 3a 2
. For transverse acceleration rar - must
X —3mgsin 8 =3mhéd *M1 | sub their & -allow incorrect m and r
for M mark only
X =3mgsin&+3m 238 _29x/§sm6? Al X :lmg
3 6a 2
Substituting 0:£ into X and Y and
7\3mg i mg \’ 6
F=uX?+Y?= (—] +(—J M1 dep* | applying formula for F . This
2 2 substitution could be done initially —
must be using correct m and r
F =mg+/37 Al
[8]
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