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Section A (36 marks)

. v dy

(i) Given that y = e " sin2x, find pee [3]
. _x . . _ 1
(i) Hence show that the curve y = ¢ " sin2x has a stationary point when x = Jarctan2. [3]

A curve has equation x* + 2y? = 4x.
d
(i) By differentiating implicitly, find &y in terms of x and y. 13]

(ii) Hence find the exact coordinates of the stationary points of the curve. [You need not determine their
nature. ] [3]

Express 1 < x < 3 in the form |x — a| < b, where a and b are to be determined. 2]

The temperature 6 °C of water in a container after # minutes is modelled by the equation
0=a-— be_kt,

where a, b and k are positive constants.

The initial and long-term temperatures of the water are 15°C and 100 °C respectively. After 1 minute, the
temperature is 30 °C.

(i) Find a, b and k. [6]

(ii) Find how long it takes for the temperature to reach 80 °C. 2]

The driving force F newtons and velocity vkms ' of a car at time ¢ seconds are related by the

equation F = 275
o oo dF
(i) Find O [2]
o . dF _ dv _
(ii) Find T when v =50 and T 1.5. 3]
3
Evaluate jo x(x+ 1)_% dx, giving your answer as an exact fraction. [5]

(i) Disprove the following statement:
3"+ 2 is prime for all integers n > 0. [2]

(i) Prove that no number of the form 3" (where 7 is a positive integer) has 5 as its final digit. 2]
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Section B (36 marks)

8  Fig. 8 shows parts of the curves y = f(x) and y = g(x), where f(x)= tanx and g(x) = 1 + f(x — %7[).

Y ) y—ew

Fig. 8

(i) Describe a sequence of two transformations which maps the curve y = f(x) to the curve y = g(x). [4]

2sinx

It can be shown that g(x) = ——————.
sinx + cosx

2

ii) Show that g'(x) = ————
@) g (sinx + cosx)?

. Hence verify that the gradient of y = g(x) at the point (%ﬂ, 1) is

the same as that of y = f(x) at the origin. 7]
1
. ZT[ 1
(iii) By writing tanx = 22); and using the substitution # = cosx, show that f f(x)dx = f %du.
0 L
7
Evaluate this integral exactly. (4]

(iv) Hence find the exact area of the region enclosed by the curve y = g(x), the x-axis and the lines
x=i7zandx=%7r. 2]

©O0CR 2013 4753/01 Jan13 Turn over
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9  Fig. 9 shows the line y = x and the curve y = f(x), where f(x) = %(ex — 1). The line and the curve intersect
at the origin and at the point P(a, a).

" y=fo
P(a, a)
(0] > X
Fig. 9
(i) Show that e’ = 1+ 2a. 1]

(ii) Show that the area of the region enclosed by the curve, the x-axis and the line x = a is %a. Hence find,
in terms of a, the area enclosed by the curve and the line y = x. [6]

(iii) Show that the inverse function of f(x) is g(x), where g(x) = In(1 + 2x). Add a sketch of y = g(x) to

the copy of Fig. 9. [S]
(iv) Find the derivatives of f(x) and g(x). Hence verify that g'(a) = f%a)'
Give a geometrical interpretation of this result. [7]
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Section B (36 marks)

8 (i)

8 (ii)

(answer space continued on next page)
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8 (ii)
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8 (i)

8 (iv)
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9 (i)

9 (ii)
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9 (iii)

y=1(x)

P(a, a)

I
=
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9 (iv)

(answer space continued on next page)
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Annotations

Mark Scheme

January 2013

Annotation Meaning
vand x
BOD Benefit of doubt
FT Follow through
ISW Ignore subsequent working
MO, M1 Method mark awarded 0, 1
A0, Al Accuracy mark awarded 0, 1
BO, B1 Independent mark awarded 0, 1
SC Special case
A Omission sign
MR Misread
Highlighting
Other abbreviations in Meaning

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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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.

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.
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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.

d 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.

e 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 question-by-question.

f Wrong or missing units in an answer should not lead to the loss of a mark unless the scheme specifically indicates otherwise. Candidates
are expected to give numerical answers to an appropriate degree of accuracy, with 3 significant figures often being the norm. Small
variations in the degree of accuracy to which an answer is given (eg 2 or 4 significant figures where 3 is expected) should not normally be
penalised, while answers which are grossly over- or under-specified should normally result in the loss of a mark. The situation regarding
any particular cases where the accuracy of the answer may be a marking issue should be detailed in the mark scheme rationale. If in
doubt, contact your Team Leader.

g 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.
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h 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.

Note that a miscopy of the candidate’s own working is not a misread but an accuracy error.
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Question Answer Marks Guidance
11 () y=¢e"sin2x M1 | Product rule u x their v/+ v x their u”’
=  dy/dx=¢e"2cos2x + (—e ¥)sin 2x Bl d/dx(sin2x) = 2 cos 2x
Al Any correct expression but mark final answer
[3]
1| (i) dy/dx = 0 when 2 cos2x — sin2x =0 M1 fi t h(?lr dy /df)f but must derivative must have 2 terms
eliminate e
= 2=tan2x M1 | sin2x/cos2x =tan 2x used | substituting 2 arctan 2 into their deriv MO
= 2x=arctan2 [or tan' ] (unless cos 2x = 1/N/5 and sin 2x = 2/4/5 found)
= x=lsarctan2 * Al NB AG must show previous step
[3]
2| (i) dy dy Rearranging for y and differentiating
Ayt MLy, explicitly is MO
Al correct equation Ignore superfluous dy/dx = ... unless used
subsequently
dy 4-2x
- = Al o.e., but mark final answer
dx 4y
[3]
2\ (i) % =0 =>x=2 Bldep | dep correct derivative
. .. N
o 4427=85y2=2, = 2 or —\2 BIBI \/2, > can isw, penalise inexact answers of £1.41 or
better once only
[3] —1 for extra solutions found from using y =0
3 1<x<3=> -1<x-2<1 oe
= |x-2/<1 B1B1 |[ora=2and b=1]
[2]
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Question Answer Marks Guidance
4| (i) 0=a—be™
Whent=0,0=15=15=a-b M1 15=a-5 must have e’ = 1
Whent=o, 8 =100 = 100 =q B1 a=100
= b=85 Alcao | b=285
When ¢= 1, =30 =30 =100 — 85¢™* Ml |30=a-be* (need not substitute for a and b)
= e =70/85
=  —=1n(70/85)=-0.194(156...) M1 | Re-arranging and taking Ins | allow —k = In[(a — 30)/b] fton a, b
= k=0.19%4 Al 2'619 or better, or ~In (70/85) mark final ans
[6]
4 | (ii) 80 =100 — 85 ¢ 1 M1 | ft their values for a, b and k | but must substitute values
= e *"=20/85
= t=-1In(4/17)/0.194 = 7.45 (min) Al art 7.5 or 7 min 30s or better
[2]
5| (i) dF/dy =25 v Ml | d/dv(v'")= —v?soi
Al —25 v ?0.¢ mark final ans
[2]
5 | (ii) When v = 50, dF/dv = —25/50° (= —0.01) Bl | -25/50°
dFf dF dv dFF dF  dv
E:EE M1 0.e. e.g. EZE/E
=-0.01 x 1.5=-0.015 Alcao | o.e. e.g. —3/200 isw
[3]
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Question Answer Marks Guidance
Letu=1+x =
_ ~1/2 * . . . . .
6 Jj w140y dy = J-14 (=D du Ml I (u—Nu " (du) condone no du, missing bracket, ignore limits
- J’l4(u1/2 —u ) du Al | T @ = w2 (du)
2 1/2 ) 2 3, 12 w? ' . o
=| — — —_ - 2 .C. 5. S I} l t
|:3u 2u 1 Al [3u u'’|o.e e.g 332 172 1gnore limits
st
—(16/3-4)— (2/3-2) Midep | UPper—iower dep "Ml and | oy oo Timits e.g. 1, 4 for u or 0, 3 for x
Integration
5 or using w = (lJr)c)l/2 =
=2= 7 2_
3 Alcao | or 2.6 but must be exact J‘(w Dzw(dw)Ml
w
2
OR Letu=x,v' =(1+x)"? Ml =[2(w* ~)(dw) Al = [§w3—2w} Al
= u'=1,v=2(1+x)" Al upper—lower with correct limits (w = 1,2) M1
=
ij(l+x)"”dx:[zx(ler)'”}z —J§2(1+x)”2dx Al ignore limits, condone no dx | 8/3 Al cao
4 3
= ‘:Zx(l +x)"* - 5(1 + x)m} Al | ignore limits *If _f]4 (u—1)u""* du done by parts:
0
=(2x3x2-4x8/3)—(0-4/3) 2uw—-1)-2u"* du Al
2 . [2u" (- 1)—4u”*/3] Al
=2z
3 Alcao | or 2.6 but must be exact substituting correct limits M1 8/3 Alcao
[5]
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Question Answer Marks Guidance
[0 3° + 2 = 245 [which is not prime] Ml Attempt to find counter- If AO, allow M1 for 3" + 2 correctly
example
Al | correct counter-example evaluated for 3 values of n
identified
[2]
THaD Ll g0o 1y 31233229, 33227, 3 =81, ... MI E)Vg‘l“ate 3forn=0todorl | 0\ just final digit written
so units digits cycle through 1, 3,9, 7, 1, 3,
Al
so cannot be a ‘5’.
OR
3" is not divisible by 5 B1
all numbers ending in ‘5’ are divisible by 5. B1
so its last digit cannot be a ‘5’ must state conclusion for B2
[2]
81 translation in the x—direction M1 allow ‘shift’, ‘move’ gﬂj;lSt vectors given withhold one “A” mark
‘Translate (”/ 4} > 1s 4 marks; if this is
1
i Al i t
of n/4 to the right o¢ (eg using vector) followed by an additional incorrect
transformation, SC M1IM1A1A0
/4 -
translation in y-direction M1 | allow ‘shift’, ‘move’ (f ] only is M2A1A0
of 1 unit up. Al oe (eg using vector)
[4]
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Question Answer Marks Guidance
8 | (ii 2si )
(if) g(x)= pre— xsjrnc)f)sx (Can deal with num and denom separately)
, sin x + cos x)2cosx — 2sin x(cosx —sin x i —uy' . ..
g(x)= ( ) . 2( ) M1 Quot.lent (or.produ‘ct) ru!e u; allow one slip, missing brackets
(sin x + cos x) consistent with their derivs y
26in xcosx + 2 cos x — 2in xcos.x + 2 sin’ Correct expanded expression o .
= diand (sin x+ o8 )); - i Al | (could leave the ‘2’ as a ad zvu is M0. Condone cos x, sin x*
o x factor) v
B 2cos’ x +2sin” x B 2(cos” x +sin” x)
(sinx + cosx)’ (sin x + cos x)’
_ 2 * Al NB AG must take ()2ut 2 as a factor or state
(sin x + cos x)° sin’x + cos’x = 1
When x = /4, g '(n/4) = 2/(1N2 +1N2)? M1 | Substituting /4 into correct
deriv
=1 Al
f'(x) = sec’x M1 0.€., e.g. 1/cos’x
£'(0) =sec*(0) = 1, [so gradient the same Al
here]
[7]
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Question Answer Marks Guidance
8 | (iii) /4 _ m4sinx
[ fxydx=] —_dx
let u = cos x, du = —sin x dx
whenx=0,u=1, whenx= 74, u= A2
| L ignore limits here, condone no du but not dx
= ——d Ml _
I 1 » u substituting to getf 1/u (du) allow J1/u —du
Ly, Al | NBAG b}lt for Al must dqal co'rre'ctly with the —ve
IN2 sign by interchanging limits
=[tnu], 5 Ml | [Iny]
=In1-1In(1A?2)
=InV2=In2""=%In2 Al In V2, ¥ In 2 or —In(1/72) mark final answer
[4]
81 (iv) Area = area in part (iii) translated up 1 unit. M1 soi from /4 added or
[" (+tan(x-n/ 4)dx=[x+Insec(r—a/ D],
So="%I2+1xm4="%In2+n/4 Alcao | oe (as above) /4 "
=n/2+InN2-7/4=7/4+In2 B2
[2]
91 (i) AtP(a,a) gla)=aso (e —1)=a
= e'=1+2a* B1 NB AG
[1]
9| (ii) A= J.:%(ex —1)dx M1 | correct integral and limits limits can be implied from subsequent work
e Bl | integral of e’ — 1ise’ -
_E[C —x]o integral of e" — 1 ise" —x
=1 (" —a—¢’) Al
=%(l+2a-a-1)=%a* Al NB AG
area of triangle = % a’ B1
. 2 Blcao
area between curve and line='2a" — % a [6] mark final answer

10
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Question Answer Marks Guidance
9 | (iii) y="Y(e"— 1) swap x and y
x=%(E —1)
= 2x=e&-1 M1 ngempt to invert - one valid merely swapping x and y is not ‘one step’
= Xxx+l1=¢ Al
- y=In(2x + 1) or apply a similar scheme if they start with g(x)
= In@x+1)=y AL T =n@x + 1) AG and invert to get f(x).
= g(x)=1In2x + 1) or g f(x) = g((¢" — 1)/2) M1
ilie;[:h: recognisable attempt to reflect in MI | through O and (a, ) “In(1 4 ¢ — 1) =In(e") Al =x Al
no obvious inflexion or TP,
extends to third quadrant, similar scheme for fg
Good shape Al without gradient becoming See appendix for examples
too negative
[5]
91 (iv) f'(x)="%¢e" B1
v 1/(2x + 1) (or 1/u with
gx)=2/2x+1) Ml u=2x+1) ...
Al .. X2toget2/2x+ 1)
6 '(a)=2/2a+ 1), £'(a)=" ¢ BI Egiher g'(a) or f'(a) correct
so g'(a)=2/e" or f'(a) =% (2atl) M1 substituting e“ =1 + 2a )
= /(e — Qa+ 12 Al | establishing f'(a) = 1/ g '(a) | Sther way round
[= 1/f(a)] [=1/g'(a)]
tangents are reflections in y = x B1 must mention tangents
[7]

11
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APPENDIX 1

Exemplar marking of 9(iii)

y=1fx} y=x
" 97909
2Ty
P(a, )
9 . -
MIA1 MI1AO0 — infl MI1AO —infl, no 3" quadrant ~ M1A1 (slight infl — condone)

P(a, a)

I

MI1AL (slight infl) MI1ADO (tp, just)

i yelE) oy 3 yol)
Pa, @) o, a} J
bod M1A1 (condone TP) bod M1Al1, (see 3" quad) MIAI M1AO (TP, 3 quad)

{ e S
y=fo .
5&:):3
P(a:; P(a, a)
, v
MI1AI MIAO (see 3 q)  MIAO (3" q bends back)

12
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OCR Report to Centres — January 2013

4753 Core C3

Over the years we have seen an increased use of software packages. This is to be encouraged,
but it results in an increasing responsibility on the candidate to demonstrate an understanding of
the method. For instance, it is possible to achieve the correct accuracy for the roots of an
equation in domain 2 including a graph and production of tangents using some software
packages. Such use does no more than demonstrate an understanding of how to use the
package. It certainly does not indicate an understanding of the method. Candidates need to
demonstrate an understanding by using the method, finding the derivative, choosing an initial
value that is known to be “close to the root” (usually one of the end points of the integer interval
within which the root lies) and showing how the iterates are produced.

Sometimes marks were given for hypothetical cases where the illustration does not match the
arithmetical work. Other cases include comments such as “the method would fail if | tried on a
graph like this” with no equation being given and no iterates shown.

Assessors are also reminded that the graph of an equation is not in itself an illustration of the
method.

Domain 1

Occasionally we have observed that the root was quoted to an accuracy not justified by the
working in the tables. It is expected that candidates will find, for instance f(1.234) > 0 and
f(1.235) < 0 leading to the root being given as 1.2345 +0.0005. It is not correct to give, without
further working, the root as either end of the interval. Please note also that a value for the root is
expected; giving the interval [1.234, 1.235] is not a value for the root.

Domain 2

Roots are not always given to 5 significant figures, and the error bounds are often not justified by
change of sign.

The illustration should include two clearly drawn tangents. Often the point at which the line is a
tangent is not shown or the second tangent is not obvious — both of these can be resolved by a
change in scale on the axes.

Domain 3

The most significant problem in this domain was a justification for convergence. It is acceptable
(though not a requirement) for candidates to differentiate their function and to find its value close
to the root (the initial value should not be used) and compare with the criterion for convergence.
Alternatively a geometric argument may be employed, commenting on the gradient in
comparison with that of the line y = x (which has a gradient of 1) at the point of intersection.

A significant number of candidates do not complete either method completely but are given
credit.

Domain 4

The first criterion is clear — one of the equations should be used to find the same root that has
already been found in one of the domains by the other two methods. We have seen credit given
where a different root has been found or the same root to a different level of accuracy.
Additionally, in order to compare speed of convergence it is necessary to start the iterative
methods at the same initial value. Failure to do so renders any discussion of speed
meaningless.
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Candidates do not often state and discuss the value of the software they have used but are
given credit. If they have used an Excel spreadsheet, for instance, then they should say so and
describe how it has made the task easier.

Domain 5

The purpose of the task is to investigate the solution of equations. A significant number of
candidates do not write any equations! We see many times a comment of the cover sheet saying
“fine” and then turn to the first domain and see the candidate writing “l am going to solve the
equation x® + 3x — 5.” Candidates who persist in writing functions or expressions instead of
equations, or refer to finding roots of a function should be penalised in this domain.

4758: Differential Equations

This unit is not entered by many candidates in the winter series so it is difficult to make many
generalisations. However, one point worth making is that, where it is appropriate, a force
diagram should be included when deriving the model. Its omission should affect the marking in
Domain 1.

Whilst most students investigating ‘Aeroplane Landing’ did so correctly, scripts are still being
received where the initial model does not take into account the braking force. That is, a decision
is made to reject the initial model based on only the first 9 seconds. This should be penalised in
Domains 2 and 3.

Finally, when modifying the initial model a justification must be given for the revised model. In
particular, in many cases, there is a tendency to simply state that eg resistance is proportional to
vZwith no justification as to why that might be a possibility.

4776: Numerical Methods

The vast majority of candidates chose to do a numerical integration and so these comments
refer only to this task, though some general points may be transferred to other tasks.

Domain 1

It is expected that candidates will state the investigation to be undertaken in precise
mathematical terms. If an area is to be found numerically then a correctly written integral (with
limits and “dx” included!) is required.

It is acceptable for candidates to assert that the integral they have chosen cannot be solved
analytically. They do not have to “try” standard methods known to them which lead nowhere.

There are some integrals which are solvable analytically within the A level specification, but it is
possible that candidates will have embarked on this further Mathematics Unit before completing
the A level course. Such integrals are therefore acceptable. What is not acceptable is that
candidates, having asserted that they cannot do the integral by analytical methods, then proceed
to give such a solution. This leads them down a route that prevents them from gaining marks in
that there is then a tendency to compare the values they obtain through the numerical process
with a “known” value.

Domain 2
For numerical integration there are three standard methods. Any one of the three can be used to

find a value to the required minimum accuracy. Therefore, if candidates are going to use more
than one such method (or all three) then the reason for doing so (and there are many good



OCR Report to Centres — January 2013

reasons) should be stated. It is not necessary to describe how they work but why they are being
used. This is a common error in this domain that is frequently rewarded.

Domain 3

For numerical integration it is expected that for a “substantial application”, candidates will work
their chosen method(s) to at least 64 strips.

Domain 4

The technology used is usually an Excel spreadsheet; what is important for the second mark is
that the formulae inserted into the cells are explained. This means more than just giving a
printout showing what they are.

Domain 5

The problem of candidates who know the answer before they undertake the work has been
mentioned above. If they then carry out some sort of analysis of differences between their values
and the known values then the criteria of this domain have not been satisfied. The expectation is
that the analysis of errors should be worked from within the process and conclusions achieved
as a result of that analysis. Failure to do so means that the marks in this domain and in the next
are not available and so credit should not be given.

Some candidates choose to find an integral on a function that is not well behaved. The most
common problems are if y = f(x) is not defined at an end point or the gradient is infinite at an end
point. In these cases the ratio of differences will not converge in the way that theory suggests.
Far from avoiding such cases however, a candidate would find such a case rich in opportunities
to discuss validity and limitations. It is crucial, therefore, to establish the value to which the ratios
converge and the work must be done to find them. Assuming the theoretical value is not credit
worthy and may also lead to an incorrect solution.

Domain 6

The criterion for accuracy is not 6 significant figures. This is a minimum to be expected. The
solution should be expressed to an accuracy that is justified in the work. Usually this will be more
than 6 significant figures and part of the task is to be able to discern the level of accuracy that is
valid from the error analysis.

Limitations could, as described above, relate to the value that is used for the ratio of differences
to extrapolate to a best solution including the fact that rarely has the value subsequently used
been achieved. It should be noted that the number of significant figures used by Excel means
that the software will rarely limit the solution.

10
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4753 Methods for Advanced Mathematics
(Written Examination)

General Comments

This paper proved to be of an equivalent standard to recent C3 examinations. There were many
excellent scripts, with over a quarter of the candidates scoring over 60 marks. There were very
few really weak scripts, with less than 10% of candidates scoring fewer than 25 marks. This
suggests than most candidates are well prepared for the examination. Few had time problems in
completing the paper in the allotted time.

In general, the topics which were answered best on this paper were differentiation techniques,
exponential growth and decay, and transformations of functions, Weaker topics were integration
by parts and/or substitution, and calculus applied to ex and In x functions.

The presentation of scripts was generally good. However, in more extended questions, such as
9(iv), the notion of presenting proofs in a coherent and logical manner often proved to be
lacking, with candidates casting about and writing statements in random order and fashion. In
particular, there is a tendency for candidates to ‘argue backwards’: for example, by starting from
f(a) = 1/g’(a), and arriving at ea = 1 + 2a! While we generally condone this, we hope that this
practice is discouraged in the classroom.

Comments on Individual Questions

1(i) This proved to be a straightforward start to the paper, with the large majority of
candidates getting full marks. Of those who did not, the most common errors were in
the derivative of sin 2x (getting cos 2x or %2 cos 2x) or e-x (omitting the negative sign).

(i) This part was somewhat less successful. Quite a few candidates just substituted the
given answer into the derivative and claimed that this was zero.

2(i) This relatively simple implicit differentiation was very well done by almost all candidates.

(i) Most candidates scored two out of three for the point (2, V2), but missed the y = -2
solution. In a few cases, the denominator was set to zero, giving y = 0.

3 The non-standard nature of the question made this one of the harder section A
gquestions. Some candidates were able to write the answer down while others used an
algebraic approach.

4(i) In general, this is a well-known topic which is done successfully. Candidates who
managed to deduce that a = 100 using e™ — 0 as t — « usually gained full marks;
those who did not often wasted time trying to solve simultaneous equations using
a-b=15and30=a-be™

(i) There was an easy method mark to be gained from following through their values of a, b
and k. Almost all who got these correct in part (i) scored both marks here, though very
occasionally a premature rounding of k produced an insufficiently accurate answer.

5(i) This was almost invariably correctly done. No candidates seemed to be put off by the

rather excessive speed of the car. Occasionally, the quotient rule was seen, with errors
in differentiating the ‘25’.

11
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(i)

7(i)

(i)

8(i)

(i)

(iii)

(iv)

9(i)
(i)

Again, this was very well answered, provided part (i) was correct. Almost all candidates
scored an M1 for the chain rule.

Most candidates used integration by substitution, though a significant minority used
integration by parts. In general, the former were more successful, with the main difficulty
being in expanding (u — 1)u™"? as u*?— u™"2. Some proceeded from here using
integration by parts, with mixed success. When parts were used, the most common
error was in deriving v = 2(1 + x)1/2 from v’ = (1 + x)™"~.

This proved to be very straightforward, with nearly everyone quoting the first correct
counter-example of 245 (though a few came up with some much larger numbers).

This was not quite so easy as part (i). Most candidates who got full marks spotted the
cyclic pattern in the units digits of 3" as n increases. However, a significant minority
evaluated 3" for n = 0 to 9 and then cited ‘proof by exhaustion’. The second approach,
less commonly used, was to use the fact that numbers ending in ‘5’ must be multiples of
5, and 3" contains no factors of 5. However, many candidates who used this approach
were unable to express the argument clearly enough and made incorrect statements.

We usually insist on the word ‘translation’ here, but in this case allowed ‘move’, ‘shift’,
etc. A vector on its own does not in our view imply a translation. Occasionally,
candidates clearly knew what the transformations were, but wrote the vectors
incorrectly, for example the wrong way up. Nevertheless, this topic is usually well known
and done well.

The quotient rule is generally well known, and errors here usually stemmed from faulty
derivatives or poor algebra. Brackets are not optional in an expression like this, and
their removal was not always successfully achieved. We also needed evidence of the
use of cos’x + sin’x = 1, either by its direct quotation or by factoring out the 2’ in the
numerator. The evaluation of g’(x) was usually correct. With f(x), some used a quotient
rule on sin x/cos x rather than quoting the derivative of tan x = sec®; we also got some
occasional ‘translation’ arguments here which misunderstood the nature of the
verification.

This was a case where giving the transformed integral proved to be of doubtful value,
as many candidates ‘lost’ the negative sign in their f-1/u du, and placed the limits the
wrong way round. It appears that the idea of swapping limits making the integral
negative was not generally understood. The evaluation of the given integral with respect
to u was more successfully done, though quite a few candidates approximated their
final answer.

These marks were gained by candidates who managed to spot the rectangle of area
added by the translation upwards of the graph of f(x).

This mark was usually earned.

Virtually everyone scored M1 for writing down the correct integral and limits, but many
candidates made a meal of trying to integrate %2 (* — 1) , with ¥ (e* — 1)2 not an
uncommon wrong answer. Having successfully negotiated this hurdle, using part (i) to
derive ¥2 a was spotted by about 50% of the candidates. Quite a few candidates
managed to recover to earn the final 2 marks for % (a® — a) (without incorrectly
simplifying this to %2 a!).

12
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(iii)

(iv)

Finding the inverse function proved to be an easy 3 marks for most candidates —
candidates are clearly well practiced in this. The graphs were usually recognisable
reflections in y = x, but only well drawn examples — without unnecessary maxima or
inflections — were awarded the ‘A’ mark.

This proved to be more difficult, as intended for the final question in the paper. As with
the integral, many candidates struggled to differentiate %2 (e* — 1) correctly, and equally
many omitted the ‘2’ in the numerator of the derivative of In(1 + 2x). Once these were
established correctly the substitution of x = a and establishing of f'(a) = 1/g’(a) was
generally done well, though sometimes the arguments using the result in part (i) were
either inconclusive or done ‘backwards’. The final mark proved to be elusive for most,
as we needed the word ‘tangent’ used here to provide a geometric interpretation of the
reciprocal gradients.

13
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