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MATHEMATICS

GCE Advanced Subsidiary Level

Paper 8709/01
Paper 1

General comments

The response to this paper was pleasing. There were many excellent scripts and the presentation was
generally good. Candidates seemed to have sufficient time to answer all the questions and there was little
evidence of later questions being rushed. Much time was lost, however, on Question 3, by candidates who
interpreted the word ‘sketch’ as ‘accurate graph’. Many candidates also need to read the rubric which
requests that answers to angles should be given correct to 1 decimal place, unless otherwise requested.

Comments on specific questions

Question 1

The majority of candidates elected to form a quadratic equation in x by eliminating y from the given
equations. Only about half of these recognised the need to set b*> — 4ac to 0, and many others failed to set
the quadratic to 0 before applying b*> — 4ac = 0. Many candidates preferred to equate the gradient of the line
with the differential of x* — 6x + 14 and then to obtain x, y and finally k. This method was usually successful,
but setting the gradient to either 0 or to 2 were common errors.

Answer. k=10.
Question 2

(i) Most candidates realised the need to take 2 out of the expression, but errors such as
2% - 12x + 11 = 2(x2 - 12x + 5.5) leading to 2(x - 6)2 + ..." were common.

(i) This was badly answered with many candidates either substituting x = 0 or obtaining a table of
values. The answer -7 < f (x) < 11 was common, as was f (x) 2 11. Many candidates failed to
realise that there was a link with part (i), (i.e. f(x) = ¢) and preferred to use calculus to find the
minimum point (3, —7). Even then it was not automatic to state f (x) = -7.

Answers: (i) 2(x - 3)° - 7; (ii) f(x)2-7.
Question 3

(i) Most candidates correctly drew the graph of y = cosx, although vV’ shapes were common. Very few
drew the graph of y = cos3x correctly, most thinking either that the graph lay between -3 and +3 or

that the graph of y = cosx had the same shape as y = cos3x between 0 and 27. Many candidates
wasted considerable time by ignoring the instruction ‘sketch’ and instead drawing accurate graphs.

(i) Only a handful of candidates realised that for f to have an inverse it needed to be 1 : 1 and that this
only occurred for 0 < x < 7, leading to k = 7.

Answers: (i) Sketch; (ii) k = 7
Question 4

Candidates should realise that a request for an answer in terms of 7 and /3 means that use of a calculator

will lead to loss of marks. Many candidates failed to realise that angle POQ = %ﬂor that cos30° = % V3.



Use of s = rB with 8 in degrees occurred occasionally and a common error was to assume that the radius of

the arc PXQ was PS rather than PO. The most common error however was to express cos30° = % as

OS = 6c0s30°.
Answer. 47+ 843 .

Question 5

This was well answered and a half of all attempts were completely correct. Occasionally the surface area
was given as 3x® and there were solutions in which areas of only 3 or 5 faces were considered.
Differentiation was usually correct. In part (ii), although the chain rule was usually correctly quoted for the

dA
variables concerned, there were misunderstandings over d_ = 0.14 and often the rate of decrease of x was
t

, dt dx
given as — rather than —.
dx dt

dA
Answers: (i) A= 14x* and — = 28x; (ii) 0.0025.
dx

Question 6

At least a half of all attempts were completely correct. There were occasional errors in the calculation of the

gradient of AB, but most candidates realised that the gradient of the line L, was -1 —% There were a few

misunderstandings of the relationship between L, and L,, particularly from weaker candidates who
automatically involved the mid-point of the line AB. The solution of the simultaneous equations was very well
done.

Answer. (4, 6).
Question 7

(i) Although a few candidates took ‘(2s + ¢)* = 4s* + ¢’ and ‘(2c¢ — s)* = 4¢* = s*’, most correctly
cancelled the 4cos8sin6 and reduced the expression to 5s + 5¢® and from there to 5. Others
however divided throughout by 5 and stated the answer as 1.

(i) Most realised the need to collect terms and to express 7sin@ = 4cosf as tanf =;. Despite having

the formula on the formula sheet, many expressed tan6 as cosf + sinf, or were unable to
manipulate the expressions correctly. Candidates need to read questions closely, for many omitted
to find the corresponding values of 6. It was very rare for candidates to go wrong over which
quadrants to use.

Answers: (i) @ + b? = 5; (ii) tan@ =$ , 6=29.7°0r 209.7°.

Question 8

At least a quarter of all candidates failed to read the question carefully and took the progression as being
arithmetic. Of the other attempts, many were completely correct and it was surprising to see some weaker
candidates scoring highly on this question. Some wrote down all the amounts for the first 10 years of
operation, and others incorrectly took the nth term as ar”. In part (ii) common errors were to take the 20"
term rather than the sum of 20 terms and the formula for sum of 20 terms was often taken as

1
S,=—-n(1- F‘1)/(1 —r). It was pleasing that in part (iii) the majority of candidates realised the need to find

2
the sum to infinity.

Answers: (i) 775kg; (ii) 17 600kg; (iii) 20 000kg.



Question 9

(i) About a half of all candidates took the equation of the curve to be the equation of the tangent and a
straight line with gradient 21 was depressingly common. Surprisingly enough, many of these

d
candidates then realised the need to integrate the given expression for d—y and produced this in
X

part (ii). The integration was generally good, though common errors were to fail to cope with the
negative power, to ignore the integral of -3 or to fail to realise the need to include and evaluate the
constant of integration.

d
(i) Most realised the need to set d—yto 0 to find the stationary point and despite a few algebraic slips,
X

most obtained x = 2.

12
Answers: (i) y = ——5 " 3x+3%; (ii) (2, 22).
X

Question 10

There were many excellent responses to this question and the candidates’ ability to calculate ‘scalar product’
was impressive. Unfortunately, too many marks were lost in the first part through failure to obtain correct

expressions for the vectors MN and MD. A surprising number of candidates totally ignored the dimensions
of the problem (i.e. OA = 6cm, OC = 8cm and OB = 16cm) and gave their answers with coefficients of i, j and

k as 1 or i%. Others were able to cope with MD but struggled with the fact that N was the mid-point of

AC. Even then, all the method marks available for part (ii) were usually obtained.
Answers: (i) MN = -3i - 8j + 4k, MD = —6i + 8j + 8k; (i) —14, 97°.
Question 11

Many candidates scored highly on the question, but for weaker candidates, failure to recognise the need for
‘function of a function’ led to loss of marks. Surprisingly, several candidates took the gradient of the tangent

d
to be the gradient of the normal and calculated -1 + d_y but otherwise part (i) was usually correct. The
X

follow through mark for part (ii) was nearly always obtained, though a few candidates put y = 0 rather than
x=0.

In part (iii), the integration was surprisingly better than the differentiation in part (i) and more candidates
included the %’ than the ‘8’ in part (i). Most candidates worked about the x-axis and realised the need to

subtract areas. Use of limits was generally correct, though 0 to 5 was often used instead of 0 to 3. The most
common error was to automatically assume that the value of any expression at 0 is 0. Candidates choosing
to work about the y-axis fared badly because it was very rarely realised that the limits for the line were
different from the limits for the curve.

Answers: (i) 5y = 4x + 13; (ii) (0, 2.6); (iii) % or 1.07 unit® .



Paper 8709/02
Paper 2

General comments

Few high marks were scored by candidates, largely due to candidates’ weaknesses in certain areas of the
syllabus, such as integration and iteration techniques. There was a general tendency to use degrees, rather
than radians, for angles.

Conversely, there were certain key techniques, such as differentiation of functions, that were commonly the
source of many marks for candidates.

Work was clear and neat, with no evidence of candidates running out of time at the end of the paper.

Comments on specific questions

Question 1

Many candidates scored full marks and recognised that each value of tanx gave rise to two values of x.
Weaker solutions, that scored no marks, showed no use of the condition sec’x = 1 + tan’x and intractable
equations involving both cosx and sinx, with neither of these having been eliminated, were common.

Answer: x = 135° or 315°, 56.3° or 236.3°.

Question 2

(i) As the answer was given, weaker candidates struggled to produce it via errors such as =22
and 4* = 2.2" = 2u. However, most candidates obtained the given result correctly.

(ii) Many candidates obtained the correct result u = 1 + 413 ~ 4.6055, but then failed to solve for
X =Inu + In2.

Answer: (ii) x = 2.20.
Question 3

(i) Most candidates correctly sketched the line 2y = x + 1, but very few obtained a plot of 2y = |x-4],
and most graphs showed portions of that line below the x-axis.

(i) There were a pleasing number of fully correct solutions, sometimes based on ‘trial and error’, or
simply by quoting the answer. Weaker solutions involved squaring one or both of the equations of
the two lines, but with only one side being squared, e.g. 2y = (x - 4)2.

Answer. (ii) x=1.5, y=1.25.

Question 4

Although many candidates noted that Iny = InA + ninx, wrong answers were often based on false variants,

such as Iny = (An)inx. There was a marked tendency to substitute the values (1, 2.4) and (4, 0.6) into the

original equation y = Ax” rather than into the Iny versus Inx relation.

Answer. n=-0.6, A=e’=20.1

Question 5

(a) This part was very well done, with a sound grasp of all the essential ideas.



(b) There were many excellent solutions, and this question was admirably handled. Only occasionally
dy

was the derivative of xy given as Xd_ only.
X
Answers: (a) %, (b) y +4x = 14.
Question 6
(i) Although this part presented little or no problems, candidates struggled thereafter.
(i) Almost all candidates expressed u, = tan"'2 in degrees, without noting the vast disparity between
this value and that of uy = 1.
(iii) Almost no one could cope with this part, failing to spot that, as n —» «, u, and u, . 1 tend to the same

limiting value, this latter being the required value x,,.

Answer: (ii) 1.08.

Question 7
(i) There were many sign errors, for example, cos’x = %(1 — cos2x), and often a factor 2’ was
omitted.
(i) Candidates failed to remove brackets and use the twin results of (i). Many candidates believed
3 3
that [(2sinx +3cos x)2dx = I[qﬁ(x)]zdx =% :%, or 2¢4'.
Answer: (i) 137+34) _g 36
Paper 8709/04
Paper 4

General comments

The paper was generally well attempted. However candidates often failed to obtain answers correct to three
significant figures, even when correct methods were used. This is a problem which Centres are urged to
address. Most inaccuracy arises from premature approximation.

There is clearly a problem too, with terminology. Familiarity with and understanding of terms germane to the
syllabus are expected. In very many cases candidates attempted to find forces when work done by forces
was required, and coefficient of friction when frictional force was required.

Inappropriate use was made of F = uR in both Question 5 and Question 7.

Comments on specific questions

Question 1
Most candidates answered this question correctly.

A few candidates used sine instead of cosine; some did not use the given angle, obtaining the incorrect
answer of 2400 J.

Mis-reading 30 N and 10° as 10 N and 30° was fairly common.

Answer. 2360 J.



Question 2

Most candidates scored the two marks in part (i) of the question. However mistakes were frequently made in
part (ii), the most common of which were:

Showing the maximum speed as 12.5 ms™' (from 1500/120) despite having the correct answer in (i).
Having a positive slope for the constant speed stage.

Having a positive slope for the deceleration stage.

Failing to terminate the deceleration stage on the t-axis, even in cases where the slope is negative.
Showing a slope for the acceleration stage which is as steep, or steeper, than that for the
deceleration stage.

Answers: (i) 25 ms™; (ii) Sketch.
Question 3
This question was well attempted.

Many candidates failed to score the last two marks because they gave the wrong direction (downwards
instead of upwards) for the frictional force.

Many candidates lost the final mark because of lack of accuracy.

Answer. P =0.768.

Question 4

Most candidates recognised the need to integrate the given v(f) in part (i), although some obtained
s = 4¢ - 0.04f" using the inappropriate constant speed formula ‘speed = distance /time’, and some obtained
s=2f-0.06t using the inappropriate constant acceleration formula s = ut + V2 atvias="% 4- 0.12t2)t2.
Some candidates who did integrate found problems in dealing with the constant of integration. Some found
it to be equal to 100 leading to the equation 2f — 0.01f* = 0 and some left the constant as ‘c’ and were thus

unable to solve 2 — 0.01¢*+ ¢ = 100.

Most candidates recognised that setting s(f) = 100 leads to a quadratic equation in £, but attempts to solve
the quadratic were generally rather poor. A common approach was to say t2(2 - 0.01t2) =100 = £ =100 or
2-0.01 =100 = £ =100 or £ = -9800, or a variation of this erroneous method.

Frequentlytzcandidates used a basically correct method for the quadratic, but called the repeated root t
instead of t°.

Yet another erroneous approach was to use the quadratic formula, but with a = 2 and b = -0.01, instead of
the other way round.

In part (ii) most candidates recognised the need to differentiate v(f) and most did this correctly.
Answers: (i) t = 10; (ii) slowing down.
Question 5

Almost all candidates answered part (i) correctly, but in part (ii) most candidates used a circular argument in
which the required result was implicitly assumed.

In part (iii) most candidates recognised the need to resolve forces horizontally and vertically on B. In some
cases the weight of B was omitted when resolving vertically, but generally candidates obtained equations
with the correct numbers of terms.

A number of candidates failed to realise the need also to resolve forces vertically on R in order to be able to
quantify the tension occurring in their equations.

A common error in resolving forces on B vertically was to have the wrong sign for the tension term, giving the
normal component as 0.5 N in cases which were otherwise correct.



Many candidates incorrectly used uR instead of F for the frictional component, giving an answer foru
instead of an answer for F.

Answers: (i) Tar = Tgr; (iii) 5.5 N, 4.33 N.
Question 6
Almost all candidates obtained the correct answer in part (i).

Candidates also correctly found the speed of P at the instant that Q strikes the ground. However it is
doubtful that many candidates were correctly motivated to find this speed, judging from the absence of
correct work, from almost all candidates, beyond this stage. Very few candidates appreciated that P is
moving under gravity whilst the string is slack.

A few candidates did obtain the distance travelled upwards by P, under gravity, but many such candidates
failed to double this distance to obtain the required answer.

Answers: (i) 1.11 ms; (ii) 0.316 s; (iii) 1 m.
Question 7

In part (i) many candidates obtained the gain in gravitational potential energy correctly, but asserted
incorrectly that this is the work done against the resistance to motion. Others obtained the work done by the
car’s engine correctly, but asserted that this is the required answer.

Among the candidates who had all three terms present in the work/energy equation, many made sign errors.
Many candidates used the formula ‘WD = Fd cos o inappropriately (= 1800 x 500 cos 6°).

Many candidates who found a quantity of work of some sort, divided this quantity by 500 to obtain an answer
for the resistance, believing this to be what was required for the answer.

A few candidates approached part (i) by first resolving forces on the car to find the magnitude of the
resistance, and then multiplying by the distance travelled. Such candidates were generally successful.
However almost all of the candidates who set out to find the magnitude of the resistance asserted that this
was the answer sought, demonstrating an absence of understanding of work done.

In part (ii) many candidates obtained the gain in kinetic energy correctly, but asserted incorrectly that this is
the work done by the car’s engine.

Very few candidates had all four terms present in the work/energy equation. It was very common for one or
both of the gain in gravitational potential energy and the work done by the resistance to be omitted.

Much the most common approach in part (ii) was to assume, implicitly and wrongly, that the acceleration is
constant. In this case a special ruling allowed candidates to score up to 2 marks. Very few achieved this
however; rarely were all four terms present in the equation of motion, and multiplication of the driving force
by the distance was often omitted.

In both parts (i) and (ii) it was very common to see uR written for the resistance to motion, and sometimes a
value for ‘coefficient of friction’ was found.

Although a candidate’s (erroneous) method for finding the work done by the car’s engine in part (ii) implies
that the driving force is constant (usually 2360 N), this was often followed in part (iii) by actual values
(usually 9440 and 2360) in the ratio 4:1 at the top and bottom of the hill. Where such cases led to the correct
answer of 10:1 for the required ratio, using relatively correct working, Examiners allowed 1 mark out of 3 to
be scored.

Some candidates scored all three marks in part (iii), and in a few cases these were the only marks scored in
the question.

Answers: (i) 273 000 J; (i) 1 180 000 J; (iii) 10:1.



Paper 8709/06
Paper 6

General comments

The paper produced a wide range of marks. All questions were well attempted, with almost everyone
finishing in the required time. It was pleasing to see that most candidates worked to at least 4 significant
figures and corrected to 3 at the end.

Comments on specific questions

Question 1

There was, alas, about one fifth of candidates who could not do the standard deviation, squaring Zx to find
Z(xz). An accuracy mark was also lost by those who worked to 3 significant figures throughout, instead of 4
significant figures and correcting to 3 at the end. Candidates who just wrote down the correct answers from
their calculator gained full marks, while other candidates received no marks for just incorrect answers.

Answers: 13.1, 2.76.
Question 2

This, the first serious question on permutations and combinations in the new syllabus, showed that most
candidates had covered the topic and had an idea how to start. However, many candidates failed to
associate the words in order, which were written in italics to bring attention to them, with the associated
permutations, and wrote 4,Cg instead of 1oPs. The second part was well attempted.

Answers: (a) 151 200; (b) 144.

Question 3

This was a straightforward question, which gained full marks for many candidates.
Answers: (i) 0.82; (ii) 0.293.

Question 4

(i) The histogram had a variety of frequency densities, ranging from frequency/class width,
frequency/midpoint, class width/frequency, cumulative frequency/class width, and many other
combinations. The good point is that nearly all candidates realised that some adjustment had to be
made. Axes were labelled and headings were clear.

(i) This part was the worst answered part of the whole paper. Many candidates did not attempt it,
some found the probability of one church having less than 61 people, and then multiplied it by 3, or
just left it as a single probability. A few candidates used combinations. Both cubing and
combinations were acceptable.

Answer. (ii) 0.171 or 0.172.
Question 5

The normal distribution does not offer many varieties of approach, either finding a probability as in part (i) or
finding an x as in part (ii). The second part proved too difficult for many candidates. Many could not read
the tables backwards, and many seemed to use the body of the tables rather than the critical values part at
the foot of the page. This resulted in a slightly different z-value, which was not penalised this time, but could
be in future. Part (iii) involved appreciating that a probability is just that, and an associated number can be

n(S)

obtained from P(S) = E Candidates who used a continuity correction gained one mark only in each
n

part.
Answers: (i) 0.117; (ii) 20.4; (iii) 23.



Question 6

This question was well done by the maijority of candidates. Some candidates did not appear to understand
what ‘fewer’ meant, and some even found P(0) + P(1) + P(2) ...up to P(9)! They were not penalised except
in terms of time. Part (ii) also produced many good solutions. There was the usual number of wrong and
absent continuity corrections and muddles with standard deviation and variance of course, but overall it was
a pleasingly answered question.

Answers: (i) 0.849; (ii) 0.0519.

Question 7

Most candidates managed part (i) and this showed them how to approach part (ii), with mixed success, but
provided they had some probabilities in their distribution table, credit was given for applying their knowledge

of mean and variance. A small percentage of candidates failed to recognise that ‘mean’ was the same as
E(X), and divided their E(X) by the number of different values of X that they had.

Answers: (ii) | X 0 1 2 3
Prob 0.167 05 0.3 0.0333

(iii) 1.2, 0.56.
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MARK SCHEME NOTES

Marks are of the following three types.

M  Method mark, awarded for a valid method applied to the problem. Method marks are not lost
for numerical errors, algebraic slips or errers 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 formuta; the
formula or idea must be applied to the specific problem in hand, e.g. by substituting the
relevant guantities into the formula.

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

B  Mark for a correct resuit or statement independent of Methed marks.

The marks indicated in the scheme may not be subdivided. Unless otherwise indicated, marks
once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer
is ignored.

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 M or B 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 guestion, the work from there on is
worthiess so that no more marks can sensibly be given. On the other hand, when two or more
steps are run together by the candidate, the earlier marks are implied and full credit is given.

The symbol v implies that the A or B mark indicated is allowed for work correctly foillowing on
from previously incorrect results. Otherwise, A and B marks are given for correct work only —
differences in notation are of course permitted. A and B marks are not given for ‘correct’ answers
or results obtained from incorrect working. When A or B marks are awarded for work at an
intermediate stage of a sciution, there may be various alternatives that are equally acceptable.

The following abbreviations may be used in a mark scheme.

AEF  Any Equivalent Form {of answer or result is equally acceptable).

AG Answer Given on the question paper (so extra care is needed in checking that the
detailed working leading to the result is valid).

BOD Benefit Of Doubt {allowed for work whose validity may not be absclutely plain).

CAQ Correct Answer Only (emphasising that no ‘follow through’ from a previous error is
allowed).

ISW  Ignore Subsequent Working.
MR Misread.

PA Premature Approximation {resulling in basically correct work that is numerically
insufficiently accurate).

S0OS  See Other Solution (the candidate makes a better attempt at the same question).

SR Special Ruling {detailing the mark to be given for a specific wrong solution, or a case
where some standard marking practice is to be varied in the light of a particular
circumstance).
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Mark Scheme
1 Kk~ 2% = x°— 6x + 14 M1 Equating y — or eliminating y {or x)
X —4x+{(14 -k} =0 A1 Mustbe =0
Use of b° — 4ac 16 = 4{14 — k) M1 Any use of b® - 4ac, even if < or >
{ordy/dx =2x-6,x=2,y=6, k=10}
k=10 | A1 Co
2 (i) |23 -12x+11= 208 -6x)+ 11 B1 Fora=2
= 2[(x-3F-9]+11 | M1 (x -3y
= 2(x-3F-7 A1 Everything OK.
(iK) | f:x > 2(x ~ 3 - 7 Min when x = 3, M1 Realising that f{x} = ¢ is the minimum value
fix)=-7
Range f(x)z -7 A1 Everything OK

(forf' {(x)=4dx-12 - x=3 — -T7)

(M1 — complete method — - 7, Al as
ahove)

{f(x) > — 7 gets one mark only)

(ii)

Graph of y = cosx

y = cos3x, 3 cycles
Both between - 1 and 1

Largest k corresponds to the point P
on the diagram

Yof 2=

B1

B1
B1

M1

A1

Clear on his diagram that cos graph is
correct

Must be 3 cycles for O=x=2m
Co {loses this if on separate diagram)

Or any valid method

Co {k = 180 gets M1)
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4 Arc PXQ = 12 x %ﬂ M1 Use of s = ré& with radians
Co (12.6 OK
= 41 A1l o ( )
Sine Rule {or other) M1 Any valid method - degrees OK
PS/sinT/6 = 12/sin 27 At Correct un-simpiified with radians
3
PS (or OS or QS) = 12/4/3 Co (6.93 OK)
{orcosm/6 =6 + O8
—08=6 + (43 /2))
Perimeter = 41T + 24/ \/5 M1 Perimeter = OF + OQ + ar¢ Iength
=47+ 8 \/5 Al Co - either of these forms is acceptable
5 (i) ] A=20¢+ 3+ 3x°) M1 Reasonable attempt at 6 (or 3) areas
A =14x° A1 Co
dA/dx = 28x B1vY Allow providing power of x=2
(ii) | dA/dt = 10.14 B1 Co
dx/dt = dx/dA x dA/dt M1 Correct relationship between required
rates
= (=) 0.0025 At Co —allow
6 (2.5}10(10,9) m= Y/ Bt Co
Eqn of L, useofy =mx +¢ M1 Any correct use of a line equation
or y-k=m{x-h)
2y =X+8 A1 Doesn't need to be simplified
Gradientof L, =-2 M1 Use of mym, = - 1
Equation of Lyis y = —2x + 14 Al Co
Sim Egns for intersection M1 Must be two linear equations
—»x=4— {4,6) Al Co




Page 3 of 5

Mark Scheme

Syllabus Paper

AS Level Examinations — November 2001

8709 1

a° = 45°+ ¢"+ 4sc

and b?=4¢°+s°—4sc | B1 Both expressions cosrect.
a’+b? = 5c%+ 5¢°
Butc®+s° =1 M1 Use of s?+ ¢ =1
=5 A1 Co (beware of omission of 4s¢ and — 4sc
terms)
{ii) | 2(2s +c¢)=3(2c -8} — M1 Collection of s and ¢ + use of t = /¢
4s +2c =60 - 3s
7s=4c—tan 8 = 4/7 A For t = 4/7 or decima! equivalent
8=297° B1 Co
or & =209.7° B1Y For 180+, providing tangent is used.
(S-1 for excess ans in range from B1v
only)
8 a=2000, r=09
(i) | ar® =2000x(0.9)° M1 Correct ar’ used.
=775 kg A1 Co
(i) | 2000(1 - 0.9%) = (1-0.9) M1 Correct formula.
= 17600 kg A1 Co
(iii)) | r=009 B1 Anywhere in the question
S, =2000 + (1 -0.9) M1 Correct formula — needs |r| <1,
= 20000 kg A1 Co
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9
{i) _[(24fx3 -3} =24x2 + -2 -3x(+ C) B1B1 For the integration only (ignore C} —
anywhere in the question, including part
(it}
Substitute (1,16), y=—12x* - 3x + 31 | M1 Attempt at + C — oniy in part (i)
A1 Correct only
(i) dy/idx=0 — x=2 M1A1 dy/dx = 0 used. Correct x value. Ignore
=-2
Ifx =2, theny=22 DM1A1 | Substitule back into the curve egn.
8
10 6 -3
(i) OoOM= |8 MN={-8 M1 Correct method for one of MN or MD
0 4 Al Correct MN
3 -6
ON= |0 MD=| 8 M1 Correct MD
4 8 A1l
(i} MNMD =18-64+32 M1 Triple product and scalar
=_14 Al Co
= V(8% + 3%+ 4°)(8% + 6° + 8%)cos 6 M1 One modulus needs to be correct
M1 Product of moduti and cos ¢
9 =97° Al Co — accept to one dec place
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1 ()

(i)

(i)

dyfdx = ¥ 8.(8x+1)” M1
= 4 Al
0.8 or 5 |
Eqgn of tangenty —5 = -;i {(x—3) M1A1

Putx=0 y=280r13/5 B1v
[S/ex+1dx = (8x+1y*? - 3/2 - 8 M1
A1

= 12512 - 1/12 = 124/12 DM1
Area of trapezium = 12{56+26)x3 =114 | M1
Required area = difference M1
=16/15 or 1.07 A1l

11

Needs to be using chain rule
— not for %{ )"

Co

Needs correct form of line equation and
needs calculus for M1.

Follow through on his linear equation

Must be integrating to (8x + 1)k +k
Needs + 8 here

Correct use of limits — must have value at
“O!l

Complete method for trapezium

Plan mark - for difference of 2 areas

Co
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Solve the equation 2 sec®x — tanx = 5, for 0° < x < 360°. " 5]

(i) By using the substitution u = 2*, show that the equation 4* = 2*+1 1 12 can be expressed as

u - 2u—12=0. [1]
(ii) Hence find x, correct to 2 decimal places. 4]
(i) Sketch the graphs of 2y = x + 1 and 2y = |x — 4| on the same diagram. [3]

{(fi) Solve the simultaneous equations

2y=|x—4]
Iny
A
1,2.4)
4,0.6)
0 » Inx

Variables x and y are related by the equation
y = Ax",

where A and n are constants. When a graph of Iny against Inx is drawn, the resulting line passes
through the points (1, 2.4) and (4, 0.6), as shown in the diagram. Find the values of n and A. [6]

2x

(a) Variables x and y are related by the equation y = fﬁ. Find the rate of change of y with
respect to x when x = 0. {3

{b) The equation of a curve is 2+ y2 = xy + 7. Show that the equation of the tangent to the curve
at the point (3, 2) is y + 4x = 14, {5}

BFOS/OMNM



1N

[ .1531\ o

The diagram shows the curve y = x* cosx and a maximum point M.

(i) Show that the x-coordinate of M satisfies the equation xtanx = 2. [4]

=an—t |2
u,H_I—ta.n ;— .

n

(if) Use the iteration formula

with u, = 1, to find the x-coordinate of M corect to 2 decimal places, showing the values

of uy, u,, ... as appropriate. 31
(iif) Explain why the iteration formula, with the given value of u,, gives the requited value for the
x-coordinate of M. [2]
l“ lx
4 4
(i) Show that sin 2xdx = % and that J cos?xdy = %(1: +2). {6}
0 0
ir
(ii) Use the results in part (i) to evaluate J (2sinx+3 c:oeuc)2 dx. [5]
0
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1 2sec’x —tanx = 5 Use of sec’ = 1 + tan’x M1 Use of tan — sec link
— 2tan’x —tanx -3 =0 A1 Carrect only
Solution of this DM Correct attempt to solve
tanx=-1o0r 1.5
x = 135° or 315° or 56.3° or 236.3° A1A1Y | A1 for one pair correct. Alsq
for ather pair.
2 (i) |4=dv*and2*" =2y B1 For both values
W=2u+12
(i) | Leads to u=4.6055 {or 1 +13) B1 For correct value of u — even if
other given
Solution of 2* = “his value” by logs M1 Realises need to use logs (or
Tiif accurate)
x = log 4.6055 + log2 M1 log + log
x=220 At Co to 3 sig figs (but allow 2.2)
(Loses this A mark if 2
answers given)
3 {i) Graph of 2y = x + 1 B1 Approx correct — ng values
needed
Graph of 2y = {x - 4| M1 Must be V-shape — no
negatives — {0 x-axis
At (2,0
¥ Alt gradients approx OK Al Two approx paraltel, other with
negative m
2y =x+1
™~
2y = |x-4|
X
0
(i) | Solution occurs when 2y =x+ 1 and M1 Recognition of where solution
lies
2y=4—-x M1 Must be using (4 — x)
not (x —4)
x=15y=125 At Both needed
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4 AttemptatY =mX + ¢ M1 Attempt atany y = mx + c eqn
Y=-06X+c A1l m and ¢ correct
Puts Y = Iny and X = [nx M1 Putting Y = Iny and X = Inx
Iny =—0.6Inx +3
y = ™8 M1 Correct elimination of logs
n=—-06 and A=¢’=20.1 A1A1
e X+ 3)2e“" —e“”. orrect ufv formula ~ or uv
5@ e dvidy = (2x+312e% —eP2 | w1 Correct u#v formul
y 2x+3 Y (2X + 3)2 with e (2}( + 3) T
A1 Correct unsimplified
If x =0, dy/dx = 4/9 A1l Co
(b) Impilicit differentiation. M1 Some evidence of implicit
needed
2x + 2ydyidx = y+ xdy/dx A1A1 A1LHS, A1RHS
At (3.2), dyldx =-4
Eqn of tangent y—2=-4(x-3) M1 Must have used caiculus, not
for normal
ory+4x=14
A1l Any form ok.
6 iy |y=x%cosx dy/dx = 2xcosx — xsinx M1 Correct uv formula
Al Unsimplified ok
=0 whenx=0 or 2cosx=Xxsinx M1 Putting his dy/dx =0
— xtanx = 2. A1 Co
(i) | u,=1.107 u; = 1.065 U, = 1.081 M1 Correct manipulation of ug.
fromu
us=1075 U =1078  u =1077 A1 First two correct
— Limit of 1.08 A1l Correct limit
{iii} | Since a limit is reached (=L)
un+1 = u" = L
L =tan™ (2/1.) M1 Putting Une; =t, =L
L tant. = 2. A1 Co
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7 4
(i) § : — —Ccos52x — _- I
isanxdx = [—_{—} =0-(-%)= 1 M1 Needs “— and cos 2x.
At Co

T cos? xdx = IGOS2X + Loy M1 Us’ing dou_ble angles + attempt
0 2 2 at integration

= [L"fL%] A1 Co

DM1 Use of limits 0 to /4
=1 (2+m Al Co beware of fortuitous
8 answers.
(i) 1 f2s + 3c)2 dx = [(4s? + 9¢% +12s¢)dx B1 Correct squaring — needs all
terms
12sc = 6sin2x Integral = 6 x 1. 3 B1 There could be alternatives to
2 these marks.
1

9c’ Integral =9 x = x {17+ 2) B1 They could also be implied.
4s? =4 - 4c?

Integral = 4x between 0 and -;1—1T M1 Dealing correctly with ias?

4 x integral of ¢® from 0 to %n

=036 or13m/8 + 17/4 A1l Correct in either form.

11
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A man pushes a shopping trolley in a straight line along horizontal ground. He exerts a force on the
trolley of magnitude 30N, acting downwards at 10° to the horizontal, Find the work done by the
force in moving the trolley a distance of 80 m. I3}

5 (metres)
A

10000
9500

1500

» 1 (seconds)
0 120 440 480

A train starts from rest at a station and travels in a straight line until it comes to rest again at the next
station. The displacement-time graph above refers to the journey.

(i) The speed of the train is constant from ¢ = 120 to # = 440. Find this speed. [2]1

@di) Given that the acceleration of the train is constant from ¢ = 0 to £ = 120 and from ¢ = 440 to

t = 480, make a sketch of the velocity-time graph for the journey, showing the maximum speed
of the train. [31

PN

30°

The diagram shows a particle of mass 0.5 kg resting on a rough plane inclined at 30° to the horizontal.
The coefficient of friction between the particle and the plane is 0.4. A force of magnitude P N, acting

directly up the plane, is just sufficient to prevent the particle sliding down the plane. Find the value
of P. [6]

BTOS/4MNOT
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4 A particle travels in a straight line from a point A to a point B. Its velocity #seconds after leaving A
isvim s_’, where

v = 4z ~ 0.048,
Given that the distance AR is 100 m, find
(i) the value of * when the particle reaches B, f5]
(i) whether the particle is speeding up or slowing down at the instant that it reaches B. [3]
5
B A
R

A small ring R, of mass 0.5kg, is threaded on a light inextensible string, one end of which is attached
to a fixed point A, A small bead B of mass 0.3 kg is attached to the other end of the string, and is
threaded on a fixed rough horizontal rod which passes through A (see diagram). The ring is smooth
and the system is in equilibrium.
(i) State the relationship between the tension in AR and the tension in BR. 1]
(ii) Show that angle RARB is equal to angle RBA. (1]

(iii) Given that angle ARB is 120°, find the normal and frictional components of the contact force
between B and the rod. [6]

QUESTION 6 IS PRINTED OVERLEAF

70O [Tarn over
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7\
A
Pd CQ
04kg 05kg

4.5 m

Particle P of mass 0.4kg and particle @ of mass 0.5kg are attached to the ends of a long light
inextensible string which passes over a smooth pulley. The system is released from rest with both
particles at a height of 4.5m above the ground (see diagram). The particles move vertically and
Q does not rebound when it hits the ground. Find

(i) the acceleration of Q before it hits the ground, [4]
(ii) the time taken from the instant that Q hits the ground until P reaches its maximum height, {[3]

(iii} the tofal distance travelled by P while Q remains at rest on the ground. {21

7 (1) A car C of mass 1200 kg climbs a hill of length 500 m at a constant speed. The hill is inclined at
an angie of 6° to the horizontal. The driving force exerted by C’s engine has magnitude 1800 N.
Find the work done against the resistance to the motion of C, as it climbs from the bottom of the
hill to the top. [4]

(ii) Another car D, also of mass 1200 kg, climbs the same hill with increasing speed. The speed at
the bottom is 8 ms™! and the speed at the top is 20m s~1. Assuming the resistance to the motion
of D is constant and has magnitude 700 N, find the work done by D’'s engine as D climbs from
the bottom of the hill to the top., [4]

(iii) The driving force exerted by I’s engine is 4 times as great when D is at the top of the hill as it

is when D is at the bottom. Find the ratio of the power developed by D’s engine at the top of the
hill to the power developed at the bottom. 31
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1 M1 Forusing WD = Fd cosa
WD = 30x80 cos 10° Al
Answer; 2360J Al
2 {i) 250671500 M1 For attempting to find the gradient of
40120 the relevant section
Answer: 20ms™ Al
(i) M1 For drawing 3 connected straight line
segments with, in order, +ve, zero and
—-ve slopes
Any two of the foltowing three features: A1
Graph starts at the origin and
terminates on the t-axis
The acceleration stage is less steep
than the deceleration sfage
25ms™ (i.t. for ans (i) is correctly
shown
All three of the above features Al
3 R = mg cos 30° B1
F = 0.4 mg cos 30° M1 For using F = uR
M1 For resolving forces along the plane
Component of the weight down the B1ft f.t. for cos instead of sin, following
plane = mg sin 30° earlier cos/sin mix
0.4 mg cos 30° + P = mg sin 30° Alft Depends on both M marks; f.t. for
wrong £ or wrong weight component
Answer: P =0.768 Al
4 @ M1 For using s(¢) = _[vdr and attempting
to integrate
s =261 -0.01* Al
207 ~0.01+ =100 Bift f.t. for wrong s{f)
M1 For identifying the equation as a
quadratic in £ and attempting to solve
Answer:t=10 Al
{ii) M1 For using a = dv/dt and attempting to
differentiate
4-0.12¢ A1
Al

Answer: -ve when { = 10 = slowing
down :

Alternative for the above 3 marks;
v(10) = O = slowing down B3
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5 i) 7, =T, B1 1
(i) 7 cos RAB = T cos RBA => angle B1 1

RARB = angle RBA

(il 2T cos 60°=0.5g M1 For resolving forces on R vertically
T=0.5g A1 May be implied
R =0.3g + Tsin30° WM For resolving the forces on B vertically
{3 terms required)
Answer: 5.5N Alft ft.for3+%T
Alternative for the above 4 marks:
For using Rg = Rp + 0.3g B1
For resolving forces verticatly on the whole system
(Re + R, = (0.5 + 0.3)g) or for Ry = 2 {0.5g) and
eliminating Ra M1
Answer: 55 N Al
T=0.5g B1
F = T cos30° M1 For resolving the forces on B
horizontally
Answer: 4 33N Al 6
6 i M1 For applying N2 to one particle, or for
using {m + my)a = (m, — m.)g
05a=05g9~Torl4a=T7T-04g A1
or 0.9a=0.1g
M1 For applying N2 to the other particle (if
necessary} and solving for a
Answer: 1.11ms? A1 4
(i) vV=2(0/94.5 M1 For using +* = 2as
O=g"-gt M1 Forusing 0 = u + at
Answer: 0.316s Al 3
{iii) M1 For using distance is 2s and cbtaining
sfrom(u+0¥2=s/t, 0=t +2aso0r
s=ut+ 2 af
Answer: 1m Al 2
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7 (i}  1200g(500 sin6” ) seen or imptied B1 Can be scored in 1% or 2™ part
M1 For using WD by driving force = PE

1800 x 500 = 1200g(500 sin6°) + WD  A1ft
against resistance, or

WD against resistance =
(1800 — 1200gsin6®) x 500

Answer; 273 000J Al
(ii) M1
Va 1200(20% — 8% Al

WD =201 800 + 627 170 + 700 x 500 M1

Answer: 1 180000 J A1

SR (For candidates who assume, implicitly or
otherwise, that the acceleration is constant)

(max 2 out of 4)
For finding the acceleration {0.336) using

V=i + 2as, applying Newton's 2" law to find the
force of D's engine (2360) and multiplying by 500 o

find the WD. M1
Answer; 1 180 000 J Al
{iii) M1
Ratio = 4 x 20/8 Al
Answer; 10 Al
SR {max 1 out of 3)

For using calculated values of Fin the ratio 4.1 (e.g.
2360 x 4 and 2360}, and obtaining the answer 10:1
for required ratio. B1

gain + WD against resistance, or for
using WD against resistance =

(1800 — component of weight} x 500
f.t. for wrong PE gain or equivalent

For using KE gain = ¥z m{v? — u*)

For using WD by driving force = KE
gain + PE gain + WD against
resistance

P F v
For using top __ __lop X fop

ottom  Fbottom  Vhottom




CAMBRIDGE INTERNATIONAL EXAMINATIONS
General Certificate of Education Advanced Subsidiary Level

MATHEMATICS - 8709/6
PAPER 6 Probability and Statistics 1 ($1)
OCTOBER/NOVEMBER SESSION 2001 1 hour 15 minutes

Additional materials:
Answer paper
Graph paper
List of Formulae (MF9)

TIME 1 hour 15 minutes

INSTRUCTIONS TO CANDIDATES

Write your name, Centre number and candidate number in the spaces provided on the answer
paper/answer booklet.

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case of
angles in degrees, uniess a different level of accuracy is specified in the question.

INFORMATION FOR CANDIDATES
The number of marks is given in brackets [ ] at the end of each question or part question.
The total number of marks for this paper is 50,

Questions carrying smaller numbers of marks are printed earlier in the paper, and questions carrying
larger numbers of marks later in the paper.

The use of an electronic calculator is expected, where appropriate.
You are reminded of the need for clear presentation in your answers.

This question paper consists of 3 printed pages and 1 blank page.

UNIVERSITY of CAMBRIDGE
Local Examinations Syndicate [Turn over

© CIE 2001



2

1 The age at which a child first walked (to the nearest month) was recorded for 8 children. The results
were as follows.

12 11 16 19 10 12 12 13

Calculate the mean and standard deviation of the data. (3]

2 (a) A competition involves listing in order the best 6 features of a certain car. There are 10 features
to choose from (e.g. power steering, air bags, air conditioning etc.). Peter makes a list of
6 features. How many different lists could Peter make? 2]

(b) The word MOBILE consists of the three consonants M, B, L and the three vowels O, I, E.

How many different arrangements of all the letters of the word MOBILE are possible if the
vowels must be next to each other? [3]

3 A lecturer wishes to give a message to a student. The probabilities that she uses e-mail, letter or
personal contact are 0.4, 0.1 and 0.5 respectively. She uses only one method. The probabilities of the
student receiving the message if the lecturer uses e-mail, letter or personal contact are 0.6, 0.8 and 1
respectively.

(i) Find the probability that the student receives the message. i3]
(ii) Given that the student receives the message, find the conditional probability that he received it

via e-mail. _ {3]

4 A survey was made of the number of people attending church services on one particular Sunday
morning. A random sample of 500 churches was taken. The results are as follows.

Number of people attending | 1-20 2140 41-60 | 61-100 { 101-200 | 201-300
Number of churches 46 110 122 100 86 36

(i) Draw a histogram on graph paper to represent these results. [5]
(ii) Find the probability that, in each of 3 churches chosen at random from the sample, the number
of people attending was less than 61. [2]

5§  The waiting time in a doctor’s surgery is normally distributed with mean 15 minutes and standard
deviation 4.2 minutes.

(1) Find the probability that a patient has to wait less than 10 minutes to see the doctor. {3]
(if) 10% of people wait longer than 7" minutes. Find T. : (3]

@iii) In a given week, 200 people attend the surgery. Estimate the number of these who wait more
than 20 minutes, {3]

BTUG/RIOND



3
65% of all watches sold by a shop have a digital display and 35% have an analog display.

(i) Find the probability that, out of the next 12 customers who buy a watch, fewer than 10 choose
one with a digital display. (4]

(i) Use a suitable approximation to find the probability that, out of the next 120 customers who buy
a watch, fewer than 70 choose one with a digital display. 5]

A bag contains 7 orange balls and 3 blue balls, 4 balls are selected at random from the bag, without
replacement. Let X denote the number of blue balls selected.

(i) Show thatP(X =0) = L and P(X = 1) = 4. [4]
(ii) Construct a table to show the probability distribution of X. [31
(iti) Find the mean and variance of X. {41
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1 T x =105 ¥ x%=1439 B1 For £ x2 = 1439
mean = 13.1 B1 For answer
sd =276 B1 For answer
2 (a) | Numberofwaysis gPsort0x9x8x7x6x5 B1 May be implied
=151200 B1
{(b) | 4tx3! B1 For 4!
B1 For 3!
= 144 B1 For answer
3 (i) P(receives message) =0.4x0.6+0.5+0.1x 0.8 M1 For two 2-factor terms
M1 For adding 0.5
=0.82 A1 For correct answer
(iiy | P(Email} Receives) B1 For correct expression for
numerator
M1 For dividing by their 0.82
=0.293 Al For correct answer
4 (i} | Class width 20, 20, 20, 40, 100, 100 B1 For class widths
Frequency density; 2.3, 5.5, 6.1, 2.5, 0.86, 0.36 M1 Attempt at frequency density
of scaled freguency
fd ? ]
M1 Graph with 6 bars of
appropriate relative widths
B (any height)
A1 For x-axis going from 0 ~ 300
-—I properly
. . .
A1 All correct including axes
Number of people labe[|6d
i
W [W} ’= 0.172 M1 For cubing their probability

A

For correct answer
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5 10-15 M1 Standardising and using tables
M |z= =-1.190
M1 For subtracting a probability
from 1
P(X<10) =$(—1.190)=1-0.883 = 0.117 A1 For correct answer
(i) |z=1.282 B1 For correct z-value
T-15 _
42 1.282 M1 For an equation relating T and
their z
T=204 A1 For correct answer
(ii) | P(z>1.19)=1—- & (1.19) = 1-0.8830 = 0.117 81 For 0.883 seen (or symmetry)
Number of people = 0.117 x 200 (= 23.4) M1 For multiplying a probability by
200
Answer = 23 Al For correct answer 23
6 () |1~ {065°x0.35x,Cqo+0.65" x0.35' M1 For calculating P(10), P(11),
P(12)
X 12011 + 0.6512 }
M1 For correct use of binomial
coefficients
A1 For correct numerical
expression
=(0.849 Al For correct answer
(ii) 4 =120 x 0.65 = 78; B1 For both mean and variance
correct
6% =120x0.65x0.35=27.3 M1 For correct standardising
process with or without cc
PiX<70) = o] 89578
J27.3 A1 For correct use of continuity
correction
= & 1.627) M1 For correct use of tables
=1-0.9481
=0.0519 A1 For correct answer
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7

(i

(i)

(i)

7 6 5 4 1
THER P{X=0) = —— XXX = o
E! ( ) 10 9 8 7 &
3 7 6 5 1
dP(X=1)= —X—X—X— X4 = =
andPX=1)= 0% %5 %7 2
OR 704 - 10C4 =1/6
?Ca X 3C1 +10C4 = 112
X 0 1 2 3
Prob 0.167 0.5 0.3 0.0333
EOO =12
var (X} = Zx*p - their1.2°

=0.56

M1

A1
M1
Al

B2
B2

M1

A1
A1

M1

A1

M1

A1

For multiplying 4 probabilities
together

For correct given answer
For multiplying by 4

For obtaining given answer
legitimately

For showing given answer
legitimately

For attempting to find
P(X=0,12,3)
For 0.3 or 3/10

For 0.0333 or 1/30

For X x;p;

For correct answer (must be
exact)

For Sx’pi - their1.2°

For correct answer
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FOREWORD

This booklet contains reports written by Examiners on the work of candidates in certain papers. Its contents
are primarily for the information of the subject teachers concerned.



ADDITIONAL MATHEMATICS

GCE Ordinary Level

Paper 4037/01
Paper 1

General comments

Although there were some good scripts, the new style of syllabus and paper presented many candidates with
considerable difficulty. There were obviously some topics, particularly “matrices” which some candidates
had covered if no real depth, if at all. It was very noticeable that the more stereotyped topics from the
previous syllabus, notably binomial expansions, solution of simultaneous linear and quadratic equations,
coordinate geometry and topics within the calculus sections, were most accessible to the candidates.

Comments on specific questions

Question 1

This question was very well answered by nearly all candidates. The standard of algebra shown in the
elimination of either x or y and in solving the resulting quadratic equation was excellent. Candidates seemed
comfortable either with the manipulation of fractions in eliminating x or by the squaring required to eliminate

1
y. A lot of candidates lost the last mark through inaccurate use of decimals when a y-value of 3 was

expressed as 0.34.
1 1 1
Answer. (3—, —)and (2—, 2).
3 3 2

Question 2

Attempts varied considerably. Most candidates realised the need to integrate but such attempts to integrate
kx?

e"™ as e 2 or &' showed a considerable lack of understanding of the exponential function. At least a third

of all attempts also ignored the use of the point (0, 3) to evaluate the constant of integration.

kx+1

e . 15
Answer. y= ——e = +—.
4 4
Question 3

Attempts also varied considerably and there were very few correct answers. A significant number of
candidates failed to realise that calculators were of no use in this type of question. Most candidates seemed

4
to be familiar with one of the two processes needed, that is to express V18 as 32 or Tas 272, but very
2

few seemed confident at using both. The common error of expressing (a + b)* as a% + b? also led to loss of
marks in part (ii).

Answers: (i) -2 + 1172; (i) 55 — 82 .



Question 4

This produced a large number of perfectly correct solutions and although most candidates worked by finding
PQ first, several went directly to the answer from using OR = 50Q - 40P. Use of PQ = p - q, and even
p + g, was seen and over a quarter of all candidates did not appreciate the term “unit vector”.

1 (21
Answer. — .
75\ 72

Question 5

Part (i) was badly answered with very few candidates sketching both graphs correctly. In a large number of
1 1 1
cases y = " + sinx was sketched as either sinx or as Zsinx and ;cos2x was only shown in the range 0

to n. A surprising number of graphs were shown in which curves were replaced by straight lines, even at the
turning points! Very few candidates realised that the value of k in part (ii) could be obtained by equating the
two equations. Most candidates attempted to read a value of x from their sketches and to deduce a value for
k from this. Such attempts received no credit unless an accurate graph had been drawn.

Answers: (i) Sketch; (ii) k = 4.
Question 6

This was also poorly answered and several candidates ignored the question altogether. In part (a), the total
number of 720 was often obtained without candidates being able to cope with the number not beginning with
“0”. Part (b) proved to be more successfully answered with many candidates appreciating the need to
consider four different cases (though often the case with “all women” was ignored). A surprising number of

5

4
) and ( Jbut then found the sum
2 2

candidates also realised the need to calculate such expressions as (

rather than the product. Very rarely was the solution “Total — no women” seen.
Answers: (a) 600; (b) 121.
Question 7

This was well answered and generally a source of high marks. Candidates were able to write down the
expansion unsimplified and had no real problems with the binomial coefficients. Subsequent errors with
(—x2)" were however considerable. Often the minus sign was ignored completely, at times all terms were
negative apart from the first and (—x2)” was in many instances taken as X" or as —x**". Part (ii) also
suffered from the obvious error of expressing (1 + x2)> as 1 + x4, but it was pleasing to note that most

candidates realised the need to consider more than one term in finding the coefficient of x8.
Answers: (i) 32 — 80x + 80x* — 40x5 + 10x8 — x"°; (ii) 40.

Question 8

There were very few completely correct solutions, though candidates did better on part (ii) than on part (i).
The majority of attempts at the area of triangle SXY attempted to find the sides by Pythagoras’s Theorem —
no progress was made! Only about a half realised the need to evaluate A by subtracting the sum of the
areas of three right-angled triangles from the area of the square. In part (ii), most candidates realised the

need to differentiate and to set the differential to zero. Errors in misusing the 3 or in differentiation,

d d 1
particularly with — (1) = 1 and — (kx?) = 3gx were surprisingly common. Of those obtaining x = —, most
dx dx 2q

realised that QY = YR but many forgot to substitute this value of x into the expression for A.
1

Answers: (i) Proof; (ii) Proof, A= % e
q



Question 9

This was well answered and a source of high marks. In part (i) most candidates realised the need to use the
product rule, though at least a quarter of all attempts ignored the “2” from the differential of V(2x+5). Part (ii)
was well answered, though a considerable number took 6x to be 10 — p or failed to substitute x = 10 to obtain
a numerical value for the gradient. Part (iii) also presented few problems and it was pleasing to see the

d
number of attempts correctly using the chain rule and realising either the need to either divide by d or to
dx

. dy . . dx
invert —in order to obtain —.
dx dt

Answers: (i) Proof, k = 3; (ii) £ 6p; (iii) 0.5 units per second.
Question 10

There were very few correct solutions. Most candidates had obviously had little, if any, experience in
manipulating matrices and were unable to set up the basic matrices needed for each part. The basic rule of
compatibility of matrices for multiplication — namely that for multiplication to be possible, the number of
columns of the first matrix must equal the number of rows of the second, was only sketchily known by many
candidates. Many candidates failed to realise that the blanks in the given arrays had to be replaced by “0” in
the matrix prior to multiplication.

13
400 0 400 500 600 400 0 400 500 600) 7 16500
() (50 75 100300 O O 300 600 |,(ii)|300 O O 300 600 | 10| = |10200
400 600 600 O 400 400 600 600 O 400) 5 18600
8
16500
(i) (210 3.00 3.75) 10200 [=135 000.
18600

Question 11

Attempts at this question were very variable and rarely produced high marks. Most candidates were
confident in completing the square of the quadratic, though having removed the “2” many left the “-8x” and
found b to be —4. Very few candidates realised that the answers to parts (i) to (iv) proceeded directly from
the completion of the square. At least a third of all attempts gave the range in part (i) as 5 < f(x )< 15, using
the endpoints of the domain. Even worse were the attempts that just gave a table of values for f(x) for
0 < x < 5. Only a few candidates realised that a function needed to be one-one over the whole domain to
have an inverse. It was obvious from the answers that many candidates did not realise that a quadratic
function could have an inverse providing that the domain did not include the value of x at which the graph of
the function had a stationary value. Only a handful of solutions were seen in which the value of k was given
as the x-value at the stationary point or directly from the first answer as x = —b. Only a few realised in part
(iv) that the inverse of a quadratic could be obtained directly once the quadratic was written in the ‘completed
square’ form.

/x 3
Answers: a=2,b=-2, c=-3; (i) -3 < f(x) < 15; (ii) Not one-one; (iii) k = 2; (iv) g ' : x — % +2.
Question 12 EITHER

Rather surprisingly, especially considering the stereotyped part (b), this was not selected by many
candidates and marks were low. In part (a) most candidates converted y = ax” to Igy = Iga + nlgx, realised

4 - 27
that the gradient was n, but then took this to be STZS instead of using logarithms of these numbers. The

few correct solutions came from solving a pair of simultaneous equations but expressing the logarithms to an
insufficient accuracy meant that the final answers were often inaccurate. The graphs drawn in part (b) were
of a high standard and most realised that the y-intercept was Inm,. Unfortunately errors over sign, either
through taking the gradient of the line as positive or by thinking that the gradient was +k, meant that full
marks were rarely achieved.

Answers: (@) n=1.5,a=38, p=125; (b) Graph, k=0.04, mo =60.



Question 12 OR

This was the more popular option and proved to be a source of high marks, even from weaker candidates.
Point C was usually obtained from solving simultaneously the line equations for BC and CD, and the
standard of algebra was very good. Many weaker candidates obtained the equation of BC in the form

-1 1
Y . :E and then assumed that “y — 11 = 1 and x — 4 = 2”. Only a handful of solutions were seen in
X —
which a ratio method was used to find E, most preferring to solve the simultaneous equations for AB and CD.
A common error was to assume that C was the mid-point of ED. Attempts at part (ii) were pleasing, though
again it was rare, but not unseen, to see solutions coming from considerations of the ratio of (length)>. The

. . 1 1
more common solution was to use Pythagoras’s Theorem along with the formulae “Ebh” and “E(a + b)h”

but many others preferred to use the matrix method for area.

Answers: (i) C (14, 16); (ii) E (9, 26); (jii) 25:39.

Paper 4037/02
Paper 2

General comments

The overall performance of candidates was somewhat lower than in previous years. This was to be
expected, perhaps, from the change in style of the examination to one in which the candidates’ choice was
much more restricted. Another contributory factor was the inclusion in the syllabus of a number of new, and
less familiar, topics.

Comments on specific questions

Question 1

Most candidates could find the adjoint matrix correctly and the idea of multiplying by the reciprocal of the

determinant was generally well known. Combination of the various minus signs caused difficulty for weaker

candidates. Most candidates showed they understood how to combine matrices as required by A — 3A7".

Many candidates did not understand the identity matrix, some took it to be [0 1 j while others took it to be
1.0

[5 7]. Some treated | as though it was 1 leading to k = [10 0 j ; the same result was obtained by

4 5 0 10
some candidates arrivingat (10 0} _ (1 0},
0 10 0 1
Answer. 10.
Question 2

Relatively few candidates scored full marks. Some drew graphs of y = x + 1 and y = 2x — 3, whilst others
drew graphs for positive values of x only. Attempts at the graph of y = |2x - 3| were generally better than
attempts at y = |x| + 1. Many candidates failed to understand the shape of the graph between (1, 1) and
(2, 1), joining these points by means of a straight line or a curve. Attempts aty = | x| + 1 frequently resulted
in graphs depicting y = | x + 1| or |y — 1| = x. Some candidates produced diagrams showing the four lines
y=x+1,y=—-x+1,y=2x-3andy = —2x+ 3.

Answer: (ii) 2.



Question 3

Candidates generally showed a lack of clarity and understanding in their use of set notation. This was
particularly true in part (i) where (H~P)' was frequently given as the answer. Part (ii) resulted in
considerably more correct answers with most candidates offering P — M, which was accepted, rather than
P < M . Incorrect answers were usually either P e M or M < P . A few candidates offered perfectly
correct alternative answers e.g.,P "M =P or Pn M' = . Parts (iii) and (iv) presented some language
difficulties as demonstrated e.g., by the answer “Only students studying mathematics” to part (iii). In general

part (iii) was answered correctly but in part (iv) H U M was almost always taken to indicate either “students
taking History or Mathematics” or “students taking History and Mathematics”.

Answers: (i) H~ P = ; (ii) P < M, (iii) Students studying Mathematics only; (iv) Students studying History
or Mathematics or both, but not Physics.

Question 4

All but the weakest candidates scored reasonably well on this question. The factor x+ 2 was usually spotted
and the quadratic factor X* — 6x + 1 almost always followed. Many candidates took x + 2 to be a solution of
the given equation with the result that x = — 2 never appeared. Most candidates proceeded from

6+4/32

2

X —6x+1=0t0 x=

but many could not then give the answer in the required form — some gave

6442

decimal answers and other offerings were 5 2 , 3142, 3+8, 6+ 2V2.

Answers: —2, 3+ 2V2.
Question 5

This proved to be the most difficult question on the paper, mainly because candidates appeared unable to
handle vectors in this situation. Many candidates omitted the question completely or made feeble attempts,
sometimes introducing a spurious right-angled triangle of velocities. The relatively few candidates who
quickly obtained 50i — 100j almost invariably quoted this as the speed of the plane; some then found a
relevant angle but the correct bearing was very rarely obtained. The majority of those making mainly
successful attempts followed the tortuous route of calculating two speeds and the difference of two angles,
constructing a triangle of velocity and then applying the cosine rule to find the speed, followed by the sine
rule to obtain an angle leading to the bearing. But even those who managed to perform all these
calculations correctly usually gave the bearing as 153.4° rather than 333.4°. Some candidates did not
appreciate the significance of the 4 hours and inevitably became confused, trying to combine distance with
velocity. Others ignored the unit vectors taking, for instance, the velocity (250i + 160j) kmh™" to indicate a
speed of 410 km.

Answers: 112 kmh™", 333.4°.
Question 6

Although the better candidates produced a large number of correct evaluations of k, usually via the quotient
rule, weaker candidates often failed to do so, the usual errors being misquoting the quotient rule, applying
incorrect signs to the derivative of cos x and/or sin x, and spurious cancellations. Many candidates ignored
the “Hence” and attempted the integration of part (ii) directly, resulting in answers involving In(1 — sinx) or
(x —cos x)~ ! Strangely, many who understood that part (ii) involved the reversal of the result from part (i)

i.e.,J‘ T gx=_%osX tookJ‘ V2 dx tobe 1 [_cosx |
1-sin x 1-sin x 1-sin x \/E 1-sin x

Answers: (i) 1; (ii) 2.



Question 7

Candidates generally scored well on this question. Part (i) caused little difficulty to the large majority of
candidates although many found it necessary to find angle AOB in degrees and then convert to radians.
Some candidates used laborious methods, finding OX and then applying the sine rule or even the cosine
rule. The ideas of arc length and area of sector were almost always correct, as was part (iii). Part (ii)
caused more difficulty with a fairly large percentage of candidates attempting to obtain the answer by
subtracting the perimeter of the sector from the perimeter of the triangle.

Answers: (i) 21.8m; (iii)11.5m
Question 8

Better candidates were able to obtain full marks with relative ease. Some of the weaker candidates used an
incorrect trigonometrical ratio in one of the triangles, but of those who used sin6 and tané correctly a
considerable number were unable, or ignored, the request to “express AB in terms of 6”. Quite a few
5sin(90° -0)
sind
unfortunately sin(90° — 6) rarely, if ever, resulted in cosf, almost invariably becoming sin90° — siné.
5sing
cosd
those candidates arriving at 6sin’6 = 5cos6 were usually able to complete the question successfully,

although there were some errors in sign, and hence factorisation, and also a few candidates who took
cosB(6cosB + 5) = 6 to imply cos6 = 6 or 6¢cosf + 5 = 6.

candidates applied the sine rule to triangle ADB arriving at AB = which was acceptable;

Expressing tanf in terms of sin@ and cos6 led some candidates to 6sin@ = and hence cos6 = E but

Answers: (i) 6sin6, i; (ii) 48.2°.
tané

Question 9

(a) Few of the candidates who chose to consider the discriminant took the simpler route of eliminating
x to obtain a quadratic in y, the vast majority preferring to eliminate y, obtaining (x + k)2 =4x+8. A
variety of errors then occurred, with (x + k)* becoming x* + K> or x* + 2k + k9 or, most frequently,
the equation above becoming (x + k) — 4x + 8 = 0. Some of the weaker candidates were unable to
identify correctly the elements a, b and c of the discriminant b*> — 4ac. Some candidates
successfully applied the calculus; implicit differentiation was occasionally seen, but it was most
usual for candidates to attempt, not always correctly, to differentiate (4x + 8)/2. Differentiation of
(4x + 8)/2, whether correct or not, was as far as some candidates could go in that they did not
understand the need to equate their result to 1, the gradient of the tangent y = x + k.

(b) There was a widespread failure to identify this question with the routine solution of a quadratic
inequality. The small minority of candidates who recognised that {x : x > 2} U {x : x < — 4} implied
(x = 2)(x + 4) > 0 almost always proceeded quickly to the correct solution. Some candidates
obtained the correct answers by solving 4 + 2a = b and 16 — 4a = b but many eschewed the
equality signs attempting to solve 4 + 2a > b and 16 — 4a > b, arriving at a > 2, b < 8. Many others
took note of x > 2 and x < — 4 and substituted x = 3 and x = — 5 (or — 3) in the equation X*+ax=b.

Answers: (a) 3; (b) 2, 8.

Question 10

Part (i) produced many correct solutions but also a fair number of inept attempts e.g., 2x — (x—3) = 1 or 10,
2X3 =1 and % = 1 or 10 followed by the “cancellation” of Ig. In part (ii) most candidates
X— g(x -

appreciated that change of base was necessary but many could not profitably proceed any further. The most

successful candidates were those who replaced 4 log,3 by and then used a further symbol (often y )

log 5y

to represent logsy. The alternative, replacing logsy by , was seen infrequently, but many candidates

log ,3



changed both terms on the left-hand side of the equation to logarithms to the base 10. Candidates
frequently made complications for themselves by rendering the 4 as logs81 or Iogyy or Ilg10000 dependlng
on the base chosen. The most commonly occurring error was to wrlte what should have been (Ioggy) as
Ioggy2 this then became 2log;y or was combined with 4logay, i.e., Ioggy to give Iog3y Ioggy2 logs

Answers: (i) 3.75; (ii) 9.
Question 11

This questlon was a good source of marks for many candidates. Nearly all candidates were capable of
finding £ correctly, the only error occurring when x = 3y — 7 became x — 7 = 3y. Similarly, apart from the
occasional arithmetic error, g ' was usually correct, although candidates were quite often unable to give 0 as
the value of x for which g~ 'is not defined; alternative offers were 2, 6 or — 6 while some candidates failed to
offer any value. Relatively few candidates had any difficulty with part (ii). Poor algebra spoiled some

36 or 36 7 = x becoming 36 — 7 = x(x — 2). A few candidates
3x-6 X-2

omitted the x, thus solving fg(x) = 0 ,whilst some confused the order of operation and, in effect, solved
gfs ) = x. One or two of the weakest candidates attempted to solve f(x)xg(x) = 0 and the solution of
f7g” (x) x was also seen. Graphs usually contained correct segments of both lines but the choice of axes
was such that all the points of intersection with the axes could not be shown, the coordinates often being
calculated separately. Some of the weakest candidates clearly did not appreciate that y = 3x — 7 and

attempts with 3[ 122j becoming
X_

1
y= 3 (x + 7) were linear equations with their graphical representations being straight lines. Although it was

not essential, candidates might have used the reflective property of f and f ~' in the line y = x as a
confirmation of the correctness of their graph but knowledge of this property was rarely in evidence although
some candidates attempted to make use of it despite the differing scales on their axes. Many candidates
read the final phrase of part (iii) as a request for the coordinate of the point of intersection of the graphs of f
and f .

X+7 12

Answers: (i) 12+ =, x=0; (i)-10,5; (iii)f:(2%,0), 0,-7); f':(=7,0), (0,2%).

Question 12 EITHER

This proved to be the easier of the two options with very many of the better candidates obtaining full marks.

Finding the coordinates of P was successfully accomplished by a variety of methods, using xp = _ b
2a

completing the square (x — 3)*+ 1 = 0 leading to y» = 1 when xp = 3, and finding x, via di (x* — 6x + 10) = 0.
X

Some weaker candidates quickly went wrong, finding P to be (2, 2) through assuming di (x2 —-6x+10)=-2
X

at P. Continuing with this line of reasoning candidates then found the equation of PQ to be y = 6 — 2x which,
on solving with the equation of the curve, led to (x — ) = 0 and puzzlement. Other candidates found P

correctly but then assumed that di(x2 — 6x + 10) = -2 at Q. The integration, usually of X — 6x + 10
X
although quite frequently of (7 — 2x) — (xX* — 6x + 10), was very good and was almost always correct.
3
Evaluation of the integral was often correct but _[ . was also seen with some frequency. A correct plan for

finding the shaded area was sometimes lacking, with the area between the chord PQ and the curve being
treated as though it was the area beneath the curve or with the entire area bounded by the axes and the
lines x = 3, y = 5 and the chord PQ regarded as a trapezium.

2 .
Answer: 9 < units®.
3



Question 12 OR

This was clearly the less popular alternative and with good cause in that candidates rarely answered it well.
There were two main reasons for this; firstly, an inability to find the value T and, secondly, a lack of
understanding of the velocity-time graph. Virtually all candidates were able to evaluate vz as 15. Many

candidates made no attempt to find T; some took it to be the value of t obtained from 15 = %(20 —t)’and
of those who understood that the required value of f was to be obtained from 515(20 —t)® = 0 most were

unable to solve this equation, frequently expanding (20 — ¢t )3. In part (ii) virtually all candidates understood
that ?j_‘; gives the acceleration and the only commonly occurring error was the omission of the minus sign

arising from %(20 — t). The sketch required in part (iii) was very rarely correct in that most offerings
consisted of either a straight line joining (0, 0) to (5, 15) with a straight line joining (5, 15) to some point on
the time axis, or a curve representing 2;—5(20 —t)® for 0 < t<20. In the first of these cases the distance AC
was calculated as the area of a triangle and so no integration was in evidence. In the second case the

integral of 515(20 -t )3 was usually taken to be ﬁ(ZO -t )4, even by those candidates who had included

% (20 — t ) when dealing with the differentiation of part (ii), and then evaluated from 0 to 20.

Answers: (i) 15ms™", 20; (ii) — 0.48ms%; (iv) 93% m.



FURTHER MATHEMATICS

GCE Advanced Level

Paper 9231/01
Paper 1

General comments

The majority of candidates produced good work in response to at least half of the questions, though, in
contrast, there were some who clearly were ill-prepared for this examination and so, overall, made very little
progress. At the outset to this report, therefore, it should be emphasised that achievement at this level
requires knowledge of a syllabus which is end on to that for A Level Mathematics and thus is not an
immediate consequence of this basic knowledge, however well understood.

Clarity and legibility of working varied with Centres to a considerable extent so that it is worth emphasising at
the beginning of the life of this syllabus that Examiners can only mark what can be read. In any case, it must
be helpful to the candidate to work in an ordered way so that when a response runs into difficulties errors can
be identified easily.

Related to the need for coherence is, of course, the absolute need for accuracy. In this respect there were
many deficiencies in all but the most simple situations.

These negative effects were augmented further by rubric infringements in Question 12 which provides 2
alternatives. Since all questions are to be attempted, this is the only part of the paper where any rubric
infringement is possible, yet despite the obvious waste of time that would be involved by this strategy, there
were, nonetheless, a substantial number of candidates who tried to better their lot in this way, but to no avail.
It is to be hoped, therefore, that future candidates will promote their own interests by keeping strictly to what
the question paper asks them to do.

Knowledge of the syllabus and understanding of the concepts involved were uneven. Thus the syllabus
material covered by Questions 1 to 5 and Question 11 was well understood and, in consequence, a
significant minority of candidates obtained most of their marks in this area. At the other extreme, particular
questions for which responses frequently showed a conceptual void, were Question 6, involving induction,
2
d
Question 7 which requires the determination of —‘: in terms of the parameter t, Question 8 (ii) which
dx
requires the determination of the area of a surface of revolution about the y-axis, Question 9 involving the
use of complex numbers to sum a trigonometric series, Question 10 which tests the basic ideas of linear
spaces, and finally Question 12 EITHER (ii) and Question 12 OR (iii) on the use of the calculus in
optimisation problems.

In summary, therefore, it can be said that lack of technical expertise together with inadequate syllabus

coverage, both in extent and depth, were the main reasons why many candidates did not do well in this
examination.

Comments on specific questions

Question 1

Almost all candidates obtained the correct characteristic equation and solved it accurately. Subsequently
there followed a variety of possible eigenvectors but, almost without exception, these were correct.

2) (1
Answer. Eigenvalues are 1, 2; eigenvectors can be any non-zero scaling of (3} , (J
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Question 2

For the first part, the method of integration by parts was generally perceived to be an effective way to
proceed. However, there were a number of errors, usually sign errors, in the working and also some cases
of omission of limits, particularly in the ‘u-v’ term. In contrast, it was good to see a number of correctly
worked arguments based on a consideration of, for example, D, [(1 - x)" cos x].

For the second part, candidates generally used the reduction formulae correctly to obtain, essentially, S; in
terms of sin(1). However, in the context of numerical evaluation, about half of all candidates interpreted
sin(1) as sin(1°).

Answer. S; =0.042886.
Question 3

The majority of candidates began by writing (2n - 1)* = 8n® - 12n* + 6n — 1 and then after applying standard
summation formulae, worked accurately to obtain the displayed result. Only a minority of responses

1
proceeded along the lines of Sy = Zan3 -8 Z:Vn?’ =Z(2N)2 (2N+1)2 —2(N)2 (N+1)2 , etc., from

which, using obvious factorisations, the result follows immediately.

Most candidates began the second part of this question with a correct preliminary result such as

ZiIIN+1n3 =4N? (8N2 —1)—N2 (2N2 —1) and then simplified this expression without apparent difficulty. A

small minority of responses showed incorrect partitions which may be symbolised as
2N zZN ZNH zZN ZZN ZN—']
N+t et 1 or N+t Lt 1 :

A few candidates expanded (2n —‘I)3 and then, again, applied standard summation formulae, but such a
complicated strategy proved to be very error prone.

Answer. 3N? (10N? -1).

Question 4

This question was answered accurately by most candidates. Responses showed, almost without exception,
a correct overall strategy and there were few scripts in which the correct general solution did not appear. In
sharp contrast, very few candidates were able to provide a satisfactory explanation as to why, independently
of the initial conditions, y ~ 3x + 2 when x is large and positive. In fact, something like the argument set out
below was expected.

As x —» o, e ¥ [A sin (2x) + B cos (2x)] — 0, whatever the values of A and B and hence whatever the initial
conditions. Thus independently of the initial conditions, y ~ 3x + 2 for large positive x.

Answer. General solution: y = e [A sin (2x) + B cos (2x)] + 3x + 2.
Question 5
Responses to this question showed some suboptimal solution strategies and also many basic working errors.

In the first place, the required y-equation can be obtained expeditiously by noting that

X
= = X= Y and so substituting for x in the given cubic leads at once to the required result

2x -1 2y -1
for y.

For part (i), it is then sufficient to observe that, as from the x and y cubic equations it is obvious that

apy = -1 and that afy /(o - 2)(B - 2)(y - 2) = %,then(a “2)B - 2)(y -2)=3.

11



For part (ii), the optimal argument is also simple. Thus it is only necessary to write the following:
Xa(B -2y -2)=(a -2)(B -2)(y -2) X alla -2)=3x3=9.

However, the majority of candidates got involved in more complicated arguments. Thus there were even
some who first attempted to evaluate > a/(a -2), X a B/(a -2)(B -2)and a B y/(a - 2)(B -2)(y -2)

from the given x-equation, and then started all over again in an attempt to find answers for parts (i) and (ii).
Such protracted arguments generated many errors.

Answers: (i) 3; (ii) 9.
Question 6

The quality of most responses to this question was not good. Even where the central part of the induction
argument was present, it was common for there to be no clear statement of the inductive hypothesis nor of
an unambiguous conclusion. In fact, only a minority of candidates produced a completely satisfactory
response.

In this respect something like the following was required:

Let P(k) be the statement, u, < 4 for some k.

Then P(k) = 4 - ug+1=4 - (Bux+ A)l(ug+2)=(4 - ul(ux+ 2) = ux.+1 <4, since all u, are given to be
positive. Thus P(k) = P(k + 1), and since also P(1) is true, for it is given that u; < 4, then by induction it
follows that P(n) is true for all n = 1.

In the second part of the question, few candidates made significant progress. All that was required here was
towrite up«1 - U, =...=(4 - up)u, + 1)l(u, + 2) >0, and thus as 0 < u, < 4 and all u, are positive, then
Lln +1 > Lln.

In this context, one had the impression that some candidates were groping towards this kind of argument,
but lacked the technical expertise to see it through.

Question 7

2
This standard exercise involving the obtaining of —}2/ in a parametric context showed up at least one
dx

important conceptual error. Overall the quality of responses can only be described as disappointing.

In the first part of the question, the working was generally methodologically correct and accurate. It was in
the remainder of the question that many responses fell apart. The most common error was the supposition

d? d

that —‘Z = D,(d—yj Actually from this it is possible, in this case, to obtain the required values of {, but such
dx X

arguments, which are essentially incorrect, obtained little credit. Another persistent, but less common, error

d’y d’y d’x

was the writing of > as —-+—. This result, of course, did not get any credit.
dx dt dt
dy d? y
Answers: — =t%(t - 3)e; —-=(t" - 8t°+12t°)e”; t=2,6.
dx dx
Question 8

This question was not answered as well as might be expected and certainly one persistent cause of failure
was lack of technical competence.

In part (i), most responses showed a correct integral representation of the arc length, but nearly a half of all
2

candidates did not recognise that V{%(x”e’ —x1/3) +1}:% (X1/3 + x‘1/3) and so made no further progress.

However, most of those who did get through this stage did go on to obtain the required result.

12



In part (ii), it was clear that many candidates were put off by having to consider the surface area S generated
by the rotation of C about the y-axis. Thus the (correct) integral representation of S by

3
T L x(x"® + x3)dx appeared in only a minority of scripts, though usually this was evaluated accurately.

63
Answers: (i) —; (ii) 25567 .
8 35

Question 9
There were very few good quality responses to this question.

In the first part, a common error was the supposition that the given series is geometric with common ratio
1
ECOSZG . Thus, within the scope of this view of the question, complex numbers did not feature at all. In

n

1 .

where z = —e? there
1-z 3

was much suppressed detail and erroneous working to be found. Thus although there was some

appreciation of how to proceed, there were relatively few who could produce a completely accurate proof of

the given result.

those responses which did show an attempt to determine the real part of Sy =

In the last part of this question, only a small minority of candidates comprehended that since
3™ 5 0,3™2 50, as N> «, then the given infinite series is convergent. Even where such statements
appeared in responses, it was not always the case that the correct sum to infinity emerged from the working.

9 — cos26

Answer. S, = —— .
10 — 6cos26

Question 10

The majority of those candidates who produced serious work in response to this question established the
linear independence of the vectors a4, a,, az by the use of equations and likewise for the vectors b4, b,, bs.
In contrast, a minority reduced the 4 x 3 matrices (a; a; a;) and (bs b, b3) to the echelon form. This is
extremely easy to effect yet, surprisingly, there were errors even at this very basic level of operation.

There were also those that argued that, as it is given that the three vectors a;, a,, a; span V;, then V; must
be of dimension 3, and likewise for V,. Such arguments implicitly ignore the possibility of linear dependence
and as such are worthless.

Only a minority appeared to comprehend that dim(V3) =2 and some gave 3 or even 4 vectors as a basis for
this subspace. Thus again there was clear evidence of a general lack of understanding of the basic
concepts of linear spaces.

About half of all candidates were able to produce 2 linearly independent vectors which belong to W, as
required in part (i), but in part (ii), few could produce a satisfactory argument to show that W is not a linear
space. This is most easily effected by showing closure does not hold.

A basis for Vs is

; (i)

o ~ O O
-~ O O O
o ~ O O
-~ O O O
- ~ O O

Question 11

Most responses showed correct methodology and accurate working to the extent that it can be said that this
question was well answered by the majority of candidates.

13



In part (i) the vector product was used in a relevant way. Almost all failures to produce a correct result were
due to accuracy errors.

The working in part (ii) was generally accurate. Most responses showed the position vector of a general
point on /3 in terms of a single parameter, s. Subsequently, 3 linear equations in s and t appeared and it was
good to see that, almost always, the values of s and t obtained from 2 of the equations were checked out in
the third.

In part (iii) since Iy n Iz =i + 2j - 3k, then the shortest distance, p, between /; and /; can be evaluated by
using b N I3 = 4i - j - 9k. (This follows immediately from the working in part (ii) and, in fact, most

candidates had already obtained this position vector.) Thus p = 32 + 32 + 62 = 3,6 .

Very few candidates argued in this simple way, but preferred to use the standard formula for the length of the
common perpendicular between 2 skew lines. This strategy was not always implemented accurately so that

arguments such as p = Ki -j- 2k).(3i + 7j+ 7k)|/f =..= 3\@, often appeared in an erroneous form.

Answers: (i) 7x - y + 4z = -7; (iii) 36 .
Question 12 EITHER

A minority of candidates began by attempting to resolve the given rational function of x into partial fractions

without any particular objective in view. Moreover, a number of such resolutions began with the form

Bl(x - 2a) + Cl(x + 2a), and not with A + B/(x - 2a) + C/(x + 2a). In fact, the derivation of the correct partial

fraction form of y does not enhance prospects in parts (i) or in (iii), though it can be helpful in part (ii) if the
2

d
sign of —}2/ is used to determine the nature of the stationary points.
dx

In part (i) most candidates obtained, or simply wrote down, the equations of the vertical asymptotes though
some missed out the horizontal asymptote altogether or gave an incorrect result, e.g., the x- axis.

d
In part (ii) most candidates got as far as showing d—y =0 = x = a, 4a and went on to obtain the ordinates
X

of the stationary points. Beyond this, however, responses generally ran into difficulties, mainly on account of
inaccuracies in the working. Candidates, generally, appeared not to have the technical expertise necessary
2

d
either to obtain a correct result for —}2/ , in any form, or to establish its sign at the stationary points of C in a
dx

d
convincing way. A simple argument in this context is to observe that d can be written as (x - a)F(x) where

dx
F(x) is an easily identifiable rational function, actually it is 2a%(x - 4a)/(x* - 4a%)? and thus as
o2 d* -2
—JZ/ = F(x) + (x - a)F’(x), then at x = a, —)2/ = F(a) = — < 0. The other stationary point can be
dx dx 3a

considered similarly by writing y = (x - 4a)G(x), where G(x) = 2a°(x - a)/(x* - 4a°)>. It then follows that at
2

1
X =4a, —}2/ = G(4a) = Z > 0. However, very few candidates argued in this way.
dx a

In part (iii) few sketch graphs were without error and, in fact, some did not even show 3 branches.
Undoubtedly failure here was due to erroneous or incomplete results obtained earlier on. No doubt, on this
account, some candidates must have been baffled by the clear inconsistency between the number of
asymptotes obtained in part (i) and the display on their graphic calculator. This is especially a type of
question for which the intelligent use of such a calculator can materially enhance the quality of responses,
but in this instance there was very little evidence of such a causal relationship. Less than half of all
candidates obtained full credit here.

3a
Answers: (i) x =2a, x = -2a, y = a; (ii) maximum at (a, 0), minimum at (4a, T ).
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Question 12 OR

In part (i) although the outline of C was usually correct, there was a persistent failure to indicate the scale in
terms of a. Responses to this question were expected to include a clear indication of the location of the
origin, the line 6 = 0 and the labelling of the extreme point (2a, 0), yet in this respect there were many
deficiencies.

In part (ii) most responses began with the integral g J.:a2(1+cose)2d6 where, in most cases, k was either 1

(the most popular erroneous value) or 2, which is correct. Some candidates started with k = 1, but then
introduced a factor of 2, without explanation, later on in the working. A few started with other correct forms

1 T
such as — I a%(1+cos6)’db .
2 J-x

For the integration, the working was generally accurate and complete.

d
In part (iii) the starting point here is to write y = rsin@ = a sin6 (1 + cos 6 ) and then to set Y. 0. In this

d
respect, it is helpful to write y = a sin@ + (a/2) sin(26 ) so that é =0 = cosf + cos(28) = 0 follows
immediately. The minimum of y is then easily found to occur at 6 = -n/3. However, only a small minority of

candidates were able even to formulate y in terms of 6, as above, and few of these went on to obtain the
correct minimum value of y.

Finally there was a small minority of candidates who attempted to obtain the x - y equation of C and then by
implicit differentiation go on to obtain the minimum of y. However, few of these had the necessary technical
expertise to work this complicated strategy through to a successful conclusion.

~33
—

Answer. (iii) Minimum value of y =

Paper 9231/02
Paper 2

General comments

The standard of the candidates was very variable, some producing excellent work while others had no real
grasp of the syllabus. With the exception of the latter, almost all candidates were able to complete all the
questions, suggesting that there was no undue time pressure. Although intermediate working was usually
shown, some candidates simply wrote down final values of, for example, variances and correlation
coefficients. Where such values were incorrect, these candidates may have needlessly lost marks for a
correct method, since insufficient working was given to demonstrate their method of calculation. There
appeared to be a slight preference for the Mechanics alternative over the Statistics one in the final question,
though in some cases different candidates from the same Centre made differing choices.

Comments on specific questions

Question 1

Finding the impulse of the force from the product of the force’s magnitude and its period of action rarely
presented problems, and the units were usually given correctly. Most candidates then equated the impulse
to the product of the bullet's mass and the required speed, again stating the units of the result, while others
first calculated the acceleration and hence the speed.

Answers: (i) 20 Ns; (ii) 250 ms™.
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Question 2

The question states that the components of the velocity after the collision should first be found, but some
candidates ignored this and tried unsuccessfully to derive the given equation directly by some invalid
method. Instead they should have noted that the component U cos é parallel to the cushion is unchanged,
while the perpendicular component changes by a factor e to eU sin 8. The most convincing way of finding
the lost kinetic energy is to consider the difference in the total kinetic energy before and after impact. Some
candidates apparently relied on the fact that only the velocity component perpendicular to the cushion
changes, and therefore found only the loss in the corresponding component of the kinetic energy.
Unfortunately the majority of candidates who derived the given result in this way did not give an explicit
justification, leaving open the possibility that they had simply worked backwards from the expression quoted
in the question without any real understanding.

Question 3

The simplest approach is to use the expression for the moment of inertia of a rectangular lamina given in the
r
242
the given formula for a thin rod in association with the perpendicular axis theorem, but without adequate
justification, and others purporting to achieve the given result without any valid reasoning. The second part,
concerning the moment of inertia of the combined lamina, was frequently omitted. Those who attempted it
successfully usually related the masses of the square and circular laminas to that of the combined body in
terms of their common density, and substituted for the latter in an expression for the required moment of
inertia. Although many candidates realised that the final part can be solved using conservation of energy,
they often omitted one of the three contributory energy terms. An alternative valid approach which was also
seen is to relate the net force and the couple acting on the particle and the lamina to their linear and

rotational acceleration respectively.

List of Formulae, substituting in place of a and b. Many candidates failed to do this, with some using

Answer. 6.52rad s ™.
Question 4

The first equation of motion was often derived successfully by applying Newton’s Law perpendicular to the
string, though some candidates wrongly considered the radial direction. Most stated the approximation
sin @~ @ correctly, and knew the general approach to expressing the right hand side of equation (A) in its
alternative form. While most candidates realised that this expression could also be rewritten in terms of ¢,
many overlooked the left hand side of the equation, while a few seemed to believe that the rearrangement is

only valid if ¢ is small. The period was often found correctly from 2—” but common faults were to omit the
w

length of the pendulum, or less seriously not to simplify the expression. The value « about which 6 now
oscillates defeated the great majority of candidates, most of whom made no attempt to find it.

Answer. (ii) R = Zﬁ a= tan™ 7 .
24 24

Question 5

The tension is found in both parts by taking moments for the stone about A. Although this is fairly simple for
T;, a common fault was to include the moment of the tension in only one of the sections DH or DK of the

rope. The coefficient of friction x is as usual related to the friction F and reaction R by u = g with Fand R

found by horizontal and vertical resolution of forces. Finding the correct moment equation in the second part
presented significantly more difficulty, since the most relevant angles are no longer 30° or 60°, thus requiring
some trigonometric effort, even though many candidates overlooked this.

Answers: (i) 177, 0.5; (ii) 131.
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Question 6

Although most candidates knew how to find the confidence interval in principle, the majority used an
incorrect tabular value instead of the t-value 2.718, with a high proportion opting instead for the z-value
2.326 or 2.054. The necessary assumption that the population is normal was frequently omitted.

Answer. [55.1, 61.2].
Question 7

The usual approach to this question is to use the binomial distribution B(5, 0.5) to calculate the expected
values corresponding to the second row of the given table, and then calculate the corresponding ;(2 value,
here 5.13. Comparison with the tabular value 11.07 leads to the conclusion that the coins are fair. While
several candidates chose instead to attempt to calculate an appropriate z-value, their approach was usually
invalid.

Question 8

Most candidates appreciated that the ;(2 test is appropriate here, and found the value of approximately 4.0
correctly. Comparison with the tabular value 9.488 leads to the conclusion of independence. The second
part was by contrast very poorly done, with only a handful of candidates both identifying the problem of an
expected value being less than 5, and identifying it as roughly 4.85 in the Low/Low cell.

Question 9

Almost all candidates knew how to find the coefficients a and b, usually by first using the given formula for b,
and less often by solving the linear least squares equations explicitly. However a common fault was not to
retain additional figures in the working, and the resulting rounding errors affected subsequent calculations.
Substitution of x = 80 gives the corresponding value of y and hence the solution in part (ii). Part (iii) was
frequently, and wrongly, answered by substituting a value of either 2 or 2000 in the equation of the
regression line, instead of noting that the ratio of a change in y to the corresponding change in x is b. Most
candidates applied the formula for the product moment correlation coefficient r, and many also commented
that their preceding answers are reliable. The correct approach to the final part is to note that the product of
the two regression coefficients of y on x and x on y is r*, since calculating the required coefficient from its
formula is not making use of the previous answers as specified in the question.

Answers: (i) a= -1.75, b = 1.05; (ii) $82400; (iii) $2100; (iv) 0.996; (v) 0.944.
Question 10

The correct test to apply in the first part is the two-sample t-test with a common unknown population
variance, but many candidates wrongly applied the paired-sample one. The former test yields a t-value of
magnitude 1.13, and comparison with the tabular value 1.812 leads to the conclusion that the racing driver’s
claim is not justified. The corresponding method should be used for the confidence interval, and here the
appropriate tabular value of tis 2.228.

Answer. [-32.6, 10.6].
Question 11 EITHER

The first part is readily solved by equating the kinetic and potential energies of the particle at the initial and
final points, and simplifying. The following part, in which the required force R is found by summing the other
two radial forces on the particle, presented no difficulty for most candidates, and they usually then equated R
to zero in order to solve the resulting equation for 6. The final two parts proved much more challenging,
however, with some candidates vainly attempting to solve part (iii) by considering the vertical component of
the particle’s motion. The correct approach is to find the constant horizontal component of its velocity and
also the distance to the vertical through O, and hence the time. The final part is concerned with the vertical
motion under gravity, and is best solved by showing that in the given time the particle falls a distance 0.75 m,
which equals the height above D of the point at which contact is lost with the hoop.
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Question 11 OR

Most candidates were able to sum the first three terms of the Poisson expansion with parameter 3, and
subtract their sum from unity in order to find the first probability. The second part needs only a realisation
that the probability of picking up no passengers in a period of t hours equals the first term of the Poisson
expansion with parameter 12. Convincing explanations of the given equation for P(T < t) were very rare,
however, and many candidates made no serious attempt at this. By contrast most found the probability
density function 127 by differentiation, but while some were able to quote the values of E(T) and Var(T),
others attempted to find them by integration, often unsuccessfully. The median time is found by equating the
given expression for P(T < f) to 0.5 and solving for t, and the only common fault here was to round the
answer to fewer than the 3 significant figures specified in the rubric.

Answers: (i) 0.577; —-- %; 0.0578 hours.

12
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MATHEMATICS

GCE Advanced Level and GCE Advanced Subsidiary Level

Paper 9709/01
Paper 1

General comments

The maijority of candidates had been well prepared for this paper which they generally found to their liking.
There were some excellent responses, but also some from candidates for whom the level seemed too
advanced. The standard of algebra was good throughout and most scripts were easy to mark with working
shown in full. There was little evidence that candidates had been forced to rush to complete the paper in the
allocated time.

Comments on specific questions

Question 1

This proved to be a successful starting question with the majority of candidates correctly eliminating one
variable to form a quadratic equation in the other. Apart from the occasional algebraic or arithmetic slip,
most attempts were perfectly correct.

Answers: (12, -1.5) and (-3, 6).
Question 2

Part (i) was very well done but a surprising number of candidates failed to spot the link between the two
parts. Of the rest, the setting up and subsequent solution of the quadratic in cos x was accurately done and
most candidates realised that there were two solutions in the required range.

Answers: (i) Proof; (ii) 60° and 300°.
Question 3

1

A surprising number of candidates read 3Vx as x® but were able to obtain the method marks available

throughout the question. The solution of “3vVx = x” also presented problems with (3vVx)? = 3x being a common
3

error. The standard of integration was accurate, though inability to evaluate 2x2 at x = 9 caused further
problems.

Answers: (i) (9, 9); (ii) 13.5 unit2
Question 4

This was again well answered and there were many correct answers to both parts. In part (i), most

n
candidates obtained d = 1.5 but S, = E(a + (n —1)d)and use of u, instead of S, were two common errors.

In part (ii), most candidates obtained r* = 1.5 but use of decimals to insufficient accuracy or use of S, instead
of u, led to frequent loss of marks.

Answers: (i) 750; (ii) 40.5.
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Question 5

As in a similar 8709 question last year, the main error came in the first part with about a quarter of all
candidates ignoring, or failing to cope with, the dimensions of the cylinder (height of 12 units and radius of 4
units). The ability to use the scalar product to calculate an angle was excellent but unfortunately many
candidates believed that angle OMC’ came from the scalar product of OM with MC’ rather than with MO and
MC’.

Answers: (i) 4i — 6k, 4i + 4 + 6k; (i) 109.7°.
Question 6

There were many completely correct solutions to this question but in part (i) it was disappointing to see so
many candidates failing to realise the need to use radians and failing to realise that sin(n/2) = 1 and that
sin(3w/2) = —1. In part (ii) only a relatively small number of candidates realised that there was a second
solution in the domain (i.e. x = = — 0.64) and many candidates again failed to use radian measure. The
sketch graphs of y = 5sinx — 3 were very variable with many candidates failing to show the maximum and
minimum points at ©/2 and 3n/2 respectively.

Answers: (i) a=>5 and b = -3; (ii) 0.64, 2.50; (iii) Sketch.
Question 7

Part (i) was well answered with most candidates bisecting AB at M and using right-angled trigonometry to
evaluate angle AOM and then doubling. Others preferred to use the cosine rule and were generally
accurate. Candidates should read the question carefully and ensure that the angle is shown to be 1.855
radians and not 1.85 radians. Part (ii) was nearly always correct, though some candidates were confused as
to the difference between segment and sector. Less than a half of all candidates coped with part (iii) — the
most common error being to consider the unshaded area as “rectangle + sector” area rather than
“rectangle + sector — triangle” area.

Answers: (i) Proof; (ii) 371 cm?; (iii) 502 cm>.
Question 8

This caused considerable difficulty for most candidates. The formulae for surface area and volume of a
cylinder were poorly learnt and many candidates failed to appreciate the implication of “open at one end”.
Consequently answers were “fiddled” and it was quite common to see a correct formula for “volume”
changed in order to produce the required result. Most candidates realised the need to use calculus for parts

1
(ii) and (iii) and the standard of differentiation was good. Coping with the constant “En” caused many

problems as this was often wrongly used in expanding the bracket, or omitted completely thereby causing an
incorrect value for V. Surprisingly many candidates also omitted to answer the request to find the stationary
value in part (iii). Use of the second derivative to differentiate between maximum and minimum points was
well done.

192 -r2
Answers: (i) h =%; (ii) 8; (iii) 1610, maximum.
r

Question 9

This question was answered badly with a lot of confusion over the equation of the curve and the equation of
the tangent. The use of the formula mym, = —1 to find the gradient of the normal was accurate but many
candidates failed to obtain a numerical value for this prior to finding the equation of the line. A significant
number of candidates took the x-axis as x = 0 instead of y = 0. There were only a small proportion of correct

1
answers to part (ii) with candidates either integrating incorrectly, usually by omitting the “E , or by

completely ignoring the constant of integration. Part (iii) was usually correct, though many candidates had
given up before reaching it.

2
Answers: (i) 7 —; (ii) y = 7—L ; (i) 0.4 units per second.
3 2x +1
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Question 10

This was very well answered and generally a source of high marks. Apart from a few who confused gf with
fg, part (i) was nearly always correct. Part (ii) presented more problems especially when candidates
produced sketches with different scales on the two axes. The sketch of y = f(x) was usually correct and most
candidates realised that f ' was a reflection of f in the line y = x. Unfortunately because of different scales
this often led to y = f '(x) having a negative gradient and being positioned in the wrong quadrant. Part (iii)
was extremely well answered with inverse functions being correct and with an impressive standard of
algebra used to solve the resulting quadratic equation in x.

. 1 T T -1 1 | 6 - 3X 1
Answers: (i) 7—; (ii) Sketch; (iii) f "' (x) =—(x -2), g~ (x) = , X=2o0r-4—.
2 3 2x 2
Paper 9709/02
Paper 2

General comments

A wide range of ability of candidates was apparent in the responses to the paper. A significant number of
candidates scored marks of 30 or more and displayed a high degree of mathematical expertise. At the same
time, there were many candidates who were clearly not equal to the demands of the syllabus and of this
paper, and such candidates struggled to record enough marks to produce a total in double figures.

The overwhelming majority of candidates had sufficient time to attempt all of the questions; those which were
answered well included Questions 2, 4 (i) and 7, and those which caused widespread difficulty were
Questions 4 (iii) and 6 (b). Responses to Questions 1, 3 and 6 (a) were mixed. It was disappointing when
questions apparently providing a straightforward and familiar test of basic syllabus topics were not answered
with much conviction.

Candidates are advised to work through the questions sequentially, but many were unable to do so.

Sometimes 2, 3 or even 4 attempts were made at a solution, and a lack of confidence seemed to lie at the
root of this approach.

Comments on specific questions

Question 1

Although a majority of candidates made a good enough attempt to score 2 or 3 marks, few could
successfully produce the final solution, often due to the belief that a > b implies (-a) > (-b). A significant
majority could only show that x < 1, and were unable to totally remove the modulus signs. Those who
squared each side of the inequality were invariably more successful.

Answer. x<1, x>7.

Question 2

(i) This part was invariably well answered. Having set f(-2) = 0, several candidates then erred in
expanding and merging the terms.

(i) Almost every candidate scored the first two marks, but several made no attempt to factorise the
quadratic factor or used inappropriate signs.

Answers: (i) a=7; (ii) f(x) = (x + 2)(x — 1) (3x + 4).
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Question 3

This question produced the widest range of marks. Many excellent solutions were seen by the Examiners,
but at the other extreme there were attempts based on using y as a linear function of x rather than using Iny
against Inx. Several solutions featured the correct gradient and vertical intercept of the line without any link
between those quantities and those of n and InA.

Answers: A=9.97, n= -0.15.

Question 4
3 2
(i) This part was generally well answered except where tanx was set equal to > rather than to 3
i . 1(35
(i) Almost no solution featured a second angle, less than zero, corresponding to cos 1(?). The

35
basic technique leading to the first solution of 8 = o + cos™’ [?j was understood by almost

every candidate, though a few tried to square each side using the incorrect identity
(@a+b)’ = a+ b

(iii) Virtually no solution was stated, as requested in the question paper, using the results from part
(i). Candidates preferred to use the calculus to seek a stationary point; this arduous way to earn
one mark was sometimes further complicated by a failure to calculate the y-coordinate at the
point.

Answers: (i) R = 13, a = 33.7° (ii) 47.6°, 19.8°; (iii) (33.7, +13)

Question 5

(i) Surprisingly few candidates could differentiate the function 2xe™, with many answers containing
only one term. Of those candidates who successfully differentiated, many could not solve the

equation (1 - x)e™ = 0; finite solutions of e = 0 were sought, or logarithms used.

(i) Despite the answer being given, this part also defeated many candidates. Again, logarithms were
resorted to in many solutions.

(iii) Although extremely popular, most final answers were given as 0.35, seemingly on the basis that no

iterate was smaller than this number, even though values in excess of 0.355 were invariably given
as the last iterate.

Answers: (i) (1, 2e™"); (iii) 0.36.
Question 6
(a)(i) Many candidates obtained a multiple of sin2x as Icost dx , but a variety of other solutions of the
form A cos2x, S sin(2x2) or u sinx were seen.
(i)  Few candidates recognised that cos’x takes the form a + b cos2x and then successfully integrated.

3 3
. . . . cos” x cos” x
Other solutions featured a wide variety of false integrals such as or

sinx
(b)(i) Only a handful of candidates produced 3 correct ordinates; 2 or 4 ordinates were common. Among

solutions featuring the correct formula, many were spoilt by use of 22.5 (degrees) instead of g

(radians) for h.
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(i) Few correct graphs of y = secx, 0 < x < g were seen. Many candidates did not attempt to

stretch the curve.
Answers: (a)(ii) %(n - 2); (b)(i) 0.90, (ii) over-estimate.

Question 7

This question proved to be the saviour of many candidates who had struggled earlier and was very
successfully answered.

dt t dx 2
(i) The only problem encountered was the use of — =1 + — following the correct — =1 + .
dx 2 dt
(i) Even those candidates who erred in part (i) staged a full recovery and few errors were seen.
1
(iii) This part was basically very well done, though conversions of 1 - In; to 1 + In2 were often
done via use of logarithms. Almost no-one scored the final mark, due to the mistaken belief that
d2y d (dy d2y . .
— === The correct form of — when x and y are functions of a parameter t is not
dx dt \ dx dx

d
expected for this paper; instead, Examiners were looking for an investigation of the sign of ad
dx

on either side of the point where t = 1.

Answers: (i) %; (ii) 3y = x + 5; (iii) minimum.
+

Papers 9709/03 and 8719/03
Paper 3

General comments

There was a wide variety of standard of work by candidates on this paper and a corresponding range of
marks from zero to full marks. The paper appeared to be accessible to candidates who were fully prepared
and no question seemed to be of unusual difficulty. However, less well prepared candidates found parts of
the paper difficult and, in some cases, omitted questions such as Question 8 (vector geometry) and
Question 9 (complex numbers), presumably because these parts of the syllabus had not been covered.
Examiners noted that such candidates tended to present work poorly. Overall, the least well answered
questions were Question 5 (stationary points), Question 8 (vector geometry and Question 10 (calculus).
By contrast Question 1 (trigonometric identity), Question 2 (binomial series), Question 6 (partial fractions)
and Question 7 (differential equation) were generally well answered. It was felt that adequately prepared
candidates had sufficient time to attempt all questions.

The detailed comments that follow inevitably refer to mistakes and can lead to a cumulative impression of
poor work on a difficult paper. In fact there were many scripts which showed very good and sometimes
excellent understanding and capability over the syllabus being tested.

Where numerical and other answers are given after the comments on individual questions, it should be

understood that alternative forms are often possible and that the form given is not necessarily the only
“correct” answer.
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Comments on specific questions

Question 1

This was generally well answered and a wide variety of methods was seen. Candidates usually gave
sufficient working to justify their arguments.

Question 2

This question was also well answered. The main errors arose in the handling of signs, in numerical
simplification, and in replacing x by - 3x in the general expansion of (1 + x)".

14
Answer. 1+ x+2x* + —x°.
3

Question 3

Those who embarked on long division or inspection did well on this question. However some candidates
seemed to be uncomfortable with quadratic factors. Thus there were vain attempts to find real linear factors
of ¥* + x + 2 and use the remainder theorem. Very occasionally a correct complex zero was used to
evaluate a using the remainder theorem.

Answers: 6; X —x+3.
Question 4

Part (i) was usually done well but part (ii) was clearly unfamiliar to some candidates.

2
X

Answers: (i) 1.26; (ii) x = g(x + Lj 2.

Question 5

Examiners were disappointed by the quality of work on this question. Errors in differentiation at the start of
the problem and mistakes in obtaining an equation in one trigonometrical function were common.
Candidates who obtained coordinates of the stationary points usually used the second derivative to
determine their nature. Here errors in differentiation and evaluation regularly lost marks.

1 . ., 5 - .
Answers: —m, maximum point; —m, minimum point.
6 6

Question 6

Examiners noted that most candidates were prepared for this question and tended to score well on it. Most

. . . A B C A Dx + E
candidates set f(x) identically equal to + + > but the form + 5 was
3x + 1 x +1 (x+1) 3x + 1 (x+1)
sometimes seen and was acceptable. A common error was to set out with an incomplete form of fractions.
Errors in identifying the numerator of f(x) with that of the combined fractions proved costly. A thorough

check of the algebraic work at this stage would have been very helpful to some candidates.

In part (ii) those candidates who worked with the second form above were not often able to integrate
Dx + E

> and Examiners were disappointed to see many poor attempts at integrating terms of the form

(x+1)

(x + 1)2 -
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Question 7

There were many successful solutions to part (i). A minority of candidates merely showed that the given
differential equation was satisfied at = 0. This does not show that m satisfies the equation at all times.

In part (ii) most candidates separated variables correctly and attempted to migrate >, but here, as in

1
(50 — m)

Question 6 (ii), Examiners were disappointed by the inability of candidates to integrate correctly.

The remaining parts were done well and a pleasing number of candidates answered part (iv) satisfactorily.
Answers: (iii) m =25, t=90; (iv) m tends to 50.

Question 8

The first part of this question was answered well by those who attempted it. Most solutions involved the
vector equation of the line and the evaluation of the parameter of the point of intersection.

The second part discriminated well. Those who knew how to proceed usually tried to find a vector
perpendicular to both the line / and the plane p, and then use one of the points on / and this vector to obtain
the required equation. A less common alternative was to write down a 2-parameter equation of the required
plane, using a point on /, a direction vector for / and the normal to p, express x, y and z in parametric form
and then eliminate the parameters. Some excellent work was seen here, marred only by the occasional
failure to present the equation of the plane in the required form.

2 4 5
Answers: (i) -2i+j - k; (i) -—x+ —y+ —z=1.
3 3 3

Question 9

Part (i) was quite well answered. Those candidates who used the polar form of n to find the modulus and
argument of u° and u* tended to be more successful than those who calculated v and v°.

In part (ii) many candidates were aware that the complex conjugate was also a root and 1 + i\B was
justified by a variety of methods.

Part (iii) was poorly done. The plotting of i and u was often omitted or simply incorrect. Correct descriptions
of the circle were not matched by correct sketches, and the line associated with arg u often failed to pass
through u. Fully correct sketches were rarely seen.

. 1 o1 2 . :
Answers: (i) 2| cos gn + i sin gn 4, gn; 8, m; (ii) 1 7|\/§.

Question 10

Most candidates answered part (i) correctly but the work on the second derivative of (Inx)2 was
disappointing. In part (iii) there were many incomplete or incorrect attempts. Some candidates failed to give
an explicit statement of the integral for the area in terms of x and those who did often took the lower limit to
be 0 instead of 1. The final part involves integrating by parts twice. Most candidates completed the first
stage correctly but the second integration was often accompanied by errors of sign and in the substitution of
limits. Here, as in Question 4 (ii), it was clear that some candidates are unaware of the meaning in these
contexts of the adjective ‘exact’.

Answers: (i) 1; (iv) e - 2.
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Paper 9709/04
Paper 4

General comments

The attempts at this paper were mixed. Many candidates demonstrated a good understanding of the topics;
a few candidates scored very low marks.

There were only a few very high marks and this was because the topics represented by Question 5 (ii) and
Question 7 (iii) were widely unknown. In Question 5 (ii) very many candidates inappropriately used
constant acceleration formulae; this was also the case in Question 6 (ii). Candidates should be aware of
the importance of constant acceleration formulae in this syllabus, but must also be aware that these formulae
should not be used in cases where the acceleration is not constant.

Whereas two topics were widely unknown, another topic was widely misunderstood. The syllabus requires
candidates to be able to find (and use) components (of forces)’. In Question 3 (ii) many candidates found
just the angle between the resultant force and the direction of OA, giving the answer as 53.13°, instead of the
component in that direction; many others gave the answer simply as 12c0s53.13°, without calculating its
value.

In very many cases the accuracy required by the rubric was not attained because of premature
approximation. Frequently occurring cases included 4.3 x 4 = 17.2 in Question 1, 49 x 0.2 = 9.8 in

Question 2 (i), 10 — 10sin(106 — 90)° = 7.24 in Question 3 (ii), 3—23 = 0.606 in Question 4 (iii) and
150 000 x 28 = 4 200 000 in Question 6 (i)(a).

Some candidates gave answers to insufficient accuracy, the most common of which were 17 in Question 1,
106° in Question 3 (i) and 0.3 or 0.33 in Question 4 (i).

Comments on specific questions

Question 1

This was found to be a straightforward starter question with most candidates scoring all three marks. One
common mistake was to omit cos30°; another was to use sin30° instead of cos30°. Some candidates used a

0+ 04

s
distance of 2 m, calculated from — = >
10

Answer. 17.3 J.
Question 2
This question was well attempted with most candidates scoring 4 or 5 marks.

The most common mistake was to assume implicitly that the acceleration is zero. Thus the frictional force
was equated to the component of the weight, parallel to the plane, to produce an answer of 10.4 N in part (i).

Candidates who made the assumption usually made no sense of part (ii) and scored 1 mark for the question,
this being a mark for writing the component of the weight as 5g sin12°. However, some candidates did not
continue with the false assumption in part (ii), and thus could score all 3 marks available in this part.
Answers: (i) 9.78 N; (ii) increasing.

Question 3

Very many candidates used the incorrect triangle with sides 10, 10 and 12 and with the angle & opposite the

side of length 12. In candidates’ sketches the & was shown to be obtuse, as in the diagram in the question
paper. When calculation led to the acute angled answer of 73.7°, some candidates simply changed this to
the corresponding obtuse angle of 106.3° without explanation.
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Candidates who sketched the correct diagram often assigned the symbol € to angles other than that to
which it is assigned in the question. This led to much confusion.

Some candidates treated the triangle as though it is right angled, for calculation purposes, and found an

. 6 10
incorrect value for @ from cos— = TR
2

Among the candidates who used the cosine rule correctly, those who wrote
6
10% = 122 + 10° - 2(12)(10) cos; usually continued to the correct answer. This is also the case with

candidates who introduced a symbol to represent 180° - @, wusually «, and wrote
12° = 10 + 10® - 2(10)(10) cosa. However, many candidates who expanded cos(180° — @) made
mistakes, mainly with signs, and thus failed to obtain the correct answer.

Candidates who recognised that the direction of the resultant bisects the angle AOB, and resolved in this

direction obtaining 2 x 10cos g =12, found the correct answer with an economy of effort.

Candidates who used components were roughly equally divided in initially writing X = 10 + 10cosé,
Y = 10sin @ or X = 10 - 10 cos(180° - &), Y = 10sin(180° - @) or X = 10 - 10sin(@ - 90°),
Y = 10cos(# - 90°). Many mistakes were made including sign errors in dealing with the expansions of
cos/sin [(180° - @)/(8 - 90°)] and, as in the cosine rule case, candidates who assigned a separate symbol
to 180° — @ orto @ — 90° fared better than those who tried to expand a trigonometrical ratio of a compound

angle. Other mistakes made were the omission of the mixed product term in squaring the expression for X,
and dropping the coefficient 100 when applying cos? a + sin® o = 1.

Part (ii) was poorly attempted; many candidates did not seem to know what was required.

Answers: (i) 106.3°; (ii) 7.2 N.

Question 4

This question was very well attempted and many candidates scored all 7 marks. Sometimes irrelevant

inequality signs were used.

15
In part (i) a very common error was to write — = 0.3. Some candidates treated the given constant speed as
45

2
though it is an acceleration of 2 ms™. Thus the frictional force became 6 N and x became — .
15

In part (ii) some candidates left the pulling force in the equation of motion and, because the frictional force
was re-calculated from yR with y equal to 0.3 or 0.33, a non-zero value for acceleration was often

obtained.

In part (iii) a few candidates did not square the u (= 2) in applying Vv’ = ? + 2as. Some candidates found
t = 0.6 s without continuing to find the required distance.

Answers: (i) %; (ii) %ms’z; (iii) 0.6 m.

Question 5
Both (a) and (b) of part (i) were almost always answered correctly.

Those candidates who recognised the need to use calculus answered part (ii) very well. However there
were very few such candidates; the vast majority inappropriately used constant acceleration formulae.

Answers: (i)(a) 50 s, (b) 225 m; (ii)(a) 0.0054, (b) 13.5 ms".
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Question 6
Part (i)(a) was well attempted, although a significant minority of candidates used h = 800 in evaluating mgh.

Part (b) was very well attempted; sometimes the mark for this answer was the only one scored for the
question.

Correct answers were obtained in part (¢) by subtracting the answer in (a) from the answer in (b), and by
multiplying the resultant of the driving force and the weight component parallel to the plane by 800, in
roughly equal humbers.

This part was, however, considerably less well attempted than parts (a) and (b), very many candidates
obtaining an incorrect answer by repeating the calculation in (a).

Very many candidates realised that the required work done is obtained as a linear combination of work and
energy terms in part (ii). However many mistakes were made, the most common of which were the omission
of one of the three terms, sign errors, and including the resisting force value of 900 instead of the work done
value of 900 x 800.

Many candidates assumed implicitly that the acceleration is constant, and obtained this constant acceleration
using V2 = 1P + 2as. They then used Newton’s second law to find the (constant) driving force and hence the
work done by this force. Candidates obtaining the correct answer for this special case scored 3 of the 5
marks available.

Answers: (i)(a) 4 190 000 J, (b) 5 600 000 J, (c) 1 410 000 J; (ii) 2 660 000 J.
Question 7

Almost all candidates obtained correct equations by applying Newton’s second law. However, the answer for
acceleration was often wrong. This was usually because of an error in subtracting 0.15g from 0.25g,
frequently as 0.4g, or as 10 following 0.1g.

Part (ii) was poorly attempted. Many candidates found v =5 (from v =0 + af) and s = 5 (from s = 72(0 + v){)
for the motion while the string is taut. They then used s =% at’ incorrectly, with s = 5 and with either a = 2.5
or a = g, to obtain t = 2 (not surprisingly) or t = 1 as their answer for this part.

Many candidates used a correct method for finding the time during the upward motion of A whilst the string is
slack, but relatively few doubled this to obtain the total time.

Part (iii) was very poorly attempted. Almost every candidate showed v as having the same sign for both A
and B, for the part of the motion for which the string is taut, usually with one line segment superimposed on
the other.

Beyond t = 2 the graphs usually petered out, or v for particle A was shown either as being constant or
increasing. Occasionally v for particle A was shown to decrease uniformly from v = 5 at { = 2, but in such
cases the graph either terminated at (2.5, 0), or v was shown to increase uniformly from 0 to 5 in the interval
25<t<3.

Rarely was any attempt made to indicate on the graph that v = 0 for the particle B, in the interval 2 <t < 3.

Answers: (i) 2.5 ms; (ii) 1 s; (iii) diagram.

Papers 8719/05 and 9709/05
Paper 5

General comments

This paper proved to be a fair test in that any candidate with some understanding of basic mechanical ideas
could make some progress in all questions with the possible exception of Question 2 which was often
ignored altogether.
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All indications suggested that, with few exceptions, the majority of the candidates had sufficient time to
attempt all the questions that they were capable of answering. Paradoxically it was the shorter earlier
questions which created most difficulty, whilst even candidates of moderate ability scored well on
Questions 6 and 7.

Without doubt, it was regrettable to see candidates, right across the ability range, carelessly throw marks
away through neglecting to give required answers correct to 3 significant figures. For example in Question 7
most candidates successfully found V = 13.29174.... which was then rounded to 13.3. However, most
candidates then used the value 13.3 to find the value of T and obtained the incorrect value 0.868. In
subsequent calculations in the question it is essential to use the best value of V held in the calculator to
obtain T = 0.869. The best values of both V and T would then be used to obtain the required angle in part

(iii).

When a required answer is given in a question it serves a two-fold purpose. In the first place it boosts a
candidate’s confidence but, more importantly, it enables the candidate to make a fresh start with the
remainder of the question if an error has been made in the first part. For example, in Question 5 if the
candidate failed to show that the tension in the string was 12.2N, then this value should have been used in
part (ii) in order to gain the maximum 4 marks. A number of candidates continued to use their incorrect
value for the tension in part (ii). Similarly in Question 6 (a)(ii) some candidates used g = 9.8 or 9.81,
despite the instructions on page 1 of the question paper to use g = 10. Having failed to get the given
differential equation, they then persisted with their version in part (b)(ii) rather than making a fresh start with
the given equation.

Comments on specific questions

Question 1

Although this question posed little difficulty for the more able candidates, many of the remainder failed to
read the question properly. Rather than finding the gain in GPE many merely stated its value in the initial
position. A number of candidates found the extension when the particle was hanging freely at rest and then
gave the energy changes from the initial position to the rest position. Those candidates with a poor
understanding of energy principles often maintained that the gain in GPE was equal to the loss in EPE, and
often one of these terms was missing from the energy equation attempt in part (ii) of the question.

Answers: (i) 1.25J and 0.6J; (ii) 2.94 ms™".
Question 2

This question was often ignored due to a failure by the candidates to appreciate that it depended on the
knowledge of the position of the centre of mass of the triangular prism. Many of those who did make some
headway again failed to answer the question asked. In part (i) the length of the base left on the shelf was
given as the answer, and in part (ii) some attempted to find the number of books to fill the space between the
four books already on the shelf illustrated in the diagram. However the most frequent error was to answer
part (i) correctly as 6.67cm but then in part (ii) to subtract twice this value from 100cm before dividing by 5.

Answers: (i) ? (= 6.67) cm: (ii) 18.

Question 3

More able candidates coped well with this question but for the rest the main difficulty was finding the
extension of the string. Many candidates did not even see the necessity of calculating the total length of the
string in the equilibrium position. Hence some of the various incorrect attempts at the extension were
0.14, 0.96 — 0.8 = 0.16, 1.0 — 0.96 = 0.04 and 0.8 — 0.5 = 0.3. Hooke’s Law was then often applied
incorrectly with, for example, a correct extension of 0.1m for half the length of the string but then using 0.8m
for the total natural length of the string.

Less able candidates often showed an inability to resolve vertically with attempts such as W = 2T,

W= Tcos8 or W= %Tcos@.

Answer. W= 1.68.
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Question 4

Part (i) was well answered except for a minority who either did not know the difference between speed and
angular speed, or thought that the acceleration was given by mra’.

Apart from the better candidates, the rest of the question was not well answered. Even those who started
with two correct equations failed to get the required answers through using prematurely approximated values
of either the acceleration or cos45°.

The main difficulty however was the understanding of what external forces were acting on P. If a diagram
was drawn the force exerted by the cone was either vertical or omitted. Many thought that mre&® was the
required force. Even those who had the force in the correct direction and had also applied Newton’s Second
Law of Motion correctly towards the centre of the circle were still quite capable of showing their lack of
understanding of circular motion by then stating the incorrect R = mgcos45° or Rcos45° = mg.

Answers: (i) 13.6 ms%; (ii) Tension = 0.759N, Force = 5.00N.
Question 5

Abler candidates produced good solutions, but the majority of the remainder did not realise that the first step
was to find the centre of mass of the lamina. Of those who did, a frequent error was to divide the lamina into
two rectangles but then accord them the same area 0.05 m® Ifa diagram was drawn it was not always clear
about which axis moments were being taken and this may have accounted for the frequent incorrect distance
0.55m rather than 0.45m. As commented earlier, candidates who could not successfully find the tension
should then have taken the value 12.2N to tackle part (ii). There seemed to be a common misapprehension
that the force acting at A was vertical and so, for many, part (ii) was restricted to either resolving vertically or
taking moments about B.

Answer. (ii) 11.0N.
Question 6

This proved to be a very popular question, probably helped by the fact that the two required differential
equations were written into the question. Candidates of even moderate ability were able to obtain high
marks, the failures being those candidates who omitted the constants of integration. A minor error of some
of the better candidates was to have the speeds zero and 2 ms™ the wrong way round when solving by using
definite integrals.

Answers: (i) 8 m; (ii)(b) 4In§ (=2.04)s.

Question 7

The majority of candidates knew which ideas to apply in each part of the question but the main failure lay in
the lack of accuracy which has been commented on earlier.

In part (i) only the weakest candidates failed to obtain V, usually because of poor algebraic manipulation.
On the other hand they usually knew how to find a value for T from their value of V. Despite the instruction
to use the equation of the trajectory, some of the poorer candidates seemed to use any equation that came
to hand. It was not unusual to see attempts based on the formulae for the range on a plane and its total time
of flight. The methodology for finding the angle was well known, either through finding the horizontal and
vertical components of velocity at A or by differentiating the equation of the trajectory. However with the first
method, it should be borne in mind that using the equation V2 = i + 2as to find the vertical component at A
will give the magnitude of the velocity but not whether the direction of motion at A is vertically up or down.

1
One popular error was to substitute the values of V and T into the equation s = ut + Eat2 for the vertical

component. Errorsin V or T often concealed the fact that, not surprisingly, the angle came out to be 30°!

Answers: (i) 13.3 ms™; (ii) 0.869 s; (iii) 10.1°.
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Paper 9709/06
Paper 6

General comments

This paper produced a wide range of marks from 0 to 50 out of 50. Many Centres however, entered
candidates who had clearly not covered the syllabus and thus a large number failed to reach the required
standard. Premature approximation leading to a loss of marks was only experienced in a few scripts, most

candidates realising the necessity of working with, say, V21 instead of 4.58.
Candidates seemed to have sufficient time to answer all the questions, and only the weaker candidates

answered questions out of order. Clear diagrams on normal distribution questions would have helped many
candidates to earn more marks, as many found the wrong area.

Comments on specific questions

Question 1

This was a very straightforward question for those candidates who knew the definitions of independent and
mutually exclusive events. A few candidates muddled up P(A n B)with P(A U B) and some had the correct

inequalities but drew the wrong conclusions from them. The mismatch in the question did not affect any
candidates’ work or marks. Some candidates thought ‘exhaustive’ was the same as ‘mutually exclusive’.

Answers: not independent, not mutually exclusive.
Question 2

This question gave many candidates full marks. As usual, some plotted midpoints, but the vast majority
realised it had to be upper class boundaries, although there was a good mix of 14.5, 15 and 15.5. The
graphs were well done with clear labelling and almost everybody who drew a cumulative frequency curve
managed to find the median and interquartile range correctly. Answers were checked for accuracy from
candidates’ graphs.

Question 3

All the good candidates had no trouble with this question. Many weaker candidates on the other hand, did
not appear to understand what was required at all and could not get started, despite an example being given.

A surprising number of candidates quoted Var(A):E(A)2 —[E(A)]zand then did not square E(A) when
performing the subtraction.

Answers: (i) a 1 4 9 16; (ii) 5.33, 30.9.
LR
Question 4
(i) This part proved too difficult for most candidates despite being specifically mentioned on the

syllabus. Many candidates thought the mean was 110 and then divided 5460 by 30 to get the
variance. This did not earn them any marks.

(i) This was a perfectly straightforward normal distribution question. Some candidates used a
continuity correction, and a surprising number failed to get the correct area, i.e. they did not
subtract from 1. A diagram with the required area shaded in would have told candidates at once
whether the area was greater or less than 0.5.

Answers: (i) 108, 13.4; (ii) 0.431.
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Question 5

This question was very well done by most candidates, a pleasing reflection on the work on this relatively new
topic. Even part (iii), which needed some thought, was well attempted by many candidates.

Answers: (i) 2520; (ii) 360; (iii) 1440.
Question 6

(i) This part, which should have taken three or four lines, took many candidates three or four pages.
Once again, a diagram would have shown immediately that the mean was 3.6. As it was,
candidates went round and round, often writing the same expression many times, before arriving at
the answer. About half the candidates ignored the fact that the standardised value had to be
negative, and just ignored the minus sign when it appeared in their answer.

(i) Only the best candidates attempted this part of the question. Most failed to recognise that the
required probability of success was given in part (i) and attempted with mixed success to find it
from scratch. They then thought that they had finished the question, and did not continue to find
the binomial probabilities asked for. Others used the probability as 0.9.

Answers: (i) 3.6, 2; (ii) 0.879.

Question 7

This question was well done by the majority of candidates and proved a good finish to the paper.

(i) The mean and variance of a binomial were quoted and the corresponding equations solved with
varying degrees of conciseness, but almost all candidates arrived at the correct answer eventually.
They then performed the binomial calculation correctly, a few dropping the final mark by giving the
answer correct to 2 significant figures instead of 3.

(i) This part also had a good response; many candidates were confident with the normal
approximation, and most added a continuity correction. The final answer needed to be accurate

enough to show that candidates had used the far column of the normal table.

Answers: (i) 20, 0.162; (ii) 0.837.

Papers 8719/07 and 9709/07
Paper 7

General comments

This was a well-balanced paper which resulted in a good range of marks. Candidates did not appear to have
difficulty in completing the paper in the given time. Solutions were, in general, well presented.

It was noted by Examiners that some candidates appeared unprepared for certain topics, in particular
Question 5 on Type | and Type Il errors. Many candidates omitted it completely or made a very poor
attempt. Questions which were particularly well attempted were Questions 6 and 7 (i) and (ii).

Candidates must note that 3 significant figure accuracy is required throughout the paper. Marks were lost,

for instance, in Question 7 by writing 0.056 instead of 0.0556, thus showing either a lack of understanding of
significant figures or a lack of awareness of the required accuracy.
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Comments on specific questions

Section A
Question 1

Only a small proportion of candidates gained full marks on this question. Whilst many candidates successfully
found the confidence interval, very few were then able to deduce its width.

Common errors included using the wrong z-value, and confusion between standard deviation and variance.
Answer. 1.18.
Question 2

This was not a particularly well attempted question. There was much confusion between two possible correct
methods. Answers showed unfamiliarity with a basic formula for the confidence interval for a proportion, with
candidates using np (33) in their formula instead of the proportion p (0.275).

Other common errors included using a wrong z-value and even forgetting to multiply by 1.96, despite previous
correct working.

Answer. 0.195 < p < 0.355.
Question 3

Many candidates made errors in calculating the variance of the sugar and coffee. Those that realised they
were dealing with a sum rather than a multiple of independent normal variables and correctly used n var(A)
usually went on to complete the question correctly. The most common error was to use n? var(A) for the sugar
and coffee i.e. N(1500, 3600) rather than N(1500, 1200) for the sugar and N(1000, 3600) rather than N(1000,
720) for the coffee. Confusion between standard deviation and variance was also seen, and some candidates
forgot to consider the weight of the purse or incorrectly changed the combined variance by 350.

Answer. 0.873.
Question 4
Part (i) was well attempted. However errors were frequent in part (ii).

The question required a two-tail test to be carried out, though some marks were still available for those who
carried out a one-tailed test successfully. Some candidates were unable to set up their hypotheses, often not
being precise enough. Hy =12 for example is not acceptable, candidates must clearly state m = 12, or
population mean = 12, for H.

A common error in calculating the z-value was to use (50.34) rather than V(50.34/150).

Candidates must clearly show that they are comparing their calculated z-value with the critical value (i.e. 1.645
here, or 1.282 if a one tail test was carried out). This must be clearly done with an inequality statement and/or
a diagram with both values clearly shown. The conclusion must then be drawn with no contradictions.

Answers: (i) 14.2; (ii) 50.3; (iii) Reject exam board’s claim.
Question 5

This was a poorly attempted question. Many candidates indicated that they knew what was meant by a type |
and type Il error but were unable to calculate this probability in the context of the question.

Part (i) was better attempted than part (ii). Some candidates lost marks by rounding too early and reaching a
final answer of 0.0214 rather than 0.0215 (the given answer). In part (ii) many candidates correctly found the
probability of 9 or 10 heads as 0.1493, but then either forgot to calculate 9 or 10 tails or thought it would also
be 0.1493 (incorrectly assuming symmetry).

It was disappointing that such a large number of candidates omitted this question completely or were unable
to make a sensible attempt.

Answers: (i) 0.0215; (ii) 0.851.
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Question 6

This question was quite well attempted with most candidates realising that a Poisson Distribution was
required with a Normal approximation for part (ii). In general marks were lost by incorrectly identifying the
Poisson means, not giving 3 significant figure accuracy and omission of a continuity correction in part (iii).
Many candidates used N(6, 6) rather than N(24, 24) in the last part.

Answers: (i) 0.161; (ii) 0.865; (iii) 0.179.

Question 7

In general parts (i) and (ii) were well attempted, though again not writing answers to 3 significant figures
caused the loss of marks for some candidates. It was also noted by Examiners that weaker candidates did
not realise that the mean value of X was E(X). These candidates gave a totally incorrect answer to part (i)
and only calculated E(X) in part (ii). Marks were not recoverable. Algebraic errors were quite common,
particularly when removing brackets, but attempts at integration were good.

Candidates who were able to make a start on part (iii) were usually able to solve the resulting quadratic,
though on occasions some very basic errors were made here. Not all realised that only one solution was
valid and that this was in thousands of tonnes.

Answers: (i) 0.333; (ii) 0.0556; (iii) 859 tonnes.

GCE Ordinary Level

Paper 4024/01
Paper 1

General comments

This was a successful paper of an appropriate standard which discriminated well at all levels. Weaker
candidates found enough questions to demonstrate what they knew, and the strongest found some
challenges in the later parts of the paper.

There were some excellent scripts which were well presented and explained. The minority of candidates
who presented untidy and muddled working stood out in contrast. At worst Examiners are unable to give
credit for correct working to them, or to those who showed no working. All working should be shown in the
spaces allowed on the question paper, not on loose sheets.

Examiners were pleased to note an increased confidence in algebraic manipulation this year. Areas of
general weakness that were noted on this paper included the manipulation of negative numbers and many
examples of poor elementary subtraction and division in Questions 10, 14 and 24. Geometrical
transformations were generally weak, and attention needs to be given to constructions and scale drawings.

Comments on specific questions

Question 1

As intended, the majority of candidates worked in decimals. The first part was usually correct, though a few
misplaced decimal points appeared. Very many correct answers to the second part were seen. Stronger
candidates confidently wrote down the answer in most cases. Weaker candidates showed working, when
errors crept in sometimes, leading to answers such as 1.15, 0.015. 0.01 or 0.005.

Answers: (a) 0.006; (b) 1.015.
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Question 2
This question was very well answered. Although a few worked in decimals, most used fractions as intended.

A few thought ‘of required subtraction, doubtless thinking ‘off was intended. Some inverted one or other of
the fractions, usually reaching 32/75, but many scored full marks.

5 3
Answers: (a) —; (b) —.
( )12 ( )8

Question 3

The first part was well done but some gave the answer “4 or -2”. The second caused some difficulties.
1 1

Many either ignored the word reciprocal, or did not understand it, so common answers were -3 or - 3 or .

A small number gave the answer 2°,

Answers: (a) 4; (b) 3.

Question 4

This question was quite well done, though the order of the operations in the first part was not always

understood, leading to the answer of 4. Standard form was slightly less well understood this year, though

the majority of the candidates reached the correct answer.

Answers: (a) 12; (b) 3.2 x 10°.

Question 5

Those that used tally marks usually found the correct frequencies, but some errors were found among

solutions that did not show tallies. Unfortunately a few did not complete their solutions, only showing the

tallies. Many candidates were unsure whether the mode was ‘Blue’, or 10 or both.

Answers: (a) 8, 10, 1, 6; (b) Blue.

Question 6

There were many good attempts at this question, but the first part was sometimes spoilt by sign errors,
leading to answers such as (_615) or (_ g’j

Answers: (a) (_%J ; (b) (3, 7%)_

Question 7

Many candidates scored well on this question. At least a quarter of solutions to part (b) quoted an angle
(40°) rather than a bearing. A small number thought that angle P is bisected by the North line. The bearing
of the third part was sometimes measured the wrong way, leading to the answer 10° or 010°.

Answers: (a) 50°; (b) 040°; (c) 350°.

Question 8

The maijority of candidates knew how to solve these equations, but the unusual layout led to rather more sign
errors than usual, often in an initial rearrangement of one of the equations.

Very few candidates seemed to check their solutions effectively.

1
Answers: x=4,y= - —
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Question 9

The explanation required was often too vague to be convincing. The better solutions used the Venn
Diagram, showing 22, 4, 25 and 1 people. They then stated that the sum of these is greater than the number
on the tour. Many did not get beyond adding 26 and 29. Many of these in effect found that at least 5 went to
both events, without realising that this was the answer to the next part.

Answers to part (b) showed a lack of understanding by many candidates, with little thought being given to
whether the answers quoted were possible. Greatest numbers were often less than least numbers, and
greatest numbers greater than 26 were common.

Answer. (b) Least 5, Greatest 26.
Question 10

This question was well done. The pattern was usually spotted and generalised. In the third part a large
number failed to complete the evaluation of the term, either leaving the answer as 10° - 20 or obtaining
9980 or, surprisingly often, 1980.

Answers: (a) 5° - 10; (b) n® - 2n; (c) 980.
Question 11

The response to this question was very disappointing. The majority thought the scale factor of the
1
enlargement was 4, but -4 and - " were also popular. The second transformation was very often thought

to be a stretch. When a shear was identified, y = 4 was often thought to be invariant. The shear factor was
rarely correct.

1
Answers: (a) Z; (b) Shear, of shear factor -1, with y = 0 invariant.

Question 12

Although there was some confusion between x and y, there were a number of good answers to this question.
Although the question emphasised that the region did not include the boundaries, this was often ignored by
the candidates, so that while the inequalities were usually the right way round, too often = appeared in place
of >. Sometimes more than three inequalities were seen, or three equations quoted.

Answers: x> -3, y<5;y>x+2.
Question 13

Many candidates scored heavily in this question. It was pleasing to observe how many candidates spotted
that the answer to (c) could be written down at once, since it was given that f(4) = 21. Clearly some
candidates were unfamiliar with the inverse function notation, f (21), however.

Answers: (a) 1; (b) 5; (c) 4.
Question 14

The main error in the first part was to express the cost of the ice cream as a fraction of the cost of the ticket,
rather than the total cost. In the second part the new cost was expressed as a percentage of the old cost.
This should have led to 105%, when the next step usually followed, but too often faulty division led to 15%.
Also there were many who expressed the increase as a percentage of the new price.

Answers: (a) 18°; (b) 5%.

Question 15

There were some excellent constructions seen in response to this question. These candidates understood
that the bisector of angle T and the perpendicular bisector of AB were needed to find P, and then they drew

good circles through A and B. A common error was to draw the circle which had AB as diameter. Sadly, for
some reason or other, many candidates avoided this question.
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Question 16

The correct reading from the diagram (30°) was given by many candidates, but surprisingly many measured
the given diagram, usually obtaining 33°.

The response to the second part was very disappointing. Many made no attempt to answer the question. A
small number tried to calculate an answer, but were unable to complete the solution. A few produced
sketches that indicated correct ideas, but were not turned into accurate scale diagrams. The majority of the
good solutions seen showed an accurate scale drawing of the triangle and added the additional vertical lines
to represent the surveyor’s height, though a few drew the triangle then added 1.8 metres to the height
represented on the triangle. Some drawings were spoiled by incorrect angles or incorrectly scaled lengths
(usually the length 1.8 metres).

Answers: (a) 30°; (b) 30 to 32 m.
Question 17

This was generally well answered by candidates. There were sometimes sign errors in the first part. A few
treated the second part as a fraction simplification question, but most reached 5x = 9. This sometimes led to
x =9 - 5=4 or, more often, to x = 5/9.

Answers: (a) (3r - t)(6¢c - d); (b) x=1.8.
Question 18

A pleasing number of candidates scored well on this question, though the reasons were sometimes
unconvincing. The majority found the first angle, but too many gave an incorrect reason, such as assuming
that angle BPR is a right angle or that APR is a tangent. Examiners were looking for angles in the same
segment. Although many correct values for angle PMA were seen, the reasons were again often poorly
expressed. Examiners hoped to see reference to the fact that AB is a diameter of the circle and to the
property of an angle at the centre of a circle.

Answers: (a) 21°; (b) 48°.
Question 19

The first part caused unexpected difficulty. Many candidates assumed that the winner took the longest time,
so the answer 3 h 36 min was surprisingly common. The median was usually correct. A small number of
candidates gave two answers to both of these parts, one in hours and the other in minutes (e.g. 2.5 h 150
min). They were given some credit. There were good answers to the last part, but some found the
combination of the 24 hour clock and interpretation of the curve rather demanding.

Answers: (a) 2 h 30 min; (b) 3 h 12 min; (c) 14 12.
Question 20

The maijority of candidates scored well on this question, though many were content to leave the answer to

k
the first partas V = rh A small number used direct variation rather than inverse.

1 3
Answers: (a) V= i; (b)P= —;V=—0r0.6.
P 3 5

Question 21

The first part was generally well done, but the answer was often left in an unsimplified form. The second was
well done by the stronger candidates, but the weaker ones rarely did anything effective after a correct first
step. A small number used values of R and/or S from the first part in the second.

S
3S-R’

Answers: (a) 32.5; (b) V=
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Question 22

The first part was not well done. Too many merely converted 15 m to 0.015 km. The second part was much
better, with many correct answers. The more able tackled the last part quite effectively, but the weaker were
challenged. The small number that used the area of a trapezium reached the answer easily, but more
formed an equation to compare the distance travelled in the three parts of the motion to 750 m. Some of
these found the motion at constant speed ended after 40 seconds, but did not answer the question set. A
common error was to use such things as 750/15.

Answers: (a) 54 km/h; (b) 30 s; (c) 10 s.
Question 23

There were some excellent responses to this question. These recognised that the given matrix represented
a stretch of factor 2, parallel to the x-axis. This produces diamonds going as far as (2, 0), (4, 0) and (8, 0)
in parts (a), (c) and (d). Weaker candidates were unable to multiply matrices accurately, so progress was
limited.

n
A common error in (b) was (3 g) while the answer in (e) was left as (g %)J or (267 ?j too often.

Answers: (b) (g ?j (e)(%’ ?j

Question 24

Some candidates tackled this question with confidence, gaining good results, but it was a searching
question.

1
In (a)(i) the fact that the base of the pyramid is a triangle, with area 3 X 5 x 5, escaped many. As in

Question 14, poor division (125 -6 = 2.83) led to loss of marks on a number of scripts.

In (a)(ii) the use of the volumes of similar bodies implied that the sides of the second pyramid were twice
those of the original. Thus the cuts pass through vertices of the cube, being the diagonals of the faces that
contain P.

In (b) most candidates tried to take the volume of the prism from the whole cube, though a few tried to find
the area of cross-section first. The distinction between a prism and a pyramid was not always appreciated,

1
and the fraction used was often not > As in Question 10, poor subtraction (1000 - 125 = 1875) was noted

in some cases.

Answers: (a)(i) 20.8 cm®; (b) 875 cm®.

Paper 4024/02
Paper 2

General comments

The standard of the paper proved to be appropriate, with almost all candidates able to attempt a number of
questions and many able to gain high (80+) marks. One or two parts of Section A (in particular Question 6
(a) and (d)) and the final parts of all the Section B questions proved to be challenging, even to the strongest
candidates, and were thus good discriminators.

Most candidates appeared to have sufficient time to complete the paper, although a number (rather more

than in previous years) ignored the rubric and attempted all 5 questions in Section B — often meaning that
they rushed the paper, made careless mistakes and had no time available for checking their work.

38



Presentation was generally good, with most candidates laying out their work clearly and organising their
responses in order to make them easy to follow. In only a small number of cases was there a significant
omission of working. There were again, however, a few candidates who divided their pages into two, making
the recording of marks particularly difficult.

A significant number of candidates spent unreasonable amounts of time on parts of questions which were
worth only one or two marks. In particular, although there was only one mark available, many candidates
spent a considerable time on Question 3 (b), sometimes covering over a page with various trigonometrical
calculations. Candidates should be aware that if only one mark is available than very little working is
required.

Although premature approximation was mentioned in some detail last year, almost all Examiners noticed
even more cases this year. The rubric asks for three significant figure answers, but a large number of
candidates approximated to two in the early stages of a question and inevitably lost marks when their
answers were well outside the acceptable ranges. It was also worrying to see an increasing number of
candidates simply writing down the first three figures, rather than ‘correcting’ the third, for example giving

/427 as 20.6. There was again a small number of candidates losing marks through using grads rather
than degrees.

Comments on specific questions

Question 1

(a) This part was usually correct. A small number of candidates divided by 1.60 instead of multiplying.

(b) A few candidates found £8 but forgot to add on the £3. Some found 2% of £403 or £397.
A number of candidates found (ii) difficult. Some tried to use proportion, evaluating 400 X11_?’
while others forgot to subtract £3 as the first step.

(c) Candidates showed a good understanding of ratio and, when errors were made, it was usually in
the arithmetic rather than the method.

(d) This part proved to be more difficult for many candidates, even those who gained high marks on

the rest of the paper. The majority based their answers on 8% of $135. Relatively few candidates
identified $135 with 108%.

Answers: (a) $640; (b)(i) £11, (ii) £600; (c) $175; (d)$10.

Question 2

(a) Most candidates were able to expand the brackets correctly as 2q2 +6rqg—rq — 37, but instead of
combining the two middle terms, many then attempted to refactorise their expression into two
brackets.

(b) Part (i) was usually correct although the minus sign was sometimes lost. A few evaluated (—10)3

and a small number squared instead of cubed. There was less success with (ii) with many sign
errors, particularly from those who tried to combine the fractions over a negative denominator.

2
A few candidates left their answer as -2 —.
4

(c) This was generally well answered, although many left their answer as 3 (y2—1). A few dropped the
3 from their final answer and other attempts had too many 3s, for example 3(y+3)(y-3).

(d) Average and weaker candidates found this question very difficult. 200 + x was seen frequently, but
expressions such as 2120 + 5x were common. It was also common to see 5 multiplying the wrong

expression, and the fact that this produced a negative answer did not seem to worry the
candidates.

Answers: (a) 2q2 +5rq — 37 (b)(i) —40, (ii) —21; (c) 3(y—1)(y+1); (d) 28.
2
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Question 3

The maijority of candidates gained good marks here, although many used extremely long and complicated
methods. Thus although some candidates gained full marks in 4 or 5 lines, others took 2 or 3 full pages.
Marks were lost through premature approximation on numerous occasions.

(a) Part (i) was usually correct, although the sine rule was often used and those who wrote
2 18
sin C = — = 0.66 lost the accuracy mark. Those who started part (ii) with cos 31 = — usually
3 AT
continued correctly although a few continued AT = 18 cos 31.

(b) Most candidates showed that they knew what an angle of elevation was, but some took over a
page to get to their answer.

Answers: (a)(i) 41.8°, (i) 21.0"; (b) 39°.
Question 4

(a) A large number of candidates were able to prove the result, but many either assumed the sum to
be 720° or left the part unanswered.

(b) This was not very well answered, with many candidates apparently not familiar with the terms
‘reflex’, ‘obtuse’ and ‘acute’. In (a) the answer was often given as 150°. In (b) a significant number
gave an answer of 1200, believing PAS to be equal to BAF as vertically opposite angles.

Answers: (b)(i)(a) 210°; (b) 150°; (c) 15, (ii) Equilateral.

Question 5

(a) Many candidates did not understand what was required in part (i). There were answers of 2D, 3D
up to 6D, others wrote ‘rectangle’ or ‘cuboid’ and yet more quoted a formula which they evaluated.
Despite these wrong interpretations many did, in fact, use the correct values of the length, breadth
and height in the rest of the question. Part (ii) was well done, although a few did not realise that it
was a closed box and others gave the surface area of the inside and outside.

In the remaining parts of the question there was some confusion over the use of the various
formulae for the surface area and volume of cylinders and spheres.

(b) Common errors resulted from the use of 2rrh + n? or nrh + 2rr or similar. A few could not see how
to find the height of the cylinder and left h in their answers.

(c) This was very well answered, although a few only found the volume of one ball and others thought
the volume of a sphere was given by 4nr (in spite of the fact that the correct formula was quoted in
the question).

(d) Some candidates took the answer to (c) as the volume of the cylinder, but the majority knew what
was required. Many of these, however, did not give their answer correct to three decimal places.

(e) Many did not see the connection with the previous part and started afresh to calculate the space in
each container.

Answers: (a)(i) 12 by 12 by 6, (ii) 576 cm?; (b) 509 cm?; (c) 452 cm?; (d) 0.785; (e) Box.
Question 6

(a) Relatively few candidates appeared to understand the term ‘histogram’. The great majority drew
columns of the correct widths, but most simply drew columns with heights as the given frequencies.

(b) This again was not answered well, sometimes a class interval being given as an answer.
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(c) Rather surprisingly many candidates showed that they did not understand how to calculate the
mean from grouped frequencies. Many opted to use the upper bounds of the intervals or even the
class widths rather than the mid-points.

(d) This proved to be one of the most difficult parts of the paper. Of those who did attempt it, many
were successful with part (i), but very few achieved the correct answer in (ii). Quite a number

15
reached 5 but failed to realise that this needed to be doubled. A significant number did not read

the question carefully enough and assumed that there was replacement.

. 19 30
Answers: (b) 15; (c) 5.64; (d)(i) —, (ii) —.
316 79
Question 7
(a) Candidates regularly found the length of the minor arc and although a few then subtracted from the

circumference, the majority thought that was the answer. Others used nr? for the circumference.

(b)(i) It was common to see the explanation “opposite angles are supplementary” or “angle at the centre
is twice the angle at the circumference”. Relatively few stated that the tangent and radius were
perpendicular or that the quadrilateral was cyclic.

(i) This was quite well answered, although many used the sine rule rather than basic trigopnometry.

(iii) A good number calculated the arc ADB again, sometimes being successful here after being
unsuccessful in part (a). Some realised that the arc ADB should be added to twice their answer to
(i), but then added on the two radii AC and CB.

(c)(i) There were many correct answers, although both 2 and 8 appeared fairly frequently.
(ii)  This was generally well answered.

(iii)  This proved difficult, and of those who had the right idea and got as far as 16.2 many went on to
give 16 minutes 2 seconds as their answer.

Answers: (a) 25.1 cm; (b)(ii) 10.4 cm, (iii) 45.9 cm; (c)(i) 4, (ii) 30°, (iii) 16 minutes 12 seconds.
Question 8

(a) Many excellent curves were seen, and hardly any incorrect plots. There were a few cases of ruled
lines joining points and it was fairly common to see the curve flattened between x = -2 and -3 and
between x =2 and 3.

(b) Many quoted 58 as the maximum value, either from their flattened curve or from the table and a
few gave the x value. It was also common to see —1.2 as the least value of x, candidates failing to
realise that the curve intersected y = 50 at a point with a lower value of x.

(c) Most candidates drew good tangents but some had difficulty with the calculation of the gradient,
quite a number forgetting that it was negative.

(d) Most candidates drew the line carefully and many successfully found its equation. In part (iii) very
few attempted to find a and b by equating 27 — 8x and 30 — 18x + x°. It was much more common to
see very lengthy methods involving the solution of simultaneous equations.

Answers: (b)(i) 58 < y < 60, (ii) —3.6 < x < -3.4; (¢) —16 =< gradient < -12; (d)(ii) y = 27 — 8x, (iii) a = -10,
b=3

Question 9
This was the most popular Section B question and there was a high success rate overall, particularly for the

first three parts. Some marks were, however, lost as a result of premature approximation in one or more
parts.
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(a)

(b)

(c)

(d)

This was very well answered, although even in this part some candidates used very long methods,
finding DC first.

The cosine rule was used very effectively and there were very few cases where candidates made
the error of progressing from 845 — 836¢co0s60 to 9cos60, an error which has been common in
earlier years.

Again candidates applied the formula correctly and most reached the correct result, although some

1
found a perpendicular height first and then used E base x height. Some weaker candidates simply

1
evaluated E x 19 x 22.

This part proved much more difficult and few used their answer to part (¢). Many candidates found

either BAD or BDA and then evaluated 22sin BAD or 19sin BDA. Some found the wrong
perpendicular distance, often that from D to AB. Of the incorrect methods used, many assumed

that the perpendicular bisected either AB D or the side AD. It was also regularly assumed, either
in this or in earlier parts, that A D Cwas a right angle or that triangle ADB was isosceles.

Answers: (a) 14.9 cm; (b) 20.7 cm; (c) 181 cm?; (d) 17.5 cm.

Question 10

This was a somewhat less popular question, but most of those who did attempt it gained good marks.
Weaker candidates gained marks from the first two parts and from the solution of the quadratic.

(a)(b)

(c)(i)

(if)

(iii)

These were generally well done, although in a number of cases answers appeared with units
inserted.

The derivation of the quadratic equation was also well answered, though there were cases of
carelessness which did not lead to the right equation. It was surprising that candidates were
unable to spot their mistakes.

The quadratic formula was well known and many gained all four marks. The main error came with
the sign in the b? — 4ac part; this frequently became 1525 instead of 2525. Quite a number of
candidates lost the last mark as they did not give the two answers to the required degree of
accuracy.

200
5’ instead of —— was seen occasionally and some candidates could not
X + X

see the connection between the positive answer to part (ii) and the requirement of part (iii).

The evaluation of

200 200

Answers: (a) — ; (b) —5; (c)(ii) 47.62 and —2.62, (iii) 4 hours 12 minutes.
X X+

Question 11

This was the least popular question and although most candidates could tackle some parts, relatively few
were able to gain high marks.

(a)()

(i)
(b)(i)

Most candidates recognised that Pythagoras was required and there were many correct answers,
but (—9)? = 81 was not uncommon.

Again, most candidates knew what was required, but there were frequent errors with the signs.
On the whole this was poorly answered. Many candidates referred to the ratio of sides, others

thought one pair of equal angles was sufficient and there were numerous references to SAS and
AAS.
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(i) Most candidates gained these two marks.

(iii)  Again, most candidates achieved the correct answer and gained the mark, although relatively few
appreciated the property linking the areas of similar figures. The majority used the formula

1
Ea x b x sin 0 in each triangle.

(iv) This part proved very difficult for all but the strongest candidates, with many producing nonsense,
p
with expressions such as q or p —6.

(v)  There were a few good, clear answers, but many were meaningless.

Answers: (a)(i) 41, (ii) ( 2 ]; (b)(iii) l: (iv)(a) 3p, (b) gCI. (c)p+ Eq, (d)3p+q.
- 56 4 4 4
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2

1  The line x + 2y = 9 intersects the curve xy + 18 = 0 at the points A and B. Find the coordinates of A

and B. (4]
. . ) 1 — cos’x
2 (i) Show that sinxtanx may be written as ————. [1]
CoS X
(ii) Hence solve the equation 2 sinx tanx = 3, for 0° < x < 360°. [4]
3
y
A
P
y= 3Vx
y=x
0 > X

The diagram shows the curve y = 3/ x and the line y = x intersecting at O and P. Find
(i) the coordinates of P, [1]

(ii) the area of the shaded region. [5]

4 A progression has a first term of 12 and a fifth term of 18.
(i) Find the sum of the first 25 terms if the progression is arithmetic. [3]

(ii) Find the 13th term if the progression is geometric. [4]

9709/1/M/J/02



The diagram shows a solid cylinder standing on a horizontal circular base, centre O and radius 4 units.
The line BA is a diameter and the radius OC is at 90° to OA. Points O, A’, B' and C’ lie on the upper
surface of the cylinder such that OO', AA', BB’ and CC’ are all vertical and of length 12 units. The
mid-point of BB’ is M.

Unit vectors i, j and k are parallel to OA, OC and OO respectively.

N —
(i) Express each of the vectors MO and MC' in terms of i, j and k. [3]

(ii) Hence find the angle OMC'. (4]

The function f, where f(x) = asinx + b, is defined for the domain 0 < x < 27. Given that f (%TC) =2
and that f(%n) = -8,

(i) find the values of a and b, [3]
(ii) find the values of x for which f(x) = 0, giving your answers in radians correct to 2 decimal
places, [2]

(ifi) sketch the graph of y = f(x). [2]

9709/1/M/J/02 [Turn over



The diagram shows the circular cross-section of a uniform cylindrical log with centre O and radius
20 cm. The points A, X and B lie on the circumference of the cross-section and AB = 32 cm.

(i) Show that angle AOB = 1.855 radians, correct to 3 decimal places. [2]
(ii) Find the area of the sector AXBO. [2]
The section AXBCD, where ABCD is a rectangle with AD = 18 cm, is removed.
(iii) Find the area of the new cross-section (shown shaded in the diagram). [3]
A hollow circular cylinder, open at one end, is constructed of thin sheet metal. The total external
surface area of the cylinder is 192x cm?. The cylinder has a radius of rcm and a height of ~cm.

(i) Express £ in terms of r and show that the volume, Vem?, of the cylinder is given by

V=1r192r-r). [4]
Given that r can vary,
(ii) find the value of r for which V has a stationary value, [3]
(iii) find this stationary value and determine whether it is a maximum or a minimum. [3]

d 12
A curve is such that & _ ———— and P(1, 5) is a point on the curve.
dx 2x+1)
(i) The normal to the curve at P crosses the x-axis at Q. Find the coordinates of Q. [4]
(ii) Find the equation of the curve. [4]

(iii) A point is moving along the curve in such a way that the x-coordinate is increasing at a constant
rate of 0.3 units per second. Find the rate of increase of the y-coordinate when x = 1. [3]

9709/1/M/J/02



10 The functions f and g are defined by

f:x— 3x+2, x eR,

6
: s R, x#—1.5.
B X 3 e
(i) Find the value of x for which fg(x) = 3. [3]
(ii) Sketch, in a single diagram, the graphs of y = f(x) and y = f1(x), making clear the relationship
between the two graphs. [3]
(iii) Express each of f 71(x) and gfl(x) in terms of x, and solve the equation f 71(x) = gfl(x). [5]

9709/1/M/J/02
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Notes

Mark Scheme

Syllabus

A Level Examinations — June 2002

9709

Mark Scheme Notes

o Marks are of the following three types.

M Method mark. awarded for a valid method applied to the problem. Method
marks are not 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 probiem in hand. e.g. by substituting the
relevant quantities into the formula. Correct application of a formula without
the formula being quoted obviously earns the M mark and in some cases an M
mark can be implied from a correct answer.,

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).

B Mark for a correct result or staternent independent of method marks.

When a part of a question has two or more “method” steps. the M marks are generally
independent unless the scheme specifically says otherwise: and similarly when there
are several B marks allocated. The notation DM or DB (or dep*) is used {0 indicate
that a particular M or B mark is dependent on an earlier M or B (asterisked) mark in
the scheme. When two or more steps are run togethef by the candidale, the earlier
marks are implied and full credit is given.

The symbal fimplies that the A or B mark indicated is allowed for work correctly
following on from previously incorrect results. Otherwise, A or B marks are given for
correct work only. A and B marks are not given for fortuitously “correct™ answers or
results obtained from incomrect working.

Note: B2 or A2 means that the ¢candidate can eam 2 or 0.

B2,1,0 means that the candidate can eam anything from 0 10 2.
The marks indicated in the scheme may not be subdivided. [f there is genuine doubt
whether a candidate has earned a mark, allow the candidate the benefit of the doubt.
Unless otherwise indicated, marks once gained cannot subsequently be lost. e.g.
wrong working following 2 correct form of answer is ignored.

Wrong or missing uniis in an answer should not lead 16 the loss of a mark unless the
scheme specifically indicates otherwise.

For a numerical answer, allow the A or B mark if a value is obtained which is correct
to 3 s.f. or which would be correct 10 3 s.f. if rounded {1 d.p. in the case of an angle).
As stated above, an A or B mark is not given if a correct numerical answer arises
fortuitous!y from incorrect working. For Mechanics questions. allow A or B marks
for correct answers which arise from taking g equal 1o 9.8 or 9.81 instead of 10.



Notes Mark Scheme Syllabus

A Level Examinations - Juneg 2002 9709

+ The following abbreviations may be used in a mark scheme or used on the scripis.

AEF Any Equivalent Form {of answer is equally acceptable).

AG Answer Given on the guestion paper (50 extra checking is needed to ensure
that the detailed working leading to the result is valid).

BOD Benefit of Doubt (allowed when the validity of a solution may not be
absolutely clear}).

CAQ Correct Answer Only (emphasising that no “foliow through™ from a
previous error is allowed).

CWO Correct Working Only — often written by a “fortuitous’™ answer.

1SW lgnore Subsequent Working.

MR Misread.
PA  Premature Approximation (resulting in basically correct work that is
insufficiently accurate).

SOS See Other Solution {the candidate makes a better attempt at the same
guestion)},

SR Special Ruling (detailing the mark 1o be given for a specific wrong solution. or
a case where some standard marking practice is to be varied in the light of a
particular circumstance)

Penalties

+ MR-! A penalty of MR -{ is deducted from A or B marks when the data of a
question or part question are genuinely misread and the obiect and
difficulty of the question remain unaltered. In this case all A and B
marks then become “follow through"'“marks. MR is not applied when
the candidate misreads his own figures — this is regarded as an error in
accuracy. An MR-2 penalty may be applied in patticular cases if agreed
at the coordination meeting.

» PA-] This is deducted from A or B marks in the case of premature
approximation, The PA—1 penaity is usually discussed at the meeting.




CAMBRIDGE

INTERNATIONAL EXAMINATIONS

JUNE 2002

GCE Advanced Subsidiary Level

MARK SCHEME

MAXIMUM MARK : 75

SYLLABUS/COMPONENT :9709 /1

MATHEMATICS
(Pure 1)

BB UNIVERSITY of CAMBRIDGE
% ® Local Examinations Syndicate




Page 1

Mark Scheme

Syllabus Paper

AS Level Examinatlons — June 2002

9709 1

. x+2y=9 solved with xy+18=0 Mi Complete elimination of x or y
= A Al Correct 3-term equation {not = 0}
2y2-9y-18=0 or x?-9x-36=0
o ar R DM Correet method of solving quadratic=0
x=12,y=-1.5 and x=-3,y=6. Al Everything ok.
Condone simple algebraic errors in first M1
Guesswork B2 B2
4
2. {0} sing tamd=sinX sinx+cosx
sinxtanx = { 1-cos2x)+ cosx Bl Uses t=s/c and uses s?+c2=1 correctly .
(i) 2sinxtanx =3 — 2c2+3c-2=0 M1 Forms a 3 term quadratic in cosine
0 DI Solves = @
cosx=0.5  x=60 Al Correct only
or x=300°, AlY For 360 — {his answer) — loses this if other
answers in range 0 to 360, Needs M1 and
DM1
4 | Guesswork B2 B2
3 () Pis(9,9) B1 1 | Correctonly — needs both coordinates.
(ii) Area under curve = [ydx MI used once to find area under a curve or ling
=3x" £ (31 Al correct only
Use of limits in ¢ither part
Area =54 DM use of his limits comrectly
Area under line = 2x? or uses Vabh
= 40.5 Mi Anywhere — correct atterapt at area of triangle
Subtract the areas — 13.5 Al Correct only.
5
4 (i) a=12 a*4d=18 ..d=L.5 Bl Correct only
Sas = 25/2(24 + 24x1.5) M1 Use of 5, formula.
=750 Al 3 | Correctonly.
(i} a=12 ar*=18 =13 MIAL | Comect method forr or r® {needs ar*)
13 th term = ar?
=12 x{1.5) Ml Needs ar'’ and method for subbing £ {or r*)
= 40.5 or 40.6 Al 4 | Correctonty.
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5 {0 MO=4i-6k Bl Cortect only
MC = 4i+dj+ok B2,1 One off for ¢ach errorin i, } and k.
3
(i) MO.MC = 16+0-36 = 20 M1 Use of a,b,+a,b,+a;h;
= V(42+62N(d2+42+6)c0s0 M1 M! | Useofklbkose Use of Modulus.
Al 4
Angle = 109.7°. (allow 109.6) Comect only.
Mo penalty for use of column vectors.
6§ f(x)=asinx +b
(i) fln=2)=2 a+h=2 Bl Correct only
I+ =-8 -a+tb=-8§ Bl Correct only
Solution a=5, b=-3 Bl 3 | Comrect only
{il) 5sinx-3=0  sinx=3/5 o
x=0.64 BLY For sin” (-b/a)
orx =250 BI+ 2 ] For & - his answer
(i) 4 4 B2,1 2 | Just one cycle
Starts on negalive y-axis
/\ Max about correct
1 7 v > Min about correct.
L i -2"1
7 (i} sin(¥2angle) = 16/20 Ml Sine in 90° triangle — or cosine rule
Required angle = 1.855 radians Al 2| Correct only (answer was given)
{ii) Area of sector = Var2& M1 Correct formula used.
=171 cm? Al 2 | Correct only.
{ili) Area = Circle —rectangle — sector + triangle M Correct logic — independent of method
=qr? - Ixb - '@ + lbh ( or 'f’zabSInC) DM 1 Cotrect attempt at all pars.
=502 cm? {accept 501) Al 3 | Correct only
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8 (i} 192n=ms? +2nrh M Trigs 1o relate surface area and (1 or 2} circles,
B . Al Correct only.
leads to h=(192m - r?) + 2m M1 Subs for h into a correct volume formula.
V=nr?h V=Ven(192r-1%) Aj 4 | Answer was given. (beware fortuitous ans)
s d¥dr =Yam( 192-312 Mi Antempt 1o differentiate,
(i) r= sz\:-'(h en F;:I DMI AT | Astempt to set to (. Correct only.
3
{ifi} value of V=1610 (er5t2n) Al Correet only — could be in (ii)
d?V/dr? =Yam{-6r) Negative Mi Any correct method for max/min,
Maximum. Ay Correct conclusion { must have second
3 | differential correet, but for his “r™)
9 (i) AtP(L,3), x=1 m=4/3 Bl Correct only
Gradient of normal = -3 M1 Use of mymy=-1
Egn of normal 3,r-5=-§(;<.1) M1 Correct form — though may put y=0 ar start
Puts y=0, x=23/3 Al 4 | Correct only
{iy=122x+1y" =1 22 M1 For 12 (2x+1) “+ k — no other “x” anywhere.
Al For k=-1 and = 2.
y=-6/2x+1)+c c=7 MIAl | Needs an attemp at integration, plus use of C
4
(i)  dwdt=0.3 Bl Fact only
dy/dt = dy/dx x dx/dt Ml Correct relation between rates of change used
—4/3x03=04 Al 3 | Cormrect only. (condone use of 5x, 8y}
Nb could get M1 Al for (i) if in (i) .
10 Fx—3%+2
g.:x—)6+(2.\a+3) M1 Puts g into f — arder correct ( or f=3—x=3}
(i) fg(x)=3 18+(2x+3)+2 =3 i \
solution of this DM Correct method of solution {or f=3—2x=T¥2)
Al 3 | Correct only
x=73o0cTH. Ve
I3 '-1: H’l R .
{ii)
Bl Graph of {x) — needs m>1, +ve v intercept
Bl Graph of f~'(x) - needs m<1. +ve x-intercept
Bl 3 | Some idea of reflecticn in y=x — stated ok.
{iii) £7'(x) = 3(x-2) B! Correct only
y = 6+(3x+2) makes x the subject and Ml Any valid method
swops x and y = Y2(6/x =3) Al Correct only ~ any form.
;(x-2)=Yal6/x=3) = 2x2+35x=18§ Mi Complese method of solution
X =2 or x=-4.5 Al 5 | Correct only
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Solve the inequality |x+ 2| < |5 — 2x|. [4]

The cubic polynomial 3x° + ax? — 2x — 8 is denoted by f(x).
(i) Given that {x + 2) is a factor of f{x), find the value of 4. 2]

{if) When « has this value, factorise f{x} completely. (3]

Two variable quantities x and y are related by the equation
y=Ax",

where A and r ar¢ constants.

Iny

{0, 2.3}
(4.0, 1.7)

» Inx

0

When a graph is plotted showing values of Iny on the vertical axis and values of In x on the horizontal
axis, the points lie on a straight line. This line crosses the vertical axis at the point {C, 2.3) and also
passes through the point (4.0, 1.7), as shown in the diagram. Find the values of A and n. (5]

(i) Express 3cos 8 + 2sin 8 in the form Rcos(8 — ), where R > 0 and 0° < & < 90°, stating the
exact value of R and giving the value of o correct to 1 decimal place. [3]

(i) Solve the equation
3cosf 4 2sind = 3.5,

giving all solutions in the interval 0° < 8 = 180°, [4]

(iii} The graph of ¥y = 3cos @ + 2sin 8, for 0° < & < 180°, has one stationary point. State the
coordinates of this point. [17

S7DSvMALL02
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The diagram shows the curve y = 2xe™" and its maximum point P. Each of the two points ) and R
on the curve has y-coordinate equal to %

(i) Find the exact coordinates of £. [4]

{ii) Show that the x-coordinates of @ and R satisfy the equation

x=ge". (L]

(iii) Use the iterative formula
— la%
Tor1 = 45"
with 1nitial value x, =0.to find the x-coordinate of O correct to 2 decimal places, showing the
valuc of each approximation that you calculate. [3]

iy
(a) (i) Show thatJ cos2xdx = 3. [2]

o

b
{(ii) By using an appropnate trigonometrical identity, find the exact value 01"-[ sin®xdx.  [3]
!

-

T
(b) (i) Use the wapezium rule with 2 intervals to estimate the value of I sec xdx, giving your

0
answer correct to 2 significant figures. [3]

Fal—

(ii} Determine, by skeiching the appropriate part of the graph of ¥ = secx, whether the
trapeziumm rule gives an under-estimate or an over-estimate of the true value. 2]

The parametric equations of a curve are
x=¢+2Iny, y=72¢t-Iny,

where ¢ takes all positive values.
. dy .
{i} Express e terms of 1. (3]

(ii} Find the equation of the tangent to the curve at the point where ¢ = 1. (3]

(iii) The curve has one stationary point. Show that the y-coordinate of this point is 1 + In2 and
determine whether this peint is a maximum or a minimum. (4]

L2 2
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| Page 1 | Mark Scheme Syllabus | Paper
| AS Leval Examinations ~ June 2002 9709 2
1 EITHER: State or imply non-modular inequality (x+ 2)* < (5 - 2x)*, or corresponding equation Bl
Expand and make reasonable solution attempt at 2- or 3-term guadratic, or equivalent M1
Obtain critical values 1 and 7 Al
State correct answer x <], x> 7 Al
OR: State one correct equation for a critical valueeg. x+2=5~2x M1
State two relevant equations separately e.g. x+2=5-2x and x+2=-(5 - 22} Al
Obtain critical values [ and 7 Al
State correct answer x <1, x> 7 Al
OR: State one critical value (probably x = 1), frem a graphical method or by inspection or by
solving a linear inequality Bl
State the other critical value comrectly B2
State correct answer x <1, x> Bl 4
[The answer 7 <x <1 scores B{.]
2 (i) EITHER: Substitute -2 for x and equate to zero M1
Obtain answer a=7 Al -
F: Carry out complete division and equate remainder to zerp M1
Obtain answer a=7 Al 2
(ii} EfTHER: Find quadratic factor by division or inspection M1
Obtain answer 3x* +x—4 Al
Factorise compietely to (x + 2)(x ~ 1)(3x+ 4) Al
{To eam the M] the quetient (or factor) must contain 3x” and another term, at least.]
OR: State (x— 1} is a factor R1
Find remaining linear factor by division or by inspection M1
Factorise completely to (x + 2Hx—~ D3x+ 4) Al 3
3 State or imply the relation Inv=InA+ninx Bl
State or imply In 4 =2.3 Bl
Obtain answer 4 =9.97 Bl
Calculate gradient of the given line M1
Obtain answer n=-0.15 Al 5
4 (i) State answer R =413 Bl
Use trig fermula to find & M1
Obtain answer & = 33.7° Al 3
(i) Carry out, or indicate need for, svaluation of cos™( 3.5fJE) {(=139°) M1
Obtain answer 47.6° Al
Carry out correct method for second answer M1
Obtain second answer 19.8° Al 4
(i) State coordinates { 33.7, /13 ), or equivalent Bl 1




Page 2 Mark Scheme Syllabus | Paper |
AS Level Examinations — June 2002 9709 2 |
5§ (i) Obtain a derivative of the form ke™+re™ where &f0 Bl
Obtain correct derivative 2e™ —2xe™ | or equivalent Bl
Fquate % to zero and solve for x M1
Obytain coordinates { 1,2¢”"y for P Al 4
(ii) State that % =2xe¢™ and deduce the given answer correcily Bl 1
(iii} State or imply that x; =0.25 Bl
Continue the iteration comrectly M1
Obtain final answer .34 after sufficient iterations to justify its accuracy to 2d.p., or after showing there
is a sign change in {0.355,0.365) Al 3
6 (2) {i} State indefinite integral # sin Zx and use limits Ml
Obtain given answer carrectly Al 2
{ii) Use double-angle formula to convert integrand to the form a -+ & ¢es 2x , where ab = 0 Ml*
Integrate and use limits (both terms) Ml(dep*)
Obtain answer ¢ (7 -2 }, or equivalent Al 3
{b) (i} Show or imply correct ordinates 1, 1.08239.., Y2 (1.41421..) Bl
Use correct formula, or equivalent, with /= #/8 and three ordinates Ml
Obtain correct answer 0.90 with no errors seen Al 3
(ii) Make a correct relevant sketch of y=secx Bi*
State that the rule gives an over-estimate Bi(dep*) 2
. dx _ 2 dy .5 1
7 (l]StatcE l+r T 2 I Bl
dy L dy _dx
LUse y il i M1
. dy . 2r-1
Obtain dx in any correct form e.g. e Al 3
(i) Substitute =1 in g{- and both parametric equations MI
Obtain & = 1 and coordinates (1,2) AlS
Obtain equation 3y =x + 5, or any 3-term equivalent AL/ 3
(iil) Equate % 10 zero and solve for ¢ M1
Obtain answer #= 15 Al
Obtain the given value of ¥ comectly Al
Show by any method that this is a minimum Al 4
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Prove the identity
cotf@ —tan 8 = 2cot26. [3]

L L

Expand (1 — 3x) 3 in ascending powers of x, up to and including the term in x°, simoplifying the
coefficients. [4]

The polynomial x* + 4x* + x + a is denoted by p(x). It is given that (x> + x + 2) is a factor of p(x).

Find the value of @ and the other quadratic factor of p(x). [4]

The sequence of values given by the iterative formula

=2 1
X1 = 3 x, + =)
It
with initial value x, = 1, converges to «.
() Use this formula to find o correct to 2 decimal places, showing the result of each iteration. [31

(ii) State an equation satisfied by o, and hence find the exact value of ¢. 2]

The equation of a curve is y = 2 cos.x + sin 2x. Find the x-coordinates of the stationary points on the

curve for which 0 < x < x, and determine the nature of each of these stationary points. N
4x
f(x) = .
Let i) = G DT 12
(i) Express f(x) in partial fractions. ' {51
I
(i) Hence show that j f(x)dx=1—1n2, [5]
0

IFOIIMLID2
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In a certain chemical process a substance is being formed, and ¢ minutes after the start of the process
there are m grams of the substance present. In the process the rate of increase of m is proportional to

dm
(50 — m). Whenr=o,m=0and~d7=5.

(i) Show that m satisfies the differential equation

% = 0.002(50 — m)°. (2]

(ii) Solve the differential equation, and show that the solution can be expressed in the form

500
t+ 10 51

m=50—
(ili) Calculate the mass of the substance when ¢ = 10, and find the time taken for the mass to increase
from 0 to 45 grams. [21

(iv) State what happens to the mass of the substance as ¢ becomes very large. [1]

The straight line ! passes through the points A and B whose position vectors are i + k and 4i — j + 3k
respectively. The plane p has equation x + 3y — 2z = 3,
(i) Given that / intersects p, find the position vector of the point of intersection, (41
(ii) Find the equation of the plane which contains / and is perpendicular to p, giving your answer in

the form ax + by + cz = 1. [6)

The complex number 1 + i/3 is denoted by u.

() Express u in the form r(cos 0 + isin B), where r > 0 and —7 < @ = 7. Hence, or otherwise, find
the modulus and argument of «? and . {5}

(ii) Show that u is a root of the equ_ation 22 — 2z + 4 = 0, and state the other root of this equation.
2}

(iii) Sketch an Argand diagram showing the points representing the complex numbets i and ». Shade
the region whose points represent every complex number z satisfying both the inequalities

z—i|<1 and argz= argu. 41

STONAMILOZ [Turn over
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o e
The function f is defined by f(x) = (Inx)? for x > 0. The diagram shows a sketch of the graph of
y = f(x). The minimum point of the graph is A. The point B has x-coordinate e.
(i) State the x-coordinate of A, [1]
(ii) Show thatf"(x) = 0 at B. [4]

(iii) Use the substitution x = e to show that the area of the region bounded by the x-axis, the line
x = e, and the part of the curve between A and B is given by

1
I e du, B3]
0 .

(iv) Hence, or otherwise, find the exact value of this area. (31

gT0S M2
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Page 1

Mark Scheme Syliabus

Paper

A & AS Level Examinations — June 2002 9709, 8719

EITHER: Express LHS in terms of cos# and sind or in terms of tan &
Make sufficient relevant use of deuble-angle formula(e)
Complete proof of the result

OR: Express RHS in terms of cos@and sin# or tn terms of 1and
Express RHS as the difference (or sum) of two fractions
Comgplete proof of the resull

<ante

{SR: an attempt ending with ! "
an

=cotd - 1and earns M1 Bl only ]

EfTHER. Show correct (unsimplified) version of the x or the x* or the x* term
Oblain correct first two lerins 1+ x
Obtain correct quadratic term 2x°

Obtain correct cubic term ” X {alluw , 4.67, 4.66 for the coefficient)

MIl
M1
Al
Ml
M1
Al

Ml
Al
Al

Al

[The M mark may be :mpimd by correct smphﬁf:d terms, if no working 1s shown. it is not earned by

-1
unexpanded binomial coefficients involving -1 e.p. "C, or [ 23] ]

1
n attempt o divide the expansion o —Jx}’ carns I the expansion has a correct
A pt to divide | by th i f {1-3x)* M1 if the expansion ha

(unsimplified} x, x* , or »* term and if the partial quotient contains a term in x. The remaining

A marks are awarded as above.]

OR: Differentiate and calculate f{0), £(0). where f'{x) =&{1 - 3y 75
Obtain correct first two terms 1 + x
Oblain correct quadratic term 2x°
Oblain ¢correct cubic term l;—xs {(allow 365- , 4.67, 4.56 for the cocfficient)

Atternpt to find @ and/or quadratic factor by division or by inspection
Obtain pariial quotient or facter -

State answer a =6

State or imply the other factor is x* —x + 3

[The M1 is earned if division has produced a partial quotiend x% +bx, orif inspection has an unknown

factor x* +bx +¢ and has reached an equation in b and/or c.]
[SR: a correct division with unresolved constant remainder can earn MIA1BOAL

[NB: successive division by a pair of incorrect linear factors, e.g. x-land x+2orx +land x+ 2, can earn

M1AD or M1AL(if their product is of the form x* + x+k ) ]

M1
Al
Al
Al

Ml
Al

Bi
Al



Page 2 Mark Schemea Syllabus Paper

] A & AS Level Examinations — June 2002 9709, 8719 | 3
4 (i) Use the formula correctly at least once M1
State e = 1.26 as fina) answer Al
Show sufficient iterations to justify @ = 1.26 10 2d.p., of show there isa sign change in the
interval {1.255, 1.265) Al
(it} State any suitable equation in one unknown e.g. x = < [x +_12_] Bl
X
. t
State exact value of & (or x) is 32 or2? Bl
5 Obtain derivative + 2sin x + k cos 2x or + 2sin x +&{cos” x + sin® x) M1
Equate derivative to zero and use trig formula to obtain an equation involving only one trig function M1
Obtain a correct equation of this type e.g. 2sinx +sinx-1=0 or cos 2x = cos (37 -x) Al
Obtain value x =1 7 (allow 0.524 radians or 30°) ' Al
Show by any method that the corresponding point is a maximum point Al
Obtain second value x =2 n (allow 2.62 radians or 150°), and no others in range AlN
Determine that it corresponds to a minimum point Al
. . _ 4 8 . C
6 (i) Stateorimply fix)= Brt ) + P eD Bi
Siate or obtain 4 = -3 Bl
State or obtain B=12 Bl
Use any relevant method to find € M1
Obtain C=1 Al
[Special case: allow the form A Dxrf and apply the above scheme (4 = -3, D=1, £=3),]

(i) Integrate and obtainterms —~In (3x + 1) -

GBx+l)  fr41)?
{5R. if f(x) is given an incomplete form of partial fractions, give B for 2 form equivalent {o the omission of
C, ot E, or B in the above, and M1 for finding one coeflicient. |
2

+1n(x+

g P Bl + Bl + Bt/
Use limits correctly M1
Obtain the given answer correctly Al

5
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7 {i) S1ate that

% = k{50 - m)*

Justify & =0.002

(ii) Separate variables and attempt to integrate

Obtain +

1
(50— n)

1
(50-m)?

and 0.002¢, or equivalent

Evaluate a constant or use limits =0, m =10

Obtain any correct form of solution €.g.

Obtain given answer correctly
(3ii) Obtain answer m = 25 when =10
Obtair answer (= 90 when m =45
(iv) Srate that m approaches 30

|
—_ +
0= 0.002r m

8 (i) State or imply a simplified direction vector of /18 3i - j + 2k, or equivalent

x-1 y =

State equation of fisr=i+k + A(3i- j+ 2k}, or —=— =-5-=—— orequivalent

3 -1

Substitute in equation of p and solve for 4, orone of x, y, or z

Obtatn point of intersection -2i+j-k

[Any notation is acceptable.]
(ii) State or imply a normal vecter of pris i+ 3j~ 2Kk

FITHER: Use scalar product to oblain a + 36— 2c =10

OR:

[NB: candidates may transfer from the £ITHER to OR scheme by sublracting the two “point™ equations,

Use peints on / to obtain two equations ina, b, c eg. a+c=1, 4a-b+3e=1

Solve simultanecus equations, obtaining one unknown
Obtain one correct unknown e.g. a =—%

Obtain the other unknownse.g. 6 =35, ¢ ==;-

Use scalar product to obtain a+36 -2c =0
Use scalar product to obtain 3 -6+ 2c=0
Solve simultaneous equations to obtain onc ratioep. a: b

Obtain a:h:c=2:-4
Obtain a=—-§, b=%,

1 =3, or equivalent
=2
€73

2

or transfer from OR to EfTHER by finding one of the “point” equations.}
Calculase the vector product (3i —j + 2K)x(i + 3j - 2k)
Obtair answer — 4i + 8j + 10k , or equivalent

Substitute in — dx + 8y + 10z = o 10 find 4, or eguivalent
Obtain d = 6 , or equivalent

OR:

OR:

[SR: condone the use of xi + yj + 2k for ai + & + £k in the EfTHER scheme and the first OR scheme. |

Obtain a=-%,b=%,c

State or imply a correct equalion of the plane e.g. £ = A3l - j+2k)y + (i + 3j- 2Ky + i+ Kk

=i
3

State 3equations in x, 3. z A, and g eg x =33+ u+l, y=-A+3u,2=21-2u+1

Eliminate A and u

Obtain equation ~4x +8y +10z = 6. or equivalent

Obtain g=~4 ,b=2.¢

%

.

k)

H]
Bl 2
M1

Al

Mi
Al

Al 5
Bl

Bl 2
Bl 1

Bl
B/

M1
Al 4

Bl
M1
B1 ./
M1
Al

Al
Ml
B1/
M1
Al

Al

Ml
Al

M1
Al

Al

M1
Al

M1
Al

Al 6
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9 (@) Staie or imply that #=2 Bl
State or imply that & = § # (allow 1.05 radians or 60°) Bl
Obtain modulys 4, and argument £ of & (allow 27 2.09 or 2.10 radians or 120°) B1 +B1A
Obtain modulus 8 and arpument rof o (allow 2*; 3.14 or 3.15 radians or 180°) B
[Fotlow through on wrong » and 4]
[SR: if u?and u” are only given in polar form, give B1* foru®and Bl fore’ )

(i) EITHER: Deduce that - Ju +4 =0 from u’+8=0
OR. Verify that 4° - 2x +4 =0 by calculation Bl
State that the other rootis 1 - iJ?T , or equivalent Bl
[NB: stating that the roots are 1+iy3 is sufficient for both B marks.]

{iii) Show both points correctly on an Argand diagram El
Show the correct retevant circle Bl
Show line (segment) correctty Bl
Shade the correct region Bl
{SR: allow work on separate diagrams to be eligible for the first three B marks. |

10 {i) State at any stage that the xcoordinate of 4 15 equal ta 1, or that 4 is the point (1,0) Bl
(i) State f'{x)=2 InTx . Or equivalent Bl
Use product or quoiient rale for the next differentiation M1
Obtain 2. % % +21nx [—:21] , Or any equivaleni correct unsimplified form Al
X

Verify that [*{e)}=10 Al

-3
iy State or imply area is j(lnx)l dx Bl

1
tse %-:7 =eg", or equivalent, in substijuting for x throughout Ml
Obtain given answer cartectly (allow change of limits to be done mentally} Al

(iv) Attempt the first imegration by parts, going he correct way M1
Obtain (u* - Zu + 2)e", or equivalent, after two applications of the rule Al
Obtain exact answer in lerms of e, in any correct form, eg. (e —2e+ 2e} -2, ore-2 Al

[The substitution in (iii) may be done in reverse i.e. starting with the ¥ integral and obtaining the x
integral. The M1A| scheme applies, but only an explicit statement will earn the B1.)
[The MILALAL in (iv) applies to 1hose working in terms of x and ebtaining x({Inx)* -2 Inx+2), or

equivalent.]
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.
0.4 ms!

One end of a light inextensible string is attached to a ring which is threaded on a fixed horizontal bar.
The string is used tc pull the ring along the bar at a constant speed of 0.4ms™!. The string makes a
constant angle of 30° with the bar and the tension in the string is 5 N (see diagram). Find the work
done by the tension in 10s. [3]

A basket of mass 5 kg slides down a slope inclined at 12° to the horizontal. The coefficient of friction
between the basket and the slope 13 0.2,

(i) Find the frictional force acting on the basket. [2]
(ii) Determine whether the speed of the basket is increasing or decreasing. [3]
B
L]
1
10N
10N
o8 » A

Twoe forces, each of magnitude 10N, act at a point €2 in the directions of A and (8, as shown in the
diagram. The angle between the forces is 6. The resultant of these two forces has magnitude 12N

(i) Find 0. (3]
(ii) Find the component of the resultant force in the direction of OA. [2]
A box of mass 4.5kg is pulled at a constant speed of 2ms~! along a rough horizontal floor by a
horizontal force of magnitude 15N.

(i} Find the coefficient of {riction between the box and the floor. (3]

The horizontal puiling force is now removed. Find
(ii} the deceleration of the box in the subsequent motion, 2]

{iif} the distance travelled by the box from the instant the horizontal force is removed until the box
comes Lo rest. [2]

9570 4MARIAD2
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(i) A cyclist travels in a straight line from A to B with constant acceleration .06 ms~2. His speed
at A is 3ms~' and his speed at & is 6ms~'. Find

{a) the time taken by the cyclist to travel from A to B, [2]
(b) the distance AE. (2]

(ii) A car leaves A at the same instant as the eyclist. The car starts from rest and travels in a straight
line to B. The car reaches 8 at the same instant as the cyclist. At time #3 after leaving A the
speed of the car is ki ms~!, where k is a constant. Find

(a) the value of &, [4]
(b} the speed of the car at 8. [1]

(i} A lorry P of mass 15000kg climbs a straight hiil of length 800 m at a steady speed. The hill is
inclined at 2° to the horizontal. For P’s joucney from the bottom of the hill to the top, find

{a) the zain in gravitational potential energy, [2]
(b) the work done by the driving force, which has magnitude 7000 N, [H]
(¢) the work done against the force resisting the motion. [2]

(ii) A second lorry, ¢, also has mass 15 000kg and climbs the same hill as P. The motion of @ is
subject 10 a constant resisting force of magnitude 900N, and s speed falls from 20m s~ ' at the
hottom of the hill to 10m s~ ! at the top. Find the work done by the driving force as @ climbs
from the bottom of the hill to the top. [5]

a
]

A® ®5

Pariicles A and B, of masses 0.15kg and 0.25kg respectively, are attached 1o the ends of a light
inextensible string which passes over a smoeoth fixed pulley. The system is held at rest with the string
taut and with A and B at the same horizontal level, as shown in the diagram. The system is then
released.

(i) Find the downward acceleration of B. [4]

After 2s B hits the floor and comes to rest without rebounding. The string becomes slack and
A moves freely under gravity.

{ii) Find the time that elapses until the string becomes laul again. [4]

(iii) Sketch on a single diagram the velocity-time graphs for both particles, for the period from their
release until the instant that B starts to move upwards. [3]

b e = TER E RY D
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Mark Schemsa Syllabus Paper

AS Level Examinations - June 2002 9709 4

1 For using WD = Fdcosa or P= Fvcosa and WD = Pt M1
WD = 5(0.4 x 10)cos30° Al
Work done is 17.3 J {or 1043 ) Al

SR For candidates who calculate power {only) (max | out of 3)
Poweris 1.73 W Bl

Notes:

M1 — their distance; cos or sin but not just 5x4
Radians M1 Al AG {max Z out of 3); answer 3.085 does not score final A mark but may imply the previous

Al

2 (i) Forusing N=mg cos a [Sgcos 12°(=48.9))and F= x4 N [0.2x M1
48.9]
Frictional force is 9.78 N (9.59 from g =9.8 and 9.60 from g = 9.81) | Al
(i) | Component of weight = 5¢ sin 12° (=10.4)
{ft absence of g and/or sin/cos mix only) Bl ft
For comparing component of weight with frictional force or for finding
the acceleration (0.123) using both the component of weight and the
frictional force MI1
Alternative:
For comparing g with tan 12° or for comparing the ‘angle’ of friction with angle of
inclination M1
0.2 <tan 12° or tan'0.2 < 12° Al
Speed increasing {ft for arithmetic errors only) Alf
Notes:
{i) M1 accept absence of g and/or sin‘cos mux
(ii) Bl can be eamed in (i)

Hlustration: *52 = 1.04 - 9.78 =% a < ) < speed decreasing’ scores Al ft, whersas
‘52= 104 + 978 @ a>0 ¥ speed increasing’ scores AD

Radians: Can score both M marks as per scheme, and allow one A mark for both .44 and -26.8
{or -27 or -30) (max 3 out of 3)
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(may be implied)

or recognising that resultant acts along bisector
or  l2cosf# =10+ 10cosf# and 12sinf = 10sinf?

orX=10—-10cosa and ¥=10sin

Bl

Complete methed for «
la =34, 58 or122=10%+10° - 2x10%cos ar }
10

or resolving forces along the bisector [ 2x10cos & = 12]

or squaring and adding and using ¢’ 8+’ =landc?0+s%6 =1

[144 = 100 + 200cos &+ 100 ] M1

8=106.3° or 1.85rads Al
(i) | For using component = 12005% [12x06] orl0—1Dcos & M1

Component is 7.2 N {ft only when Bl in part (i) is scored) Alft

SR for candidates whose diagram in (i) (actual or implied) has tniangle with sides 10,

10, 12 and angle & opposite the 12. (max 1 out of 2}
Componentis +7.2 N Bl
Alternative: For candidates who draw a scale diagram.
As for first mark in scheme above Bl
Value of & in the range 105 to 107° obtained Bl
§=106.3° Bl
12

For drawing relevant perpendicular and measuring appropriate length M1

Component is 7.2 N

Al

Notes:
Accept 7.19 or 7.20 or 7.21 (as weil as 7.2) for final Al.

The wrong diagram case (diagram may or not appear}. Triangle has sides 10, 10, 12 with angle & opposite
the 12.{i) MO, 127 = 10® + 10° — 2x10°cos & M1 AO (max | out of 3) {ii) Allow M1 as per scheme

if appropriate, otherwise use SR.
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4 (i} N=45g, F=15 B1

For using u=FIN M1

Coefficient is 1/3 or 0.333 (0.340 from g = 9.8 or 9.81) Al

(i)) | For using Newton's 2™ law {-15 = 4.5a ] M1

Deceleration is 10/3 ms™ {or 3.33) ora =-10/3 {or -3.33) Al

(i) Forusingv’ =4’ +2asorv=w+atand s = Hrvy

[0=4+2(-10/3)s ] MI

Distance is 0.6 m AlR

Notes: Allow inequality for M mark in {i)
4.5a =15 ¥ a= 103 1o (i) scores M1 AD (unless 2 is said 1o be deceleration)

v=2,u=0and 2 = 10/} is OK for M1 in (3i1) even if @ = +10/3 is found in (ii). Allow A} as well if 0.6m is

found.
Accept 0.601 from a =-3.33 for A mark in (lii}

5(i) |(@ |Forusingv=u+at[6=3+(0.06)] M1
Time taken is 50s Al
(b) | For using v* = u’ + 2as [36 = 9 + 2(0.06)s]
ors=ut + Y% ar s =3(50) + % (0.06)2500]
utv.
or s = t [s =1 {3 +6350] Ml
Distance is 225m Al
(iiy | (a) | For attempting to integrate k° M1
=k Al
For finding % by substituting for 5 and ¢ in the expression for s obtained
by integration or by using appropniate limits in the integration
[ k50°73 = 225 DMl
k=0.0054 or 27/5000 fi for 3 x (ans i(b)} / (ans i(a))’ | A1R
(b) | Speedis 13.5ms" fi for (ans ii(a)) x (ans i(a))’ | BI ft
SR {For candidates who use constant acceleration formulae in part {i1})
(max | out of 5)
For k=0.0036 and speed at & is 9ms (in either order) Bl
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6 (i)(a) | For using PE = mgh [15 000x10(800sin2°)] M1
Gain in PE 15 4 190 000 J (4 187 900)
(4 100 000 from g = 9.8 and 4 110 000 from g = 9.81) Al
(b} | WD by driving force is 5 600 000 J B1
{c) For using WD = ans (b} - ans (a) or WD = (7000 - mgsin2”) x 800 M1
WD against resistance is 1 410000 (ft candidate’s ans (b) — ans (a)
or {7000 — mgsin2”) x 800 providing the value found is +ve)
{1 500 000 from g = 9.8 and 1 490 0GG from g = 9.81}) Alft
(i) | For using KE loss = % m(u’ - v') [ ¥ 15 000(400 — 100)] M1
KE lossis 2 250 000 ) May be implzed by final answer Al
WD against resistance s 900 x 800 B1
For using WD as a linear combination of 3 terms reflecting the PE, the
KE and the resistance [4 190 000 - 2 250 000 + 720 000] | M1
WD by driving force is 2 660 000 J (2 657 900)
(2 §70 000 from g = 9.8 and 2 580 000 from g=9.81) Al

SR For candidates who assume, explicitly or implicitly, that the acceleration is

constant.

For using v =12 + 2as (@ = -0.1875) and DF = ma + 900+ mgsin 2° Ml
For multiplying by 800 M1
WD by driving force 1s 2 660 000 J Al

(max 3 out of 5}

Far incomect use of multiple units (eg kJ) withold the A or B mark at the first occurrence, but do not
penalise subsequently.

Allow cos or (| — ¢os) instead of sin for M mark in (i)(a), but g must be present

Accept — 5 600 300 in (i)(b) and — 2 660 000 in {ii}

Allow + the expressions for WD for M mark in {i){c), but not for the A mark (including the fi)

Answer 2 250 D00 in (if) is almost certainly worth O cut of 5 {unless 1t 15 an answer for the loss in KEj; see
notes distributed at meeting.
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7 (i) For applying Newton’s 2™ law to 4 or B or for using
(m1+m2)a=(mz _ml)g Ml
0.15a=T-0.15¢ Al
0.25a=025¢-T Al

Alternative for the above 2 A marks:

{0.15+0.25)a=(0.25-0.15)¢g A2

Acceleration is 2.5ms™ (R only for 0.25 following the absence of g)

motion with the string taut

(2.45 fromg=9.8 or g =9.81) : Alft
(i) (v=35 ft for 2 x ans(1)

(4.9 from g = 9.8 and 4.90(5) from g =9.81) Bl ft

For using v = u + at to find time up or time down or total time up and

down; acceleration mustbe + g M1

5

:=2x5 or-5=5-10¢ AlR

Slack for Ls Al
(iii} For 2 line segments representing

Bl

For the line segment representing | Bl

motion of A with the siring slack

For the line segment v =0

representing B stationary with the

string slack

Bl

Notes: Allow absence of g for the M mark in (1)

Allow —g7 instead of a for the first twe A marks in (i} if, and only if, it applies to both equations.

Third A mark is for 2.5 and if it follows a =-2.5 the answer must be properly justified.
For answer 1s + 25 = 3s in (ii) allow final A mark (ISW for + 25 = 3s)
Line segments must appear to be symmetric for first B mark in {iii)
The graphs can have v positive downwards, but for 1* B mark the line segments must appear to be
reflections of each other in the ¢ axis.
Accept separate graphs for particles A and B, providing the direction of positive v 15 the same {or both.
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1  One end of a light elastic string of natural length 1.6 m and modulus of elasticity 25 N is attached to a
fixed point 4. A particle P of mass 0.15 kg is attached to the other end of the string. P is held at rest
at a point 2 m vertically below A and is then released.

(i) For the motion from the instant of release until the string becomes slack, find the loss of elastic

potential energy and the gain in gravitational potential energy. [3]
(ii) Hence find the speed of P at the instant the string becomes slack. [2]

2

5cm|5cm S5cm|5cm
- I m >
Two identical uniform heavy triangular prisms, each of base width 10 cm, are arranged as shown at
the ends of a smooth horizontal shelf of length 1 m. Some books, each of width 5 cm, are placed on
the shelf between the prisms.

(i) Find how far the base of a prism can project beyond an end of the shelf without the prism
toppling. [2]
(ii) Find the greatest number of books that can be stored on the shelf without either of the prisms
toppling. [2]

3

A light elastic string has natural length 0.8 m and modulus of elasticity 12 N. The ends of the string
are attached to fixed points 4 and B, which are at the same horizontal level and 0.96 m apart.
A particle of weight W' N is attached to the mid-point of the string and hangs in equilibrium at a point
0.14 m below 4B (see diagram). Find V. [5]

9709/5/M/J/02



A hollow cone with semi-vertical angle 45° is fixed with its axis vertical and its vertex O downwards.
A particle P of mass 0.3 kg moves in a horizontal circle on the inner surface of the cone, which is
smooth. P is attached to one end of a light inextensible string of length 1.2 m. The other end of the
string is attached to the cone at O (see diagram). The string is taut and rotates at a constant angular
speed of 4rads~!.

(i) Find the acceleration of P. [2]
(ii) Find the tension in the string and the force exerted on P by the cone. [6]
C
A 0.5m 150°
4
0.1 mt B
0.5m
1 I
0.1m

A uniform lamina of weight 9 N has dimensions as shown in the diagram. The lamina is freely hinged
to a fixed point at 4. A light inextensible string has one end attached to B, and the other end attached
to a fixed point C, which is in the same vertical plane as the lamina. The lamina is in equilibrium
with 4B horizontal and angle ABC = 150°.

(i) Show that the tension in the string is 12.2 N. [5]

(ii) Find the magnitude of the force acting on the lamina at 4. [4]

9700/5/M/J/02 [Turn over



vyms

0.1vN

o A

A particle P of mass 0.4 kg travels on a horizontal surface along the line OA in the direction from O
to A. Air resistance of magnitude 0.1v N opposes the motion, where vm s~ is the speed of P at time
ts after it passes through the fixed point O (see diagram). The speed of P at O is 2ms™~ ..

d
(i) Assume that the horizontal surface is smooth. Show that av = —%, where x m is the distance of

P from O at time ¢s, and hence find the distance from O at which the speed of P is zero. [4]

(ii) Assume instead that the horizontal surface is not smooth and that the coefficient of friction

between P and the surface is —

40"
dv
(a) Show that 45 =—(v+3). [3]
(b) Hence find the value of ¢ for which the speed of P is zero. [3]

A ball is projected from a point O with speed ' ms™!, at an angle of 30° above the horizontal. At
time 7's after projection, the ball passes through the point 4, whose horizontal and vertically upward
displacements from O are 10 m and 2 m respectively.

(i) By using the equation of the trajectory, or otherwise, find the value of V. [3]
(ii) Find the value of 7. [2]

(iiif) Find the angle that the direction of motion of the ball at 4 makes with the horizontal. [4]

9709/5/M/J/02
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{i) Uses the correct EPE formula [25x0.47/(2x1.6)} M1
Obtains 1.25] Al
Obtains GPE=0.15gx0.4=0.6J B1
(i) | Attempts to form an energy equation involving EPE, GPE and KE terms | M1
[1.25 = % 0.15v* + 0.6]
Obtains speed as 2.94 ms™ (2.943920) Al
(i) | Kientifiesthedstmee of ventre-of mass-From-vertical- faee-as B
‘H3pebasefr—103]  Use o} ‘A¥1s or BpXie i
Maxtmum overhang is 6.67 cm (20/3) fifor 10- % B Af
(i) | ldentifies the maximum possible width for books as 100 - 2 x and M1
dividesby 5 [100 - 20/3)/5]
Obtains greatest number as 18 Al
Obtains extension of string as 0.2m {or half-extension as 0.1m} Bl
Finds the tension by uswgdahfucrst:reﬂu EE sq l LEDW%Y o) M1
T=12x02/080r T=12x0.1/04 [=3] A&
Resolves forces on the particle vertically and substitutes for T ¢ o A M1
[W = 2x3x(0.14/0.5) or 2 x 3 cos 73.74°] ='h Somc Freabmeab ol caill
Obtains W = 1.68 Al
(i) |Usea=w’r [16 x 1.2 5ind45°) M1
Obtains acceleration as 13.6ms™ (13.57645) Al
(i) | Uses Newton’s 2™ Law either horizontally or perpendicular to OP to M1
obtain a 3 term equation
Tsind5"+ Ncosd5°=0.3 x 13.576 or Al ft
N-03gsind5°=03x13.576 cos45°
Resolves forces vertically or uses Newton’s 2% Law along OP to obtain | M1
a 3 term equation
Nsind5*=Tcosd5°+03g or T+03gcosd5° =03 x13.5765in45° | Al f
Obtains tension as 0.759 N (0.75868) Al
Obtains force exerted by the cone as S.00N  (5.00132) {4, o) | Al

-Slh ﬂ.\:,uu“ I‘Ew" Ve Bt d Eu'[‘ﬂ\

s Proalr encg el

I N tentftd by P g e virbied ellew |
N = Yvaby 1 0-3q (Riy Twa ey 2030324 {03 }(mk& 74)
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3 (i) Uses (4, + A:}X = A1 X, + A: X, [0.09% = 0.05x0.25 + 0.04x0.45) | Ml
= ol i | =
¥ = 0.0305/0.09 (ﬂ_ 0 2 fremBY (= 61/180 or 0.3388889) Al
Alternatively for the above 2 marks:
Splits the lamina into 2 rectangles of weights 5 N and 4 N or considers it as a square of
weight 25 N from which a square of weight 16 N is removed Mi
Obtains moment distances as 0.25 and 0.45 or 0.2 and 0.45 (2 rectangles cases) or 0.25
and 0.2 (2 squares case) (distances may be imphied) : Al
Takes moments about A to obtain an equation for 7 Mi
9x0,0305/0/09 =05Tsin 30° or 5x025+4x045=0.5Tsin30%r | AlfR
4x02+5x045= 0.57in30° or 25x0.25-16x0.2=0.575in 30°
Obtains tensionas 12.2 N (Al « Gy fndvel whid fownds b 1242 } Al
(ii) | Obtains vertical componentof forceat Aas 29N (fifor9-21) Bl ft
Obtains horizontal component of force at A as 6. 13N (= 10.5655) Bifi
(R for %2 T+/3)
Uses F2=H+V? M1
Obtains magnitude as 11.0N (10.95628) (,q o r\]) Al
6 [ [8%—0h Uy NeolteY vl & 0 BLMy
Withe~—vdrdrd dvidr =-1/4  \Vang ) (ovvec May Bl g
Integrates and uses v(0) =2 [v=-xi4 + 2] M1
Obtains the distance as 8 m Al
(iifa) | Obtains F = 3/40 x 0.4g [=0.3] Bl
¥ rd = - il == .
Uses Newton 5[23 }!s}vnangisb f:’ di‘ﬂ e ) [0.4 dvidr=-0.1v - F] M1
Obtains the given equation 4 dv/dt = (v + 3) cormectly Al
(b) | Obtainst=-4 In{v + 3) *O (e} Bl
Gnd puby MI 9y (r-n,_ raerdsd only Wf oy [ MI
Uses v (0) = 2 to find Ckr evaluates j;;dv E-fv) iy 0 la &_M m\)
t=4In53(=204) Al
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(i} Substitutes 8 = 30°, x = 10 and y = 2 into the correct general equation for | MY,
. . o 100g
the trajecto 2=10tan30" ——=——
¢ Tecion i 2¥? cos® 30° by G
or eliminates 7 from 10 = ”Tz‘ﬁ. 2= 52?-— 572 { fur o covennd ‘hjhd'l b
'n V-
10 400 ~ Rt
st AT foVimde. 2 o 9
=5 3V’)] 3 ™ e T
Transposes to obtain a numerical expression for »” b( jrm Av = e Ml
leg . _ 1000 (=176.6705)] 14 L-)m
10 A hh}
20075 )| —= -2
{ l[ V3 ] v‘wf‘/ £T
Obtains V = 13.3 (13.20175) ’ Al
(i) Substitutes for Vin 19 = VT;@‘- or 2 = f.}_ sT*and solves for T Mi
Obtains 7= 0.869 (0.868735) Al
(If vertical motion is considered, the A mark is awarded only if
verification that the value of 7 found corresponds to (10, 20) rather than
(5.3, 2) takes place)
(it Uses tanar = +£ or tana:=:t% (mlm Feal®: 3‘/{1) Ml
x &
Obtains # =+$3/H42 1320053 {or 5ary) [11511] Bl fi
dy 2 ex
——=tan30’ - ———— 0.57735 - 0.07547x
o a7667%075) | ]
§ = 13:3421040-869 ) 138 LS - le(ed0h) [-2.041477) Bl fi
or Y ~unie’ -— 108 [0.57735 - 0.7547]
dx {(176.67X0.75)
Obtains angle aossid’ ( L6SHI32) or Ki) 0.1° (10.0568) Al
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Events A and B are such that P(A) = 0.3, P(B) = 0.8 and P(4 and B) = 0.4. State, giving a reason in
each case, whether events A and B are

(i) independent, | [2]

(ii) mutually exclusive. [2]

The manager of a company noted the times spent in 80 meetings. The results were as follows.

Time (¢ minutes) 0<t=s15|15<t=<30130<r=60|60<r=90!90 <r=120
Number of meetings 4 7 24 38 7

Draw a cumulative frequency graph and use this to estimate the median time and the interquartile
range. [6]

A fair cubical die with faces numbered 1, 1, 1, 2, 3, 4 is thrown and the score noted. The areca A of
a square of side equal to the score is calculated, so, for example, when the score on the die is 3, the
value of A is 9.

(i) Draw up a table to show the probability distribution of A. £3]

(i) Find E(A) and Var(4). [4]

(i) In a spot check of the speeds xkmh™! of 30 cars on a motorway, the data were summarised
by Z(x — 110) = —47.2 and 2(x — 110)> = 5460. Calculate the mean and standard deviation of
these speeds. [4]

(ii) On another day the mean speed of cars on the motorway was found to be 107.6kmh™! and the
standard deviation was 13.8kmh™!. Assuming these speeds follow a normal distribution and
that the speed limit is 110kmh~!, find what proportion of cars exceed the speed limit. [3]

The digits of the number 1223678 can be rearranged to give many different 7-digit numbers. Find
how many different 7-digit numbers can be made if

() there are no restrictions on the order of the digits, 2]
(i) the digits 1, 3, 7 (in any order) are next to each other, [3]
(iii) these 7-digit numbers are even. [3]

(i) In a normal distribution with mean # and standard deviation &, P(X > 3.6) = 0.5 and
P(X > 2.8) = 0.6554. Write down the value of i, and calculate the value of &. 4]

(ii) If four observations are taken at random from this distribution, find the probability that at least
two observations are greater than 2.8, [4]

Sr0s/amiID2
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()

(i)

3

A garden shop sells polyanthus plants in boxes, each box containing the same number of plants.

The number of plants per box which produce yellow flowers has a binomial distribution with
mean 11 and variance 4.95.

(a) Find the number of plants per box. 4]

(b} Find the probability that a box contains exactly 12 plants which produce yellow flowers.
[2]

Another garden shop sells polyanthus plants in boxes of 100. The shop’s advertisement states
that the probability of any polyanthus plant producing a pink flower is 0.3. Use a suttable

approximation to find the probability that a box contains fewer than 35 plants which produce
pink flowers. [4]

G709/8MAN0Z
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I (i) notindependent Bl
P{A) x P(B) = P{Aard B) Bldep 2
(i) not mutually exclusive Bl
P(Aand B} # 0 Bl 2 | Can be stated in words
2 both axes correct Bl For correct scales and labels on at least one axis
points M] For points at upper bounds or 15.5 or 14.3
Al All correct and smooth curve or straight lines
median Bift On mid-points or upper bounds
[} range M1 For evaluating their UQ — thetrL.Q
Alft 4 | Forcorrect answer, # on correct upper bounds only
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P{d =a) % ]6 1|5 ]6 Al :fl‘],i three correct probabilities for 3 different vals
Al 3 | Allcorreat
(i) E(I’;} Tjﬁlx V2 + dx /6 + 9x 16 + Mi For calculaiion of Zxp where Zz must be 1
:5 13 Al Far correct answer
Var (4) 1y Bt A % UG+ - (5337 Mi E:rlcalculation of Tx’p - (their E(4)Y* Zp need not
=309
Al 4 | For correct answer
4 (i) -47.2/30=-1.573 Bi
OR £x-I110=—472and T110=3300
X=110-1573 =108 (108.4) Bl For correct answer
5460 ]
standard deviation = &60--{-15?3)2 M1 For W—(f*’lf’lf coded mean)®
-13.4 Al 4 | For correct answer
Qi) z-= 110-107.6 =0.174 Mi For standardising, can have +13.8 on denom not 13.8°
P> 1HO) =1 - (017D M1 For using tables correctly and finding a correct area
=1 -0.5691 from their z.
=0.431 Al 3 | For correct answer
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o T M1 For dividing by 2 or 2!
>0 20 2520 Al 2 | For comect answer
G st 31 = 360 Bl For 3! o eqxfivaient o
2! M1 For multiplying by 3! or dividing by 2! or both
Al 3 | For comect answer
Mz For 4/7 of their (i}
{iii}) 4/7of2520=1440 Al For correct answer
OR 6+ ¢ N o _ 1440 Mi For summing options for ending in 2. 6, 8
2
Al Far correct options
Al 3 | For correct answer
() () p=3.6 Bl Stated or can be calculated later on
28 - theirg _ M1 For equation relating por 3.6 and o. Must be
PR standardised, can have +0.4
Mi Soiving the correct equation or with a second correct
s=12 equation relating pand o
Al 4 | For corect answer
D) (0.6554) (03846 x Ca | M1 | For attempted binomiai calculation of any 2 or 3 of
+(0,6554Y x (0.3446) x 4C, +(0.6554)° P(2), P(3), P(4), needs 0.6554 in
Bl For correct numerical expression for P(2) or P(3)
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np(l - p) = 4.95 Bl
n=20{p=0.55) MI For solving, need to find a value for r
______________________________________ ..pAl 4 |Forcomectanswer |
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=0.162 Al 2 | For correct answer
(i) p=100x0.3 =30, " = 100x 0.3 x0.7 Bl For both mean and variance correct, allow o =21
_ {345-30 Ml For standardising with or without c¢, allow their
PY<35)= @ A 21 or their 421 in denom
= @(0.9820) M For use of any continuity correction 34.5 or 35.5
= (3,837 (exact) Al 4 | For comrect answer
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The result of a fitness trial is a random vanable X which is normally distributed with mean y and
standard deviation 2.4. A researcher uses the results from a random sample of 90 trials to calculate a
98% confidence interval for g, What is the width of this interval? 4]

The manager of a video hire shop wishes to estimate the proportion of videos damaged by customers.
He (akes a random sample of 120 videos and finds that 33 of them are damaged. Find a 95%
confidence interval for the true proportion of videos that are being damaged when hired from this
shop. [4]

Mary buys 3 packets of sugar and 5 packets of coffee and puts them in her shopping basket, together
with her purse which weighs 350 g. Weights of packets of sugar are normally distributed with mean
500 g and standard deviation 20 g. Weights of packets of coffee are normally distributed with mean
200 g and standard deviation 12 g. Find the probability that the total weight in the shopping basket is
less than 2900 g. [6]

The mean time to mark a certain set of examination papers is estimated by the examination board
to be 12 minutes per paper. A random sample of 150 examination papers gave Ex = 2130 and
T x? = 37746, where x is the time in minutes to mark an examination paper.
(i) Calculate unbiased estimates of the population mean and variance. 2]
(ii} Stating the null and alternative hypotheses, use a 10% significance level to test whether the
examination board’s estimated time is consistent with the data. 15]
To test whether a coin is biased or not, it is tossed 10 times. The coin will be considered biased if
there are 9 or 10 heads, or 9 or 10 tails.
{i) Show that the probability of making a Type 1 error in this test is approximately 0.0215. (4]
(ii) Find the probability of making a Type II error in this test when the probability of a head is
actually 0.7, [4]
Between 7p.m. and 11 p.m., arrivals of patients at the casualty department of a hospital occur at

random at an average rate of & per hour.

(i) Find the probability that, during any period of one hour between 7p.m. and 11 p.m., exactly
5 people will arrive. (2]

(ii} A patient arrives at exactly 10.15 p.m. Find the probability that at least one more patient arrives
before 10.35 p.m. [3]

(iii} Use a suitable approximation to estimalte the probability that fewer than 20 patients arrive at the
casualty department between 7 p.m. and 11 p.m. on any particular night. (5]
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A factory 1s supplied with grain at the beginning of each week. The weekly demand, X thousand
tonnes, for grain from this factory is a continuous random variable having the probability density
function given by

f{x):{E(I—x) Gf&xsi_,h
otherwise.
Find
(i) the mean value of X, [3]
(ii) the variance of X, [3]

(iii) the quantity of grain in tonnes that the factory should have in stock at the beginning of a week,
in order to be 98% certain that the demand in that week will be met. [5]

SFOHTINGIG2
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_ 2.4 Bl For z value of 2.33
1 T+2326x . . J56 .
50 M For expression of correct form invelving in
24 denom
2326w —=x2
Width %0 M For subtracting lower frem upper, or mmhtiplying
half-width by 2
=1.18 Aj 4 For correct answer
Z E{THER
03750725 M2 przft
0275£19%6x  J———— Calculation of correct form R
120 Bl (SR M1 if only one side of interval seen}
0195« p <0355 Useof p=0.275
Al 4 Fﬂr correct answer
Ok
334 1.96V 120x0.275x0.725 Mi Caiculation of correct form nptzv¥npq (accept just
23413 < p <42.586 one side of interval)
120 120 Ml Division by 120 (BOTH sides)
0.195 < p <0.355 Bl Use of 0.275
Al 4 | Comrect answer
3 3 sugar ~N(13500, 1200) Bl For (norma! dist with) correct means for both
5 coffee ~ N(1000,720) Bl For (normal dist with) correct variance for both
Total weight ~ N{2850, 1920) M| For adding their variances and means(+ purse)for
or ~ N(2500_ 1920 coffee and sugar
Al For correct mean and variance for their total weight
[ 2900 - 28 so] ie with or without the purse
P(W < 2900) = 1520 Mi For standardising and use of tables (consistent
inclusion/exclusion of purse)
M]:o,sn Al & |Forcomeat answer
OrP(W<2350) = ¥1920
1 21307 Bl For cotrect mean
4 () x=142,8=__{314%-2—_|=503(4) |B1 2 |Forcorrectvariance
140 150
() Hy:p=12andH;:p # 12 Bl Both hyvpotheses correct
Test statistic z= 14.2-12 =3798 M1 —=
”50 34 Al For standardising attempt with se of form n
e For 3.80
150 Ml Or comparing B(3.798) with 0,95 (or equiv. for one
. ) tail test) Signs consisteny,
Ca_mpa:c with 1.645 or 1.282 for one-tatl t Al 5 | Carrect conclusion fi on their z and H,
Reject exam boards claim
5 ()P or 10H) = (0.5x (0.5} x 1oCo + (0.5)'° | ML For P(9 or 10H)
(= 0.01074) Ml For P(9 or 10T)
POT or 10T) = (101074 Mi For identifving omcome for Type 1 exror
Piiype lerory = 0. 0215 AG Al 4 | For obtaining given answer legitimately
(P9 or LOH)= (0.7)7 x (0.3) x 1oCo + (0. D | M1 For evaluating P(9 or 10H) with P(H) = 0.7
(=(.1493) M1 For evaluating B(Y or 10Ty with P{T) =03
P(9 or 1L0T) = (0.3 x (0.73 % 16Cs + (0.3Y°
=0.000143 M1 For identifying outcome for Type 11 error
P{oype H etror) = 1 - 0.1493 -D.000143 Al 4 For correct answer (SR 0.851 no working B2)
= (851
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6 (i) mean=6 Ml For mean 6 and evaluating a2 Potsson prob
PX=35)=016l1 Al 2 |For correct answer
(it) u=2 Bl For p=2 used in a Poisson prob.
P(0)=¢? (= 0.135) Ml For 1 - P(0), any mean
I - P(0) = 0.865 Al 3 | For correct answer
B! For p=24
(i) p = 24, o* = 24 B! For their var=their mean
_195-24 M1 For standardising with or without cc
T s A1 |For ooy oo
I-®{0.9186)= 0.179 (SR Using Poisson with no approximation
- (0.180(26) ) scores Mi Al only )
1
7 0 EX= t[ 2x{1-x) dx M1 For scnsible attempt to micgrate xf(x)
1
JZx —2x% dx Al For correct integrand (any form)
= 0
, 2x°
- Al 3 | For correct answer
- 3 1-0333
1
sz P -2xtdx M1+ For sensible attempt 1o integrate x*f{x)
(if) Var(x) = © - (0.3337
2x* 2x* .. ) 2
3 " a Mi*dep | For their integral- (their mean)
= - (0.333)2
= (.0556 Al 3 | For correct answer
IZ(! - x) dx M1 For identifying both sides of equation
{jiiy © =098
ax-x2 Al For cotrect equation in any form
. =0.98 Mi For solving for x {must be sensible attempt)
¥ -2x+098=0 Al For correct answer
x=0839 Bl fi For applying concept of continuous rv.
859 tonnes
Or M1 For identifying x from a relevant diagram
Al For correct equation
QB rn-5=002 Ml For solving for x
0.58 2 ¢-n=¢ Al For correct answer
Bl 5 | For apphiang concept of continuous rv.
x 1
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FOREWORD

This booklet contains reports written by Examiners on the work of candidates in certain papers. Its contents
are primarily for the information of the subject teachers concerned.



MATHEMATICS

GCE Advanced Level and GCE Advanced Subsidiary Level

Paper 9709/01
Paper 1

General comments

The overall performance of candidates on this Paper was both pleasing and encouraging. There were few
very poor scripts and the Paper enabled candidates to demonstrate accurately what they had been taught.
The standard of numerical and algebraic manipulation was good and in many cases impressive. Question 6
was the only question on the Paper that caused candidates real problems and candidates need to be aware
of the implication of the word “exact”.

Comments on specific questions

Question 1

Most candidates coped confidently with the binomial theorem, though many preferred to show the whole
expansion prior to selecting the term that is independent of x. Most did select the correct term, but others, by
giving the answer as the whole expansion, did not appreciate the term “independent’. The error of

4 4
expressing [x + —j as x(1 + —2] was common.
X X

Answer. 54.
Question 2

This was well answered with most candidates scoring highly. The solution of the two simultaneous
. . 18 . 8
equations in a and r was accurate, though r? = 5 instead of s was a common error. Loss of an accuracy

mark through taking r as 0.66, 0.67 or even 0.7 was common. Evaluation of the sum to infinity was accurate
and only very occasionally was an arithmetic progression used instead of a geometric progression.

Answers: (i) a =27, r= %; (ii) 81.

Question 3
(i) Many candidates failed to use trigonometry to express QR as rtané.
(i) This was accurately done with candidates using trigonometry to evaluate QR and OR and most

realised that PR=0R-r. A common error was to assume that the perimeter of QPR was the
same as the difference between the perimeters of triangle OQR and sector OQP. Misuse of
radians was still common in many cases.

Answers: (i) Proof; (ii) 34.0 cm.



Question 4

This proved difficult with many candidates failing to realise the need to integrate. Many attempts were seen

in which the equation of the curve was taken to be the same as the equation of the tangent, with m = j_y =3
X

being used in y = mx + c. Attempts at integration were variable with many candidates failing to divide by the
differential of (1 + 2x). Many others failed to include the constant of integration.

3
Answers: (i) y = %(1 +2x)2 + 2 (ii) g
Question 5

This was very well answered. Virtually all candidates correctly used the equations connecting sine, cosine
and tangent to obtain the required result. The solution of this equation was generally correct, though

sin@ = —% and 2 was a common error. Many candidates obtained full marks.

Answer. (i) Proof; (ii) 30°, 150°.
Question 6

This was poorly answered with many candidates failing to cope with, or to recognise, the trigonometry
needed for the two parts. Failure to express AC and BC in terms of / presented problems and even when

candidates used Pythagoras to find AB, use of decimals for cos 30°, instead of %\/3, meant that accuracy

marks were lost. Candidates must realise that asking for an exact answer precludes the use of decimals in
this case. In part (ii) only about a half of all candidates realised that use of tangent in triangle ABC led
directly to the answer. Again use of decimals, particularly for cos30°, meant that the final answer was not
obtained.

Answers: (i) AC = %I\IB, BC = I, Proof; (ii) Proof.

Question 7

This was well answered with candidates showing a pleasing understanding of the use of scalar product. In
both parts, evaluation of the scalar product was accurate. Use of lal =V(22 - 22 + 12) was seen and the final
answer to part (i) was often expressed to the nearest degree, rather than to one decimal place, or
inaccurately as 103.7°. The main error however was the loss of this accuracy mark through thinking that the
direction between two vectors was always an acute answer. Part (ii) was also well answered, though a small
proportion of attempts were seen in which the scalar product was equated to +1 rather than to 0.

Answers: (i)103.8° (ii) —1—31.

Question 8

Parts (i) and (ii) presented little difficulty apart from the occasional error of di(x3 ) =2x2 and careless slips
X

in the solution of the quadratic equation resulting from g—y =0.
X

Part (iii) presented more problems with many candidates failing to appreciate that y = 0 on the x-axis.

Answers: (i) 3x2 +6x-9; (ii) x = =3 or 1; (iii) k= -27 or 5.



Question 9

This was generally well answered with many completely correct solutions. Simple errors in evaluating the
gradient of AB were common, but most candidates accurately used the formulae mm. = -1 and
y—-k=m(x-h).

Method marks in part (ii) and (iii) were nearly always gained, though “d? = (x, + x;)? +(y, +y4)?” or

“d? = (xp° —=x,°)+(y,> - y{°)” were both seen. Several candidates wasted considerable time in part (i) by

finding the equation of AB and in part (iii) by finding the coordinates of D. The final answer was accepted in
either decimal or surd form, though 2v20 + 24180 needed further simplification.

Answers: (i) 2y = x+11; (i) C(13, 12); (iii) 35.8 or 165.
Question 10

(i) This part caused problems with many candidates failing to gain any credit through failing to
appreciate the need to use calculus. A surprising number of attempts were seen in which the

gradient of y = 2J/x was taken to be 2. A depressing number of candidates took the gradient of the

normal to be —+/x and the equation of the normaltobe y -4 = - \/;(x -4).

(i) This part was very well answered with most candidates realising the need to integrate. The
standard of integration and the subsequent use of limits were good but a significant number used
the limits 2 to 4 rather than 1 to 4.

Answers: (i) y + 2x = 12; (ii) 9%.

Question 11

The candidate’s responses to this question, particularly to part (v), were much better than in recent
examinations.

(i) Most of the attempts were correct, though failure to take the “2” out of the expression caused
problems for weaker candidates.

(i) This part was well answered with most candidates realising that the least value of y was ¢ and that
this occurred at x = —b. Others preferred to use calculus and were generally correct.

(iii) This part presented more problems though most candidates realised that the limit values of the
range occurred at x = 2 and x = —6. Too often, however, the required set of x values was given as
““6<x=<2'orasx=2,x=-6".

(iv) Very few candidates appreciated that the inverse of a function only exists if the function is one-one
and that the smallest value of k corresponds to the value of x at the turning point.

(v) This part was well answered with at least a half of all candidates realising the need to use the

answer to part (i) to express x in terms of y and then to interchange x and y. Writing 1{ X +218 as

VXx+18
2

was a common error.

Answers: (i)a =2, b=2, c=-18; (ii) x = -2, y =-18; (iii) x = 2, x < —6; (iv) —2; (V) f’1(x) = ‘/X+218 -2.




Paper 9709/02
Paper 2

General comments

Very few candidates scored highly on this Paper and a significant minority were unable to score many marks.
In part, this was due to a failure to use the many helpful formulae and results given in list MF9.

Candidates invariably attempted all questions (except Question 4) and there was no evidence of time being
insufficient to complete the Paper. Question 2, Question 5 (i) and (ii), and Question 7 (i) were generally
well attempted, but there were few good responses to Question 3, Question 4, Question 5 (iii), Question 6
and Question 7 (ii). Many candidates displayed little knowledge of the background to these latter questions,
and key sections of the syllabus such as basic differentiation and integration were beyond the ability of a
sizeable minority. Question 4, most particularly, often produced responses that earned no more than one or
two marks.

The Examiners were pleased by the clear, well presented, nature of the candidates’ work, and the questions

were usually attempted sequentially, though Question 4 was often left until the end as most candidates were
obviously troubled by it.

Comments on specific questions

Question 1

Candidates attempted this question by one of two methods. Those who squared each side and solved the
resulting quadratic equation, or inequality, usually scored at least 3 of the 4 marks, but were often unable to
choose correctly which intervals on the x-axis were relevant; use of a single value, say x = 0, in the original
inequality is an excellent guide as to which interval(s) are the correct one(s). Other candidates attempted to
remove the original inequality/modulus signs but only rarely obtained more than a single mark, by showing
that x = -1 was a crucial point. The Examiners would advise candidates to use the more structured
approach of squaring each side.

1
Answers: x< -1, x> E

Question 2

This was a popular question and was well attempted. Errors arose when values x = +1, +2 instead of the
correct x = -1, -2 were substituted into the cubic polynomial and also when the remainder on division by
(x + 2) was accidentally set equal to zero, instead of the given remainder, -5. Several candidates also
misread 2x°, as 2x%, and/or ax® as ax. Long division was rarely used, albeit usually successfully.

Answers: a=3, b= -1.
Question 3

(i) Very few candidates found 9* = yz; more often, 9° = 2y or 9* = 3y were seen. An erroneous answer
to part (i) unfortunately makes it impossible to proceed to score in part (ii), as no viable problem
can then be attempted, as a follow-on from 9* = 2y or 3y.

(i) Candidates obtaining a correct answer to part (i), and many who began afresh without reference to
part (i), usually scored full marks. Any wrong answer to part (i), if used in part (ii), produced
intractable problems, which leads the majority to appeal to the false results In(a + b) = Ina + Inb

and/or In a) = In_a, in context.
b Inb

Answers: (i) yz; (i) x= -1, —E.
In3



Question 4

(i) Only a handful of correct pairs of graphs were seen. Although the sketch of y =sin x, 0 < x < g

was familiar to almost all candidates, very few even attempted to sketch y = x~% those who
attempted a sketch rarely produced a graph of the correct basic shape.

(i) Having evaluated y = sin x and y = X %atx=1,15 many solutions made no comparison of their
values. Other solutions stated that the function f(x) = sin x - x 2 changes sign between x = 1 and
x = 1.5, but no numerical evidence was produced; this behaviour pattern is indeed suggested by
the question.

(iii) When attempted, this was well done.

(iv) As on previous occasions when such an iteration has been set, most candidates treated the angle
x as being measured in degrees. The Examiners stress once again that, as in all rules for
differentiation and integration of trigonometric functions, everything is based on the premise that
angles are measured in radians, unless degrees are explicitly indicated. Those who did not make
this mistake tended to score full marks for this part.

Answer. (iv) 1.07.
Question 5

(i) Candidates either correctly expanded on both sides, with occasional sign errors between terms, or
incorrectly states that cos(x - 30°) = cosx - co0s30°, etc. Although the given result used surds,

many candidates set cos30° = 0.866 instead of %\/5

(i) Examiners were surprised how often the result from part (i) was wrongly simplified to

N3 2 1
23 7 23’

two appropriate solutions.

tanx = Those who correctly set tanx = 2\/5 proceeded successfully to find the

(iii) Candidates seemed very puzzled by this. It was common to see (2cos’x - 1) replacing cos2x, and
then 2cos’x = 1, etc. Others used the basic angle of 73.9° from part (ii) and calculated
cos(2 x 73.9°), even though an exact answer was requested. It was expected that candidates
would use the result from part (i) to obtain an exact value for cosx or sinx and use this to evaluate
cos2x = 2cos’x - 1=1 - 2sin’x.

Answers: (ii) 73.9°, 253.9°; (iii) —%_

Question 6
(a) Few candidates could correctly integrate sin2x; a sizeable minority did not know the value of
2
J.cosx dx, with functions such as -sinx, %, cosx often quoted. Use of list MF9 would
X

have avoided these errors. Further the values of cos2x and sinx at x = 0, g were often wrongly

given as decimals and not integers.

(b)(i) Almost all solutions involved J.fd—x1 but few candidates could integrate (x + 1), which was
X+

often rewritten as (x ' + 1). Functions such as 1; or Inx+ 1 were common. The correct
—x2+x
2
function In(x + 1) was frequently rewritten as Inx + In1. The final form, In(p + 1) - In2, was
popularly rewritten as Inp +1In1 - In2 or %
n



(ii)  Only those candidates with a logarithmic solution to part (i) could successfully score in part (ii).

Answers: (a) {—%cos 2x +sin X:|2 =2; (b)(i) In(p + 1) -In2, (ii) 13.8.

0

Question 7

(i) This part was often well done, with at least a correct derivative of 3y2 or -2xy. Weaker candidates
tried vainly to express y explicitly in terms of x; no actual differentiation followed.

(ii) A high proportion of solutions involved setting y ' = 0, but many believed that this implied that
y - 2x =3y - xor that 3y - x = 0. Other candidates believed that y ' = 1 or -1 if the tangent is
parallel to the x-axis.

The main problem, however, was that the majority of candidates believed not only that y - 3x = 0,
or3y - x=0,ory - 3x =3y -x, but that x (or y) was also zero. It was difficult to see where such a
false premise arose, but it permeated most solutions. Only a few candidates set y = 2x into the
original equation of the curve and then solved the resulting quadratic equation in x (or y).

Answers: (ii) (1,2)and (-1, -2).

Paper 9709/03
Paper 3

General comments

The standard of work by candidates on this Paper varied widely and there was a corresponding range of
marks from zero to full marks. All the questions appeared to be accessible to candidates who were fully
prepared and no question seemed to be of unusual difficulty. Moreover, adequately prepared candidates
appeared to have sufficient time to attempt all the questions. Overall, the least well answered questions
were Question 3(logarithms), Question 4(exponential function) and Question 7(iteration). On the other
hand Question 2(integration by parts), Question 6(partial fractions) and Question 10 parts (i) and (ii)(vector
geometry) were felt to have been done well.

The detailed comments that follow inevitably refer to mistakes and can lead to a cumulative impression of
poor work on a difficult Paper. In fact there were many scripts showing very good and sometimes excellent
understanding of all the topics being tested.

Where numerical and other answers are given after the comments on specific questions, it should be

understood that alternative forms are often possible and that the form given is not necessarily the only
‘correct’ answer.

Comments on specific questions

Question 1

Most candidates found at least one of the correct critical values, 4 and 5, in the course of their work.
However errors in handling inequalities prevented a substantial number from completing the question
successfully. Failure to reverse an inequality when dividing by a negative quantity was a common error.

Answer. 4<x<5.



Question 2

This was often well answered, though some candidates were unaware of the correct meaning in this context
of the adjective ‘exact’. Examiners noted that some candidates started correctly but failed to deal with the

second integral properly, by first reducing the integrand to %x before integrating.

Answer. 2In 2 _3 .
4

Question 3

The first part was poorly done. Common errors included the incorrect assumption that
log(x + 5) = log x + log 5, and failure to realise that 2=10g,;100. In the second part, the stronger

candidates observed that x needed to be positive but others often presented both roots of the quadratic
equation as possible solutions to the problem.

Answers: (i) x*>+5x-100=0; (ii) 7.81 .
Question 4

Many attempts which started with a correct first derivative foundered because of an inability to solve the

indicial equation that followed. Candidates were often unable to handle the term in e™* correctly and here,
as in Question 3, there was much unsound work with logarithms. However most had an appropriate method
for determining the nature of a stationary point, the majority using the second derivative.

Answers: (i) In 2; (ii) Minimum point.
Question 5
The first two parts were generally well done.

(i) In this part the value of R was almost always correct, but incorrect values of « arising from

tan o =% or tana =—% were given from time to time. Examiners also found that « was not

always given to the accuracy requested in the question.

(ii) The smaller root was usually obtained correctly, but some candidates lacked a sound method for
the larger root and commonly gave 119.6°.

. . . 1
(iii) There was a widespread failure to answer this part correctly. Answers such as 33 and % were
more common than the correct one.

Answers: (i) 5sin(6 —36.87°); (ii) 60.4° and 193.3°; (iii) 1.

Question 6

Candidates seemed generally well prepared for this question and attempted it well. However, numerical
errors in finding the numerators of the partial fractions were quite common and only the ablest candidates
traced them back when they failed to obtain the given answer to part (ii).

(i) It was rarely evident from the scripts that candidates were checking their answers to this part either
by recombining the fractions to form f(x) or by substituting a value for x, but in questions of this type
this seems a worthwhile precaution.

(i) The most common source of error was in the expansion of (2—x)‘1. A minority worked ab initio
with f(x), either expanding (6 +7x)(2 - x)_1(1 +x? V or, occasionally, carrying out a long division.

4 4x +1
+

Answer. (i .
()2—x 1+ x?




Question 7

(i) Attempts at this part varied considerably in length and success. Candidates who used the cosine

or sine rule in triangle OAB were much less successful than those who observed that sina = 2—9
r

(i) Examiners reported that many candidates failed to produce sufficient accurately calculated
evidence to justify the given statement about the root.

(iii) The work in this part was even more disappointing. Few candidates seemed to know that the
solution involved replacing the iterative formula with an equation and showing that this equation
was equivalent to that given in part (i).

(iv) However, this part was frequently correctly done. The most common error here was to carry out
the calculations with the calculator in degree mode rather than in radian mode.

Answer. (iv) 0.245 .

Question 8

(a) Though some candidates omitted this part, most were familiar with a method for finding the square
roots of a complex number and nearly all chose to work with a pair of simultaneous equations in x

and y. Some made algebraic errors when eliminating an unknown or in solving their quadratic in X
or y°, but most showed an understanding of the method.

(b) In part (i) almost all attempted to multiply the numerator and denominator by 2 — i but errors in
simplification were common.

Part (ii) was generally done well. There were a variety of acceptable answers to part (iii) and few
candidates were able to find one.

. . 1 7. OA
Answers: (a) 1+ 2i and -1 — 2i; (b)(i) —+—1i, (iii) OC =—.
(a) (b)(i) = (iii) OB
Question 9
(i) There were many correct solutions in this part. A minority of candidates merely showed that the

given differential equation was satisfied when a = 5. This does not show that a satisfies the
equation at all times.

(ii) Although most attempts at the partial fractions were successful, a substantial number of candidates
failed to relate their partial fractions to the differential equation. Omission of the constant of
integration was a frequent error and candidates often failed to complete this section by obtaining t
in terms of a. Here, as in Question 3 and Question 4, there were instances of unsound work with

logarithms.
(iii) Most candidates correctly let a = 9 but the unrealistic substitution a = 0.9 was also seen quite
frequently.
Answers: (ii) t =25In a ; (iii) 54.9 days.
10-a
Question 10
(i) This part was very well answered.
(i) In this part the most popular method was to write down parametric equations of the two lines and

examine simultaneous equations obtained by equating the corresponding x, y, and z components.
Having used two equations to calculate one of the parameters, many candidates went on to
calculate the other and check that all three equations were satisfied simultaneously, but some
failed to carry out this essential final step. A fairly common error was to use the same parameter in
both the vector equations.



(iii) Only the strongest candidates devised a valid method for this part This usually began by finding
the parameter of the point N on the line AB such that PN was perpendicular to AB, though here, as
in part (ii), Examiners encountered a pleasing variety of approaches including, for example, the use
of the orthogonal projection of AP (or BP) onto AB.

In general, Examiners felt the standard of work on this topic was encouraging. It could be improved if
candidates persistently checked for arithmetic errors (especially sign errors) and, when searching for a
method, as many were in part (iii), they drew a simple diagram to illustrate the problem.

Answer. (i) 45.6°.

Paper 9709/04
Paper 4

General comments

Many candidates made good attempts at some of the questions, but relatively few candidates answered well
across the full range of topics represented by the questions in this Paper. Some candidates were clearly not
prepared for this Paper and scored very low marks.

Some candidates failed to attain the accuracy required by the rubric because of premature approximation.
Frequently occurring cases included 8/(0.77 — 0.34) = 18.6 and 8/0.42 = 19.0 in Question 3 (i) with
consequent errors and further premature approximation of trigonometrical values in part (ii), and
0.25x12x0.91 = 2.73 in Question 6 (i)(a), usually followed by 1.95 in part (b) and 3.95 in part (c).

Some candidates gave answers to insufficient accuracy, the most common of which were 19 and 30 in
Question 3 (i) and (ii) respectively, 0.47 or 0.5 in Question 5 (ii), and 2.7, 2 and 4 in Question 6 (i)(a), (b)
and (c) respectively.

An apparent lack of understanding of the concept of displacement among many candidates is evident from

the high frequency of the answer of 200 m in Question 2 (ii) and from attempts at solving s(f) = 2x800 in
Question 7 (iv).

Comments on specific questions

Question 1

This was found to be a straightforward starter question with most candidates scoring all three marks. The
most common mistake was to omit, or to assign the wrong sign to, the resistance to motion in applying
Newton’s second law.

Answer. 0.2 ms™.

Question 2

Part (i) of this question was well attempted with most candidates scoring both marks. However some
candidates, having calculated the approximate distance as 154 m, gave the reason for it being an
underestimate that the man was already running at time ¢ = 0.

In part (ii) very many candidates calculated the total distance run by the man (200 m), instead of his distance
from A. Some candidates gave the answer as 160 m, believing that the man was moving towards A for
30 < t < 35 and away from A for 35 < t < 40.

Answer. (ii) 120 m.
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Question 3

Many candidates demonstrated by their answers considerable confusion as to how to proceed in this
question.

Some candidates tried to use Lami’s theorem, without attempting to reduce the problem to one of three
forces by, for example, combining the tensions in the two parts of the string to give a resultant of 2Tcos35°
acting at 15° above the horizontal.

Some candidates applied Lami’'s theorem after changing the question by rotating the given diagram
clockwise through 90°, so that A and B are at the same horizontal level and X acts vertically downwards.
None pointed out that the configuration is now impossible given that R is smooth. It may be that the
motivation for such candidates was the recognition of the need to reduce the problem to one of three forces
(T, Tand X + 8) in order to apply Lami’s theorem.

Almost all candidates who made scoring attempts resolved forces on R vertically and horizontally, or at least

one of these. Errors arising in doing this were to include a spurious ‘normal reaction’ acting vertically upward
on R, taking the tensions in the two parts of the string to be different, and writing

F, =X-Tcosb50°-T cos20° and F, =T sin50° —T sin20° - 0.8g without ever setting Fy =0or F, =0.

Many candidates scored only 5 out of 6 marks for a basically correct solution because inaccuracies arose
from using insufficiently accurate values of the trigonometrical ratios.

Answers: (i) 18.9 N; (ii) 29.9.
Question 4

Part (i) of this question was well attempted, although many candidates found the difference in the maximum
heights of the particles.

Part (ii) was also well attempted, although many candidates calculated the height of A at the instant when B
is 0.9 m above the ground.

A surprisingly significant proportion of candidates used a = +g where a = - g is appropriate.
Answers: (i) 1.5 m, (ii) 1.05 m.

Question 5

Part (i) of this question was almost always answered correctly.

In part (ii) almost all candidates resolved forces along the plane for both of the cases illustrated in Fig.2.
However very many mistakes were made, the most common of which were:

F taken to be in the same direction in both cases, leading trivially to X = 0,
F taken to be in the wrong direction in both cases, leading to a negative coefficient of friction,
the omission of F in one or both of the cases,

the inclusion of a term ma in both cases,
writing F; =150sin35° — X —F and F, =150sin35° —5X + F without ever setting F =0 and F, = 0.

Answer. (ii) X = 28.7, coefficient of friction = 0.467.

Question 6

Although the wording of the relevant part of the syllabus is ‘understand that a contact force between two
surfaces can be represented by two components, the normal component and the frictional component’, it is

clear that very many candidates did not know what was required of them in part (i)(a) of this question.
Frequently the answer was givenas R=10.9 oras C = 11.2.

11



This shortcoming was not a barrier to answering parts (b) and (c) correctly, as many candidates did. The
most common error in part (b) was to omit either the weight component or the frictional component in
applying Newton’s second law, and in part (c) the most common error was the omission of the work done
against friction by candidates who considered energy.

Part (ii)(a) was almost always answered correctly.

Very few candidates scored all three marks in part (ii)(b). The common mistakes were to apply a formula for
motion in a straight line, and to omit the velocity at the bottom of the slope in applying the principle of
conservation of energy.

Answers: (i)(a) 2.72 N, (b) 1.96ms 2, (c) 3.96 ms™"; (ii)(a) 36 J, (b) 8.70 ms™".
Question 7

Almost all candidates successfully verified that P comes to rest when t = 0 in part (i) of this question. Most
differentiated successfully to find a(f), but many then found a(0) instead of a(200), presumably because they
misunderstood ‘starts to return towards’ as ‘starts from’.

Part (ii) was not well done and often omitted. Many candidates’ solutions involved integrating the expression
2x800
200
and v2 =02 +2(-0.12)800. Candidates who correctly obtained 100 as the value of t for which v is a
maximum often omitted the calculation of viay.

for v(t), often followed by the use of a constant acceleration formula to give, for example, v +0 =

Part (iii) was very well attempted and many candidates obtained the correct answer.

Part (iv) was rarely answered correctly. The main errors were to solve v(t) = 0 or s(f) = 2x 800 instead of

s(t) = 0, to obtain 2x 800 = %(0.12)t2 by using a constant acceleration formula, or simply to double the 200 s

which P takes while travelling outward from O before starting its return.

Answers: (i) 0.12 ms™% (ii) 6 ms™"; (iii) 800 m; (iv) 300.

Paper 9709/05
Paper 5

General comments

Candidates who had a good grounding of the mechanical ideas needed in all parts of the syllabus found that
all questions were accessible. Even moderate candidates found that they could make very good progress
into some of the questions.

There were very few candidates who had difficulty in finishing the Paper through lack of time.
Many candidates seemed to be uncertain about the forces acting on a body. The misunderstandings

included omission as in Question 2 (b), the wrong direction as in Question 4 (c), the effect of the forces
acting on a body as in Questions 4, 5 and 6. These points will be dealt with later in this report.
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Comments on specific questions

Question 1

There was a surprising lack of overall success with this question. The angular speed was frequently
multiplied by 6, 8 or more often than not, 12. The latter figure came from either %AC or the length of the

median through B. It would seem that not only was the idea of the centre of mass of a triangular lamina not
understood, but also that there was a lot of misreading of the question in having the lamina rotating about A.
There were a lot of involved calculations to find the length of the median through B, and only rarely was the
length found with the statement 12tan45°. Again, instead of a straightforward substitution into the formula
v = ro, many equated the two acceleration formulae for circular motion to find v.

Answer: 20cm s,
Question 2

Those who realised that the key to this question involved taking moments about B usually got the maximum
five marks. Candidates should have realised that, for the rod to be in equilibrium, there must be a force
acting on it at B, even though it may have played no part in the solution. Had they done so, many solutions
would not have had as their starting point the incorrect statement Tsin30° = 10g in an alleged attempt to
resolve vertically. Naturally taking moments about B meant that the force at B did not appear in the solution.

In part (ii) nearly all candidates knew that they had to apply Hooke’s Law to obtain an equation in either the
extension only or the natural length only, so that only the poorest candidates failed to score at least two
marks in part (ii).

Answers: (i) 100N; (ii) 2 m.
Question 3

Regrettably the majority of the candidates failed to read the question properly in that y was defined as the
vertically upward displacement. Hence the equation of the trajectory invariably had the negative sign
missing. Many candidates correctly derived the general trajectory equation as given in list MF9, but then
failed to equate 6 to zero.

Part (ii) was well answered with the correct angle being obtained with a variety of correct methods. Weak
candidates incorrectly divided the 45 m by the horizontal displacement at sea level in an attempt to find the
angle. Another longer approach was to consider the flight path in reverse by substituting x = 30 m and
y =45 m into the general trajectory equation and then solving the quadratic equation in tané. Most solutions
were wrong because candidates substituted the value v=10m s -, Had they used the value of the speed

at sea level (41000 ms’1)the correct answer would have been obtained.
2
X
Answers: (i) y= ——; (ii) 71.6°.
@)y 20 (i)

Question 4

There was a welcome improvement in the amount of success achieved with the circular motion problem
compared with previous years’ A Level attempts, with many all correct solutions. The most frequent error by
the moderate candidates was to assume that the tensions in both strings was the same so that an opening
statement 2Tcos30° = 0.5(20) was often seen. Had these candidates bothered to look at the vertical motion,
it would have led to a resultant vertical downward force of 5 N, and so it would have been impossible for the
ball B to rotate in the same horizontal circle. Weaker candidates often ignored the tension in the lower string
and, even if it was there, it was often in the wrong direction.

Answer. 10.8 N.
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Question 5

Better candidates realised that the key to solving this question was an application of the energy principle
and, on the whole, scored well in both parts of the question. However the usual opening gambit of a
substantial number of candidates was to assume that, at the lowest point, the resultant force parallel to the

slope was zero, leading to the incorrect statement % = 0.075gsin30°. Had this idea been correct, the

particle P would have remained at rest at its lowest point as there would not have been any resultant force to
start moving P up the plane.

For those who knew that part (ii) depended on an application of Newton’s Second Law of Motion, the most
frequent error was to ignore the tension in the string when setting up an equation. Those candidates who did
not use the correct ideas usually followed up their mistaken ideas in part (i) by attempting to find a value for
the speed at the lowest point by misusing the energy principle. A non-zero value of the speed was found,
despite the fact that they had correctly taken its value to be zero in part (i). They then used the equations for
constant acceleration under the mistaken belief that the acceleration would be constant for all of the
subsequent upward motion. Apart from the failure to distinguish between an instantaneous acceleration and
one which remained constant throughout the motion, there was also the failure to recognise that, in the
subsequent motion up the plane, as the tension varied, in accordance with Hooke’s Law, so must the
resultant force on P and hence a constant acceleration would be impossible.

Answers: (i) 4 m; (ii) 15 m s,
Question 6

Candidates who were familiar with the calculus approach to this type of problem often scored very well in
parts (i) and (ii). Regrettably many of the rest sought a solution dependent on the use of the constant
acceleration equations. Perhaps with all questions involving the movement of a particle, the first question
that a candidate should ask is “Is the resultant force acting on the body constant?”. If the answer is “No”
then, since a varying force produces a varying acceleration, the constant acceleration equations cannot be
used. Here, as the retarding force depends on the velocity, this force cannot be constant and must therefore
lead to a varying acceleration.

In part (ii) the expected approach was merely to replace v in part (i) by c;—)t( and integrate again. Many made

more work for themselves by starting again with the acceleration equal to (cji_\t/ Having got v as a function of

t, this equation was then integrated again to produce the required result.

Part (iii) was not well answered. It was not sufficient merely to state that when t is infinite, x = 100. The
possibility existed for x to exceed 100 at some finite time and then converge to 100 from above. All that was

required was a recognition that, as exp (—2—1‘0] is positive for all values of t, (1 - exp [—%}) is less than

unity and hence x is less than 100.

Answers: (i)v=5 - 21—0x; (ii) x=100 (1 - exp( t j) (or equivalents).

20

Question 7

There were many all correct solutions for x and y in part (i). More often than not, those who made errors in
either the areas of the rectangles or the distances of their centre of masses from OX or OY had only
themselves to blame because of their poor sketches in which the sides of the rectangles were not clearly
defined.

Parts (ii) and (iii) were not very well answered, usually due to a lack of clear explanation as to how the
inequalities, as opposed to the equalities, were arrived at. Although it was generally realised that the weight
acted through O in part (iii), the diagrams for part (ii) tended to show that candidates were unaware that the
critical toppling position had to be considered in the case of sliding before toppling too. Although it did not
enter into the calculation, most sketches for part (ii) indicated that few seemed to be aware that, on the point

14



of toppling, the normal component of the force of the plane on the lamina acted at O. Perhaps those

candidates who obtained tan (iJ for no toppling by considering moments about O were lucky in that the
y

non-considered normal component passed through O despite the fact that their sketches often showed the
point of application of this force to be somewhere between O and X. A common failing in this question, or
indeed any questions involving frictional forces, is that candidates quote F < uR without any added
qualification. It would be equally true to write F = uR provided that there is the added qualification “the body
slides, or is about to slide”.

Answers: (i) x = 8.75, y = 6.25; (iii) g

Paper 9709/06
Paper 6

General Comments

This Paper produced a wide range of marks. Many Centres, however, entered candidates who had clearly
not covered the syllabus and thus a large number failed to reach the required standard. Premature
approximation leading to a loss of marks only occurred in a few scripts, most candidates realising the

necessity of working with, say, 1/22.5 instead of 4.74.

Candidates seemed to have sufficient time to answer all the questions, and only the weaker candidates
answered questions out of order.

Comments on specific questions

Question 1

This question was well answered with generally full marks. It was good to see almost every candidate
solving two simultaneous equations correctly.

Answers: (ii)a=0.15, b=0.3.
Question 2

Some candidates drew a possibility space for the sum of two dice scores and could not adapt it to 3.
However, the majority found at least some of the options if not all of them.

Answer. (ii) > .
72

Question 3

This was well done with pleasing knowledge of the normal distribution. A few candidates lost marks by
premature approximation. In part (ii) many candidates looked up 0.9 backwards in the tables and did not
appear to use the critical z-values given at the foot of the page. They then went on to use the wrong sign.
Candidates who looked up 0.9 or 0.1 forwards in the table gained no marks for part (ii).

Answers: (i) 0.334; (ii) 49.9.
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Question 4

This was the weakest topic for most candidates. There were numerous interesting ways of obtaining the
answer given (28) to part (i). Many candidates failed to see any connection between parts (i) and (ii), and
only the very best candidates were happy with part (iii), which perhaps gave an answer too large for their
minds to accept.

Answers: (ii) 162; (iii) 688 747 536 or 689 000 000.
Question 5

Rather surprisingly, part (ii) was better answered than part (i). Some answers to part (i) involved 3 games,
not 2, but most candidates recognised this as conditional probability and produced the appropriate formula.

Answers: (i) 0.429; (ii) 0.31.
Question 6

Parts (i) and (ii) proved difficult for many candidates. They had trouble appreciating that a box of 10 with
equal numbers of chocolate and cream biscuits meant that there were 5 of each. Some found the probability
of 5 of each correctly, but then doubled or squared it, thus losing a mark. Part (iii) however was well done
and most candidates managed the normal approximation with continuity correction and gained credit for this
even though the initial probability may have not been quite correct, although many candidates who could not
attempt part (i) or part (ii) produced the correct probability of 0.25 for this part.

Answers: (i) 0.0584; (ii) 0.307; (iii) 0.829.
Question 7

This was well done with many Centres having candidates producing good box-and-whisker plots. Alas some
candidates did not label their axes, did not read that both plots had to be on a single diagram, chose non-
linear scales, did not use a ruler and generally lost 4 straightforward marks. The comments given were
better than usual with many candidates making sensible comments on skewness, spread, or average
weights. A few digressed to ‘healty diets’ or ‘3rd World Countries’ rather than sticking to the statistics of
weights. Different ways of finding the median were taken into account, since some textbooks use different
ways, and hence more than one answer is given as acceptable.

Answers: (i) LQ 72 or 73 or 71.5, Median 78, UQ 88 or 87.75;
(iii) ‘people heavier in P than @', or ‘weights more spread out in Q than P, or ‘P is negatively
skewed, Q is positively skewed or more symmetrical’.

Paper 9709/07
Paper 7

General comments

This was an accessible Paper where candidates were able to attempt most, if not all, of the questions.
Question 6 was particularly well attempted with even the weaker candidates scoring highly. Question 4,
however, was poorly attempted, and very few of even the better candidates were able to score well.
Candidates were able to finish the Paper in the allocated time; there was very little evidence of candidates
only partially finishing the last question.

On the whole candidates answers were well presented with all necessary working shown (with the exception
of Question 4). Most candidates kept to the accuracy required (3 significant figures), though there were
occasions when candidates were penalised for premature approximation. Candidates are advised to show
all stages in their working out, including pre-rounded figures from calculations.
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Comments on specific questions

Question 1

This question was answered quite well by the majority of candidates. The most common error made was to
use a wrong z-value (often 2.326 instead of 2.576); other errors included confusion between standard
deviation and variance. In particular, as the question stated that the variance was 37.4 minutes?, where the
squared refers to the units, it was noted by Examiners that some candidates incorrectly used 37.4% as the
variance, possibly therefore, misinterpreting the notation. Although the question clearly stated that the given
estimate of the variance was unbiased, some candidates still, however, incorrectly used 119 in their formula.

Answer. 49.8 < 4<526.

Question 2
(i) This part was well attempted with the majority of candidates correctly finding that n was 170.
(i) Most candidates correctly used the Poisson distribution with mean 3.15, although some candidates

incorrectly included P(3) in their sum rather than just P(0) + P(1) + P(2). A few candidates ignored
the fact that the question asked for a Poisson approximation to be used and proceeded to use the
binomial distribution. This was not what the question required and hence very little credit was
given.

Answers: (i) n=170; (ii) 0.390 .
Question 3
This was a reasonably well-attempted question.

(i) Most candidates were able to set up a standardising equation to solve for n, though sign errors
were often seen here. It was also surprising to see that many candidates correctly reached the
stage Vn = 12.649 but then stated n = 3.557. A few candidates correctly reached 159.9 but did not
then round the value up to the next whole number. Other errors included standard
deviation/variance mixes.

(i) It was pleasing to see most candidates stating their null and alternative hypotheses, and only a
minority of candidates were penalised for not clearly showing their comparison between the critical
value and the test statistic. It was surprising how many candidates re-calculated this test statistic,
thus giving themselves a time penalty. Common errors included use of a two-tail test, an incorrect
critical value and contradictions within a final conclusion (for example rejecting Ho but then
incorrectly stating that the mean length remained unchanged).

Answers: (i) n = 160; (ii) Significant growth decrease.
Question 4

This question was not well attempted, even by high-scoring candidates. Candidates frequently did not show
all the steps in their method, and whilst the question clearly asked for the critical region to be found, most
candidates failed to identify it. Many candidates did not show the necessary comparisons with 0.1 (and quite
often comparisons with 1.282 were seen by candidates who had no idea how to answer the question). Very
few candidates correctly found the probability of a Type | error, showing an inability to apply their knowledge
to the situation in the question. A frequent confusion here was to state that the probability was 0.1, equal to
the significance level. As this was a discrete distribution this was not the case.

Answers: (i) X =0 or 1, Not enough evidence to say road sign has decreased accidents; (ii) 0.0477.
Question 5
(i) This part was well answered, with the majority of candidates correctly using a new mean of 5.6. A

few candidates omitted to include P(3) in their calculation, and some weaker candidates wrongly
attempted a normal distribution.
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(i) This was also quite well attempted, though some candidates did not seem to fully understand what
they were doing. Inclusion of a continuity correction, for example, was often seen as well as
confusion between two possible different methods. The most common error was to use N(2.5, 2.5)
rather than N(2.5, 2.5/80), and many standard deviation/variance errors were seen.

Answers: (i) 0.809; (ii) 0.286 .
Question 6

This was a particularly well-attempted question. The majority of candidates successfully answered parts (i)
and (ii). Part (iii) caused a few problems for some candidates in identifying the limits for the integration,
common errors being to use a lower limit of 0 or to integrate from 23.55 to 28. Much additional work was
seen in part (iv) with a large number of candidates actually calculating the value of the median in order to
decide which was greater. Credit was given for this, though the easier method was to compare the
probability in part (iii) with 0.5.

Answers: (ii) 23.6; (iii) 0.528; (iv) Mean is greater.
Question 7

There were many reasonable attempts at the first part of this question, though these were frequently marred
by use of the wrong variance (for example 122 x 0.06% + 0.3% was often used instead of 12 x 0.06% + 0.3?).
Part (ii) was less well attempted. Many candidates could not find the correct mean and variance to use,
often using answers from part (i). The candidates who did successfully use N(0, 0.0072) often then failed to
find P(D < 0.05) as well as P(D > 0.05), thus obtaining a final answer of 0.278 rather than 0.556. This
question proved to be a good discriminator.

Answers: (i) 0.813; (ii) 0.556 .
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1

2

2

3 4
Find the value of the term which is independent of x in the expansion of <x + —) . [3]

A geometric progression, for which the common ratio is positive, has a second term of 18 and a fourth
term of 8. Find

(i) the first term and the common ratio of the progression, [3]
(ii) the sum to infinity of the progression. [2]
0
rcm
0 rad
0 rcm P R

In the diagram, OPQ is a sector of a circle, centre O and radius rcm. Angle QOP = 0 radians. The
tangent to the circle at Q meets OP extended at R.

(i) Show that the area, A cmz, of the shaded region is given by A = %rz(tan 06— 0). [2]
(ii) In the case where 6 = 0.8 and r = 15, evaluate the length of the perimeter of the shaded region.

[4]

The gradient at any point (x, y) on a curve is 1/(1 + 2x). The curve passes through the point (4, 11).
Find

(i) the equation of the curve, (4]

(ii) the point at which the curve intersects the y-axis. [2]

(i) Show that the equation 3 tan & = 2 cos 0 can be expressed as

2sin°0 +3sin@ —2 = 0. [3]

(ii) Hence solve the equation 3tan 6 = 2 cos 0, for 0° < 6 < 360°. [3]

9709/1/0/N/02



In the diagram, triangle ABC is right-angled and D is the mid-point of BC. Angle DAC = 30° and

angle BAD = x°. Denoting the length of AD by [,
(i) express each of AC and BC exactly in terms of /, and show that AB = %l V7,

2
(ii) show that x = tan ! (—) — 30.

NE

2 2 p
Giventhata=| -2 |,b=| 6 | andc = p , find
1 3 p+1

(i) the angle between the directions of a and b,
(ii) the value of p for which b and ¢ are perpendicular.
A curve has equation y = x> 4+ 3x*> — 9x + k, where k is a constant.

d
(i) Write down an expression for ay

(ii) Find the x-coordinates of the two stationary points on the curve.

(iii) Hence find the two values of k for which the curve has a stationary point on the x-axis.

[4]

(2]

[4]
(3]

(2]

(2]
(3]

9709/1/0/N/02 [Turn over



9
y
A C
D
B(1,6)
A43,2)
0]
The diagram shows a rectangle ABCD, where A is (3, 2) and B is (1, 6).
(i) Find the equation of BC.
Given that the equation of ACis y = x — 1, find
(ii) the coordinates of C,
(iii) the perimeter of the rectangle ABCD.
10
y
A
y=2Vx
B(4,4)
A(1,2)
0 D E C >

[4]

(2]
[3]

The diagram shows the points A (1, 2) and B (4, 4) on the curve y = 2 y/x. The line BC is the normal

to the curve at B, and C lies on the x-axis. Lines AD and BE are perpendicular to the x-axis.

(i) Find the equation of the normal BC.

(ii) Find the area of the shaded region.

9709/1/0/N/02
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11

5
(i) Express 2x% + 8x — 10 in the form a(x + b)* + c.
(ii) For the curvey = 2x% + 8x — 10, state the least value of y and the corresponding value of x.
(ifi) Find the set of values of x for which y = 14.

Given that f : x — 2x? + 8x — 10 for the domain x = k,
(iv) find the least value of k for which f is one-one,

(v) express f *l(x) in terms of x in this case.

9709/1/0/N/02

[3]
(2]
[3]

[1]
[3]
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Notes ~Mark Scheme ' Syll_gbus
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Marks are of the following three types.

M Method mark, awarded for a valid method applied to the problem. Method
marks are not lost for numerical errors, algebraic slips or errors in units, -«
However it is not usvally 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, e.g. by substituting the
relevant quantities into the formula. Correct application of a formula without
the formula being quoted obviously earns the M mark and in some cases an M
mark can be implied from a correct answer, '

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).

B Mark for a correct result or statement independent of method marks.

When a part of a question has two or more “method” steps. the M marks are generally
independent unless the scheme specifically says otherwise: and simiiarly when there
are several B marks allocated. The notation DM or DB (or dep*) is used to indicate
that a particular M or B mark is dependent on an earlier M or B (asterisked) mark in
the scheme. When two or more steps are run tegether by the candidate. the earlier
marks are implied and full credit is given.

The symbol fimp[ies that the A or B mark indicated is allowed for work correctly
following on from previously incorrect results. Otherwise, A or B marks are given for

correct work only. A and B marks are not given for fortuitously “correct” answers or
results obtained from incorrect working.
Note: B2 or A2 means that the candidate can earn 2 or 0.

B2,1,0 means that the candidate can eam anything from 0 to 2.
The marks indicated in the scheme may not be subdivided. f there is genulne doubt
whether a candidate has earned a mark, allow the candidate the benefit of the doubt.
Unless otherwise indicated, marks once gained cannot subsequently be lost. ..
wrong working following a correct form of answer is ignored.

Wrong or missing units in an answer should not lead to the loss of a mark unless the
scheme specifically indicates otherwise,

For a dumerical answer, allow the A or B mark if a value is obtained which is correct
to 3 s.f. or which would be correct to 3 s.f. if rounded (1 d.p. in the case of an angle).
As stated above, an A or B mark is not given if a correct numerical answer arises
fortuitously from incorrect working. For Mechanics questions. allow A or B marks
for correct answers which arise from taking g equal to 9.8 or 9.81 instead of 10,
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e The following abbreviations may be used in a mark scheme ot used on the scripts.

AEF Any Equivalent Form (of answer is equally acceptable). :
AG Answer Given on the question paper (so extra checking is needed to ensure
that the detailed working leading to the result is valid),
BOD Benefit of Doubt (allowed when the validity of a solution may not be
absolutely clear).
CAQ Correct Answer Only (emphasising that no “follow through™ from a
previous error is allowed).
CWO Correct Working Only — often written by a fonultous answer,
ISW  Ignore Subsequent Working.
MR Misread.
PA  Premature Approximation (resulting in basically correct work that is
- insufficiently accurate). -
SOS See Other Solution (the candidate makes 2 better attempt at the same
question).
SR Special Ruling (detailing the mark to be given for a specific wrong solution. or
a case where some standard marking practice is to be varied in the light of a
particular circumstance)

Penalties

+ MR-1 A penalty of MR ~1 is deducted from A or B marks when the data of a
question or part question are genuinely misread and the object and
difficulty of the question remain unaltered. [n this case all A and B
marks then become “follow through “marks. MR is not applied when
the candidate misreads his own figures — this is regarded as an errorin’ -
accuracy. An MR-2 penalty may be applied in particular cases if agreed
at the coordination meeting.

s PA-1 This is deducted from A or B marks in the case of premature
approximation. The PA—1 penalty is usually discussed at the meeting,
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I. r=4r r=2 Bt Guessing or attempt at r=2
Term is 4Ca x (3)2 Bl For correct 4C; x (3) " for his r. _
= 54 Bl Correct only —isclated from expansion.
3 !
2. (D)ar=18 and ar’=8 M1 Any 2 equations of type ar’
Solution to give r=2/3 DMI Correct method on correct 2 equations.
a=18+r=27.0 Al 3 | Forhis 18+r
o PP M1 Correct formula applied — even if r>1.
t fi = a+(1-
(i Sum o tnfity = 2+{1-0 AV 2 | Follow through provided r<l.
(ignore r=x2/3)
(i) OR=rtand B! ‘Correct somewhere — in (i) oK.
Area shaded = Var2tane -Ysr26 B1 2 | All correct — answer given, beware fortuitous,
o' R
(i) ArcPQ=15x08=12 Bl Anywhere (could be implied)
OR =r+cosh (21.53) Ml Must be correct with r and @ or Pythagoras.
Perimeter = rtand + arc PQ + (1 - r+cos) Mt Putting 4 things together — even if algebraic
= 34.0 (33.9 0k) Al 4| Comectonly.
4. () y=(I+20¥+(32) =+ 2 (O Ml Attempt at fn. Needs ( )+ k
Al Al for + 2 and k=3.
use of (4,11) to find C C=2. Mi Aitempt to use (4,11)
Al 4 j Comrect only.
(i) fx=0, y - 73 o M1 A1V | Use of x=0 providing there is some integration
2
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5. (i) 3tan6=2cosd  3sin@+cosb=2cost Ml Use of t=s+¢
3s5in@=2cos20 = 2(1-sin28) i’lll 5 | Use of s2+c2=]
35=2(1-52). Everything correct — answer given.
(i} Soln of 252+35-2=0
§=0.5 or -2 Mi Correct method of solution
8 =30° or 1500 Al AIY | Correct only, then ¥ for 180 — first answer or

consistent with his cosine-loses ¥ mark if
3 | exira solutions.

6. (i) AC =lcos30=13/2 Bl Correct only — not decimal
BC =2lsin30 =1 Bl Correct only C
AB = V(I2+312/4) = %IV7 M1 Al | Use of Pythagoras. Correct only. Answer
4 | given. Could be cosine rule.
(if) tan (x+30) = BC+AC =1+ (IN3/2) - ML Use of tangent in 909 triangle — tan=opp/adj.
x =tan "'(2/V3) - 30 Al 2 | xthe subject — beware fortuitous answers.

f
7. (iy ab=4-12+3=-5 M1 Use of ajb;+asba+ash;
"b_= V9 ""‘? cosb MIMI | Use of a.b.cos + Use of V(a,2+a;2+a:?)
6 =103.8° or 1.81 radians. Al 4| comect only
o gzi pﬁﬁ: é] P Ml Use of ajb;+asby+ash;
Pe oML | TOused
B Al 3 { correct only.
8. (i) dyfdx = 3x2+6x-9 B2,1 One off for each error including +k lefi.
2
it =0 when (x+3)(x-1 Mi Use of dy/dx=0
(0 x=-3 or x=1 Jx-1)=0 At Both values somewhere
2
(iii) Subbing the values into y=0. M1 Using y=0 at least once.
k=-27 ork=5. . DMI Subbing his values for x into y=0 + soln,
Al Both correct.
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9. () mofAB=-2 Bl Correct only
mof BC =-1 (m) = y‘, Mi Used COlTECt!}'
. - DM1 Correct formula needed to be used.
equation of BC y-6=Ve(x-1) or2y=x+11 AV 4 | AV mark for any correct equation.
(i) Sim eqns y=x-1 and answer above M1} Correct method
- Solution 'C(13,12) Al 2 | Comectonly
(iii) AB =20 and BC =180 M1 Use of Pythagoras once - ¥20 ok
perimeter = 2x20 + 2x 180 DM1 | Use of 2a -+ 2b — with Pythagoras twice. -
=35.80r35.70r 16V5 or V1280 | 5, Correct only.
3
D
A3l
10 (y=2Vx. dyAdx=x% M1 Realising the need to differentiate -+ use.
_ - Al Correct only
}’fx_“,dl?cular -2 DM1 m;m,=-1 numerical needed
erpen o : Al 4 rrect onl
Eqn of y=-2x +12 or y4=-2(x—4) o it
(ii) Area P = [2Vx dx=2x"*/1.5 Ml Al | Knowing to integrate. Correct unsimplified.
Evaluated from 1 to 4 DMI1 Correctuse of { to 4 —not for 2 to 4,
Answer=32/3-4/3=28/3 . Al 4 | Correct only. -
3 By
i
0
11 (i) 2x2+8x-10=2(x+2)02 +¢ Bt B a=2 gets B1, b=2 gets Bl
o= -18 Bl 3| correct only
(ii) Least value = -18 when x=-2 B1VBI 2\:’ follow through for ¢ and for —b. Calcutus ok.
(if) 2x2+8x%-10214 or 2(x+2)? -18014 Ml setting the inequality to 0
x3+4x-12=0 or {x+2)*=16
Limit points 2 and — 6 Al correct only ~ irrespective of what they do
x>2 and x <-6 Al 3 | correct only (condone > or <)
(iv) Smallest k is 2 BI 1} Follow through.
(v) Makes x the subject and replaces x by y Mi X the subject — reasonable attempt from
compietion of square.
i3 M1 X,y interchanged.
Flog= T2 ) Al Correct form his answer to (i).
2 .
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1 Solve the inequality |2x — 1| < |3x]. (4]

2 The cubic polynomial 2x° + ax? + b is denoted b f(x). It is given that (x + 1) is a factor of f(x), and
poly Yy g

that when f(x) is divided by (x + 2) the remainder is —5. Find the values of @ and b. [5]
3 (i) Express 9% in terms of y, where y = 3*. [1]
(i) Hence solve the equation
2099 -73H+3 =0,
expressing your answers for x in terms of logarithms where appropriate. [5]
4 (i) By sketching a suitable pair of graphs, show that there is only one value of x in the interval

0<x< %n that is a root of the equation

1
inx = —. 2
sin x ) [2]
(ii) Verify by calculation that this root lies between 1 and 1.5. [2]

(iii) Show that this value of x is also a root of the equation

x = y/(cosecx). [1]

(iv) Use the iterative formula
X, = V/(cosecx,)

to determine this root correct to 3 significant figures, showing the value of each approximation
that you calculate. [3]

5 The angle x, measured in degrees, satisfies the equation

cos(x — 30°) = 3 sin(x — 60°).

(i) By expanding each side, show that the equation may be simplified to

(2y/3)cosx = sinux. [3]

(ii) Find the two possible values of x lying between 0° and 360°. [3]

(iii) Find the exact value of cos 2x, giving your answer as a fraction. [3]

9709/2/0/N/02



1
ST
(a) Find the value of J ’ (sin2x + cos x) dx. [4]
0

(b)

y

A

R
5 | . > X

1
The diagram shows part of the curve y = T The shaded region R is bounded by the curve

X+
and by the lines x = 1, y = 0 and x = p.
(i) Find, in terms of p, the area of R. [3]

(ii) Hence find, correct to 1 decimal place, the value of p for which the area of R is equal to 2.

[2]

The equation of a curve is
2x% 4+ 3y* — 2xy = 10.

d -2

(i) Show that = = 2 = 4]
dx 3y—x

(ii) Find the coordinates of the points on the curve where the tangent is parallel to the x-axis. [5]

9709/2/0/N/02
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1  EITHER: Stateor Imply non-modular inequality (2x — 1)* < (3x)*, or corresponding equation Bl
Expand and make reasonable solution attempt at 246t 3-term quadratic, or equivalent Mi
Obtain critical values -1.and Al
State correct answer x < —1, x>1 - Al
OR. - State 'o:le:11 correct equaxion}_for a critical value ¢.g. 2x - 1 =3x M1
State two relevant equations separately e.g. 2x -1 =3xand 2x -1 =-3x Al
Obiain critical values —1 and 1 Al
State correct answer x < -1, x>1 Al

OR: State one critical value (probably x = -1), from a graphical method or by inspection or by
solving a linear inequality Bl
State the other critical value correctly - B2
. State correct answer x <-—1, x>1 Bl

[The answer - 1 <x<-1 scores BO) -

2 State or obtain -2+ a+ b=0, or equivalent Bl
Substitute x = -2 and equate to -3 M1
Obtain 3-term equation, or equivalent Al -

* Solve a relevant pair of equations, obtaining aor & M1
Obtain both answers a=3 and b=-1 Al

3 (i) State or imply that 9% =37 Bi

(ii) Carry out recognisable solution method for quadraticiny M1
Obtain y=1and y =3 from 2 -Ty+3=0 Al
Use log method to solve an equation of the form 3=k Mi
Obtain answer x =~ _ll__n_g , OF exact equivalent I Vo AWY buw Tj Al
State exact answer x =1 (no penalty if logs used) Bl

4 (i) Make recognisable sketches over the given range of a suitable pair of graphs eg. y =sinx andy = -15 Bl
. : X

State or imply connection between intersections and roots and justify given statement

(ii) Calculate values (or 51gns) of sinx -—}f at x=1and x= L5
- .

Derive given result correctly

(iii) Rearrange sinx= i, and obtain given answer
) 2

(iv) Use the iterative formula correctly with 1< x, <1.5

Obtain final answer 1.07

Show sufficient iterations to justify its accuracy to 3d.p., or show there is a sign change in the

interval (1.065, 1.075)

Bl
M
Al
BI

Ml
Al

. Al
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Obtain a second correct point e.g. (-1, ~2 )

J vekaes \.‘ -.:..(w ‘j\

Page 2 _ . “Paper
AS Level Examinations - November 2002 9709 2
5 (i) Userelevant formulae for cos (x - 30°) and sin (x - 60°) { t@o\u CWE S ;j-.« q_rv:.v] Mil* ®
Use sin 30° = cos 60° =% and sin 60° = cos 30° =-€-’» ' M1(dep*)
Collect terms and obtain given answer correctly Al 3
(ii) Carry out correct processes to evaluate 2 single trig ratio Ml
Obtain answer- 73.9° "Al .
Obtain second answer 253 9° and no others Al 3
=1 =1
(iii) State or imply that cos’x = T oor sin® x=3 B1
Use a relevant trig formula to evaluate cos 2x M1 .
Obtain exact aswer -1} correctly Al 3
[Use of only say cosx =+ 7'.3— , probably from a right triangle, can eam BIMIAQ.]
1
6  (a) Obtain indefinite integral -1 cos 2x +sinx Bi+BI
© Use limits with attempted integral M1
Obtain answer 2 correctly with no errors Al 4
(b) (i) Identify R with correct definite integral and attempt to integrate M1
Obtain indefinite integral In (x+1) Bl
Obtain answer R=In{(p+1)-1n2 Al 3
(ii) Use exponential methed to solve an equation of the form In x= k Ml
Obtain answer p=13.8 Al 2
7 (i) State 6y % as the derivative of 3,_142 BI
State +2x % + 2y as the derivative of =2xy (allow any combination of signs here) Bl -
Equate attempted derivative of LHS to 0 {or 10} and solvel for b Mi
Obtain the given answer correctly Al 4
(The M1 is dependent on at least one of the B marks being earned.]. '
(ii} State or imply the points lieon y~2x=0  ©¥/ \‘3 —-q \/i e ls ) 0 Bl ®
Carry out complete method for finding one coordmate of a point of intersection of y= kx with the
given curve M1
Obtain 10x*=10 or 2 _y2 =10 or 2-term equwalent Al
(btain one correct pointe.g. (1,2) A Al

AlA]" 5o
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i

h

Solve the inequality |9 — 2x| < 1.
2

Find the exact value of J xinxdx.
!

(i) Show that the equation
log,,(x + 5) = 2 ~ log, »

may be written as a quadratic equation in x.

(ii) Hence find the value of x satisfying the equation

log,,(x +5) = 2 — log,4x.

The curve y = €* + 42 has one stationary point.
(i) Find the x-coordinate of this point.

(ii} Determine whether the stationary point is a maximum or a minimum point.

(3]

(4]

[3]

(2]

[4]
[2]

(i) Express 4sin 8 — 3 cos 8 in the form Rsin(@ — o), where R > 0 and 0° < a < 90°, stating the

value of & correct to 2 decimal places.
Hence

(ii) solve the equation
4s5in6 —3cos@ =2,
giving all values of 0 such that 0° < 8 < 360°,

1
4sin@ ~-3cos@+6

(iil) write down the greatest value of

6+ 7x

(i) Express f(x) in partial fractions.
(ii) Show that, when x is sufficiently small for x* and hi gher powers to be neglected,

foo) = 3 + Sx — 1% — 135,

S7DOONIO2

(3]

[4]

[1]

(4]

(3]




o <:2:a] 99 cm| (100 cm

The diagram shows a curved rod AB of length 100 cm which forms an arc of a circle. The end points
A and B of the rod are 99 cm apart. The circle has radius rcm and the arc AB subtends an angle of
2o radians at O, the centre of the circle.

. . : 99 o _ o3
(i) Show that o satisfies the equation 150~ = Sinx. [3]

(ii)) Given that this equation has exactly one root in the interval 0 < x < %n, verify by calculation
that this root lies between 0.1 and 0.5. {2]

(iti) Show that if the sequence of values given by the iterative formula
X, =50sinx, —48.5x
converges, then it converges to a root of the equation in part (i). [2]

{(iv) Use this iterative formula, with initial value x, = 0.25, to find & correct to 3 decimal places,
showing the result of each iteration. [2]
(a) Find the two square roots of the complex number —3 + 4i, giving your answers in the form

x + iy, where x and y are real. [5]

(b) The complex number z is given by

.= —-14+3i
To24i
(i) Express z in the form x + iy, where x and y are real. 2]
(ii) Show on a sketch of an Argand diagram, with origin O, the points A, B and C representing
the complex numbers —1 + 3i, 2 + i and z respectively. [1}
(iii) State an equation relating the lengths OA, OB and OC. 1]

ST00//OMD2 [Turn over
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4

In an experiment to study the spread of a soil disease, an area of 10 m? of soil was exposed to
infection. In a simple model, it is assumed that the infected area grows at a rate which is proportional
to the product of the infecied area and the uninfected area. Initially, 5 m? was infected and the rate of
growth of the infected area was 0.1 m? per day. At time ¢ days after the start of the experiment, an
area am” is infected and an area (10 — a) m? is uninfected.

(i) Show that %‘—:- = 0.004a(10 — a). [2]

(if) By first expressing in partial fractions, solve this differential equation, obtaining an

1
a(10 — a)
expression for f in terms of a. \ [6]

FrL)

(it} Find the time taken for 90% of the soil area to become infected, according to this model. [2]

With respect to the origin O, the points A, B, C, D have position vectors given by

OA=4i+k, OB=5i-2j-2k OC=i+j OD=-i-4ak

(1) Calculate the acute angle between the lines AB and CD. f41
(ii) Prove that the lines AB and CD intersect. 4]

(iii} The point P has position vector i + 5j + 6k. Show that the perpendicular distance from P to the
line AB is equal to /3. (4]

SOOI
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1 EITHER: Siate or imply non-modular inequality (9 —-2x)°<1,0ra correct pair of linear inequalities,
combined or separate, e.g. -1 <9—-2r<1 Bl
Obtain both critical vajues 4 and 5 Bl
: State correct answer 4 <x < 35;acceptx>4,x<5 Bl
OR: State a correct equation or pair of equatxons for both critical valuese.g. 9~ 2x=land 9-2x = -1,
or 9-2x=1+#1 Bl
Obtain critical values 4 and 5 Bl
State correct answer 4 <x < 5;acceptx>4,x<5 Bl
OR: State one critical value (probably x = 4) from a graphical method or by inspection or by
solving a linear inequality or equation Bl
State the other critical value correctly Bl
State correct answer 4 <x<35; accepix>4,x<5 Bl 3
[Use of <, tlnoughoul_, or at the end, scores a maximum of B2.]
. .I 2 1
2 EITHER: State first step of the form &< Inx + jkx Sl Mi
Obtain cofrect first step i.e. %lenx-j%xdx Al
Complete a second integration and substitute both limits correctly Ml
Obtain correct answer 2 In 2 -2 , or exact two-tesm equivalent Al
OR:  State first step ofﬂmfom1=x(x1nx¢x)¢j'(x1nxix)dx M1
Obtaincofrectﬁrststepi.e.1=x(x1nx—x)—f+j'xdx Al
Complete a second integration and substitute both limnits correctly Mi
Obtajnconcctafxsweﬂlnz-%,orexacttwn-iermequivalem. : Al 4
3 () Uselaw for addition (or subtraction) of logarithins or indices Mi#
Use logye 100=2 or 10° =100 MI{dep*)
Obtain x° + 5x = 100 , or equivalent, correctly Al 3
(i) Solve a three-term quadranc equation M1
State answer 7.81(allow 7.80 or 7.8) or any exact form of the answer i.e. — 42: ik or better Al 2
4 (i) Obtain derivative ¢* - 8¢ in any correct form Bl
Equate derivative to zero and simplify to an equation of the form ¢ = a, where a= 0 Mi*
Carry out method for calculating x with 2>0 M1i(dep*®)
Obtain answer x=in 2, or an exact equivalent (also accept 0.693 or 0.69) Al 4
[Accept statements of the form “ #* = a, whereu = e** for the first M1.]
(if) Carry out a method for determining the nature of the stationary point - M1
Show that the point is a mirimuimn correctly, with no incorrect work seen . Al -2
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fftisond, B, C]

[SR: B or C omitted from the form of partial fractions. In part (i) give the first B1, and M1 for the use
of a relevant method to obtsin 4, B, or C, but no further marks. In part (ii) only the first M1 and
AlS% Al A are available if an attempt is based on this form of partial fractions.]
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5 (@) State or imply at any stage that R=35 B1
Use trig formula to find o M1
Obtain answer o= 36.87° Al 3
(iiy EITHER: Carty out, or indicate need for, calculation of sin (2 ) Mi
Obtain answer 60.4° (or 60.5%) Al
Carry out correct method for second root i.e. 180° - 23.578° + 36.870° M1
Obtain ansiver 193.3° and no others in range Al N
OR: Obtain a three-term quadratic equation in singor cosé Mi
Solve a two- or three- term quadratic and calculate an angle Mi
Obtain answer 60.4° (or 60.5°) Al
Obtain answer 193.3° and no others in range Al 4
(iif) State greatest valueis 1 3 B1/ 1
[Treat work in radians as a misread, scoring a maximum of 7. The angles are 0,644, 1.06 and 3.37.)
. 4 Bx+C
6 i) Staie = + *
State or obtain 4 =4 Bl(dep*)
Use any relevant method to find B or C M1
Obtain both B=4and C=1 Al 4
(ii) EITHER: Use correct method to obtain the first two terms of the expansion of (1-1x)7,
or 1+2)",or 2-x)7 M1+
Obtain unsimplified expansions of the fractions e.g. 4 (1 +1 x +1 x* -_1-%:’ )
(dx+ D(1-x%) ALV ALY
Carry out multiplication of expansion of (1 +x*)" by (4x+ 1) Mi(dep¥)
Obtain given answer correctly Al
[Binornial coefficients involving -1, such as[_ll), are not sufficient for the first M1.]
fft.isond, B,C1 '
[Apply this scheme to attempts to expand (6+ 7x)(2 - ») ' (1-x*)"?, giving M1A1A1
for the expansions, M1 for muitiplying out fully, and Al for reaching the given answer.]
OR: Differentiate and evaluate f(0) and £'(0) Ml
' “Obtain f0) = 3 and £'(0) = 5 AlS
Differentiate and obtain f “(0) = -1 AlS
Differentiate, evaluate £ "(0) and form the Maclaurin expansion up to the term in x* M1
Simplify coefficients and obtain given answer correctly Al L]
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7 (i) State or obtain 2 relevant equation e.g. 2ra= 100 Bl
State or obtain a second independent relevant equation e.g. 2r sin ¢ = 99 B1
Derive the given equation in x (or « ) correctly Bl
(i) Calculate ordinates at x= 0.1 and x = 0.5 of a suitable function or pair of functions Ml
Justify the given statement correctly Al
[If calculations are not given but the given statement is justified using correct statements about the s:gns
of a suitable function or the difference between a pair of suitable functions, award B1.j
(iii} State x = 50sin x ~ 48 5x, or equivalent Bl
~ Rearrange this in the form given in part (i) {or vice versa) Bl
(iv) Use the method of iteration at least once with 0,1< x, <05 M1
Obtain final answer 0,245, showing sufficient iterations to justify its aocuracy to 3d.p., or showing a
sign changs in the interval ( 0.2445, 0.2455 ) Al
[SR: both the M marks are available if calcnlations are attempted in degree mode.]
8 (a) EITHER: Square x+ iy and equate real and/or imaginary parts to -3 and/or 4 respectively ' Ml
Obtain x*-)*= -3 and 2xy=4 Al
Eliminate one variable and obtain an equation in the other variable M1
Obtain x'+3x*~4=0,0r ' -3 —4 =0, or 3-term equivalent Al
Obtain final answers *( 1 + 2i ) and no others Al
[Accept £1+2i,0rx=1,y=2and x =-1, y = -2 gs final answers, but not x =%1, v =42 ]
OR: Convert -3 + 41 to polar form (R, @) M1
Use fact that a square root has polar form (Ji_i’,%ﬁ) M1
Obtain one root in polar form e.g. (+/5,63.4%) (allow 63.5°%; argument is 1.11 radians) Al
Obtain answer 1 + 2i Al
Obtain answer —1- 2iand no others Al
(b} (1) Carry out muitiplication of numerator and denominator by 2 —1i M1
Obtain answer { +Z1i or 0.2+ L4i Al
(ii) Show all three points on an Argand diagram in relatively correct positions B1
[Accept answers on separate diagrams. ]
(iit) State that OC = g 51 OF equivalent Bl
[Accept the answer OA.OC = 20B, or equivalent.]
[Accept answers wilh [0d]for 04 etc.]
9 (i) State or imply that = ka(10 — ) Bl
Justify k=0. 004 BI
. .4 B - - R=
(ii) Resolve {l 0 ) 1nt0 pamal fractions = + T and obtain values 4 = B Bl
Separate varlables obtau'ung I————-—-a( - J.k dr and attempt to integrate both sides M1
Obtain -L1n a —-L-In (10-q) Al p
Obtain 0.004¢ , or equwalent Al
Evaluate a constam oruse limits t=0,a= 5 M1
Obtain answer ¢ = 25 ln[1 ] , Or equivalent Al
-a
(iti) Substitute a = 9 and calculate ¢ M1
Obtain answer = 54.9 or 55 Al

[Substitution of a = 0.9 scores M0.]

L)
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10 () Find a direction vector for 4B or CD e.g. AB=i~2j~3k or CD=~2i-j~4k
EITHER: Carry out the correct process for evaluaungthemala: product of two relevant vectors in

OR:

component form

Evaluate | ABCD the correct meﬂlod for the moduli
uate cos™ usin, co r the moduli
]

Obtain ﬁnal answer 45.6°, or 0.796 radians, correctly

Calculate the sides of a relevant triangle using the correct method

Use the cosine rule to calculate a relevant angle
Obtain final answer 45.6°,0r 0,796 radians, correctly

Bl

Ml

M1

Al

M1
Mi
Al 4

[SR: if a vector is incorrectly stated with all signs reversed and 45.6° is obtained, award BOMIM1AL.}
[SR: if 45.6°is followed by 44.4° as final answer, award A0.) :

(ii) EITHER: State both line equations eg di+k+ AUi-2j-3k) and 1+j+p(2|+j+4k)

OR:

OR:

OR:

OR;

Eqnate components and solve for A or for 4

Obtain value A= -lor u=1 .

Verify that all equations are satisfied, so that the lines do intersect, or equivalent

[SR: if both lines have the same parameter, award B1M1 if the equations are inconsistent
and BIM1ALl if the equations are consistent and shown to be s0.]

Staie both line equations in Cariesian form

Solve simultancous equations for a pair of unknowns ¢.g. x and y
Obtain a correct paire.g. x =3, y=2

Obtain the third nnknown ¢.g. z = 4 and verify the lines intersect

Find one of CA,CB,DA,DB, ....,eg CA =3i—j+k

Carry out correct process for evaluating a relevant scalar triple product e.g. CA(4Bx Eﬁ)
Show the value is zero

State that (a) this result implies the lines are coplanar, (b) the lines are not parallel, and
thus the lines intersect {condone omission of one of (a) and (b))

Carry out correct method for finding a normal to the plane through three of the points
Obtain a coirect normal vector

.. Obtain a correct equation e.g. x+2y—~z=3 for the plane of 4, B, C
* Verify that the fourth point lies in the plane and conclude that the lines intersect

State a relevant plane equanon e.g r=4i + k+ii- 2j-3k) +-3i+ j -k) for the
plane of 4, B, C

Set up equations in A and x4, using components of the fourth point, and solve for 4 or 1
Obtainvalue A= lor u=2

Verify that all equations are satisfied and conclude that the lines intersect

{continued}

Bi/
M1

Al
Al

Bl

M1
Al

Al

M1
Al
Al

Al

Bl

Mt

Al

Al 4
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10 {continved)

(i) EITHER Find PQ forageneralpomsQon AB eg 3H- Sj —5k+1(i 2§ - 3k)

OR:

OR:

OR:

Calculate PQ.AB correctly and equate o zero
Solve for A obtaining 1=-2
Show correctly that PQ =3 , the given answer

State Z-P(or‘f—lﬁ) and AB in component form
Carry out correct method for finding their vector product

“QObtain correct answer e.g. AP x AB = —5i ~4j+k

Divide modulus by ]Z‘é[ and obtain the given answer 3

State E(or;B_ﬁ) and AB in éomponem form

Bl
&l

Carry out correct method for finding the projection of AP(or BPyonABi.c.

3l

28 42
Obtain correct answer e.g. AN = —= or BN = —=
& Jl4 J14

Show corsectly tha_t PN=-E , the given answer

State two of E,Eﬁ,ﬁhﬁ in component form
Use the cosine mle in triangle 4BP, or scalar product, to find the cosine of 4, B, or P

Obtain correct answer e.g. cos 4 = 28

Yia.f59

Deduce the exact length of the perpendicular from P to AB is +/3 , the given answer

Bl /
M1

Al
Al

BI
Ml
Al

Al

B1/

Ml

Al

Al

Bl
M1

Al

Al
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1 A car of mass 1000 kg travels along a horizontal straight road with its engine working at a constant
rate of 20 kW. The resistance to motion of the car is 600 N. Find the acceleration of the car at an

instant when its speed is 25 m s [3]
2
v(ms™h
A
7
0
-8
A man runs in a straight line. He passes through a fixed point A with constant velocity 7 m s~ ! at time
t = 0. At time ¢s his velocity is vms !, The diagram shows the graph of v against ¢ for the period
0=<1r<40.
(i) Show that the man runs more than 154 m in the first 24 s. [2]
(ii) Given that the man runs 20 m in the interval 20 < ¢ < 24, find how far he is from A when ¢ = 40.
[2]
3

A light inextensible string has its ends attached to two fixed points A and B, with A vertically above
B. A smooth ring R, of mass 0.8 kg, is threaded on the string and is pulled by a horizontal force of
magnitude X newtons. The sections AR and BR of the string make angles of 50° and 20° respectively
with the horizontal, as shown in the diagram. The ring rests in equilibrium with the string taut. Find

(i) the tension in the string, [3]

(ii) the value of X. [3]

9709/4/0/N/02
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4  Two particles A and B are projected vertically upwards from horizontal ground at the same instant.
The speeds of projection of A and B are 5 m s™!and 8ms~! respectively. Find

(i) the difference in the heights of A and B when A is at its maximum height, [4]

(ii) the height of A above the ground when B is 0.9 m above A. [4]

A force, whose direction is upwards parallel to a line of greatest slope of a plane inclined at 35° to
the horizontal, acts on a box of mass 15 kg which is at rest on the plane. The normal component of
the contact force on the box has magnitude R newtons (see Fig. 1).

(i) Show that R = 123, correct to 3 significant figures. [1]

about to move down about to move up

Fig. 2

When the force parallel to the plane acting on the box has magnitude X newtons the box is about to
move down the plane, and when this force has magnitude 5X newtons the box is about to move up
the plane (see Fig. 2).

(ii) Find the value of X and the coefficient of friction between the box and the plane. [7]

[Questions 6 and 7 are printed overleaf.]

9709/4/0/N/02 [Turn over
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4

(i) A particle P of mass 1.2kg is released from rest at the top of a slope and starts to move. The
slope has length 4 m and is inclined at 25° to the horizontal. The coefficient of friction between
P and the slope is i. Find

(a) the frictional component of the contact force on P, [2]
(b) the acceleration of P, [2]
(c¢) the speed with which P reaches the bottom of the slope. [2]

(ii) After reaching the bottom of the slope, P moves freely under gravity and subsequently hits a
horizontal floor which is 3 m below the bottom of the slope.

(a) Find the loss in gravitational potential energy of P during its motion from the bottom of the
slope until it hits the floor. [1]

(b) Find the speed with which P hits the floor. [3]

A particle P starts to move from a point O and travels in a straight line. At time ¢s after P starts to
move its velocity is vm s ™!, where v = 0.127 — 0.00067>.

(i) Verify that P comes to instantaneous rest when ¢ = 200, and find the acceleration with which it

starts to return towards O. [3]
(ii) Find the maximum speed of P for 0 < ¢ < 200. [3]
(iii) Find the displacement of P from O when ¢ = 200. [3]

(iv) Find the value of f when P reaches O again. [2]

9709/4/0/N/02
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1 Driving force = 20 000/25 B1
For using Newton’s 2™ law (3 terms needed) Ml
[20 000/25 — 600 = 1000a]
‘Acceleration is 0.2ms™ Al
Notes: 20000—600 = 10004 scores B0 M1; :—2%9;)—0 - -‘;259 =10004 scores B1 MO
20000 = 25(1000a + 600) scores BI M1 20 000/25 — 600 = 1000ga scores Bl MO
2 (i) For 20x7 or 140 and % 4x 7 or 14 Bl
Valid argument that sy + s, > 154 (AG) Bl
Alternatively: :
Approx distance is 20x 7 + 4x 7 k{where 2 <k < 1) M1
Whose value {(shown) is (clearly) > 154 Al
(if) | For using area property with correct signs [140+20 -2 10x8] | M1
Distance is 120m Al

Note: 140 + 20°+ 20 = 20 scores M0 in (1)
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3 ® For resolving forces on R vertically (3 terms needed) M1
Tsin50° = T5in20° + 0.8¢ ; Al
Tension is 18.9 N (18.5 fromg=9.81 or g =9.8) Al
(ii) | For resolving forces on R horizontally M1
X = Tcos50° + Tcos20° Al
X=299 (8tan75%) (29.3 from g =9.81 or g=9.8) Alft
Alternatively (by scale drawing):
Correct quadrilateral drawn to scale Ml
b4
1]
50 8
T\ MO
T
184<7T<194 A2
204 < X <304 A2
T=18.9and X=129.9 Al

Notes: F, = Tsin50 — Tsin20 - 0.8g scores MO in (i) and F, = X — Tcos50 — Tcos20 scores MO in (ii).

Note that sin/cos mix can score M1 A0 A0 M1 A0 AC at best (this error leads to negative values for T and

X

None of the four A marks can be scored unless and until T, = T; is stated or implied, where T, and T; are

the tensions in the two patis of the string.

i

Many candidates try to use Lami’s theorem. In order to score any marks the candidate needs to reduce the
system to one of 3 forces. Two examples of how this might be done, and how it should be marked, are
shown below. [The general idea is that M1 is given for a complete method for X, Al for a comrect equation

in X {only) and Al for X = 29.9, and similarly for T.}

For example reducing the system to 3 forces of magnitudes 2Tcos35, X and 8, attempting to find the angles

105 and 165 and applying Lami
X/sin105 = 8/sinl65

X=299 .

Applying Lami to find T
2Tcos35/sin90 = §/sinl65
T=189%

Ml
Al
Al
M1
Al
Al

Reducing the system to 3 forces of magnitudes T, T and v8” + X and attempting to find the angles 70,

145 and 145 and applying Lami

V82 + X sin15=8
X=299
Applying Lami to find T

Tisin 145 =+ 8% +29.92 /sin 70

T=189

Mt

Al
Al
Mi
Al

Al
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4 ] For using v=u - gt, with v=10, to find ¢

[5-106=0] - Ml

.Time to maximum height of 4 is 5/g

Al

For using h = ut — ¥ g’ and evaluating A (0.5) - #4(0.5)

Mi

Difference in heights is 1.5m (1.53 fiomg=9.81org=9.8) | Al

SR For difference in maximum heights (max 1 out of 4)

Bl

1.95m (1.99 from g=9.81 or 9.8) -

(i) | For attempting to solve g - by =0.9for¢  [8/-51=0.9] Ml
t=0.3 Al
For using # = ut — ¥ gt* with the value of ¢ found M1
(h=5x03—%10x 0.09]
Height of 415 1.05m (1.06 from g=98lorg=9.38) Al

Notes: Using a = +g in v = u + at scores M0 at the first stage in (i) and using a = +g ins = ut + % at” scores

MO at the second stage in (i) (notwithstanding the resultant ‘correct’ answer).

Allow error in sign of the terms % gt” in expressions for ha and hy for both the first M1 and the first Al in

(ii).

Using a =+g in s = ut + % at* scores MO at the second stage in (ii).

Note that 5% = 82 — 2g(s + 0.9) leads entirely fortuitously to the ‘correct’ answer 1.05 in (ii) (but this doesn’t

apply when g is taken as 9.8). This solution scores 0 out of 4 in {ii}.
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5 () [R=15x10xco0s35°=123 (AG) B1

(ii) | For resolving forces along the plane (either case) M1
1505in35° = X'+ F and 150sin35° = 5X - F Al
For eliminating F or X Mi
X =28.7 (ft from wrong F or wrong positive z ) Alft
(28.1 from g=9.81 or g=9.8)
F or u R =10gsin 35° or equivalent (may be implied) (57.36) | Al.
Forusing F=uR  [57.36=2122.9 or 100 sin 35°= 1 150 c0s35°] | M1
Coefficient of friction is 0.467 (ft for positive value from wrong X) Alft

[(2/3)tan 35°]

SR for the case where a candidate does not use F explicitly and uses F < uR
(and not F = gR ) implicitly (max 4 out of 7)

For resolving forces along the plane (either case) M1
150sin35° — X < yRand 5X ~150sin35°% < uR Al
For eliminating X (it is not possible to eliminate 4R )

M1 B

4R >100sin35° or equivalent Al

Notes: Do not allow answers from g = 9.81 or g = 9.8 in (i).
Accept any answer which rounds to 123 in (i).
Accept sin instead of cos for first M1 in {ii).

-F,=150sin35°- X- F and F,=5X— F - 150sin35° scores MO in (ii).
1505in35° - X - F= 15a and 5K F - 150sin35°= 15g = 300sin35° - 6X= 0 =» X' = 28.7 scores M1 M! in
{ii), but none of the three A marks unless and until a is set equal o zero.

Gi).

If F is taken in the wrong direction the candidate can score M1 A0 M1 Al (not fortuitous) A0 M1 A0 in

Allow 1t = .466 (however the inaccuracy arises) - this is because it would be harsh to regard 57.36/123,
which equals 0.466; as p.a., sitice 123 is a printed answer. _
The value of g should not affect the value of £, but allow 0.457 or 0.458 from a mix (56.27/123 o¢
56.21/123) because 123 is a printed answer.
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6 (1)@ | For using F = pmgcos a [0.25x1.2gcos25°] | Ml
Frictional component is 2.72 N (2.719)
(2.67 fiom g =9.81 or 2.66 from g =9.8) Al

SR for the candidate who uses F < uR instead of F = pR {max 1 out of 2)

F<272 Bl

(b) | For using Newton’s 2™ law (3 terms needed)
[1.2gsin25° - 2.719=1 2a] M1
Acceleration is 1.96 ms™ (1.92 from g =9.81 or 9 8) Alft
{ft for positive value of @ from incorrect F).

(¢) | Forusing v’ =2as | [v* = 2x1.96x4] M1
Speed is 3.96ms™  (3.92 from g =9.81 or 9.8) Alft
(ft for 8.00 (accept 8.0 or 8) following a sin/cos mix)

(i) | PE Loss is 36J (35.3 from g = 9.81 0r 9.8) Bl

(b) | Forusing PE loss =KE gain from bottom of slope, or
PE loss = KE gam WD agamst friction from top of slope, or Ml
Y = Voerto + Vhoriz> 804 Vyert” = (~3.968in35°Y + 2% 3 '
36 % 1.2(v° - 3. 962) or 1.2g(4sin25° + 3) = 4. 1. 2v° +2. 719x4 or Alft
v = (-3, 96511135")2 + 2gx3] + (3.96c0s35%)° )
Speed is 8.70 ms”  (8.62 from g = 9.81 or 8.61 fromg 9.8) Al

SR (max I out of 3)
V' =3.96%+ 2gx3

Bl ft

Notes: Allow sin 25 instead of cos 25 for M1 in (i)(a).
Allow cos 25 instead of sin 25 for M1 in (i)(b).
1.2gsin25° — 2.719 = 1.2ga scores MO in (i)(b).
Accept £ 36 in (ii)(a).

Allow M1 for % 1.2v" = 36 in (ii)(b).

Accept 8.7 (far. 8.70) in (ii)}(b).
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7 4] .I1;(200) =0.12x200 - 0.0006x40 000 =0 B1
For using a = dv/df and evaluating a(200) or a(200 + ¢) for suitably 1 Ml
small & [a = 0.12 — 0.0012x200]
Acceleration is 0.12ms”  (accepta=-0.12) (must be from s=0) | Al
(ii) | For attempting to solve dw/d: = 0 or using # = %2 200 (may be implied) | M1
1=100 (&t incorrect 2-term dv/dt in (1)) AlR
Maximum speed is 6ms™ Al
(iii) | For integrating v M1
s=0.06 -0.00027 (+C) Al
Displacement is 800m Al
(iv) | For attempfing to solves =0 g M1
t=300 Al

Notes; The M mark in {ii} is not dependent on the M miark in (i), the

thinks is dv/ds.

800 + C is not acceptable for seond A1 in (iii).
T =0 or 300 is not acceptable for Al in (iv).

dv/dt used may be what the candidate
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A L C
5rad 57!

24 cm

A uniform isosceles triangular lamina ABC is right-angled at B. The length of AC is 24cm. The
lamina rotates in a horizontal plane, about a vertical axis through the mid-point of AC, with angular
speed 5rad s7! (see diagram). Find the speed with which the centre of mass of the lamina is moving.

[3]

3m

150°
A 2m oB

A uniform rod AB, of length 2m and mass 10kg, is freely hinged to a fixed point at the end B.
A light elastic string, of modulus of elasticity 200 N, has one end attached to the end A of the rod and
the other end attached to a fixed point O, which is in the same vertical plane as the rod. The rod is
horizontal and in equilibrium, with OA = 3 m and angle OAB = 150° (see diagram). Find

(i) the tension in the string, [2]

(ii) the natural length of the string. [3]

45 m \

L sea level

A stone is projected horizontally, with speed 10ms™!, from the top of a vertical cliff of height
45 m above sea level (see diagram). At time ¢s after projection the horizontal and vertically upward
displacements of the stone from the top of the cliff are x m and y m respectively.

(i) Write down expressions for x and y in terms of ¢, and hence obtain the equation of the stone’s
trajectory. [3]

(ii) Find the angle the trajectory makes with the horizontal at the point where the stone reaches sea
level. [3]

9709/5/0/N/02



A small ball B of mass 0.5 kg is attached to points P and Q on a fixed vertical axis by two light
inextensible strings of equal length. Both of the strings are taut and each is inclined at 60° to the
vertical, as shown in the diagram. The ball moves with constant speed 4ms ! in a horizontal circle
of radius 0.8 m. Find the tension in the string PB. [6]

A light elastic string has natural length 2 m and modulus of elasticity 1.5 N. One end of the string is
attached to a fixed point O of a smooth plane which is inclined at 30° to the horizontal. The other end
of the string is attached to a particle P of mass 0.075 kg. P is released from rest at O. Find

(i) the distance of P from O when P is at its lowest point, [5]
(ii) the acceleration with which P starts to move up the plane immediately after it has reached its
lowest point. (4]
Sms! VN vms~!
— 200 —>
0 s ol
P
- X m -

A particle P of mass % kg travels in a straight line on a smooth horizontal surface. It passes through
the fixed point O with velocity 5 m s~ ! at time t = 0. After ¢ seconds its displacement from O is xm

. o — . . . . v . . . .
and its velocity is vms L Pis subject to a single force of magnitude 300 N which acts in a direction

opposite to the motion (see diagram).

(i) Find an expression for v in terms of x. [4]
(ii) Find an expression for x in terms of . [5]
(iii) Show that the value of x is less than 100 for all values of ¢. [1]

9709/5/0/N/02 [Turn over



(1) S
Y . cmL
20 cm
- xem  C
7\
ycm .
5 cm
| v I
& 25 cm X
Fig. 1

Fig. 1 shows the cross section through the centre of mass C of a uniform L-shaped prism. C is
xcm from OY and ycm from OX. Find the values of x and y. [4]

(ii)

Fig. 2

The prism is placed on a rough plane with OX in contact with the plane. The plane is tilted from
the horizontal so that OX lies along a line of greatest slope, as shown in Fig. 2. When the angle
of inclination of the plane is sufficiently great the prism starts to slide (without toppling). Show
that the coefficient of friction between the prism and the plane is less than % [4]

(iii)

Fig. 3

The prism is now placed on a rough plane with OY in contact with the plane. The plane is tilted
from the horizontal so that OY lies along a line of greatest slope, as shown in Fig. 3. When the
angle of inclination of the plane is sufficiently great the prism starts to topple (without sliding).
Find the least possible value of the coefficient of friction between the prism and the plane. [3]

9709/5/0/N/02
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1 r=4cm - Bt
| Usesv=wr Ml
Speed is 20cm s (FT iFre %,‘ candlidobug PP chyhncy feoen 8 ) Al
2 | () Takes moments about B : [ Tcos60°x2=10gx 1] M1
Obtains tension as 100 N _ Al
(i) | Uses Hooke’s Law (fer s pression in X o 4 6»\\4:‘ ) Mi
- { Obtains 100 =200(3 - LY L or 100 =200 x /(3 — x) Alfc
Obtains natural length as 2 m Al
3 [ [x=10s,y=25¢ Bl
f'\“ i % t-‘ d h h.
Eliminates ¢ to find an equation in x and y ( Q:Q ) $ N \ o ﬁﬁ é:\‘&f b s“‘ M1
Obtains y = - x/20 {41, & Iz fpe P“H"‘“ﬁ 9..&3 .JV K in \’rm»‘lr wJ’VQ Al
(ii) | Usestan 8=dy/dxortan &= j/i Mi
Obtains x =30 wheny =-45,0r7=3 wheny=-43, st %7 1 and § = (#)3s | Al
Obtains angle as 108.4° (108.435) or 716° (71.565) Al
4 | a=4%0.8 =201 Bl
Uses Newton’s 2™ law horizontally to obtain a 3 term equation Ml
Obains (Tp + Tg )eos30° = 0.5x20 [T+ Tp= %] Alfe
Resolves forces vertically to obtain a 3 term equation M1
Obtains 7p c0s60° = T c0s60° + 5 [7p-To=10] | Al
Alternatively for the above 4 marks
Uses Newton’s 2™ law perpendicular to BQ to obtam a3 term equation M2
Obtains 75 cos30° — 0.5g cos30° = 0,5x20 cos 60° [Tp=5+ %1 A2t
[SR Allow Al with | sign or trigonometric error]
Obtains tension in PB as 10.8 N (10.7735) Al

NB Hea §| m]wd Fingiend Can dteve 8 ML AN M4 b aar
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(i) | GPE = 0.075g(d 5in30°) or 0.075g(</ + x)sin30° Bl
EPE = 1.5(d - 2)°/2x2 or 1.5x"/2x2 o Bl
Uses the principle of conservation of energy to form an equation with GPE Mi*
and EPE__tefm's ' [-g-dz%(d—zf or -3-(2+x)-—-%x3]
Attempts to solve a quadratic equation in d [(d-1)}d-4)=10] M1
or attempts to solve a quadratic equationinxand usesd=x+2 dep
[(x+1¥x—-2)=0 andd=2+2]
Obtains distance as 4m Al
(ii} | Obtains the tension at the lowest pointas 1.5 N ft for.1.5(d - 2)/2 Blft
Uses Newton’s 2™ faw to obtain a 3 term equation Mi
Obtains 1.5 ~0.075g sin 30° = 0.075a Al
ft
Obtains acceleration as 15ms™ Al
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6 |[(i) |UsesNewton’s2™ lawand a=v dvidx, and attempts to integrate Mi#*
[(1/10) v dv/dx = -»200}
v=a20 (+O) R Al
Uses v(0)=5to find C ' M1
dep
Obtains v =-x/20 +5 [ o o, *) Al
(ii) | Uses v =dx/dz, separates the variables and integrates M1¥*
1 1 )
——dx = |—d!
Uiz =13 .
Obtains In(100 — x) = -#20¢ C ) Al
Uses x =0 when ¢ = 0 to obtain £=20{ln 100 — In(100 - x)] . Al
ft only if the term in x is logarithmic ft
For taking anti-logarithms throughout the equation [100 —x = 100e™7] [ M1
MR aliei=n) 27 £ 0 Jen~az JA 3 8 L M dep
Obtains x=100(L -¢™) (w.o.§) Al
Alternatively for the above 9 marks :
Uses Newton’s 2™ law with a = dv/ds, separates the variables and integrates
1 1
—dv=-—|—dt] *
[J. v I 20 ] Ml
Obtains Inv =-220 (+C) _ __ Al
Uses v =5 when =10 to obtain  =20{In 5 — In v]
ft only if the term in v is logarithmic Alft
For taking anti-logarithms throughout the equation [v=>5¢"" Ml dep
Uses v = dx/dz and integrates [x= ISe"" Pt} M]*
Obtains x =-100 ™ (+C) . Al
Uses x = 0 when ¢ = 0 to obtain x = 100(1 - ¢**) Al
Eliminates the exponential term from x = 100(1 - €™ and v = 5¢**° to obtain an
equation in x and v [x=100(1 -v/5)] Mtidep
Obtains v = -x/20 + 5 Al
[ i) [ £=100(1 < €™) and e is +ve for all £ ¥ x < 100 | Bl

) . . J
Vi albes ﬁalfvy"*"*”‘“\-';m $ mmerke ok ? Fad; J—r‘w\ ﬁ{

C\H"L-cr\'-;lt\f’i """"‘.YL’-‘.) el M.Ilf_(iqﬁ))ﬂlgn&f}?‘)) ﬁl(c{ﬂ}p)) h!*(u_'\v\ VZ‘S%. )
A suhit foe v fondy ) (Av) AL (M skpd{(A)

1__ \‘; :/l g‘-a\J"&f’ LR WIS ,‘,C-LQMQ ('wi} I’ASLM_ \."" tn 5;:{\/1}15} "\-Ji‘i’“‘-‘
i } /
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7 (D) Uses (A4, £ 4,)x = 4,x, + A,x, tofindx M1
[(25%5 + 15x5)x =25x5x12.5 + 15x5x2.5]
Obtains x =8.75 Al
Uses (4, + 4;)y = 4,9, £ Ay, t0findy Mi
[(25x5 + 15x5)y =25x5x2.5 + 15x5x12.5]
Obtains y = 6.25 _ Al
(if) | States or obtains 1= tan « for pnsm on point of sliding Bl
States or obtains tan & < x/y for prism not toppled M1
: Eits Anel-tan ‘ ’ {‘“
[M:;s;s-}g] c,k’rnm 1»«
Coefficient of friction is less than 7/S(ga,\\, T ag Qxflmd’: o for ne 1w,| 11 Al
(iii) - | States or obtams tan = y/x for prism on point of toppling {V‘ i
States or obtams 4 >tanf for prism not sliding (or on the point of sliding) | R |
Eliminates tan £ from tan8=y/x and ¥ > tanf, and substitutes forxandy | Al
[4=> 6.25/8.75] to obtain the least value of the coefficient of friction as 5/7

{ Lonviner ) 9«1.30l°\f\€,}'l LT }‘&ri I\Q.jk%‘l'hj )
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2

The discrete random variable X has the following probability distribution.

X 1 3 5 7

PX =x) 0.3 a b 0.25
(i) Write down an equation satisfied by a and b. [1]
(ii) Given that E(X) = 4, find a and b. (3]

Ivan throws three fair dice.

(i) List all the possible scores on the three dice which give a total score of 5, and hence show that

the probability of Ivan obtaining a total score of 5 is 3—16. [3]
(ii) Find the probability of Ivan obtaining a total score of 7. [3]

The distance in metres that a ball can be thrown by pupils at a particular school follows a normal
distribution with mean 35.0 m and standard deviation 11.6 m.

(i) Find the probability that a randomly chosen pupil can throw a ball between 30 and 40 m. [3]

(ii) The school gives a certificate to the 10% of pupils who throw further than a certain distance.
Find the least distance that must be thrown to qualify for a certificate. [3]

In a certain hotel, the lock on the door to each room can be opened by inserting a key card. The key
card can be inserted only one way round. The card has a pattern of holes punched in it. The card has
4 columns, and each column can have either 1 hole, 2 holes, 3 holes or 4 holes punched in it. Each
column has 8 different positions for the holes. The diagram illustrates one particular key card with
3 holes punched in the first column, 3 in the second, 1 in the third and 2 in the fourth.

(i) Show that the number of different ways in which a column could have exactly 2 holes is 28.

[1]
(ii) Find how many different patterns of holes can be punched in a column. [4]

(iili) How many different possible key cards are there? [2]

9709/6/0/N/02
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Rachel and Anna play each other at badminton. Each game results in either a win for Rachel or a win
for Anna. The probability of Rachel winning the first game is 0.6. If Rachel wins a particular game,
the probability of her winning the next game is 0.7, but if she loses, the probability of her winning
the next game is 0.4. By using a tree diagram, or otherwise,

(i) find the conditional probability that Rachel wins the first game, given that she loses the second,

[5]

(ii) find the probability that Rachel wins 2 games and loses 1 game out of the first three games they
play. (4]

(i) A manufacturer of biscuits produces 3 times as many cream ones as chocolate ones. Biscuits are
chosen randomly and packed into boxes of 10. Find the probability that a box contains equal
numbers of cream biscuits and chocolate biscuits. [2]

(ii) A random sample of 8 boxes is taken. Find the probability that exactly 1 of them contains equal
numbers of cream biscuits and chocolate biscuits. [2]

(iii) A large box of randomly chosen biscuits contains 120 biscuits. Using a suitable approximation,
find the probability that it contains fewer than 35 chocolate biscuits. [5]

The weights in kilograms of two groups of 17-year-old males from country P and country Q are
displayed in the following back-to-back stem-and-leaf diagram. In the third row of the diagram,
... 41711 ...denotes weights of 74 kg for a male in country P and 71 kg for a male in country Q.

Country P Country Q
5|15

612348

98764 71345677889
886653| 812367788

977655542 9(0224

5443111045
(i) Find the median and quartile weights for country Q. [3]

(ii) You are given that the lower quartile, median and upper quartile for country P are 84, 94 and
98 kg respectively. On a single diagram on graph paper, draw two box-and-whisker plots of the
data. [4]

(iili) Make two comments on the weights of the two groups. [2]

9709/6/0/N/02
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1 () a+b=045 Bl 1 | Accept unsimplified equation '
(ii) 0.3+3a+5b+7x0.25=4 Mt For an equation involving ) x,p, =4 must be
Mi correct unsimplified version, seen anywhere
For sensible attempt to solve the two equations ie
eliminating one letter
a=0.15 5=03 Al 3 | For correct'a and b.
2 ) options (122), 2 12) (221 ), (113), | M1 For an option involving(1,2,2) and an option
(131), (311) involving (1,1,3)
Al For all six correct options
prob = 6 /216 (AG) Al 3 | For legitimately obtaining answer given
(i)  (133)x3, (223)x3, (1153, | Mi For listing 3 or 4 different correct options or tree
{(124}x 6 diagram
"Ml ind - | For multiplying 4 prob options by a relevant number or
listing 2 12 correct options
prob=15/216 (=5/72) Al 3 For correct answer
30) z 4 30-35.0 —10.431 M1 For standardising (4116 in denom MI, ccMO
11.6 11.6° M0)
Ml For subtracting two relevant probabilities or |
equivalent
®(0.431) - {1 - B(0.431)} = 0.334 Al 3 | For correct answer
(i) z = + 1.282 or +1.281 only Bl For stating z
1282=%" 350
T L6 Ml For solving an equation for x with some z value
from tables, allow cc, ¥11.6 , 35-x, not 11.6°
x=4990r49.8 onz=1.28 Al 3 | For correct answer
4 (1) :C, =28 or 7T+6+5+4+3+2+1 BT 1 For ;C,
(i) §C, +3Cy +5C3 +35C,s Mi For lsting 4 Combination opnons (can be added
=8+28+56+70 or multiplied here)
Co Al For 3C; +5C; +5C5+4C,
Al For at least 3 correct numbers, can be implied by
_ seeing 878080 (mult)
=162 Al 4 | Forcorrect answer
SR gC+HCo¥.. . +:Cy M1 only
SR 3C3x 3C3X3C1 X sCz M1 Only
(iii) (162" M1 For (their (1))* or §Cs+sCa+sCy x 5Cs
=688 747 536 or 3s Alft 2 [ For correct answer in any form
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. _ 0.6%03 Bl For 0.6x0.3 seen anywhere in isolaticn
SOPW| L= g3 r0an0s Bi For correct numeratgi
=018 _, 429 Ml For summing two 2 factor products in denom
042 Al For correct denominator unsimplified
Al For correct answer
(i) P(W;W3L3) =0.6x0.7x0.3 =0.126 Ml For summing three probability options
P(W\L;Ws)=0.6x0.3x0.4=0.072 Bl For one correct probability option
P(L W, W3)=0.4x04x0.7=0.112 Bi For two correct probability options
Probability = 0.31 Al For correct answer
6 (i) P(equal) = (0.25)° x(0.75) % 16Cs M1 For (0.25)°x (0.75)° must be 0.25, 0.75
= ().0584 Al For correct answer. AQ if subsequently doubled
(i) (0.0584)' x (0.9416) x 4C; | M1 For (their(a))' x {1 - their(a))’ xsCy
=307 Alft For correct answer from their ans to (i)
Accept anything from 0.304 t0 0.307 for the ft if
they have lost the Al in (i) from PA
(i) p=120x 0.25=30, 6" =30 x 0.75=22.5 | Ml For both mean and variance correct from any
sensible p
- Ml For correct standardisation with or without cc
34.5-30
P<35)= d:{ 225 ] = (0.949) Bl For correct use of continuity correction 34.5
M1 For use of tabies based on their z value either
=0.829 end NB can’t get if z is too large or too small
Al For correct answer
T{HLQ=72,0r73 or 71.5 only Bi Accept Q, Qz, Qs
median = 78, Bi LQ UQ muddle scores Bl BO and possibly Bl for
UQ =88 or 87.75 only Bl median
(i) B1 For only one numbered linear scale
P _E:{:i— Bl For country P all correct on linear scale
Blft For Q all correct on linear scale
0 [ Bl For P and Q labelled, weights or kg shown
e SR non linear scale max B0 B0 BG Bl
5? 6? 7? R? Qf|1 - m{u lllﬂwm Or max BO Bl BO B! if one error in an
otherwise linear scale
NB No outliers
(iii} people heavier in P than in Q Bl Or equivalent statement
weights more spread out in O Bl Or equivalent statement

Cannot have two statements saying the
equivalent of the same category (wts, spread,
skewness). Must have the same statement
relating to P and to Q.
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The time taken, T minutes, for a special anti-rust paint to dry was measured for a random sample of
120 painted pieces of metal. The sample mean was 51.2 minutes and an unbiased estimate of the
population variance was 37.4 minutes?. Determine a 99% confidence interval for the mean drying
time. [3]

1.5% of the population of the UK can be classified as ‘very tall’.

(i) The random variable X denotes the number of people in a sample of n people who are classified
as very tall. Given that E(X) = 2.55, find n. [2]

(ii) By using the Poisson distribution as an approximation to a binomial distribution, calculate an
approximate value for the probability that a sample of size 210 will contain fewer than 3 people
who are classified as very tall. [3]

From previous years’ observations, the lengths of salmon in a river were found to be normally
distributed with mean 65 cm. A researcher suspects that pollution in water is restricting growth. To
test this theory, she measures the length xcm of a random sample of n salmon and calculates that
¥ = 64.3 and s = 4.9, where s is the unbiased estimate of the population variance. She then carries
out an appropriate hypothesis test.

(i) Her test statistic z has a value of —1.807 correct to 3 decimal places. Calculate the value of n.

[3]

(ii) Using this test statistic, carry out the hypothesis test at the 5% level of significance and state
what her conclusion should be. (4]

The number of accidents per month at a certain road junction has a Poisson distribution with
mean 4.8. A new road sign is introduced warning drivers of the danger ahead, and in a subsequent
month 2 accidents occurred.

(i) A hypothesis test at the 10% level is used to determine whether there were fewer accidents after
the new road sign was introduced. Find the critical region for this test and carry out the test.

[5]
(ii) Find the probability of a Type I error. [2]

X and Y are independent random variables each having a Poisson distribution. X has mean 2.5 and
Y has mean 3.1.

(i) Find P(X 4+ Y > 3). [4]

(ii) A random sample of 80 values of X is taken. Find the probability that the sample mean is less
than 2.4. [4]

9709/7/0/N/02
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3

The average speed of a bus, xkmh™!, on a certain journey is a continuous random variable X with
probability density function given by

k
f(x):{)? 20 < x < 28,

0 otherwise.

(i) Show that k = 70. (3]
(ii) Find E(X). [3]
(iii) Find P(X < E(X)). [2]
(iv) Hence determine whether the mean is greater or less than the median. [2]

Bottles of wine are stacked in racks of 12. The weights of these bottles are normally distributed with
mean 1.3 kg and standard deviation 0.06 kg. The weights of the empty racks are normally distributed
with mean 2 kg and standard deviation 0.3 kg.

(i) Find the probability that the total weight of a full rack of 12 bottles of wine is between 17 kg and
18kg. [5]

(ii) Two bottles of wine are chosen at random. Find the probability that they differ in weight by
more than 0.05 kg. [5]

9709/7/0/N/02
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This booklet contains reports written by Examiners on the work of candidates in certain papers. Its contents
are primarily for the information of the subject teachers concerned.
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MATHEMATICS

GCE Advanced Level

Paper 9709/01
Paper 1

General comments

Candidates generally found the Paper to their liking. It gave all candidates the opportunity to demonstrate
what they had been taught and there were parts of questions that allowed the more able candidates to show
their potential. There were however a few really poor scripts, and it was clear that these candidates should
not have been entered for the examination. Standards of numeracy and algebraic manipulation were good
and the majority of scripts were well-presented and easy to mark. Questions 2, 6 and 9 presented
candidates with most problems, implying that it is the “trigonometry” sections of the Syllabus in which
candidates show least confidence. Candidates should be aware of the instruction that requires non-exact
answers to be expressed to three significant figures. It is not acceptable, for example, to express the sum of
a series, 542.5 in Question 4, as 543.

Comments on specific questions

Question 1

“w

Failure to cope with the “~” sign in (2x—l) was common, but the majority of candidates realised the need to
X
find the 4th term of the expansion and correctly evaluated sC;x22x(—1)3. A significant number of candidates

however took the term in [lj to be the 2nd term - that is, 5C1x(2x)4>< (— lj .
X X

Of the minority preferring to remove the “2x” from the bracket, (2x)5 was often replaced by 2x°.
Answer. —40.
Question 2

This was poorly answered, even by many of the very good candidates who all too often started by attempting
to express sin 3x or cos 3x in terms of sin x or cos x. Even when candidates recognised the need to use
“tan = sin + cos”, there were many scripts in which the “3” was cancelled to leave tan x instead of tan 3x.
Others replaced tan 3x by 3tan x at a later stage. Of the minority who obtained tan 3x = -2, many offered
only a negative solution (-21.1°) and only a few realised that there were three solutions in the range 0° to
180°.

Answers: 38.9°, 98.9°, 158.9°.
Question 3
This was a straightforward question that posed only a few problems. Candidates showed confidence in their

ability to both differentiate and integrate negative powers of x. Omission of the constant of integration was
the only common error.

Answers: (a) 4 - 12, (b) 2x2—§+c.
X

X3
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Question 4

There were a large number of completely correct answers. Most candidates correctly evaluated a = 1.5 and
recognised the need to find the total number of terms in the progression. Although the majority used
“a + (n — 1)d” a second time, there were others who incorrectly used “a + nd” and several who used the

longer method of equating g(2a+(n—1)d) with g(a+/). Candidates generally preferred to use the first of
these equations to find the sum of all the terms in the progression, though about a quarter of all solutions
used the simpler form of g(a+l). Several candidates lost the final accuracy mark by offering the exact

answer of 542.5 as 543.
Answer. 542.5 .
Question 5

This was very well answered and usually a source of high marks. Virtually all candidates realised the need
to form two linear simultaneous equations, the solution of which was nearly always correct. In part (ii), apart
from a small minority who took ff(x) as [f(x)]?, candidates confidently coped with a(ax+ b)+ b either

algebraically or numerically. Omission of the “+b” in the expression for ff(x) was rare.
Answers: (i)a=2, b=-3;(ii) 2.25.
Question 6

It was rare to obtain a completely correct solution. Sketches of y = 3sin x were disappointing, for apart from
a significant number who either omitted the question or scored zero, there were far too many offerings in
which: the curve was shown as a series of straight lines; the curve failed to pass through the origin; there
was no evidence of -3 < y =< 3, either marked on the diagram or implied in the working. In part (ii), only a

1
small percentage of candidates realised the need to substitute the point (En’ 3) into the equation y = kx. In
part (iii) only a few solutions were seen in which the candidate realised that the other point was the minimum
point of the curve. On the positive side, candidates coped well with the use of radians.

Answers: (i) Sketch; (ii) k = E; (iii) (—%n , —3).
T

Question 7

This proved to be an easy question that presented the majority of candidates with full marks. Evaluating the

. 1 . . .
gradient of Ly as 2 or i; was seen, as was the use of the perpendicular gradient as i Surprisingly, most
m

errors came in attempting to express y -4 :%(x—7) in the form y = mx + ¢ prior to solving simultaneous

equations. Only a few solutions were seen in which the incorrect formula was used for finding the distance
between two points.

Answers: (i) 2y = x+1; (ii) 4.47 or 420 .

Question 8

A large number of candidates incorrectly expressed BA as either b — a or as b + a. Of greater concern
however was the very large proportion who took BA as a.b. These same candidates repeated this for BC
and tried to merge the two scalar products. With all other candidates however, use of the scalar product
was, as last year, very good and most candidates realised that to test for perpendicularity, there was no need
to evaluate the moduli of the two vectors concerned. In part (ii), most candidates struggled to show that the
two vectors were parallel. Some candidates had been taught to use the vector product and were generally
successful; others used scalar product to obtain an angle of 0°. Other candidates had difficulty in expressing

-2 -5
why itwasthat | 4 | and | 10 | were parallel.
2 5
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In both parts, marks were lost through a lack of explanation. Many candidates thought it sufficient in part (i)
to show that the scalar product was zero, without ever mentioning that this proved that the angle was 90°.
Similarly in part (ii), candidates showed the vectors to be 2k and 5k without ever saying what this in fact

proved. Also in part (ii), many candidates failed to express the answer as a ratio, leaving answers as —, or
5

0.4 or even 40%, or even the wrong way round as 5:2.
Answers: (i) Proof; (ii) Proof, 2:5.
Question 9

This was poorly answered and many candidates showed a serious misunderstanding of the use of radian
1
measure. In part (i), a significant number of candidates used the formula EF@ with 8 = 179°. At least a half

of all attempts failed to cope with the larger sector and left the answer as 32 cm?. There were very few
correct answers to part (ii) with many candidates interpreting “perimeter” as “arc length”, or using the angles
of the two sectors as 6 and 1, or 6 and 179, instead of 6 and = — 6. Only about a quarter of all attempts at
part (iii) were correct. Many candidates failed to recognise the need to use trigonometry. It was apparent
that a large number of candidates were unaware of the exact values of sin 60° or cos 30° since a
considerable number failed to realise the significance of “exact” in the wording of the question. Decimal
answers checked against (24 + 8V3) were not acceptable for the final answer mark.

Answers: (i) 68.5 cm?; (ii) 0.381; (iii) Proof.
Question 10

This proved to be a source of high marks for most candidates. The differentiation and integration of

\J5x + 4 was generally well done, though about a third of all attempts failed to include the “x5” in part (i) and
1

the “+5” in part (iii). A small number of weaker candidates took 5x+4 as (5x+4)75 oras (5x+4)" or

even as +5x +2. Most candidates successfully recognised that part (ii) required the link between

connected rates of change. In part (iii), at least a third of all attempts assumed that the lower limit of “0”
could be ignored. Despite these errors, there were a large number of completely correct solutions.

Answers: (i) %; (ii) 0.025; (iii) 2.53 or %.

Question 11

Solutions to this question, particularly to part (v) showed considerable improvement from previous Papers.

In part (i) the majority of candidates realised that b = +4 and worked accordingly. Many attempts in part (i)

expressed “8x — x2” as “x? —8x”, proceeded to “(x —4)? —16 ” and then wrote the answer as “16 — (x — 4)?”

with no explanation. Candidates should be made aware of the need to give full explanations of their working.
Part (ii) was generally correct with the majority of candidates preferring the safety of calculus rather than
relying on their answer to part (i). In part (iii) most candidates realised the need to bring the “-20” to the
other side of the equation and to solve equal to zero. Only about a half of all solutions obtained the correct
range, even when the end-points -2 and 10 were obtained. Many solutions were seen in which the set of
values for x was stated as either “x < -2 and x < 10" or “x = -2 and x = 10”. Part (iv) was poorly
answered. Most candidates seemed to realise that the domain of g~' was the same as the range of g, but
failed to realise that this could be stated from their answer to part (i). They were more successful with their
answer to the range of g’1 since the domain of g was given. Answers to part (v) were pleasing with nearly
two-thirds of all attempts realising that the answer to part (i) was needed to enable the inverse of g to be
obtained. Simple algebraic errors were responsible for the loss of the final accuracy mark.

Answers: (i) 16 —(x—4)?, a= 16, b = —4; (ii) (4, 16); (iii) -2 < x < 10;
(iv) Domain x < 16,range g '(x) = 4; (V) g'(x) = 4 +/16 — x .
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Paper 9709/02
Paper 2

General comments

A wide range of ability was displayed in candidates’ responses to the Paper. Few marks of 40 or more were
scored, though the Examiners were most impressed by the level of expertise displayed by candidates in
these scripts. However, there were a substantial number of scripts in which candidates proved unequal to
the challenge of more than one or two of the seven questions; such candidates often recorded marks in
single figures.

Candidates seemed to have sufficient time to attempt all the questions, but often struggled to cope effectively
with Questions 5, 6 and 7 (iii), in particular. Conversely, Question 1 and 4 (ii) produced an excellent
response from the overwhelming majority of candidates.

There are two areas where the Examiners recommend that candidates ought to especially concentrate on
when preparing for future examinations. Firstly, candidates should familiarise themselves with the formulae
sheets (list MF9) which form part of the examination provision; many examples of poor differentiation and
integration techniques, and results in particular, could have been avoided had candidates been familiar with
the list. Secondly, candidates should work through carefully previous 9709/02 Papers, and thus become
aware of the range of topics tested and the difficulty levels of questions.

Examiners are concerned by the high proportion of candidates who currently appear poorly equipped to
make any meaningful headway with most (or all) of the questions set; this was especially true of
Questions 4 (i), 5 (i) and (ii), 6 (ii) and 7 (iii), which were rarely successfully attempted and yet were similar
to problems set in previous 9709/02 Papers.

Comment on specific questions

Question 1

This was a popular question with candidates, and proved most successful with those who squared each side
of the initial inequality to yield a linear equation or inequality for x. A very high proportion of solutions were,
however, marred by the erroneous statement that —10x > —15 implies x > 1.5 (instead of the correct x < 1.5).

Those candidates who adopted an ‘ad hoc’, less systematic, approach based on + (x—-4)> + (x + 1) were
rarely successful, often arriving at results such as 4 > 1. Very few graphical solutions were seen; these were
invariably very successful.

Answer. x<1.5.
Question 2

(i) Expanding the right hand side and comparing coefficients posed no real problem for candidates,
but the majority were convinced that a’ = 9implied a = +3. Strictly, a = + 3, and the correct choice
of sign comes from the further result 2a = 6. Few investigated beyond a’= 9 to obtain a second
form for a.

(ii) Having correctly found that a = 3, albeit usually by accident, most candidates could then cope
perfectly well with the two resulting quadratic equations x* + 3x + 1 = 0 and X¥* — 3x — 1 = 0;
however, a small minority returned to the original equation x* — 9x* — 6x — 1 = 0 and tried, always
unsuccessfully, to solve it, either by (wrongly) treating it as a quadratic equation in X° or by setting
x=+1, £2, £3,... and seeking integer roots.

—3+45 3+413

A c(i)a=3; (ii))x=
nswers: (i) a (i) x 2 5
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Question 3

(i)

(i)

Féew successful attempts were made at integrating the function e” many candidates differentiated
X

e .

Follow through marks were usually earned, but many candidates erroneously used
In(a + b) = In(a) + In(b).

Answers: (i) % ©® —1); (ii) p = %In11 ~1.20.

Question 4

U]

(ii)

There were many good solutions; unsuccessful attempts were caused by an error in signs in the
denominator of the left hand and/or right hand side expansions or, more seriously, candidates used
tan(A + B)=tan A + tan B.

Those who erred as above in part (i) failed to score, but an overwhelming majority of candidates
picked up full marks.

Answers: (ii) 18.4°, 71.6°.

Question 5

(i)

(ii)

(iif)

Few examples of correct sketches of both graphs were seen, though many solutions featured one
good graph. Both the functions Inx and (2 - x2) have well documented basic shapes and the
Examiners were surprised that the graph of the former, in particular, was unfamiliar to so many
candidates.

Many attempts were not based on the given values 1.0 and 1.4, and featured attempts to do the
work of part (iii). All that was required was to compare the values of f(1.0) and f(1.4), where
f(x)=t(Inx—2 + )(2), and to comment that f(1.0), f(1.4) have different signs.

Although more successfully attempted, it was noticeable that many solutions featured oscillating
values 1.31 and 1.32; the key to successful iteration is to work, at early and intermediate stages, to
more than the number of decimal places required in the final answer. Here, for an answer correct
to two decimal places, one should work to four places during successive interactions.

Answer: (iii) 1.31.

Question 6

)

(i)

(iii)

Around half of all solutions failed to use the chain rule or used an incorrect format based on that
rule.

180

Very few candidates were successful, many used an interval of h = e = 22.5 instead of
%% = % even though the question explicitly referred to angle x being measured in radians.

Also, instead of using two strips, with vertical ordinates measured at the 3 values x = 0, , a

r
4

i
8 b
substantial proportion of solutions were based on the use of two or four ordinates, or more.

There were a substantial number of correct deductions, often based on excellent sketches. Other
solutions usually featured the right answer but without any reason.

- SeC2 X

Answers: (i) y = ———— < 0; (ii) 0.57; (iii) over-estimate.

(1+tan x)2
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Question 7
(i) Responses were disappointing; many candidates were unable to differentiate x(6) or y(6) and often
dy x dy

d
——was setequalto — + —.
dx dé dé

(i) A majority of solutions failed due to an inability to calculate the basic trigonometrical functions

sin 6, cos @ and cot @ at 0 = % though setting up the equation of the tangent was usually done

successfully.

(iii) Very few attempted this part of the question. Those that did failed to note that g—y =0, and so
X

0= % 3?” at the points in question.

Answers: (ii)y=x+3- g ~ x +1.43; (iii) («, 3) and (3, 3).

Paper 9709/03
Paper 3

General comments

There was a considerable variety of standard of work by candidates on this Paper and a corresponding very
wide spread of marks from zero to full marks. The Paper appeared to be accessible to candidates who were
well prepared and no question seemed to be of undue difficulty. Moreover adequately prepared candidates
seemed to have sufficient time to attempt all questions. However there were some very weak, often untidy,
scripts from candidates who clearly lacked the preparation necessary for work at the level demanded by this
Paper. All questions discriminated to some extent. The questions or parts of questions on which candidates
generally scored highly were Question 2 (integration by parts), Question 8 (i) (stationary point) and (iii)
(iteration), and Question 9 (i) (vector geometry). Those on which scores were low were Question 4 (ii)
(algebra), Question 5 (complex numbers), Question 6 (ii) (series expansion) and Question 10 (iii)
(trigonometrical integral).

The detailed comments that follow inevitably refer to common errors and can lead to a cumulative impression
of poor work on a difficult Paper. In fact there were many scripts showing a good and sometimes excellent
understanding of all the topics being tested.

Where numerical and other answers are given after the comments on individual questions, it should be

understood that alternative forms are often possible and that the form given is not necessarily the sole
‘correct answer’.

Comments on specific questions

Question 1

Errors of sign and in the values of cos 60°, sin 60°, cos 30°, sin 30°, prevented some candidates from
reaching an equation in cos x only, but generally this question was well answered.

Answer. (ii) 125.3°.
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Question 2

Most candidates approached the integration by parts correctly. Errors in integrating e and in simplification
were quite frequent, but the main source of error was the failure to appreciate the correct meaning in this
context of the adjective ‘exact’.

Answer. %(e2 +1).

Question 3

Very few candidates realised that x = 1 was the only critical value in relation to this inequality. Many answers
involved a further value, usually x = % Examiners also noted that, while some candidates investigated the

related inequality obtained by squaring both sides of the given inequality, a substantial number dropped the
modulus sign and mistakenly squared only one side. Fully correct solutions were rare and often obtained
with the assistance of a sketch graph.

Answer. x<1.
Question 4
Many candidates answered part (i) well, using either the factor theorem with x = 2, or long division.

There were very few completely satisfactory solutions to part (ii). By contrast, there were many fallacious
attempts at a proof, e.g. those based on a set of instances of non-negative values of f(x), or the claim that
f(2) = 0 and 2 > 0 together implied that f(x) > O for all x. The three correct methods seen were arguments
based on (a) an exhaustive discussion of the stationary points and graph of y = f(x), (b) a discussion of the
nature of the zeros of X¥* — 4x + 4 and x* + 2x + 2 together with a proof that both expressmns onlgl took
non-negative or positive values, and (c) completing the squares and writing f(x) as (x — ((x + 1) +

Most attempts to use method (a) or (b) omitted some essential detail. Method (c) was usuaIIy successfully
completed.

Answer: (i) 8.
Question 5

Though some candidates found this question quite straightforward, it was generally poorly answered. Given
the modulus and argument of the complex number w, many candidates were unable to state it in the form

x + iy immediately. Thus they embarked on a lengthy search based on X2+ y2 =1andx:y= cosgn: sin%n,

and quite frequently arrived at a wrong answer. Whatever the outcome, multiplication of 2i by w was often
incorrectly done and though most knew how to divide 2i by w, errors, particularly of sign, were common. The
plotting of points on an Argand diagram was usually well done, but part (iii) was only accessible to those who
had completed part (i) correctly. The most common method here was to show that UA = AB = BU.

Answers: (i) cos§n+ isin%n, 3 =i, 43 —i.

Question 6

In part (i), most candidates started out with an appropriate form of partial fractions with three unknown
constants. Errors in identifying the numerator of f(x) with that of the combined fractions proved costly. A
thorough check of the algebraic work at this stage would have helped. Indeed since full marks in part (ii)
were clearly dependent on accurate work earlier, regular checks during part (i) were desirable, for example
when setting up simultaneous equations in the unknowns or when evaluating expressions. A fairly common
error was to start with an inappropriate form of fractions.

Examiners were d|sappomted to see so many poor attempts at part (ZII) Whereas most candidates could
expand (1 + 2x) correctly, very few could deal with (x — 2)_ or (x —2) ™ accurately.

1 N 4 N 8 or 1 . 4x
2x+1 x-2 (x-2f = 2x+1 (x-2f

Answer: (i)
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Question 7

There were many sound solutions to part (i). A minority of candidates merely showed that the given
differential equation is satisfied when initially x = 5. This did not show that x satisfies the equation at all
times. In part (ii) the work was generally quite good with many candidates reaching a solution involving
In(100 — x), or equivalent. The main errors were the omission of a constant of integration and failure to give
In(100 — x) the appropriate sign.

Answers: (ii) x = 100 — 95exp(-0.02%); (iii) x tends to 100.
Question 8

Part (i) was generally well answered. The work in part (ii) was disappointing. Few candidates realised that
the solution involved replacing the iterative formula with an equation in o and showing this to be equivalent

to 3=Ina + 3 or vice versa. However part (iii) was often correctly done, though some failed to carry out
[0

sufficient iterations to establish convergence to 0.56.

Answers: (i) (2, In 2 + 1), minimum point; (ii) o = 3 2 ; (iii) 0.56.
-Ina

Question 9

The first part was generally very well answered. Some candidates seemed not to understand what the angle
between the two planes really was, for having found 40.4° correctly from the normals they followed it with its
complement 49.6°.

Clearly some candidates were unprepared for part (ii) and failed to make progress. However others tackled
it by a variety of methods. Some found two points on the line e.g. one with x = 0 and one with y = 0, and
obtained the vector equation of the line from them. Others used the normals to the planes to obtain a
direction vector for the line and completed the solution by finding a point on the line. Another method was to
develop a Cartesian equation for the line by eliminating variables from the plane equations, and deduce an
equation in vector form. Examiners remarked that algebraic and numerical slips were frequent here.

Answers: (i) 40.4°; (ii) 3j + 2k + A(6i -10j — 7K).
Question 10

In part (i) some attempts broke down because of trivial slips in manipulation. The majority succeeded and
solutions varied in length from five lines to two pages. Part (ii) was fairly well answered though some
solutions failed to contain sufficient working to justify the given answer. Examiners felt that part (iii) was
poorly done. The structure of the question led to the integration of cot x — cot 2x, yet many of those who had
integrated cot x correctly in part (ii) could not produce a correct integral of cot 2x here. Most attempts at
integrating cosec 2x directly were very poor indeed, though occasionally a correct integral was obtained.

Answer. (iii) ~In 3.
4

Paper 9709/04
Paper 4

General comments

Many candidates were well prepared for this examination and some scored very high marks. However a
substantial number of candidates were ill prepared for the challenge, and scored very low marks.

The incline of difficulty within the Question Paper is reflected in candidates’ work in Question 1 and
Question 7. Almost all candidates scored full marks in Question 1 and almost all candidates found some
difficulty with Question 7. Candidates generally worked through the questions in order; this is an
appropriate strategy for Question Papers of this type.
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Candidates should be aware of the rubric requirement that answers must be correct to three significant
figures, or one decimal place in the case of angles in degrees. Many candidates gave answers to
two significant figures in Question 6 (i) and Question 7 (i), and insufficiently accurate answers arising from
premature approximation were often seen in Question 6 (ii) and Question 7 (iv). Although procedures are
in place to prevent an unreasonable loss of marks arising from repeatedly giving insufficiently accurate but
otherwise correct answers, candidates can lose marks for 2 significant figure answers and for errors arising
as a result of premature approximation.

Answers were given at several points in the Question Paper, which are not reconcilable with common sense
considerations. The case most obvious to Examiners of this feature was in Question 7 (i), in which very
many 1c:andidates gave an answer for the speed of P at B greater than or equal to the speed of P at A
(8 ms™).

Comments on specific questions

Question 1

This was found to be a straightforward starter question with most candidates scoring all four marks. The
most common mistake was to use v = 0.8, instead of 0.4, in applying P = Tv.

Answers: (i) 8000 N; (ii) 3200 W.
Question 2

Part (i) of this question was poorly attempted; very many candidates did not seem to understand what was
required.

In some cases either one particular force was ignored in answering both parts (a) and (b), or one force was
omitted in answering part (a) and a different force was omitted in answering part (b). This suggests that
many candidates believe that ‘resultant’ means the resultant of just two forces.

Some candidates failed to distinguish between the component of the resultant, and the components of the
three individual forces. In almost all such cases relevant minus signs were omitted.

Most candidates used a correct method for finding the magnitude of the resultant in part (ii), although some

candidates wrote R =+/10% +10? +6% . Where candidates used trigonometrical methods firstly to combine

two of the forces, and then to use the result of this in combination with the third force, inaccuracies often
occurred.

Answers: (i)(a) 14.3 N, (b) 5.20 N; (ii) 15.2 N.
Question 3

Although intended as a straightforward demand, many candidates either omitted part (i) or identified an
incorrect region. Some candidates thought they needed to sketch a (¢, x) graph.

An incorrect region was not however a barrier to scoring full marks in part (ii); this part was very well
attempted with almost all candidates obtaining the correct answer.

Part (iii) was much less well attempted. Although it is clear that P is moving more quickly than Q throughout

the period T < t < 9, so that the gap between the two continues to widen, the answer 16 m was frequently
given. So too was 9 m, from 25 — 16.

The main source of error was in using s = %(u + v)t once for the whole distance travelled by P during the

first 9 s. Thus the incorrect answer 20 m, from 45 — 25, was common.

Other incorrect answers arose from the difference in area of two triangles, and include 9 m (25 — 16),
65 m (81— 16) and 56 m (81 — 25).

Answers: (ii) 4; (iii) 40 m.
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Question 4

Part (i) of this question was well answered by most candidates.

However some candidates integrated where they should have differentiated, and some used v = ;

Part (ii) was less well attempted; many candidates obtained a(f) = 0.2f following v(f) = t + 0.17. Using a(10)
instead of a(0) for the initial acceleration was very common.

Some candidates set up the equation for tas 1 + 0.2t = 2(1 + 0.2%).

Answers: (i) 20 ms™; (ii) 5.

Question 5

Part (i) of this question was poorly attempted, perhaps not surprisingly given that very few candidates made
sketches showing the forces acting on A and B.

It was expected that candidates would consider the equilibrium of each of the particles, but in many cases it
was far from clear that this was the intention. In some cases it appeared that candidates were considering
the equilibrium of each of the strings. Considering the equilibrium of S; is not a useful move, although
considering the equilibrium of S, does lead directly to T.

Many candidates introduced an acceleration in part (i) and used Newton’s second law. Common incorrect
answers included Ty, =T, =2,and T, =2, T, = 4.

Part (ii) was a little better attempted than part (i), although many candidates omitted the weight or the
resistance or the tension in applying Newton’s second law to each of the particles.

The absence of T from the equations was particularly prevalent. Thus answers for the acceleration of 8 ms >
for A and 9 ms™ for B were common, notwithstanding the impossibility of this with the string S, unbroken.

Many candidates who included the tension in their equations brought forward numerical values from part (i),
thus producing two values for the acceleration, one from each of two simple equations in a.

Answers: (i) 4 N in Sy, 2N in S; (ii) 8.5 ms 2 0.1 N.

Question 6

Part (i) was very well attempted, most candidates obtaining the correct answer. In a few cases candidates
obtained 0.0375 by multiplying the mass 0.15 by the given answer in part (ii), although clearly no marks
could be given for this.

In part (ii) many candidates obtained a = 0.25 from 0.0375 = 0.15a. This answer scored only one of the
available marks, unless it was supported by some indication that a represents ‘deceleration’ here, or that the

direction of the acceleration a is opposite to the direction of motion.

Notwithstanding the given result in part (ii), more candidates used a = +0.25 or a = +1.375 or a = —-1.375 in
the subsequent parts of the question, than used a = —0.25.

In part (iii) the most common wrong answers were:

24 m (from 5.5 x 4 + %o.zs x 42) and 11 m (from %(5.5 +0)x4orfrom0=55+4aand 5.5x 4 + %a42).
Some candidates used methods that involved calculating the speed of arrival of the block at the boundary
board, including some who obtained this speed as 6.5 ms ", despite the obvious slowing down of the block.
Candidates who used an incorrect positive value for a in part (iii) usually continued with the same value in

parts (iv) and (v). Thus it was common for candidates to obtain answers greater than 3.5 ms™ for the
answer in part (iv), contrary to common sense.

11
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Some candidates used t = 4 in part (iv), again contrary to common sense. Thus 2.5 ms~ was a common
wrong answer. It ought to be clear to candidates that, because the block is slowing down, it will take longer
to return to A than it did to reach the boundary board.

Most candidates used a correct method in part (iv), although a few implicitly assumed that the speed of
rebound of the block was the same as the speed of arrival at the boundary board, and calculated the total
distance as 60.5 m, from 0° — 5.5% = 2(-0.25)s.

Answers: (i) 0.0375 N; (iii) 20 m; (iv) 1.5 ms™'; (v) 44.5 m.
Question 7
This question proved difficult for candidates and it was common for one or more parts to be omitted.

In part (i) very few candidates approached the problem through energy considerations. Those who did
usually obtained the PE gain correctly, but this was often followed by one of two common errors linked with

the kinetic energy. In the first of these the candidate simply equated the PE gain with %mvz, taking no
account of the initial speed and obtaining v as 6.58. In the second the candidate equated the PE gain with

1
+—m(V/* — 8%) instead of minus this quantity, obtaining v as 10.4.
2

Among the candidates who considered the acceleration of the particle and then used Vv =82+ 2a(2.5), most
had a = 8.66 leading to v = 10.4, rather than a = -8.66. If candidates had questioned the validity of their
answer they would have realised that the speed at B must be less than that at A.

Unfortunately a very large number of candidates produced work for part (i) which bore no relationship with
the question set. Answers included finding the speed of a particle projected vertically, with initial speed
8 ms™', when ata height of 2.5sin60° above the point of projection (\/2 =8%+ 2(-g)(2.5sin60°)).

Another case was finding the speed of a particle projected at 60° to the horizontal with speed 8 ms~', when
at a height of 2.5sin60° above the point of projection.

In none of the cases seen was any attempt made to suggest that the scenarios considered lead to the same
answer as that actually required. Candidates cannot expect to score marks for answers to a question in
which they change the scenario, unless they produce clear arguments for equivalence in the sense that the
revised problem inevitably leads to the same answer. This is almost certain to be more difficult for
candidates than to answer the question as set, and this is what is strongly recommended by Examiners. The
difficulty here is highlighted by considering the differences in the components of the velocities at A and B in
three cases.

Velocity at A Velocity at B

Horiz. Comp. | Vert. Comp. Horiz. Comp. | Vert. Comp.
Question as Set 4 6.93 2.27 3.94
Vertical Projection 0 8 0 4.55
Obligue Projection 4 6.93 4 217

In considering part (ii) the acceleration is not constant as the particle travels from A to the highest point, nor
is the component of acceleration constant in any particular direction. These features preclude the use of
V2 = 1 + 2as, and this part of the question can only be successfully undertaken by considering energy.
Candidates should be encouraged to expect to need to use energy when particles move along curved paths
in a vertical plane.

Unfortunately very few candidates used energy in part (ii), and V2 = 7 + 2as was used in several different
irrelevant ways.

Notwithstanding candidates’ reluctance to use energy in other parts of the question, many referred to energy
implicitly or explicitly in answering part (iii).

Part (iv) was reasonably well attempted, although hardly any candidates used the best strategy of applying
the fact that the work done by the frictional force is equal to the KE at A minus the KE at D.

12
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Among the candidates who considered the work done as the energy lost by the particle between C and D,
some failed to include the KE at C. Some other candidates used mg(2.5sin60°) + %m(vD2 - ch) as the total

energy lost.

Rather more candidates used Newton’s second law to find the acceleration of the particle from C to D, and
then used V* = u” + 2°°. The main difficulty for candidates using this method was in finding the component of
the weight down the plane. Many candidates gave this as mgsin30°, assuming implicitly (and incorrectly)
that the angle between CD and the horizontal is 30°.

Some candidates omitted the weight component, obtaining the acceleration as —3.5 ms~. Some candidates
had the magnitude of a correct, but with a minus sign.

Answers: (i) 4.55 ms™; (iii) Path BC is smooth and B and C are at the same height (= KE the same at B
and C); (iv) 5.25 ms™".

Paper 9709/05
Paper 5

General comments

There was a good response to this Paper. In the majority of scripts the work was well presented and there
was no evidence that candidates were pressed for time in completing the Paper.

The dynamics questions were tackled with confidence with many all correct solutions by candidates from a
fairly wide spectrum of the ability range. However, this could not be said of the statics questions where a lot
of uncertainty was displayed particularly with the idea of taking moments.

Yet again marks were carelessly thrown away through failing to work correct to three significant figures. For
example, in Question 3, the tension in the string was 467.6537..., which was then correctly rounded to
468N. Many candidates then used the value 468 to obtain the vertical component of the force at A as 44.7N
rather than using the best value retained in the calculator to obtain 45N.

Thankfully the number of candidates still using g = 9.81 ms™, despite the instructions on the front page of the

Paper, continues to decline. However these candidates should have been alerted in Question 7 (ii) when
this value of g was used. This gave a mass of 3.06 kg which was not the 3 kg requested in the question.

Comments on specific questions

Question 1

Although this question posed few problems for the more able candidates many of the remainder fell into error
for a variety of reasons. The main one, and most serious, was the fact that candidates who were obviously
taking moments about the centre of the ring, more often than not, had the term 1.5 x 25 appearing in the
equation. No credit could be obtained as equations derived from either taking moments or resolving must
include only the relevant number of terms, i.e. 2 terms if the moments were taken about the centre of the
ring, or 3 terms if taken about the y-axis where the origin of coordinates was such that the centre of the ring
was (25, 25).

Another frequent error was to assume that the masses of the ring and rod were proportional to their length
(i.e. 2n x 25 and 48), despite the fact that the question did not specify that the components of the frame were
made of the same material. The Method mark was allowed in this case provided all else was correct.

Answer. 2 cm.
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Question 2

The better candidates coped with part (i), but there were frequent errors by the rest in either calculating OQ
or by using the wrong formula to find the distance of the centre of mass from O. It was depressing to find
candidates taking an Advanced Level Paper who took the complement of 70° to be 30°. With the calculation
of the distance of the centre of mass from O, it would be true to state that each of the first five centres of

mass given in the formula sheet MF9 appeared often, with the most frequent offender being %r for the

hemispherical shell.

In part (ii) apart from a correct deduction, few candidates could give a coherent reason why the hemisphere
did not fall on its plane face. There were many ambiguous statements of the type “the centre of mass falls
before P”. Only rarely was there a succinct statement, based on statical ideas, that after release, the
resultant moment of the system about P was due to the weight of the hemisphere only and resulted in a
clockwise moment.

Answers: (i) Centre of mass not between O and Q as 1.5 cm > 1.46 cm.
Question 3

It was generally appreciated that the tension in the string could only be found by taking moments, preferably
about A. Then angle PAB was usually found correctly to be 30° although it was not unusual to see 26.6°
from the less able candidates.

A frequent careless error was to have the weight also acting at a distance 2.5 cm from A. An approach by
some candidates was to consider the tension as the vertical and horizontal components Tcos30° and
Tsin30°. Unfortunately the resulting moments equation often did not contain the moment of the Tsin30°
component. Hence no credit could be given as the derived equation must contain the moments of all the
relevant forces.

Part (ii) presented a lot of difficulty for many candidates. One large group thought that the resultant force
exerted by the wall at A was in the direction AB. Another group seemed to interpret “horizontal and vertical
components” as being parallel and perpendicular to AB.

Answers: (i) 468 N; (ii) 234 N and 45 N.
Question 4

Candidates of all abilities scored well on this question. The fact that the differential equation was given in
part (i) undoubtedly helped nearly all candidates to score maximum marks in part (ii). Only very weak
candidates failed to see that it was necessary to apply Newton’'s Second Law of Motion to answer part (i). It
was encouraging to see that the negative sign appeared in its proper place in the development of the
equation as there was very little evidence of sign fiddling to get the required answer.

Answer: (ii) 3 ms ™.
Question 5

There were many excellent all correct solutions to this question, even by candidates who only performed
modestly in other parts of the Paper. Considering the improvement generally on this topic, it is to be hoped
that circular motion is no longer one of the great mysteries of mechanics. Some of the infrequent errors in
part (i) were (a) the tension in the string in the wrong direction, (b) the omission of 8N force when resolving

vertically and (c) resolving in the direction of the string and equating the forces to zero. The latter case could
2

not be correct as the acceleration of the aircraft has a component v cos 30° in this direction.
r

Part (ii) was also very well answered and only the weakest candidates used r = 9 rather than 9sin60°. A
number of solutions were laboured through using the acceleration in the form re& to find @ and then using
v = ro to find the speed. Occasionally the premature approximation of taking the radius to be 7.8 m led to
an answer which was not correct to three significant figures and thus led to the needless loss of the final
mark.

Answers: (i) 6 N; (ii) 9 ms™.
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Question 6

On the whole there was a high degree of success with parts (i) and (ii), but many of the routes to the
answers were somewhat lengthy. In part (ii) for example, many went to great lengths to first calculate the
time taken to reach the highest point rather than merely state that it was 5 seconds. Others, who seem to
think that all projectile problems are dependent on the use of the equation of the trajectory, first found the
horizontal distance at the instance when the particle was at its highest point.

Although able candidates coped well with part (iii), many of the rest failed to appreciate that it depended on
recognising that, at time T, the vertical component of the velocity was equal to the horizontal component.
Had some of them drawn a simple sketch it could have avoided the frequent error of assuming that at time T,
the components of the velocity were 60cos45° and 60sind45°. Across the whole ability range there were
many who unnecessarily found the speed of the particle (46.9 ms™) at time T during the course of their
calculations.

Answers: (i) 56.4°; (ii) 125 m; (iii) 1.68 seconds.
Question 7
It was a very weak candidate indeed who failed to answer part (i) correctly.

The vertical resolution of the forces in part (ii) was good with a vast improvement in performance over similar
situations occurring in problems in the past. Despite the mass of the stone being given, only in a minority of
solutions was there any evidence of a late adjustment when the first attempt produced, for example, a mass
of 1.5kg.

One of the most frequent failures in part (iii) was to assume that AB = 10m. Examiners got so used to
seeing the incorrect answer 511 J that they knew instantly where the error lay. A more disturbing error was
the assumption that the extension of the string was proportional to the depth of the stone below AB.

Apart from the best candidates, the usual mark obtained in part (iv) was 2. Although the G.P.E. (= 240 J)
invariably appeared in the energy equation, the E.P.E. of the string as the stone passed through the
mid-point of AB did not.

Answers: (i) 39 N; (iii) 650 J; (iv) 16 ms™".

Paper 9709/06
Paper 6

General comments

This Paper elicited a wide range of marks. There were a couple of difficult parts to the questions, but these
were offset by some very easy parts. Only a few candidates appreciated the misleading impression of a
false zero in Question 1. Premature approximation was only a problem in Questions 3 and 4, where some
candidates from certain Centres continued to work to only 1 significant figure and thus did not use their
normal tables correctly.

Comments on specific questions

Question 1

The first part of this question was the worst attempted on the Paper, with many imaginative and varied (but
incorrect) reasons for why the graph was misleading. The stem-and-leaf diagram was very well attempted
by almost everybody. Most candidates remembered to give a key. The median was poorly attempted

however, with many candidates thinking it was the %th term, even from 21 people, and of those who

obtained the correct number (the 11th), some quoted it as 9 rather than 79. Many wrote the numbers out in
order to find the median, rather negating the purpose of a stem-and-leaf diagram.

Answers: (i) false zero; (ii)(b) 79.
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Question 2

Some candidates went straight into a binomial situation here, without realising that taking two pens is
equivalent to taking one pen then taking another without replacement. Again, some managed to do part (i)
correctly, with the help of the answer being given, but could not see any relationship between part (i) and
part (ii). The expected value was followed through provided the probabilities summed to 1.

Answers: (ii) P(0) = e P(1) = !

Question 3

This was well done with pleasing knowledge of the normal distribution. Some candidates lost marks by
premature approximation, taking a z-value of 0.4651 to be 0.46 or 0.47. In part (ii) many candidates looked
up 0.8 backwards in the tables but approximated to 2 significant figures, instead of working with 4. As usual,
some candidates lost a minus sign.

Answers: (i) 0.321; (ii) 14.3 .
Question 4

Part (i) of this question was pleasingly done by a large number of candidates, all of whom recognised the
binomial situation. However, half of the candidates lost a mark for approximating the answer to 3 decimal
places and not 3 significant figures. If 0.0829 was seen anywhere, the candidate gained full marks, but if the
answer appeared straight as 0.083 then a mark was lost for premature approximation.

In part (ii) the normal approximation to the binomial was also very well done, with almost all candidates
recognising the situation and applying a continuity correction.

Answers: (i) 0.0829; (ii) 0.275 .
Question 5

Solutions to permutations and combinations questions continue to improve. The last part needed some
thought and only the real thinkers managed to make a success of it, although most managed to gain some
credit for attempting an option of some sort.

Answers: (i) 120; (ii) 186; (iii) 90.
Question 6

The first two parts were well done, with most candidates understanding what was required, and getting high
marks on the probability in part (ii). Part (iii) needed some understanding, but most candidates made a
beginning by realising there were two options, and many also divided by their answer to part (ii), realising it
was a conditional probability question. However only the most perspicacious finally arrived at the correct
answer.

Answers: (i) %; (ii) %; (iii) g

Question 7

This question was very well done with many candidates achieving full marks. There was some confusion
about what constituted the mid-point of the intervals, but credit was given for trying almost anything apart
from an end point or class width. In working out the standard deviation credit was given for using their (albeit
wrong) mid-point. Thus many method marks were gained by candidates who did not quite produce the final
correct mean and standard deviation. A few candidates used 0.5, 10.5, etc as end points thus losing a mark,
but nearly everyone knew how to calculate frequency density for the histogram. The graphs were very
pleasingly drawn, with straight ruled lines, and scales and axes labelled.

Answers: (i) 18.4, 13.3;
(ii) frequency densities 2.2, 4.0, 3.2, 1.8, 1.0, 0.2 or scaled frequencies usually of 11, 20, 16,
9,5 1.
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Paper 9709/07
Paper 7

General comments

The performance of candidates in this Paper was varied. A number of candidates scored very highly with
well presented, clear solutions. However there were, equally, some very poor attempts from candidates who
were unprepared for this examination.

Candidates performed well on Questions 4 and 6 in particular, and often found Questions 1 to 3 more
challenging. Question 5 on Type I and Type II errors was slightly better answered, in general, than has
been the case in the past.

Comments on working to the correct level of accuracy have been made in the past; the Question Paper
requires three significant figures unless otherwise stated. Whilst in general fewer candidates are losing
marks because of this it is still surprising at this level that some (often very good) candidates still lose marks
due to premature approximation (i.e. working to three significant figures or less in earlier stages of working)
or even confusing significant figure accuracy with decimal place accuracy. This was particularly seen on
Question 2 where the answer required was 0.0834 to three significant figures and many candidates gave an
answer of 0.083, and in Question 5 the answer of 0.0234 was often given as 0.023.

Candidates did not appear to be under any time pressure to complete the Paper (despite many using a
lengthy method in their attempt at Question 1). On the whole candidates gave clear and full solutions.

Comments on specific questions

Question 1

Many candidates did not use the straightforward way of attempting this question (mean = np, variance = npq)
and instead tried to set up a probability distribution table. This caused a time penalty and often errors were
made, (including some very fundamental ones with probabilities in tables totaling more than one). The main
error noted on part (ii) was to multiply the variance in part (i) by 2 rather than by 4.

Some non-numerical solutions to both parts were also seen.
Answers: (i) 2.5, 1.25; (ii) 5, 5.
Question 2

Some candidates correctly appreciated that this was a significance test using a Binomial Distribution.
Common errors were to calculate P(X > 10), P(X < 10), or merely P(X = 10) rather than P(X < 10) and
occasionally contradictory comments were seen in the conclusions (e.g. “Reject Hyo(p = 0.6), therefore the
player had not improved”). The majority of candidates attempted this question using a Normal Distribution
which was not strictly valid as ng was equal to 4.8; however, some credit was given. Many errors were noted
including lack of, or incorrect, continuity correction and much confusion between different methods was seen.
This was not a well attempted question.

Answer. Accept claim at 10% level.
Question 3

Several careless mistakes were seen in calculating the mean, but on the whole candidates were able to
calculate a confidence interval. A particularly common error was to use a wrong z-value. Some candidates
found their own standard deviation from the sample rather than using the given value, or even used

L1 x 3. In part (ii), many candidates ignored the instructions to “use your answer to part (i) and did
n_

unnecessary further calculations (often incorrect). Candidates who did use their confidence interval
calculated in part (i) were often not clear in their explanation. A statement such as “30 was inside the
interval and therefore the claim could be accepted” was required. ‘It is in the interval” was too vague and
could not be accepted. Other incorrect comments such as “Accept the claim because 30 is close to 317,
“Reject because 30 #29.4, and 30 # 32.6” were seen showing a lack of understanding by the candidate.
Most candidates scored some marks on this question, but not many gained full marks.

Answers: (i) (29.4, 32.6), 30% is inside the interval; (ii) Accept claim (at 2% level).
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Question 4

This question was well attempted by the majority of candidates. Errors in part (i) included using wrong limits
for the integration, in part (ii) an error often seen was Ix dx = x? and surprisingly in part (iii) many basic

errors were seen in solving the quadratic equation. Poor algebra and errors suchas m4 -m)=2 =>m=2
or (4 — m) = 2 were too often seen. Candidates often lost the final answer mark in part (iii) by not rejecting
the solution to the quadratic equation which was inadmissible.

Answer. (i) 0.0625; (ii) %; (iii) 0.586 .

Question 5

Whilst attempts at this topic were better than in the past there were still a large number of candidates who
did not attempt the question at all. Lack of clear numerical interpretation of Type I/Type 1II errors was still
evident. Common errors noted were omission of V20 in the denominator when standardising or use of the
wrong tail. In part (ii) 2.1 was often incorrectly used.

Answer: (i) 0.0234; (ii) 0.160 .
Question 6

Many candidates scored well on this question. In part (i) most candidates correctly used A = 1.25 but errors
such as finding P(0, 1, 2, 3, 4), P(1, 2, 3) or 1 — P(0, 1, 2, 3) were seen. In part (ii) some candidates used an
incorrect variance and omitted or used a wrong continuity correction. Many candidates correctly found the
final answer of 0.123 in part (iii), though finding P(4) with A = 1.25 and P(4) with A = 5 and multiplying
these together was a common error, as was merely finding P(4) with A = 5.

Answers: (i) 0.962; (ii) 0.0915; (jii) 0.123 .
Question 7

This was a reasonably well attempted question. In part (i) a common error of 202 x 0.15% or 20 x 0.27% when
calculating the variances was noted by Examiners along with rounding errors. Some candidates considered
2A > Bor A - B < —2rather than A — B > 2, and even attempts to include a continuity correction were seen
0.152

so that A — B > 2 became A — B > 1.5. Of the candidates who found A~ N (20.05, 20

) and

_ 2
B ~ N (20.05 %2

) very few went onto consider A - B > 0.1 (%) and some incorrectly used

A — B >2. Inpart (b) weaker candidates worked with 0.975 and never found the z-value of 1.96 and some
candidates formed an incorrect equation involving an ‘n’ on the numerator. Surprisingly many candidates
incorrectly went from Vn = 14.7 to n = 3.8, and a final answer of 217 or 216.09 was also common.

Answers: (i) 0.0738; (ii) 216.
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1 143
Find the value of the coefficient of p in the expansion of (2x - ;) . [3]

Find all the values of x in the interval 0° < x < 180° which satisfy the equation sin 3x + 2 cos 3x = 0.

[4]

6
(a) Differentiate 4x + = with respect to x. [2]
X
. 6
(b) Find J‘(4x+ =) dx. [3]
X

In an arithmetic progression, the 1st term is —10, the 15th term is 11 and the last term is 41. Find the
sum of all the terms in the progression. [5]

The function f is defined by f : x — ax + b, for x € R, where a and b are constants. It is given that
f(2) =1and f(5) =7.

(i) Find the values of a and b. (2]
(ii) Solve the equation ff(x) = 0. (3]
(i) Sketch the graph of the curve y = 3sinx, for - < x < 7. [2]

The straight line y = kx, where k is a constant, passes through the maximum point of this curve for
—-TSXST.

(ii) Find the value of k in terms of . [2]
(iii) State the coordinates of the other point, apart from the origin, where the line and the curve
intersect. [1]
The line L, has equation 2x + y = 8. The line L, passes through the point A (7, 4) and is perpendicular
toL,.
(i) Find the equation of L2. [4]
(ii) Given that the lines L, and L, intersect at the point B, find the length of AB. [4]
The points A, B, C and D have position vectors 3i + 2k, 2i — 2j + 5k, 2j + 7k and -2i + 10j + 7k
respectively.
(i) Use a scalar product to show that BA and BC are perpendicular. [4]

(ii) Show that BC and AD are parallel and find the ratio of the length of BC to the length of AD. [4]
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)
A 8 cm 0] C

The diagram shows a semicircle ABC with centre O and radius 8 cm. Angle AOB = 0 radians.
(i) In the case where 6 = 1, calculate the area of the sector BOC. [3]

(ii) Find the value of 6 for which the perimeter of sector AOB is one half of the perimeter of
sector BOC. [3]

(iii) In the case where 0 = %n, show that the exact length of the perimeter of triangle ABC is

(24 + 8+/3) cm. [3]

The equation of a curve is y = v/(5x + 4).
(i) Calculate the gradient of the curve at the point where x = 1. [3]
(i) A point with coordinates (x, y) moves along the curve in such a way that the rate of increase of x
has the constant value 0.03 units per second. Find the rate of increase of y at the instant when

x=1. [2]

(iii) Find the area enclosed by the curve, the x-axis, the y-axis and the line x = 1. [5]

The equation of a curve is y = 8x — x°.

(i) Express 8x —x? in the form a — (x + b)?, stating the numerical values of @ and b. [3]
(ii) Hence, or otherwise, find the coordinates of the stationary point of the curve. [2]
(iii) Find the set of values of x for which y > -20. [3]

The function g is defined by g : x — 8x — X2, for x > 4.
(iv) State the domain and range of g_l. [2]

(v) Find an expression, in terms of x, for g_1 (x). [3]

9709/01/M/J/03



4

BLANK PAGE

9709/01/M/J/03



CAMBRIDGE INTERNATIONAL EXAMINATIONS
General Certificate of Education
Advanced Subsidiary Level

MATHEMATICS 9709/02

Paper 2 Pure Mathematics 2 (P2)
May/June 2003

1 hour 15 minutes
Additional materials: Answer Booklet/Paper
Graph paper
List of Formulae (MF9)

READ THESE INSTRUCTIONS FIRST

If you have been given an Answer Booklet, follow the instructions on the front cover of the Booklet.
Write your Centre number, candidate number and name on all the work you hand in.

Write in dark blue or black pen on both sides of the paper.

You may use a soft pencil for any diagrams or graphs.

Do not use staples, paper clips, highlighters, glue or correction fluid.

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case of angles
in degrees, unless a different level of accuracy is specified in the question.

At the end of the examination, fasten all your work securely together.

The number of marks is given in brackets [ ] at the end of each question or part question.

The total number of marks for this paper is 50.

Questions carrying smaller numbers of marks are printed earlier in the paper, and questions carrying larger
numbers of marks later in the paper.

The use of an electronic calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.

This document consists of 3 printed pages and 1 blank page.

UNIVERSITY of CAMBRIDGE

Local Examinations Syndicate [Turn over

© CIE 2003




1  Solve the inequality |x - 4| > |x + 1|. (4]

2 The polynomial x* — 9x% — 6x — 1 is denoted by f(x).

(i) Find the value of the constant a for which

f(x) = P +ax+1)(x* —ax—1). [3]
(ii) Hence solve the equation f(x) = 0, giving your answers in an exact form. [3]
3
y
A
— | R
0 > > X

The diagram shows the curve y = e**. The shaded region R is bounded by the curve and by the lines
x=0,y=0and x =p.

(i) Find, in terms of p, the area of R. [3]

(ii) Hence calculate the value of p for which the area of R is equal to 5. Give your answer correct to
2 significant figures. [3]

4 (i) Show that the equation
tan(45° + x) = 4 tan(45° — x)

can be written in the form

3tan’x — 10tanx + 3 = 0. [4]

(ii) Hence solve the equation
tan(45° + x) = 4tan(45° - x),

for 0° < x < 90°. [3]
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(i) By sketching a suitable pair of graphs, show that the equation
Inx=2-x°
has exactly one root. [3]

(ii) Verify by calculation that the root lies between 1.0 and 1.4. [2]

(iii) Use the iterative formula
x ., =V(@2-Inx)

to determine the root correct to 2 decimal places, showing the result of each iteration. [3]
Th ti f i !
e equationof acurveisy = ———.
d Y 1+ tanx
(i) Show, by differentiation, that the gradient of the curve is always negative. [4]

(ii) Use the trapezium rule with 2 intervals to estimate the value of

i 1
—dx
0 1 +tanx

giving your answer correct to 2 significant figures. [3]

(iii)

1
0] i

The diagram shows a sketch of the curve for 0 < x < in. State, with a reason, whether the
trapezium rule gives an under-estimate or an over-estimate of the true value of the integral in
part (ii). [1]

The parametric equations of a curve are

x=20-sin20, y=2-cos26.

dy
i) Show that — = cot 6. 5
(i) ow tha co [5]
(ii) Find the equation of the tangent to the curve at the point where 6 = j—tn. [3]

(iii) For the part of the curve where 0 < 0 < 27, find the coordinates of the points where the tangent
is parallel to the x-axis. [3]
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1 (i) Show that the equation

sin(x — 60°) — cos(30° —x) = 1

can be written in the form cos x = k, where k is a constant. [2]

(i) Hence solve the equation, for 0° < x < 180°. [2]
1

2 Find the exact value of J xe™ dx. (4]
0

3  Solve the inequality |x - 2| <3-2x. [4]

4  The polynomial x* — 2x® — 2x? + a is denoted by f(x). It is given that f(x) is divisible by x> — 4x + 4.
(i) Find the value of a. (3]

(ii) When a has this value, show that f(x) is never negative. [4]

5  The complex number 2i is denoted by u. The complex number with modulus 1 and argument %n is
denoted by w.

(i) Find in the form x + iy, where x and y are real, the complex numbers w, uw and Z. [4]
w

(ii) Sketch an Argand diagram showing the points U, A and B representing the complex numbers u,

uw and % respectively. [2]
(iii) Prove that triangle UAB is equilateral. [2]
9x* +4
6 Letf(x)= o

C(2x+ 1) (x—2)%
(i) Express f(x) in partial fractions. [5]

(ii) Show that, when x is sufficiently small for x> and higher powers to be neglected,

f(x) = 1 —x + 5x°. [4]
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7  In achemical reaction a compound X is formed from a compound Y. The masses in grams of X and
Y present at time ¢ seconds after the start of the reaction are x and y respectively. The sum of the
two masses is equal to 100 grams throughout the reaction. At any time, the rate of formation of X is

dx
proportional to the mass of Y at that time. When # = 0, x =5 and Tl 1.9.

(i) Show that x satisfies the differential equation

dx

— =0.02(100 - x). 2

— = 0.02(100 - x) 2]
(ii) Solve this differential equation, obtaining an expression for x in terms of 7. [6]
(iii) State what happens to the value of x as t becomes very large. [1]

2
8 The equation of a curve is y = Inx + —, where x > 0.
x

(i) Find the coordinates of the stationary point of the curve and determine whether it is a maximum
or a minimum point. [5]

(ii) The sequence of values given by the iterative formula

2
X L =—
ntl 3 —lnxn

with initial value x, = 1, converges to o.. State an equation satisfied by @, and hence show that o
is the x-coordinate of a point on the curve where y = 3. [2]

(iii) Use this iterative formula to find o correct to 2 decimal places, showing the result of each

iteration. [3]

9 Two planes have equations x + 2y — 2z = 2 and 2x — 3y + 6z = 3. The planes intersect in the straight
line /.

(i) Calculate the acute angle between the two planes. [4]

(ii) Find a vector equation for the line /. [6]

10 (i) Prove the identity

cotx — cot2x = cosec 2x. [3]
iz
(ii) Show that J cotxdx = 1In2. [3]
1
ETE
in
(iii) Find the exact value of J cosec 2x dx, giving your answer in the form aIn b. [4]

1
67[
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2

A crate of mass 800 kg is lifted vertically, at constant speed, by the cable of a crane. Find
(i) the tension in the cable, [1]

(ii) the power applied to the crate in increasing the height by 20 m in 50s. [3]

10N 10N

P
6N

Three coplanar forces of magnitudes 10 N, 10 N and 6 N act at a point P in the directions shown in the
diagram. PQ is the bisector of the angle between the two forces of magnitude 10 N.

(i) Find the component of the resultant of the three forces

(a) in the direction of PQ, [2]
(b) in the direction perpendicular to PQ. [1]
(ii) Find the magnitude of the resultant of the three forces. [2]
v(msh
A
10 f-mmmmm o
cyclist P
cyclist O
» (S
0 - (s)

The diagram shows the velocity-time graphs for the motion of two cyclists P and 0, who travel in
the same direction along a straight path. Both cyclists start from rest at the same point O and both

accelerate at 2ms > up to a speed of 10ms™'. Both then continue at a constant speed of 10ms™.
Q starts his journey 7 seconds after P.

(i) Show in a sketch of the diagram the region whose area represents the displacement of P, from O,
at the instant when Q starts. [1]

Given that P has travelled 16 m at the instant when Q starts, find
(ii) the value of 7', (3]

(iii) the distance between P and Q when Q’s speed reaches 10 m s7L [2]
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A particle moves in a straight line. Its displacement 7 seconds after leaving the fixed point O is
X metres, where x = %tz + %t? Find

(i) the speed of the particle when t = 10, [3]
(ii) the value of r for which the acceleration of the particle is twice its initial acceleration. [3]
0

Sy
Ae

S
Be

S, and S, are light inextensible strings, and A and B are particles each of mass 0.2kg. Particle A is
suspended from a fixed point O by the string S|, and particle B is suspended from A by the string S,.
The particles hang in equilibrium as shown in the diagram.

(i) Find the tensions in S | and Sz~ [3]

The string S, is cut and the particles fall. The air resistance acting on A is 0.4 N and the air resistance
acting on B is 0.2 N.

(ii) Find the acceleration of the particles and the tension in Sz' [5]
A small block of mass 0.15 kg moves on a horizontal surface. The coefficient of friction between the
block and the surface is 0.025.

(i) Find the frictional force acting on the block. [2]

(ii) Show that the deceleration of the block is 0.25 m s72. [2]

The block is struck from a point A on the surface and, 4 s later, it hits a boundary board at a point B.
The initial speed of the block is 5.5ms™".

(iii) Find the distance AB. [2]

The block rebounds from the board with a speed of 3.5ms™' and moves along the line BA. Find
(iv) the speed with which the block passes through A, [2]

(v) the total distance moved by the block, from the instant when it was struck at A until the instant
when it comes to rest. [2]
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The diagram shows a vertical cross-section ABCD of a surface. The parts AB and CD are straight
and have lengths 2.5m and 5.2 m respectively. AD is horizontal, and AB is inclined at 60° to the
horizontal. The points B and C are at the same height above AD. The parts of the surface containing
AB and BC are smooth. A particle P is given a velocity of 8ms™! at A, in the direction AB, and it
subsequently reaches D. The particle does not lose contact with the surface during this motion.

(i) Find the speed of P at B. [4]
(ii) Show that the maximum height of the cross-section, above AD, is less than 3.2 m. [2]
(iii) State briefly why P’s speed at C is the same as its speed at B. [1]

(iv) The frictional force acting on the particle as it travels from C to D is 1.4 N. Given that the mass
of P is 0.4 kg, find the speed with which P reaches D. [4]
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48 cm

A

A frame consists of a uniform circular ring of radius 25 cm and mass 1.5 kg, and a uniform rod of
length 48 cm and mass 0.6 kg. The ends A and B of the rod are attached to points on the circumference
of the ring, as shown in the diagram. Find the distance of the centre of mass of the frame from the

centre of the ring. [4]

A uniform solid hemisphere, with centre O and radius 4 cm, is held so that a point P of its rim is in
contact with a horizontal surface. The plane face of the hemisphere makes an angle of 70° with the
horizontal. Q is the point on the axis of symmetry of the hemisphere which is vertically above P. The
diagram shows the vertical cross-section of the hemisphere which contains O, P and Q.

(i) Determine whether or not the centre of mass of the hemisphere is between O and Q. [3]

The hemisphere is now released.

(ii) State whether or not the hemisphere falls on to its plane face, giving a reason for your answer.

(2]
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2.5m

A uniform beam AB has length 6 m and mass 45 kg. One end of a light inextensible rope is attached
to the beam at the point 2.5 m from A. The other end of the rope is attached to a fixed point P on a
vertical wall. The beam is in equilibrium with A in contact with the wall at a point 5 m below P. The
rope is taut and at right angles to AB (see diagram). Find

(i) the tension in the rope, (4]

(ii) the horizontal and vertical components of the force exerted by the wall on the beam at A. [3]

A particle of mass 0.2 kg moves in a straight line on a smooth horizontal surface. When its displacement
from a fixed point on the surface is x m, its velocity is vim s™!. The motion is opposed by a force of

1
itude — N.
magnitude —

dv
i) Show that 3v> — = —5. 3
(i) ow tha vdx (3]

(ii) Find the value of v when x = 7.4, given that v = 4 when x = 0. [4]

A toy aircraft of mass 0.5 kg is attached to one end of a light inextensible string of length 9 m. The
other end of the string is attached to a fixed point O. The aircraft moves with constant speed in a
horizontal circle. The string is taut, and makes an angle of 60° with the upward vertical at O (see
diagram). In a simplified model of the motion, the aircraft is treated as a particle and the force of the
air on the aircraft is taken to act vertically upwards with magnitude 8 N. Find

(i) the tension in the string, [3]

(ii) the speed of the aircraft. (4]
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6 A particle is projected with speed 60 ms™! from a point on horizontal ground. The angle of projection
is a° above the horizontal. The particle reaches the ground again after 10s.

(i) Find the value of «. [3]
(ii) Find the greatest height reached by the particle. [2]

(iii) At time T s after the instant of projection the direction of motion of the particle is at an angle
of 45° above the horizontal. Find the value of 7. [4]

A light elastic string has natural length 10 m and modulus of elasticity 130 N. The ends of the string
are attached to fixed points A and B, which are at the same horizontal level. A small stone is attached
to the mid-point of the string and hangs in equilibrium at a point 2.5 m below AB, as shown in the
diagram. With the stone in this position the length of the string is 13 m.
(i) Find the tension in the string. [2]
(ii) Show that the mass of the stone is 3 kg. [2]
The stone is now held at rest at a point 8 m vertically below the mid-point of AB.

(iii) Find the elastic potential energy of the string in this position. [3]

(iv) The stone is now released. Find the speed with which it passes through the mid-point of AB. [4]
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Sales of Superclene Toothpaste

5100

5080

5060

Sales 5040

5020

5000

4980

1998

1999

Year

2001 2002

The diagram represents the sales of Superclene toothpaste over the last few years. Give a reason

why it is misleading.

(ii) The following data represent the daily ticket sales at a small theatre during three weeks.

52, 73, 34, 85, 62, 79, 89, 50, 45, 83, 84, 91, 85, 84, 87, 44, 86, 41, 35, 73, 86.

[1]

(a) Construct a stem-and-leaf diagram to illustrate the data. [3]
(b) Use your diagram to find the median of the data. [1]
2 A box contains 10 pens of which 3 are new. A random sample of two pens is taken.
(i) Show that the probability of getting exactly one new pen in the sample is % [2]
(ii) Construct a probability distribution table for the number of new pens in the sample. [3]
(iii) Calculate the expected number of new pens in the sample. [1]
3 (i) The height of sunflowers follows a normal distribution with mean 112 cm and standard deviation

17.2cm. Find the probability that the height of a randomly chosen sunflower is greater than

120 cm.

[3]

(ii) When a new fertiliser is used, the height of sunflowers follows a normal distribution with mean
115 cm. Given that 80% of the heights are now greater than 103 cm, find the standard deviation.
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Kamal has 30 hens. The probability that any hen lays an egg on any day is 0.7. Hens do not lay more
than one egg per day, and the days on which a hen lays an egg are independent.

(i) Calculate the probability that, on any particular day, Kamal’s hens lay exactly 24 eggs. [2]

(ii) Use a suitable approximation to calculate the probability that Kamal’s hens lay fewer than 20 eggs
on any particular day. [5]

A committee of 5 people is to be chosen from 6 men and 4 women. In how many ways can this be
done

(i) if there must be 3 men and 2 women on the committee, [2]
(ii) if there must be more men than women on the committee, [3]

(iii) if there must be 3 men and 2 women, and one particular woman refuses to be on the committee
with one particular man? [3]

The people living in 3 houses are classified as children (C), parents (P) or grandparents (G). The
numbers living in each house are shown in the table below.

House number 1 | House number 2 | House number 3

4C, 1P, 2G 2C, 2P, 3G 1C, 1G

(i) All the people in all 3 houses meet for a party. One person at the party is chosen at random.
Calculate the probability of choosing a grandparent. [2]

(ii) A house is chosen at random. Then a person in that house is chosen at random. Using a tree
diagram, or otherwise, calculate the probability that the person chosen is a grandparent. [3]

(iii) Given that the person chosen by the method in part (ii) is a grandparent, calculate the probability

that there is also a parent living in the house. (4]

A random sample of 97 people who own mobile phones was used to collect data on the amount of
time they spent per day on their phones. The results are displayed in the table below.

Time spent per

. 0<r<5 | 5€t<10 [10<r<20|20<t<30|30<t<40|40<t<70
day (¢ minutes)

Number

11 20 32 18 10 6
of people

(i) Calculate estimates of the mean and standard deviation of the time spent per day on these mobile
phones. [5]

(ii) On graph paper, draw a fully labelled histogram to represent the data. [4]
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A fair coin is tossed 5 times and the number of heads is recorded.
(i) The random variable X is the number of heads. State the mean and variance of X. [2]

(ii) The number of heads is doubled and denoted by the random variable Y. State the mean and
variance of Y. [2]

Before attending a basketball course, a player found that 60% of his shots made a score. After
attending the course the player claimed he had improved. In his next game he tried 12 shots and
scored in 10 of them. Assuming shots to be independent, test this claim at the 10% significance level.

[5]

A consumer group, interested in the mean fat content of a particular type of sausage, takes a random
sample of 20 sausages and sends them away to be analysed. The percentage of fat in each sausage is
as follows.

26 27 28 28 28 29 29 30 30 31 32 32 32 33 33 34 34 34 35 35

Assume that the percentage of fat is normally distributed with mean p, and that the standard deviation
is known to be 3.

(i) Calculate a 98% confidence interval for the population mean percentage of fat. [4]
(ii) The manufacturer claims that the mean percentage of fat in sausages of this type is 30. Use your

answer to part (i) to determine whether the consumer group should accept this claim. [2]

A random variable X has probability density function given by

1-1 0<x<2,
f(x):{ 5X x

0 otherwise.
(i) Find P(X > 1.5). [2]
(ii) Find the mean of X. [2]
(iii) Find the median of X. [3]

Over a long period of time it is found that the time spent at cash withdrawal points follows a normal
distribution with mean 2.1 minutes and standard deviation 0.9 minutes. A new system is tried out,
to speed up the procedure. The null hypothesis is that the mean time spent is the same under the
new system as previously. It is decided to reject the null hypothesis and accept that the new system
is quicker if the mean withdrawal time from a random sample of 20 cash withdrawals is less than
1.7 minutes. Assume that, for the new system, the standard deviation is still 0.9 minutes, and the time
spent still follows a normal distribution.

(i) Calculate the probability of a Type I error. [4]

(ii) If the mean withdrawal time under the new system is actually 1.5 minutes, calculate the probability
of a Type II error. (4]
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Computer breakdowns occur randomly on average once every 48 hours of use.
(i) Calculate the probability that there will be fewer than 4 breakdowns in 60 hours of use. [3]

(ii) Find the probability that the number of breakdowns in one year (8760 hours) of use is more than
200. 4]

(iii) Independently of the computer breaking down, the computer operator receives phone calls
randomly on average twice in every 24-hour period. Find the probability that the total number
of phone calls and computer breakdowns in a 60-hour period is exactly 4. [3]

Machine A fills bags of fertiliser so that their weights follow a normal distribution with mean 20.05 kg
and standard deviation 0.15 kg. Machine B fills bags of fertiliser so that their weights follow a normal
distribution with mean 20.05 kg and standard deviation 0.27 kg.

(i) Find the probability that the total weight of a random sample of 20 bags filled by machine A is
at least 2 kg more than the total weight of a random sample of 20 bags filled by machine B. [6]

(ii) A random sample of n bags filled by machine A is taken. The probability that the sample mean

weight of the bags is greater than 20.07 kg is denoted by p. Find the value of n, given that
p = 0.0250 correct to 4 decimal places. [4]
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Page 1 Mark Scheme Syllabus
MATHEMATICS — JUNE 2003 9709

Mark Scheme Notes

Marks are of the following three types:

M Method mark, awarded for a valid method applied to the problem. Method
marks are not 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, e.g. by substituting the relevant
quantities into the formula. Correct application of a formula without the formula
being quoted obviously earns the M mark and in some cases an M mark can
be implied from a correct answer.

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).

B Mark for a correct result or statement independent of method marks.

When a part of a question has two or more "method" steps, the M marks are
generally independent unless the scheme specifically says otherwise; and similarly
when there are several B marks allocated. The notation DM or DB (or dep*) is used
to indicate that a particular M or B mark is dependent on an earlier M or B
(asterisked) mark in the scheme. When two or more steps are run together by the
candidate, the earlier marks are implied and full credit is given.

The symbol \ implies that the A or B mark indicated is allowed for work correctly
following on from previously incorrect results. Otherwise, A or B marks are given for
correct work only. A and B marks are not given for fortuitously "correct" answers or
results obtained from incorrect working.

Note: B2 or A2 means that the candidate can earn 2 or O.
B2/1/0 means that the candidate can earn anything from 0 to 2.

The marks indicated in the scheme may not be subdivided. If there is genuine doubt
whether a candidate has earned a mark, allow the candidate the benefit of the
doubt. Unless otherwise indicated, marks once gained cannot subsequently be lost,
e.g. wrong working following a correct form of answer is ignored.

Wrong or missing units in an answer should not lead to the loss of a mark unless the
scheme specifically indicates otherwise.

For a numerical answer, allow the A or B mark if a value is obtained which is correct
to 3 s.f., or which would be correct to 3 s.f. if rounded (1 d.p. in the case of an
angle). As stated above, an A or B mark is not given if a correct numerical answer
arises fortuitously from incorrect working. For Mechanics questions, allow A or B
marks for correct answers which arise from taking g equal to 9.8 or 9.81 instead of
10.

© University of Cambridge Local Examinations Syndicate 2003



Page 2 Mark Scheme Syllabus

MATHEMATICS - JUNE 2003 9709

The following abbreviations may be used in a mark scheme or used on the scripts:

AEF

AG

BOD

CAO

CWO

ISW

MR

PA

SOS

SR

MR -1

PA -1

Any Equivalent Form (of answer is equally acceptable)

Answer Given on the question paper (so extra checking is needed to
ensure that the detailed working leading to the result is valid)

Benefit of Doubt (allowed when the validity of a solution may not be
absolutely clear)

Correct Answer Only (emphasising that no "follow through" from a
previous error is allowed)

Correct Working Only — often written by a ‘fortuitous' answer
Ignore Subsequent Working
Misread

Premature Approximation (resulting in basically correct work that is
insufficiently accurate)

See Other Solution (the candidate makes a better attempt at the same
question)

Special Ruling (detailing the mark to be given for a specific wrong
solution, or a case where some standard marking practice is to be varied
in the light of a particular circumstance)

Penalties

A penalty of MR -1 is deducted from A or B marks when the data of a
question or part question are genuinely misread and the object and
difficulty of the question remain unaltered. In this case all A and B marks
then become "follow through V"marks. MR is not applied when the
candidate misreads his own figures — this is regarded as an error in
accuracy. An MR-2 penalty may be applied in particular cases if agreed at
the coordination meeting.

This is deducted from A or B marks in the case of premature
approximation. The PA -1 penalty is usually discussed at the meeting.
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Page 1 Mark Scheme Syllabus Paper
A AND AS LEVEL — JUNE 2003 9709 1
1. (2x — 1/x)°. 4" term needed.
—5C3=5.4/2 M1 | Must be 4™ term — needs (2x)? (1/x)*
—>x22x(-1) DM1 | Includes and converts 5C, or 5C3
—-40 A1 | Co
[3]
Whole series given and correct term
not quoted, allow 2/3
2. sin3x + 2cos3x = 0
tan3x = -2 M1 | Use of tan = sin + cos with 3x
x =38.9 (8) A1 | Co
and x=98.9(8) A1~ | For 60 + “his”
and x=158.9(8) A1~ | For 120 + “his” and no others in range
(ignore excess ans. outside range)
[4] | Loses last A mark if excess answers
in the range
NB. sin?3x + cos?3x = 0 etc. MO
But sin?3x = (-2cos3x)? plus use of
s?+c?=1is OK
Alt. V5sin(3x + o ) or Y5cos(3x - « ) both
OK
3. (a)dy/dx =4 — 12x3 B2, 1 | One off for each error (4, -, 12, -3)
(2]
(b) I: 2x*—6x" + ¢ 3 x B1| One for each term — only give +c if
[3] | obvious attempt at integration
(a) (quotient OK M1 correct formula, A1
co)
4, a=-10 a+14d =11 d=32 M1 | Usinga=(n-1)d
M1 | Correct method — not for a + nd
a+(n-1)d=41 n=35 A1 | Co
Either S, =n/2(2a + (n -1)d) orn/2(a +1) | M1 | Either of these used correctly
=542.5 A1 | For hisd and any n
[5]
5. (2a+b=1andb5a+b=7 M1 | Realising how one of these is formed
—>a=2andb=-3 A1 | Co
[2]
(ii) f(x) = 2x - 3 ff(x) =2(2x—3)-3 | M1 | Replacing “x” by “his ax + b” and “+b”
— 4x-9 DM1 | For his a and b and solved = 0
=0 when x = 2.25 A1 | Co
(3]
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Syllabus Paper

A AND AS LEVEL - JUNE 2003 9709 1

(i)

INY
e
\A

B2, 1

[2]

For complete cycle, shape including
curves, not lines, -3 to +3 shown or
implied, for - to =. Degrees ok

(i) x = n/2, y = 3 (allow if 90°) M1 | Realising maximum is (n/2, 3) + sub
— k=6/n co. A1 | Co (even if no graph)
[2]
(iii) (-m/2, -3) — must be radians B1 | Co (could come from incorrect graph)
[1]
(i) .
Lln ﬂ L?_
(78
S d

Gradient of Ly = -2 B1 | Co—anywhere

Gradientof L, = %2 M1 Use of mim, = -1

Eqnofl,y—4="%(x-7) M1A14| Use of line eqn —or y = mx + c. Line

[4] | must be through (7, 4) and non-
parallel

(i) Sim Eqgns M1 | Solution of 2 linear eqns

- x=3,y=2 A1 | Co

AB = (2% +4%) =20 or 4.47 M1A1 | Correct use of distance formula. Co

[4]

(i) BA =a-b=i+ 2j -3k M1 | Knowing how to use position vector
B_C’=c—b=-2i+4j+2k for BA or BC —not for AB or CB
Dot product=-2+8-6=0 M1A1 | Knowing how to use X1y + Xay2 + X3Yy3.

Co
— Perpendicular A1 | Correct deduction. Beware fortuitous
[4] (uses AB or CB - can get 3 out of 4)
(i) BC =c—b=-2i+4j+2k M1 | Knowing how to get one of these
AD =d-a=-5i + 10j + 5k

These are in the same ratio \ .

parallel M1 | Both correct + conclusion. Could be

dot product = 60 — angle = 0°

Ratio = 2:5 (or ¥24: V150) M1A1 | Knowing what to do. Co. Allow 5:2

[4]
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A AND AS LEVEL — JUNE 2003 9709 1
9.
e, N
N \8 '\\II
YO AN P
(i) 8 =1 angle BOC = -6 B1 | For n-8 or for Yanr?— sector
Area = %r’0 = 68.5 or 32(n-1) | M1 | Use of %r’0
(or Yacircle-sector) A1 | Co
[3]| NB. 32 gets M1 only
(i) 8 + 8 + 80 = 4(8 + 8 + 8(n-0)) M1 | Relevant use of s = rf twice
Solution of this eqn M1 | Needs 6 — collected — needs
perimeters
— 0.381 or "/3(n-2) A1 | Co.
[3]
(ii)6e=n/3  AB=8cm B1 | Co.
BC = 2 x 8sinn/3 = 83 M1 | Valid method for BC — cos rule, Pyth
] allow decimals here
Perimeter = 24 + 83 A1 | Everything OK. Answer given
[3]| NB. Decimal check loses this mark
10. y=+(5x+4)
(i) dy/dx = ¥4(5x + 4)" x 5 B1B1| %(5x +4)” x5 B1 for each part
x =1, dy/dx = 5/6 B1 | Co
[3]
(i) dy/dt = dy/dx x dx/dt M1 | Chain rule correctly used
=5/6x 0.03
— 0.025 A1~ | For (i) x 0.03
[2]
(iii) realises that area — M1 | Realisation + attempt — must be
integration (5x + 4)
j = (5x+4)?2 +3, + 5 A1A1 | For (5x+ 4)¥2 + %, For + 5
Use of limits —> 54/15 - 16/15 DM1 | Must use “0” to “1”
= 38/15=2.53 A1 | Co

[5]
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Mark Scheme

Syllabus Paper

A AND AS LEVEL - JUNE 2003

9709 1

1.  ()8x-x*=a-x*—b?—-2bx +
equating
—>b=-4
a=b?=16 (i.e. 16 — (x - 4)9)

(i) dy/dx = 8 — 2x = 0 when
— (4, 16) (or from —b and a)

(iii) 8x — x*=-20
x? —8x — 20 = (x — 10)(x + 2)
End values -2 and 10
Interval —-2=x=10

g:x > 8x—x* for x=4

(iv) domain of g"is x = 16
range of g is g"'=4

(V)y=8x—-x*—> x*-8x+y=0
x =8+(64 —4y) + 2
g”(x) =4 + (16 - x)

or(x—472=16-y > x=4+(16 —y)
— y=4+(16 —x)

M1
B1
A1

[3]

M1
A1

[2]

M1
A1
A1

[3]

B1+
B1

[2]

M1

DM1
A1

[3]

Knows what to do — some equating
Anywhere — may be independent
For 16- ( )?

Any valid complete method
Needs both values

Sets to 0 + correct method of solution
Co —independent of < or > or =
Co —including = (< gets A0)

From answer to (i) or (ii). Accept <16
Not f.t since domain of g given

Use of quadratic or completed square
expression to make x subject

Replaces y by x
Co (inc. omission of -)
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A AND AS LEVEL - JUNE 2003 9709 2

1 EITHER: State or imply non-modular inequality (x - 4)*> (x + 1),

or corresponding equation B1
Expand and solve a linear inequality, or equivalent M1
Obtain critical value 174 A1
State correct answer x < 1% (allow =) A1
OR: State a correct linear equation for the critical value e.g. 4 - x = x + 1 B1
Solve the linear equation for x M1
Obtain critical value 174, or equivalent A1
State correct answer x < 1% A1

OR: State the critical value 1'%, or equivalent, from a graphical method or by
inspection or by solving a linear inequality B3
State correct answer x < 1% B1
[4]
2 (i) EITHER: Expand RHS and obtain at least one equation for a M1
Obtain a® = 9 and 2a = 6, or equivalent A1
State answer a = 3 only A1
OR: Attempt division by x* + ax + 1 or X - ax -1, and obtain an equation in a M1
Obtain a®> =9 and either a*-lla+ 6 =0o0r a*-7a-6 = 0, or equivalent A1
State answer a = 3 only A1

[Special case: the answer a = 3, obtained by trial and error, or by

inspection, or with no working earns B2.] [3]
(i) Substitute for a and attempt to find zeroes of one of the quadratic factorsM1
Obtain one correct answer A1
State all four solutions (-3 + \/g) and (3 £ \/E), or equivalent A1
[3]
3 (i) State or imply indefinite integral of e is e, or equivalent B1
Substitute correct limits correctly M1
Obtain answer R = % e®® - %, or equivalent A1

(i)

[3]

Substitute R = 5 and use logarithmic method to obtain an equation

in 2p M1*
Solve for p M1 (dep*)
Obtain answer p = 1.2 (1.1989 ...) A1

[3]
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4 (i)

(i)

s (i)

(i)

(iii)

6 (i)

(ii)

Use tan (A £ B) formula to obtain an equation in tan x
tanx+1 _4(1—tanx)

State equation , Or equivalent

l1-tanx 1+tanx
Transform to a 2- or 3-term quadratic equation
Obtain given answer correctly

Solve the quadratic and calculate one angle, or establish that
t="/, 3 (only)

Obtain one answer, e.g. x = 18.4° = 0.1°

Obtain second answer x = 71.6° and no others in the range

[lgnore answers outside the given range]

Make recognizable sketch over the given range of two suitable
graphs,e.g. y=Inxand y =2 - ¥

State or imply link between intersections and roots and justify
given answer

Consider sign of In x - (2 - ¥*) at x = 1 and x = 1.4, or equivalent
Complete the argument correctly with appropriate calculation

Use the given iterative formula correctly with 1= x, =1.4
Obtain final answer 1.31

Show sufficient iterations to justify its accuracy to 2d.p.,

or show there is a sign change in the interval (1.305, 1.315)

Attempt to apply the chain or quotient rule
Obtain derivative of the form _ksec® x _ or equivalent
(1 + tan x)?
Obtain correct derivative — __sec®x __ or equivalent
(1 + tan x)?
Explain why derivative, and hence gradient of the curve, is
always negative

State or imply correct ordinates: 1, 0.7071.., 0.5
Use correct formula, or equivalent, with h = /e and three ordinates
Obtain answer 0.57 (0.57220...) = 0.01 (accept 0.18n)

© University of Cambridge Local Examinations Syndicate 2003

M1
A1

M1
A1

[4]

M1
A1
A1

[3]

B1+B1

B1

[3]

M1
A1

[2]

M1
A1

A1

[3]

M1
A1

A1

A1

[4]

B1
M1
A1

[3]
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A AND AS LEVEL — JUNE 2003 9709 2
(iii) Justify the statement that the rule gives an over-estimate B1
[1]
7 (i) State ﬂ=2—2003 20 or ﬂ=2$in 20 B1
de de
Use Q = ﬂ + ﬁ M1
dcx df db
Obtain answer Q = M or equivalent A1
dx 2-2cos20

Make relevant use of sin 2A and cos 2A formulae (indep.) M1
Obtain given answer correctly A1
[5]

.. . . dy . .
(i) Substitute 8 = Yan in o and both parametric equations M1

x
. dy
Obtain — =1, x="Yen -1,y =2 A1
dx

Obtain equation y = x + 1.43 , or any exact equivalent A1y
[3]
(iii) State or imply that tangent is horizontal when & = % or */,n B1
Obtain a correct pair of x, y or x- or y-coordinates B1
State correct answers (r, 3) and (3x, 3) B1

© University of Cambridge Local Examinations Syndicate 2003
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A AND AS LEVEL — JUNE 2003 9709/8719 3
1 (i) Use trig formulae to express LHS in terms of sin x and cos x M1
Use cos 60° = sin 30° to reduce equation to given form cos x = k M1
[2]
(i) State or imply that k = - % (accept -0.577 or -0.58) A1
Obtain answer x = 125.3° only A1
[Answer must be in degrees; ignore answers outside the given range.]
[SR:if k= 2 is followed by x = 54.7°, give AOA1Y ]
3
[2]
2 State first step of the form kxe® =+ [ke® dx M1
Complete the first step correctly A1
Substitute limits correctly having attempted the further integration
of ke* M1
Obtain answer % (e® + 1) or exact equivalent of the form ae?+ b,
having used e° =1 throughout A1
[4]
3 EITHER State or imply non-modular inequality (x -2)?< (3 -2x)?, or
corresponding equation B1
Expand and make a reasonable solution attempt at a 2- or 3-term
quadratic, or equivalent M1
Obtain critical value x = 1 A1
State answer x < 1 only A1
OR State the relevant linear equation for a critical value,
i.e. 2-x=3-2x, or equivalent B1
Obtain critical value x = 1 B1
State answer x < 1 B1
State or imply by omission that no other answer exists B1
OR Obtain the critical value x = 1 from a graphical method, or by inspection,
or by solving a linear inequality B2
State answer x < 1 B1
State or imply by omission that no other answer exists B1
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4 (i) EITHER State or imply that x - 2 is a factor of f(x) B1

Substitute 2 for x and equate to zero M1
Obtain answer a = 8 A1
[The statement (x -2)*= x* - 4x + 4 earns B1]

OR Commence division by x* - 4x + 4 and obtain partial quotient x* + 2x  B1
Complete the division and equate the remainder to zero M1
Obtain answer a = 8 A1

OR Commence inspection and obtain unknown factor x> + 2x + ¢ B1
Obtain 4¢ = a and an equation in ¢ M1
Obtain answer a = 8 A1

[3]
(i) EITHER Substitute a = 8 and find other factor x* + 2x + 2 by inspection

or division B1
State that x* - 4x + 4 = 0 for all x (condone > for =) B1
Attempt to establish sign of the other factor M1
Show that x* + 2x + 2 > 0 for all x and complete the proof A1
[An attempt to find the zeros of the other factor earns M1.]

OR Equate derivative to zero and attempt to solve for x M1
Obtain x = -2 and 2 A1
Show correctly that f(x) has a minimum at each of these values A1
Having also obtained and considered x = 0, complete the proof A1

[4]
. . 2 L2 ,
5 (i) State or imply w = cos Y T +isin 3 7 (allow decimals) B1

Obtain answer uw = - \/5 - i (allow decimals) B1+

(ii)

(iif)

Multiply numerator and denominator of L by -1 - i\/§, or equivalent M1

w

Obtain answer v \/5 - i (allow decimals)
w

Show U on an Argand diagram correctly
Show A and B in relatively correct positions

A1
[4]

B1
B1+

[2]

Prove that AB = UA (or UB), or prove that angle AUB = angle ABU

(or angle BAU) or prove, for example, that AO = OB and angle

AOB = 120°, or prove that one angle of triangle UAB equals 60°

Complete a proof that triangle UAB is equilateral

© University of Cambridge Local Examinations Syndicate 2003
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6 (i) EITHER Stateorimplyf(x)= _A +_B + _ C B1
2x+1  x-2 (x-2)
State or obtain A = 1 B1
State or obtain C =8 B1
Use any relevant method to find B M1
Obtain value B = 4 A1
OR State orimplyf(x)=_A + Dx+E
2x+1  (x-2) B1
State or obtain A = 1 B1
Use any relevant method to find D or E M1
Obtain value D = 4 A1
Obtain value E =0 A1
[5]

(ii) EITHER Use correct method to obtain the first two terms of the

OR

expansion of (1 + 2x)" or (x —2)" or (x - 2)2or (1- ¥%x)"or (1 - Yax)?> M1
Obtain any correct sum of unsimplified expansions up to the

terms in x* (deduct A1 for each incorrect expansion) A2+
Obtain the given answer correctly A1

[Unexpanded binomial coefficients involving -1 or -2, e.g. [1 J are not

sufficient for the M1.]
[ft.ison A, B, C, D, E.]

[Apply this scheme to attempts to expand (9x% +4)(1+2x)(x - 2)?, giving
M1A2 for a correct product of expansions and A1 for multiplying out and
reaching the given answer correctly.]

[Allow attempts to multiply out (1 + 2x)(x - 2)? (1 - x + 5x?), giving B1 for
reduction to a product of two expressions correct up to their terms in x*,
M1 for attempting to multiply out as far as terms in x*, A1 for a correct
expansion, and A1 for obtaining 9x* + 4 correctly.]

[SR: B or C omitted from the form of partial fractions. In part (i) give the first
B1, and M1 for the use of a relevant method to obtain A, B, or C, but no
further marks. In part (ii) only the M1 and A1+ for an unsimplified sum are
available.]

[SR: E omitted from the form of partial fractions. In part (i) give the first B1,
and M1 for the use of a relevant method to obtain A or D, but no further
marks. In part (ii) award M1A2VA1 as in the scheme.]

Differentiate and evaluate f(0) and f'(0) M1
Obtain f(0) = 1 and f(0) = -1 A1
Differentiate and obtain f*(0) = 10 A1
Form the Maclaurin expansion and obtain the given answer correctly A1
[4]
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. . dx

7 (i) State or imply that 7 =k (100 - x) B1
t

Justify k= 0.02 B1

[2]
(i) Separate variables and attempt to integrate 5 M1
-X

Obtain term — In (100 - x), or equivalent A1

Obtain term 0.02t, or equivalent A1

Use x = 5, t = 0 to evaluate a constant, or as limits M1

Obtain correct answer in any form, e.g. -In(100 - x) = 0.02t - In 95 A1
Rearrange to give x in terms of tin any correct form,
e.g. x = 100 - 95exp(-0.02%) A1

[6]

[SR: In (100 - x) for -In (100 - x). If no other error and x = 100 - 95exp(0.02t) or
equivalent obtained, give MTAOATM1A0A11]

(iii) State that x tends to 100 as t becomes very large B1
1]
8 (i) State derivative 1- 2 , or equivalent B1
2
X X
Equate 2-term derivative to zero and attempt to solve for x M1
Obtain coordinates of stationary point (2, In 2 +1), or equivalent A1+A1
Determine by any method that it is a minimum point,
with no incorrect work seen A1
[5]
(i) State or imply the equation a = B1
3-Ina
Rearrange thisas 3=1In o + 2 (or vice versa) B1
a
[2]
(iii) Use the iterative formula correctly at least once M1
Obtain final answer 0.56 A1
Show sufficient iterations to justify its accuracy to 2 d.p., or show
there is a sign change in the interval (0.555, 0.565) A1
[3]
9 (i) State or imply a correct normal vector to either plane,
e.g.i+2j-2kor2i-3j+6k B1
Carry out correct process for evaluating the scalar product of both
the normal vectors M1

Using the correct process for the moduli, divide the scalar product

of the two normals by the product of their moduli and evaluate the

inverse cosine of the result M1
Obtain answer 40.4° (or 40.3°) or 0.705 (or 0.704) radians A1
[Allow the obtuse answer 139.6° or 2.44 radians]

[4]
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(ii) EITHER Carry out a complete strategy for finding a point on 1 M1
Obtain such a point e.g. (0, 3, 2) A1

EITHER Set up two equations for a direction vector
ai+tbj+tckofleg.a+2b-2c=0

and 2a—-3b +6¢c=0 B1
Solve for one ratio, e.g. a:b M1
Obtain a:b:c = 6: -10: -7, or equivalent A1
State a correct answer, e.g. r = 3j + 2k + A (6i - 10j - 7k) A1

OR Obtain a second pointon [, e.g. (6, -7, -5) A1
Subtract position vectors to obtain a direction vector for [ M1
Obtain 6i - 10j - 7k, or equivalent A1
State a correct answer, e.g. r = 3j + 2k + A (6i - 10j - 7k) A1V

OR Attempt to find the vector product of the two normal vectors M1
Obtain two correct components A1
Obtain 6i - 10j - 7k, or equivalent A1
State a correct answer, e.g. r = 3j + 2k + A (6i - 10j - 7k) A1

OR Express one variable in terms of a second M1

Obtain a correct simplified expression, e.g. x = (9 - 3y)/5 A1

Express the same variable in terms of the third and form

a three term equation M1

Incorporate a correct simplified expression, e.g. x = (12 - 62)/7

in this equation A1

Form a vector equation for the line M1

X 0 1
State a correct answer, e.g. | y = |3 |+| =5/3 | A, or equivalent AN

z 2 -7/6

OR Express one variable in terms of a second M1
Obtain a correct simplified expression, e.g. y = (9 - 5x)/3 A1
Express the third variable in terms of the second M1
Obtain a correct simplified expression, e.g. z = (12 - 7x)/6 A1
Form a vector equation for the line M1
X 0 1
State a correct answer, e.g. | vy [= |3 |+ 4| —5/3 |, or equivalent A1V
z 2 -7/6
[6]
10(i) EITHER Make relevant use of the correct sin 2A formula M1
Make relevant use of the correct cos 2A formula M1
Derive the given result correctly A1
OR Make relevant use of the tan 2A formula M1
Make relevant use of 1 + tan? A = sec? A or cos? A + sin? A = 1 M1
Derive the given result correctly A1

[3]
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(i) State or imply indefinite integral is In sin x, or equivalent B1
Substitute correct limits correctly M1
Obtain given exact answer correctly A1
[3]
(iii) EITHER State indefinite integral of cos 2x is of the form k In sin 2x M1
State correct integral 72 In sin 2x A1
Substitute limits correctly throughout M1
Obtain answer 4 1n 3, or equivalent A1
OR State or obtain indefinite integral of cosec 2x is of the form k In tan x,
or equivalent M1
State correct integral 'z In tan x, or equivalent A1
Substitute limits correctly M1
Obtain answer %4 In 3, or equivalent A1

[4]
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Mechanics 1
(i) Tension is 8000 N or 800g B1 1
Accept 7840 N (from 9.8) or 7850 (from 9.81)
AW
P Forusing P=——orP=Tv M1
(ii) g At
20
AW =8000x20o0r V=% A1 ft
Power applied is 3200 W A1 3
Accept 3140 W (from 9.8 or 9.81)
SR (for candidates who omit g) (Max 2 out of 3)
P=800x20+50 B1 Power applied is 320 W B1
(i) (a) | For resolving in the direction PQ M1
Component is 2 x 10cos30° — 6¢os60° A1 2
or14.3Nor 1043 -3 N
(b) | Component is + 6c0s30° — 6¢cos60° or £5.20 N B1 1
or 343 N
SR (for candidates who resolve parallel to and
perpendicular to the force of magnitude 6 N)
(Max 2 out of 3)
For resolving in both directions M1
For X =6 — 10cos 30° or —2.66 N and
Y =10 + 10sin 30°0r 15 N A1
SR (for candidates who give a combined answer for (a)
and (b)) (Max 2 out of 3)
For resolving in both directions M1
For (6cos30°)i + (2 x10cos30° — 6¢cos60°)j or any vector
equivalent A1
(i) | For using Magnitude = \/ans(i)2 + ans(ii)? M1
Magnitude is 15.2 N Alft |2
ft only following sin/cos mix and for answer 5.66 N
(i) Region under v = 2t from t = 0 to ¢t = T indicated B1 1
(i) For attempting to set up and solve an equation using M1
area A =16  or for using s = ¥4 262
For 16 = 1, 2T A1
T=4 A1 3
SR (for candidates who find the height of the A but do
not score M1) (Max 1 out of 3)
ForhIT=2orh=2Torv=_8 B1
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(iii) | For using distance = 10 % ans (ii) or | M1
for using the idea that the distance is represented by the
area of the relevant parallelogram or
by the area of the trapezium (with parallel sides 9 and 4
and height 10) minus the area of the triangle
(with base 5 and height 10)
Distance is 40m Al1ft |2
(i) For differentiating x M1
F=t+p
10 Al
Speed is 20 ms™ A1 3
i 1
L PR B1 ft
5
1
For attempting to solve X(¢) = 2x(0) 1+ gt =2) | M
t=5 A1 3
(i) For resolving forces on any two of A, or B, or A and B
combined (7, =W, +T,,T, =Wy, T, =W, + W) M1
Tension in S1is 4 N or Tension in Sy is 2 N B1
Accept 0.4g or 3.92 (from 9.8 or 9.81) for T,
Tension in S;is 2 N or Tension in Sy is 4 N A1 3
Accept 0.2g or 1.96 (from 9.8 or 9.81) for T,
SR (for candidates who omit g) (Max 1 out of 3)
T:=04and 7, =0.2 B1
(i) For applying Newton’s second law to A, orto B, orto A
and B combined M1
For any one of the equations T+ 2 - 0.4 = 0.23,
2-T-02=0.2a,4-04-02=04a A1
For a second of the above equations A1
For solving the simultaneous equations foraand T M1
Acceleration is 8.5 ms?, tension is 0.1 N A1 5
Accept 8.3 from 9.8 or 8.31 from 9.81
SR (for candidates who obtain only the ‘combined’
equation) (Max 3 out of 5)
For applying Newton’s second law to A and B
combined M1
For4-04-02=04a A1
Acceleration is 8.5 ms™ A1
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(i) Forusing F' = uR and R=mg (F=0.025%x0.15%x10) | M1
Frictional force is 0.0375 N or 3/80 N A1 2
Accept 0.0368 from 9.8 or 9.81
(i) For using F = ma (-0.0375 =0.15a)ord=ug M1
Deceleration is 0.25 ms™ (or a = - 0.25) A.G. | A1 2
. I, 1
(iii) | For using s = ut + Eat (s =5.5x4+ 5(—0.25)16) M1
Distance AB is 20m A1 2
(iv) | Forusing v’ =u’ +2as (v’ =3.57 =2x0.25x20) M1
Speed is 1.5 ms™ (ft \J(24.5-(iii))/2) |A1ft |2
3.5% iv)?
(V) Return dist. = or distance beyond A = (i) M1
2x0.25 2x0.25
Total distance is 44.5 m Alft |2
(ft 24.5 + (iii) or 2((iv)? + (iii))
(i) PE gain = mg(2.5sin60°) B1
For using KE = % mv* M1
For using the principle of conservation of energy M1
(V2 m8?% - 2 mv? = mg(2.5sin60°))
Alternative for the above 3 marks:
For using Newton’s Second Law or stating a = — gsin60° | M1*
a =-8.66 (may be implied) A1
For using v’ =u” + 2as (v* =64—2x8.66x2.5) |M1dep*
Speed is 4.55 ms™ A1 4
Accept 4.64 from 9.8 or 9.81
(i) | Forusing Yamu? (>) mgh_ (28°>10h_ ) | M1
For obtaining 3.2m A.G. A1 2
(iii) | Energy is conserved or absence of friction or curve BCis | B1 1
smooth (or equivalent) and B and C are at the same
height or the PE is the same at A and B (or equivalent)
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(iv) | WD against friction is 1.4 x 5.2 B1
For WD = KE loss (or equivalent) used M1
l 2 2
1.4x5.2 =50.4(8 -v7) or
1 .
1.4x5.2 =§O.4((i)2 —v?)+0.4x10(2.55in 60°) A1
(12.8 or 4.14 + 8.66)
Alternative for the above 3 marks:
For using Newton’s Second Law M1*
0.4g(2.5sin60° +5.2)—1.4=0.4a (a=0.6636) A1
For using v* =u” +2as withu=0
(v =4.55% +2x0.6636x5.2) M1dep*
Speed is 5.25 ms™ A1 4
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Mechanics 2
The distance from the centre to the rod is /25 —24° B1
For taking moments about the centre of the ring or about
the mid-point of the rod, or C.O.M. of frame
(correct number of terms required in equation) M1
(1.5+0.6)x =0.6x7or (1.5+0.6)(7- x)=15x7
1.5x =0.6 (7 - x) A1
Distance is 2cm A1
SR Allow M1 for 48.7 = (501 +48) x
4
(i) OQ =4 tan 20° (=1.456) B1
0G=1.5 B1
G not between O and Q (all calculations correct) B1
3
(ii) Hemisphere does not fall on to its plane face *B1 ft
Because the moment about P is clockwise or
the centre of mass is to right of PQ (dep)* B1 ft
2
(i) Rope is at 30° to wall, or beam is at 0° to the horizontal
or a correct trig. ratio used B1
For taking moments about A or
For taking moments about P and resolving horizontally M1
2.5T = 45¢g x 3cos 30° or
5H = 45g x 3cos 30° and H = Tsin30° A1t
Tension is 468 N A1
4
(ii) Horizontal componentis 234 N (ft 2 T) B1 ft
For resolving forces vertically (V = 45¢g - Tcos 30°) M1
Magnitude of vertical component is 45 N A1 ft
SR angle incorrect (i) BO, M1, A1 ft AQ, (ii) B1 ft (T and angle), M1, AO
3
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. . , . dv
(i) For using Newton's second law with a = v = M1
X
- RS =0.2v ﬂ A1
3v dx
dv .
3V — =-5 from correct working A1
dx
(ii) For separating the variables and attempting to integrate M1
v? = (A)-5x A1
For using x =0 and v = 4 to find A, and then substituting
x = 7.4 (or equivalent using limits) M1
v=3 A1
(i) For resolving forces vertically (3 term equation) M1
Tcos60° + 0.5 x 10 = 8 A1
Tension is 6 N A1
(ii) Radius of circle is 9sin60° (7.7942) B1
V2
For using Newton's second law horizontally with a = — M1
r
V2
6 sin 60°=0.5———— A1 ft
(9sin607)
Alternative for the above 2 marks:
2
For using Newton's second law perpendicular to the string with a = r M1
r
V2
(8 -0.5x 10)sin60° = 0.5 ——————cos 60° A1 ft
(9sin607)
Speed is 9 ms™ A1
NB Use of mrw?, the M1 is withheld until v = rw is used
SR Lift perpendicular to the string:
(i) 8sin60° = 0.5g + Tcos60°— T = 3.86: M1, A1, A1 (-1 MR) (2 out of 3 max);
2
(ii) 3.86sin60° + 8cos60° = % B1, M1, A1V, A1 (-1 MR) (3 out of 4 max)
sin

=10.7
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(ii)

(iii)

1
For using y = )'/Ot-Egt2 with y=0and t= 10 or

Y=y, -gtwith y=0andt=5

0 =60sina x10 -%x 10 x 10 or 0 = 60sin -10 x 5
a=56.4°

1
For substituting t=5into y = y,t -Egt2 or y=0into

.
72=y,2-2gyor y=0andt=5intoy= yo_zyt

Greatest height is 125m

y =60sina -gT
x =60cos«

For attempting to solve x =y, or a complete method
for an equation in T using x =y

T=1.68

NB. Use of j, = 60 in (i) and (ii) is MO
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7 (i) Forusing T= ol (130X3or130X1'5) M1
L 10 5
Tension is 39 N A1
. : . 5
(ii) For resolving forces vertically (mg = 2 x 39 x E) M1
Mass is 3kg A1
(iii) Extension =20 - 10 (or 10 - 5) B1
2
For using EPE = A
2L
(L must be 10 or 5; must be attempt at extension, e.g. x = 20 or
x=8-2.5is M0)
2 2
[EPE = 130x10 or EPE = 2 x 130x5 ]
2x10 2x5
(Allow M1 only for x = 2 or 3) M1
EPE is 650 J (ft attempted extension in lowest position) A1 ft
(iv) Change in GPE=3x10x 8 B1 ft
For using the principle of conservation of energy with
KE, GPE and EPE all represented M1
2
650 = %4317+ 3 x 10 x 8 + 150X 2 A1 ft
2x10
Speed is 16 ms™ A1
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(i) | False zero B1 1 | Or any sensible answer
(ii) | (@) Stem Leaf
3 45 B1 For correct stem, i.e. not 30, 40, 50 etc.
4 145 B1 For correct leaf, must be sorted
5 02
6 2
7 339
8 344556679
9 1
Key 3| 4 rep 34, or stem
width =10 B1 3 | For key, NB 30| 4 rep 34 gets B1 here
(b) 79 B1 ft 1 | For correct answer, only ft from a

sorted stem and leaf diagram

— 3 7
(i) | PIN, N)= Exg M1 For multiplying 2 relevant possibilities
Mult. By 2 =7/15 AG A1 2 | For obtaining given answer
legitimately
OR Total ways 1¢C, (=45) | M1 For both totals
Total 1 of each
7C1x3C4 (= 21)
Prob =21/45=7/15 AG | A1 2 | For obtaining correct answer
(if) | P (N, N)—=3/10 x 2/9 (= 1/15)| M1 For 2 correct numbers multiplied
together, can be implied
p(ﬁ ﬁ) =7/10 x 6/9 M1 For 2 correct numbers multiplied
’ (= 7/15) together or subtracting from 1
X | 0 1 2 B1 3 | All correct. Table correct and no
P (X=x)| 7/15 7/15 7/15 working gets 3/3
(iii)| E(X) =1x7/15+2x1/15 B1 ft 1 | For correct answer or equivalent.
=3/5 Only ftif > p=1
(i) | P(X>120)
_ 120-112
=1-® 173 M1 For standardising with or without the
: v, 17.22, but no cc.
=1- O® (0.4651) M1 For finding the correct area, 1 — their
@ (z), NOT @ (1 — their z(0.4651))
=1-0.6790 = 0.321 A1 3 | For correct answer
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(ii) | z=-0.842 B1 For z, =0.842 or +0.84
103-115 _ o _ _
-0.842= — M1 For solving an equation involving their
o zor z=0.7881 or 0.5793 only, 103,
115and corVo or o?, i.e. must
have used tables
c=143 A1 For correct answer
(i) | (0.7)** x (0.3)° x 30Co4 M1 For relevant binomial calculation
=0.0829 A1 For correct answer
OR normal approx.
P(24) =® ((24.5 — 21)N6.3))
- d((23.5-21)V6.3)) M1 For subtracting the 2 phi values as

=0.9183 - 0.8404 = 0.0779 | A1

written
For correct answer

(ii)

1=30x0.7 =21,

c2=30x0.7x0.3=6.3 B1 For 21 and 6.3 seen
19.5-21 .
P(<20)=® | — |= M1 For standardising process, must have
V6.3 v, can be + or —
@ (-0.5976) M1 For continuity correction 19.5 or 20.5
M1 For using 1 - some area found from
tables
=1-0.7251=0.275 A1 For correct answer
(i) | 6C3 x4C2 =120 M1 For multiplying 2 combinations
together, not adding, no perms,
10C3 X 10C2 or 5C3 X 502 would get M1
A1 For answer 120
(ii) | 6C4 x 4C4 (= 60) M1 For reasonable attempt on option 4M
1W, or 5M, OW, can have + here and
perms
6Cs X 4Cp (= 6) M1 For other option attempt
Answer = 186 A1 For correct answer
(iii)| Man and woman both on M1 For finding number of ways of the
5C2 X 3C1 (= 30) man and woman being on together,
need not be evaluated but must be
multiplied
120 -30=90 M1 For subtracting a relevant number
from their (i)
A1 For correct answer
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OR 5C, x 3C, (= 30) M1 Any 2 of man in, woman out
3C4 x 5C5 (= 30) M1 Woman in, man out
5C3 X 302 (= 30) Neither in
2=90 A1
OR 3C; x5C3(= 30) M1 Woman in, man out
3C2 X 6C3 (= 60) M1 Woman out, any man
> =090 A1 For correct answer
OR 5C;, x 3C, (= 30) M1 Man in, woman out
5C3 X 4C;, (= 60) M1 Man out, any woman
> =90 A1 For correct answer
(i) | P(G) = number of M1 For appreciating total g’parents/total
g’parents/total people people, can be implied
=6/16 = 3/8 A1 For correct answer
(ii) | P(H1,G)+P(H2,G)+P(H3, G) | B1 For any correct 2-factor product, need
not be evaluated
21 3 1 1 17
SoX—F—X—+—X—=—
37 3 7 3 2 42
(= 0.405) M1 For addition of 3 relevant 2-factor
products
A1 For correct answer or equivalent
(iii)| P(H1]| G) + P(H2| G) M1 For summing exactly 2 probability
options
2/21  3/21 10
= + =— M1 For dividing by answer to (ii), only if
17742 17/42 17 not multiplied as well, and p must be
<1
A1 For one correct probability
A1 For correct answer or equivalent
OR P(H3| G)=7117 M1 For finding prob. options no parents
Answer =1-7/17 M1 For subt. from 1
=10/17 A2 For correct answer
(i) M1 For using their mid-intervals (not end
points or class widths)
Mean = 2
(2.5x 11 +7.5x20 + M1 For using zianyx
15x 32 +25x 18 + 35 x 10 + )
55 x 6)/97 = 18.4 A1 For correct answer, cwo, 18.4 no wkg

3/3
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sd =
J (252x11+7.5x20 + 5 4
152 x 32 + 25% x 18 + M1 For using L (their mean)? or
352 x 10 + 55% x 6)/97 -
mean?) = 13.3 equivalent, no \/_needed, not
(ZAVIZS
A1 For correct answer
(ii) | Freq. densities: 2.2, 4.0, M1 For attempting a frequency density of

3.2,1.8,1.0,0.2 some sort (or scaled frequency), can

A be upside down but not multiplied
4 - =
f — A1 For correct heights on the graph
req—]
dens

I B1 For correct bars on uniform horiz.

scale, i.e. from 0 to 5 etc.
1 —
— 5 B1 Freq. d_en5|ty or spaled frgq. labelled
| T | on vertical axis, time or mins on
1020 30 40 5060 70 horiz., ‘class width’ is not enough
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1 (i) 25 1.25 B1 B1 2 | For correct mean. For correct
variance
(ii) 5 5 B1ft B1ft 2 | For correct mean. For correct
variance
2 Hy:p=06 H;:p>0.6 B1 For correct Hy and H;
P(X = 10) = 1,C1,0.6'°0.4% +
12C110.6'0.4"+ 0.6 M1* For one Bin term (n = 12, p = 0.6)
=0.0834 M1*dep For attempt X =10, 11, 12 or equiv.
A1 For correct answer (or correct
individual terms and dig showing
0.1)
Reject Hy, i.e. accept claim at 10% B1ft 5 | For correct conclusion
level
S.R. Use of Normal scores 4/5 max | B1 For correct Hy and H;
9.5-7.2
Z = -
J 2.88
(or equiv. Using N(0.6, 0.24/12)) M1 Use of N(7.2, 2.88) or
=1.3552 N(0.6, 0.24/12) and standardising
with or without cc
Pr(>9.5) =1-0.9123 = 0.0877 A1 For correct answer or 1.3552 and
Reject Hy, i.e. accept claim at 10% 1.282 seen
level B1ft For correct conclusion
i) 31+2.32 3
3 (i) +2.326 x 20 B1 For correct mean
= (29.4, 32.6) M1 Calculation of correct form
xtz ><i
n
(must have \/; in denominator)
B1 z=2.326
A1 4 | Correct answer
(ii) 30% is inside interval ftB1*
Accept claim (at 2% level) ftB1*dep 2 | S.R. Solutions not using (i) score
B1ft only for correct working and
conclusion
P 2
4 (i)P(X>15)= [x_x_} M1 For substituting 2 and 1.5 in their
4 s If(x)dx (or area method % their
Ll base x their height)
X
or1- {x——}
4 .0
=0.0625 A1 2 | For correct answer
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(i) E(X) =
A 1 x> X ’
I(x——xz)dx L RV E For evaluating their jxf(x)dx
; 2 2 6],
=2/3 A1 2 | For correct answer
2
(i) m-"-=05 M1 For equating their jf(x)dx to 0.5
4
M1 For solving the related quadratic
m=0.586 (2-\/5 ) A1 3 | For correct answer
. 1.7-2.1 . o
5 () PX<17)= O ———— B1 For identifying prob Type | error
0.9/~20 M1 For standardising
=1- ®(1.9876) A1 For correct standardising and
correct area
=0.0234 A1 4 | For correct final answer
(i) P(Type Il error) = P(X>1.7) | B1 For identifying prob for Type Il error
=1 (—1'7_1'5J M1 For standardising using 1.5 and
- or standardising using 1.5 an
0.9/+20 their 1.7
A1 For correct standardising and
correct area
=1-®(0.9938) =0.160 A1 4 | For correct final answer
6 () A=1.25 M1 For attempting to find new 4 and
using it
P(X<4)=
2 3
e'1'25(1+1.25+ 125 125 J M1 For summing P((0,) 1, 2, 3) or
6 P(0, 1, 2, 3, 4) using a Poisson
expression
=0.962 A1 3 | For correct answer
(i) X ~N(182.5, 182.5) B1 For correct mean and variance
P(> 200 breakdowns) = M1 For standardising process with or
2005-182.5 without continuity correction
1-@| 2220~
( \182.5 j
=1-d(1.332) A1ft For correct standardising and
correct tail
=0.0915 (0.0914) A1 4 | For correct answer
(iii) A =5 for phone calls B1
A =6.25 for total
625 6.25° : :
PX=4)=e _— M1 For summing their two A s and
4 using a Poisson expression OR alt.
method using sep. distributions 5
terms req.
=0.123 A1 3 | For correct answer
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7 (i) 20 of A~A* B1 For correct mean for either
~N(401, 20 x 0.15%)
~N(401, 0.45)
20 of B ~B* ~N(401, 1.458) B1 For variance 20 x 0.15% or
20 x 0.277
A* - B* ~N(0, 1.908) M1 For adding their two variances
P(A* - B* > 2)
2-0
=1-0| — M1 For consideration of their
1908 A* - B* > 2
=1- @ (1.4479) M1 For standardising and finding
correct area
=0.0738 A1 6 | For correct answer

R A ~N(20.05, 0.15%20),
B

~N(20.05, 0.27%/20) B1 For correct mean for either
L B1 For variance 0.15%/20 or 0.27%/20
A -B~N(0, 0.00477) M1 For adding their variances
P(K-E >0.1) M1 For consideration of their
iy q{ 0.1-0 j A-B>0.1
0.00477 M1 For standardising and finding
correct area
=0.0738 A1 6 | For correct answer
(ii)) 1.96 = 20.07-20.05 M1 For an equation of correct form on
(0'15/‘/3) RHS involving \/;
B1 For 1.96 used
M1 For solving an equation of correct
form (any z)
n=216 A1 4 | For correct answer
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FOREWORD

This booklet contains reports written by Examiners on the work of candidates in certain papers. Its contents
are primarily for the information of the subject teachers concerned.
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MATHEMATICS

GCE Advanced Level and GCE Advanced Subsidiary Level

Paper 9709/01
Paper 1

General comments

Most candidates found this paper to be well within their grasp and there were many excellent scripts. The
standards of algebra and numeracy were good and most scripts were well presented and easy to mark. It
was particularly pleasing to see most candidates showing full working as this is an advantage for both
candidates and Examiners.

Comments on specific questions

Question 1

This proved to be a good starting question, presenting little difficulty to the majority of candidates. Apart from
the occasional algebraic or arithmetical error, the solution of the quadratic, in either x or in y, was usually
completely correct.

Answers: (1.5, 8) and (4, 3).

Question 2

Part (i) was usually correctly answered following use of the identity ‘sin6 +cos?0 =1", though a few
candidates ignored the first request and never obtained a quadratic in x. A few recognised the equation as a

quadratic in sin? 6, but following the solution of the quadratic, expressed the roots as singd. However, by

far the greatest error was to deduce that the solution of sin? @ = 0.25 was sin@= 0.5 rather than 0.5,
thereby omitting the solutions ¢ =210° and 330°.

Answers: (ii) 30°, 150°, 210°, 330°.
Question 3

(a) Only about a half of all attempts realised that $3726 was the sum of all the payments and not the
final payment and use of u, = 3276 was widespread. Of those using S, = 3726, the vast majority

correctly substituted a = 60 and n = 48 to deduce that d = %.

(b) This was very well answered with virtually all candidates correctly using the formula for the sum to
infinity of a geometric progression. Evaluating r from a and n presented few problems, though
occasional r = 1.5 was obtained rather than r = 2 It was obvious from such attempts that

candidates also failed to realise the condition ‘|r{ < 1'.

Answers: (a) $61.50; (b) 18.
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Question 4

(i) Most candidates realised the need to integrate and the standard of integration was good. A
significant number however failed to appreciate the need to use the given point (1, 5) to evaluate
the constant of integration. It was still common to see weaker candidates taking m as j—iand
substituting into y =mx+c.

(i) This caused a few problems with many candidates failing to appreciate the need to solve the

inequality, j—y> 0. The solution of the quadratic was accurately carried out and the solution of the
X

inequality was better than in previous years. There were many solutions, however, in which the

solution of (x — 1)(3x— 1) > 0 was given as ‘ x > 1 >%’.

Answers: (i) y=x3—2x2+x+5; (i) x<% and x > 1.

Question 5

This was very well answered and the majority of candidates obtained full marks. The most common error
was to assume that AB and BC were perpendicular leading to a gradient of —% for BC. Most of these

candidates usually continued by assuming that the gradient of CD was 3. Apart from this, the standard of
algebra required to find the equations of lines and then to solve the simultaneous equations was very good.

Answers: (i) 2y = x+8, y+2x =29; (ii) (10, 9).

Question 6

Parts (i) and (ii) were well answered, but part (iii) presented candidates with more serious problems.
Candidates were generally correct in linking perimeter with arc length to evaluate the given answer for 6,
though there were several attempts in which the difference between arc length and perimeter was not fully
appreciated. Most candidates then proceeded to obtain a correct expression for the area of the sector in
terms of r. In part (iii) however, only a minority of candidates realised the implication of the word ‘chord’ and
realised the need to calculate the straight distance PQ rather than the arc PQ. Of those correctly attempting
part (ii), attempts were split between those using the cosine rule and those splitting the isosceles triangle into
two 90° triangles.

Answers: (ii) A =10r —r?; (iii) 3.96 cm.
Question 7

Solutions to this type of problem have improved considerably over the past few papers, but there were still a
significant number of solutions in which the dimensions of the prism were ignored in finding expressions for

FC and MN in part (ii). Using C_M for FC remains a common error but there were only a few solutions in

which MC was taken as OM+OC . The use of techniques used in part (iii) was excellent, but it was
surprising that many candidates deliberately ignored the minus sign or obtained an obtuse angle and then
gave the answer as an acute angle.

Answers: (i) 4 units; (ii) MC = 3i - 6j - 4k, MN = 6j — 4k; (iii) 20, 111°.
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Question 8

Most candidates realised that 2x2y =72 and that A=4x? +6xy , but many failed to realise the need to

substitute for y in order to obtain the given expression for A in terms of x. The differentiation of A and

solution of 3—A=o was accurate and most candidates were confident in determining the nature of the
X

stationary point, usually by finding the sign of the second differential. Candidates need to read questions

carefully since over a third of all attempts failed to give the stationary value of A as requested at the

beginning of part (iii).

Answers: (i) y :2; (i) x =3; (iii) A =108 cm?, minimum.
X
Question 9

(i) The differentiation of

312 was generally accurate, though many failed to include the differential

X+

of (3x+2). Several candidates attempted to use the quotient rule and often failed to obtain a

correct answer through assuming that di(S) = 1. A surprising number also quoted the incorrect
X

dy

quotient formula. Having obtained a numerical value for d_ most correctly found the equation of
X
the tangent. Fewer candidates than usual expressed ‘m’ algebraically as j—y Most also realised
X

the need to set y to 0, prior to finding the length DC and finally the area of the triangle.

(i) Most candidates realised the need to use the correct formula for the volume of rotation of a curve,

but the standard of integration was poor. Only about a half of all attempts realised that
2 -1
I(3x+2) dx =(3X;32) (+c). Many failed to realise the need to include ‘=3’ and several others

finished with an incorrect power of (3x+ 2). Surprisingly, a large number were seen in which other

functions of x appeared in the answer. Use of limits was generally correct, though about a quarter
of all attempts automatically assumed that the value at the lower limit of 0 could be ignored.

Answers: (i) 8y +3x=14.

Question 10

Overall the attempts at this question were very pleasing, with many completely correct solutions. Part (i)
presented few problems and it was very rare to see ¢f being used instead of fg. The solution of
8
2-x
were seen. Part (ii) produced excellent answers with virtually all candidates correctly obtaining an
expression for f " and coping comfortably with g - apart from a few errors in sign. In part (iii) most
candidates equated f 7 with g ~ to obtain a quadratic equation in x. About a half of all candidates then
attempted to use the discriminant ‘ b —4ac ’, and most realised that a negative answer implied no real roots.
Of those attempting to solve the equation by the quadratic formula, most stopped at an expression

containing +—31 without explaining why such an expression was non-real. Examiners cannot assume such

facts without explanation. The graphs in part (iv) were generally well done, though some candidates spent
considerable (and unnecessary) time on accurate graphs. A surprising number of candidates failed to
recognise that the graphs of both y =2x-5and 2y = x+5 are straight lines, though at least a half of all

attempts recognised the symmetry about the line y = x.

—5 =7 was usually correct, but such errors as multiplying through by (2-x) to obtain 8-5=7(2-x)

2x -4

Answers: (i) 1 %; (ii) f’“(x):%(x+5) ,g(x) = : (iv) Sketch - symmetry about y = x.
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Paper 9709/02
Paper 2

General comments

The Examiners were disappointed by the overall standard of the scripts. Previous Reports have stressed the
importance of candidates familiarising themselves with the list of formulae MF9 (especially those sections
dealing with the formulae and results for differentiation and integration), and of working carefully through past
9709/02 Papers. There was little evidence that this advice had been followed by the majority of candidates.

Where questions were structured so that the result(s) of early part(s) were crucial to attempting successfully
later parts of the problem - especially so for Questions 4, 6 (iii) and 7 - candidates generally failed to note
the connection. Questions poorly attempted included Questions 2, 5 (i), 6 (iii) and 7 (ii), (iii) and (iv).
Candidates were at ease, on the other hand, with Questions 3 (i), 4 (i), 6 (i) and 7 (i). Questions 6 and 7,
where a substantial number of marks were available, produced very low scores overall.

Work was neat and well presented and the Examiners were impressed by the clarity of candidates’
reasoning. There was no evidence of the time available being inadequate, and where questions were not
fully attempted, this appeared due to a lack of confidence. Preparation for this paper remains somewhat
lacking and the Examiners stress the need for addressing all, and not just parts, of the syllabus.

Comments on specific questions

Question 1

A majority of candidates scored the first two marks, but then adopted inequality signs, or one sign, the
reverse of those required. A shrewd technique adopted by many was to note that x =% satisfies the

inequality, and hence this value must be included in the solution. Most candidates squared each side, but
many, forgot that |a|< b yields a® <b? and not a* <b. Those who adopted the -2 <8-3x <2 approach
usually failed to get beyond a single mark for noting that x = 2 was a critical value.

10
Answer. 2<x<—.

3
Question 2

As on previous occasions when this type of question has been set, most candidates failed to notice that the
vertical axis represents values of In y, not y. The key feature to note is that In y = In k — xIn a and hence
there is a linear relationship between In y and x, with In k being the intercept on the vertical axis (i.e. the
value of In k when x =0) and —In a being the gradient of the line, calculated as —0.75 by considering the

graph. A less popular, alternative treatment consisted of calculating the values of y corresponding to the key
values of In y (namelj 2, 1.4, 1.1 and 0.5) and feeding two values of y and the corresponding x-values into

the formula y = k(a”‘ ; this was generally attempted successfully by those few who preferred this method.

Answers: a=2.12; k=9.97 .
Question 3

(i) This presented few problems except for those who set x = +1 in the quartic expression, or those
unable to solve the equation 1-6-1+a =0.

(ii) Few candidates failed to correctly check that (x—2) was a factor of f(x). However, many then

failed to obtain a second correct cubic factor, via long division or by inspection. Others noted that
(x + 1)(x - 2) = X’ — x — 2 was a factor of f(x) , but struggled to correctly ascertain the other

quadratic factor. All errors essentially were due to poor arithmetic.

Answers (i) 6; (ii) f(x) = (x + 1)(x — 2)( X —x— 3).



9709 Mathematics November 2003

Question 4

U]

(i)

Although many candidates correctly noted that Rcosa =1, Rsina:\/3_, a surprising number of

solutions featured a wrong value for R and/or a failure to solve the equation tana = \/3_ The

question asks for « to satisfy 0 <a < %7; , and hence «a is in radians; at least half of solutions gave

a as 60°, rather than % radians.

Many candidates failed to use their result from part (i) to note that Rcos(B—a) = 42 so that
(0—0:): cos‘T%j, etc. In seeking a second solution, many values in the wrong quadrants were

produced; (e—a) has 2 values, in the first and fourth quadrants, but many candidates were
convinced that any second évalue must be equal to 7 -6, or 7 + 6, where 6; is the solution in the
first quadrant.

Answers: (i) R=2, 0= ~7: (i) —7.
3 12

Question 5

(i)

(i)

(iii)

Very few correct pairs of graphs were seen. Many pairs occupied only the first and third quadrants;
the single negative root lies in the second quadrant.

The technique required here is to define f(x) as equal to + (x2 —2") and to note that f(~1.0) and
f(—0.5) have different signs, indicating that f(x)=0 somewhere between x =1.0 and x =-0.5.

Candidates often simply looked at the values of x?> and 2% at x=-0.5 and x=-1.0 and tried
unconvincingly to prove the proposition.

Candidates were asked to determine a root correct to two significant figures, but this requires
working to at least three, and preferably four, significant figures at the stages preceding a final
value; few candidates did so. From part (ii), it was given that the root lies between x =-1.0 and
x = -0.5. However, a significant proportion of candidates started correctly, at —0.5, -0.75 or —-1.0
and after only one iteration were straying far from the interval -1 < x <-0.5. It was surprising that

such solutions were not quickly seen as non-viable, with candidates struggling to calculate
Xy =4/2*, with x, =-0.5,-0.750r -1.0.

Answer. (iii) x=-0.77 .

Question 6

)

(i)

(iif)

No more than half the solutions correctly calculated that A was such that y = 0 and hence
(4—x)=0 there, and that, at B, x =0 and hence y =(4-0)e° there.

After correctly differentiating (4 - x)e*™ to get :_y =e"™{+(4-x)-1}, many candidates then set
X

x =0, instead of setting :_y =0. Others believed thate™ =0 gave a correct solution for x. The
X

actual differentiation of y was generally good, though some sign errors were seen and a few

derivatives featured only one term, using the incorrect form di{f(x).g(x)} =f'(x).g '(x).
X

Virtually no-one scored any marks, and few even attempted this part. It is required to note firstly

that P has coordinates (p, (4 — p)e”) and hence the gradient of the line OP is (4_pjep. This
p

value could then be equated to that found in part (ii) for the gradient, namely (3 - p)ep at P.

Answers: (i) A4, 0), B0, 4); (ii) 3; (iii) 2.



9709 Mathematics November 2003

Question 7

COos X

sin x
‘function of a function’ rule. However, many candidates, in effect, only quoted the result.

(i) There was much excellent differentiation, either of or of (tan x)‘1 using the quotient or

(i) Few candidates noted that, using the result of part (i) in reverse, Icoseczx dx =cot x (+ ¢). At

best, +cot x was quoted by most who had the correct basic idea.

(iii) Here cot?x = cosec®x —1 is used and in part (ii) gives the result for J.coseczx dx, leaving only the

integration of —1 to do.

(iv) The denominator reduces to 2sin’x and hence the integral to % Icoseczx dx, again part (ii) giving

the key to the result.

In parts (ii), (iii) and (iv) a host of incorrect forms were quoted, none of which corresponded to
results in list MF9.

Answers: (iii) (\/5—%7;]; (iv) %\/5

Paper 9709/03
Paper 3

General comments

There was considerable variation in the standard of work on this paper and a corresponding spread of marks
from zero to full marks. The paper appeared to be accessible to candidates who were well prepared and no
question seemed to be of undue difficulty, though correct solutions to the final part of Question 7 (complex
numbers) were rare. Adequately prepared candidates seemed to have sufficient time to attempt all
questions and presented their work well. However Examiners found that there were some very weak, often
untidy, scripts from candidates who clearly lacked the preparation necessary for work at the level demanded
by this paper. All questions discriminated to some extent. Overall, the least well answered questions were
Question 4 (implicit differentiation) and Question 7 (complex numbers). By contrast, Question 3
(trigonometric equation) was usually answered very well and Examiners were impressed by the work of
many candidates on Question 10 (vector geometry).

The detailed comments that follow inevitably refer to common errors and can lead to a cumulative impression
of poor work on a difficult paper. In fact there were many scripts showing a good and sometimes excellent
understanding of all the topics being tested.

Where numerical and other answers are given after the comments on individual questions, it should be

understood that alternative forms are often possible and that the form given is not necessarily the sole
‘correct answer’.

Comments on specific questions

Question 1

This was fairly well answered by a variety of methods. Most candidates were able to use logarithms
correctly in attempting to find at least one of the critical values.

Answer. 1.58 < x<3.70.
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Question 2

-2
The most popular method was to remove a numerical factor and expand (1+%x2j . The binomial

expansion was often correct but the numerical factor was quite frequently wrong and sometimes omitted or
lost in the course of the solution. The minority who attempted to expand the given expression directly tended
to be less successful.

1_1

1 _1y2_ 3,4
Answer: T X X

Question 3

This was very well answered and solutions were often completely correct. Most errors were associated with
the solution of the equation cos 8= —-1. Often 6= 0° was included as a solution, but it was equally popular to
assert that the equation has no solutions.

Answers: 33.6°, 180°.
Question 4

In part (i), there were many good attempts at implicit differentiation, the main error being the omission of the
minus sign when giving the final answer. Candidates who first rearranged the equation and attempted to
remove some of the square roots were often unsuccessful. Failure to square correctly led to worthless
solutions based on incorrect relations suchas y=a—-xory=a+ x.

Part (ii) was poorly done. Relatively few candidates appeared to understand how to obtain the coordinates
of P. Those that did have a valid method often made errors in handling square roots. In forming the
equation of the tangent at P, a persistent error was the use of a general gradient rather than the specific
gradient at P.

Answers: (i) —\/%; (i) x+y=1a.

Question 5

In part (i), most candidates sketched y = sec x and y =3 —x?2, but some worked with acceptable alternatives

after rearranging the equation. Candidates should be reminded of the importance of labelling sketches and
thus making it clear to Examiners what is being attempted. The quality of the sketches was generally poor
with, for example, y = sec x rarely fully correct andy =3 - x?2 commonly presented as a straight line.
Examiners remarked that candidates seemed better prepared for part (ii) than in previous questions on this
topic. Part (iii) was frequently correctly done. The most common error here was to carry out the calculations
with the calculator in degree mode rather than in radian mode. Here, as in part (ii), there was evidence that
some candidates did not have a correct appreciation of the notation cos 'x.

Answer. (iii) 1.03.
Question 6

Part (i) was generally quite well answered. Most candidates used the product rule correctly and solved the

linear equation in x resulting from setting the derivative to zero and removing the non-zero common factor of

e 2*. However for some candidates this common factor presented problems and led to them making a

variety of algebraic errors. Examiners also noted that a minority seemed to believe that the turning point
occurred when the second derivative was zero. Most candidates attempted to apply the method of
integration by parts correctly in part (ii) and inserted the correct limits x = 0 and x = 3. However many
otherwise sound solutions lost marks because a sufficiently diligent check for sign errors was not made
throughout the working.

Answers: (i) 31; (i) T(5+e7°).
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Question 7

Part (i) was well answered. In part (ii), the point corresponding to v was usually plotted accurately, and
many candidates demonstrated some knowledge of the correct locus for z. However, there were often errors
in the sketch. For example, it was common for the circle to have a radius greater than 2, and candidates
who had different scales on their axes usually failed to take this fact into account. Very few candidates
showed any indication that they had a method for completing part (iii). Credit was given to the small number
who at least identified the relevant point by drawing the appropriate tangent to their circle. But of this group
of candidates there were only a few who went on to calculate the required argument.

Answers: (i) 1 + 2i; (iii) 126.9°.
Question 8

Even though the correct form of partial fractions was given, a substantial number of candidates ignored A,
the first term. A similar error of principle was quite often made by those who chose to divide first. They
usually found A = 1, and obtained a quadratic remainder, but then set the remaining two partial fractions
equal to f(x), i.e. they failed to use their remainder as the new numerator. However most candidates were
clearly familiar with a method for evaluating constants and there were a pleasing number of fully correct
solutions. In part (ii), much of the integration was good. Those who had failed to obtain D = 0 usually
encountered severe difficulties here and wasted time that might have been better spent looking for the error
in part (i) that got them into this situation. Examiners remarked that some candidates with correct solutions
did not show sulfficient evidence of how they obtained the final (given) answer.

1 2x

Answer. (i) 1-——+——.
() x=1 x? 41

Question 9
Most candidates separated variables correctly and showed a sound understanding of the methods needed
for each part. Many solutions to part (i) were correct, apart perhaps from a sign error, and usually included a

constant of integration. In this question, as in Question 4 above, Examiners reported that candidates
frequently made errors when manipulating or removing square roots.

Answers: (i) 2/(P — A) = —kt + ¢ ; (iii) 4; (iv) P = %A(4+(4 —t)2) .

Question 10
This was well answered even by candidates who had not scored particularly well on earlier questions.

There were many successful solutions to part (i). Having used two component equations to calculate s or {,
many candidates went on to calculate the other parameter and check that the third equation was satisfied.
However, some omitted this step or else checked in one of the equations already used. Also some forgot to
conclude by stating the position vector of the point of intersection.

A variety of methods were seen in part (ii). Though it is not in the syllabus, some candidates used the vector
product correctly. The most popular method was to set up two equations in a, b, ¢ and, having obtained
a: b: c, use the coordinates of a point on one of the lines to deduce the equation of the plane.

The standard of work was encouraging and can be improved even further if candidates can become more
persistent in checking their work for arithmetic errors (particularly sign errors).

Answers: (i) 3i+j+k; (ii) 7x+y—-5z=17.
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Paper 9709/04
Paper 4

General comments

The early questions were well answered, most candidates obtaining a high proportion of the 20 marks
available in Questions 1 to 4. Candidates found Questions 5, 6 and 7 more testing, but despite this some
candidates scored full marks in these questions.

In Question 1 candidates had no difficulty in identifying the forces acting horizontally, but in the different
context of Question 5 many candidates made mistakes in considering the forces acting horizontally on
particle A.

In Question 6 there was a reluctance among some candidates to accept the question as set, and a
re-orientated diagram was copied on to the answer paper with the applied force of 5N acting vertically
downwards.

In Question 7 some candidates used the constant acceleration formulae inappropriately. This happened

when one of the formulae was applied once only in respect of A’s motion over more than one of its separate
stages. It also happened in respect of B's motion for which the acceleration is not constant.

Comments on specific questions

Question 1

This question was very well attempted and many candidates scored all four marks. A candidate’s error in
part (i), usually giving the answer as 50 N, did not necessarily preclude the scoring of all three marks in part

(ii).
Answers: (i) 320 N; (ii) 270 N.

Question 2

This was the best attempted question in the paper and many candidates scored full marks. The most
common error occurred in part (ii), in which some candidates brought forward v = 20 from part (i) and then
obtained t = 4.5 s using u;rv :? .

Answers: (i) 20 ms™; (ii) 3 s; (iii) 35 m.

Question 3

The most common error in part (i) of this question was to omit the factor cos15°, thus obtaining
WD = 25 x 2 = 50 J. Common mistakes in part (ii) included N = 3g = 30 N, N = 25sin15° = 6.47 N and
N=3g+6.5=36.5N.

Answers: (i) 48.3 J; (ii) 23.5 N.

Question 4

Very many candidates gave correct solutions in both parts of this question, using energy in part (i) and work
and energy in part (ii).

However some candidates obtained h = 3.2 m fortuitously in part (i) by effectively assuming that the path AB
is a vertical straight line. Such candidates made inappropriate use of the formula V2 = % + 2as with a = g.

When the erroneous assumption was carried through to part (ii) candidates found the vertical acceleration to
be 4.5, from which the resistance was usually found as 0.15 x 4.5 = 0.675 N rather than
0.15(g — 4.5) = 0.825 N.

Answers: (i) 3.2 m; (ii) 3.3 J.
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Question 5

Most candidates obtained a correct equation by applying Newton’s second law to B. However in applying
Newton’s second law to A many candidates included a term 4g, or excluded the frictional force of 0.6 N, or
made both of these errors. Sign errors were also common.

The most common error in part (ii) was to use a = g, instead of the value of a obtained (or obtainable) from
the simultaneous equations used in part (i).

Answers: (i) 0.92 N; (ii) 1.2 ms™.
Question 6

This question proved to be the most difficult in the paper. Candidates who considered the equilibrium at M in
part (i) were usually successful. However some thought the triangle of forces is similar to the triangle AMB,
and had difficulty in relating the applied force of 5 N with any of the triangle’s sides. Many other candidates
used methods that involved the weight of B.

Errors in part (ii) were many and varied, including:

. taking N vertically upwards and F to be horizontal

. taking both N and F to be vertical

. taking N to be simply 0.2g

. taking N as 2Tsin30°

. taking the weight to act horizontally

. taking N vertically and both F and the weight to act horizontally

. taking F along BM

. taking F along BM and N perpendicular to it

. having two vertical components of tension, sometimes both acting upwards and sometimes acting in

opposite directions.

Candidates who failed to obtain 0.2g + F = Tcos30° in part (ii) rarely made progress in part (iii). Mistakes
made in part (iii) included:

. replacing 0.2g in the above equation by mg or (0.2g + m) instead of (0.2 + m)g
. failing to change the sign of F in the above equation, leadingto m=0
° changing |F| from 2.33, in cases where N was taken as 0.2g in part (ii), to

‘[candidate’s u] x (0.2 + m)g'.
Answers: (ii) 0.932; (iii) 0.466.
Question 7
Parts (i) and (ii) were very well attempted, most candidates scoring all five of the available marks.
Many candidates failed to score both marks in part (iii). Common errors included:

. using a(f) = v(t) + tto find ag(f)
o using ag(100) or vg(100) + 100 as the initial value of ag,

Only the best candidates scored well in part (iv). Errors included:

. failing to obtain t = 250

. using Vmax X 500 for sg

. obtaining the answer as sg(500) — s4(500) or sg(300) — s4(300) or s5(250) — s4(300)
. using 7.2 instead of 6.6 in s4(250) = 240 + %(4.8 +6.6)150

. omitting the 240 from s4(250) = 240 + %(4.8 +6.6)150

. failing to use integration for sg.

Answers: (i) 2160 m; (ii) 0.048 ms™ (jii) 0.012 ms™>; (iv) 155 m.
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Paper 9709/05
Paper 5

General comments

Compared with last year, there was a much better response to this paper. With the possible exception of
Question 2, many candidates of wide abilities found that they could make good inroads into all the questions.

On the whole, the solutions were well presented and in only an extremely small number of cases was there
any evidence of candidates having insufficient time to complete the paper. One aspect of problem solving that
could benefit candidates is the need to draw a neat sketch which contains all the relevant information, both
known and that which is to be found. Hopefully this would then have avoided, for example, equating # to the
semi-vertical angle of the cone in Question 2. Or again, in Question 6, the component of the weight of the
cyclist down the plane would not have been omitted so often when attempting to establish the differential
equation.

Comments on specific questions

Question 1

The majority of candidates coped well with this straightforward example of circular motion and only the
weakest failed to score maximum marks.

Answer. 25 000N.
Question 2

Despite the fact that the word ‘cone’ appeared four times in the question, many candidates took the centre of
mass of the solid cone to be ? cm from the base. When candidates are provided with the formula list MF9,
there can be no excuse for this sort of carelessness. Equally as bad were those less able candidates who
apparently stumbled on the correct value for 6 from tané = %. As mentioned above, this error could

probably have been avoided if the sketch had not been so carelessly drawn.

What was expected in part (ii) was that candidates would establish the range of values of the coefficient of
friction for which the cone would tilt before sliding. Many candidates merely stated on the first line of their
solutions that x> tan @ as though it was some quotable formula. Although a similar comment was made last
year, it should be re-iterated that an inequality needs some qualifying statement. For example, it would have
been equally true to state that x < tan @ provided that there was the added statement ‘the cone slides before
tilting’.

Answers: (i) 63.4°; (ii) x> 2.
Question 3

Good candidates coped well with this question but many of the rest failed for a variety of reasons. In part (i)
the compression of the spring was often taken to be 0.3 m rather than 0.1 m. It is perhaps also worth
mentioning that confusion exists in the minds of some candidates between the modulus of elasticity
associated with Hooke’s Law and Young’s modulus. In the application of Newton’s Second Law of Motion the
weight of the particle P was often omitted and the incorrect answer 110 ms™ was seen all too often.

In part (ii) the E.P.E. was invariably found correctly but in part (iii) there was a lot of trouble experienced with
the G.P.E., either through the incorrect value being used or even omitted altogether from the energy equation.
Inevitably weak candidates tried to find the speed of P by using the formula V¥ = % + 2as. This must be wrong
because this formula can only be applied when the acceleration is constant. Here the force in the spring
varies as the compression varies and hence the acceleration cannot be constant.

Answers: (i) 100 ms™; (i) 1.1 J; (iii) 3 ms™".
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Question 4

All candidates who had a good grasp of statistical ideas scored well on this question. In part (i), although the
obvious axis about which to take moments was BC, many chose an axis through A parallel to BC. There
were often some tortuous methods to establish that the centre of mass of the triangle was 11.5 cm from BC
but, nevertheless, a high proportion of candidates eventually arrived at the correct 6.37 cm. Most candidates
appreciated that they had to take moments about A in part (ii) and to resolve vertically in part (iii). Usually
the less able candidates failed to appreciate that the tension could only be found by taking moments and the
answer to part (iii) was invariably Tsin30°.

Answers: (ii) 94.2 N; (iii) 32.9 N.
Question 5

Part (i) was well done. Although there were a number of ways of finding « , most candidates chose the
simplest method by applying v* = u* + 2as to the vertical component of the motion.

In part (ii) the response was disappointing in that candidates of all abilities made the mistake of assuming
that the speed of the stone after rebounding was 10 ms™. The only possible conclusion that could be drawn
was that many candidates labour under the impression that the speed of a projectile is constant at all points
of its trajectory. Perhaps if more candidates had drawn a neat sketch with all information on it, instead of
trying out all the projectile formulae that they knew, this error could have been avoided.

The ideas required to solve part (iii) were well known, although inevitably there were still some who
attempted to find the angle using a ratio of displacements rather than speeds. A less obvious source of error
was from those candidates who attempted to find the angle by adapting the Range formula. Although the
horizontal displacement found in part (ii) was correctly doubled, the speed was taken to be 16 ms™" rather
than the speed with which the stone hits the ground (¥208 ms™).

Answers: (i) 36.9°; (ii) 9.6 m; (iii) 56.3°.
Question 6

There was a high degree of success with parts (i) and (ii). Even though the required answers were given,
many candidates handled the application of Newton’s Second Law of Motion in part (i) and the integration
and algebraic manipulation in part (ii) in a confident manner. The most frequent errors in part (ii) were the

omission of the minus sign in the integration of SL and the lack of a constant of integration (or the blithe
-V

assumption that putting t = 0 and v = 0 must lead to ¢ = 0).

Only the best candidates made a success of part (iii) by realising that further integration was necessary by

putting v = % A few chose the harder route by making a fresh start with the original differential equation

with acceleration = vg—v. Although the candidates knew what to do, the solutions often foundered on the
X

inability to integrate correctly. All other attempts seemed to be based on finding the speed at the top of the

slope (4.32 ms_1) and then erroneously applying a constant acceleration formula (e.g. s = % (0 + 4.32)20).

Again, as in Question 3 (iii), as there is a variable force (8v N), this must lead to a variable acceleration.

Answer. (iii) 56.8 m.
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Paper 9709/06
Paper 6

General comments

This paper produced a wide range of marks. Most candidates had covered the syllabus adequately with only
a few Centres gaining consistently low marks. Premature approximation leading to a loss of marks was only
witnessed in a few scripts, most candidates realising the necessity of working with four significant figures.
One unforeseen problem was the candidates’ failure to appreciate the difference between decimal places
and significant figures. This was particularly noticeable in answers such as 0.0419 and 0.0451, where many
gave answers as 0.042 etc. Candidates seemed to have sufficient time to answer all the questions, and only
the weaker candidates answered questions out of order.

Comments on specific questions

Question 1

This question caused problems for many candidates. Many candidates confused this with a binomial
situation and tried to find an ‘n” and a ‘p’. Others found f °x for the variance, and as usual, some candidates
found the standard deviation.

Answers: 0.850, 0.978.
Question 2

Approximately half the candidates appreciated the need to find a scaled frequency, or frequency density. It
was pleasing to see most candidates had touching bars on the histogram, with the vertical axis labelled as
frequency density, but only a small number labelled the horizontal axis as being area or m? and thus many
candidates lost a mark.

Question 3

Apart from a few Centres where the normal distribution did not appear to have been taught with any rigour,
this question was well done with most candidates finding an appropriate z-value. The range of z-values was
wider than expected, with many ranging from 0.492 to 0.5 for ®(0.69). Only values of 0.495 and 0.496 were
accepted. Solving the simultaneous equations was well done and almost all candidates who had done some
work on the normal distribution scored at least 4 marks out of 6.

Answers: 8.91, 23.6.
Question 4

This question was the worst attempted on the paper. A tree diagram would perhaps have helped. Many
candidates wrote % instead of %, many thought it was a ‘without replacement’ type of question and many
misunderstood the last part as meaning ‘completes his collection with less than 3 pictures’.

Answers: (i) 0.774; (ii) 0.204; (iii) 0.0451.

Question 5

The tree diagram was well drawn by the majority of candidates. A few failed to realise that the male/female
branch had to come first, and many multiplied their probabilities together before writing the second

probabilities on the tree diagram, and then proceeded to multiply a third time. A minority of the candidates
appreciated that this was a conditional probability question and thus many scored only 2 marks out of 6.

Answer. 0.746.
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Question 6

This permutation and combination question was very well attempted by almost all candidates, many picking
up 4 or more marks. Sometimes the answers were not integers, and occasionally they became probabilities.
The answers were not always fully correct, but there were signs of sensible reasoning.

Answers: (a)(i) 18 564, (ii) 6188; (b)(i) 40 320, (ii) 2880.
Question 7

This very straightforward normal distribution first part gained nearly full marks for everyone who had studied
the subject. However, quite a few lost the final mark for this part because of incorrect use of the four-figure
Normal tables. The second part was a binomial situation based on the first part, the answer of which had
already been calculated. Almost without exception, candidates calculated the probability all over again,
suggesting they had not appreciated the significance of what they were doing in part (i). The answers to part
(iii) were almost all wrong. Candidates clearly did not appreciate the difference between ‘mean’ and
‘median’. Neither did they realise that a normal distribution is symmetric with the mean and median
coinciding.

Answers: (i) 0.3735 (0.374); (ii) 0.0419; (iii) box plot is skew, not symmetric so not normal.
Question 8
This question was the easiest question by far and was well done by a large majority. For some it provided

half their marks. Rounding errors and premature approximation led to a few marks being lost, and not
everyone realised that part (iii) entailed adding probabilities for two discrete numbers.

Answers: (i) % or 0.0556; (i) 2.78, 1.17; (iii) 0.611.

Paper 9709/07
Paper 7

General comments

This was a well attempted paper where most candidates were able to apply their knowledge of the subject.
There was no evidence of any time pressure on candidates to complete the paper and, on the whole,
presentation was of an acceptable standard. Once again some candidates lost accuracy marks by writing
down final answers to two significant figures, instead of three, and in some cases did not appreciate the
difference between three significant figures and three decimal places. Question 4 was particularly well
answered, while Questions 6 and 7 proved to be the most demanding. There were cases of particularly
good scripts with candidates gaining full marks, but equally some very poor attempts were also seen. A
good spread of marks was obtained.

Comments on specific questions

Question 1

This question was reasonably well attempted, though some candidates did not appreciate that the width was
2 x z x s.e. and were therefore unable to make any progress with the question. Errors included using
Z = 1.645 rather than z = 1.96 and more commonly omitting the factor of 2 on the width (that is, using the
inequality z x s.e. < 2).

Answer. n=14.
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Question 2

A Poisson approximation was required for this question. Many candidates used a normal approximation
which was not valid since np < 5. Also some candidates ignored the instruction to use an approximation and
used Bin(45000, 0.0001). Some marks were available for these candidates but full marks were only
awarded for using the correct Poisson approximation (even though the same final answer could have been
obtained). Candidates who correctly used Po(4.5) generally reached the correct final answer. Errors such
as Po(0.45) or Po(0.22) were seen as well as choosing the wrong probabilities to sum. It was also noted that
some candidates failed to add their probabilities of 2, 3, and 4 and even P(2) x P(3) + P(4) was seen.

Answer. 0.471.
Question 3

Most candidates were able to score marks on this question. However, many errors were seen in attempting
to find the correct mean (19) and variance (12) of Su Chen’s upgraded throw. Use of N(19,17) was common.

Answer. 0.586.
Question 4

This was a particularly well attempted question, even by weaker candidates. One error frequently seen was
to miscalculate / and use 2.5 rather than 0.25. A final answer of 0.002 (or 0.0022) was very common and
showed a lack of understanding of three significant figures. In part (ii) some candidates used e™ = 0.9

-k
instead of e $e0 = 0.9, but many candidates successfully found the correct value of k. Again 8.4 rather 8.43
was often given as the final answer and without the previous unrounded figure accuracy marks were lost. It
was surprising on this question that a few (even good) candidates used log rather than In, even stating
loge =1.

Answers: (i) 0.00216; (ii) 8.43.
Question 5

This was also a reasonably well attempted question. Some candidates used 117 rather than the s.e. of

ﬂ, and a common error in part (ii) was to use a one-tail test (though follow through marks were available).

V26

It was pleasing to note that, on the whole, candidates stated their null and alternative hypothesis and were
able to give final conclusions related to the situation in the question. It is important that candidates show that
they are comparing their value with + 1.645 (or equivalent), either by an inequality statement or a clear
diagram. Some candidates failed to show this comparison and consequently marks were lost.

Answers: (i) 0.985; (ii) No significant change.
Question 6

Candidates were particularly good at part (i) where they were required to define type | and type Il errors.
However, despite knowing the definition very few candidates were able to apply this knowledge in part (ii).
The situation required Bin(5, 0.94) for part (a) and Bin(5, 0.7) for part (b). Unfortunately very few candidates
used these distributions with the correct parameters and attempts at other Binomials, or a Normal, or even a
Poisson distribution were seen. This was consequently a low scoring question; with full marks only
occasionally seen.

Answers: (i)(a) Rejecting Hy when it is true, (b) Accepting Hy when it is false; (ii)(a) 0.266, (b) 0.168.
Question 7

This was, surprisingly, not a particularly well attempted question, though many candidates made a good
attempt at integrating by parts in (iii).

Part (i) required the candidates to show that k = 3, and many errors and unconvincing solutions were seen.
An integral from zero to infinity of ke was required and should have been equated to one. Many
candidates were unable to state these limits, and integrals with no limits or incorrect ones (1 to 2 or 0 to 1)
were common. Full, convincing, working was required for part (i).
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Part (ii) produced better solutions though sign mistakes were common. Integrals with incorrect limits from 0
to % were also seen.

In part (iii) many candidates gained a few marks for attempting to integrate by parts. Limits of zero to infinity
were needed and many candidates did not use these and made similar errors to those in part (i). Again, sign
mistakes were common.

Weaker candidates confused mean with median.

Answers: (i) 0.0959; (iii) %
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2
Find the coordinates of the points of intersection of the line y + 2x = 11 and the curve xy = 12.  [4]
(i) Show that the equation 4sin*0 +5 = Tcos’ 0 may be written in the form 4> +7x -2 = 0,
where x = sin” . [1]
(ii) Hence solve the equation 4 sin* @ + 5 = 7 cos? 6, for 0° < 6 < 360°. [4]
(a) A debt of $3726 is repaid by weekly payments which are in arithmetic progression. The first
payment is $60 and the debt is fully repaid after 48 weeks. Find the third payment. [3]

(b) Find the sum to infinity of the geometric progression whose first term is 6 and whose second term
is 4. [3]

d
A curve is such that ay = 3x> —4x + 1. The curve passes through the point (1, 5).

(i) Find the equation of the curve. [3]
(ii) Find the set of values of x for which the gradient of the curve is positive. [3]
y
A C
B
(4,6)
D
(12,5)
A > x
020 >

The diagram shows a trapezium ABCD in which BC is parallel to AD and angle BCD = 90°. The
coordinates of A, B and D are (2, 0), (4, 6) and (12, 5) respectively.

(i) Find the equations of BC and CD. [5]

(ii) Calculate the coordinates of C. [2]
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00 0

The diagram shows the sector OPQ of a circle with centre O and radius rcm. The angle POQ is
0 radians and the perimeter of the sector is 20 cm.

20
(i) Show that 6 = — - 2. [2]
r
(ii) Hence express the area of the sector in terms of r. [2]
(iii) In the case where r = 8, find the length of the chord PQ. [3]
E

12 units

The diagram shows a triangular prism with a horizontal rectangular base ADFC, where CF = 12 units
and DF = 6 units. The vertical ends ABC and DEF are isosceles triangles with AB = BC = 5 units.
The mid-points of BE and DF are M and N respectively. The origin O is at the mid-point of AC.
Unit vectors i, j and k are parallel to OC, ON and OB respectively.

(i) Find the length of OB. [1]
(ii) Express each of the vectors I\Té and m in terms of i, j and k. [3]

(iii) Evaluate I\Té .MN and hence find angle CM N, giving your answer correct to the nearest degree.

[4]
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8 A solid rectangular block has a base which measures 2x cm by x cm. The height of the block is y cm
and the volume of the block is 72 cm?.

(i) Express y in terms of x and show that the total surface area, A cm?, of the block is given by

216
A=d4x> + 2, [3]
Given that x can vary,
(ii) find the value of x for which A has a stationary value, [3]
(iii) find this stationary value and determine whether it is a maximum or a minimum. [3]

@) D (2,0) C

The diagram shows points A (0, 4) and B (2, 1) on the curve y = . The tangent to the curve at B

8
] i i 3x+2
crosses the x-axis at C. The point D has coordinates (2, 0).

(i) Find the equation of the tangent to the curve at B and hence show that the area of triangle BDC

is ‘5‘. [6]

(ii) Show that the volume of the solid formed when the shaded region ODBA is rotated completely
about the x-axis is 8. [5]

10 Functions f and g are defined by

f:x—2x-5, xeR,

g:x'—>$, xeR, x#2.
(i) Find the value of x for which fg(x) = 7. [3]
(ii) Express each of f~!(x) and g!(x) in terms of x. [3]
(iii) Show that the equation f ! (x) = g~! (x) has no real roots. [3]

(iv) Sketch, on a single diagram, the graphs of y = f(x) and y = f~!(x), making clear the relationship
between these two graphs. [3]
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1

2

Find the set of values of x satisfying the inequality |8 - 3x| < 2. [3]
Iny
A
3
2
1
» X
-1 0 1 2 3 4

Two variable quantities x and y are related by the equation
y=k(a™),
where a and k are constants. Four pairs of values of x and y are measured experimentally. The result
of plotting Iny against x is shown in the diagram. Use the diagram to estimate the values of a and &.
[5]
The polynomial x* — 6x* + x + a is denoted by f(x).
(i) Itis given that (x + 1) is a factor of f(x). Find the value of a. [2]
(ii) When a has this value, verify that (x — 2) is also a factor of f(x) and hence factorise f(x)
completely. (4]
(i) Express cos 0 + (v/3) sin 0 in the form R cos(6 — o), where R > 0 and 0 < o < %n, giving the

exact value of o. [3]

(ii) Hence show that one solution of the equation
cos 0 + (1/3)sin B = +/2

is 0 = %n, and find the other solution in the interval 0 < 0 < 27. [4]
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3

(i) By sketching a suitable pair of graphs, for x < 0, show that exactly one root of the equation x> = 2~
is negative. [2]

(ii) Verify by calculation that this root lies between —1.0 and —-0.5. [2]

(iii) Use the iterative formula

Xps1 = _\/(2/‘,,)

to determine this root correct to 2 significant figures, showing the result of each iteration. [3]
y
A
M

P

|

|

|

B |

7 |

|

|

p

The diagram shows the curve y = (4 — x)e" and its maximum point M. The curve cuts the x-axis at A
and the y-axis at B.

(i) Write down the coordinates of A and B. [2]
(ii) Find the x-coordinate of M. [4]
(iii) The point P on the curve has x-coordinate p. The tangent to the curve at P passes through the
origin O. Calculate the value of p. [5]
. : ... COSX . dy 2
(i) By differentiating ——, show that if y = cotx then —= = —cosec” x. [3]
sin x dx

1

T
(ii) Hence show that JZ cosec’ xdx = V3. [2]
1

gﬂ:

By using appropriate trigonometrical identities, find the exact value of
N
(iii) cot“x dx, (3]
1
=T
6

1

37 1
(iv) j 1 —cos2x dx. [3]
ETC
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1  Solve the inequality [2* - 8| < 5. (4]

2 Expand (2 + x%)72 in ascending powers of x, up to and including the term in x*, simplifying the
coefficients. [4]

3  Solve the equation
cos 0 +3cos20 =2,

giving all solutions in the interval 0° < 6 < 180°. [5]

4  The equation of a curve is
Vx+vy=va,

where a is a positive constant.
. dy .
(i) Express P in terms of x and y. [3]

(ii) The straight line with equation y = x intersects the curve at the point P. Find the equation of the
tangent to the curve at P. [3]

5 (i) By sketching suitable graphs, show that the equation
secx=3-x°

has exactly one root in the interval 0 < x < %n. [2]

(ii) Show that, if a sequence of values given by the iterative formula

-1
X = COS (
n+l1

3-x2 )
n
converges, then it converges to a root of the equation given in part (i). [2]

(iii) Use this iterative formula, with initial value x, = 1, to determine the root in the interval 0 < x < %n

1
correct to 2 decimal places, showing the result of each iteration. [3]
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The diagram shows the curve y = (3 — x)e ?* and its minimum point M. The curve intersects the
x-axis at A and the y-axis at B.

(i) Calculate the x-coordinate of M. (4]

(ii) Find the area of the region bounded by OA, OB and the curve, giving your answer in terms of e.

[5]

7+ 4i
The complex number u« is given by u = 3 2%.
-2i
(i) Express u in the form x + iy, where x and y are real. [3]

(ii) Sketch an Argand diagram showing the point representing the complex number u. Show on the

same diagram the locus of the complex number z such that |z - u| =2. [3]
(iii) Find the greatest value of arg z for points on this locus. [3]
3
—x-2
Let f(x) r oo

TENTEEN

(i) Express f(x) in the form

where A, B, C and D are constants. [5]

3
(ii) Hence show that J. f(x)dx = 1. (4]
2
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Compressed air is escaping from a container. The pressure of the air in the container at time 7 is P,
and the constant atmospheric pressure of the air outside the container is A. The rate of decrease of
P is proportional to the square root of the pressure difference (P — A). Thus the differential equation

connecting P and ¢ is

where k is a positive constant.

(i) Find, in any form, the general solution of this differential equation.

(i) Given that P = 5A when 7 = 0, and that P = 2A when ¢ = 2, show that k = v/ A.
(iii) Find the value of r when P = A.

(iv) Obtain an expression for P in terms of A and t.

The lines [ and m have vector equations
r=i-2k+s(2i+j+3Kk) and r=6i—5j+4k +t(i—2j + k)
respectively.

(i) Show that / and m intersect, and find the position vector of their point of intersection.

(3]
[4]
(2]
[2]

[5]

(ii) Find the equation of the plane containing / and m, giving your answer in the form ax + by + cz = d.

9709/03/0/N/03
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A motorcycle of mass 100 kg is travelling on a horizontal straight road. Its engine is working at a rate
of 8 kW. At an instant when the speed of the motorcycle is 25 m s~! its acceleration is 0.5 ms~2. Find,
at this instant,

(i) the force produced by the engine, [1]

(ii) the resistance to motion of the motorcycle. [3]

A stone is released from rest and falls freely under gravity. Find
(i) the speed of the stone after 2 s, [1]
(ii) the time taken for the stone to fall a distance of 45 m from its initial position, [2]

(iii) the distance fallen by the stone from the instant when its speed is 30 m s! to the instant when its
speed is 40 m s7L. [2]

25N

15°

A crate of mass 3kg is pulled at constant speed along a horizontal floor. The pulling force has
magnitude 25 N and acts at an angle of 15° to the horizontal, as shown in the diagram. Find

(i) the work done by the pulling force in moving the crate a distance of 2 m, [2]
(ii) the normal component of the contact force on the crate. [3]
A
B

The diagram shows a vertical cross-section of a surface. A and B are two points on the cross-section.
A particle of mass 0.15 kg is released from rest at A.

(i) Assuming that the particle reaches B with a speed of 8 m s~ and that there are no resistances to
motion, find the height of A above B. [3]

(i) Assuming instead that the particle reaches B with a speed of 6ms™' and that the height of A
above B is 4 m, find the work done against the resistances to motion. [3]
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0.4 kg

B @0.1kg

Particles A and B, of masses 0.4kg and 0.1 kg respectively, are attached to the ends of a light
inextensible string. Particle A is held at rest on a horizontal table with the string passing over a smooth
pulley at the edge of the table. Particle B hangs vertically below the pulley (see diagram). The system
is released from rest. In the subsequent motion a constant frictional force of magnitude 0.6 N acts
on A. Find

(i) the tension in the string, [4]
(ii) the speed of B 1.5 s after it starts to move. [3]
A
30°
M 5N
309
B

One end of a light inextensible string is attached to a fixed point A of a fixed vertical wire. The
other end of the string is attached to a small ring B, of mass 0.2 kg, through which the wire passes.
A horizontal force of magnitude 5N is applied to the mid-point M of the string. The system is in
equilibrium with the string taut, with B below A, and with angles ABM and BAM equal to 30° (see
diagram).

(i) Show that the tension in BM is 5 N. [3]

(ii) The ring is on the point of sliding up the wire. Find the coefficient of friction between the ring
and the wire. [5]

(iii) A particle of mass m kg is attached to the ring. The ring is now on the point of sliding down the

wire. Given that the coefficient of friction between the ring and the wire is unchanged, find the
value of m. [2]
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A tractor A starts from rest and travels along a straight road for 500 seconds. The velocity-time graph
for the journey is shown above. This graph consists of three straight line segments. Find
(i) the distance travelled by A, [3]

(ii) the initial acceleration of A. [2]

Another tractor B starts from rest at the same instant as A, and travels along the same road for
500 seconds. Its velocity ¢ seconds after starting is (0.06¢ — 0.000 12t2) ms~'. Find

(iii) how much greater B’s initial acceleration is than A’s, [2]

(iv) how much further B has travelled than A, at the instant when B’s velocity reaches its maximum.

[6]
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2

A railway engine of mass 50 000 kg travels at a constant speed of 25ms~! on a horizontal circular

track of radius 1250 m. Find the magnitude of the horizontal force on the engine. [3]

A uniform solid cone has height 20 cm and base radius 10cm. It is placed with its axis vertical on
a rough horizontal plane (see Fig. 1). The plane is slowly tilted and the cone remains in equilibrium
until the angle of inclination of the plane reaches 6°, when the cone begins to topple without sliding
(see Fig. 2).

(i) Find the value of 6. (3]

(i) What can you say about the value of the coefficient of friction between the cone and the plane?

[3]

0

One end of a light elastic spring, of natural length 0.4 m and modulus of elasticity 88 N, is attached
to a fixed point O. A particle P of mass 0.2 kg is attached to the other end of the spring and is held,
with the spring compressed, at a point 0.3 m vertically above O, as shown in the diagram. P is now
released from rest and moves vertically upwards.
(i) Find the initial acceleration of P. [3]
(ii) Find the initial elastic potential energy of the spring. [2]

(iii) Find the speed of P when the distance OP is 0.4 m. [3]
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15.
4 5.5cm =B
8 cm
-
D 9.5 cm C
Fig. 1

Fig. 1 shows a uniform lamina ABCD with dimensions AB = 15.5cm, BC = 8cm and CD = 9.5cm.
Angles ABC and BCD are right angles.

(i) Show that the distance of the centre of mass of the lamina from the side BC is 6.37 cm. (4]
A 30 B
D C
Fig. 2

The lamina is smoothly hinged to a wall at A and is supported, with AB horizontal, by a light wire
attached at B. The other end of the wire is attached to a point on the wall, vertically above A, such
that the wire makes an angle of 30° with AB (see Fig. 2). The mass of the lamina is 8 kg. Find

(ii) the tension in the wire, (4]

(iii) the magnitude of the vertical component of the force acting on the lamina at A. [2]
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A stone is projected from a point on horizontal ground with a speed of 20m ™! at an angle of o° above
the horizontal. The stone is moving horizontally when it hits a vertical wall at a point 7.2 m above the
ground.

(i) Find the value of o. (4]

After rebounding at right angles from the wall the speed of the stone is halved. Find
(ii) the distance from the wall of the point at which the stone hits the ground, [4]

(iii) the angle which the direction of motion of the stone makes with the horizontal, immediately
before the stone hits the ground. [3]

A cyclist and his machine have a total mass of 80kg. The cyclist starts from rest and rides from the
bottom to the top of a straight slope inclined at an angle 0 to the horizontal, where sin 6 = 0.1. The
cyclist exerts a constant force of magnitude 120 N. There is a resisting force of magnitude 8v N acting
on the cyclist, where vm s7!is the cyclist’s speed at time 7 s after the start.

1 \dv 1
i) Show th ( )— =
(i) Show that )& " 10 (3]
(ii) Solve this differential equation and hence show that v = 5(1 — e_%t). [5]

(iii) Given that the cyclist takes 20 s to reach the top of the slope, find the length of the slope. [4]
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