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STEP 2010 Paper I: Principal Examiner’s Report

Introductory comments

There were significantly more candidates attempting this paper than last year (just over
1000), and the scores were much higher than last year (presumably due to the easier first
question): fewer than 2% of candidates scored less than 20 marks overall, and the median
mark was 61.

The pure questions were the most popular as usual, though there was much more varia-
tion than in some previous years: questions 1, 3, 4 and 6 were the most popular, while
question 7 (on vectors) was intensely unpopular. About half of all candidates attempted
at least one mechanics question, and 15% attempted at least one probability question.
The marks were unsurprising: the pure questions generally gained the better marks, while
the mechanics and probability questions generally had poorer marks.

A sizeable number of candidates ignored the advice on the front cover and attempted
more than six questions, with a fifth of candidates trying eight or more questions. A good
number of those extra attempts were little more than failed starts, but suggest that some
candidates are not very effective at question-picking. This is an important skill to develop
during STEP preparation. Nevertheless, the good marks and the paucity of candidates
who attempted the questions in numerical order does suggest that the majority are being
wise in their choices. Because of the abortive starts, I have often restricted my attention
below to those attempts which counted as one of the six highest-scoring answers, and
referred to these as “significant attempts”.

The majority of candidates did begin with question 1 (presumably as it appeared to be
the easiest), but some spent far longer on it than was wise. Some attempts ran to over
eight pages in length, especially when they had made an algebraic slip early on, and used
time which could have been far better spent tackling another question. It is important to
balance the desire to finish the question with an appreciation of when to stop and move
on.

Many candidates realised that for some questions, it was possible to attempt a later
part without a complete (or any) solution to an earlier part. An awareness of this could
have helped some of the weaker students to gain vital marks when they were stuck; it is
generally better to do more of one question than to start another question, in particular
if one has already attempted six questions. It is also fine to write “continued later” at
the end of a partial attempt and then to continue the answer later in the answer booklet.

As usual, though, some candidates ignored explicit instructions to use the previous work,
such as “Hence”, or “Deduce”. They will get no credit if they do not do what they are
asked to! (Of course, “Hence, or otherwise, show ...” gives them the freedom to use any
method of their choosing; often the “hence” will be the easiest, but in Question 5 this
year, the “otherwise” approach was very popular.)

On some questions, some candidates tried to work forwards from the given question and
backwards from the answer, hoping that they would meet somewhere in the middle. While
this worked on occasion, it often required fudging, and did bring to mind a recent web
comic: http://xkcd.com/759.


http://xkcd.com/759

It is wise to remember that STEP questions do require a greater facility with mathe-
matics and algebraic manipulation than the A-level examinations, as well as a depth of
understanding which goes beyond that expected in a typical sixth-form classroom. STEP
candidates are therefore recommended to heed the sage advice on the STEP Mathematics
website, http://www.admissionstests.cambridgeassessment.org.uk/adt/step:

From the point of view of admissions to a university mathematics course,
STEP has three purposes. ... Thirdly, it tests motivation. It is important to
prepare for STEP (by working through old papers, for example), which can
require considerable dedication. Those who are not willing to make the effort
are unlikely to thrive on a difficult mathematics course.

Common issues

There were a number of common errors and issues which appeared across the whole paper.

The first was a lack of fluency in algebraic manipulations. STEP questions often use
more variables than A-level questions (which are more numerical), and therefore require
candidates to be comfortable engaging in extended sequences of algebraic manipulations
with determination and, crucially, accuracy. This is a skill which requires plenty of practice
to master.

Along with this comes the need for explanations in English: a sequence of formulae or
equations with no explicit connections between them can leave the reader (and writer)
confused as to the meaning: Does one statement follow from the other? Are they equiv-
alent statements? Or are they perhaps simultaneous equations? For example, writing
x = 2 followed by 2% = 4 is not the same as writing # = 2 followed by 22 = 4, and both
are different from writing x = 2 followed by y = 3. In some cases, this cost marks, in
particular when a candidate was required to show that “A if and only if B”. Brief con-
nectives or explanations (“thus”, “so”, “:” or “=") would help, and sometimes longer
sentences are necessary. The solutions booklet is more verbose than candidates’ solutions
need to be, but give an idea of how English can be used.

Another related issue is legibility. Many candidates at some point in the paper lost marks
through misreading their own writing. Common confusions this year included muddling
their symbols, the most common being: M and m; V and v; v and n; v and N; x and n
(primarily among Oriental candidates); o and 2; a and 9; s, S and 5. In other years, z
and 2 have also caused confusion. It is sad that, at this stage, candidates are still wasting
marks because of bad writing habits.

A couple of basic (primary school) arithmetical processes caused some problems this
year, namely long multiplication and fractions. While there is rarely a need for long
multiplication in STEP examinations, some of the candidates attempted to use it at
various points, and it was shocking to see that they were not competent with a compact
hand-written method, some even still using a chunking or grid-type method. For fractions,
the situation was similar, the most noticeable thing being the lack of cross-cancellation
or any simplification when multiplying fractions. (For example, when calculating 1% x 10

27
it is far simpler to first cancel to % X g giving 7—52 than to multiply directly to get %.)

Quadratics caused a few raised eyebrows when candidates tried to solve equations of the
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form (blah)? = 9 by expanding brackets and solving the resulting quadratic instead of
simply saying blah = 43.

Graph sketches were again weak. Students need much more practice with sketching graphs
of interesting functions (beyond the standard A-level fare of quadratics, cubics, reciprocals
of linears and x?, and the basic trigonometrical functions). Sketching functions should
involve consideration of all of their main features: their axis-crossings, their stationary
points, their asymptotic behaviour and even such basics as whether they are positive or
negative in various regions. Reciprocals of quadratics and cubics are good for learning
this, as well as more sophisticated functions. Students preparing for STEP would be
advised to make up such functions, attempt to sketch them, and then check their answers
on a graphical calculator or using software such as Geogebra (which is free, and can be
found at http://www.geogebra.org/).

Finally, a strong reminder that it is vital to draw appropriate, clear, accurate diagrams
when attempting mechanics questions: it was shocking how many candidates attempted

to solve the collision question without a diagram or a moments question with a tiny, rough
sketch!

Question 1

This was by far the most popular question, attempted by almost all candidates. It was
very pleasing to see so many perfect solutions, showing that many candidates had a good
command of basic algebraic manipulation.

The first part of the question was answered very well. Some candidates failed to take
enough care with their algebra, the most common errors being to either lose the 4a term
entirely or to replace it by 4.

There were many different approaches used to tackle the second part, the majority of them
being effective. The most common conceptual error was assuming that the solutions had
to be integers. As the question did not say this, such attempts gained relatively few marks
unless supported by a full algebraic solution.

There were a few recurring technical errors and other ineffective approaches.

The first was to implicitly assume that the second equation could be rewritten in the
same way as the first without checking the consistency of all six equations (most notably,
checking that a + bc? = 6).

The second was to fail to square root an equation correctly: from (y — 2z)? = 4, for
example, a significant number of students gave only the single solution y — 2z = 2.

A significant number of students made arithmetical errors when solving the equations
which left them bogged down in messy calculations, costing them only a few accuracy
marks but lots of time.

Also, several took long-winded methods which involved multiplying out expressions such
as (y — 2x)? = 4 to reach quadratic equations; as mentioned above, candidates should
certainly be aware that they ought to simply take square roots.

Most candidates who reached a pair of simultaneous equations for (y—2z)? and (x—y+2)?
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correctly solved for one of the terms, but a surprising number then substituted their
answer(s) back into one of the original quadratic equations in = and y to eliminate a
variable, giving themselves far more algebraic slog than actually necessary.

Overall, the mean mark for this question was in excess of 14/20, making it the most
successfully answered question on the paper.

Question 2

This was a fairly popular question, attempted by around two-thirds of candidates. It
was pleasing to see how many of them were correctly able to differentiate the expression
given at the start of the question. Again, the earlier comments on algebraic accuracy bear
repeating at this point: a number of candidates became unstuck here through algebraic
or sign errors, and this was a repeating theme throughout this question.

The inequalities proved challenging: setting the derivative equal to zero was an obvious
step, and then the resulting quadratic is crying out for consideration of the discriminant.
Even many of those who got this far failed to adequately explain their solution of the
quadratic inequality, jumping straight to the given answer.

Moving on to the graph sketches, it became obvious that different candidates have differ-
ent understandings of what is expected. At the very least, a graph sketch should indicate
(where possible) the coordinates of stationary points and axis crossings, as well as asymp-
totic behaviour. Many candidates, pleased with their success at finding the z-coordinates
of the stationary points, then stopped and did not calculate the y-coordinates. The lattar
would have made the decision about the nature of the stationary points essentially trivial
and would have helped them draw more accurate sketches, especially in part (ii).

On a positive note, most of the candidates who reached this part of the question deter-
mined the turning points and vertical asymptotes correctly, though some thought that
part (ii) had no turning points (despite having shown that it does earlier on).

The mean score on this question was noticeably lower than on several of the other pure
mathematics questions, suggesting that graph-sketching is an area which requires more
attention from candidates during their preparation.

Question 3

This was a very popular question, and the marks were generally very encouraging. A
significant majority of attempts simply rattled through the first part of the question,
showing confidence and competence with their trigonometric identities. A few candidates’
solutions for this part lasted several pages, but the majority were very swift and efficient.

For the main part of the question, most candidates started off very well by attempting to
equate the lines’ gradients, though a few thought that the gradient is given by the formula
(x9 — 1) /(y2 — y1). A number of candidates tried to use vector methods by showing that

PQ.SH

= 1’
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which involves significant (and messy) algebraic manipulation. (And if they used ]@
instead of ﬁ, they were unlikely to try to equate to —1 instead of 1.) A few tried to

show that 1@ = ﬁ, which is more restrictive than what is required. In general, the
scalar (dot) product method is good for identifying perpendicular vectors, but far less
useful for parallel vectors.

Most candidates who followed the gradient method then reached the intermediate conclu-
sion that tan %(q + p) = tan 5(s + ), but did not know how to continue correctly. They
either simply used the given answer or concluded that $(q + p) + km = (s + r) where
k=0, 1or 2. Very few said that k£ could be any integer or gave any justification for their
restriction to the given possibilities.

Finally, almost no candidates appreciated that the question’s requirement to show that
the lines are parallel if and only if the given condition was met meant that they had
to either show that their argument was reversible (using <= connectives or some other
indication that it was reversible), or explain why r 4+ s — p — ¢ = 27 implies that the lines
are parallel.

Question 4

This was another very popular question and, in spite of the challenges it posed, was
answered well by many of the candidates.

The majority of those who attempted the question knew how to perform an integration by
substitution, and many were able to do so correctly in this challenging example. Almost
every candidate was correctly able to determine dx/d¢ and substitute for x correctly in the
integrand. The next step, simplifying the resulting expression, proved more challenging,
and several candidates slipped up at this point (for example by forgetting a square root

sign).
Those who reached an integral of the form [ —2/(¢* —1) dt generally used the given result

to perform the integration, though some ignored the note and proceeded to use partial
fractions; this did not gain them any extra credit.

The majority either ignored the absolute value signs given in the note, quietly dropped
them in the next step, or integrated their partial fraction expansion without the use of
absolute value signs. While it is true, in this case, that they can (and should) be dropped,
this did require some minimal justification.

The simplification of the logarithm expression with ¢ substituted with /(x + 1)/z proved
challenging. A good number of candidates wisely expanded the given right-hand side and
showed that it gave the same as the left-hand side, while others floundered with the expres-
sion /1 + 1/x. This question called for a deep understanding of simplification of fractions
together with an equally sophisticated understanding of rationalising denominators, and
this proved too hard for many candidates.

Most candidates attempted the second part of the question, even if they had not completed
the first part. A disturbing number of candidates had misremembered the formula for
volume as [ 27y*dz, and were therefore out by a factor of 2 throughout the rest of the
question. They were only lightly penalised for this error.



There was some noticeable difficulty experienced in expanding 32, with many also making
their lives somewhat harder by writing y as a single fraction before squaring. Even among
the correct expansions, fewer attempts than expected noted that the integrand could be
written as =+ ﬁ —2x (), where (x) was the integrand from the first part of the question.
Therefore many candidates ended up becoming stuck at this point.

Of those candidates who reached the correct integrand, most were able to correctly sub-
stitute in the limits and get the signs correct (though this did require care, and not all
managed it). The next step, simplifying the logarithms, left many struggling. While
most were fairly comfortable with the rules for logs, far fewer were happy with simpli-
fying as they went or cancelling common factors (“cross-cancelling”) when multiplying
fractions, leading some to work with fractions with large numerators and denominators.
This approach frequently ended with arithmetical errors. Very few candidates applied the
logarithm rules to logs of fractions, such as writing In % =In9—In16 =2In3 —41In2.
This would have made the arithmetic far simpler and would have given them far more
chance of reaching the correct answer.

Question 5

This was a fairly unpopular question, attempted by only about 40% of the candidates
(and being one of the best six attempts of fewer than one-third of candidates). The
marks were also poor, with the median mark of the significant attempts being 3/20.

About one-sixth of all attempts failed to gain a single mark, even though writing out the
binomial expansion of (1 + x)" using binomial coefficients would have been sufficient for
this. About one-quarter of candidates failed to make any further progress beyond this
point, though another quarter substituted x = 1 and reached the result of part (i) before

giving up.
Those who persevered generally did reasonably well, with many correct answers to parts
(ii) and (iii), and a good number succeeding on part (iv) as well. It was surprising how

many successfully answered parts (ii) and (iii) using binomial coefficient manipulations
without any reference back to part (i).

In part (ii), a number of candidates attempted to differentiate 2" to get n.2"~'. Others,
who used the binomial manipulation approach, were careless about the first and last terms
of the sum or made no attempt to justify why all of the corresponding middle terms were
equal.

On this note, some candidates expanded both sides of the identity they were trying to
prove and equated the corresponding terms without any understanding or indication of
why they were the same; this gained relatively few marks, especially in part (iv) where
the terms do not even correspond in this way.

In part (iii), those candidates who used a calculus-based approach frequently failed to
consider the constant of integration, and could not, therefore, justify the need for the —1
term.

Finally, whereas a good number of the calculus-based approaches succeeded on part (iv),
no candidate who used a binomial-manipulation method managed to extend their tech-
niques to this case.



Question 6

This was another popular and well-answered question. The median mark was 13, and
around one-fifth of attempts gained full marks.

Almost all candidates were fine with the first step and showing that (x) holds. A significant
majority were also comfortable with deducing (*x), though there were some who had
difficulties in applying the product rule twice or appreciating that u was a function of x
rather than a constant.

The final part of the question, however, caused numerous difficulties for the majority of
candidates. First of all, some simply did not understand what was being asked of them,
and thought of v as a constant (even though they had appreciated that w itself is a function
of x). Then a significant number thought that d*u/dz? = v? rather than dv/dz, belying
a lack of understanding of the meaning of a second derivative. Those who overcame these
hurdles reached a correct first order ODE with no constant term, but many struggled to
solve it; even those who correctly separated the variables could not figure out how to
z—2

integrate £=F, even though this is a standard A-level integration question. (Some tried

integration by parts, with a predicatable lack of success.)
Those who managed to integrate to determine Inv then went on to exponentiate, mostly
successfully, though a number forgot about the arbitrary constant or ended up with an
expression of the form v = f(z) + ¢ instead of v = ¢f(x).

Those who reached this point generally appreciated that they now needed to write v =
du/dz and integrate once more, and most realised that now was the time to integrate
by parts. Unfortunately, many forgot to multiply their original arbitrary constant by the
— [ug¥ dz term of the parts formula.

For the last step, a number of candidates thought that it was sufficient to simply plug
y = Ax + Be” into the differential equation; this, of course, gained no credit, as the
question had explicitly said “Hence show that ...”.

Question 7

This was a very unpopular question, attempted by only 20% of candidates and being
one of the six best questions of only 10%. It was also the worst-scoring: of the signifi-
cant attempts, the median mark was 1/20. However, those who managed to get beyond
the start of the question generally did quite well, resulting in an upper quartile mark
(among significant attempts) of 11/20. It generally indicated a very poor understanding
of vectors among those students who attempted this question. Only a handful of students
successfully completed the question.

Of those who attempted the question, many drew a decent diagram, which is very helpful
in understanding what is being asked, though few realised that C' lies strictly inside
triangle OAB. Many also realised that they could simply write down the formula for q
directly by symmetry.

Most, however, appeared to be incapable of writing down the equation of a straight line
in vector form and were therefore unable to proceed any further.



Those who did often made their lives more difficult by writing the equation of OA as
r = a-+ Aa rather than choosing the origin as their fixed point, giving the simpler equation
r = Aa. While the former is clearly correct, it is messier to work with and therefore more
likely to lead to errors later.

A_x)zery common confusion was to write down the equations of the lines but to call them
OA and B? instead of OA and BC'; this sometimes led to candidates trying to equate the

P
vectors as OA = B?, which was fairly nonsensical (and other candidates tried equating
the vectors without writing down the equations of the lines).

Another frequent piece of nonsense was an attempt to divide one vector by another or to
add a vector to a scalar.

Few candidates used notation carefully, and many suffered for it. It is strongly recom-
mended that students are taught to always distinguish their vector variables from their
scalar variables by underlining, under-squiggling or using arrows above them, and that
this is insisted upon. It makes it far less likely, then, that a student would write something
like @ + A = p or ab (both of which were frequently seen).

Some candidates attempted to write the formula for p in words and hoped that, somehow,
this would be sufficient justification. This was joined by several attempts to work forwards
from what was known and backwards from the desired result, which together with some
glue in between was meant to provide a convincing argument for the result.

Those who successfully completed the first part were generally successful with finding the
position vector of r as well.

The final part of the question was attempted by relatively few candidates. There was a
mixed level of success. Most realised that they needed to find the position vector of s,
and this was done fairly well; the algebra was the trickiest part here, as the ideas were
the same as earlier. The last step, proving the equality of the ratios, was a little trickier,
and there were a few attempts to divide vectors or to ignore problems with signs.

Question 8

This was a moderately popular question and candidates obtained a broad spread of marks
on it.

For the first part, almost all candidates successfully argued that a® is divisible by 3, but
a significant number could not give a reasonably convincing explanation for why a itself
is divisible by 3. We did not require a perfect argument, but there had to be a mention
of 3 being prime. It was common to see this either asserted (“since 3 | a3, then 3 | a”) or,
less commonly, something creative like: “a = Va® = ¥/3¥/3¢® — 1%, and as a is an integer,
a must be divisible by 3”.

A good number of candidates went on to correctly explain why b and ¢ were divisible
by 3, but quite a few talked about b* = 3¢* — £a® and ¢® = 5a® + $b* being divisible by 3
without any justification for these assertions; the idea of writing a multiple of 3 as 3k for
some k was appreciated by some candidates but overlooked by others. A few candidates
also made basic algebraic errors when rearranging the equation a® + 3b* = 9¢3; more care
is needed!



It was nice to see that a fair number of candidates knew about modular arithmetic and
could use it to construct effective arguments both here and in part (ii).

A number of candidates showed some serious misconceptions about divisibility, with a
common error being 3 | (r+s) = 3 |7 and 3 | s. A few expanded /a + b as /a + V/b,

and there were even occurrences of 1+ s =t = r =t/s.

Other somewhat common failings were attempting to prove general statements by using
particular examples (such as “take a = 42”), making unsubstantiated assertions (for
example “since a®/3 is an integer, so is a®/9”), and misuse of “similarly”: just because
27 | a3, it does not follow “similarly” that 27 | b and 27 | ¢® unless it has already been
shown that 3 | b and 3 | c.

The final step of the argument, the infinite descent argument, was poorly understood and
served to differentiate the stongest candidates from the rest. Again, we did not expect a
perfect argument, but merely some explanation that a non-zero solution would give rise
to another, smaller, non-zero solution, and so on, which is impossible.

For part (ii), most candidates who attempted it realised that there were very few possi-
bilities for the final digits of fourth powers, though a few went to the effort of calculating
8% and 9* explicitly rather than just considering final digits. Some thought that 5r* could
only end in 5, forgetting the possibility that it might end in 0. Nevertheless, many un-
derstood what they were meant to do and tried to argue that p and ¢ must both be
multiples of 5. Some succeeded, but others made errors in their logic and did not consider
all possible cases, for example, many candidates considered several the case 5 { p but not
5 | p. Others effectively said “if 5 | p, then we must have 5 | ¢,” but did not show that
we must have 5 | p. Finally, as in part (i), there were some who argued that 5 | r* but
did not explain how to deduce that 5 | r, and many who were stuck on the final proof by
infinite descent.

It was perhaps unsurprising that so many candidates appealed to Fermat’s Last Theorem
in their attempts to prove these results, even though it was not at all relevant to the
question. (It was equally unsurprising that there was almost no use of Fermat’s Little
Theorem to help with the calculations required in part (ii) by stating that a* = 1 (mod 5)
whenever 5 1 a.)

Question 9

This was the most popular of the mechanics questions, being attempted by about one-third
of candidates (though this question counted towards the final mark of only two-thirds of
these). The mean mark was about 6/20.

A number of the attempts struggled to calculate the distance of the centre of mass from
the wall, though most were able to do so using a quick sketch.

Unfortunately, many candidates gave up at this point, unsure of what to do next. It
should be second-nature that for a large-body question, the “right” thing to do is “resolve
twice, moments once”. Others tried this but failed to do so correctly: first of all, many
drew poor or confusing diagrams; it is vital that candidates draw diagrams which are clear
enough to understand what is going on at every point. It was sadly common to see friction
labelled as F'r, where this could easily be confused with F' x r in some contexts: students



should always be taught to use single-letter variable names. Further, many students were
inconsistent with their force labelling: some labelled the reaction as R4 at A but the
friction as Rp at B (where A and B are the points of contact) or similar gaffes—this, of
course, led to confusion and errors later. Others used the same variable for two different
reaction forces or two different friction forces. Yet others left out one of the forces.

Even with the hurdle of an accurate diagram overcome, many only resolved once rather
than twice, and a few tried taking moments around two or three different points but never
resolving. (The latter can be made to work, but is usually far more effort than necessary.)

Taking moments was also found to be challenging: most attempts failed by forgetting
a force or by not understanding the meaning of “perpendicular distance”. (For exam-
ple, referring to the diagram in the sample solutions, when taking moments about B,
candidates would have R; contributing R; X 2a or occasionally R; X 2a cos « instead of
Ry x 2asina.) Some candidates also got their signs wrong. I personally encourage my
students to always indicate the orientation in which they are taking moments (clockwise
or anticlockwise, indicated with a small curved arrow as in .# (ﬁ)) and to place all of the
moments on the same side of the equation with the appropriate sign; this will also help if
they ever come to learn about moments of inertia and angular acceleration, as they will
then be more confident working with the formula 3 Fd = I6.

A surprising number switched the a and b at some point in the question.

Most of those who correctly reached this point were able to make good progress towards
the required conclusions (though a few, sadly, did not attempt the final part of the
question, even though it was fairly straightforward). They showed a good command
of the trigonometric identities required and were confident in manipulating the equations
to eliminate the forces.

Unsurprisingly, there were almost no candidates who used the Three Forces Theorem
approach.

Question 10

This question was attempted by about 20% of the candidates, though many became stuck
fairly early on in the question.

For the first part of the question, the majority of candidates showed a good understanding
of how to differentiate a vector, though close to half got no further than finding the velocity
and acceleration (often correctly, often with errors). Most of the rest then went on to
evaluate scalar products to find the angle between two vectors, usually successfully. A
small number took the elegant geometric-trigonometric approach very successfully.

Those who reached this point sketched the path of the particle, but with little thought
for what they had just done: almost no candidates had a diagram in which the direction
of motion was at 45° to the position of the particle even at the start point. Some drew a
vague swirl, but most at least indicated one or two coordinates (usually correctly). Only
two candidates were awarded full marks for their sketch, which required just a couple
of coordinates and a clear (explicit or implicit) indication of the direction of motion
somewhere along the path.



The final part of the question was very poorly done. Few even attempted it, and of those
who did, many thought that a time delay of 7' meant that rq = (e cos(t + T)i+---)
instead of using ¢t — 7. Those who got this far often concluded that P(Q) is proportional
to e’ simply because they reached an equation of the form

]@\ = e’ x y/some expression involving ¢ and T

without simplifying the square root to eliminate t.

Question 11

This was the least popular of the mechanics questions, yet the best-answered.

Nonetheless, the very standard start of the question proved to be a major stumbling-block
for many candidates, with over a third unable to write down a pair of correct equations
for the collision. The reason for this was very simple: about half of candidates failed to
draw a diagram; this led to them trying to keep the directions in their heads, with the
predictable consequence that most had inconsistent signs in their equations of momentum
and restitution. It was almost impossible to make any significant further progress in such
cases. (It also made the examiners’ lives significantly harder, but they were not penalised
for this!)

The majority of those who did write down two correct equations were generally able to
solve them and reach correct expressions for the velocities of the two particles after the
collision. (Although the question had asked for the speeds rather than the velocities, full
marks were awarded for just determining the velocities.)

Many candidates who reached this point only found the conditions for one of the two
particles to change direction (deducing the 2em > M — m required), but did not give an
adequate (or any) explanation for why the lighter particle also changed direction.

A common problem in this first half was that candidates again misread their own writing,
confusing M and m. In the second half, some candidates similarly confused V' and v.

There were few candidates who attempted the second half of the question. Almost no
candidates gave a convincing explanation for the given equation (making little or no
reference to the circular track or the change of direction at every collision). Those who
understood what was going on (whether or not they explained it well) and went on to try
to determine v and V' were frequently careless in their counting of collisions, ending up
with expressions involving e?" rather that e***!.

Question 12

The two probability questions were each attempted by about 10% of candidates. This
was the better-answered of them.

The majority of candidates were able to write down the definition of E(X) in this context,
but very few figured out how to expand the definition to produce the required result.

In the second part of the question, many candidates were capable of determining P(X > 4)
by a variety of arguments, often involving writing P(X > 4) = 1 — P(X < 3) and then



considering cases. Unfortunately, most of these arguments did not generalise easily, so
that the required result of P(X > n) = p"~! + ¢"~! was not deduced, and this left most
students stuck at this point. Also, quite a few were unable to determine P(X = 2) or
P(X = 3) correctly, which did not help either.

Most candidates, even those who had become stuck earlier, attempted the final part of
the question. There seemed to be a widespread understanding that pg is maximised at
p=q= %, or that 1%1 > 4, but very few actually proved this (and justification was

required).

Question 13

This question was the most poorly answered on the paper, with over half of attempts
scoring no marks.

Nonetheless, most candidates were capable of writing down the pdf of a Poisson distribu-
tion, but only a minority understood that they needed to consider two different Poisson
distributions to make any progress.

Worse still, it was very common to see candidates writing things like: “Let X be the
number of texts received. Then P(1 < X < 2) = ---.” This shows a total lack of
understanding of what the Poisson distribution is doing: there is no time period given
in the definition of X, and how could the number of texts lie strictly between 1 and 27
Were the candidates to have let X be the waiting time until the first text, this would have
made sense, but at this level, most candidates have not yet met this concept.

Even those who progressed beyond this point and actually managed to reach the required
quadratic in e* generally became stuck when trying to show that there are two positive
values of \: they showed (or tried to show) that e* > 0 rather than the necessary e* > 1.

Those who tried the second part generally did not appreciate that e’ and e*? are the
two roots of the equation pe** — e* + 1 = 0, and often used the two possible roots for
each of e’ and e*?, leading to some nonsensical answers; very few reached the required
expression for A\; + X\o. Also, none of the candidates who reached this point seemed to
know (or use) the result that the product of roots of az? + bz +c = 0 is ¢/a; this is a very
useful tool for students to have.

Finally, in the last part of the question, very few of the candidates were capable of finding
an event involving the two phones equivalent to “the first text arrives between 1 and 2
hours”, leaving them unable to make any meaningful progress. Drawing a Venn diagram or
listing possibilities would have been of help, but there was little evidence that candidates
used techniques such as these.
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General Remarks

There were just under 1000 entries for paper Il this year, almost exactly the same number as last
year. Of this number, more than 60 scored over 90% while, at the other end of the scale, almost
200 failed to score more than 40 marks. In hindsight, many of the pure maths questions were a
little too accessible and lacked a sufficiently tough ‘difficulty gradient’, so that scores were
slightly higher than anticipated. This was reflected in the grade boundaries for the “1” and the
“2” (around ten marks higher than is generally planned) in particular. Next year’s questions may
be expected to be a little bit more demanding, but only in the sense that the final 5 or 6 marks on
each question should have rather more bite to them: it should certainly not be the case that all
questions are tougher to get into at the outset.

Most candidates attempted the requisite number of questions (six), although many of the weaker
brethren made seven or eight attempts, most of which were feeble at best and they generally only
picked up a maximum of 5 or 6 marks per question. It is a truth universally acknowledged that
practice maketh if not perfect then at least a whole lot better prepared, and choosing to waste
time on a couple of extra questions is not a good strategy on the STEPs. The major down-side of
the present modular examination system is that students are not naturally prepared to approach
the subject holistically; ally this to the current practice of setting highly-structured, fully-guided
questions requiring no imagination, insight, depth or planning from A-level candidates in a
system that fails almost nobody and rewards even the most modestly able with high grades in a
manner reminiscent of a dentist giving lollipops to kids who have done little more than been
brave and seen the course through, it is even more important to ensure a full and thorough
preparation for these papers. The 20% of the entry who seem to be either unprepared for the
rigours of a STEP, or unwittingly possessed of only a smattering of basic advanced-level skills,
seems to be remarkably steady year-on-year, even in a year when their more suitably prepared
compatriots found the paper appreciably easier than usual.

As in previous years, the pure maths questions provided the bulk of candidates’ work, with
relatively few efforts to be found at the applied ones.

Comments on individual questions

Q1  This question was attempted by almost two-thirds of the candidature, with a mean mark
of around 115 . Whilst most attempts were very successful, a lot of marks were lost by poorly

structured working, where the candidate got themselves confused in some way or another. The
only two common conceptual difficulties were the oversight of the equal gradients at the point of
contact and the lack of a suitable circle equation to start working with. Apart from these, most
candidates’ work went smoothly and successfully, although sign errors often cost them at least
one of the final three answer marks.

Q2  This was the most popular question on the paper, drawing an attempt from almst every
candidate. There were several proofs of the initial trigonometric identities using de Moivre’s
Theorem but most settled for the more standard cosine and sine of (2x + x). Personally, | was
against the inclusion of the given answer of cos™*(~1) in (ii) as it led to what struck me as an

unwelcome dichotomy of approaches. Most candidates opted to verify that the two polynomials
in “c” that arose gave the same numerical answer, and this working was not entirely
straightforward — in the event, lots of candidates failed to show the markers that they had done
the working correctly for both expressions — whereas my original intention had been that they
should collect terms up into a single polynomial equation and factorise it by first spotting the
(repeated) factor (c — 1) hinted at in (i).

There was one important mathematical oversight that many candidates made during this
question, and it was due to not reading the question sufficiently carefully. The wording of the
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question in (ii) clearly states that Eustace’s misunderstanding of the integration of powers of the
sine function was for n = 1, 2, 3, ... . Unfortunately, rather a lot of candidates thought that he
would then have integrated sinx (i.e. the case n = 1) correctly as —cos x. We concocted a mark-
scheme for this eventuality which allowed candidates ‘follow-through’ for 6 out of the 10 marks
allocated here, but the self-imposed penalty of four marks could not be avoided as it was just no
longer possible to get, for instance, the given answer.

Finally, there is a bit of an apology to make: at some final stage of the printing process,
the bit of the question that identified « as lying in the range 0 to ~ got removed; this left
candidates having to think about general solutions rather than just the two decently small ones
that had been looked-for when the question was first written. Nevertheless, not only was this the
most popular question for number of attempts, it was also the most successful for candidates with
a man score of almost 15.

Q3  One doesn’t need to be too devoted a mathematician to recognise the Fibonacci numbers
in this question, and many candidates clearly recognised this sequence. However, they were still
required to answer the question in the way specified by the wording on the paper and a lot of
attempts foundered at part (ii). This was the second most frequently attempted question, yet drew
the second worst marks, averaging just over 8. Most attempts got little further than (i), and many
foundered even here due to a lack of appreciation of the difference of two cubes factorisation.
Things clearly got much worse in (ii) when far too many folks seemed incapable of attempting a

binomial expansion of (1+ \/5)6; many who did manage a decent stab at this then repeated the

work for (1—\/5)6. Very few sorted this out correctly and, as a result, there were relatively few
stabs at part (iii).

Q4  This question received about the same number of “hits” as Q1 and came out with an
average mark only fractionally lower. For the majority, the introductory work was successfully
completed along with the rest of (i), although a lot of candidates’ working was very unclear in
the first integral, involving logarithms. One or two marks were commonly lost as the correct
answer of 3 could easily have been guessed from the initial result, and the working produced by

the candidates failed to convince markers that it had been obtained legitimately otherwise. The
fault was often little more than failing either to identify the relevant “f(x)” or to show it
implicitly by careful presentation of the working of the log. function.

The excellent part (ii) required candidates to mimic the method used to find the opening
result rather than repeat its use in a new case, and this was only accessible to those with that
extra bit of insight or determination.

Q5  This was the least popular question on the paper and attracted the lowest average score of
about 7. This is partly explained by the way that, like Q3 and Q6 particularly, it drew a lot of
attempts from desperate weaker students who started, only to give up before too long (in order,
presumably, to try yet another question in some hit-and-miss approach, scrambling for odd
marks here and there). Of those who persevered, there were plenty of marks to be had. Little
more was required than the use of the scalar product, a careful application of algebra, and a
modest grasp of the geometrical implications of what the working represented.

Q6  Of the pure maths questions on the paper, only Q5 and this one attracted attempts from
under half the candidature; this despite the fact that it is obviously (to the trained eye, at least)
the easiest question on the paper. Parts (i) and (ii) require nothing more than GCSE
trigonometry, and (iii) can be done in one line if one knows a little bit about geometric centres of
3-d shapes. Clearly 3-dimensional objects, and the associated trig., are sufficiently daunting to
have put most folks off either completely or early on in the proceedings, and the average mark
scored here was under 10.
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Q7  This proved to be the second most popular question on the paper, both by choice and by
success. | imagine that its helpful structure probably contributed significantly to both. Part of the
problem is that there are ways to do this using methods not on single maths specifications, so it
was necessary to be quite specific. Nonetheless, there were still areas where marks were
commonly lost; in (i), candidates were required to show that both TPs lie below the x-axis and,
while one of the y-coordinates was obviously negative (being the sum of three negative terms),
the other one was only obviously so by completing the square. The problems found by
candidates, even in the first case, just highlights the widespread difficulty found by students
when dealing with inequalities.

Q8  This was the sixth most popular of the pure maths questions, with an average score of just
under 11. Many of the early marks were easily gained, although the sketches were often unclear
enough to warrant a loss of marks — in particular, the fact that the required function oscillates
between e~ and —e~* was seldom made obvious; indeed, a clear indication that the function’s
zeroes occurred at (regular) intervals of 7 units on the x-axis was also poorly indicated. Although
most candidates were happy to attempt integration by parts successfully, and then subtract areas,
the limits of integration, x, and x, + 1, were only occasionally correctly identified. This meant that
a lot of the following work, whilst correct in method, was seldom likely to get to the correct,
given answer. The final piece of work, even though it could be found using this given answer,
was poorly attempted.

Q9  Despite the fact that this question required two pieces of identical working in order to
obtain the given results (the second following almost immediately from the first, if reasoned
appropriately) and that each could be obtained by considering either distances or times, this was
a very unpopular question, eliciting only 153 attempts scoring an average of under 7 marks (the
poorest average mark of all questions). The key observation was that the two particles are always
at the same height, hence share a common vertical component of speed.

Q10 Eliciting exactly the same number of responses as Q9, this question was found a little
easier, but only because the first part was very standard A-level “collisions” work. Applying this
first result repeatedly required only clear thinking and clear presentation, and those who
persevered generally scored quite highly and opened up the prospect of some straightforward
log. work in the final part of (ii). The biggest hurdle to a completely successful solution usually
arose in poor numerical justification of the final answer.

Q11 This was the most popular of the applied maths questions, shortly ahead of Q12 for the
number of “hits” received but still well behind the popularity of any of the pure questions.
Having initially expected that candidates would recognise a “3-force problem’ and use Lami’s
Theorem or a triangle of forces, no-one did. Instead, attempts merely went for the “resolve twice
and take moments” strategy, which worked very well in principle, but were often hampered by
lack of care over the angles involved. Uses of the sin/cos(A + B) formulae were good, although a
lot of candidates got a bit confused before arriving at the given result. The final piece of work
was just a bit of pure maths. Interestingly enough, just one or two candidates appealed to a result
| had never heard of before: the “Cot Rule”, which (upon investigation) turned out to be perfectly
legitimate.

Q12 Only marginally less popular than Q12, and scoring marginally better on average (10.6
against 10.4), at least the first half of the question was straightforward work on a continuous
probability distribution. Those who kept their nerve in (ii) when dealing with the median found
many of the later marks were easily acquired also, the biggest hurdle to complete success (again)
being the poor skills on display when justifying results involving inequalities.



9470 STEP 11 2010 Report

Q13 This question worked almost exactly like Q12, in the sense that the start required some
straightforward (probability) work, followed by an extension that needed only careful handling,
before finishing with some poorly-handled inequalities work. The biggest problem for candidates
lay in their lack of care to show that their chosen values of p and q actually satisfied any claimed
conditions.

T F Cross
Principal Examiner
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About 80% of candidates attempted at least five questions, and well less than 20% made genuine
attempts at more than six. Those attempting more than six questions fell into three camps which
were those weak candidates who made very little progress on any question, those with four or
five fair solutions casting about for a sixth, and those strong candidates that either attempted 7"
or even 8" questions as an “insurance policy” against a solution that seemed strong but wasn’t,
or else for entertainment!

Section A: Pure Mathematics

1. This was a very popular question, and the first two parts usually scored full marks. The
expression of D in part (iii) caused some problems with inaccurate algebra which then made the
last two results unobtainable. Those that simplified D most neatly were in a stronger position to
finish the question, though “if and only if” was frequently ignored, or only lip-service was paid
to it. Consequently, scores were well-spread.

2. The most popular question, the scoring rate was very similar to the first. Quite a few
candidates did not take the hint provided in part (i) to express cosh a in terms of exponentials in
order to perform the integration. However, apart from those that did not correctly substantiate
the given result, many handled the partial fractions and exponentials well, and quite a number
dealt with the infinite limit impressively. Problems arose later in the question with manipulating
logarithms and the instruction to express answers in terms of hyperbolic functions was either
overlooked or beyond their capacity.

3. Just over half the candidates attempted this question with most scores being quarter, half
or three quarters in equal shares. Most candidates understood the idea of the question, the
definition of a primitive root, and many wrote the roots of unity in (modulus) -argument form or
exponential form. Failure to present a logical argument in parts (ii) and (iv) was a common
problem and Cs(X) tripped up quite a few.

4. This was a popular question, though it was not generally well scored upon, with very few
candidates earning full marks. Most began strongly, and finished by finding the values of b
correctly. However, basic sign errors did prevent some from achieving the numerical pay-off.
Part (ii) was, as expected, found trickier than part (i). Overall, the non-triviality of “if and only
if” was rarely addressed as an issue in either part.

5. This question resembled question 3 in popularity and success. Most were able to derive
line equations reliably, and address the intersection problem. (Those that used an equally valid
vector formulism had a low success rate for no apparent reason.) Very few addressed whether or
not factors that were being divided by were non-zero. Mistaking m for n and vice versa, careless
algebraic errors, and overlooking which equation represented which line caused problems in
trying to find T. The idea of explaining the construction verbally in the last part exposed that
many candidates are not used to expressing a formal argument in words. The nicety of this
question is that whilst all candidates will have encountered geometrical constructions involving
straight edge and compass, few will have previously met one that only requires a straight edge.



6. About a tenth of the candidates attempted this, with less success than nearly all other
questions on the paper. Part (i) caused few problems, but at some point in part (ii), errors were
frequently made or lack of attention to which of the two angles in parts (i) and (ii) was being
employed in which rotation, and so even those few that knew how to attempt part (iii) were
thwarted.

7. Just over 60% attempted this question, achieving moderate success. The opening result
was well done, but the two similar equations foundered frequently on incorrect differentiation. If
these two were correctly obtained, then the conjecture and induction were usually correct.
Appreciating that the final expression was actually a polynomial, and what this entails, passed
most by.

8. Three quarters of the candidates had a go at this, with moderate success. Most
understood the method intended for part (i) and were aware of the method of using an integrating
factor. Algebraic slips led to incorrect simultaneous equations in part (i), and few dealt with the
non-uniqueness of R(x) satisfactorily. Having found the integrating factor for part (ii), most did
not proceed further. Some candidates introduced a sign error into part (ii) which trivialized the
left hand side to a differential of a product. A small number of candidates produced elegant
solutions to part (ii) using the tan half angle substitution.

Section B: Mechanics

9. Less than a fifth of the candidates attempted this, though it was the most popular of the
non-Pure questions. Candidates were largely fairly successful or struggled to get started. Some
of those failing to get anywhere equated the normal reaction on P to the component of P’s
weight, completely ignoring the radial acceleration, and others got the sign of the force wrong.
Nearly every candidate failed to justify imposing the non-negative condition on the normal
reaction when ¢ = I,

10.  Only 5% of the candidates attempted this and it was another case of nearly all or nothing.
Even the mostly successful candidates rarely handled the small oscillation algebraic
manipulation correctly, often overlooking using the small angle result throughout the expression,
so very few obtained the correct period though the principle was understood.

11.  Slightly fewer attempted this than question 9, and this question was least well scored
upon of any on the paper. Generally, candidates got through part (i) successfully and then either
gave up or got right through the question. Common errors were the misapplication of
conservation of momentum, failure to distinguish directions which led to negative signs which
were then mis-handled to obtain the quoted answer in (i), and even strong candidates failing to
appreciate that acceleration was constant making the later parts all susceptible to constant
acceleration formulae and thus not requiring less direct approaches. The brief description at the
end was usually restricted to only trivially considering the block, and few gave any thought to
the bullet.



Section C:  Probability and Statistics

12.  Although this was marginally less popular than question 11, the success achieved was
similar to that on the first two questions. A small number of candidates didn’t get started but
most found the first parts straightforward and dealt with the manipulation and summation of the
geometric series correctly. Many found an incorrect “shortcut” on the last part, despite having a
good idea how to attempt it correctly having completed the earlier parts.

13. This was the least popular question with little more than a couple of handfuls of attempts.
In view of the small number of attempts, there were no detectable trends though oddly, the very
few candidates who mastered this question conspired to avoid full marks by making minor
algebraic inaccuracies having dealt with all the trickier aspects.



CAMBRIDGE ASSESSMENT
Explanation of Results STEP 2010

All STEP questions are marked out of 20. The mark scheme for each question is designed to reward
candidates who make good progress towards a solution. A candidate reaching the correct answer will
receive full marks, regardless of the method used to answer the question.

All the questions that are attempted by a student are marked. However, only the 6 best answers are used in
the calculation of the final grade for the paper.

There are five grades for STEP Mathematics which are:
S — Outstanding

1 - Very Good

2 — Good

3 — Satisfactory

U — Unclassified

The rest of this document presents, for each paper, the grade boundaries (minimum scores required to

achieve each grade), cumulative percentage of candidate achieving each grade, and a graph showing the
score distribution (percentage of candidates on each mark).
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Grade boundaries

Maximum Mark S 1 2 3 U
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Grade boundaries

Maximum Mark S 1 2 3 U
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Grade boundaries
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