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Core Mathematics C1 (6663)

General introduction 
Many candidates were well prepared for this paper and they were able to make good attempts at all of the questions. Most of these showed clear working to justify their answers and among the more able candidates there was some good graph work, careful algebra and accurate arithmetic. Candidates produced responses that were accurate and also a pleasure to mark because the work was logical and legible. 
Some candidates found the arithmetic challenging on this non-calculator paper. For example, the last mark on Q5 was frequently lost by candidates attempting to calculate 
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 and answers ranged from 3.5 to 98. In Q7 calculating 140 + 19 ( 20 frequently resulted in an incorrect answer and in Q11 the square root of 
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 gave rise to incorrect answers. Algebraic skills were well tested on this paper and the use of fractional and negative powers was an area that was found challenging by many candidates. Fractions presented challenges throughout for a minority of candidates. Candidates did not appear to be short of time and the majority of candidates attempted at least parts of all the questions. 

Report on Individual Questions
Question 1

This question was correctly answered by most of the candidates. The vast majority of candidates got the first mark for identifying the factor of x or –x (or occasionally 4x), though a significant number of candidates stopped at this point without taking into account that the question was worth 3 marks. A minority did not gain this first mark as they wrote erroneous statements such as 
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Of the candidates who progressed beyond the initial step, most correctly factorised the resulting quadratic using a difference of 2 squares correctly in their final factorisation. Some candidates made errors particularly sign errors. A number of candidates “lost” the 1 and gave x(–4x2) which demonstrated weak algebraic understanding and some went on to try and solve for x by setting the equation equal to 0. Some candidates did not distinguish between factorising and solving.
A small number of candidates gained the first mark, by a correct initial factorisation and then reversed the negatives in factorising the quadratic to give x(2x + 1)(2x – 1), thus losing the accuracy marks and gaining just 2 of the 3 marks available. 

Question 2
The majority of the candidates answered this question efficiently and correctly and gained the two marks. Many others did state that 8 = 
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somewhere in their workings, but lacked any evidence of multiplication of the powers 3 and 2x + 3 to gain the method mark. There were a number of candidates who incorrectly ended up using 8 = 
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. Common errors included dividing by 4, attempting to cube (2x + 3) or expanding 3(2x + 3) wrongly to get 6x + 6 or 6x + 3. The most common error was to add the powers (instead of multiplying them), giving 22x+ 6. A small minority attempted to use logarithms, but this was rare.

Question 3

In Q3(i) a significant number of candidates were unable to expand the brackets correctly: common errors were (8 ( 2 = 16 and –(8 ( (2 = +4 or +(16.
Most converted (8 to 2(2 after they attempted to expand the brackets, but a common error was to use (8 = 4(2. 
Some found collecting terms challenging so followed a correct 5 + 5(2 – 2(2 by an incorrect 9 + 3(2.
In Q3(ii) most candidates were able to change (80 to 4(5 but few knew that they needed to multiply the top and bottom of 
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 by (5 to rationalise the denominator. A number of candidates multiplied the top and bottom of the fraction by –(5 and then did not use the correct signs so ended up with 4(5 – 6(5. Some of the candidates who were able to change 
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 were unable to simplify this to 6(5.
Changing (80 + 
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was not a common method used but a common incorrect approach was to multiply each term of (80 +  by (5 (i.e. as if it was an equation) and to forget the denominator. Some other candidates who were able to reach 
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 could not then rationalise the denominator to obtain the correct  10(5. 

Question 4

Errors in Q4(a) were few and there was good understanding of what was required here. Any mistakes that were made were usually arithmetic errors when finding u4 , e.g. 2 × 17 = 36 and then 36 – 1 = 35 or u4 = 2 × 17 – 1 = 34.
There were few conceptual errors and it was very rare to find that this question was not attempted. 
In Q4(b) candidates knew that they needed a value for u1. The method mark was for an attempt to use
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 in order to find 
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together with an attempt to add their first four terms. Some candidates, instead, correctly worked out that u1 = 5 by working backwards through the pattern of differences that was generated between the terms and then proceeded to answer the question. 

A fairly frequent wrong assumption was that u1= 1, or that u1 = 2u0 –1 = 2 ( 0 –1 = –1. 

Most candidates understood that the notation meant that they needed to find a sum. However some tried to use formulae for sum of an arithmetic series, sometimes after finding u1 correctly, and in some cases even after writing out a correct sum of the four terms. A minority of candidates restarted in Q4(b); leading to adding terms of for example 1, 3, 5 and 7. There were also unfortunately some errors in the arithmetic by those who listed the sum correctly as 5 + 9 + 17 + 33, most commonly leading to an answer of 54, rather than 64.

Question 5

Q5 was an accessible question enabling all but the very weakest candidates to attempt full solutions to all three parts. It was pleasing to see the large number of students who were able to achieve full marks for all parts of this coordinate geometry question.

In Q5(a) the majority identified the correct gradient, with only a small minority getting the sign wrong or using 2 or –2 instead of 
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. Most candidates used the equation 
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to set up the equation of the line and usually obtained a correct un-simplified equation. Candidates who used the y = mx + c method were more likely to make errors. A majority got the equation into the required form, but others did not read the question carefully and omitted this step, or gave non-integer coefficients. For some this was the only mark they lost in this question.

In Q5 (b) most attempted to put x = 0 to get y and y = 0 to get x and, provided they had got the correct gradient in Q5(a), they were usually successful. Some solved x + 7 = 0 incorrectly getting x = 7 for A. A very small number of candidates (usually ones that got Q5(a) incorrect) substituted x = 5 and y = 6 into their equation by mistake. There were also instances of answers such as A = –7, B = 3.5, and in some cases an answer was given which combined the coordinates in the form (–7, 3.5)

In Q5(c) most drew the triangle on a grid and were then successful in using the correct method to get the area of the triangle even if their answer was not correct. Common errors were in multiplying 7 by 7 and getting 14 or failing to manipulate fractions correctly resulting in an answer of 
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. Other common mistakes were in finding the hypotenuse of the triangle rather than the area of the triangle or in having a negative value for the area. A significant number attempted to use the determinant method yet from these; few were successful as the products involving zeros frequently led to errors. It was pleasing to see diagrams drawn to help with Q5(c).
Question 6

In Q6(a) the topic testing transformation of a graph proved to challenging to the candidates as the graph was given in the specific form 
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rather than the more general form of y = f(x) – 5. The majority of answers had a correct shaped graph but many varieties of translation, left or right were quite common. Those that did perform a translation of 5 units down often omitted to find the x-intercept thus losing a mark. Poor drawing with graphs overlapping or incorrect curvature also lost marks.
The straight line graph was drawn well and was usually in the correct position, but many candidates forgot to find the intercepts, particularly the x-intercept which required some algebraic manipulation. 

In Q6(b) candidates were asked to give the equations of the asymptotes. A common error seen was to confuse the x and y to give the asymptotes as x = –5 and y = 0 instead of x = 0 and y = –5. A large number of candidates left this section blank and a few stated x ≠ 0 and y ≠ –5 which lost one of the two marks. The asymptote y = –5 was more often given than x = 0 even though the question asked for the equations of the asymptotes. Those who translated the graph up, left or right could still obtain the correct asymptotes, as these answers could be obtained independently and correctly from the equation.

In Q6(c), many candidates realised that they had to eliminate one variable in order to find the point of intersection. Most chose to equate the y terms and then demonstrated their competence in solving the resulting three term quadratic. However many answers contained algebraic errors and hence incorrect co-ordinates. Candidates would be advised to look for errors in their working, when they reach an unlikely answer. 

Some candidates found manipulating the fractions challenging, but continued after finding one variable.
Question 7

Generally this question proved to be accessible to all candidates and they processed the information that was given in context well. Candidates demonstrated the appropriate formulae effectively and were able to apply them successfully. The majority of candidates gained full marks in Q7(a) and Q7(b) although Q7(c) was more challenging.

The vast majority of candidates used the nth term formula correctly in Q7(a). A minority substituted a first term of 160 rather than using 140 and there were a few who made errors in the processing of 19 
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 20, with answers such as 180 and 360 emerging. Some listed all 20 terms in order to find the 20th term.

In Q7(b) the majority of candidates quoted and applied the sum of n terms formula correctly. It was easier to use the formula 
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with their answer to Q7(a) as l, but the other formula worked well too. The calculation of the correct expression 
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sometimes resulted in a wrong answer. A few candidates listed the 20 terms and added them, sometimes successfully, though this was time consuming.
For Q7(c) the easier method was to use the formula Sn = 
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(a + 1), as this led directly to the answer. Those who tried to combine both S = 
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n(2a + (n – 1)d) and l = a + (n – 1)d needed to eliminate d, to make progress. Many mistakenly thought that d was 400 or 700. There were some elegant solutions obtained by substituting (n – 1)d = 400 and there were some lengthy solutions which led to a quadratic yielding 2 solutions (1 and 17). 
In many solutions errors were seen at the final stage of the arithmetic when the correct 8500 = 
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(300 + 700) was followed by a wrong answer. This answer was sometimes the fraction n =
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 instead of the correct n = 17 with many candidates dividing by 2 instead of multiplying by 2, when making n subject of the formula. 

Question 8

Some candidates were able to obtain full marks on this question. Less able candidates found it challenging to separate the fraction into its two parts ready for integration. Those that were able to obtain a three term polynomial often made mistakes with the coefficients which they found numerically difficult to manipulate. A common step before they attempted the integration was to write ​–x3 + 8x-2 - 10x–3 with incorrect coefficients of the second and third term. Usually integration of the first term was fine and the general principle of integration was understood, but negative powers caused difficulties e.g. –3 + 1 = –4 was a common error.
Some tried to integrate the terms in the fraction without simplifying first. So they integrated the numerator and they integrated the denominator. The majority of candidates were able to obtain the method mark for finding the constant of integration but the subsequent arithmetic was often found to be a challenge for the candidates.

Question 9

In Q9(a) most candidates attempted to find b2 – 4ac using a = k + 3, b = 6 and c = k – 5 (candidates would be advised to write down formulae first, so that examiners can determine whether or not the correct one is being used if there are errors in substitution). Some however ignored the RHS of the original equation and used c = k, not having first produced a quadratic equal to zero. Others made errors and used c = k + 5. 
A few candidates misunderstood the meaning of coefficient and used a = (k + 3)x2. Algebraic errors were common. A small number of candidates assumed b2 – 4ac = 0, which didn’t necessarily lose the first marks but led to errors later in the question when they tried to ‘convert’ their equation into an inequality.
However, the most common mistakes in Q9(a), concerned sign errors when expanding the brackets. A large number of candidates went from, for example, 36 – 4(k2 – 5k + 3k – 15) > 0  to 36 – 4k2 – 20k + 12k – 60 > 0. These sign errors were very common (particularly as 36 – 60 gave the –24). Candidates who multiplied (k + 3) and (k – 5) first then multiplied by 4 usually made fewer errors than those who tried to multiply  by 4  or  –4  first before  multiplying  by  (k – 5).

A significant number of candidates failed to gain the final accuracy mark for Q9(a). This mark required correct use of the inequality. Some included the inequality in the final couple of lines, having omitted it throughout. Others used b2 – 4ac < 0 from the start, presumably assuming they needed to do this since the given printed inequality was less than zero. However most candidates who used b2 – 4ac > 0 from the start tended to remember to reverse the inequality sign when dividing by –4, gaining the last mark. 

In Q9(b) most candidates successfully factorised the given quadratic. A few factorised incorrectly leading to the wrong critical values, and some gave (k + 6)(k – 4) < 0, usually leading to the answer –6 < k < 4 instead of the correct –4 < k < 6. Some candidates then substituted values for k to solve the inequality; others drew a number line and shaded the required interval. There were a variety of intervals given as answers for the last two marks in Q9(b). It was quite common to see answers such as k < 6, k < –4, or k < –4 and k > 6. Very few candidates used set notation: k ( (–4, 6).
Question 10

Many candidates were successful in answering Q10(a). The favoured method was completion of the square. Most got a = 4 and b = 1, but in obtaining the answer for c, errors were seen of dividing the correct answer –1 by 4. About a third of responses were completely correct, and others had errors arising from the factor 4, leaving the remainder having other errors. There were far more errors in finding the value for c than in finding the value for b. The most common incorrect answers for b were 4 and 2 and the most common incorrect answers for c were –13, 2 and –
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. Two other methods were far less common than completing the square. These were ‘expanding a(x + b)2 + c and equating coefficients’ and ‘trial and error’. Many candidates had success with the expansion method.

 

Q10(b) was mostly answered well. The curve was mainly positioned the right way up and in the right place. The quality of graphs could have been better in many cases but few ‘V’ shapes were seen. Sometimes it was difficult to read the fractional coordinates as the candidates were writing them too small and too near their curve. A few candidates tried to use their answers from Q10(a) to help them draw the graph in Q10(b). This was not always successful as many had made errors in Q10(a) and others did not use the information correctly. Most candidates worked from the equation y = 4x2 + 8x + 3 instead. Few of the answers seen did not include a graph, a very small minority drew an upside down U graph and a minority of candidates drew a cubic curve or a line. Other errors in the graph drawing included having the minimum above the x-axis, or on the x-axis, or on the y-axis. Almost all candidates correctly marked the y‑intercept at (0, 3).

Question 11

On the whole Q11(a) was very well done with the majority of candidates gaining full marks. Only a very small minority attempted integration and hardly anyone received less than two marks from the three available. The majority of candidates reached 2 – 
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 + 5x. The fractional powers were usually dealt with correctly on this part of the question.

In Q11(b) many reached the correct answer of y = –6x +3. Errors were made substituting x = 
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 into 
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 to obtain gradient and further errors made substituting into the expression for y. Some candidates found working with fractions challenging, e.g. 
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 = 2, so gradient equal to 2 – 4/2 = 0. Some did not substitute x = 
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 into the function to get a y value but used (0, 5) to find the equation.

More able candidates answered Q11(c) well, realising that they were required to set their gradient function obtained in Q11(a) to 
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, the gradient of the given line. Some who got as far as 
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 = 2 – 
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 made errors in their algebra and these included 
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 = 
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, leading to x =  
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, or even x = 3 and (x = 3 leading to x = (3. Of those who successfully reached x = 9, some attempted to find the y value by substituting into y = 
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x + 6 instead of substituting into the original equation. There was a significant proportion of the candidates who, after rearranging the equation of the straight line into the form y = mx + c, were unable to progress to gain any marks at all for Q11(c). Of those who proceeded unsuccessfully, it was common to see y = 0, so 
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x + 6 = 0 leading to x = –9. Others found the points of intersection of 2x – 3y + 18 = 0 and y = –6x + 3 or found the co-ordinates of points of intersection of 2x – 3y + 18 = 0 with the x and y axes thus getting (0, 6) and (–9, 0). These answers did not answer the question set and gained no credit.

Core Mathematics C2 (6664)

General introduction

The questions on the whole were well answered with many fully correct solutions. Candidates found the paper accessible and standard methods were accurately applied. The standard of presentation was good with solutions showing logical steps.

Report on Individual Questions

Question 1

This question was well done by the vast majority of candidates. The most common method was to use the general expansion for (a + b)n and this was largely successful although there were some common errors. The most frequent error was the failure to square the –5 in the third term resulting in an expansion of 64 – 960x + 1200x2. It was also common to see an answer of 64 + 960x + 6-00x2. A minority of candidates attempted to take out a factor of 2 before using the expansion for (1 + x)n. Some candidates took out the factor of 2, without realising that it needed to become 26.

Question 2

Candidates found this question accessible. In Q2(a) most candidates attempted f(1) and proceeded to establish the given equation. However it is worth pointing out that a significant number of candidates presented work along the lines of f(1) = a + b – 7 and concluded that a + b = 7 with no reference to f(1) = 0 thereby losing a mark in this “show that” question.
In Q2(b) the majority of candidates correctly attempted f(-2) with a minority using f(–2) = 0 rather than f(–2) = 9. Although many candidates with correct work so far could then go on to find a and b, there were many examples of errors in solving the simultaneous equations. Very few candidates used long division.

Question 3

Q3(a) was well answered with most candidates gaining the mark for establishing the profit in 2016 correctly. The majority used the nth term although some listed the first 4 terms to show the result.

In Q3(b), many candidates adopted a correct approach using logarithms and established a value for their n or n – 1 but then did not give an answer in the context of the question, i.e. did not use their value of n to establish a calendar year. Those who did go on to find a year were sometimes confused as to which year their value of n implied. A significant number of candidates opted to take a ‘trial and improvement’ approach by experimenting with different values of n. While such methods can gain credit, candidates must be aware that they must show evidence of sufficient work to earn the marks. In this case, examiners would be expecting to see a value of n that gave the year before the profit exceeded £200 000 together with the value of n that gave the year after the profit exceeded £200 000 along with the associated profits. For this kind of approach, if the candidate then went on to identify the correct calendar year, full marks are possible. In this part, some candidates misinterpreted the question as requiring the year when the sum of the profits exceeded £200 000.

In Q3(c), a large number of candidates used the incorrect value of n in the correct sum formula. The use of n = 10 was the most common incorrect value.

Question 4

The majority of candidates began by correctly finding arccos (–0.4) (113.578...) and then proceeded to find the first angle (41.2). However, is was noted that in solving the  equation  3x – 10 = 113.578.., quite a few candidates used incorrect processing. A significant number subtracted 10 and divided by 3 and others divided by 3 and then added 10. In finding the other two angles that solved the given trigonometric equation, there were a variety of approaches including using the ‘quadrant’ method or by using sketches of cos x or cos (3x – 10). A number of candidates found all three angles correctly and gave them to the required accuracy.

Question 5

Many candidates were successful in finding the centre and radius of a circle in Q5(a). Completing the square was often done accurately leading to the correct centre and radius. Errors that were seen involved centres of, (–10, –12) or (20, 24) and some errors in the rearrangement in attempting to find the radius.

Q5(b) was probably equally well answered with the majority of candidates able to use Pythagoras successfully. 

Q5(c) was found more challenging by candidates. Candidates who drew a diagram were more successful and spotted the need to use Pythagoras again although many had NP as the hypotenuse.

Question 6

In Q6(a) logarithms were challenging for the less able candidates. Although many could apply the power rule correctly to obtain 2log (x + 15) = log (x + 15)2, some then proceeded to 
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 and were unable to gain much credit. The next stage was answered better and many candidates knew that to remove logs, 26 was required on the right hand side.

Q6(b) involved solving the quadratic from Q6(a) and the majority opted to use factorisation successfully. Some chose to use the quadratic formula and were less successful, making arithmetic errors or using an incorrect formula.

Question 7

In Q7(a) the majority of candidates could establish the printed angle by using the cosine rule. Some candidates chose to verify that the angle was 2.22 radians by again using the cosine rule to show that ZY was 9 cm. A small number of candidates worked in degrees and converted to radians at the end.

Q7(b) involved finding the area of the major sector XZWX but many candidates found the area of the minor sector. As an alternative correct method some candidates found the area of the minor sector and subtracted this from the area of the circle. Some candidates found the area of triangle ZXY and a minority of candidates made some attempt at the area of a segment.

In Q7(c), candidates recognised they needed to find the area of triangle ZXY and add the area from Q7(b). It was clear here that those with an incorrect Q7(b) did not understand the expression ‘major sector’ as they were able to score all the marks in Q7(c).

Q7(d) was met with more success although a common error was to add 11 to the minor arc length. Some candidates misinterpreted the perimeter and as a final step, added an attempt at the length ZW.
Question 8

In Q8(a) the majority of candidates differentiated correctly and then either chose to solve 
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 = 0 or substituted x = (2 to establish the turning point at P.

In Q8(b) many wrote down x = –(2 but also a significant number of candidates went back to the original equation in Q8(a) and attempted to find the other solution, with varying degrees of success.

The differentiation in Q8(c) was answered well and recovery was allowed from an incorrect derivative in Q8(a). There was a clear demand to establish the nature of the turning points at P and Q with justification. There were many cases where candidates made no reference to the fact that the sign of the second derivative was the determining factor and simply evaluated the second derivative at P and Q and stated whether they thought they were a maximum or minimum.

Question 9

This question was a good source of marks for many candidates.

In Q9(a), the missing values in the table were usually calculated correctly, however the second value was sometimes given as 3.633 rather than 3.634.

The Trapezium Rule was usually dealt with appropriately but the strip length was sometimes incorrectly used as 
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. More frequently, the final answer was not given to the required accuracy.

In Q9(b) the integration was often well answered but there were errors on the third and fourth terms (which involved negative and fractional powers). The limits of 1 and 4 were usually used correctly although candidates are advised to show clearly the substitution and evaluation of the limits to avoid losing unnecessary marks.

Core Mathematics C3 (6664)

General introduction

The paper appeared well structured and allowed for differentiation at all levels as it contained a combination of straight forward and more challenging questions. Parts of certain questions were only completed correctly by the most able, yet nearly every candidate was able to gain some marks on every question. The length of the paper seemed to allow all candidates time to attempt every question.

The "show that" questions were sometimes completed really well with very direct and succinct arguments used, however there were many candidates who took circuitous routes, usually including errors which lost marks.

Overall the standard of algebra was good. Errors included incorrect cancelling of algebraic fractions, incorrectly removing factors from brackets, incorrectly simplifying expressions and brackets either being omitted or incorrectly inserted. 
Formulae are often not quoted causing method marks to be lost unnecessarily. 

Accuracy was generally good but rounding twice in Q8(c) led to lost marks. Angles were usually given in the correct units. A number of candidates were unable to distinguish between the notation for an inverse function and a first differential. 
Presentation of work was varied as was the sketching of graphs with many candidates interpreting ‘sketch’ as ‘rough sketch’. Overall the paper allowed candidates to demonstrate their abilities.
Report on Individual Questions
Question 1

This was an accessible question for candidates with many gaining all 7 marks.
Q1(a) was very well done and usually correct. Occasionally +32 was used instead of –32 giving w = 
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For Q1(b) the correct expression for 
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 was usually achieved with nearly all candidates recognising the need to apply the chain rule. The substitution of w = 
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 occasionally produced –160 instead of +160. Some candidates mistakenly set 
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 = 0, leading to x = 
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 and proceeded to use this as their gradient. A few used the result m1m2 = –1 and went on to find the gradient of the normal. The method mark for finding the equation of a line was gained by almost all candidates but a number of candidates lost the final accuracy mark as a result of errors made in arranging the answer in the form y = mx + c. An example of this was y + 32 = 160x – 80 followed by y = 160x – 48.

Question 2

Many candidates achieved full marks on this question. 

In Q2(a) some candidates did not set g(x) = 0 at the start. Candidates who set g(x) = 0 generally proceeded correctly to the required solution. The ‘ln’ work was mostly well done, and very few made errors such as ln 6 – ln x = ln(6 – x). Very few candidates started with the given expression, and attempted to work backwards to g(x) = 0. A small number of candidates failed to put the correct brackets around their ‘ln’ work.

In Q2(b) the majority of candidates gained full marks. There were very few errors, with marks being generally lost for incorrect rounding or rounding to an incorrect number of decimal places.

In Q2(c) almost all candidates chose a suitable interval, usually [2.3065, 2.3075], and proceeded to the correct answer. Errors were seen where candidates substituted incorrectly, into the wrong function, or omitted the ( 10–3 or ( 10–4 when expressing answers in standard form. A smaller number of candidates tried further iterations. Candidates mostly provided appropriate reasons and minimal conclusions, although a few failed to do this, omitting to mention “change in sign” or “hence root” or equivalent.

Question 3

Most candidates found this question accessible and a good number of completely correct solutions were seen.

Q3(a) seemed to be the most challenging part of the question for many candidates. Some were confused by the fact that they were not told f(x) as a function of x was and therefore did not realise they could find the answer by using the given sketch. A proportion of these candidates attempted to find a function (usually linear) that passed through (–3, 0) and (0, 2). Some responses showed confusion over how to calculate the value of a composite function, with ff(–3) = f(–3) ×f(–3) or ff(–3) = f(–3) × f(0) being common errors. 

In Q3(b) the sketch was done well by the majority of candidates, nearly all knowing to reflect the graph of f(x) in the line y = x. A few candidates lost the mark for the shape of the graph due to an obvious minimum point drawn in the third quadrant or the curve bending back on itself in the first quadrant. However, the most common error on this part was confusion with the coordinates on the axes.

In Q3(c) most candidates scored both mark. Some responses did lose the first mark due to the presence of an obvious maximum point, poor symmetry or the wrong shape.

Q3(d) was done well by most candidates with nearly all scoring 2 or 3 marks. It was rare for the shape of the graph to be drawn incorrectly, the most common errors made when finding the coordinates, with (–1.5, 0) instead of (–6, 0) being the mistake most often seen.

Question 4

In Q4(a) candidates demonstrated knowledge of using the R cos (( – α) identity and were generally successful in finding both R and α. Most candidates were finding R and α independently of each other using division and Pythagoras’ theorem. Most candidates gave α to the required number of decimal places; it was rare to see answers rounded to 2 decimal places or more. Most candidates also gave their answer for α in radians, but 53.1 was also seen. Candidates who found α first were more likely to then use the numbers 3 and 4 (incorrectly, instead of 6 and 8) in Pythagoras' theorem to determine R. 

In Q4(b) very few realised that the maximum value of p was achieved using the minimum value of the denominator. However those who did realise this, gained the marks in Q4(b)(i) and generally went on to achieve full marks in Q4(b)(ii) as well. The majority of candidates thought they were looking for the maximum value of the denominator, setting cos (θ – α) = 1, leading to 
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. Calculus could have, and was occasionally, used but almost invariably led to incorrect solutions.

Question 5

Q5(i)(a) was generally answered well, with the vast majority using the product rule. Many candidates started the question by quoting the rule. There were some errors in differentiating ln 2x, obtaining either 
[image: image56.wmf]x
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 or 
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. 
In Q5(i)(b) most candidates recognised the need for the chain rule. However a considerable number obtained only 2 cos 2x when differentiating x + sin 2x. Of those who performed this differentiation correctly, a significant number lost marks because of incorrect bracketing in their answer. Another common error was to omit the factor 2 when differentiating sin 2x. Common incorrect answers were 3(x + sin 2x)2 ( 2 cos 2x, 3(x + sin 2x)2 ( 1 + 2 cos 2x or 3(x + sin 2x)2 ( (1 + cos 2x) ( 2.
Candidates’ responses in Q5(ii) showed many concise and clear solutions. A majority expressed 
[image: image58.wmf]y

x

d

d

 in terms of y, although many did not know, or use the formula sheet, to state that the differential of cot y is  –cosec 2y.  These candidates generally differentiated either 
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, often correctly. A number of able candidates proceeded more directly by using implicit differentiation. Most candidates knew that they then had to invert their result to find
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, although there were many instances of negative signs appearing or disappearing without any justification. Candidates who used the identity cosec 2y = 1 + cot 2y could usually reach the correct result quite efficiently, although some failed to bracket the terms and hence obtained –cosec 2y = – 1 + cot 2y. However some correct use of other trig identities was also seen. At this stage some candidates confused the x and y so could not reach the stated result.

Question 6

This question was accessible to most candidates with many achieving full marks in Q6(a) and Q6(b).

Q6(i) produced a range of responses. Most candidates expanded the brackets with many spotting identities such as 2 sin 22.5 cos 22.5 = sin45 and sin 222.5 + cos 222.5 = 1.

Common errors seen were the appearance of terms such as 
[image: image62.wmf]2

45

cos

 and sin 2506.25. Variations on the method shown in the mark scheme were examples such as cos 222.5 + sin 222.5 = cos [22.5 – 22.5] = cos 0 = 1 and various versions of the factor formulae for trigonometrically functions.

For Q6(ii)(a) most responses were correct, with the correct substitution of cos 2(. There were some incorrect double angle formulae quoted, e.g. 1 + sin2 ( or 1 – sin ( but these were rare. The most common mistake was the failure to rearrange the equation into the required format, thus stating k as –2 rather than 2.

Q6(ii)(b) was generally well done with many fully correct solutions. Errors were seen when candidates re-wrote the question to this part as 2 sin2 ( – sin ( = 1 resulting in a three term quadratic. Others divided 2 sin2 ( – sin ( = 0 through by sin hence losing two of the four solutions.

Question 7 

Q7(a) was usually completed well and most candidates were able to score full marks. A few candidates found forming the single fraction challenging as they failed to recognise the lowest common denominator at the outset. 

In Q7(b) the majority of candidates were able to use the quotient rule correctly and a number of candidates started by quoting the rule. A number of candidates used an incorrect form of the quotient rule, usually reversing the terms in the numerator. Some candidates failed to fully simplify their answer and a larger number who cancelled incorrectly which resulted in the final mark being lost. The common error seen was to change –2 ( 2 + 10 to –2(( 2 + 5). It was also common to see responses where candidates misunderstood the notation and tried to find the inverse function. Some of these did however proceed to find h((x) in Q7(c) and then went on to complete Q7(c) successfully. 

Q7(c) was the most demanding part of this question. Those candidates who had cancelled incorrectly in Q7(b) found they had an unsolvable equation and tried to rearrange their equation in an attempt to form an equation that they could solve. Some candidates set their h((x) = 0 but then set the denominator of their derivative = 0. A number of candidates failed to recognise that the maximum value of h(x) would be at the turning point and tried evaluating h(x) = 0 or h((0). It was common to see candidates forming inequalities for the range using their x values instead of evaluating h(x). Of those with otherwise correct solutions, some lost the final mark by omitting the lower boundary for the range or by incorrectly using a strict inequality.

Question 8

Q8(a) was usually correct, although a few candidates thought that e0 was 0.

Q8(b) proved to be the most challenging part of the paper. Most candidates knew how to start, correctly equating to 9500 but the majority did not collect the terms together on one side and applied the laws of logs incorrectly resulting in incorrect equations, gaining no marks at all. Those that managed to get the correct quadratic usually went on to gain full marks. 
Q8(c) had many correct responses. Many realised that differentiation was required, although a number of candidates substituted 8 into the original equation and some tried to differentiate after making this substitution. There were errors in differentiating with an extra t appearing. A common incorrect method was to calculate the value for 2 consecutive years, usually 8 and 9 or 7 and 8, then subtract to find the yearly rate.
Core Mathematics C4 (6666)

Report on Individual Questions

Question 1

This question was generally well answered with about 70% of candidates obtaining all of the 5 marks available. 
A minority of candidates were unable to carry out the first step of writing (2 + 3x)–3 as 
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outside the brackets usually written incorrectly as either 2 or 
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 Some candidates, having correctly expanded 
[image: image70.wmf]3

3

1,

2

x

-

æö

+

ç÷

èø

forgot to multiply their expansion by 
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 Errors seen included sign errors, bracketing errors, missing factorials (for example, 2! or 3!) and simplification errors.

Question 2

Only about 45% of the candidates were able to gain all 7 marks in this question as it involved a challenging integration by parts, on account of the term 
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 This meant that candidates had to be especially careful when dealing with negative powers of x. 
In Q2(a), the majority of candidates applied the integration by parts formula correctly in the right direction to gain 3 out of the 5 marks available. Many of them then proceeded to integrate an expression of the form 
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 although a minority gave an expression of the form 
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. A significant number of candidates failed to gain the final accuracy mark due to sign errors or errors with the constants 
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. A minority of candidates applied the by parts formula in the ‘wrong direction’ and incorrectly stated that 
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In Q2(b), most candidates gained the method mark for substitution of 
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 into their answer in Q2(a) and subtracting the correct way round. The final mark was largely dependent upon their having obtained the correct answer in Q2(a).

Question 3

This was correctly answered by about 40% of the candidates.

A majority incorrectly expressed 
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, having failed to realise that the algebraic fraction given in the question is improper, thereby losing 3 of the 4 marks available.

For those achieving the correct partial fractions, a process of long division was typically used to find the value of the constant term, and the resulting remainder, usually 
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became the LHS of the subsequent identity. A minority of them, however, applied 
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 in order to obtain the correct partial fractions.
Question 4

This question was answered well across all abilities. Whilst the majority of candidates were able to score full marks in Q4(a) and Q4(b), Q4(c) was found to be more challenging. Despite the challenging nature of Q4(c), it was encouraging to see a good number of clear, logical and accurate solutions.
In Q4(a), although most candidates correctly computed 1.0981, a significant number wrote 1.0980, suggesting that truncation rather than rounding was applied by some at this stage. 

In applying the trapezium rule in Q4(b), a small minority of candidates multiplied 
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 Whilst the table of values shows clearly an interval width of 1, the application of a formula 
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 sometimes caused this error. Other errors included the occasional bracketing mistake and the occasional calculation error following a correctly written expression.

In Q4(c), candidates clearly knew that they needed to transform an integral in 
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 from the integral expression for the area resulted in a simpler function in u with a consequent loss of marks. Other errors on substitution were the use of 
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 . For those who did obtain an expression of the form , many expanded the cubic part, divided the result by u and integrated the result as expected, although sometimes making an error on expansion or forgetting to multiply by the 2. Some candidates, however, attempted integration by parts or integration without expansion on 
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. Despite previous errors, the majority of candidates were able to apply the changed limits of 3 and 2 appropriately to an ‘integrated’ function in u. A return to x limits would have been acceptable but was seldom seen and only occasionally x limits were used erroneously in a function in u.

Question 5

This question, and in particular the final Q5(d), proved challenging for a large number of candidates, with about 18% of the candidature scoring at least 12 of the 15 marks available and only about 7% scoring all 15 marks. 
Q5(a) and Q5(b) were almost invariably completed correctly, the main source of error in Q5(b) being that a very small number of candidates did not realise that 
[image: image107.wmf]0

t

=

 follows from 
[image: image108.wmf]21.

t

=


Many correct solutions to Q5(c) were seen. The principal reason for loss of marks came from candidates being unable to find the derivative of 
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 proved challenging for a number of candidates. Some candidates, having correctly established 
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. Most knew how to obtain the gradient of the normal, and could write down the equation of a straight line.

Q5(d) was answered well by small number of candidates, and, although a significant number could write the area as 
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, many were unable to perform the integration of 
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 were not uncommon. Candidates who were unable to make an attempt at the integration of 
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Other candidates used a cartesian approach, giving the area as 
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 (or equivalent), but again a number were unable to carry out the integration. 

Question 6

This question was answered well across all abilities.

In Q6(a), most candidates solved 
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 A variety of incorrect second values were seen, the most common being 
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In Q6(b), the majority of candidates were able to apply volume formula of 
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 When the integral included a term in 
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. Whilst this double angle formula was generally correctly quoted, this did not always lead to a correct expression for integration as a result of sign or coefficient errors. The integration of an expanded trigonometric expression was generally well done, as was the substitution of the limits found in Q6(a). Candidates are advised to show some evidence of how they have substituted their limits, because this allows some credit to be given if errors occur later in the calculation. Although this question specified an exact answer, decimal answers were occasionally given.

Question 7

In this question the majority of candidates were able to score full marks in Q7(a) and Q7(b).

Q7(a) was generally well answered, with most candidates gaining full marks. Having successfully found at least one of either 
[image: image147.wmf]m

 or 
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, some candidates proceeded no further and did not attempt to find the point of intersection. Some candidates used the third equation to prove that the two lines intersected, not realising that this was not required. Mistakes included minor errors in constructing the simultaneous equations or algebraic errors when solving their simultaneous equations.

In Q7(b), a large majority of candidates were able to find the correct acute angle by taking the dot product between the direction vectors of 
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 from part (a)), which usually led to an obtuse angle; however, most realised that they needed to subtract this angle from 
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 in order to find the correct acute angle. A number of candidates used incorrect vectors such as either 
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The majority of candidates found Q7(c) challenging. To make progress with this question it is necessary to use the scalar product formula to obtain an equation in a single parameter, not the three unknowns x, y and z. So candidates who initially found the vector 
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were those who were more successful in gaining some or all of the 6 marks available. It was noticeable, however, that some of these candidates found incorrect values of 
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Question 8

Candidates found this a challenging question. Some candidates did not attempt to separate the variables in Q8(a). They were also not able to deal with the context of the question in Q8(b). 
In Q8(a), those candidates who were able to separate the variables, were usually able to integrate both sides correctly, although a number made a sign error by integrating 
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. Common errors included candidates removing their logarithms incorrectly to give an equation of the form 
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Q8(b) was often better answered with some candidates scoring no marks in q8(a) and full marks in Q8(b). Those candidates who used 
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 were more successful in this part. They were usually able to write down the condition 
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 Some candidates misinterpreted the context of the question to write down the condition 
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 and manipulate the result correctly in order to find the correct time. 
Further Pure Mathematics FP1 (6667)

General introduction

This paper had a wide range of challenging questions. The questions enabled candidates in the lower ability range to show what they could do and it was rare that candidates felt unable to access at least some part of the paper. The paper also challenged the more able candidates.

Report on Individual Questions

Question 1

The majority of candidates made a good start to the paper and a large number of candidates scored full marks on this question. The common mistake was adding 3 instead of 3n, which would often then be changed into 3n to get the given answer. Other errors included replacing Σr or Σr2 with an incorrect expression and an inability to extract n as a common factor. A small number of candidates attempted to solve this problem using induction and, given the wording of the question, such attempts attracted no marks at all.

Question 2

This question was accessible to all and was usually very well attempted.
Q2(a), Q2(b) and Q2(c) were usually done well and sufficient working was generally shown. In Q2(b) some took the longer route of not using their answer from Q2(a) and had a lot of work to do before the method mark could be awarded. Q2(c) was usually answered correctly, but some mis-read the question and used z2 instead of z and this error was sometimes repeated in Q2(d). The most common mistakes in Q2(d) were using radians instead of degrees or not getting the angle in the correct quadrant.

Question 3

Generally, this was a standard question on numerical methods with good outcomes for most candidates. In Q3(a) the differentiation was almost always done correctly. Most candidates knew the formula to use for Newton-Raphson and most attempts gained full marks. There were however some errors in the calculation of f(5) and f((5). Those who did not show explicit substitution and / or accurate values of f(5) and f((5) risked losing several marks if their final answer was incorrect. 

Question 4

This question usually contained some errors from candidates. In Q4(a) the matrix was usually correct, but in Q4(b) the matrix attracted more errors. In Q4(c) and Q4(d) many candidates did not multiply their matrices in the correct order, however a large number of candidates made a reasonable attempt at the matrix multiplication and gained at least the method mark. Q4(e) could be answered without reference to the matrix obtained in Q4(d) and for many this was a useful approach. A single transformation was required in Q4(e) and most got at least one mark here. A common error was to choose the wrong axis.

Question 5

In Q5(a) many candidates gained all the marks using either the quadratic formula or completion of the square. Some candidates made an error when using the formula and gained no marks as it had not been quoted correctly or at all. Some candidates mistakenly obtained two real roots for this equation and these also lost a mark in Q5(b). Occasionally, candidates just wrote down the four roots with no working at all. Candidates need to be reminded that correct answers may not get full marks if insufficient working is shown.

Most candidates gained full marks in Q5(b). They demonstrated knowledge of some labelling on the Argand diagram. Errors made included plotting the pure imaginary roots on the real axis or not plotting the complex roots as a conjugate pair.

Question 6

Q6(a) was generally answered successfully. Candidates mostly know the property of a singular matrix and any errors were usually careless. In Q6(b) most appreciated that they needed to multiply by 
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, although there were some arithmetic mistakes made in evaluating  ad – bc. Some used the wrong structure of the matrix and these obtained no marks here. In Q6(c) there were two approaches seen. When using the inverse of Y some made the error of ‘multiplying on the wrong side’. In addition, there were a number of algebraic errors in multiplying the terms in Y-1 and the expressions in (. More significantly, some used a 2 ( 2 matrix combined with 2 ( 1 matrix and arrived at a 2 ( 2. The alternative method of using YA = B and solving the equations was often completed successfully and meant that full marks could be obtained in Q6(c) even if their inverse matrix was incorrect.

Question 7

This was a challenging question that required good skills in algebraic manipulation which many candidates displayed, although some were more efficient than others at rearranging and simplifying. In Q7(a) most used y = 
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 to differentiate but several used implicit differentiation. Those who used parametric differentiation mostly lost marks because they used p or q as their initial parameter. Most candidates realised that they could just write down the answer to Q7(b) although there were candidates who thought they had to start again from scratch. There were some very pleasing solutions to Q7(c) with many gaining full marks. Q7(d) was where most differences in performance were seen. The given information could, in fact, be embodied in one line of algebra, equivalent to “gradient using points P and Q” multiplied by “gradient using points O and N ” = –1. This could then be manipulated in very few steps to give the required result. Some did indeed produce a correct and efficient solution along these lines. Many candidates chose a much more complicated method and these attempts usually lost the last two marks. Another efficient way of tackling this part was to set the scalar product of vectors 
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 and 
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 equal to zero.

Question 8

The proofs by induction given were generally of a good standard, with most candidates seeming to appreciate the overall structure of a proof by induction. In Q8(a) some candidates tried to use standard results and this resulted in a loss of a number of marks. Many candidates jumped from a cubic expression to the final answer and lost marks as a result. Q8(b) was also well attempted by most but only the more able candidates gained full marks. A common error was to prove the result for n = 2, not n = 1, thereby losing the first and last marks. Another common mistake was to add (k + 1){3(k + 1)} onto uk. 

Question 9

In Q9(a) most used differentiation after square rooting but some used implicit or parametric differentiation and the majority gained full marks here. Candidates using y = mx + c to find the equation of the normal were more prone to errors than those using y – y1 = m (x – x1). In Q9(b) the majority found S correctly and N for their line but finding the vertical height of the triangle seemed to be the biggest problem. Many misinterpreted the coordinates and gave the height as 4. Many found the area by subtracting the area of two triangles or by using a rectangle and triangles. 
Mechanics M1 (6677)

General introduction

Candidates found this paper accessible .By far the best sources of marks were questions 4, 5, 2 and 1, in that order. The final parts of the last two questions provided good discrimination at the top end. Generally, candidates who used large and clearly labelled diagrams and who employed clear and concise methods were the most successful.

In calculations the numerical value of g which should be used is 9.8, as advised on the front of the question paper. Final answers should then be given to 2 (or 3) significant figures – more accurate answers will be penalised, including fractions.
If there is a printed answer to show then candidates need to ensure that they show sufficient detail in their working to warrant being awarded all of the marks available.

In all cases, as stated on the front of the question paper, candidates should show sufficient working to make their methods clear to the Examiner.
If a candidate runs out of space in which to give his/her answer than he/she is advised to use a supplementary sheet – if a centre is reluctant to supply extra paper then it is crucial for the candidate to say whereabouts in the script the extra working is going to be done.

Question 1

The vast majority of candidates wrote down an appropriate ‘conservation of linear momentum’ equation for part (a). There were occasional sign errors and the few who tried to equate impulses often did not take account of directions. Most reached the required positive value for speed (5u) but, those who took the opposite direction as positive, sometimes left their answer as –5u and lost a mark. It was important that the subsequent direction of motion of Q was described in the context of the problem (such as ‘direction reversed’ or ‘opposite direction’) and not relative to the candidate’s diagram (such as ‘to the right’ or by drawing an arrow). In the second part almost all quoted and used a correct impulse formula, applying it to either the motion of P or Q. The relevant velocities for P were given in the question, so there were no follow through accuracy marks for those who chose to use the impulse on Q with a wrong value from part (a). Sometimes direction was not properly accounted for leading to a sign error. Since the magnitude of the impulse was asked for, the positive value ‘10mu’ was required for the final mark. Following correct working, some candidates wrongly stated the magnitude as ‘10’. Nevertheless, there were many entirely correct solutions seen.
Question 2

There were many excellent solutions with the better candidates clearly stating the points about which they were taking moments. Very few candidates produced dimensionally incorrect equations or left out g’s but a significant majority lost an accuracy mark in either (a) or (b). In part (a) the majority chose to take moments about D so finding the reaction in one step. It was helpful to the candidates that, if marks were lost in part (a), this did not prevent them from picking up all of the remaining marks since part (b) led into part (c) and most found part (b) straightforward. Very few fell into the trap of using data from (a) in the ensuing solution and very few had rounding errors in their final answer. Part (c) was surprisingly completely correct in some cases after poor performance in parts (a) and/or (b). Apart from really poor solutions, most marks were lost through using incorrect distances when taking moments. However there were some good accurate alternative solutions to part (c) showing competent use of algebra, with candidates choosing to take taking moments about a variety of points, with B and C being the most popular.

Question 3
The vertical and horizontal resolution option was by far the most popular method of solution but some candidates were unable to solve the resulting simultaneous equations. The alternative method, used by more astute candidates, produced a considerable number of very succinct 'two lined" solutions, gaining them seven quick marks. However, after such good solutions a surprising number lost the last accuracy mark. Solutions using a triangle of forces or Lami’s Theorem were not uncommon. A significant minority of candidates added a force R vertically which led to a great deal of confusion.

Question 4 
Candidates seemed to like this question and there were many correct solutions. Most candidates found the acceleration successfully using suvat but some treated the whole question as a statics problem. Others omitted the weight component when resolving along the plane and a few used 30( instead of 15(. Occasionally sine and cosine were mixed up when resolving but for the most part the candidates produced convincing solutions.

Question 5 
In part (a) the vast majority were able to obtain the acceleration, either directly or else by finding the time first. The easiest way of finding T in the second part was to find the distance 360 and then use 30T = 840, but finding t = 24 for the final stage was a common first step. In part (c), many lost two marks by not drawing the triangle onto the trapezium and those who redrew only drew a triangle, hence still losing both marks. It was rare to see a completely redrawn whole diagram. In addition, many failed to mark V on their diagram. In the final part there were many who got the first three marks by getting an overall time of 72. There were a good number of candidates who used the area of the whole triangle but it certainly wasn't obvious to all and, as a result, there were some more complicated but accurate solutions. Where errors occurred it often came from students wanting to apply suvat to the whole distance, or getting bogged down trying to use suvat with unknown values of V and t, while others were successful in using an isosceles triangle. A few candidates producing correct working lost the final mark through recording 41.6.

Question 6 
Apart from the final two available marks, this vector question was generally well answered. In part (a) most candidates could derive the relevant velocity from the given position vectors and time. However, some failed to realise that ‘speed’ required evaluation of the magnitude of their vector. In the second part the required expression for the general position vector was given, and so it was essential that the derivation was clear and entirely correct, including “r = ”. An incorrect velocity vector from part (a) correctly used here earned one of the two available marks. However, if the working was not consistent with that in part (a), both marks were lost unless there was clear evidence of the velocity being re-calculated. In part (c) many candidates substituted the relevant values of t (1 and 1.5) into the given expression to find the position vectors at these times. However, only a minority used these properly to solve the problem. Some realised that the j-component of the position vector of L was zero, but deduced that the i-component was –8i or –7i rather than the correct value –9i. A clear diagram would have helped many to fully appreciate the situation.

Question 7 
The relevant modelling assumption that leads to the accelerations of both particles being the same is that the string is inextensible. If additional but not relevant reasons were stated in part (a), the mark for this was withheld. Not all candidates realised, in the second part, that ‘equation of motion’ refers to Newton’s Second Law (‘F = ma’), and some attempts at constant acceleration equations, or just combining forces, were seen. However, often these candidates proceeded to produce the correct equations in part (c) in order to calculate the acceleration; they were awarded marks retrospectively. Occasionally the weight was omitted from the resolution parallel to the plane but generally the friction term (including the normal reaction) was handled correctly. Correct trigonometric ratios were mostly identified and used appropriately. Generally the motion of connected particles seemed well understood although numerical slips, including sign errors when solving the simultaneous equations, sometimes led to a wrong final value for the acceleration. The final part proved to be much more of a challenge. Some realised that it was necessary to calculate the speed (in terms of h) when one of the particles hits the ground, but then made little further progress. Those who realised that a new acceleration was required by applying Newton’s Second Law parallel to the plane, sometimes made a sign error or omitted the weight component. A significant minority did complete their solutions, but with numerical or algebraic errors which led to a wrong answer. Having obtained v2 = 0.8gh many then went on to write v = 2.8h (or similar) producing an h2 in the final equation. Nevertheless, there were some clear, entirely correct solutions seen.

Mechanics M2 (6678)

General introduction

The majority of candidates were able to offer solutions to all seven questions on this paper. 

The quality of the work seen ranged from clear concise responses, usually accompanied by clearly annotated diagrams, to unclear solutions with little indication of what the candidate was attempting to do. Working to an appropriate level of accuracy is an area in need of some improvement with some candidates not recognising that after using an approximate value for g it is not appropriate to give final answers to more than 3 significant figures.
Another rounding concern is that candidates used rounded values in subsequent parts of a question and obtain inaccurate final answers as a result.

In calculations the numerical value of g which should be used is 9.8, as advised on the front of the question paper. Final answers should then be given to 2 (or 3) significant figures; more accurate answers will be penalised, including fractions. Candidates using 9.81 in place of 9.8 should also be aware that this will be penalised.

Candidates should be reminded of the need to show their working. If there is a printed answer to show then candidates need to ensure that they show sufficient detail in their working to warrant being awarded all of the marks available.

In all cases, as stated on the front of the question paper, candidates should show sufficient working to make their methods clear to the Examiner even when using calculator functions to solve equations. This means that if they have a wrong figure in their equation, they could score nothing for solving it if no working has been shown. 

If a candidate runs out of space in which to give their answer then they are advised to use a supplementary sheet stating the question that they are attempting on that sheet. 

Report on Individual Questions

Question 1

Q1(a) was an accessible question about centre of mass and many correct answers were seen. However, the fact that the ratio of the masses of the two rods was not the same as the ratio of their lengths caused some difficulties and a significant number of candidates did not have the centres of mass of the rods at the centres of the rods. 

Some candidates took moments about an axis through A parallel to BC, but then forgot to find the distance asked for in the question. The question only asked candidates to find the distance of the centre of mass from BC, but many candidates also found the distance from AB.

In Q1(b) many candidates used the correct triangle and trig ratio to find the angle. Candidates should be reminded that when a value is given in the question they are expected to use it; some candidates who had obtained an answer other than 0.6 for the distance of the centre of mass from AB used their own incorrect value. Some candidates found it hard to determine the correct triangle to work with, often as a result of a poor sketch or no sketch at all.

Question 2

In Q2(a) candidates demonstrated a good understanding of the concept of power and many correct solutions were seen, with only a small number of candidates making errors in the equation of motion.

In Q2(b) many correct solutions were seen, but there were some errors in setting up the equation of motion. A few candidates did not include g in their weight component. There were also a significant number who, having correctly found R in Q2(a), then used R = 720 in Q2(b). Often it was clear that this was an error and a case of mis-copying from Q2(a).

Question 3

The majority of candidates started this question by resolving vertically and by taking moments about one end of the ladder. Candidates who took moments about A tended to be more successful because when taking moments about B part of the force acting at A was sometimes missing from the equation. A few candidates did not have the reaction at B acting perpendicular to the wall, and they were unable to make much progress. Errors in the moment’s equation were usually due to sine/cosine confusion, or to missing a distance in one or more terms. Some candidates ignored the weight of the ladder and/or the woman. The problem can be solved by resolving parallel and perpendicular to the ladder, but candidates who chose this route often went wrong because they left out one or more terms from their equation(s). 
Question 4

Q4(a) was usually correct, but a minority of candidates did not realise that if the particle is moving parallel to vector j then the i component of the velocity must be zero. There were also a number of errors in solving 4t – 5 = 0.
In Q4(b) some candidates did not attempt to integrate the velocity vector, and some did not have a constant of integration, but there were many correct solutions to this part of the question. Candidates who attempted to use the suvat equations usually went wrong because they assumed that the velocity was constant.

Q4(c) proved to be more challenging. There were many neat and concise solutions, but some candidates were not able to use the information given to set up equations to find values for c and d; they did not seem to realise that for the two particles to collide their position vectors needed to be the same.

Question 5

In Q5(a) most candidates found the normal reaction between the particle and the plane correctly and then went on to use the coefficient of friction to find the friction. Many went on to find the work done against friction correctly, but some candidates found the total work done as the particle moved from A to B, not just the work done against friction. A possible contributory factor in this problem could be the indiscriminate use of the symbol F to represent both the force due to the friction and the resultant force. 

In Q5(b) almost all candidates followed the request to use the work-energy principle. Many completed the task successfully, but there were sign errors and some sine/cosine confusion. 
In Q5(c) most solutions followed the same energy approach as that used in Q5(b) by considering the motion from B back to A but it was pleasing to see some solutions which considered the totality of the motion from A back to A, which simplifies the problem a little. Some candidates preferred to use the equation of motion to find the acceleration of the particle, together with the suvat equations to find the speed.
Question 6

Q6(a) was answered well with most candidates showing sufficient working to confirm the given answer. The most common approach was to find values for 
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 and 
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, and then divide to find 
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. A few correctly substituted from one equation into the other to find the equation of the trajectory. Some candidates made sign errors in the equation for the vertical component of the motion, yet still claimed to reach tan ( = 2.2. A small number of candidates did not read the question carefully enough to realise that the ball passed the top of the post when t = 2 and were unable to make progress. 
In Q6(b) having been given the value for tan ( in Q6(a), most candidates went on to find u correctly, either by using 
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 or 
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or by using Pythagoras. Most errors were due to incorrect rounding of the final answer to give 9.66 or 9.68.

In Q6(c) those candidates who formed a correct quadratic in T usually went on to find the value of T correctly. There were a few sign errors in the equation, but more commonly candidates were confused between u and 
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 - it was common to see 9.67 used in place of 8.8. Despite the fact that it requires additional work, some candidates prefer to split the task into two parts, finding the time to the maximum height and the time from there to the ground. 
Q6(d) proved to be the most challenging part of the question. There were some candidates who did not understand the question and used components of distance rather than velocity here. Almost all good attempts used suvat equations, with just a few candidates using an energy method. The use of 
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 proved slightly more successful than use of v = u + at, as sign errors or rounding errors were more common in the latter. Over-specified final answers were often an issue here, with several candidates offering four significant figures after using approximate values for u and T.

Question 7

Candidates made errors with inconsistent signs, or signs which did not reflect what they had shown in their diagrams. Several candidates did not start out with the direction of motion of A reversed after the collision, and only a few of these went on to give the correct speed of A after the collision. There were several algebraic errors in solving the simultaneous equations, often because of a lack of brackets after a minus sign, for example, errors such as 
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In Q7(b) many candidates scored the first three marks here for forming correct equations, although there were still errors due to inconsistent signs. Many also went on to solve for the speed of B after the second collision, but they often reached the negative of the correct answer because they did not consider the change in the direction of motion. It should be noted that it is much simpler to work through the equations for the second collision using 
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rather than substituting 
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. Those candidates who had worked through correctly usually concluded that 
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was the lower bound for the set of possible values of e, but very few candidates realised that the consequence of the coefficient of restitution between B and C being 2e was that the upper bound would be 
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In Q7(c) very few candidates offered a complete solution to this part of the question. Of those who attempted it, most appeared to understand the condition for a second collision between A and B to occur. Some did form a correct inequality in e, and a few then went on to consider the critical values of e. The majority of candidates made no attempt to use an algebraic approach; they reached their conclusion on the basis of substituting one or more possible values for e, and did not consider the full set of possible values.

Mechanics M3 (6679)

General introduction

This was an accessible paper and many candidates scored highly on it. There were, however, some challenging parts for which less able candidates found difficult to provide solutions to.

Candidates should be reminded that illegible or ambiguously written work might not get the credit it deserves and that corrections should be made clearly by re-writing what was wrong rather than just writing over the original. 

There were cases where numbers appeared without adequate reasoning; wrong answers cannot be given method marks if the method isn’t shown. Some candidates work in formulae until the end, when they put all the numbers into their calculators at once. Marks are often not earned until substitution of the given values is seen and a mistake entering a value onto the calculator can lose marks.

Misquoting a given answer can also lead to the loss of many marks. This was seen particularly in Q2(b) and Q3(b). When candidates who have achieved a correct result in part (a) use a different expression in part (b) their error cannot be taken to be a mis-read but instead has to be treated as a deliberate choice to change the expression.

In calculations the numerical value of g which should be used is 9.8, as advised on the front of the question paper. Final answers should then be given to 2 (or 3) significant figures – more accurate answers will be penalised, including fractions.

If there is a printed answer to show then candidates need to ensure that they show sufficient detail in their working to warrant being awarded all of the marks available.

In all cases, as stated on the front of the question paper, candidates should show sufficient working to make their methods clear to the Examiner.
If a candidate runs out of space in which to give their answer then they are advised to use a supplementary sheet.

Report on Individual Questions

Question 1
This question was answered correctly by the majority of candidates. A few used the wrong form for the acceleration and some did not calculate the constant of integration. Writing down c = 0 was not sufficient to earn the marks; the substitution needed to be shown since the answer was given.

Question 2

The solutions to Q2(a) which simplified the mass ratio to k : 2: k + 2 were concise and easy to follow. The danger with using the full formulae was introducing or omitting an r, π or ρ in the subsequent working sometimes leading to a dimensionally inconsistent moments equation with zero marks. There were very few instances of areas being used instead of volumes or of the formulae needed not being known. Candidates almost always took moments about O, and usually remembered, either in the table or the moments equation, that one term had to be negative.


Whilst the answer to Q2(a) was given, a small number of candidates used an incorrect expression in Q2(b). The tangent fraction was sometimes the wrong way up leading to an incorrect quadratic equation. Candidates need to be reminded to show working for their solutions to quadratics as an incorrect answer with no working will lose the method as well as the accuracy mark. They also need to indicate which of their two solutions is appropriate if both solutions to the equation are offered. Another error seen was to take the radius as 
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Question 3
For the majority of candidates this provided a good source of marks and there were many correct solutions seen. In Q3(a) the main challenge was for those candidates who did not realise that the applied force was in the negative x-direction although this error inevitably still led to the answer given on the question paper as the negative sign was also omitted in the integration. A few candidates who integrated correctly realised their error and used the given result to correct their error in each line of their answer but the majority made “subtle adjustments” to ensure that their final answer agreed with the required result. Only the less able used expressions other than 
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 for acceleration and there were few algebraic or integration errors in this part of the question.

In Q3(b) a few candidates failed to appreciate that the velocity had to be replaced with 
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 but the majority made progress with the question. Some candidates found the numerical work challenging and a substantial proportion failed to arrive at the required final answer with a number of errors such as 5t = 35 or 10 when t = 5. For those who prefer to produce an exact answer it is expected that the logarithmic terms be combined in the final answer.

Question 4
Very few instances were seen in Q4(a) of mg being resolved instead of the tension. Hooke’s Law was used correctly with some opting to have the extended length as the unknown rather than the extension. Most candidates were able to substitute for the cosine or sine of their angle successfully leading to a correct solution.

Several different methods were seen for Q4(b) but errors often led to the loss of the last mark. Some found an expression for the cosine or sine of their angle, others found the radius, but the most common errors were due to losing the a in the radius or gaining an a in the trigonometric ratio. The presentation of candidates’ work if poor, untidy or cramped led to them misreading their own writing and cancelling incorrectly. A small number of candidates used a similar triangle method.

Question 5
The symmetry inherent in any simple harmonic motion ensured that there were many successful routes possible in this question although it would seem that candidates occasionally made things more complicated for themselves by ignoring the initial conditions as described in the problem. In this case the flexibility with which the different approaches could yield the final answer meant that this often did make the solution more complex.
A range of methods were applied in Q5(a) with varying success. The fact that the period of the motion was given in the question meant that candidates knew at an early stage the result they were going to achieve. There was a good proportion of accurate and straightforward solutions produced and many candidates scored full marks in this part of the question. Those who made use of a more circuitous route were often able to arrive at the correct final. The reference circle method works well in this case and those who employed this method arrived very swiftly at their goal. Those who ignored the initial state and used x = a cos (t gave themselves more to do. Those candidates who did not recognise the correct amplitude tended to be rather less successful.

In Q5(b) a good proportion of those using x = a sin (t were able to pick up marks although a few made errors in identifying the distance from B. Many candidates used x = a cos (t even though they had been informed that the particle was at the centre of the oscillation at the start of the motion.

Q5(c) and Q5(d) were very standard results for this type of question and the majority of candidates were able to score straightforward marks.

Question 6

Many candidates began Q6 (a) with an energy equation. Some realised that this would not work and then resolved along the radius. Candidates should ensure that their square root signs are written correctly, covering both the numerator and denominator. 

Q6(b) did need an energy equation and most candidates applied conservation of energy correctly using the given answer for Q6(a).


Q6(c) proved to be very challenging. Many used the wrong angle when resolving to find the horizontal and vertical speeds at B and a few used u rather than the velocity at B. The equation of motion often contained sign errors and a minority tried to find the time of flight first, often using an incorrect distance. Some misinterpreted the question and used distances rather than velocities to find the direction of motion. Presentation of solutions given was often a factor in this part such as a lack of clear diagrams showing velocities and directions. This was particularly evident in the final tangent ratio where candidates had to pick out the correct components of the correct velocities from their working. Some candidates did not recognise that they had made a mistake when they obtained, for instance, v2 = 
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 but instead, just dropped the minus. Very few used the energy method.

Question 7
In Q7(a) of the question all but the weakest candidates were able to score full marks for a simple application of Hooke’s Law.

Q7(b) was a slightly more complex problem which required the candidates to set up the problem carefully. Most were able to identify the extension of either the string or half-string and the trigonometry did not pose a difficulty for most of the candidates. There were some errors in applying Newton’s Second Law with incorrect resolutions and, occasionally, a single term in T. Those who were successful in setting up the problem usually managed to arrive at the correct answer although a number retained too many significant figures in their final result.

In Q7(c) a substantial proportion of candidates assumed that the Elastic Potential Energy was automatically zero in one of the two positions examined; most candidates were able find correct expressions for the other energy components. The majority of those who set up the energy equation successfully found little difficulty in arriving at the correct final result.

Statistics S1 (6683)

General introduction
The paper proved to be accessible to candidates of all abilities. Some candidates are still unsure about the cumulative distribution function and Q2(b) posed some difficulties. In the final part of question 4, few candidates identified the conditional probability in the context of normal distributions but the conditional probability in the more familiar context of question 7 was answered quite well. Calculating the height of a bar in a histogram still causes problems in Q5 (a) and many did not calculate the final probability in question 6 correctly. Overall, the standard of work was high and most candidates were clearly well prepared for this paper.

Comments on individual questions

Question 1

Q1 (a) proved an accessible opening to the paper and nearly all the candidates answered this correctly. Most also knew how to find r in part (b) but a number still gave their final answer as 
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0.71 rather than the 3 significant figures requested. In Q1(c) many identified that the required correlation would be positive and gave a simple argument based on the context, although a few linked the variables v and g via the third variable t. A number of candidates seemed to misread this part of the question and gave a description of the negative correlation between t and v. 
Question 2
Although over 40% of the candidates scored full marks on this question there were a large number who were still confused about the cumulative distribution function F(x). In Q2(a) many used F(1) + F(2) + F(3) = 1 and arrived at 
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 and others did not give sufficient working to secure both marks. A “show that” question requires some clear explanation and in this case we needed to see an explicit reference to F(3) = 1 as well as the solution of the equation 27 + k = 40. Due to little understanding of the meaning of F(x) many couldn’t find the correct probability distribution in Q2(b) but there were plenty of correct answers seen often given in a table. Q2(c) was answered well and the Var (aX + b) formula was known and used correctly by a good number of candidates.

Question 3
Q3(a) was answered very well and only a handful of candidates did not secure the 4 marks here. Most knew how to find the equation of the regression line but sometimes candidates failed to use a sufficiently accurate value of b to ensure that their value of a was accurate to three significant figures and they therefore lost the final accuracy mark. A growing number of candidates are giving their coefficients as fractions, presumably because their calculators are set in this mode. Whilst such answers were accepted, they are not as useful as coefficients of a regression line and arguably not really appropriate in this branch of statistics.

Q3(c) was answered very well but in Q3(d) some candidates’ responses were vague: a comment that “it is reliable because it is in the range” was not accepted because “it” does not clearly refer to the temperature. Some candidates used the technical terms of “interpolation” or “not extrapolation” correctly and these were accepted. 
Question 4

A small minority were still unsure whether the final answer was 0.9641 or 1 – 0.9641. There were 3 common sources of error in Q4(b). Some candidates simply set their standardised expression equal to 0.1 or 0.5398 and lost all 3 marks. Others realised that the standardised expression should be set equal to a z value but did not use the percentage points table and lost a mark. The final problem was choosing the correct sign on their z value and a number of answers of 119 were seen. Some candidates gave an answer of 80.776… from their calculators and gained all 3 marks. 

Q4(c) was not answered well and most attempts did not notice the usual prompt (the wording “given that…”) and thus did not attempt a conditional probability. Common solutions were simply a calculation of P(L > 133) or P(127 < L < 133). 
Question 5

In Q5(a) there is still some uncertainty about the concept of histograms. Most candidates could find the width of the required bar but a number still failed to consider frequency densities to find the height. Some attempts were on the right lines but used the interval [240, 320); others assumed height was linked to frequency alone and 4.5 cm was a common incorrect answer. There has been a clear improvement in the use of interpolation to calculate the median in recent sessions and many had 
[image: image209.wmf]10

80

22

´

 (with only a small minority using 10.5 instead of 10). The common error was to use 239.5 rather than 240 as the class boundary but there were many fully correct answers seen. 
The calculation of the mean in Q5(c) was usually correct but the standard deviation still causes difficulties for some who failed to use a correct formula. Q5(d) was straightforward although some failed to secure the second mark because they did not give a description (e.g. “positive”) of their skewness.

In Q5(e) the insertion of a normal calculation in this context seemed to fox some candidates but many were able to carry out this routine calculation correctly. However the interpretation in Q5(f) was not answered so well. Some drew the connection between their answer to Q5(e) and the proportion in the table and deduced that a normal distribution was reasonable (over this range). Slightly more focussed on the fact that in Q5(d) they had stated that the distribution was skewed and therefore a normal distribution was probably not a suitable model (overall) but few were able to marry these statements up and secure both marks.

Question 6

Q6(a) was answered well and most gave the distribution in a table with values 1, 3 and 5 and probabilities of 
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 for each. Labelling each face as 1, 1, 3, 3, 5, 5 was quite common too, usually accompanied by probabilities of 
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 for each face, but some gave probabilities of 
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 for each face and others had values of 1, 2 and 3.

Q6(b) was not answered well with many candidates only having one of the two words “discrete” and “uniform” in their answer. An answer of “discrete random distribution” was quite common but some candidates did not know the correct terms, describing it as an “equal” distribution.
Very few candidates used the symmetry of the distribution to “write down” the answer to Q6(c) but they were still able to gain the mark by calculating E(B). Some candidates could not answer part (d) correctly but in part (e) although a number found 
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some thought this was Var(R), others only subtracted 3, despite having previously quoted a correct formula, and some rounded their answer to 2.33 without first giving the exact value. In the final part of the question many candidates did not seem to understand what was required. Some drew complete tree diagrams but then did not realise that Avisha always chose the die that gave her the best chance of winning. Others identified which die she should choose without taking account of the probability of 0.5 for the outcomes of the spin of the coin. Nevertheless a small number of candidates did complete this part of the question successfully.

Question 7

Q7(a) was answered very well with only a small minority adding 
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rather than subtracting it. In Q7(b) although most could quote a correct formula, some thought that 
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 and then had a numerator greater than their denominator. Others assumed independence and used
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. Q7(c) was usually correct although a small number of candidates confused independence with mutually exclusive and gave an answer of zero.

Most candidates gave a correct arrangement of the events in Q7 (d) and few omitted the “box”. There were a number of errors in the calculations of the other probabilities, in particular the probability for B only, but a large number of fully correct diagrams were seen. Q7(e) was usually answered quite well with many demonstrating a correct understanding of the method by using the values from their Venn diagram and others avoiding any problems with the Venn diagram by using 
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Statistics S2 (6684)

General introduction

The paper was accessible to the candidates and most seemed to have enough time to complete all the questions. The presentation was good. Many candidates could understand and apply the statistical techniques but could find algebra and arithmetic often challenging. They often had difficulty rearranging algebraic equations correctly and solving both simultaneous and quadratic equations. 

Question 1

This question was accessible to the majority of candidates, with many gaining full marks. Responses to part (a) reflected some misunderstanding in interpreting the question. This was shown by candidates who gave a list of ‘conditions for a Poisson distribution to be used’ rather than how the Poisson could be used ‘as an approximation to the binomial distribution’. Common errors seen in part (a) included n > 30, p < 0.5 and p is low. Part (b) was generally well answered and a high proportion of candidates correctly used Po (10) as the approximation to B(1000, 0.01). Common errors usually involved interpretation of inequalities e.g. using P(X ≥ 4) = 1 – P(X ≤ 4) or 1 – P(X ≤ 5), or finding P(X ≤ 3).

Question 2

Overall this question was well answered and responses reflected good preparation and understanding in using a Poisson distribution and also using a normal approximation to a Poisson. A high percentage of candidates attempted both parts of (a) successfully, with the majority of candidates using Po(3) and getting at least one mark for (a)(i). Marks lost for part (a) were normally for finding P(X ≥ 4) = 1 – P(X ≤ 4) or P(X = 4), in (a)(ii) or occasionally for writing the answer to (a)(i) as 0.22. In part (b) candidates showed their ability to standardise correctly using a continuity correction to get a negative 'z' value, or in the case of candidates who used the symmetric properties of the distribution, the equivalent positive value. A minority of candidates lost marks through either using an incorrect continuity correction, i.e. 18.5 or 20.5, or none at all. Occasionally a candidate failed to find 1 – ((1.92) although it was rare to see a final answer > 0.5. 

Question 3

Part (a)(i) again tested candidates’ ability to handle inequalities which they often found challenging. This was shown by incorrect answers such as P(X ≤ 5) = 0.9456 or those finding 1 – P(X ≤ 5). Part (b) challenged a significant number of candidates although the majority who attempted this question were able to state (1 – p)12 = 0.05. The final solution to this part, however, often proved beyond the ability of many candidates. Successful candidates were adept at finding roots using calculators or using logs to get the solution whereas those less successful made several attempts before admitting defeat. 
Common errors seen involved using a mix of common and natural logs or having written correctly log(1 – p) = 
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 then not being able to write an expression for ‘1 – p = …...’. A high proportion of candidates answered part (c) confidently and successfully, with the majority of candidates gaining at least one mark for writing Variance = 12p(1 – p) or for 12pq = 1.92 and attempting to solve their quadratic. Errors were quite often due to writing/using the quadratic formula incorrectly due to errors in basic arithmetical calculations.

Question 4
There were many exemplary responses to this question with candidates getting full marks. Errors in parts (d) and (e) often reflected some candidates' lack of competence in the manipulation of algebraic fractions.

Errors in part (a) were down to a few candidates giving the mean as 5 or 2.

Responses to part (b) showed that the majority of candidates were able to find the required probability using a continuous uniform distribution over the given range. Some candidates found P(X > 2.4) and did not proceed to find the correct solution using 1 – P(X > 2.4). Also, a small number of candidates tried to find the probability using a discrete uniform distribution.

Part (c) challenged many candidates and the ability to interpret P(–3 < X – 5 < 3) was varied. An answer of 0.6 was often seen which was found from working such as P(–3< X <3), ignoring X – 5, or from P(2 < X < 8).
Many excellent responses to part (d) were seen but equally it was evident that this question proved very challenging for a high proportion of candidates by the number of attempts (including pages of crossed-out working) at finding the required solution. The majority of candidates followed the instruction to ‘use integration to show...’ and gained at least one mark for writing 
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or the equivalent. Candidates who used a as the variable were more likely to lose marks through errors made in treating the constant 3a in the denominator as a variable and cancelling this with the expression in the numerator, either before or after integration. This, in turn, created problems for candidates when substituting the values for the limits of integration. Working was also seen on a number of occasions where candidates lost the final two marks when substituting the limits and calculating (4a)3 = 4a3.

Candidates who used E(Y 2) E(Y)2 did not score any marks for this part of the question. Part (e) was also generally accessible to the majority of candidates. Candidates who used 
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 were less likely to lose marks through errors than those who used E(Y 2)E(Y)2. A common error was where candidates found the value of the mean but then forgot to square it before subtracting from E(Y 2).

In part (f) a high proportion of candidates successfully found
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 and solved 
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. For a large minority of candidates finding 
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 proved difficult, and in some cases impossible. This was evident in the number of attempts shown. A number of candidates lost the final mark through errors in handling algebraic fractions, e.g it was common to see working 
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Question 5

Many candidates found parts (a) and (c) difficult.
Part (a) was testing candidates’ understanding of the cumulative distribution function, F(t). It perhaps helps to think visually, in terms of area, but ultimately the algebraic definition F(t) = P(T ≤ t) is required. 
In part (b) nearly all candidates were able to calculate P(T < 3) = 11/36. The response to part (c) was disappointing with very many candidates scoring no marks. Of those who realised that a conditional probability was required the most common error was to find 
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. Part (d) required candidates to solve a quadratic equation. Any written method would have been acceptable, but by far the easiest was to rearrange the equation to obtain (t + 15)2 = 2250 and then to square root both sides. Many candidates multiplied out the brackets and then either used the formula or completed the square. 

Question 6 

Apart from part (a), this question was well answered and responses reflected good preparation and understanding of hypothesis tests.
Only a few candidates were able to discuss a hypothesis in terms of a population parameter in part(a). Candidates’ errors included discussing hypotheses and critical values. Part(b) was generally well answered although some candidates wrote comments such as ‘it is an area where a hypothesis could be rejected’ without identifying which of the two hypotheses was being referred to. References to ‘original’ and ‘new’ hypotheses rather than H0 and H1 were also seen. Correct terminology is important.

In part(c) many candidates achieved full marks but there were some common errors. These included absence or incorrectly stated hypotheses, finding P(X = 5) rather than P(X ≤ 5), comparing 0.553 to 0.05 if using a two-tailed test or with 0.25 when using a one-tailed test, conflicting non-contextual conclusions and incorrect (or no) contextual conclusion, some including double negatives.

Part (d) of the question was tackled well by a large number of candidates, with some able to complete it accurately with little or no working. Those that investigated P(X = 0) for various values of n nearly always attained a correct solution and most of those using logs also gained full marks, the main error being forgetting to reverse the inequality sign when dividing by log 0.55.
Question 7 
This question provided many difficulties for weaker candidates, particularly those weak at algebraic manipulation.

In part(a) nearly all candidates attempted to integrate the given expression with most placing the resultant expression equal to 1, substituting 5 and multiplying by 2 to provide the given equation.

Most candidates attempted part (b) successfully and achieved a correct equation. Many candidates then tried to rearrange the equation but often they did not posses the algebraic skills to do so accurately. Marks were awarded for the correct equation in this part as incorrect subsequent working was ignored. The candidates then unfortunately used their rearranged incorrect equation in part (c). All the candidates attempted to solve ‘their’ equations simultaneously and most of those with the correct equation attained the correct values for a and b. Part (d) of the question was not answered well by a large number of candidates. Those that had the correct values of a and b usually managed to integrate correctly but errors in substitution into the quadratic formula and/or in calculating the two possible values of m (the median) were not uncommon. In part (e) The majority of candidates compared ‘their’ median with the given mean correctly and most of them also stated the correct skew for ‘their’ values. Some candidates attempted to compare the mean or median (or both) with the mode with varying degrees of success. This comparison was only considered if ‘their’ mode was stated and, when given, these values varied anywhere between 0 and 5.
Decision Mathematics D1 (6689)

General introduction

The paper proved accessible to the majority of candidates and there was little evidence of there not being enough time to complete the paper. The questions differentiated well, with most giving rise to a good spread of marks. All questions contained marks available to the E grade candidate and there also seemed to be sufficient material to challenge the A grade candidates also. 

Candidates are advised to make their method clear; ‘spotting’ the correct answer, with no working, rarely gains any credit.

Candidates should ensure that they use technical terms correctly. This was a particular problem in Q4(a).

Report on individual questions 

Question 1

This first question proved to be a good discriminator and gave rise to a good spread of marks. The mode was full marks gained by 23.8% of the candidates, 22.2% of the candidates scored 2 or fewer marks. Q1(a) was completed with varying degrees of success. Most candidates could make a start on following the flow chart and usually had the first two rows of the table completed correctly.  The main issue was the inability of candidates to tell whether the difference in the values of R and E fell between the two boundaries of 10–6 and –10–6 and therefore many stopped the algorithm in the wrong place (usually on the third row) or continued for many more rows than required. 
Common errors in this part were not giving answers to a sufficient number of decimal places (7 were asked for in the question) or truncating their answers rather than rounding (it was popular to see 8.485281374 become 8.4852813). The majority of candidates were aware that they needed to state their final output once they had achieved a ‘yes’ in the last column although many did not use the pre-printed line below the table; many opted for putting their output value under their final R value or on the next page of the answer booklet. A number of candidates instead of outputting the final value for R instead gave the value of R – E as the final output. Many candidates had the ‘correct’ final output of (72 even though this did not follow from their working. For the final mark in this part, examiners could only follow through from the candidates working as the nature of the algorithm (for finding the square root of a number) was described in the question.    

In Q1(b) all that was required in this part was to state that the output would now be negative (or the more complete answer that the algorithm would now find the negative square root). Some candidates were convinced that there would be no affect on the output and some described what would happen at each stage of the algorithm rather than at the final output stage.

Q1(c) was very well answered with the majority of candidates giving the correct answer that E could not be zero. A number of candidates went on to explain why E could not be zero and it was also common to see answers which implied that E could not be negative or take the value of 72.

Question 2
This question, especially Q2 (b), proved to be an excellent discriminator with the modal mark being 4 (out of 6) and only 8.8% of candidates scoring full marks. 
The format of this question differed from previous sorting questions in that candidates were asked to work from a list which was not given in the question. This particular sort required the candidates to know, and write down, the letters of the alphabet, which the vast majority of candidates did without any problems. However, there were a number of candidates who thought that the alphabet had 24, 25 or 27 letters and others who had an ‘incorrect’ list (for example, it was common to see letters M and N the wrong way round). Some candidates neglected to write down the alphabet at all, which in a number of cases led to subsequent errors in the identification of pivots and also made it difficult to verify that the candidate was using the correct ordered list.    

Q2(a) was undertaken well by nearly all candidates and a large proportion scored full marks in this part. The vast majority of candidates were able to carry out the identification of middle right pivots correctly and very few selected middle left pivots. Most were then able to reject the correct sublist (including the pivot).In some cases, candidate wrote ‘reject A – N’ in the first pass but then had, in the second pass, a list which included N. Many candidates, throughout this part, did set out their work in a very logical manner by adopting one (or more) of the following approaches: 

· explicitly writing out, at each stage, their calculation for the pivot and circling or making their pivot clear;
· writing out their reduced list after each pass;
· renumbering their reduced list (from 1) before each new pass.
It is advised that in this type of problem it is essential that the choice of pivot is made clear at each stage as should the new sublist which is to be used in the next pass.  

Finally, when the search is complete it is important that the candidate provides a clear statement to the effect that the letter being searched for has been found. Many candidates did not differentiate that P was the letter they were searching for and in many cases it seemed to be stated as a pivot and not the target value. It was sometimes unclear if at the end of the search that P had been found or was, in fact, a letter in a sublist with only one value.

Q2(b) provided to be an excellent discriminator. Many candidates did not generalise their answer and it was clear that a significant number of candidates did not know what to do in this part, which was evident in the number of candidates who left this part blank. Common incorrect answers included:

· stating a number of required iterations without any justification;
· incorrect calculations such as 
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 = 13 (therefore 13 iterations) or (26 = 5.1 (so 6 iterations);
· a continuation of their answer to part (a) based on the evidence that part (a) required 4 iterations and if one of either O or Q were required then 5 would be necessary so 5 was the maximum.
Common incomplete answers included:

· a statement that the letter A would require the maximum number of iterations, often without any justification of why A requires the most or even a demonstration of the number of iterations required to find this particular letter;
· arguments based on halving 26 five times without sufficient demonstration or justification (and in many cases it wasn’t clear what the value was being compared to) or incomplete arguments based on powers of 2 without explicit calculations being seen or even a comparison being made to the value of 26.
The most succinct responses were those based on the use of logarithms although these were relatively rare. It was also pleasing to see that a number of candidates considered the maximum number of letters that would remain at either the start or the end of each iteration. It was, however, common to see errors in this latter approach as many candidates failed to engage with the requirement of the maximum number of letters remaining after each iteration and so it was all too common for candidates to retain their pivots when moving from one pass to the next. While many candidates who adopted this approach were able to recognise that after the first iteration there would be 13 letters remaining, the next iteration caused problems as many stated that 7 letters would remain rather than the correct answer of 6.       

Question 3
This question proved to be a good source of marks for nearly all candidates. The mode was full marks, gained by 50.5% of the candidates, only 19.7% of candidates scored 5 marks or fewer.  

In Q3(a) the majority of candidates were able to find one of the two possible alternating paths, between either C or O and 2 and then correctly indicate the change of status. It is important that examiners can clearly identify the alternating path so it should be listed (rather than drawn) separately (rather than left as part of a ‘decision tree’ of potential paths). A number of candidates are still not making the change status step clear. This can be done either by writing ‘change status’ or, more popularly, by relisting the path with the alternating connective symbols swapped over, this latter has the additional advantage of making the path very clear to examiners. A lack of change of status was penalised twice, both in Q3(a) and in Q3(c). Most candidates were able to give an improved matching in Q3(a), either as a list or on a clear diagram, with just five arcs. If candidates are going to display their improved matching (or later their complete matching in Q3(c)) on a diagram then it must be made clear that only a diagram with the exact number of required arcs going from one set to the other will be accepted; examiners cannot accept diagrams with additional arcs even if they ‘appear’ to be crossed out. 

Q3(b) proved to be a good discriminator, with strong candidates giving a concise, fully correct reason why a complete matching was not possible. Clarity of expression, probably caused the loss of marks for a number of candidates in this part as many could see why a complete matching was not possible, but many answers were marred by a lack of precision. ‘Task 1 and 5 can only be done by George’ was the most common correct answer. Of those candidates who used the alternative argument involving N, O and C many did not achieve both marks due to incomplete statements like ‘Nurry can do tasks 4 and 6’ instead of the accurate statement that ‘Nurry can only do tasks 4 and 6’. Some candidates lost marks in this part for failing to name the relevant nodes, so a comment such as ‘there are two tasks that can only be done by one worker’ gained no marks.

In Q3(c) almost all candidates who gave a correct path in Q3(a) followed with the correct corresponding second path between either O or C and 1 and nearly all candidates went on to give the correct complete matching.

Question 4
This question proved to be a good source of marks for many candidates with 80.8% scoring 7 marks or more, and only 3.0% scored 3 marks or fewer but (due to Q4(a)) this question still discriminated well with only 6.1% scoring full marks. 

In Q4 (a) A number of candidates had learnt the definition for a path and gave a concise answer that contained all three key points. However, many gave a vague account of a path being ‘a route from one vertex to another’; the fact that a path is a finite sequence of edges was rarely seen by examiners. A significant number of candidates wrote that arcs should not be repeated, or that there should be no cycles, rather than the correct statement that no vertex should be repeated. Candidates demonstrated insufficient knowledge and understanding of the correct technical terms in decision mathematics; line and point were often seen instead of the correct arc (edge) and vertex (node).         

Q4(b) was usually very well done with most candidates applying Dijkstra’s algorithm correctly. Labelling and the order of working values were much more accurate than in previous sessions. Common errors were the addition of an extra working value at B, the absence of the working value 27 at D or having the working values at T appearing in the wrong order. The ordering of labelling was generally very good with the most common mistakes being node A being labelled before C and E being labelled before F. It is worth noting that because the working values are so important in judging the candidate’s proficiency at applying the algorithm it would be wise to avoid methods of presentation that require values to be crossed out. The examiners gave follow through marks on the length of the route and those who obtained the correct length of 40 almost always gave the correct route. 

In Q4(c) the question clearly asked for the length of the shortest path from S to F so it was surprising the number of candidates who gave a path from S to F and not the distance between these two nodes. In Q4(d) the majority of candidates scored full marks and those that didn’t tended to find a path via F rather than via E. 

Question 5
This question gave rise to a good spread of marks and proved a good discriminator. The mode was full marks gained by 14.7% of the candidates, 11.1% of the candidates scored 5 or fewer marks.

In Q5 (a) candidates had to apply Prim’s algorithm to find the minimum connector for the given network. The vast majority of candidates started at the correct node A although node G (possibly because this node was at one end of the shortest arc GJ) was often seen. Common errors were with the placement of arc DH, with this arc either appearing as the fourth arc or appearing after arc FI. Most candidates took notice of the instruction to state the order in which they included the arcs as only a few candidates left their answer as a list of nodes. It was pleasing to see very few candidates using Kruskal’s algorithm however it is worth noting that with Prim there should be no rejections of arcs seen during the selection process. Candidates would benefit from stating their final list of arcs in the correct order as some candidates opted to show all the possible arcs from a particular node. In some of these cases candidates appeared to be rejecting arcs whereas many were just showing their thought process as they consider each node in turn.     

Q5 (b) was the most successfully attempted part of the question, with most candidates gaining the first method mark as they recognised the need to multiply the value of 80 with the weight of their minimum spanning tree from Q5(a). The main errors seen for the second accuracy mark were either due to an earlier error in Q5(a) or the inability to add up the length of the arcs in their MST correctly. Some candidates incorrectly multiplied the total weight of the original network by 80. 

Q5(c) required candidates to recognise that nodes B, F, G and H were the four odd nodes, which nearly all candidates did. While most candidates showed the correct three distinct pairings of the correct four odd nodes many candidates did not show the total for each pairing. These totals need to be given as evidence that the correct arcs, which need to be traversed twice, have been chosen. There were many completely correct solutions to this part but even more where errors were made in the calculation of the shortest route between two nodes. BH and FG (with a correct shortest route of 94) was often given incorrectly as 95 (GI being used instead of GJI) or 100 (BFH instead of BEFH) or 101 (both of these errors being made). A significant minority of candidates did not give the correct repeated arcs as BE, EG and FH, instead giving the answer of BG with no evidence to imply a route via node E.

Q5(d) was answered well as most candidates had an answer of 64 as their least from Q5(c) and used the information given in the question that the total weight of the network was 379.      

In Q5 (e) candidates were specifically asked to give a reason for their answer and many candidates failed to do so making this part a good discriminator. It needed to be clear to examiners that candidates appreciated the need to repeat FH because it was the least of the six individual pairings given in Q5(c). Some candidates decided to subtract the largest arc from their value of 443 rather than selecting the smallest to add on to 379. Some candidates thought that because FH was the least this meant that F and H should be the start and finishing nodes.  Another common response was to give the correct start and finish nodes and a correct reason for repeating only FH but did not give the length of the route. It was also common in this part for stronger candidates to leave this part blank after scoring highly in the earlier parts of this question. 

Question 6

This question also gave rise to a good spread of marks and proved a good discriminator. The mode was again full marks gained by 17.8% of the candidates, 43.1% of the candidates scored 8 or fewer marks.

The first two parts of this question involved identifying inequalities for given constraints. It was Q6(a), in which the constraint was given graphically, that proved to be the most difficult with many candidates needing to resort to using the formula y – y1 = m(x – x1) instead of obtaining the equation of the line by inspection of the graph. Many candidates failed to identify the gradient of the line or, having found the gradient, were unable to convert this into the correct inequality, giving either the incorrect coefficients or the incorrect direction of the inequality. Q6(b), in which the information was given in the form of a statement, was much better answered, although a number of candidates had the inequality signs the wrong way round or tried, unsuccessfully, to redefine the x, y variables using w and r to represent the colours of the roses. Most candidates who had the correct equations in Q6(b) went on successfully to draw the two additional lines in Q6 (c) but many did not gain the mark in Q6(d) for identifying the correct feasible region due possibly in some part to earlier errors in Q6(b). 

The vast majority of candidates scored the mark in Q6(e) for writing down the correct objective function and for some candidates it was the only mark that they earned in this question. A few candidates ‘simplified’ their objective function which led to incorrect production times in Q6(f). 

Q6(f) asked for candidates to use the method of point testing to find the optimal number of each type that should be produced. Having stated the objective function in Q6(e) many candidates found the optimal solution using the objective line method and thus scored no marks in this part. Those candidates who did use point testing often only tested the three vertices nearest the origin. Whilst it may have been obvious to candidates that the other two vertices would give larger values for the objective function the algorithm requires that all vertices of the feasible region are tested and this was required to gain full marks. A number of candidates spent a large amount of time solving five pairs of simultaneous equations to find all five vertices (which, in this case, could have been read directly from their graph) and then did not test any of their points with their objective function. A number of candidates treated this as a maximisation rather than a minimisation problem and gave an answer of 720. Also a number of candidates were perhaps confused by the instruction to use point testing and after finding their optimal point (usually by the objective line method) began to test other integer solutions around their optimal point.

Question 7

This question discriminated well leading to a good spread of marks. The modal mark was 12, 6.5% of the candidates scored full marks, 50.8% gained 11 or more marks and 14.3% gained 6 or fewer marks.

While many completely correct answers were seen in Q7(a) a considerable number of candidates showed little understanding of why a specific dummy is needed in an activity network (in this case because of precedence of activities in the network). Some candidates referred to either activity K or activity I in their argument but not both. Some candidates referred to events rather than activities. It was clear that a number of candidates understood the need for each activity in a network to be uniquely identified in terms of its start and end events but this was not the reason for this particular dummy. A few candidates tried to explain the dummy between events 5 and 8.

Q7(b) and Q7(c) were generally answered extremely well with many candidates scoring at least the first 3 marks in Q7 (b) with the most common error in this part being the late event time at event 3 being given as 10 instead of the correct 9. 
Most candidates knew how to calculate the float for activity G however a few candidates did not notice the wording of the question which explicitly asked for all the numbers in their calculation to be made clear. This was seen when a number of candidates simply showed the calculation 15 – 12 = 3 so it was unclear if this came from the correct calculation of 15 – 6 – 6 or from incorrectly subtracting the early event time from the late event time at event 5. While many excellent responses were seen for Q7(e) a number of Gantt charts were extremely difficult to read i.e. the line between the activity and its float was not always clear and many floats were frequently very faint. It is worth noting that it would be advisable for candidates to check to see if their diagrams include all the activities (a number missed off activity M) as incomplete diagrams were penalised with the loss of the final two marks in this part. Very few scheduling diagrams were seen and the most common errors were the length of the floats on activities C, D and E or not having floats on all 9 non-critical activities. 
Q7(f) was not answered well with many candidates believing that activity B needed to be happening at time 5.5 (activity B could start as late as time 6) and so activities A, B, C and D were given as the answer to Q7(f) instead of the correct answer of A, C and D. Q7(g) was only answered correctly by a relatively small number of candidates. Most candidates either used a lower bound calculation, or tried to argue using a scheduling approach. Some candidates simply repeated their incorrect answer from Q7(f) of activities A, B, C and D needing to take place at time 5.5, and some candidates had arguments that began with ‘at time 10 or time 11’ which failed to take into account activities that could have ended at these times or activities that did not need to have started at these times.        
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January 2013 GCE Mathematics Examinations

The tables below give the lowest raw marks for the award of the stated uniform marks (UMS).

	Module
	80
	70
	60
	50
	40

	6663 Core Mathematics C1
	58
	50
	43
	36
	29

	6664 Core Mathematics C2
	64
	57
	50
	44
	38

	6665 Core Mathematics C3
	62
	56
	50
	45
	40

	6666 Core Mathematics C4
	61
	54
	47
	41
	35

	6667 Further Pure Mathematics FP1
	64
	56
	48
	41
	34

	6677 Mechanics M1
	64
	57
	51
	45
	39

	6678 Mechanics M2
	64
	57
	50
	43
	37

	6679 Mechanics M3
	65
	58
	51
	44
	38

	6683 Statistics S1
	61
	54
	48
	42
	36

	6684 Statistics S2
	65
	59
	53
	47
	42

	6689 Decision Maths D1
	62
	56
	50
	44
	39


Pass rate statistics: 

January 2013 GCE Mathematics Examinations

The percentage of candidates obtaining at least the given number of uniform marks (UMS) at the time of grading are given below (the final figures may vary slightly from these). 

	Module
	80
	70
	60
	50
	40

	6663 Core Mathematics C1
	33.5
	50.5
	63.7
	75.2
	84.1

	6664 Core Mathematics C2
	39.1
	58.6
	73.2
	82.0
	88.3

	6665 Core Mathematics C3
	25.6
	44.8
	62.7
	75.2
	84.3

	6666 Core Mathematics C4
	31.2
	48.0
	64.1
	75.5
	84.6

	6667 Further Pure Mathematics FP1
	57.3
	75.2
	86.5
	91.6
	95.3

	6677 Mechanics M1
	30.9
	52.4
	66.3
	76.7
	84.0

	6678 Mechanics M2
	41.9
	62.9
	75.6
	83.8
	89.6

	6679 Mechanics M3
	42.0
	60.6
	73.2
	80.9
	85.8

	6683 Statistics S1
	27.1
	47.5
	62.0
	74.3
	83.9

	6684 Statistics S2
	37.2
	59.0
	74.3
	84.1
	89.3

	6689 Decision Maths D1
	27.0
	46.3
	63.5
	76.1
	84.0




































































PAGE  
52

_1423298501.unknown

_1423907859.unknown

_1423911859.unknown

_1423929442.unknown

_1423931130.unknown

_1423932661.unknown

_1423932740.unknown

_1423932828.unknown

_1423991353.unknown

_1423932689.unknown

_1423931228.unknown

_1423932130.unknown

_1423931154.unknown

_1423929515.unknown

_1423931031.unknown

_1423929471.unknown

_1423929377.unknown

_1423929410.unknown

_1423929427.unknown

_1423929389.unknown

_1423929281.unknown

_1423929320.unknown

_1423929355.unknown

_1423913915.unknown

_1423914040.unknown

_1423914052.unknown

_1423913767.unknown

_1423908947.unknown

_1423911715.unknown

_1423911746.unknown

_1423911759.unknown

_1423911735.unknown

_1423911490.unknown

_1423911504.unknown

_1423908963.unknown

_1423908841.unknown

_1423908878.unknown

_1423908899.unknown

_1423908863.unknown

_1423908117.unknown

_1423908732.unknown

_1423908769.unknown

_1423908783.unknown

_1423908749.unknown

_1423908377.unknown

_1423908690.unknown

_1423907920.unknown

_1423320551.unknown

_1423368304.unknown

_1423638615.unknown

_1423644676.unknown

_1423907756.unknown

_1423907820.unknown

_1423907781.unknown

_1423644681.unknown

_1423644683.unknown

_1423644685.unknown

_1423644687.unknown

_1423644688.unknown

_1423644686.unknown

_1423644684.unknown

_1423644682.unknown

_1423644679.unknown

_1423644680.unknown

_1423644677.unknown

_1423638620.unknown

_1423638622.unknown

_1423638623.unknown

_1423638621.unknown

_1423638617.unknown

_1423638619.unknown

_1423638616.unknown

_1423638608.unknown

_1423638610.unknown

_1423638614.unknown

_1423638609.unknown

_1423571007.unknown

_1423571008.unknown

_1423571006.unknown

_1423376688.unknown

_1423339640.unknown

_1423339721.unknown

_1423340503.unknown

_1423365605.unknown

_1423366955.unknown

_1423367534.unknown

_1423367583.unknown

_1423367861.unknown

_1423367209.unknown

_1423367445.unknown

_1423367245.unknown

_1423367041.unknown

_1423366470.unknown

_1423366886.unknown

_1423366929.unknown

_1423366483.unknown

_1423365857.unknown

_1423366225.unknown

_1423365588.unknown

_1423339829.unknown

_1423339864.unknown

_1423339776.unknown

_1423339665.unknown

_1423339676.unknown

_1423339647.unknown

_1423339214.unknown

_1423339616.unknown

_1423339633.unknown

_1423339249.unknown

_1423339608.unknown

_1423339134.unknown

_1423339156.unknown

_1423320866.unknown

_1423339025.unknown

_1423321564.unknown

_1423320857.unknown

_1423314650.unknown

_1423315538.unknown

_1423318275.unknown

_1423320017.unknown

_1423320320.unknown

_1423320348.unknown

_1423318429.unknown

_1423320002.unknown

_1423318316.unknown

_1423316935.unknown

_1423317022.unknown

_1423318207.unknown

_1423316899.unknown

_1423315001.unknown

_1423315516.unknown

_1423315371.unknown

_1423300493.unknown

_1423313457.unknown

_1423313469.unknown

_1423314633.unknown

_1423300515.unknown

_1423298759.unknown

_1423298775.unknown

_1423299060.unknown

_1423298520.unknown

_1423161807.unknown

_1423295984.unknown

_1423297592.unknown

_1423297858.unknown

_1423298446.unknown

_1423298476.unknown

_1423298356.unknown

_1423297802.unknown

_1423297825.unknown

_1423297672.unknown

_1423296673.unknown

_1423297494.unknown

_1423297556.unknown

_1423297443.unknown

_1423296586.unknown

_1423296603.unknown

_1423296407.unknown

_1423271570.unknown

_1423295846.unknown

_1423295867.unknown

_1423295928.unknown

_1423295645.unknown

_1423295701.unknown

_1423295791.unknown

_1423271602.unknown

_1423267789.unknown

_1423267954.unknown

_1423268893.unknown

_1423271038.unknown

_1423271435.unknown

_1423271032.unknown

_1423267987.unknown

_1423267814.unknown

_1423267645.unknown

_1423267718.unknown

_1423161856.unknown

_1423267408.unknown

_1423161878.unknown

_1423161840.unknown

_1422079703.unknown

_1423159462.unknown

_1423159597.unknown

_1423161750.unknown

_1423161801.unknown

_1423161739.unknown

_1423159512.unknown

_1423159595.unknown

_1423159502.unknown

_1422551637.unknown

_1423133132.unknown

_1423133403.unknown

_1423159447.unknown

_1423133424.unknown

_1423133228.unknown

_1422551760.unknown

_1422551813.unknown

_1422552314.unknown

_1422552366.unknown

_1422551796.unknown

_1422551719.unknown

_1422082437.unknown

_1422108689.unknown

_1422551428.unknown

_1422082970.unknown

_1422081264.unknown

_1422082199.unknown

_1422080397.unknown

_1404313445.unknown

_1422073550.unknown

_1422073622.unknown

_1422076052.unknown

_1422072070.unknown

_1297849256.unknown

_1297853715.unknown

_1404313344.unknown

_1391597846.unknown

_1297849267.unknown

_1279061124.unknown

