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A Level Mathematics Paper 3 (Mechanics) IMAD 32 .......cooiiioiiiieniee s

Exemplar Question 1
Exemplar Question 2
Exemplar Question 3
Exemplar Question 4

Exemplar Question 5



This booklet has been produced to support mathematics teachers delivering the new Pearson
Edexcel Level 3 Advanced GCE in Mathematics specification (9MAOQ). The booklet looks at
questions from the A Level Mathematics June 2019 Examination Papers. It shows student
responses to questions, and how the examining team follow the mark schemes to demonstrate
how the students would be awarded marks on these questions.

Our examining team have selected student responses to all questions from the June 2019
Examination Papers. Following each question, you will find the mark scheme for that question
and then a range of student responses with accompanying examiner comments on how the mark
scheme has been applied and the marks awarded, and on common errors for this sort of
question.

Student
Response

N

+g__ 213 =238 = 0-‘!':3 wwlsnf

1/5

Examiner Comments: (a) M1 MO0 A0 (b) BO BO

In part (a) this candidate finds the rate of growth per year by using both pieces of information. The
second M mark cannot be awarded as there is no attempt to find the intercept or original height.

There is no merit in their answer for part (b).

/ Marks awarded

Examiner commentary for the question

on the student response
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f (x) = 3x3 + 2ax® — 4x + 5a

Given that (x + 3) is a factor of f (x), find the value of the constant a.

@)

(Total for Question 1 is 3 marks)

Mean Score 2.6 out of 3

Examiner Comments:

This proved to be a very suitable start to the paper. Most candidates used the factor theorem
and produced an equation in a by setting f (—3) = 0. Most could then solve their linear
equation in a to find its value. Candidates who used this method generally went on to score
full marks. Common mistakes tended to be arithmetic or sign errors, for example not cubing
(=3) accurately in the first term.

Other methods were seen but were generally less efficient and not as effective. Those
candidates that started with (x+3)(ax?+bx +c) and equated coefficients were generally
successful, however those candidates that tried to solve this problem using long division
generally made errors and did not score highly. It was rare to see students scoring zero on
this question.




Question Scheme Marks AOs
1 Attempts f(-3) = 3x(-3)’ +2ax(-3)" ~4x-3+5a=0 M1 3.1a
Solves linear equation 23a=69=a-=... M1 1.1b
a=3 cso Al 1.1b
3
(3 marks)

Notes
M1: Chooses a suitable method to set up a correct equation in @ which may be unsimplified.
This is mainly applying f(—3) = 0 leading to a correct equation in a.
Missing brackets may be recovered.
Other methods may be seen but they are more demanding
If division is attempted must produce a correct equation in a similar way to the f(—3) = 0 method
3x* +(2a-9)x+23—-6a
x+3>3x3 +2ax* —4x+5a

3x* +9x°
(2a-9)x* —4x
(2a-9)x* +(6a—27)x
(23—6a)x+5a

(23— 6a)x +69—18a

So accept 5a =69—-18a or equivalent, where it implies that the remainder will be 0
You may also see variations on the table below. In this method the terms in x are equated to —4

3y (2a-9)x oa
53 6a— 27+ %a ——4
a
3 . 2 -
X 3x (2a-9)x 3 X
3 9x? (6a—27)x 5a

M1: This is scored for an attempt at solving a linear equation in a.
For the main scheme it is dependent upon having attempted f (+3) = 0. Allow for a linear

equation in a leading to a =.... Don't be too concerned with the mechanics of this.
3x%...

Via division accept x+3>3x3 +2ax* —4x+5a followed by a remainder inaset =0 =>a=...

or two terms in a are equated so that the remainder =0
FY1 the correct remainder via division is 23a + 12 — 810e
Al: a=3cso

An answer of 3 with no incorrect working can be awarded 3 marks




A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 1

Student Response A

1/3

Examiner Comments: M0 M1 AO

This candidate is awarded MO as they set f(3) rather than f(—3) = 0. The next mark is scored
however as they solve a linear equation in a. The accuracy mark cannot be scored due to the

earlier error.

Pearson Edexcel Level 3 A Level in Mathematics
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A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 1

Student Response B

2/3

Examiner Comments: M1 M1 A0

The first M1 is awarded on line 3 where we see an attempt to set f(—3) = 0 . The next mark
is scored when they solve a linear equation in a. The accuracy mark cannot be scored due

to errors on line 5 and 6 of this solution.

Pearson Edexcel Level 3 A Level in Mathematics
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Student Response C

3/3
Examiner Comments: M1 M1 Al
A completely correct solution.
Pearson Edexcel Level 3 A Level in Mathematics 9
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Figure 1

Figure 1 shows a plot of part of the curve with equation y = cos x where x is measured in radians.
Diagram 1, on the opposite page, is a copy of Figure 1.

(@) Copy and use Diagram 1 to show why the equation
COS X — 2X Lo 0
2

has only one real root, giving a reason for your answer.
)
Given that the root of the equation is «, and that « is small,

(b) use the small angle approximation for cos x to estimate the value of o to 3 decimal places.
@)

(Total for Question 2 is 5 marks)

Mean Score: 2.5 out of 5



Examiner Comments:

This question proved to be more challenging for a number of candidates although many were still
able to score full marks.

For part (a) it was important for candidates to pay attention to the scale of the graph. Most
candidates who did draw a straight-line graph were able to make the link between one point of
intersection and one real root to the equation, however, a significant minority of these were unable
to construct the correct straight-line graph with enough accuracy to gain both marks for this part of
the question.

Part (b) almost all candidates were able to write down the small angle approximation for cosx even
if they were unable to use it in order to answer the question. Most candidates did substitute correctly
into the equation in order to gain a quadratic equation, although some did contain a mixture of
variables. Sign errors sometimes occurred at this stage and the weakest candidates were unable to
deal correctly with resulting fractions in order to simplify the equation. Many candidates appear to
be using calculators in order to solve quadratics and in this question, this usually resulted in full
marks. The final mark was lost by some candidates who correctly solved the quadratic equation but
gave both roots as their final answer.




Question Scheme Marks AOs

Z(a) 2 continued

Va

\ ﬂ /‘ Bl 3.1a
NS N

=Y

Diagram 1

Bl 2.4
For an allowable linear graph and explaining that there is only
one intersection
)
(b) 1 X 1
cosx—2x—§_0:1—7—2x—§_0 M1 1.1b
Solves their x> +4x—-1=0 dM1 1.1b
Allow awrt 0.236 but accept —2++/5 Al 1.1b
3)
(5 marks)
Notes
(@)
B1l: Draws y = 2x+% on Figure 1 or Diagram 1 with an attempt at the correct gradient and the

correct intercept. Look for a straight line with an intercept at ~ % and a further point at

z(l ,1£j Allow a tolerance of 0.25 of a square in either direction on these two points. It must
2 2
appear in quadrants 1, 2 and 3.
B1: There must be an allowable linear graph on Figure 1 or Diagram1 for this to be awarded
Explains that as there is only one intersection so there is just one root.
This requires a reason and a minimal conclusion.

The question asks candidates to explain but as a bare minimum allow one "intersection”

Note: An allowable linear graph is one with intercept of i% with one intersection with cosx

OR gradient of +2 with one intersection with cos x

(b)
2
M1: Attempts to use the small angle approximation cos x =1—X7 in the given equation.

The equation must be in a single variable but may be recovered later in the question.

dM1: Proceeds to a 3TQ in a single variable and attempts to solve. See General Principles
The previous M must have been scored. Allow completion of square or formula or calculator.
Do not allow attempts via factorisation unless their equation does factorise. You may have to
use your calculator to check if a calculator is used.

Al: Allow —2++/5 or awrt 0.236.

Do not allow this where there is another root given and it is not obvious that 0.236 has been
chosen.



A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 2
Student Response A

0| \ %
i‘_
Diagram 1
. g
o) "P%tcns:c—li - 5 20 0wnha INALSOUS 1COSX ONER
WM Haere (S onlyg 1 teq) Y.
b) COSX -2X - = = COSX  ,jnua cosll ls sotth =
\—11 ___":-,_..Il-_ I_)t‘_‘
u 2 (A2 2 - 1 -—i-
2 . 4
7 2 2
1/5

Examiner Comments: (a) BO B1 (b) MO MO AO

In part (a) the first mark is not scored as it requires a straight line with equation y = 2x+% to be
drawn on Diagram 1. The second mark is awarded however, as an allowable line is drawn (the

intercept is % ) and a reason (intersects once) is given.

2
: X° . _ s
No marks are scored in part (b). Although cosx =1—7 IS seen, it is not used correctly within the

given equation.

Pearson Edexcel Level 3 A Level in Mathematics 13
Exemplar student answers with examiner comments
© Pearson Education Ltd 2020



A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 2
Student Response B

3/5

Examiner Comments: (a) BO BO (b) M1 M1 Al

For part (a) no marks are awarded as a straight line must be drawn for both marks. This is not just
a slip as the reason mentions "curves" intersecting.

Part (b) is fully correct with 0.236 being seen to be the chosen solution of x* +4x—-1=0

14 Pearson Edexcel Level 3 A Level in Mathematics
Exemplification of the Summer 2019 Examination
© Pearson Education Ltd 2020



A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 2

Student Response C

—q\ e

Diagram 1-

A
d) @st-2x-"2 =0,

)

AL

b= 22X+ 2

Maﬂbj eresd ok megii‘—b.

X =0.236  -L.2@e

4/5

Examiner Comments: (a) B1 B1 (b) M1 M1 A0

only root of the equation.

In part (a) both marks are awarded as the graph is correct and a minimal reason is given.

In part (b) the solution loses the accuracy mark as the candidate is required to choose 0.236 as the

Pearson Edexcel Level 3 A Level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2020
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2
y = w X ;ﬁ -1
(x+1)
d A
(@) Show that 2= ——— where A and n are constants to be found.
dx (x+1)
4)
(b) Hence deduce the range of values for x for which j_y <0
X
1)

(Total for Question 3 is 5 marks)

Mean Score: 2.8 out of 5

Examiner Comments:

This was an accessible question for most students, but the second half of part (a) did discriminate
at all levels.

In part (a) students generally recognised the need to use the quotient or product rule and were
successful at differentiating for the first 2 marks. The most common mistake was forgetting to
square the denominator, with incorrect order of terms in the numerator being less common.
Students should also be reminded to quote a formula before attempting to use it, as they may still
gain method marks for this, even if there are slips in its application. Omission of brackets in terms
in the numerator was also common, but often recovered in working. However, it would benefit
students to be careful in the use of brackets.

Having achieved a derivative, attempting to simplify to the required form proved difficult for many
students. Many did not realise that they could factorise the (x+ 1) out early and instead expanded
fully, simplified then factorised again to cancel in the last step. This wasted valuable time and it
was during this process that errors usually occurred.

The alternative method of simplifying the fraction before differentiating was less common, with
usually poor attempts at partial fractions being applied leading to error. Those who successfully
simplified the fraction almost always went to achieve the correct answer.

Nearly all students who were correct in part (a) achieved the mark for part (b), including many who
had failed to cancel the (x+1). Indeed, there were many cases where a correct answer to part (b)
was seen following incorrect work in (a), presumably due to the use of a calculator to plot and
inspect the graph.




Question Scheme Marks | AOs
2
3() Correct method used in attempting to differentiate y = w M1 31a
(x+1) '
2 2
d X+1) x(10x+10)—(5x"+10x)x2(x+1
dy (<3 x( )(4 J<2(x+) oe Al | 11b
dx (x+1)
Factorises/Cancels term in (x+1) and attempts to simplify
dy (x+1)x(10x+10)—(5x* +10x)x2 A M1 | 21
dx (x+1)3 _(x+1)3
dy 10
(4)
(0) For x < —1 but follow through on their dy = A -,n=13 B1ft 2922
dx (x+1) '
1)
(5 marks)
Notes
(@)
M1: Attempts to use a correct rule to differentiate E.g.: Use of quotient (& chain) rules on
5x* +10x

(x+1f
Alternatively uses the product (and chain) ruleson y = (5x2 +10x)(x +1)*2

Al: A correct (unsimplified) answer
- (ﬂj (x+1)° x(10x+10)—(5x* +10x)x 2(x +1)

= or equivalent via the quotient rule.
dx (x+2)"

OR (%) = (x+1) * x(10x+10) +(5%° +10x)><—2(x+1)_3 or equivalent via the product rule

M1: A valid attempt to proceed to the given form of the answer.

It is dependent upon having a quotient rule of iM and proceeding to ( )3
X+1
You may see candidates expanding terms in the numerator.
. dy 10 . ,
1. ===——— and they can recover from missing brackets/slips.
dx  (x+1)
(b)
B1ft: Score for deducing the correct answer of x <—1 This can be scored independent of their
answer to part (a). Alternatively score for a correct ft answer for their g—i = ( A )n where
X+1

A<0 and n=1,3 award for x >—1. So for example if A>0 and n=1,3=x<-1




A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 3

Student Response A
[ay

&) U=z Sx*+\0ox U= Geadt
”l= L= 4+ 1Q '_,]’ - 2Cit!!

O = (ox o) (240" -}(EA H10)(22+2)
s

"

(lox £Q) 2t +2x b)) - Ctox® + 0™+ Jox +20)

(A 0X

T loy®- Iﬁ } 20 !'" 'imbj.ﬁxl +1(02 201 ~W2 Ha.-h.

)" )

= & Qox- & (ox -1p

. CRNI

1/5

Examiner Comments: (a) M1 A0 M0 A0 (b) BO

In part (a) there is an allowable attempt at the quotient rule. A slip in writing 5x? +10x as 5x* +10
means that the accuracy mark is not scored. As a result, it would be difficult to proceed to the form
given in the question and so no more marks are scored.

Part (b) is not attempted.

18 Pearson Edexcel Level 3 A Level in Mathematics
Exemplification of the Summer 2019 Examination
© Pearson Education Ltd 2020



A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 3

Student Response B

= S';Li' + Ox \/ = {l4l)l
_dﬂ_n_lﬂl_{in_g_é_z__,_iézﬂ;_ﬁ
@ L arx  =x(x+])

- e = T
1 Vt—- - .'

= (xt1)t (lox+m) — (ex 100 )(2(2+1)
DR [( D INEEDY

X' 424x8! gt -
o) f (s (222) |
,(zLLZLtL)ébxﬂﬂ) EZDN ST
’

* ! -

+ 20X +ibx $1D L“E’vﬂ’i"{ Lxt1) | — rm*-rmx){hﬂ.;l}

C 7 7
V7 d = [Ox +10
fi WL Ak
W [ S

Ox+pech
H‘_]v « =1b

Examiner Comments: (a) M1 A1 MO A0 (b) B1

Part (a) shown was typical of many responses to this question. The candidate clearly knows the
quotient rule and can apply it accurately in this question. Unfortunately, they fail to spot the factor
of (x +1) and waste much time and energy in an attempt to simplify their fraction. They never
reach the required form and so fail to score the last two marks.

3/5

Part (b) is fully correct.

Pearson Edexcel Level 3 A Level in Mathematics 19
Exemplar student answers with examiner comments
© Pearson Education Ltd 2020



A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 3

Student Response C

5/5

Examiner Comments: (a) M1 A1 M1 Al (b) B1

This part (a) is an excellent solution. The candidate uses the product rule and uses a common
denominator to combine the separate fractions. They reach the required form very quickly and

efficiently.

Part (b) is fully correct.

20 Pearson Edexcel Level 3 A Level in Mathematics
Exemplification of the Summer 2019 Examination
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(a) Find the first three terms, in ascending powers of x, of the binomial expansion of

1
4-x
giving each coefficient in its simplest form.
(4)
The expansion can be used to find an approximation to J2
Possible values of x that could be substituted into this expansion are:
e X =-14 because ! :izﬁ
4-x 18 6
e X =2 because 1 =i=£
Va-x 2 2
1 1 1 2
e X=—_-because T
2 4-x g 3
2
(b) Without evaluating your expansion,
oy

(i) state, giving a reason, which of the three values of x should not be used

1)

(Total for Question 4 is 6 marks)

(ii) state, giving a reason, which of the three values of x would lead to the most accurate

approximation to J2

Mean Score: 3.3 out of 6



Examiner Comments:

The vast majority of candidates did well in part (a), securing most or all of the marks available.
They appreciated the need to rewrite the expression with a negative power and dealt confidently
with the factorisation. The binomial expansion itself was also correctly executed and careful
working ensured that there were relatively few slips in powers or signage.

Common errors included:

2 2
bracketing errors seen with —X? in the third term rather than (—Ej

1 ’
failing to correctly combine the factored out 4 2 with the expansion (1+§+f2i8]

Part (b) caused more difficulty.

In part (i), many candidates appeared to realise that the question was linked to the range of valid x
values and the correct answer, x =—14, was selected most often. To gain this mark however, the
correct answer and a valid reason needed to be given. Examples of valid reasons were, "the

expansion is only valid for |x| < 4" "the expansion is not valid for x=-14 as |—14| >4"

In part (ii), only a small proportion of the candidates realised that the expansion is more accurate
for values of x closest to 0. Many resorted to using the three values given and comparing the results
to the exact value of /2 or else stating that the answer was 2 as it was the closest value to /2 .




Question Scheme Marks = AOs

4 (a) 1 N
=(4-X) 2=4 2x(1+£...... M1 2.1
Jamx ") 2= 5
Uses a "correct” binomial expansion for their
(1+ax)" =1+nax+ NN=D) oo M1 | L11b

(5}%( sz Al | 11b

4 2 4
1 1.1, 3,
4_x_§+EX+256X Al 1.1b
(4)
(b) (i) | States x=-14 and gives a valid reason.
Eg explains that the expansion is not valid for |x| >4 Bl 2.4
1)
(b)(ii) 1 : :
States x = ) and gives a valid reason. B1 24
E.qg. explains that it is closest to zero
)
(6 marks)
Notes

(@)
M1: For the strategy of expanding J_ using the binomial expansion.

You must see 47 oe and an expansion which may or may not be combined.

M1: Uses a correct binomial expansion for their (1i ax)n =1+ naxi@azx2 +

Condone sign slips and the "a" not being squared in term 3. Condone a=+1

e e e

4 2 4 2

1 1 1 3 .
Al: = _—— 4 — x4+—=_x? Ignore subsequent terms. Allow with commas between.
T 2 18 me X ¢ a

(b)(i)
B1: Requires x=-14with a suitable reason.
E.g. x=-14 as the expansion is only valid for |x| < 4 or equivalent. Accept * x =-14as

——|>1"or “x=-14 as is outside the range |X| < 4

|-14]> 4", * I cannot use x = -14as

Do not allow ‘ -14 is too big’ without some reference to the validity of the expansion.
(b)(ii)

B1: Requires x = —% with a suitable reason such as' it is the smallest/smaller value’



A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 4

Student Response A

ey |

) (4-x)*

-y

X /4 2 AV
, U ]
[| . 3% 2\ & /

2/6

Examiner Comments: (a) M1 M1 A0 A0 (b) BO BO

S
Part (a) the first method mark is awarded for a correct strategy. The candidate has 4 2 outside the
bracket and an attempt at a binomial expansion. They make an error when taking out the factor

1
of 4 but can still score the second method mark for a correct attempt at expanding (1—x) 2. Due

to this, neither accuracy mark can be scored.

Part (b) Requires both a value to be chosen and a reason. In (i) the value chosen is incorrect. Part

(i1) is not attempted.

24 Pearson Edexcel Level 3 A Level in Mathematics
Exemplification of the Summer 2019 Examination
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A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 4

Student Response B

Examiner Comments: (a) M1 M1 Al A0 (b) B1 BO
A slip from the penultimate to the final line means that the final accuracy mark in withheld in part

@).

(b) (i) x=-14 is chosen and a suitable reason is given
(if) x=2 is the incorrect value

Pearson Edexcel Level 3 A Level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2020




a) b =(h-x)v =(L(1-F))"

"
—_
+
E
»

5/6

Examiner Comments: (a) M1 M1 Al Al (b) BO B1
A completely correct solution is shown in part (a).

(b) (i) x=-14 is chosen but the reason is unacceptable.
(i) x= —% is chosen with an acceptable reason.
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f(X)=2x*+4x+9 xeR

(@) Write f (x) in the form a(x + b)? + ¢, where a, b and c are integers to be found.

(b) Sketch the curve with equation y = f (x) showing any points of intersection with the
coordinate axes and the coordinates of any turning point.

(c) (i) Describe fully the transformation that maps the curve with equation y = f (x) onto
the curve with equation y = g (x) where

g(X)=2x-2%+4x-3 xeR

(if) Find the range of the function

21
e

©)

@)

(4)

(Total for Question 5 is 10 marks)

Mean Score: 6.3 out of 10



Examiner Comments:

This question on completing the square and the quadratic function was accessible to all, especially
the first 6 marks. Part (c) was more demanding but there were some excellent responses here.

Part (a) was very straightforward and many students were able to write down the answer without
any difficulty. Although errors were rare, one common incorrect answer was 2(x+1)° +8.

Part (b) was equally straightforward, even for candidates who did not achieve the correct result in
part (a). Many used the form a(x +b)? +c or their graphical calculators to produce accurate and

well drawn curves. Marks were lost here when candidates drew V shaped curves or had incorrectly
placed turning points.

Part (c) As stated earlier, this part was a lot more demanding. Rather strangely part (i) was found

more accessible than part (ii). Many candidates sketched the new curve and compared the positions

of the turning points noting that (—1,7) had "moved" to (1,3). Disappointingly a rather sizeable

majority could only describe this "movement" as a "transformation” rather than "translation". Fewer
21

————— to find the range of the function. Many resorted to
2(x+1)°+7

students could use the form h(x) =

substituting x =0 producing a range with y = % as one of the limits. Common incorrect answers

for the range of h scoring one mark were h(x) <3 or 0 < f (x) < 3.




Question Scheme Marks AOs
5(a) 2x2+4x+9=2(xik)2i.... a=2 Bl 1.1b
Full method 2x? +4x+9 = 2(x+1)" ... a=2 &b=1 M1 1.1b
2x2+4x+9:2(x+1)2+7 Al 1.1b
3)
(b) v 12
U shaped curve any position but Bl '
not through (0,0)
intercept at (0,9) Bl -
N 4 - intercept at (0,
N y P
Minimum at (-1,7) B1ft 2.28
©)
(c) (i) Deduces translation with one correct aspect. M1 3.1a
2
Translate ( 4j Al 2.2a
(i) h(x):2—12:> (maximum) value £(=3) M1 3.1a
"2(x+1)"+7" 7
0<h(x)<3 Alft 1.1b
(4)
(10 marks)
Notes
(@)

See scheme: Note that this may be done in a variety of ways including equating 2x2 + 4x + 9 with
the expanded form of a (x+b)? + ¢ = ax® + 2abx + ab? + ¢

(b)

See scheme. Note that B3 is ft on a minimum at (—b, C), marked in the correct quadrant, for their
a(x+hb)>+c

©@)

M1: Deduces translation with one correct aspect or states ( j with no reference to ‘translate’.

Allow instead of the word translate, shift or move. g(x) =f(x—2)—4 can score M1

2
Al: Requires both ‘translate’ and ( 4} ’ Allow °‘shift’ or move’ instead of translate.

(c)(ii)
M1: Correct attempt at finding the maximum value (although it may not be stated as a maximum)
Alft: 0<h (x) <3 Allow for 0<h (x)<3 (0,3] and 0<y <3 butnot0<h (x) <3

Follow through on their a (x+b)? + ¢ so award for 0 < h (x) < 2—;
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Examiner Comments: (a) B1 M0 A0 (b) B1 B1 B0 (c) (i) MO A0 (ii) MO A0

For part (a) only the first mark is awarded for 2(X* k)z... The values of b and c are incorrect.

In part (b) the curve is U shaped (1st B1) with an intercept at 9 (2nd B1). To score the follow
through mark here the minimum point would have needed to be at (—2,1).

There is no work worthy of any marks in part (c).
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Examiner Comments: (a) B1 M1 Al (b) B1 B1 B0 (c) (i) M1 A0 (ii) M0 A0
Part (a) is a completely correct solution.

In part (b) the curve is U shaped (1st B1) with an intercept at 9 (2nd B1). To score the follow
through mark here the minimum point would have needed to be at (—1,7).

Part (c) (i) the candidate deduces that f(x) — g(X) via a translation (condone the word "shift" here)

and has one aspect correct (2 to the right). The accuracy mark is withheld as they think that it shifts
6 down rather than 4.

For part (c)(ii) there is no progress here.
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Student Response C
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Examiner Comments: (a) B1 M1 Al (b) B1 B1 B1 (c) (i) M1 Al (ii) M1 AO
Part (a) is a completely correct solution.

Part (b) is a completely correct solution.

Part (c)(i) is an acceptable response for two marks. The candidate compares both minima and
deduces that it shifts (allowed here for translation) 4 down and 2 to the right.

In part (c)(ii) the method mark can be awarded as 3 is found as their maximum value. The accuracy
mark is withheld as this would require 0 < h (x) < 3.
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@ Solve, for —180° < @ <180°, the equation

5sin26=9tan 0

giving your answers, where necessary, to one decimal place.

[Solutions based entirely on graphical or numerical methods are not acceptable.]

(6)
(b) Deduce the smallest positive solution to the equation

5sin (2x —50°) =9 tan (x — 25°)
(2)

(Total for Question 6 is 8 marks)

Mean Score: 4.4 out of 8

Examiner Comments:

This was generally a well attempted question with most candidates able to score over half of the
marks.

In part (a) the correct identities were well known and efficiently used in order to obtain an equation
in one function. Almost all candidates who reached this stage were then able to proceed to find at
least one correct angle. It was clear from the graphs and diagrams sketched by most candidates that
they had been taught to look for all angles in the required range and many were able to give all four
of the angles needed. Only a minority of candidates identified 0,+180 as solutions to the equations.

Most candidates divided through by sin@ or cosé and failed to identify any of these values.

In part (b) a significant number used 2x—50 = @ rather than x — 25 = @ .0f those who used one of
their solutions to part (a), the majority then proceeded to the correct answer, although a significant
number did not give the smallest positive solution to the equation. This was usually due to the fact
that they used their smallest positive solution to part (a) (i.e. 18.4) in the equation, not realising that
they needed to use — 18.4




Question Scheme Marks AOs
6 () 55in26:9tan¢9:>105in00036:9><w
cos¢ M1 3.1a
Acos’6—B or Csin?6=D or Pcos’dsind=Qsind
For a correct simplified equation in one trigonometric function
) -, Al 1.1b
Eg 10cos*©@=9 10sin“@ =1 oe
Correct order of operations For example
9 dMm1 2.1
10cos’§=9= 6 = arcos(i)\/%
Any one of the four values awrt @ =+18.4°,+161.6° Al 1.1b
All four values @ = awrt +18.4°,+161.6° Al 1.1b
6 =0°,+£180° Bl 1.1b
(6)
(b) | Attempts to solve x—25°=-18.4° M1 1.1b
X =6.6° Alft 2.2a
)
(8 marks)
Notes
(@)

M1: Scored for the whole strategy of attempting to form an equation in one function of the form
given in the scheme. For this to be awarded there must be an attempt at using sin 26 =...sin&cos®,
sin@
tanfd =——
cosé
sin®@ or cos” @
Allow for this mark equations of the form P cos® @sin&=Qsiné& oe
. e i sind .

Al: Uses the correct identities sin26 =2sindcosé@ and tand = o050 to form a correct simplified
equation in one trigonometric function. It is usually one of the equations given in the scheme, but
you may see equivalent correct equations such as 10 =9sec® @ which is acceptable, but in almost
all cases it is for a correct equation in siné or cosé

dM1: Uses the correct order of operations for their equation, usually in terms of just sin@ or cos@,
to find at least one value for 6 (E.g. square root before invcos). It is dependent upon the previous M.

+cos20+1

and possibly +1+sin® @ =+cos® @ to form an equation in one "function” usually

Note that some candidates will use cos? ¢ = and the same rules apply.

Look for correct order of operations.
Al: Any one of the four values awrt +£18.4°,+161.6°. Allow awrt 0.32 (rad) or 2.82 (rad)
Al: All four values awrt +18.4°,+161.6° and no other values apart from 0°, +180°
B1l: ©=0°,+180° This can be scored independent of method.
(b)
M1: Attempts to solve x—25°="6"where 4 is a solution of their part (a)
Alft: Forawrt X =6.6°but you may ft on their 8+ 25°where -25<6<0
If multiple answers are given, the correct value for their § must be chosen
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Student Response A
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: . SnE
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cos 28y = - &-5 -360°¢ 2B € 3007
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& = AV BT 1.6, 1084, -~ T1.6"  -10%.4°
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en(1x-50") =" %
1x-50"=z -1
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Examiner Comments: (a) M1 A0 M1 A0 A0 BO (b) MO AO

In part (a) the first M mark can be awarded for the correct strategy of solving this equation. This
candidate 'loses' the 9 on the rhs of the equation and so cannot be awarded accuracy marks in part
(a). The second M is also scored for a correct method in finding & from their equation in cos 26.

To score the method marks in part (b) this candidate would have had to solve x—25=k
where k is any of their solutions from (a).
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Examiner Comments: (a) M1 A1 M1 Al A0 BO (b) M1 A0

Part (a) was a typical response. This candidate uses the identities for sin2x and tan X to set up a
correct equation in cosx. The first accuracy mark is scored for one correct value but all four values
are required for the second A mark. As in this case, most candidates failed to realise that sinx=0
should be considered.

In part (b) the M mark is awarded for an attempt at solving x—25=-161.6. Although a ft mark,
their value is not in the appropriate range to score the accuracy mark.
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Student Response C
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Examiner Comments: (a) M1 A1 M1 Al A0 B1 (b) M1 Al

In part (a) this candidate uses the identities for sin26 and tand to set up a correct equation in cos 6.
Crucially they factorise out the sin @ term rather than cancelling it out. As a result, they not only

NG

pick up the accuracy mark for a correct solution of cosd = — but also the B marks for solutions

J10

of sind = 0. The penultimate mark is withheld as they fail to write down the solutions +161.6°.

Part (b) is correct.
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In a simple model, the value, £V, of a car depends on its age, t, in years.
The following information is available for car A

e its value when new is £20 000
e its value after one year is £16 000

(@) Use an exponential model to form, for car A, a possible equation linking V with t.

(4)
The value of car A is monitored over a 10-year period.
Its value after 10 years is £2 000
(b) Evaluate the reliability of your model in light of this information.

)
The following information is available for car B

e it has the same value, when new, as car A
e its value depreciates more slowly than that of car A

(c) Explain how you would adapt the equation found in (a) so that it could be used to
model the value of car B.

1)

(Total for Question 7 is 7 marks)

Mean Score: 4.2 out of 7



Examiner Comments

It was pleasing to see that most candidates attempted to form an exponential model using a suitable
equation. This is one of the new topics in the specification and candidates who didn't gain any
marks on this question, generally did so because they did not attempt it, or that they tried to use a
non-exponential model.

In part (a) V = Ar' or V = Ae* were the most popular types of correct models that candidates
opted for. However, some methods were often muddled or poorly shown, but many candidates who
used a correct model were able to proceed to obtain correct values for their constants. Those
candidates who used the model Vv = Ae*frequently gave the constant k as a log and errors
sometimes occurred with the sign of this constant. Errors in calculating constants with the model
V = Ar' often occurred when candidates used V = Ar** instead.

In part (b) candidates who correctly answered part (a) usually understood that for this section they
needed to substitute t =10 into their model, and most were able to do this. Many candidates then
proceeded to make a sensible comparison of the value gained by their model with the actual value
in order to comment on the model’s reliability (sometimes calculating and commenting on % error).
The final mark, however, was frequently lost because answers were too vague, without a clear
comparison or assessment of reliability being made. Some candidates appeared to think that a
model was only acceptable if it gave the exact real value.

In part (c) most candidates who attempted, understood which of their two constants would need to
be altered, although marks were lost either because the answer given just said the constant needed
to be changed or because they wrongly identified whether the constant needed to be
decreased/increased. This was more of a difficulty for those candidates who had used the model
V = Ae", because candidates were often dealing with negative constants and/or constants given as
logs so the phrases used were not always mathematically correct. An example was often useful to
convey what the candidate meant where there was ambiguity. Candidates who had gone with model
VvV = Ar' were less likely to make an error in judging whether their constant should increase or
decrease.




Question Scheme Marks | AOs
7(a) Uses a model V = Ae** oe (See next page for other suitable models) M1 3.3
E.g. Substitutes t =0,V =20 000 = A = 20000 M1 1.1b
E.g. Substitutes t =1,V =16000 = 16000 = 20000e ™ =k =.. dM1 3.1b
V =20000e *** Al 1.1b
(4)
(b) | Substitutes t =10 in their V = 20000e°*** =V =(£ 2150) M1 | 3.4
E.g. The model is reliable as £2150 ~ £2000 Al 3.5a
)
(© Make the "—0.223" less negative.
. 0223t B1ft 3.3
Alt: Adapt model to for example V =18000e +2000
1)
(7 marks)
Notes
() Option1

M1: For v = Ae*™ Do not allow if k is fixed, e.g. k =-0.5

Condone different variables v <» y T <> X for this mark, but for A1V and t must be used.

M1: Substitutes t =0 = A =20000 into their exponential model

Candidates may start by simply writing V = 20000e* which would be M1 M1

dM1: Substitutes t =1=>16000 = 20000e ™ = k =..via the correct use of logs.

It is dependent upon both previous M’s.

Al: V =20000e °** (with accuracy to at least 3sf) or V = 20000e""%®

(b)

A correct linking formula with correct constants must be seen somewhere in the question

M1: Uses a model of the form v = Ae** to find the value of V when t = 10.

Alternatively substitutes V = 2000 into their model and finds t

Al: This can only be scored from an acceptable model with correct constants with accuracy to at

()

least 2sf.

Compares V = (£) 2150 with (£) 2 000 and states "reliable as 2150 ~ 2000 " or "reasonably
good as they are close" or "™OK but a little high".

Allow a candidate to argue that it is unreliable as long as they state a suitable reason. E.g. “‘It is
too far away from £2000°° or *‘It is over £100 away, so it is not good”’

Do not allow ‘it is not a good model because it is not the same’’

In the alternative it is for comparing their value of t with 10 and making a suitable comment as
to the reliability of their model with a reason.

V =20000e °#* = 2000 = 20000e **** =t =10.3years.

Deduction Reliable model as the time is approximately the same as 10 years. A candidate can
argue that the model is unreliable if they can give a suitable reason.

B1ft: For a correct statement. E.g. states that the value of their ‘—0.233” should become less

negative.

Alt states that the value of their ‘0.223” should become smaller. If they refer to k then refer
to the model and apply the same principles.

Condone the fact that they don’t state their —0.233 doesn’t lie in the range (—0.233, 0)



(@)

Option 2

M1: For V = Ar‘or equivalent suchas Vv =kr'™*

Condone different variables v «» y t <> X for this mark, but for A1V and t must be used.

M1: Uses t =0= A=20000 in their model. Alternatively uses (0,20000) and (1,16000) to

: 4
Ive r=— oe
J 3)
You may award if one of the number pair (0,20000)0r (1,16000) works in an allowable
model
dM1: t=1=16000=20000r" =r =.. Dependent upon both previous M’s

Al:

(b)

In the alternative it would be for using r = %With one of the points to find A =20000

You may award if both number pairs (0,20000)or (1,16000) work in an allowable model
V =20000%0.8" Note that V =20000x1.25™" V =16000x0.8"*and is also correct

M1: Uses a model of the form v = Ar® oe to find the value of V when t = 10. E.g. 20000x 0.8

Al:

(©)

Alternatively substitutes V = 2000 into their model and finds t

This can only be scored from an acceptable model with correct constants also allowing an
accuracy to 2sf.

Compares (£) 2147 with (£) 2 000 and states "reliable as 2147 ~ 2000 " or "reasonably good as

they are close" or "™"OK but a little high".

Allow a candidate to argue that it is unreliable as long as they state a suitable reason. E.g. “‘It is
too far away from £2000°” or “‘It is over £100 away, so it is not good”’

Do not allow “‘it is not a good model because it is not the same’’

B1ft: States a value of r in the range (0.8,1) or states would increase the value of "0.8"

They do not need to state that "0.8" must lie in the range (0.8,1)
Condone increase the 0.8. Also allow decrease the "1.25" for Vv = 20000x1.25°"

It is entirely possible that they start part (a) from a differential equation.
M1 9Y v — d_V:Ikdt: InV =kt+c  M1: In20000=c
dt V

dM1: Using t =1,V =16 000 = k =.. Al: Inv :—In(%juln 20000
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Student Response A
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Examiner Comments: (a) M1 M1 MO0 A0 (b) M0 A0 (c) BO

In part (a) this candidate uses an exponential model of the form v = Ar* with (O, 20000) to produce
an equation of the correct form. Hence M1 M1 is awarded. The method to find r is incorrect

20000716000 being used rather than 16000
20000 20000

however, with

In part (b) the candidate’s model is incorrect and here is confusion over which version has been
used in the substitution, therefore no marks can be awarded.

Part (c) is incorrect. The value of 0.2 (or 0.5) should be increased.
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Examiner Comments: (a) M1 M1 M1 A0 (b) M1 A0 (c) BO

In part (a) this candidate uses an exponential model of the form V=Voe™* with (0,20000) to produce
an equation of the correct form on line 3. Hence M1 M1 is awarded. The method to find k is also
correct, but in attempting to write the equation of the model the candidate has become confused
between k and -k and ends up writing down an incorrect equation linking V and t.

In part (b) the candidate scores the method mark for substituting t =10 into the equation of their
exponential model but the accuracy mark cannot be awarded from an incorrect model.

Part (c) is too vague and not worthy of the mark.
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Examiner Comments: (a) M1 M1 M1 Al (b) M1 A0 (c) B1
In part (a) this is acceptable for all 4 marks. The accuracy of k, to 3sf, is sufficient here.

In part (b) the candidate scores the method mark for substituting t =10 into the equation of their
exponential model, but the accuracy mark cannot be awarded as their answer is incorrect. For this
mark to be awarded we would need to see V =£2150 with either "it is accurate as £2150 is close to
£2000" or "it is not very accurate as there is over a 7% error. So long as the candidate makes a
comment on the reliability of the model and attempts to justify it, we can award the mark.

Part (c) is correct.




back to Contents Page

=V

Figure 2

Figure 2 shows a sketch of part of the curve with equation y = x(x + 2)(x — 4).

The region R: shown shaded in Figure 2 is bounded by the curve and the negative x-axis.

(@) Show that the exact area of Ry is 20

(4)
The region Rz also shown shaded in Figure 2 is bounded by the curve, the positive x-axis
and the line with equation x = b, where b is a positive constantand 0 <b < 4
Given that the area of Ry is equal to the area of R>
(b) verify that b satisfies the equation
(b +2)?(3b2—20b +20)=0
(4)
The roots of the equation 3b? — 20b + 20 = 0 are 1.225 and 5.442 to 3 decimal places.
The value of b is therefore 1.225 to 3 decimal places.
(c) Explain, with the aid of a diagram, the significance of the root 5.442
)

(Total for Question 8 is 10 marks)

Mean Score: 4.9 out of 10



Examiner Comments:

The first six marks in this question relating the definite integral with the area under the curve were
straightforward. Only the best candidates were able to access the last four with many struggling to
explain the significance of the root 5.442

In part (a) most students gained all 4 marks. Some unnecessarily complicated their proof by
attempting integration by parts but in the main, all calculations were accurately performed.

As with all proofs, part (b) proved to be very discriminating. Many candidates picked up the first
mark for setting %b“ —§b3 —4b® = i% but there was much confusion as to the sign of 2—: on the
right hand side of the equation. Most students attempted to proceed by the method shown in the
scheme. It should be noted that division by b? + 4b+4 was much easier and faster than dividing
by (b+2) twice. Fully correct solutions to (b) were rare with many picking up 2 out of the 4

marks.

In part (c) many candidates realised that 5.442 was to the right of 4 on the x- axis and shaded an
appropriate area, scoring one mark. Full explanations as to its significance were rare and confined
to the best candidates. Any suitable statement that alluded to the fact that the area above the curve
is equal to the area below the curve (between —2 and 5.442) was acceptable.




Question Scheme Marks AOs
8(a) y=X(x+2)(x—4) =x° - 2x* -8x B1 1.1b
Jx3—2x2—8xdx —>%x“—§x3’—4x2 M1 1.1b
0
Attempts area using the correct strategy j y dx dM1 2.2a
-2
1a 205 40 i (4 —16 _20, .
[Zx 3 X 4x L =(0) (4 = 16] 3 Al 2.1
(4)
(b) For setting ‘their' %b“ —§b3 —4b? = J_rz—?? M1 1.1b
For correctly deducing that 3b* —8b® —48b* +80=0 Al 2.2a
Attempts to factorise
4 3 2 _ 2 M1 1.1b
3b" —8b° —48b° +80 = (b+2)(b+2)(3b ..h...20)
Achieves (b+2)? (3b2 —20b + 20) = 0 with no errors Al* 2.1
(4)
(©)
States that between x =-2
and x =5.442 the area
above the x-axis = area Bl 1.1b
below the x -axis
Bl 2.4
)
(10 marks)
Notes
(a)

B1: Expands x(x+2)(x—4)to x°—2x* —8x (They may be in a different order)
M1: Correct attempt at integration of their cubic seen in at least two terms.

Look for an expansion to a cubic and x" — x™** seen at least twice
dML1: For a correct strategy to find the area of Ry

It is dependent upon the previous M and requires a substitution of -2 into % their integrated
0
function. The limit of 0 may not be seen. Condone H x* —%x3 —4x2} = % oe for this
-2

mark

. . 2 . . :
Al1*: For a rigorous argument leading to area of Ry = ?0 For this to be awarded the integration
must be correct and the limits must be the correct way around and embedded or calculated

values must be seen.



16 1 2
E.g. Look for —(4+?—16jor —[Z(—Zf —§(—2)3 ~4(-2)" |oe before you see the 2—39
(b)
. 1., 2.5 ., .20 1., 2 T

. et _ & _ —+== - 4 _ e 3_ 2 —
M1: For setting their 4b 3b 4b° =+ 3 O [4x 3 X 4x 1, 0
Al: Deduces that 3b* —8b* —48b* +80 = 0. Terms may be in a different order but expect integer

coefficients. It must have followed < b* - 2b° —ap? = - 29 qe.

4 3 3
Do not award this mark for %b“ —%bs —4p° +% = 0 unless they attempt the second part of this

question by expansion and then divide the resulting expanded expression by 12
M1: Attempts to factorise 3b* —8b° 480 £80 =(b+2)(b+2)(3b”..b...20) via repeated division or

inspection. FY1 3b* —8b° —48b” +80 = (b +2) (3b* —14b” — 20b + 40) Allow an attempt via
inspection 3b* —80° —480” +:80 = (b” + 4b +4)(3b...b...20) but do not allow candidates to just

write out 3b* —8b® —48b* +80 =(b+ 2)2 (3b* — 20b + 20) which is really just copying out the
given answer.
Alternatively attempts to expand (b + 2)2 (3b2 —20b+ 20) achieving terms of a quartic

expression
Al1*: Correctly reaches (b+2)*(3b” —20b+20) = 0 with no errors and must have =0

In the alternative obtains both equations in the same form and states that they are same.
Allow v" QED etc here.
(c) Please watch for candidates who answer this on Figure 2 which is fine
B1: Sketches the curve and a vertical line to the right of 4 (x = 5.442 may not be labelled.)
B1: Explains that (between x =—-2 and x =5.442) the area above the x-axis = area below the x -
axis with appropriate areas shaded or labelled.
Alternatively states that the area between 1.225 and 4 is the same as the area between 4 and 5.442
Another correct statement is that the net area between 0 and 5.442 is —?
Look carefully at what is written. There are many correct statements/ deductions.
E.g. " (area between 0 and 4) - (area between 4 and 5.442) = 20/3". Diagram below for your
information.

40

R, =36.03

20

T T—— R,=3603
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Student Response A

3/10

Examiner Comments: (a) B1 M1 M1 A0 (b) MO A0 MO A0 (c) BO BO

This was a common response for weaker students.
In part (a) the candidate correctly expands and integrates x(x+ 2)(x—4) using the limits 0 and —2
the correct way around. All elements of the proof are there apart from the given answer.

There is no work for (b) and (c)
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Examiner Comments: (a) B1 M1 M1 Al (b) M1 A1 MO A0 (c) BO BO

(@) This is completely correct and shows all the necessary steps required to show that the area of

20
R =2
'3

(b) The first two marks are awarded for correctly deducing 3b* —8b® —48b* +80=0
Unfortunately, no more marks can be awarded as the candidate simply writes down the given

solution. To score these marks they could have expanded (b + 2)* (3b2 —20b+ 20) = 0 and shown

that the two equations are the same or, more frequently seen, attempted to factorise
3b* —8b* —48b” +80 to the form (b” +4b + 4) (*b? +*b +*) = 0 by inspection or otherwise.

(c) This requires 5.442 to be placed in the correct position so no marks can be awarded.
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Question 8 continued

2

9/10

Examiner Comments: (a) B1 M1 M1 Al (b) M1 A1 M1 A0 (c) B1 B1

This is an excellent solution.
(@) This is completely correct and shows all the necessary steps required to show that the area
of R = 2y
3
(b) The first two marks are awarded for correctly deducing 3b*—8b%—48b?+80=0

The candidate then expands (b + 2)? (3b?—20b + 20) = 0 correctly. To score the A1* mark they were
required to state that the two equations were the same. LHS= RHS was too vague.

(c) The candidate demonstrates via the graph and within the text that they understand the significance
of 5.442




back to Contents Page

Given that a > b > 0 and that a and b satisfy the equation
loga—logb =log(a—Db)
(@) show that

@)
(b) Write down the full restriction on the value of b, explaining the reason for this restriction.
)

(Total for Question 9 is 5 marks)

Mean Score: 2.6 out of 5

Examiner Comments

There were many good attempts to this question, though complete answers to part (b) were achieved
only by the very best.

a
In part (a) most students gained the B mark by writing loga—Ilogh = log (Bj though a few did

attempt to rearrange first and used other equivalents. Students who gained this mark generally were
successful at 'undoing' the logs and making a the subject. Students who failed to recognise the
logarithmic rule for subtraction or addition often made no progress with the question.

Part (b) was more challenging with many only scoring the first mark. Many students focused solely
on the exclusion of b = 1 from the denominator and paid no heed to the condition that a > 0. Few
2

students were able to provide a full explanation including that as a > 0, b_l >0 and so b > 1.

Most candidates knew that the denominator of a fraction cannot be zero, though few of them used
the words “undefined” or “infinity” in their answers, but would more often refer to 'math error' or
'can’t didide by 0'.




Question Scheme Marks AOs

%) States loga—logh = Iog% Bl 1.2
Proceeds from %za—b—> ...... —ab-a=b’ M1 1.1b
bZ
ab—a:b2—>a(b—1):b2:>a:b_1* Al* 2.1
®3)
(b) States either b>1
2
or b1 with reason bb_—l is not defined at b=1 oe Bl 2.2
2
States b >1 and explains that as a>0:>%>0:>b>1 Bl 2.4
)
(5 marks)
Notes
(@)

B1: States or uses loga—logh =log %. This may be awarded anywhere in the question and may be

implied by a starting line of %: a—boe. Alternatively takes logb to the rhs and uses the
addition law log(a—b)+logb=log(a—b)b. Watch out for joga—logb = :OLS _log (%)Which
09

could score 010

M1: Attempts to make ‘a’ the subject. Awarded for proceeding from % = a—Dbto a point where the

two terms in a are on the same side of the equation and the term in b is on the other.
b2
b-1°

Al1*: CSO. Shows clear reasoning and correct mathematics leading to a = Bracketing must

be correct.
2
Allow a candidate to proceed from ab—a =b” to a= % without the intermediate line.
(b)
B1: For deducing b#1 as @ = % oe such as "you cannot divide by 0" or correctly deducing that
h>1.

They may state that b cannot be less than 1.
2

B1: For b>1 and explaining thatas a> 0= % >0=b>1 (as b? is positive)

As a minimum accept that b>1 as a cannot be negative.
Note that a>b >1is a correct statement but not sufficient on its own without an explanation.
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Student Response A

Liﬂé&:L@@b-_ﬁo&_{% ‘) = Log a-b)
(gptab)

‘66"\
&
—

L2 = £

> a-b
-
e N -

b =0ob-b

- b(a-D

Lz ol

btrlz=a

. b+ |

2/5

Examiner Comments: (a) B1 M0 A0 (b) B1 BO

working from line 4 to line 5 it looks as though they have replaced the term in "b" with "a".

common.

In part (a) B1 is scored for stating loga—logb = Iog% . The M mark is not awarded as the candidate

fails to proceed to a form where both terms in "a" are on the same side of the equation. When

The candidates answer in part (b) is acceptable for one of the two marks. Such a response was
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Student Response B

3/5
Examiner Comments: (a) B1 M1 Al (b) BO BO
Part (a) is a completely correct solution.
In part (b) no work that merits the award of any marks.
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Student Response C

5/5

Examiner Comments: (a) B1 M1 Al (b) B1 B1
This is an excellent response.
In part (a) the candidate shows all necessary steps leading to the given answer.

In part (b) the candidates states that b > 1 and gives a suitable explanation of the reasons why it is.
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10. (i) Prove that forall n € N, n? + 2 is not divisible by 4
(4)

(if) “Given x € R, the value of |3x — 28| is greater than or equal to the value of (x —9).”

State, giving a reason, if the above statement is always true, sometimes true or never true.
(2)
(Total for Question 10 is 6 marks)

Mean Score: 1.7 out of 6

Examiner Comments:

The idea of proof is another new one in this updated specification. It was not well known and a
disproportionate number of blank or barely started solutions indicated a lack of expertise in this
topic.

Candidates who scored full marks for part (i) most often did so via algebraic proof, letting n=2m
(for even numbers) and then n=2m+1 (for odd numbers), although several candidates missed out
on the final accuracy mark as they failed to insert a conclusion for all n. Weaker candidates tried
to use m + 1 instead of 2m + 1 to represent odd numbers. Also many candidates only considered
either odd or even numbers, but not both.

Candidates who set out to use proof via contradiction tended to score few marks as they did not
show an understanding of how to use that method of proof. Proofs via logic were rare and tended
to appear as part of a mix of different methods where the candidates seemed to be unclear of the
best way to proceed. Some candidates seemed to think that using random numbers to show that
the expression is not divisible by 4 amounted to proof (receiving 0 marks). Students need more
practice on this style of proof.

In part (ii) more candidates approached the problem algebraically than graphically. They were
generally able to set up the two equations / inequalities required, but errors often occurred in their
use of algebra when attempting to solve them. Some candidates only set up one of the two required
inequalities. Many students attempted the question by just substituting numbers in to the
expression, with most of these deducing that the statement was always true. Where candidates drew
a graph, they often did not describe why their graph indicated that the statement is sometimes true.
Many graphs showed a line and a V shape, but some were incorrect in the relative positioning of
these shapes.




General points for marking question 10 (i):

e Students who just try random numbers in part (i) are not going to score any marks.

e Students can mix and match methods. Eg you may see odd numbers via logic and even via

algebra

e Students who state 4m? + 2 cannot be divided by (instead of is not divisible by) cannot be
awarded credit for the accuracy/explanation marks, unless they state correctly that 4m? + 2

cannot be divided by 4 to give an integer.

e Students who write n®> +2 =4k =k =%n2 +1 which is not a whole number gains no credit

unless they then start to look at odd and even numbers for instance

Question 10 (i) Scheme

Marks

AOs

Notes: Note that MO A0 M1 Al and MO A0 M1 A0 are not possible due to the way the scheme is set up

(i)

M1: Awarded for setting up the proof for either the even or odd numbers.

A1l: Concludes correctly with a reason why n? + 2 cannot be divisible by 4 for either n odd or even.

dM1: Awarded for setting up the proof for both even and odd numbers
Al: Fully correct proof with valid explanation and conclusion for all n
Example of an algebraic proof

Forn=2m,n2+2=4m?+2 M1 2.1
Concludes that this number is not divisible by 4 (as the explanation is trivial) Al 1.1b
For n=2m+1, n2+2=(2m+1)2+2=... FYI (4m2+4m+3) dm1 2.1
Correct working and concludes that this is a number in the 4 times table add 3 so
cannot be divisible by 4 or writes4(m2 + m) +3 s AND states ......hence Al* 2.4
true for all
(4)
Example of proof via contradiction
Sets up the contradiction M1 21
‘Assume that n? + 2 is divisible by 4 = n? +2 =4k’ '
= n’ =4k —2=2(2k —1) and concludes even AL 11b
Note that the M mark (for setting up the contradiction must have been awarded) '
States that n? is even, then n is even and hence n?is a multiple of 4 dM1 2.1
Explains that if n?is a multiple of 4
then n® + 2 cannot be a multiple of 4 and hence divisible by 4 AL 24
Hence there is a contradiction and concludes '
Hence true for all n.
(4)




Question 10 (ii) Scheme

Marks

AOs

(ii)

M1: States or implies ‘sometimes true’ or ‘not always true’ and gives an example where it is not true.

Al: and gives an example where it is true,
Proof using numerical values

SOMETIMES TRUE and chooses any number x:9.25< x < 9.5and shows false

M1 2.
Eg x=94 [3x-28=02 and x-9-04 x 3
Then chooses a number where it is true Eg X =12 |3X — 28| =8 x-9=3 v Al 2.4
)
Graphical Proof
v States or implies ‘‘sometimes true’’
Sketches both graphs on the same axes.
Expect shapes and relative positions to be
correct.
V shape on +ve x -axis M1 2.3
= Linear graph with +ve gradient intersecting
twice
Graphs accurate and explains that as there are points where |3X - 28| <X-9
and points where |3X — 28| > X—9 oe in words like ‘above’ and ‘below’ or Al 24
‘dips below at one point’
)
Proof via algebra
States sometimes true and attempts to solve
both 3x-28 <x—9 and —3x+ 28 <x—9 or one of these with the bound M1 23
9.3
States that it is false when 9.25<x<9.5 or 9.25<x<9.3 or 9.3<x<9.5 Al 2.4
)
Alt: It is possible to find where it is always true
States sometimes true and attempts to solve where it is just true M1 23
Solvesboth 3x—28>x—-9 and —3x+28>x—-9 '
States that it is false when 9.25<Xx<9.5 or 9.25<x<9.3 or 9.3<x<9.5 Al 2.4

(2)
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Student Response A
0i)nt2  not divisible by &

p e flon
Pssunne i N4 is double divis'bie by 4

n"-ll:__l'_‘lt_}_?; gt LT Lnt
L

Houvever, N e jives— Aumber GIhich  has a decimat o
A b.gig gg"‘ Q% can't be acdded 4o verke '+ G _tshale nemh g

Thoe fure N*47 is not olivisible by U

\Oii) 2 -2%) % (x-9)

! im ru et r the wlve = %%

1/6

Examiner Comments: (i) MO A0 MO AO (ii) M1 A0
Although the candidate sets up the contradiction in part (i), they would need to state that there exists

2
a'k' ( keN)such that °+2

=k . No progress is made and so no marks are awarded.

For part (ii) the candidate states that it is "sometimes true" and finds a value where it is not true,

that is % Via this method they are required, for the A mark, to find a value where it is true.
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4/6
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Examiner Comments: (i) M1 A1 M1 AO (ii) M1 A0
This is potentially an excellent solution. With a little more care this could have been full marks.

In part (i) the candidate fails to give a conclusion that would imply that they have proven it for all
n e N. A statement such as "hence true for odd and even numbers, so true for all n" would have
sufficed.

In part (ii) the candidate should have either stated....it is only false when 9.25<x<9.5 or
mentioned that there are points when the graph of y=X—9 is above and below the graph of

y =[3x—28|
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Student Response C

Q_E&_ni_m_&_nn_xd n=2x
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6/6

Examiner Comments: (i) M1 A1 M1 Al (ii) M1 Al
In part (i) note that in addition to the work on both odd and even numbers that we have concluding
statement

In part (i) the candidate states that it is sometimes true and gives two examples, one where it is
false and one where it is true.
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11.

back to Contents Page

A competitor is running a 20 kilometre race.

She runs each of the first 4 kilometres at a steady pace of 6 minutes per kilometre.
After the first 4 kilometres, she begins to slow down.

In order to estimate her finishing time, the time that she will take to complete each subsequent
kilometre is modelled to be 5% greater than the time that she took to complete the previous kilometre.

Using the model,

(@) show that her time to run the first 6 kilometres is estimated to be 36 minutes 55 seconds,

(2)
(b) show that her estimated time, in minutes, to run the rth kilometre, for 5 <r <20, is
6 x1.05" 4
1)
(c) estimate the total time, in minutes and seconds, that she will take to complete the race.
(4)

(Total for Question 11 is 7 marks)

Mean Score: 3.1 out of 7



Examiner Comments:
Overall very good attempts to this question were spoiled by a lack in accuracy.

Part (a) was routine for most and candidates were thorough in showing their method. The most
frequent and concise method involved calculations of the form  24+6x1.05+6x1.05°
Occasionally the work was overcomplicated by converting to seconds though the end result was
generally satisfactory.

Part (b) was found to be challenging with some candidates choosing not to answer. The most
straightforward way was to use some values and spot the patterns. This is a skill taught at GCSE
yet seemed forgotten to many.

Time taken
Sth kilometre 6x1.05" Using the pattern on the left the time taken
TR sx1.050 for the » th kilometre would be 6x1.05"*
7th kilometre 6x1.057

Although most candidates knew that for part (c) they needed to sum a sequence of terms, errors
were frequent and many. A sizeable minority lacked any appreciation of the model and resorted to

6(1.05* —1)
up the correct values for a and n in the formula for a geometric series. The most common of these
6(1.05" —1)

the calculation . The majority of errors however were mainly due to a failure to link

was to use the strategy 24 + , forgetting that the geometric sequence in this case should

start at 6.3 instead of 6.
It is often a good idea in such a question to write out the first few terms to gain an appreciation of
the model and how the sequence is formed. (See below).

Km st 2nd 3rd 4th 5th 6th 7th 20th
Time |6 6 6 6 6x1.05 | 6x1.05° | 6x1.05° 6x1.05°

6.3(1.0516 —1)

From here it should be a fairly straightforward task to write down 24 + To5 1




Question Scheme Marks AOs
11 (@) | Total time for 6 km = 24 minutes + 6x1.05+6x1.05> minutes M1 3.4
= 36.915 minutes = 36 minutes 55 seconds * Al* 1.1b
(2)
(b) 5" Kkm is 6x1.05=6x1.05"
61 km is 6x1.05x1.05=6x1.05 B1 34
71 km is 6x1.05x1.05x1.05 = 6x1.05° '
Hence the time for the r km is gx1.05 "
(1)
(©) Attempts the total time for the race =
E.g. 24 minutes + Zr_msxl.os -4 minutes M1 3.1a
r=5
Uses the series formula to find an allowable sum
H th th
E.g. . Time for 5 to 20" km M1 3.4
~ 6.3(1.05 —1) .
T 1.05-1 =(149.04)
Correct calculation that leads to the total time
] .3(1.05% -1 Al 1.1b
E.g. Total time = 24 + m
1.05-1
Total time = awrt 173 minutes and 3 seconds Al 1.1b
4)
(7 marks)
Notes

()

M1: For using model to calculate the total time. E.g. 24+ 6x1.05+6x1.05°
Al*: 36 minutes 55 seconds following 36.915, 24+ 6.3+6.615, 24 + 6x1.05+6x1.05°

(b) Must be seen in (b)
B1: Asseen in scheme. For making the link between the r th km and the index of 1.05
Or for EXPLAINING that "the time taken per km (6 mins) only starts to increase by 5% after
the first 4 km"




a(r"-1)
r-1
M1: For the overall strategy of finding the total time.
Award for adding 18, 24, 30.3 or awrt 36.9 and the sum of a geometric sequence

6(1.05" 1)
1.05-1
The geometric sequence formula must be used with r =1.05 oe but condone slips on a and n

(c) The correct sum formula , If seen, must be correct in part (c) for all relevant marks

So award the mark for expressions such as 6x4+26x1.05” or 24+

M1: For an attempt at using a correct sum formula for a GP to find an allowable sum
The value of r must be 1.05 oe such as 105% but you should allow a slip on the value of n used
for their value of a (See below: We are going to allow the correct value of n or one less)
If you don't see a calculation it may be implied by sight of one of the values seen below

Allow for a=6, n=17or16 E.g. M:(ms.o) or w:(m.g)
’ 1.05-1 1.05-1
6.3(1.05° 1) 6.3(1.05°-1)
Allow for a=6.3,n=160r15 Eg —T105-1 =(1490) or ﬁ—(l?)Sg)
Al 6.615(1.05° -1) 6.615(1.05" -1)
ow for a=6.615 n=150r14 Eg Toe T =(427)  or — o= =(1296)

Al: For a correct calculation that will find the total time. It does not need to be processed

6.3(1.05° -1) 6(1.05" -1 6.615(1.05° -1)

_, B8+————, 303+———
1.05-1 1.05-1 1.05-1

Al: For a total time of awrt 173 minutes and 3 seconds

This answer alone can be awarded 4 marks as long as there is some evidence of where it has come

from.

Allow for example, amongst others, 24+
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Examiner Comments: (a) M1 Al (b) BO (c) MO MO A0 A0
Part (a) gives a correct proof showing all necessary steps.

Part (b) there is no work here worthy of merit.

Part (c) was a common type of response. The question required the candidate to add a constant to
the sum of a geometric sequence. This candidate finds the sum of a geometric sequence with 20
terms and is equivalent to finding 6 + 6x1.05+6x1.05% +...+ 6 x1.05" which gained no marks via

this scheme.
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Examiner Comments: (a) M1 Al (b) BO (c) M1 M1 A0 A0
Part (a) gives a correct proof showing all necessary steps.

In part (b) there is no work here worthy of merit.

In part (c) the candidate adds a constant (36.915) to the sum of a geometric sequence. Their S is

an allowable sum to find and so the second M mark is awarded. As 36.915 + S is not a correct
calculation to find the total time no accuracy marks can be awarded.
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Student Response C

6/7

Examiner Comments: (a) M1 Al (b) B1 (c) M1 M1 A1 AO
Part (a) gives a correct proof showing all necessary steps.

In part (b) the candidate gives an allowable explanation of how the formula works.

In part (c) the candidate adds a constant (24) to the sum of a geometric sequence. Their S is an

allowable sum to find and so the second M mark is awarded. As 24 + S is a correct calculation to

find the total time A1 is awarded but the final accuracy mark is withheld as we are required to see
173 minutes and 3 seconds.
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f (x) =10e %% sinx, x> 0

(@) Show that the x coordinates of the turning points of the curve with equation y = f (x)
satisfy the equation tan x = 4

(4)
y A
Figure 3
Figure 3 shows a sketch of part of the curve with equation y = f (x).
(b) Sketch the graph of H against t where
H(t) = |10e %% sin t | t>0
showing the long-term behaviour of this curve.
)

The function H(t) is used to model the height, in metres, of a ball above the ground t seconds after it
has been kicked.

Using this model, find

(c) the maximum height of the ball above the ground between the first and second bounce.
3)
(d) Explain why this model should not be used to predict the time of each bounce.
1)
(Total for Question 12 is 10 marks)

Mean Score: 4.1 out of 10



Examiner Comments:

This question discriminated well between students of all abilities with part (a) and (b) more
accessible to students compared to part (c) and (d).

In part (a) most students were successful at using the product rule and setting dy/dx equal to 0
(though the latter was implied rather than being explicit in many cases). Missing the —0.25 factor
when differentiating the e(%2%) was fairly common, but the differentiation was mostly correctly
carried out. A few students failed to use the product rule correctly, instead multiplying the
derivatives of each term, but these were in the minority.

Having attempt the derivative the majority did set the result equal to zero (possibly implied) and
proceeded to cancel the exponentials. Reasoning for the cancellation was usually not given, but in
this instance there was no requirement for such reasoning. However it might be well noted that
such explanations may be required under the new specification. Many students lost the final
accuracy mark as they did not state or show division by cos x. Students need to be clear that in a
‘show that’ question all steps need to be shown.

Part (b) was the most successfully answered part of the question. Students realised that the graph
of [f(x)| should be above the x-axis. Where students did not gain full credit, this was usually due to
poor drawing of loops (not decreasing heights, or rounding at the cusps). A few students chose to
draw over the original figure which made it difficult in many cases to determine which pieces
formed their graph. They would be well advised to sketch separate graphs in similar questions.

There was less success in part (c). Attempts at this part were varied, with a sizeable proportion not
making the connection with part (a) at all and attempting to find the value of H(t) at z /2 or some
other value, or failing to substitute into H(t) at all. Many solved tan x = 4 to find the acute angle
but did not then look for the further solution which was needed for the height between the first and
second bounces and so achieved only the first mark. Also, use of degrees instead of radians was a
common error, but this was allowed the first method mark. The magnitude of their resulting answer
should have alerted them to the fact that something had gone very wrong.

Part (d) was another part with a varied array of answers. Common incorrect responses referred to
negative time, and the times between each bounce would be longer or that the ball would not bounce
forever. Many students gave a rote answer of “the effect of air resistance has not been taken into
account” or “energy loss” or similar vague reasons rather than relate to the context of the question.
Since the model may have taken air resistance into account (the contributing factors to the model
were not listed in the question), such an answer was unacceptable.




Question Scheme Marks AOs
12(@) | f(x) =10e°**sin x
1o\ ~0.25X o -0.25x M1 1.1b
=f'(x) =-2.5e"*"sin x+10e " coS X oe Al 11b
f/(x) = 0= —2.56% sin x +10e** cosx =0 M1 2.1
sinx_ 10 tanx=a* AL* | 11b
cosx 25
(4)
®) |y,
"Correct" shape for 2 loops M1 1.1b
Fully correct with Al 1.1b
decreasing heights
f
)
(©) Solves tan x =4 and substitutes answer into H (t) M1 3.1a
H (4.47) = [10e %" 5in 4.47] M1 1.1b
awrt 3.18 (metres) Al 3.2a
©)
(d) The times between each bounce should not stay the same B1 3.5h
when the heights of each bounce is getting smaller '
1)
(10 marks)
Notes
(@)
M1: For attempting to differentiate using the product rule condoning slips, for example the power
ofe.

So for example score expressions of the form +..e***sinx+..e***cosx M1
Sight of vdu —udv however is MO
AL: f'(X) =-2.5¢"* sinx+10e°** cos X which may be unsimplified
M1: For clear reasoning in setting their f’(x) =0, factorising/ cancelling out the e ***term leading

to a trigonometric equation in only sinx and COS X
Do not allow candidates to substitute x =arctan4 into f’(x) to score this mark.

sinx 10 . . sin x
Al1*: Shows the steps —— =—=—or equivalent leading to = tanx=4*. ——must be seen.
cosx 2.5 COS X



(b)

M1: Draws at least two "loops”. The height of the second loop should be lower than the first loop.
Condone the sight of rounding where there should be cusps

Al: At least 4 loops with decreasing heights and no rounding at the cusps.
The intention should be that the graph should ‘sit’ on the X -axis but be tolerant.
It is possible to overwrite Figure 3, but all loops must be clearly seen.

C
I(\/I)l: Understands that to solve the problem they are required to substitute an answer to tant =4
into H(t).
This can be awarded for an attempt to substitute t = awrt 1.33 Or t = awrt 4.47 into H (t)
H (t) = 6.96 implies the use of t =1.33 Condone for this mark only, an attempt to substitute
t =awrt 76° Or awrt 256° into H (t)
M1: Substitutes t = awrt 4.47 into H (t) =|10e*°'25t sint |. Implied by awrt 3.2

Al: Awrt 3.18 metres. Condone the lack of units. If two values are given the correct one must be
seen to have been chosen
It is possible for candidates to sketch this on their graphical calculators and gain this answer. If
there is no incorrect working seen and 3.18 is given, then award 111 for such an attempt.
(d)
B1: Makes reference to the fact that the time between each bounce should not stay the same when
the heights of each bounce is getting smaller.
Look for " time (or gap) between the bounces will change’’
‘bounces would not be equal times apart'
‘bounces would become more frequent’
But do not accept ‘the times between each bounce would be longer or slower’
Do not accept explanations such as there are other factors that would affect this such as "wind
resistance”, friction etc



A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 12

Student Response A

3/10

Examiner Comments: (a) M1 A0 MO A0 (b) M1 Al (c) MO MO A0 (d) BO

In part (a) this candidate attempts the product rule but the missing "10" means that the accuracy
mark cannot be awarded. There is no more progress in (a).

In part (b) both marks can be awarded for a correct and accurate graph.

In part (c) and (d) no attempt was made.

78 Pearson Edexcel Level 3 A Level in Mathematics
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Examiner Comments: (a) M1 A1 M1 A0 (b) M1 Al (c) M1 M1 A0 (d) BO

In part (a) the product rule is accurately applied scoring M1 Al. f'(x) isthen set equal to 0, e ****

cancelled leading to an equation in sinx and COSX. The A1* mark is withheld due to incorrect
work.

In part (b) both marks can be awarded for a correct and accurate graph.

In part (c) the candidate substitutes the correct time, 4.47 seconds into H and finds the result. The
accuracy mark is withheld as the height should be awrt 3.18 metres.

For part (d) there was no attempt.
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9/10

Examiner Comments: (a) M1 A1 M1 Al (b) M1 A0 (c) M1 M1 Al (d) B1

In part (a) the candidate produces a correct and careful proof with all necessary steps leading to the
given result.

In part (b) the sketch scores only 1 of the 2 marks due to the rounding at the cusps.
Part (c) is fully correct.

Part (d) gives an acceptable explanation.




13.

back to Contents Page

The curve C with equation
p—3x

:m XEIR, X#—=3,X#2

y

where p and g are constants, passes through the point [3, %] and has two vertical asymptotes

with equations x =2 and x = -3

(@) (i) Explain why you can deduce that g = 4
(if) Show thatp =15

®)
V A
C
R
=
0] 3 X
Figure 4
Figure 4 shows a sketch of part of the curve C. The region R, shown shaded in Figure 4,
is bounded by the curve C, the x-axis and the line with equation x = 3
(b) Show that the exact value of the areaof RisaIn 2 + b In 3, where a and b are rational
constants to be found.
(®)

(Total for Question 13 is 11 marks)

Mean Score: 5.5 out of 11



Examiner Comments:

Only the strongest candidates scored all 11 marks here, with the majority losing at least 1 mark,
usually the first mark in (a) or the last mark in (b).

In part (a) (i) many candidates realised that x = 2 was linked to establishing that g = 4 but they found
difficulty explaining this by referencing the asymptote, or the denominator being zero.

Almost all candidates provided good explanations in (a)(ii) even when they had provided inadequate
explanations on part (i).

In part (b) the vast majority of students knew they had to use partial fractions to attempt the question
with many achieving the correct expression and correct integration. The most common error was in
simplifying the final logarithmic expression with many candidates leaving some of their answers in
terms of In (3/4) or In (4/3) for example. It was uncommon therefore to see a fully correct solution
in the required form.




Question Scheme Marks AOs
13(a) | (i) Explains2x—qg=0when x=20e Hence q=4 * B1* 24
. ) 1), p—3X
3,5 = .
(i) Substitutes ( 2jmto y (2x—4)(x+3) and solves M1 1.1b
1 p-9
== = p-9=6= p=15* *
(3)
(b) Attempts to write ;Xin PF's and integrates usin
P (2x-4)(x+3) : 9 M | 31a
Ins between 3 and another value of x.
B-3x __A + B leading to A and B b
(2x—4)(x+3) (2x-4) (x+3) 9 ML
15-3x 1.8 2.4
— _ 0.9 2.4
x-4(x+3) @9 (x13) " 52 (13 S B
15-3x
= dx=mIn(2x-4)+nlIn(x+3)+(c
J(2X—4)(x+3) (2x—=4)+nIn(x+3) +(c) M1 1.1b
15-3x
| = dx=0.9In(2x-4)-2.4In(x+3
j<2x_4)(x+3) (2x-4) (x+3) oe| | Alft 1.1b
5
) 15-3x
Deduces that Area Either XAV (x73 X
J (2x-4)(x+3) B1 2.2a
or [ I
Uses correct In work seen at least once for In6=In2+1In3
or In8=3In2
dM1 2.1
[0.9In(6)—2.4In(8)]—[0.9|n(2)—2.4In(6)]
=3.3In6-7.2In2-0.9In2
=3.3In3-48In2 Al 1.1b
(8)

(11marks)




Notes

()

B1*: Isableto link 2x—q=0and x=2 to explainwhy q=4
Eg "The asymptote x=2 iswhere 2x-q=080 4—-q=0=q=4"
"The curve is not defined when 2x2-q=0=q=4"
There must be some words explaining why g = 4 and in most cases, you should see a

reference to either "the asymptote x =2", "the curve is not defined at x=2", 'the
denominator isOat x=2"

_ : 1) o p=X
M1: Substitutes (3, 2) into y_—(Zx—4)(x+3) and solves
. . 1), 15-3x 1 6
Alternatively substitutes 3,5 into y:m and shows §=Woe

- 1 p_9
“ = = p- 9 = 6 =>pP= 15
A1*: Full proof showing all necessary steps 2 (2)><(6) P P

In the alternative there would have to be some recognition that these are equal e.g. v hence
p=15
(b)
M1: Scored for an overall attempt at using PF's and integrating with Ins seen with sight of limits 3
and another value of x.

ML: — =X __A L B eadingtoAandB

(XA (x+3) (2x-4) (x+g) oA

- 18 24 09 24 9 12
Al: (2x—4)(x+3)_(2X—4) (X+3),orfor example (x—2)_(x+3) , (10x—20)_(5x+15) oe

Must be written in PF form, not just for correct A and B
15-3x

mdx= min(2x—4)+nlIn(x+3)

M1: Area R = I

15-3x
OR jmdx= min(x—2)+nlIn(x+3)

Note that J'

x=2) dx — In (kx—2k) and I—)dx—>mln(nx+3n)

m
(x+3

15-3 .
Alft: =j(2x—4)(;+3) dx=0.9In(2x—4)-2.4In(x+3) oe. FT on their A and B

B1: Deduces that the limits for the integral are 3 and 5. It cannot just be awarded from 5 being
5

. . 15-3x :
marked on Figure 4. So award for sight of Im(dX) OF [oovrverrnen : having
3
performed an integral which may be incorrect
dM1: Uses correct In work seen at least once e.g.In6=In2+1In3, In8=3In2 or

mIn6k —mIn2k =min3

This is an attempt to get either of the above In's in terms of In2 and/or In3

It is dependent upon the correct limits and having achieved miIn(2x —4)+ niIn(x+ 3) 0e

Al: =3.3In3-4.8In20e



A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 13

Student Response A

4/11

Examiner Comments: (a) BO M1 Al (b) M1 M1 A0 MO A0 BO M0 A0

In part (a) (i), although this candidate substitutes x=2 into 2x—q=0 to reach q=4 the mark
required some kind of explanation with "asymptote" or “the curve being undefined" being alluded to.

Part (a)(ii) gives an acceptable proof that p =15

In part (b) the strategy mark can be awarded as the candidate uses partial fractions and integrates
using logs. There is an attempt at using partial fractions, scoring the next M mark, but the accuracy
mark is denied as it is incorrect. As the limits are from 0 to 3 the B mark cannot be awarded.

Pearson Edexcel Level 3 A Level in Mathematics 87
Exemplar student answers with examiner comments
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Examiner Comments: (a) BO M1 Al (b) M1 M1 A0 M1 A1 B1 M0 A0

In part (a) there is no merit in part (i) but part (ii) is correct.

In part (b) the first method mark can be awarded as the candidate uses partial fractions and integrates
using logs. There is an attempt at using partial fractions, scoring the next M mark, but the accuracy

mark is denied due to the missing — sign. The next M1 Al are awarded as the integration is carried
out correctly. As the limits are from 3 to 5 the B mark is also awarded. No appropriate log work is

seen so no more marks are available.
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Student Response C

10/11
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Examiner Comments: (a) B1 M1 Al (b) M1 M1 A1 M1 A1 B1 M1 A0

This is an excellent solution.

Note that (a)(i) includes a reference to the vertical asymptotes of the curve.

Also worth pointing out is that the error in part (b) occurred two lines from the end where i—gln 4

was simplified to % In 2 rather than % In2




back to Contents Page

14. The curve C, in the standard Cartesian plane, is defined by the equation

X=4sin 2y Tp<y<§

The curve C passes through the origin O

d
(@) Find the value of 2 at the origin.

dx
(2)
(b) (i) Use the small angle approximation for sin 2y to find an equation linking x and y
for points close to the origin.
(if) Explain the relationship between the answers to (a) and (b)(i). o
2
(c) Show that, for all points (x, y) lying on C,
dy 1
dx Vb -2
where a and b are constants to be found.
@)

(Total for Question 14 is 7 marks)

Mean Score: 2.4 out of 7

Examiner Comments:

A number of candidates did not attempt this question. Whether this was due to lack of understanding
or time constraints is unknown.

Part (a) was generally well done with a surprising proportion using implicit differentiation. A good
number who found ;i_y correctly failed to substitute in y =0 to find the value of g_y at the origin.
X X

Candidates who tried to expand sin 2y using the double angle formulae and then differentiating using
the product rule often went wrong.

The small angle approximation in (b) part (i) was also well handled. Most settled for the form x =8y
although some rearranged to y =. Marks were generally lost when sin2y was replaced by 26
instead of 2y. Many candidates failed to see the link between (a) and (b)(i) even though they had

both answers correct. They were unable to see that the gradients were the same or else failed to
explain themselves coherently.

Only a small percentage of candidates were able to secure full marks for part (¢) and it was not
uncommon to see the whole question left unanswered. This type of question was common on Core
3 and usually well answered.




14 (a) Attempts to differentiate x = 4sin2y and inverts
dx d 1 .
80052y = dy M1 | 1.1b
dy dx ~ 8cos2y
dy 1
AL(00) 5 =5 Al | 1.1b
(2)
(b) (i) Uses sin2y ~ 2y wheny is small to obtain x ~ 8y B1 | 1.1b
(if) The value found in (a) is the gradient of the line found in (b)(i) Bl 2.4
)
C
© Uses their dy as a function of y and, using both
dx
.9 200, . ) ., dy
sin®2y+cos” 2y =1 and x =4sin2y in an attempt to write —
" w21
or — as a function of x
dy
Allow for %: k 12 :,_\/
X  cos2y 1-(.x
2
A correct answer d_y __ 1 o 8, [1— 5
dy 4 Al | 11b
8,/1— 4
dy 1
and in the correct form Al | 1.1b
dx  2416-x°
®)
(7 marks)
Notes
(a)
M1: Attempts to differentiate x = 4sin2y and inverts.
dx d 1
Allow for v =kcos2y = di Kcosay OF 1= kcosZyd—y:ﬂ: 1
y y dx dx kcos2y
dy

. [ x
. . . . X=4sin2 =...arcsin| — —
Alternatively, changes the subject and differentiates y=>y (4] -

It is possible to approach this from x =8sin ycosy = X _ +gsin? y +8cos” y before inverting
dy

—— == Allow both marks for sight of this answer as long as no incorrect working is seen

dx dy 1
i i ja —=8c052X=> —= isi
Watch for candidates who reach this answer via ay = dx _ Boos2x This is MO A0




(b)()
B1: Uses sin2y ~ 2y wheny is small to obtain x =8y oe such asx = 4(2y) :
Do not allow sin2y =~ 2@ to get x =86 but allow recovery in (b)(i) or (b)(ii)
Double angle formula is BO as it does not satisfy the demands of the question.
(b)(ii)
B1: Explains the relationship between the answers to (a) and (b) (i).
For this to be scored the first three marks, in almost all cases, must have been awarded and the
statement must refer to both answers

1 1
Allow for example "The gradients are the same (: gj " ‘both have M=g"~

Do not accept the statement that 8 and % are reciprocals of each other unless further correct

work explains the relationship in terms of dx and dy
dy dx
(©)
. d : . .
M1: Uses their <2 as a function of y and, using both Sin®2y+c0s° 2y =1 and x = 4sin 2y,
dx
. d . d N
attempts to write & or ax as a function of x. The & may not be seen and may be implied
dx dy dx
by their calculation.
o d
Al: A correct (un-simplified) answer for —yor dx E.g. dy__ 1
dx dy dx (x)z
8,[1-|
4
d . . :

Al: dy = _ The vy must be seen at least once in part (c) of this solution

dx  2416-x? dx
Alt to (c) using arcsin _ (x) dy
M1: Alternatively, changes the subject and X=4sin2y - y=...arcsm[zj—>&= :

differentiates 1—(:}

XZ

Condone a lack of bracketing on the % which may appear as n

Al: d_y:—% oe

d 2
EaH
4

Al: d_y 1

dx - 216 — X2



A Level Mathematics Paper 1 (Pure) - 9MAO 01 Exemplar Question 14

Student Response A

217
Examiner Comments: (a) M1 A0 (b) B1 B0 (c) M0 A0 A0
In part (a) the differentiation is correct, but the candidate does not attempt to find the value of :—i at
the origin.
Part (b)(i) is correct but the answer offered to part (ii) does not answer the question.
In part (c) there is no merit in this kind of solution.
Student Response B
94 Pearson Edexcel Level 3 A Level in Mathematics
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a[7

Examiner Comments: (a) M1 Al (b) B1 BO (c) M1 A0 A0
Part (a) is correct

Part (b)(i) is correct
In part (b)(ii) the statement offered is too vague

In part (c) the method used by this candidate is sound and although their third line is correct, their
fourth is not. So, neither accuracy mark may be awarded.
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Student Response C
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Examiner Comments: (a) M1 Al (b) B1 B1 (c) M1 A1 A0

An excellent solution.
Points to note are:
Part (b)(ii) is an acceptable explanation of the link between (a) and (b)(i)

In part (c) the penultimate line is correct, just not in the form required by the question, so the final

1
accuracy mark is withheld as ——— s incorrect.
816 - x?




A Level Mathematics Paper 2 (Pure) - 9MAO 02 Exemplar Question 1

A level Mathematics Paper 2 (Pure) 9MAQ 02

Exemplar Question

Given
1
2'x4y =——
22
express y as a function of x.
3)
(Total for Question 1 is 3 marks)
Mean Score 1.4 out of 3
98 Pearson Edexcel Level 3 A Level in Mathematics

Exemplification of the Summer 2019 Examination
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Examiner Comments

This question proved challenging for a significant number of candidates. This was probably
because of the more open-ended nature of the question, allowing candidates to select their
own problem-solving strategy to express y as a function of x. It was not apparent to most
candidates that y could be expressed as a linear function of x.

More able candidates, however, were able to provide a concise solution. Other candidates
were still able to achieve full marks but expressed y as a more complicated function of x.
A few candidates attempted to express x as a function of y, suggesting a lack of understanding
of the terminology.

It appeared that most candidates failed to realise that this question could be solved purely
using indices. Instead, most candidates chose to immediately take logarithms as their first

. i 1
step towards a solution. A correct first step, e.g. log(2*x4”) =log (—] , was rewarded by

22

the mark scheme. Unfortunately, some candidates combined taking logarithms with an
incorrect application of the addition law for logarithms as their first step, therefore gaining
no marks — for example 2" x4” — log2* xlog4’. Most candidates who had a correct first

step of work went on to achieve full marks, with some only failing to do so by making an
arithmetic error.

This question highlighted some candidates’ weaker algebraic, indices and logarithms skills.

] 1 1
Common errors included2*x4Y — 8%, 2*x4Y —» gV, - - —=, or
222 42
1 2%
2X ><4y = — > 4y =] .
22 22
|og($) ~ log (2¥) .
The most common correct answers were y= , y=log,| ——— | or
log 4 2522
In(;25) 1.3

y = —a Only a minority of candidates obtained a correct y = E X_Z'
n




Question Scheme Marks | AOs
1 2
x4y =——_ =2
' e { 4}
Special If 0 marks are scored on application of the mark scheme then allow
Case Special Case B1 MO AOQ (total of 1 mark) for any of
X X+ 1x+ 1 7)(7%
o x4 520 o 2xt 547 o T
e log2*+log4” — xlog2+ylog4 or xlog2+2ylog?2
e In2°+In4’ > xIn2+yIn4 or xIn2+2yIn2
1 .
e y=Io 0.e. {base of 4 omitted
y g(zxzﬁ) { }
Way 1 % 0?52 B1 1.1b
3
2“2y:22:>x+2y:—§:>y:... M1 2.1
1 3 1
EgQg. y=—=x—— or y=—=(2x+3 Al 1.1b
g y=-oX-, oy 4( )
©)
1
Way 2 log(2* x4’) =log| —= Bl 1.1b
y a( ) g(zﬁJ
log2* +log4’ = log L
22 M1 2.1
— xlog2+ ylog4=logl—log(2+2) = y=...
—log(2+/2) — xlog 2 1 3
y=lou@V2)-xlog2 [ 1, 3 Al | 11b
log4 2 4
(©)
1
Way 3 log(2* x4")=log| —= Bl 1.1b
y q( ) g(zﬁ}
log2* +log4’ = log 1 = log2”* + ylog4 = log L = y=.. M1 2.1
242 242
Al 1.1b

1 X
Iog(z\ﬁ} —log (27) { o }
y= =>Yy=--X-=

log4 20 4

©)




Question Scheme Marks AOs
1
Way 4 log, (2" x4")=log,| —= Bl 1.1b
y 9, ( ) 92( 5 ﬁ}
log, 2" +1log, 4’ = log 1 :>x+2y:—§ = y=.. M1 2.1
2 2 2 2\/5 2 .
1 3 1
EgQg. y=—=x—= or y=——(2x+3 Al 1.1b
g y=—ox=y ory=—7( )
(©)
Way 5 4 ) g4 Bl 1.1b
£ _3
2748 o Ixry=— Sy M1 2.1
2 4
1 3 1
EgQg. y=—=x—-—= or y=—=(2x+3 Al 1.1b
g y=-oX-, oy 4( )
(©)
(3 marks)
Notes for Question 1
Way 1
B1: Writes a correct equation in powers of 2 only
M1: Complete process of writing a correct equation in powers of 2 only and using correct index laws to
obtain y written as a function of x.
Al: yz—lx—E 0.e.
2 4
Way 2, Way 3 and Way 4
B1: Writes a correct equation involving logarithms
M1: Complete process of writing a correct equation involving logarithms and using correct log laws to
obtain y written as a function of x.
1
log| —= |- log(2)
Al: _—Iog(2\/§)—xlog2 or yz—ln(2\/§)—xln2 or y= (2\/5}
= log4 In4 log4
1 3 1
or y=—=x—-— or y=—-=-(2x+3) o.e.
y=-oX=g ory 4( )
Way 5
B1: Writes a correct equation in powers of 4 only
M1: Complete process of writing a correct equation in powers of 4 only and using correct index laws to
obtain y written as a function of x.
Al: yz—lx—§ 0.e.
2 4
Note: Allow equivalent results for A1 where y is written as a function of x
Note: You can ignore subsequent working following on from a correct answer.

Note: Allow B1 for 2* x4Y :L = 4¥ = 1

= log,(4’)=1lo 1
22 222 9.7 =Tod, 222

1 2 J2
followed by M1 Al for y=log,| ——— | or y=log,| — | or y=log,| ——

3
or y=—log4[2 ] or y=-log,(~2(2")
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Student Response A
]

|
AR Ca7: SR R g B
x ] 3
L : A 7
3}11?:-}/;
%2
k2
x: =3 o) e
u,'f' ys =3
7 =

1/3

Examiner Comments

B1 M0 AO
3

B1: Writes a correct equation 2* 2% = 2 2 which is in powers of 2 only.

MO: Does not use correct index laws to write y as a function of x. This is evidenced by the
3

step from a correct 2 2% = 2 2 to an incorrect xx2y = —g.

AO0: Follows MO
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Student Response B

®

ai ]J Sl s

2/3

Examiner Comments

B1 M1 A0

B1 M1: Writes a correct equation in powers of 2 only and uses correct index laws (which
3

are implied by the correct step from 2*x2% =2 2 to x+2y = —g) to obtainy as a

function of x.
AO0: Incorrect answer.
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Student Response C
'Lz‘#‘f’ = -‘E?'—

A~y

CY 1
4y = ‘f{"fo"‘
D N
lon4 = loss |\ Z( z"j )
- ol

D [ ~/ i
\ooy
(2
“w = 193‘) y 4(2“;,}.
)
3/3

Examiner Comments
B1 M1Al
B1 M1: Complete process of writing a correct equation involving logarithms

o
4(2)

J ) and using correct log laws to obtain y as a function of x.

Iog( V2

(e.g. log4’ = Iog(

4(2*)}
————— "2 Note that y = log,
log4

Al: Obtains a correct y = ] is also correct.

4(29)
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The speed of a small jet aircraft was measured every 5 seconds, starting from the time it
turned onto a runway, until the time when it left the ground.

The results are given in the table below with the time in seconds and the speed in m s™™.

Time (s) 0 5 10 15 20 25

Speed (ms™) 2 5 10 18 28 42

Using all of this information,

(@) estimate the length of runway used by the jet to take off.

®)
Given that the jet accelerated smoothly in these 25 seconds,
(b) explain whether your answer to part (a) is an underestimate or an overestimate of the
length of runway used by the jet to take off.
1

(Total for Question 2 is 4 marks)

Mean Score 1.4 out of 4



Examiner Comments

This question proved to be challenging, with a significant number of candidates struggling to realise
that the length of the runway could be estimated by the area under the speed-time curve generated
from the table of values given in the question.

In part (a), only a minority of candidates estimated the length of the runway by applying the
trapezium rule, which was considered the most appropriate method, with many of these giving the
correct answer of 415 m. While the table of values clearly shows an interval width h=5, the

application of the formula h :B with n=6 instead of n=5 led some candidates to use an
n

incorrect strip width hz%. Other candidates made calculation errors, bracketing errors or

transcription errors.

Some candidates used the equations of motion with constant acceleration (i.e. the suvat equations)
to estimate the length. Many of the candidates who used this method applied the calculation

(2+42

j(25) to obtain an estimate of 550m. A few used v=u+at to find the acceleration,

followed by s=ut+%at2 to estimate the length. Some candidates used U=0 in their suvat

calculations, in contradiction to the table of values which indicated an initial speed of 2 ms™. A

few candidates used a method which was equivalent to the trapezium rule, of applying suvat to
each of the 5 time-intervals, to give the correct answer of 415m.

Other methods seen included: summing up the area of rectangles which enclosed the area above
the curve for each of the 5 time intervals; summing up areas of rectangles which enclosed the area
below the curve for each of the 5 time intervals; and applying (average speed)x (total time).

The most common methods which were deemed incorrect included 25x42=1050;:
%(25)(42)=525;Z(Speed)(time):(0)(2)+(5)(5)+(10)(10)+...+(25)(42)=2005; or a 6

rectangle approach (instead of 5 rectangles).

As for part (b), while many candidates who used a trapezium rule or suvat method in Q02(a)
identified their estimate of the length as an overestimate, some found difficulty in articulating a
reason for this. Those who were most successful drew a diagram which showed clearly the extra
area generated by the trapezium rule in relation to the curve. Some candidates sketched the speed-
time curve and explained that the curve was convex or that the acceleration was continually
increasing. Only a few candidates who used a rectangle method were able to give a correct reason.

Some candidates answered part (b) by finding an alternative estimate and comparing it with their
estimate in part (a). For example, some found 415 in part (a) and 550 in part (b), and then concluded
that ‘415 must be an underestimate’. Other candidates, who also received no credit, gave physical
explanations about friction, air resistance or the shape of the aircraft, while others stated that ‘the
jet accelerated smoothly’.




Question

Scheme

Marks

AOs

Time (s) 0 5 10 15 20 25
Speed (M s™) 2 5 10 18 28 42

(@)

Uses an allowable method to estimate the area under the curve. E.g.

Way 1: an attempt at the trapezium rule (see below)

Way 2: {s= }[“42](25) {= 550}

Way 3: 42=2+25(a) = a=1.6 = s = 2(25) + (0.5)(L.6)(25)*{= 550}

Way 4: {d =3}(2)(5) +5(5) +10(5) +18(5) + 28(5) {=63(5) = 315!

Way 5: {d =}5(5) +10(5) +18(5) + 28(5) + 42(5) {=103(5) =515}

Way 6: {d =}@ (= 415)

2+5+10+18+28+42
6

Way 7: {d =}( j(25) {=437.5}

M1

3.1a

%x (5)x[2+2(5+10+18 + 28) + 42] or %x[ "315" + "515" ]

M1

1.1b

= 415{m}

Al

1.1b

(©)

(b)
Alt1

Uses a Way 1, Way 2, Way 3, Way 5, Way 6 or Way 7 method in (a)

Overestimate and a relevant explanation e.g.
o {top of} trapezia lie above the curve
e Area of trapezia > area under curve
e An appropriate diagram which gives reference to the extra area
e Curve is convex
2
. d_y >0
dx?
o Acceleration is {continually} increasing
e The gradient of the curve is {continually} increasing
o All the rectangles are above the curve (Way 5)

B1ft

24

)

(b)
Alt 2

Uses a Way 4 method in (a)

Underestimate and a relevant explanation e.g.
o All the rectangles are below the curve

B1ft

24

)

(4 marks)

Notes for Question 2

(a)

M1: A low-level problem-solving mark for using an allowable method to estimate the area under the

curve. E.g.

Way 1: See scheme. Allow A(2+2(5+10+18+28)+42); A>0 for 18 M1

Way 2:

Uses s =(U—J2rvjt which is equivalent to finding the area of a large trapezium

Way 3: Complete method using a uniform acceleration equation.

Way 4:

Sums rectangles lying below the curve. Condone a slip on one of the speeds.

Way 5:

Sums rectangles lying above the curve. Condone a slip on one of the speeds.

Way 6: Average the result of Way 3 and Way 4. Equivalent to Way 1.

Way 7: Applies (average speed)x (time)




Notes for Question 2 Continued

(@ continued
M1: Correct trapezium rule method with h=5. Condone a slip on one of the speeds.
The ‘2’ and ‘42’ should be in the correct place in the [......].
Al: 415
Note: Units do not have to be stated
Note: Give final AO for giving a final answer with incorrect units.
e.g. give final AO for 415 km or 415ms™
Note: Only the 1% M1 can only be scored for Way 2, Way 3, Way 4, Way 5 and Way 7 methods
Note: Full marks in part (a) can only be scored by using a Way 1 or a Way 6 method.
Note: Give MO MO AO for {d =} 2(5) +5(5) +10(5) +18(5) + 28(5) + 42(5) {=105(5) = 525}
(i.e. using too many rectangles)
2+10 10+18 18+28 28+42
Note | Condone M1 MO AQ for {( +2 ) 10) + & ; )5) + ¢ . ) 5) + . )(5)} —395m
. 2+5 5+10 10+18 18+ 28 28+42
Note: leeMlMlAlforS( )+( )+( )+( )+( ) =415m
2 2 2 2
Note: Give M1 M1 A1 for g(2+ 42)+5(5+10+18+28) =415 m
Note: Bracketing mistake:
Unless the final calculated answer implies that the method has been applied correctly
give M1 MO AO for 2(2) +2(5+10+18+28)+42 {=169 }
give M1 MO A0 for g(2+ 42) + 2(5+10+18 + 28) {= 232}
Note: Give M0 MO A0 for a Simpson’s Rule Method
(b) Alt 1
B1ft: This mark depends on both an answer to part (a) being obtained and the first M in part (a)
See scheme
Note: Allow the explanation “curve concaves upwards”
Note: Do not allow explanations such as “curve is concave” or “curve concaves downwards”
Note: Do not allow explanation “gradient of the curve is positive”
Note: Do not allow explanations which refer to “friction” or “air resistance”
The diagram opposite is sufficient as an
Note: explanation. It must show the top of a
trapezium lying above the curve.
(b) Alt 2
B1ft: This mark depends on both an answer to part (a) being obtained and the first M in part (a)
See scheme
Note: Do not allow explanations which refer to “friction” or “air-resistance”
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Student Response A

- v L1-2 )
S = wh ek PR R s =
a = VGM.S"'

=(2Y28) « /4. (1-€)25)’
s ‘SSOM

b3 don ﬂﬂM -5 l/.u]ﬁ"i- {HC&& ode .y\d* {-ykﬂ#'\ ’I.@{:p AC¢M’$‘
1/4

Examiner Comments

(a) M1 MO A0

M1: Uses Way 3 whereby a value for uniform acceleration is found and then applied to the
equation for distance.

MO AO: Way 3 cannot score these marks.

(b) BO
BO: Reference to “resistive forces” is not an allowable explanation.
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Student Response B

L3 (vt [ (1)

1) =T <= 3 (1+42) x23
Vet S~ S5 0 e

2/4

Examiner Comments

(a) M1 MO A0

M1: Uses Way 2 whereby the initial speed, final speed and time taken are applied to the
equation for distance.

MO AO: Way 2 cannot score these marks.

(b) B1
B1: States “Overestimate” which is correct for Way 2 and gives an acceptable explanation of
“acceleration is increasing”.
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Student Response C
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3/4

Examiner Comments

(a) M1 M1 AL
M1 M1 Al: Uses a fully correct trapezium rule method (Way 1) to give 415.

(b) BO

BO: States “Underestimate” which is incorrect for Way 1.
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0

Figure 1

Figure 1 shows a sector AOB of a circle with centre O, radius 5 cm and angle AOB = 40°

The attempt of a student to find the area of the sector is shown below.

I
|

-
N

SY

Area of sector

1

|
X
ol

N
X
IN
S

(@) Explain the error made by this student.

1)
(b) Write out a correct solution.

)

(Total for Question 3 is 3 marks)

Mean Score 2.5 out of 3



Examiner Comments

This question proved to be the most accessible question on this paper with many candidates
obtaining full marks.

In part (a), many candidates explained that the angle 40° should have been converted to its

equivalent in radians in order for it to be applied to the formula %rza. Some candidates’

explanations lacked sufficient detail, e.g. they stated ‘the angle is in degrees’ but failed to mention
that the angle used in the formula should have been expressed in radians. A few candidates did not
give a reason in part (a), but correctly calculated the area of sector AOB in part (b).

Part (b) was also well-answered. Most candidates converted 40° to radians and applied a correct

. . : 0 :
2?” to the given formula %rze. Some candidates applied a correct formula nrz(%j with

6 =40°. Errors included converting 40° to either % or 97”; applying %(SZ)GJ; and applying

. 1 . 1 . .
incorrect formulae such as > r’sin@ or = r’@. Most candidates gave the correct answer in exact

form as %n and some gave an answer 8.73 which was rounded to 3 significant figures, while

others gave both exact and rounded answers. Most candidates gave the units cm? in their answer
to part (b). On this occasion, a lack of units in their final answer was condoned.




Question Scheme Marks | AOs
3(a) Allow explanations such as
e student should have worked in radians
e they did not convert degrees to radians
e 40 should be in radians
e A should be in radians
e angle (or 8) should be 407 or 2% Bl 2.3
180 9
e correct formula is ﬁrz[%j {where @ is in degrees}
e correct formulais zr? 40
360
1)
(b) -1 L2z
Way 1 {Area of sector = } > (5%) 3 M1 1.1b
= Eﬂ {cm“}  or awrt8.73{cm°} Al 1.1b
2
(b) - 2y( 40
Way 2 {Area of sector=} 7 (5%) 350 M1 1.1b
= %ﬂ' {cm’} or awrt8.73{cm%} Al 1.1b
2
(3 marks)
Notes for Question 3
(a)
B1: Explains that the formula use is only valid when angle AOB is applied in radians.

See scheme for examples of suitable explanations.

(b) Way 1
M1: Correct application of the sector formula using a correct value for 6 in radians
Note: Allow exact equivalents for 4 e.g. ezig—g or @ inthe range [0.68, 0.71]
25 .

Al*: Accept ?7[ or awrt 8.73 Note: Ignore the units
(b) Way 2
M1: Correct application of the sector formula in degrees
Al: Accept %7[ or awrt 8.73 Note: Ignore the units.

. 50
Note: Allow exact equivalents such as — 7

18

Note: | Allow M1 A1 for 500(%) _ 2, {cm’} or awrt8.73{cm%}

9
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Student Response A
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1/3

Examiner Comments

(a) B1
B1: Correct explanation.

(b) MO AO
MO: Has converted incorrectly from degrees to radians. Note: A correct angle in radians must be

used in the formula %rzé’.

AO0: Follows MO.

Pearson Edexcel Level 3 A Level in Mathematics 115
Exemplar student answers with examiner comments
© Pearson Education Ltd 2020



A Level Mathematics Paper 2 (Pure) - 9MAO 02 Exemplar Question 3

Student Response B
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A: T %o
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A& M=% 13em"

2/3

Examiner Comments

(a) BO
BO: Incorrect explanation.

(b) M1 AL

M1 Al: Uses a correct method to find a correct answer %ﬂ'. Note that 8.73 is also correct.
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Student Response C
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3/3

Examiner Comments

() B1
B1: Correct explanation.

(b) M1 Al
M1 Al: Uses a correct method to find a correct answer ZST” Note: 8.7 which does not round to

8.73 is ignored because candidate obtains the correct exact answer.
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Figure 2
The curve C1 with parametric equations
x =10 cos t, y:4\/§sint, 0<t<2r

meets the circle C, with equation

X2 +y? =66

at four distinct points as shown in Figure 2.

Given that one of these points, S, lies in the 4th quadrant, find the Cartesian coordinates of S.

(6)

(Total for Question 4 is 6 marks)

Mean Score 4.0 out of 6



Examiner Comments

This question was well attempted by both medium ability and higher ability candidates. Lower
ability candidates struggled to make progress, with most of them scoring no more than one mark.

There were two common methods that were used by candidates. The first method, covered by Way
1 in the mark scheme, was the substitution of the parametric equations of C, into the Cartesian

equation of C, to give an equation in t only; the trigonometric identity sin®t +cos®t =1 being used

to obtain an equation in sin®t (or cos®t) only, and a value for sint (or cost) found. The second
method, covered by Way 2 in the mark scheme, was the application of the trigonometric identity

2 2
: . . . X .
sin®t+cos’t =1 to the parametric equations of C, to give (Ej + [LJ =1, the Cartesian

42

equation of C, being used to obtain an equation in x* (or y?) only, and a value for x (or y) found.

A few candidates used a correct method of progressing from (10cost)® + (4\/5 sint)® =66 to either
tan’t =1 or cos2t =0. In all these methods, substituting back yielded their coordinates for S, with
most candidates realising that x; >0 and y; <0. Some candidates incorrectly stated S as

(5+/2, 4). In the first method, successful candidates used either t = 77” ort= % and then applied

symmetry to find the correct coordinates for S as either (5\/_, —4) or (7.07, —4).

An area of concern centred around arithmetical slips or errors in elementary algebra. Examples of

2 2
the former included (4\/5)2 becoming 8 or 64; sinzt:1 becoming sint:l; and x_+y_ =
2 4 100 32

becoming 32x*+100y® =1 or 100 or 32. Examples of the latter included the invalid methods of
2

y2 =66—x becoming y =+/66 —x and sinztzl—l)(()—0 becoming sintzl—%. Candidates who

made no creditable progress included those who differentiated the parametric equations for C,,

and those who obtained, e.g. y = 42 sin (arccos (%D leading to x* +32sin? [arccos(%nz 66.




Question Scheme Marks | AOs
4 C,: x=10cost , y=4+/2sint, 0<t<27; C,:x*+y’ =66
Way 1 (10cost)? + (4~/2sint)? =66 M1 3.1a
- L, ) ) M1 2.1
100(1—sin“t) +32sin“t =66 100cos“t +32(1—cos“t) =66
Al 1.1b
. . 1 1
100 - 68sin°t = 66 t== 68cos’t +32 =66 t==
sin = sin 5 cos“t+ = C0S 5 dM1 11b
= sint=... = cost=...
Substitutes their solution back into the relevant original equation(s)
to get the value of the x-coordinate and value of the
. . M1 1.1b
corresponding y-coordinate.
Note: These may not be in the correct quadrant
S=(52, —4) or x=52, y=—4 or S =(awrt 7.07, —4) Al 3.2a
©)
2 2
. X y 2 2
Way 2 cos’t+sin‘t=1= (—j +|—=1| =1 {= 32x*+100y* =3200 M1 3.1a
{ ) tlag) e y* =3200}
2 2 2 2
x_+66—x _ 1 66—y LY M1 2.1
100 32 100 32 Al 1.1b
32x’ +6600—100x* = 3200 2112 -32y? +100y* = 3200
o X sy Ty dM1 | 1.1b
X"=50 = x=.. y =16 = y=..
Substitutes their solution back into the relevant original equation(s) to
get the value of the corresponding x-coordinate or y-coordinate. M1 1.1b
Note: These may not be in the correct quadrant
S=(5v2,-4)or x=5J2, y=—4 or S=(awrt 7.07, —4) Al 3.2a
©)
Way 3 {C,:x®+y?=66 =} x=+/66c0sa, y=+/66sina
{C,=C, =} 10cost=+/66cosa, 4+/2sint=+/66sina ;
M1 Ja
2 A 2
{cos’a +sin*a=1=} (—10003tj + —4ﬁsmt =1
J66 Je6
then continue with applying the mark scheme for Way 1
Way 4 (10cost)? + (4~/2sint)? =66 M1 3.1a
100(1+c052tj+32(1—c032tJ266 M1 2.1
2 2 Al 1.1b
50+50c0s2t +16—16c0s2t =66 = 34cos2t + 66 =66
dM1 1.1b
= Cos2t=...
Substitutes their solution back into the original equation(s) to get the
value of the x-coordinate and value of the y-coordinate. M1 1.1b
Note: These may not be in the correct quadrant
S=(5v2,-4) or x=5J2, y=—4 or S =(awrt 7.07, —4) Al 3.2a
©)
Note: Give final AO for writing x = 5V2, y=—4
followed by S = (-4, 54/2)

(6 marks)




Notes for Question 4

Way 1
M1: Beg)i/ns to solve the problem by applying an appropriate strategy.
E.g. Way 1: A complete process of combining equations for C, and C, by substituting the
parametric equation into the Cartesian equation to give an equation in one variable (i.e. t) only.
M1: Uses the identity sin®t +cos®t =1 to achieve an equation in sin®t only or cos*t only
Al: A correct equation in sin’t only or cos’t only
dM1: dependent on both the previous M marks
Rearranges to make sint =... where —1<sint <1or cost=... where—1< cost <1
Note: | Condone 3 M1 for sin2t=%:>sint=%
M1: See scheme
Al: Selects the correct coordinates for S
Allow either S = (52, —4) or S = (awrt 7.07, —4)
Way 2
M1: Begins to solve the problem by applying an appropriate strategy.
E.g. Way 2: A complete process of using cos®t +sin®t =1 to convert the parametric equation
for C, into a Cartesian equation for C,
M1: Complete valid attempt to write an equation in terms of x only or y only not involving
trigonometry
Al: A correct equation in x only or y only not involving trigonometry
dM1: dependent on both the previous M marks
Rearranges to make x=... or y=...
Note: their x* or their y*> must be >0 for this mark
M1: See scheme
Note: their x> and their y> must be >0 for this mark
Al: Selects the correct coordinates for S
Allow either S = (52, —4) or S = (awrt 7.07, —4) or S=(/50, -4) or S :(% —4]
Way 3
M1: Begins to solve the problem by applying an appropriate strategy.
E.g. Way 3: A complete process of writing C, in parametric form, combining the parametric
equations of C, and C, and applying cos” & +sin® & =1to give an equation in one variable
(i.e. t) only.
then continue with applying the mark scheme for Way 1
Way 4
M1: Begins to solve the problem by applying an appropriate strategy.
E.g. Way 4: A complete process of combining equations for C, and C, by substituting the
parametric equation into the Cartesian equation to give an equation in one variable (i.e. t) only.
M1: Uses the identities cos2t =2cos*t—1 and cos2t =1-2sin’t to achieve an equation in cos2t only
Note: At least one of cos2t =2cos’t —1 or cos2t =1—2sin’t must be correct for this mark.
Al: A correct equation in cos2t only
dM1: dependent on both the previous M marks
Rearranges to make cos2t=...where-1<cos2t <1
M1: See scheme
Al: Selects the correct coordinates for S

Allow either S =(5+/2, —4) or S =(awrt 7.07, —4) or S=(/50, —4) or S =(£ —4]

J2




_Question Scheme Marks | AOs
C,: x=10cost , y=4+/2sint, 0<t<2z; C,:x*+y’ =66
Way 5 (10cost)? + (4~/2sint)? =66 M1 3.1a
M1 2.1
10cost)® + (4+/2sint)? =66(sin’t +cos’ t
(L0cost)” +(4+/2sint)* = 66(sin’t +cos’t) R
100cos®t +32sin’t = 66sin’t + 66cos*t = 34cos’t =34sin’t
dM1 1.1b
= tant=...
Substitutes their solution back into the relevant original equation(s)
to get the value of the x-coordinate and value of the
. . M1 1.1b
corresponding y-coordinate.
Note: These may not be in the correct quadrant
S=(5v2,—-4)or x=52, y=—4 or S=(awrt 7.07, —4) Al 3.2a
(6)
Way 5
M1: Begins to solve the problem by applying an appropriate strategy.

E.g. Way 5: A complete process of combining equations for C, and C, by substituting the
parametric equation into the Cartesian equation to give an equation in one variable (i.e. t) only.

M1: Uses the identity sin®t +cos®t =1 to achieve an equation in sin’t only and cos®t only
with no constant term

Al: A correct equation in sin’t and cos®t containing no constant term

dM1: dependent on both the previous M marks
Rearranges to make tant=...

M1: See scheme

Al: Selects the correct coordinates for S

Allow either S =(5+/2, —4) or S = (awrt 7.07, —4) or S=(/50, -4) or S :(% —4]
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Student Response A
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2C = 10 Lotk 4= W2 S & 6
‘_u_q' = fﬂiit. -t = 21 f.hit
0 .
=i
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u?‘ _t_ )-1. - l Cz
T =00 X2y’ = 66
- A" gy -6 Z©
’ 1 x? -\ =zo
";% T
z N 1'1 | - 21 *:!I- _ 56
&= GO
ul' v 1 = 'Iq. *':'}1- - bs-

i " e (e )

2
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Examiner Comments

M1 MO A0 MO MO A0 [Uses Way 2]
M1: Uses sin’t+cos’t =1 to convert the parametric equations for C, into a Cartesian equation

for C,.
MO A0 dMO MO AO: Makes no further creditable progress.
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Student Response B

I,a + “a = G@ -
+ (43 «0h) = C6
4 lﬁ;shal = Gh
4 ]é (:, 1|:+5- ll.!-_ﬁéé

+16(1) = 66

il

:

64(‘;.15;"-" fD

costt = s

cost = =) x =10 cest
= 106%4)

v ?71.? -1.715

413 (50(2 (%)) '
359

n W

Y33

Wenl cve ¢ onses
o= (7715 -3.514)

4/6

Examiner Comments

M1 M1 A0 M1 M1 A0 [Uses Way 1]

M1: Substitutes the parametric equations of C, into the Cartesian equation C, to obtain an
equation in t only.

M1: Uses sin’t+cos*t =1 to obtain an equation which is in cos®t only.

AO: Their equation 84cos®t+16(1) =66 is incorrect.

dM1 (dependent on the 2 previous M marks): Rearranges to make cost =... where
—1<cost <1.

M1: Substitutes their value for t back into the original parametric equations to find

corresponding values for x and y.
AO: Incorrect answer.
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Student Response C

b = 432 s« 2 = \acasCh

L) VAP S W VA
(Vocosch))  *+ (9fisuy) = =66

\oo cas?(F) +  325u7*HY) = €

loo - lopsu®t) + 325u} = €€

(6o = (Bsn?h = 66
_B)CI = 0§ +68su?r

4 | - 68 stk

N - seTk o5

\ / .5\;;?%) PP

L]

(7 o 9340 ;‘f}'-‘
3 \ | / A
A A T 0:934¢ | 7.267
VA
k C
Wwhen & = -6 W R - = 6934
Y = U.S5013) S T U.5f oss
- = ~S.74a\ ¢ = § .94\
n q'uulru" 4 A +\e § =Vve
Sake VEre'w NN & =65.934K
wha b = 09346
S = £.%41
S = (594  -4.9)
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Examiner Comments

M1 M1 A1 M1 M1AO0 [UsesWay 1]
M1: Substitutes the parametric equations of C, into the Cartesian equation C, to obtain an

equation in t only.

M1 Al: Uses sin’t+cos’t =1 to obtain a correct equation 100 —100sin®t+32sin’t =66 which
isin sin®t only.

dM1 (dependent on the 2 previous M marks): Rearranges to make sint =... where
-1<sint<1.

M1: Substitutes their value for t back into the original parametric equations to find
corresponding values for x and y.

AO: Incorrect answer.
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v A
v=x
/
P/
/
v
) 4 ox 9 v

Figure 3

Figure 3 shows a sketch of the curve with equation y = \/;

The point P(x, y) lies on the curve.
The rectangle, shown shaded on Figure 3, has height y and width ox.

Calculate

9
lim Z\/;éx
-4

x—0
X=

©)

(Total for Question 5 is 3 marks)

Mean Score 0.8 out of 3



Examiner Comments

This question proved challenging for many candidates and some candidates were unfamiliar with
the notation that was used. Most candidates scored either all three marks or zero marks in this
question. There were a substantial number of blank responses.

It is noted that section 8.4 (guidance) of the Pure Specification states ‘Recognise

b b
j f(x)dx = [!imo Zf(x) oX’. It is also noted that a similar question had not appeared on the

a

9MAO June 2018 papers, the SAMs, the specimen papers or the mock papers.

< 9
Those candidates who recognised that (Slimo Z\/; ox was another way of writing I Jx dx
X—=4 4

generally produced a correct solution to score all 3 marks. Only a few made errors in their
integration of Jx orinthe application of the limits 4 and 1.

Most candidates, however, made no creditable progress. Some applied the trapezium rule with

9
h=1,but did not link their trapezium rule attempt with a stated J. Jxdx. Other candidates

4

attempted to sum Jx using integer values from X=4 to x=9,resulting in
V4 +5+6+...+/9 (=15.1597...). Some candidates mistakenly interpreted ¢ OX * as a trigger to

differentiate +/x, with a few of these candidates attempting to differentiate Jx from first
principles.

9
A few candidates applied the incorrect method (JZ+J§+J§+...+J§) —J‘ Jxdxto give an
4

answer of 2.49 to 3 significant figures.




Question Scheme Marks | AOs

9 9
States < lim Z\/; 5x is J' Jxdx B1 12
Ox—0 e 4
E 9
= {gxz} M1 1.1b
3
4
3 3
_ 2,97 2,4 %416
3 3 3
=3—38 or 12% or awrt12.7 Al 1.1b

(©)

(3 marks)

Notes for Question 5

9
B1: States I Jx dx with or without the 'dx’
4
. 3
M1: Integrates /X to give Ax2; %0
Al: See scheme
ElN 3 3
Note: You can imply B1 for {ﬂxz } or for Ax9%2 — A1x42
4
9 3 9 9
Note: | Give BO for J- Jx dx —j Jxdx or for J Jxdx without reference to a correct '[ Jxdx
1 1 3 4
. . . 38 2
Note: Give B1 M1 A1 for no working leading to a correct 3 or 125 or awrt12.7
? 38 2
Note: Give B1 M1 Al for J- Jxdx =3 or 12§ or awrt12.7
4
3 9
. 2 - 38 2
Note: Give BLM1 Alfor | =x2+c | = — or 12— or awrt12.7
3 . 3 3
. . 38 2
Note: Give B1 M1 Al for no working followed by an answer 3 or 12§ or awrt12.7
Note: Give MO AO for use of a trapezium rule method to give an answer of awrt 12.7,
9
but allow B1 if J ﬁdx is seen in a trapezium rule method
4
Note: Otherwise, give BO MO AO for using the trapezium rule to give an answer of awrt 12.7




Notes for Question 5 Continued

Alt The following method is correct:

o g= 2¥-A-¢

Area (A) = lim Z(x X JF(x) = nmz (2+ uj?
LD YIS Y
_ !m_%24 +nizzn:i + % -” i2

= lim|— +i2(ln(n+1)j+ %(ln(n+1)(2n+1)ﬂ
n°\ 2 n°\ 6

n—o

= lim

n—o

n
(4 4n?+4n 2n+3n24+n
z n

n 2n’ 6n°

n—e | n 3 2n 6n’
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Student Response A

lim L+ dx) + 4 [x
(-0 éﬂ"
fim  d{oc+h) + 4[x)
h->0 77 . B
Iy Nx+ijx + WA=
dx >0 {

i

ﬂ __l,r‘- 1
Al.ﬂ: = iy x

Fl -:;z \. i i 'lt
V2NV T s W\ & \ J
= o = L
3 4
1/3
Examiner Comments
B1 MO A0
9
B1: States I \/; dx, where the missing ‘ dX * is condoned.
4
3
MO: Does not integrate Jx to give Ax2.
AO: Follows MO.
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Student Response B

4 (&)
SN D e dae ®aa O
By >0 x4
g N
= [ = v S
>4
e \ ?_:"dh h:.
27 |}

2 - 2%

- % -\

(
#

2/3

Examiner Comments
B1 M1 A0

9
B1: Statesj Jx dx.
4

3
M1: Integrates +/x to give Ax2.

AO: Incorrect answer.
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3

Student Response C

T2
: = LS55
;ﬁ%(qi)j_(%(q.a) = 18- 3 =

Examiner Comments

B1 M1Al
B1 M1 Al: Correct solution leading to a correct answer —.
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= 4

Figure 4
Figure 4 shows a sketch of the graph of y =g(x), where

g(x) = {(X_Z)ZH X< 2

4x -7 X>2

(@) Find the value of gg(0).

)
(b) Find all values of x for which
g(x) > 28
(4)
The function h is defined by
h(x) = (x—2)?+1 X< 2
(c) Explain why h has an inverse but g does not.
1)
(d) Solve the equation
1
h™(x) = -5
@)

(Total for Question 6 is 10 marks)

Mean Score 5.6 out of 6



Examiner Comments

This question discriminated well between candidates of all abilities, with only a few candidates
gaining full marks. There were some marks in parts (b) and (d) which were accessible to the
majority of candidates.

In part (a), many candidates struggled with the split domain for g(x)(i.e. for x<2,

g(x) =(x—2)+1 and for x>2, g(x) =4x—7)and only a minority gained both marks. Many
candidates found a correct g(0)=5, but a significant number used the incorrect method of

substituting *5° to give gg(0) = (5—2)* +1=10. Only a minority used a correct method and found
g9(0) = 4(5) —3=13. Occasionally candidates found an algebraic expression for gg(x), although
this was often incorrect. Very few obtained a correct answer of 13 by substituting x=0 into
4((x—2)*+1) — 7 or 4(x—2)* - 3.

In part (b), many candidates attempted to solve the inequality g(x) > 28 by finding the critical
values for x. Most solved the linear equation to find a correct critical value x =37:-’, and many
solved the quadratic equation to find x = 2433, A minority rejected x = 2+3+/3 and deduced

that x = 2—3+/3 was the second critical value. Only a few candidates used the critical values and

the diagram in Q6 to write down the correct solution x < 2-33 U x >3745. Some candidates,

however, incorrectly gave x= 3715 x=2+33 or gave x<2+33 U x> % as their final
answer. A few candidates made no creditable progress in Q06(b) by using a method of equating
both parts of g(x) and attempting to solve the equation (x—2)*+1=4x-7.

Although part (c) required a comment for both functions, f and g, some candidates only wrote a
comment about one of the two functions. A significant number of candidates believed that g did
not have an inverse due to its being defined in ‘two parts’. Candidates who were successful in part
(c) usually gave a reason such as, ‘g is a many-one function and h is a one-one function’. A few
correctly stated that the inverse of g is one-many, which is not a function, whereas the inverse of h
is one-one, which is a function. A few candidates incorrectly described g as a ‘one-many function’.

In part (d), only a few candidates applied the method of finding x by applying h(—%). As this

method was less prone to error, most candidates who used it scored full marks. Most candidates
applied a complete method of finding their inverse h™'(x), followed by using their inverse to form

and solve the equation h™(x)= —%. Many candidates who found a correct answer X =7.25 lost
the final mark in Q06(d). This was because they used the incorrect inverse h™(x) = 2++/x-1

(instead of the correct h™(x) = 2—+/x—1) which led to their ‘solving’ the incorrect \/x—1= —%

(which has no solutions) to give x=7.25. A few candidates in part (d) incorrectly believed that
h™*(x) referred to the reciprocal of h, or even to the first derivative of h with respect to x.




Question Scheme Marks | AOs
M1 2.1
6(a 0) = g((0-2)*+1) = g(5) = 4(5) -7 =13
(a) 99(0) = 9((0-2)"+1) = g(5) = 4(5) AL 11
)
(b) Solves either (x—2)>+1=28 => x=.. of 4x-7=28 = X=.. M1 1.1b
At least one critical value x=2-3+/3 or x= 37:5 IS correct Al 1.1b
Solves both (x—2)°+1=28 = x=... and 4x—-7=28 = x=... M1 1.1b
Correct final answer of ‘X<2—3\/§, X>3Tf ’ Al 2.1
Note: Writing awrt —3.20 or a truncated —3.19 or a truncated —3.2 4
in place of 2-33is accepted for any of the A marks
h is a one-one {function (or mapping) so has an inverse}
. . : : Bl 2.4
g is a many-one {function (or mapping) so does not have an inverse}
1)
(d) Ay L _p(_L M1
Way 1 h (X) B 2 = x=h 2 B1 on epen 1.1b
1Y 1Y
Xz(_E_Zj +1 Note: Condone XZ(E_Z) +1 M1 1.1b
= Xx=7.25 only cso Al 2.2a
(©)
(d) {theirh™*(x) } = +2++/x*1 M1 1.1b
Way 2 1
Attempts to solve £2++/x+ =3 = +Jx*l=.. M1 1.1b
=x=7.25 only cso Al 2.2a
3
(10 marks)
Notes for Question 6
(@)
M1: Uses a complete method to find gg(0). E.g.
e Substituting x =0 into (0—2)*+ 1 and the result of this into the relevant part of g(x)
e Attempts to substitute x=0into 4((x—2)*+1) — 7 or 4(x—-2)* -3
Al: 9g9(0) =13
(b)
M1: See scheme
Al: See scheme
M1: See scheme
Al: Brings all the strands of the problem together to give a correct solution.
Note: You can ignore inequality symbols for any of the M marks
Note: If a 3TQ is formed (e.g. x* —4x—23=0) then a correct method for solving a 3TQ is required for
the relevant method mark to be given.
Note: | Writing (x—2)% +1=28 = (x—2) +1=+/28 = x=—-1++/28 (i.e. taking the square-root of
each term to solve (x—2)* +1=28 is not considered to be an acceptable method)
Note: Allow set notation. E.g.{ xeR: x<2 33U x> 8.75} is fine for the final A mark




Notes for Question 6 Continued

(b) continued
Note: Give final A0 for { xeR: x<2-3+/3 N x>8.75}
Note: Give final A0 for 2—3+/3 >x>8.75
Note: Allow final A1 for their writing a final answer of “x<2- 343 and x> 3745 ”
. . 35
Note: Allow final A1 for a final answer of x <2—-3+/3, x> "
Note: Writing 2— J27 in place of 2 —33 is accepted for any of the A marks
Note: Allow final Al for a final answer of x<—-3.20, x>8.75
Note: Using 29 instead of 28 is MO A0 MO A0
(©
B1l: A correct explanation that conveys the underlined points
Note: A minimal acceptable reason is “h is a one-one and g is a many-one”
Note: Give B1 for “h™ is one-one and g™ is one-many”
Note: Give B1 for “h is a one-one and g is not”
Note: Allow Bl for “g is a many-one and h is not”
(d) Way 1
M1: Writes x=h[— %j
M1: See scheme
Al: Uses x= h(— %) to deduce that x=7.25 only, cso
(d) Way 2
M1: See scheme
M1: See scheme
Al: Use a correct h™(x) = 2—+/x—1to deduce that x=7.25 only, cso
Note: Give final A0 cso for 2++/x-1= —% = JXx-1= —g = X-1= ? = Xx=7.25
g 1 5 25
Note: Give final A0 cso for 2++x-1= -5 = Jx-1= -5 = x-1= v = Xx=7.25
A 1 5 25
Note: Give final Al cso for 2++/x-1= 5 = —Jx-1= -5 = x-1= 7 = x=7.25
. 1 5 25
Note: Allow final Al for 2++/x-1= -3 = ++x-1= -3 = x-1= 7T = Xx=7.25
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Student Response A

o) GFex) —s (x|

Gl ()~ | = K2

99Cx) = « (x-1) -7
= b (x-2)" — &

189,

g3(o) = «(o-2)'-3%

13

s g3(e) = |2

b) 4 (x-2)* -3 > 23
G (x-2)* > 3\

(x -2)" > T7.75

(x =2) > VELVZ)

X > G+ JTt

r=

X 7 &, 7873812141

AN hix) = (x-2)° « | (oF 9 = x
X = (g-2)° + 1!
X =1 = (4 -2)"
Ux =t = |.1,--2
Jx--'l -+ 7 - A,

ooh(x) = N x=y 42
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2% = w
7.1.5 = X%
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Examiner Comments

(a) M1 Al
M1 Al: Substitutes X =0 into a correct 4(x—2)* —3 to obtain a correct gg(0) =13.

(b) MO A0 MO AO
MO: Attempts to solve gg(x) > 28 instead solving g(x) > 28.

A0 MO0 AO: Follows MO.

(c) BO
BO: Incorrect explanation for g and no explanation for h.

(d) M1 M1 A0
M1: Obtains an inverse for h which is in an acceptable form h™(x) = +2++/x+1.

M1: Proceeds from an acceptable 2++/x—1 = —% to give an acceptable /x—1 = ....

A0 cso: Although x=7.25 is the correct answer, it has not been obtained from solving a correct

1
equation 2—+/x-1= —%. Note: Candidate’s equation —g = (x—1)2 has no real solutions.
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Student Response B

a)  (0-t) 4
- — 3

(v e3)-1

—

_b)

- kx ~7 =725

> TVRTY

(s -2) +L =23

(-2V"=27

(x —2 ) = =33
~ /

- :-fz_-t—zﬁf

X 4 2_—3NB

i

Ll

v 4 RIS X-& 2 ~QJA3

becasre g IMe dunghin g

Ayaad s

A e

Wﬁw' mw&,uam

o) 3_: (5-—"2}1" +!

Pearson Edexcel Level 3 A Level in Mathematics
Exemplar student answers with examiner comments
© Pearson Education Ltd 2020

141

6/10



Examiner Comments

(a) M1 A0

M1: Substitutes x=0 into (x—2)® +1 and substitutes their result (in this case ‘3”) into the
relevant part of g(x).

AO: Incorrect answer.

(b) M1 A1 M1 Al
M1 Al M1 Al: Correct solution leading to a correct x >8.75, x <2—3+/3.

(c) BO
BO: Incorrect explanation for g and an incorrect explanation for h.

(d) M1 MO A0
M1: Obtains an inverse for h which is in an acceptable form h™(x) = +2++/x+1.

MO: Does not attempt to solve their * 2++/X— ’:—% or their ‘2—+/X— ’2—%.

AO0: Follows previous MO.
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Student Response C

}L-v>= (e-2)" 4| = T .
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!

n
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= (x-»)"+1.
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- T+ 0 2+p7 = -4,
' = - % (et
or L~ - tz X

® 2-{x) =-+
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Examiner Comments

(@ M1 Al
M1 Al: Correct solution leading to a correct gg(0) =13.

(b) M1 A1 M1 AO
M1: Correct method for solving both (x—2)* +1> 28 leading to a critical value(s) for x or for

solving 4x—7 > 28 leading to a critical value for x.
Al: Obtains a correct critical value x =8.75.

M1: Correct method for solving both (x—2)* +1> 28 leading to a critical value(s) for x and for

solving 4x—7 > 28 leading to a critical value for x.
AO0: Incorrect answer.

(c)B1
B1: Correct explanation for h and correct explanation for g.

(d) M1 M1 Al

M1 M1 Al: Solves the correct equation 2—+/x—1 = —% to give a correct answer x = 27?
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A small factory makes bars of soap.

On any day, the total cost to the factory, £y, of making x bars of soap is modelled to be
the sum of two separate elements:

e afixed cost
e acost that is proportional to the number of bars of soap that are made that day

(@) Write down a general equation linking y with x, for this model.

1)
The bars of soap are sold for £2 each.
On a day when 800 bars of soap are made and sold, the factory makes a profit of £500
On a day when 300 bars of soap are made and sold, the factory makes a loss of £80
Using the above information,
(b) show that y=10.84x + 428
@)
(c) With reference to the model, interpret the significance of the value 0.84 in the equation.
1)
Assuming that each bar of soap is sold on the day it is made,
(d) find the least number of bars of soap that must be made on any given day for the
factory to make a profit that day.
)

(Total for Question 7 is 7 marks)

Mean Score 3.9 out of 7



Examiner Comments

This question discriminated well between the medium and higher ability candidates. Lower ability
candidates struggled to make much progress with this modelling question and most of them scored
no more than one mark.

In part (a), most candidates wrote down a correct equation for the model in the form y = kx + ¢ with
constants k and c. A minority struggled to give a suitable form of the linear equation, with some
omitting the fixed cost constant, c. Some candidates gave incorrect answers, such as y oc X;

equations involving exponential models; or differential equations.

Part (b) proved challenging for those candidates who struggled to grasp the concept
‘ profit = sales —cost >, with many of them incorrectly assuming that the model from part (a) was

for the profit made. Many of these candidates used (800, 500) and either (300, 80) or (300, —80)
to form two linear equations, with some erroneously finding a gradient of 0.84.

Those candidates who understood the link between profit and cost usually found the total cost to
the factory of £1100 and £680 for 800 and 300 bars of soap respectively. Most used (800, 1100)
and (300, 680) to form two linear equations and proceeded to find the gradient, 0.84, and y-
intercept, 428. A large proportion concluded by stating the given equation y =0.84x + 428. A few
candidates, however, did not complete their analysis with a suitable conclusion, and so lost the final
mark. Some candidates used (800, 1100) and (300, 680)to verify the model y=0.84x+428.

Many of these were successful but often failed to give a suitable conclusion stating that the given
model was true.

Part (c) gave a significant number of candidates their only creditable access to Q07. Some
candidates gave a correct interpretation such as 0.84 represented ‘the cost of making an extra bar
of soap’. Incorrect explanations included that 0.84 represented ‘the selling price of a bar of soap’
or ‘the profit per bar of soap made’.

There was a mixed response to part (d). The most popular approach was to form and solve a correct
2n = 0.84n + 428 or 2n > 0.84n + 428, which mostly led to the correct answer n=369. A final
answer left as an inequality such as n>368 or n> 369, without reference to the statement that 369
was the number of bars required, was not sufficient for the final mark. Some candidates used trials
of both =368 and Nn=369 in a complete trial and error method leading to a correct conclusion
of n=369.




Question Scheme Marks | AOs
7 £y is the total cost of making x bars of soap
Bars of soap are sold for £2 each
(a) y=kx+c {where k and c are constants} B1 3.3
Note: Work for (a) cannot be recovered in (b) or (¢) Q)
(b) Either
Way 1 e x=800= y=2(800)-500{=1100 = (x, y) = (800, 1100)} M1 3.1b
e x=300= y=2(300)+80{=680 = (x,Yy)= (300, 680)}
Applies (800, their 1100) and (300, their 680) to give two equations
1100 =800k + ¢ and 680 =300k +¢ =k, C =... ami | 1.1b
Solves correctly to find k =0.84, c =428 and states y = 0.84x + 428 * Al* 2.1
Note: the answer y =0.84x + 428 must be stated in (b) (3)
(b) Either
Way 2 e x=800= y=2(800)-500{=1100 = (x, y) = (800, 1100)} M1 3.1b
e x=300= y=2(300)+80{=680 = (x,y)= (300, 680)}
Complete method for finding both k=... and c=...
1100-680
e.g. k_m {=0.84} dm1 1.1b
(800, 1100) => 1100 =800(0.84) +¢c = c=...
Solves to find k =0.84, c =428 and states y=0.84x+428 * Al* 21
Note: the answer y =0.84x + 428 must be stated in (b) (3)
(b) Either
Way 3 e x=800= y=2(800)-500{=1100 = (x, y) = (800, 1100)} M1 3.1b
e x=300= y=2(300)+80{=680 = (x,y)= (300, 680)}
{y=0.84x+428 =} x=800= y=(0.84)(800)+428 =1100
x =300 = y =(0.84)(300) + 428 = 680 dM1 1.1b
Hence y=0.84x+428 * Al* 21
3
(c) Allow any of {0.84, in £s} represents
e the cost of {making} each extra bar {of soap}
o the direct cost of {making} a bar {of soap}
o the marginal cos'_[ of {making} a bar {of soap} _ B1 3.4
o the cost of {making} a bar {of soap} (Condone this answer)
Note: Do not allow
e {0.84, in £s} is the profit per bar {of soap}
e {0.84, in £s} is the (selling) price per bar {of soap}
1
(d) {Let n be the least number of bars required to make a profit} =
Way 1 2n=0.84n+428 = n=...
(Condone 2x=0.84x+428 = x=...) M1 34
Answer of 369 {bars} Al 3.2a
2
(d) o Trial 1: n=368= y=(0.84)(368) +428 = y =737.12 M1 3.4
Way 2 {revenue =2(368) =736 or loss=1.12}
e Trial 2. n=369 = y=(0.84)(369) + 428 = y = 737.96 Al 393
{revenue =2(369) =738 or profit = 0.04}
leading to an answer of 369 {bars}
(2)

(7 marks)




Notes for Question 7

(a)
B1: Obtains a correct form of the equation. E.g. y=kx+c¢; k=0,c=0. Note: Must be seen in (a)
Note: Ignore how the constants are labelled — as long as they appear to be constants. e.g. k, ¢, m etc.
(b) Way 1
M1: Translates the problem into the model by finding either
e y=2(800)-500 for x =800
e y=2(300)+80 for x=300
dM1: dependent on the previous M mark
See scheme
Al: See scheme — no errors in their working
Note Allow 1%t M1 for any of
e 1600-y =500
e 600-y=-80
(b) Way 2
M1: Translates the problem into the model by finding either
y =2(800) —500 for x =800
y =2(300) +80 for x =300
dM1: dependent on the previous M mark
See scheme
Al: See scheme — no error in their working
(b) Way 3
M1: Translates the problem into the model by finding either
y =2(800) —500 for x =800
y =2(300) +80 for x =300
dM1: dependent on the previous M mark
Uses the model to test both points (800, their 1100) and (300, their 680)
Al: Confirms y =0.84x+ 428 is true for both (800,1100) and (300, 680) and gives a conclusion
Note: Conclusion could be “ y =0.84x+ 428" or “QED” or “proved”
Note: Give 1 MO for 500=800k +¢c, 80=300k +¢c = k= S00-80 =0.84
800—300
(©)
B1: see scheme
Note: Also condone B1 for “rate of change of cost”, “cost of {making} a bar”,
“constant of proportionality for cost per bar of soap” or “rate of increase in cost”,
Note: Do not allow reasons such as “price increase or decrease”, “rate of change of the bar of soap”
or “decrease in cost”
Note: Give BO for incorrect use of units.

E.g. Give BO for “the cost of making each extra bar of soap is £84”
Condone the use of £0.84p




Notes for Question 7 Continued

(d) Way 1

M1: Using the model and constructing an argument leading to a critical value for the number of bars
of soap sold. See scheme.

Al: 369 only. Do not accept decimal answers.

(d) Way 2

M1: Uses either 368 or 369 to find the cost y =...

Al: Attempts both trial 1 and trial 2 to find both the cost y =... and arrives at an answer of 369
only. Do not accept decimal answers.

Note: You can ignore inequality symbols for the method mark in part (d)

Note: Give M1 Al for no working leading to 369 {bars}

Note: Give final AO for x>369 or x>368 or x>369 without x =369 or 369 stated as their
final answer

Note: Condone final Al for in words “at least 369 bars must be made/sold”

Note: Special Case:

Assuming a profit of £1 is required and achieving x =370 scores special case M1A0
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Examiner Comments

() B1
B1: Correct form of the equation.

(b) MO MO AO

MO: Does not use the profit and selling price information given to find the cost to the factory of
selling either 800 bars of soap or 300 bars of soap.

dMO0 AO0*: Follows MO.

(c) B1
B1: Acceptable explanation.

(d) M0 A0

MO: Does not use the model to construct an argument which would lead to a critical value for
the least number of bars of soap required to make a profit.

AO0: Follows MO.
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Examiner Comments

(a) B1
B1: Correct form of the equation.

(b) M1 M1 A0 [Uses Way 3]

M1: Uses the profit and selling price information given to find the cost to the factory of selling
either 800 bars of soap or 300 bars of soap.

dM1: Uses the model to test both points (800, 1100) and (300, 680).

AO0*: No conclusion given after they have tested their points.

(c) BO
BO: Incorrect explanation. ‘Amount of money made’ alludes to profit and not cost to the factory.

(d) M1 A1

M1: Uses the model to construct an argument leading to a critical value for the least number of
bars of soap required to make a profit.

Al: Correct answer of 369 found. Note: Inequality symbols in (d) are ignored.
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Examiner Comments

(a) BO
BO: Incorrect form of the equation seen in part (a).

(b) M1 M1 Al [Uses Way 2]
M1: Translates the problem into the model shown by either (2x800)—-500 or (2x300)+80.

dM1: A complete method for finding both '0.84" and '428'.
Al1*: Correct solution followed by a correctly stated equation.

(c) B1
B1: Acceptable explanation.

(d) M1A1
M1 Al: Uses the model in a correct solution leading to a correct answer of 369.
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(1) Find the value of

3)
(it) Show that

n+2
Zlogs(n+1j:2
3)

(Total for Question 8 is 6 marks)

Mean Score 2.1 out of 6

Examiner Comments

This question was found challenging by many candidates, with part (i) more successfully answered
than part (ii). The most successful candidates were the ones who listed the first few terms of the

4 5 6
series. In other words, those candidates that wrote 20(%) +20(%) +20(%J + ... and

Iogs(gj + Iog{%)ﬂog{%} +... gained a better understanding of the series that they were

required to sum. There were, however, many attempts that made no creditable progress and a
significant number of blank responses to either one or both parts of Q08.

In part (i), many candidates identified that a sum to infinity was required in their solution and

attempted to apply the formula 11. Most used r=% in this formula, although some used
—r

incorrect values such as r =% orr= —%. Disappointingly, a significant number of candidates used

r =4 from the expression given in the question and applied it to the formula 11, even though
—-r

the formula only works when —1<r <1. There were a number of correct strategies that candidates

4

could use. The most successful strategy was to apply a:ZO(%j , r :% to 11, and many
—r

candidates who used this strategy achieved the correct answer of 2.5.




Other complete strategies included applying ZZOx(j ZZOx(j or

ZZOx( j ZZOX( ) which led to (20-17.5) or (40-37.5) respectively. Some

candidates applied an incorrect overall strategy by subtracting an incorrect number of terms from
their sum to infinity. These candidates gave incorrect answers such as
(20-18.75), (40-38.75), (40—-35) or (40-17.5). A few candidates obtained the correct answer

of 2.5 by using their calculator.

Only a few candidates produced a correct solution to Q08(ii). There were two main correct methods
that were used by candidates in equal measure. One was to list the first few terms and the last few

terms of the series and use the addition law of logarithms to achieve log; (g X B X, xi—g] Many

candidates used cancelling to complete their proof correctly by writing log, (5_2()]: log,(25) = 2

48
The other method was to use the subtraction law of logarithms to give Z(Iogs(n +2)—log,(n+1))

and list terms to give (log, 3+1og, 4+......+10g; 50) — (log, 2+1log,3+......+log, 49). Again many
candidates used cancelling and completed their proof by writing log, (50) —log. (2) = log, (25) = 2
A few candidates progressed by writing log,(3x4x....... x50) — log,(2x3x....... x49) and used

|
factorials to give Iog5(5§j Iogs(49 ): |095[2(5(; )J log,(25) = 2.

Some candidates incorrectly assumed an arithmetic series and attempted to find its sum by using

g(a+l) or g[2a+(n—1)d] with n=48, azlogs(sj Iogs(5g] and

4 . : . :
d =log, (gj— log; (gj A few candidates incorrectly assumed a geometric series and attempted

to find its sum. Some candidates, who made no creditable progress, resorted to listing their terms
as decimals, or attempted to add all 48 terms as decimals by writing
0.2519...+0.1787...+0.1386... +...... +0.0125... = 2.




Question Scheme Marks | AOs
. il r 4 5 6
8 (i) ZZOX(EJ - 20(1] +zo(lj +20(1J +
Way 1 — 2 2 2 2
2002 M1 1.1b
1-1 M1 3.1a
{=(1.25)(2)}= 25 o.e. Al 1.1b
3
. 0 1 r 0 1 r 3 1 r
(i) Zzox[—j - Zzox(—) - Zzox(_]
Way 2 — 2 - 2 - 2
—(1)3
:ﬂ_(10+5+25) o - 10 100-()°) M1 1.1b
1-1 1-1 1-1 M1 3.1a
{=20-175}=25 o.. Al 1.1b
3
] © 1 r 0 1 r 3 1 r
(i) Zzox(_j _ Zzox(_j - ZZOX(_j
Way 3 2 2 2
r=4 r=0 r=0
— (L) M1 1.1
201 —(20+10+5+25) or = 201 _ 0@ (12)) b
-2 1-32 1-3 M1 3.1a
{=40-375}=25 o.e. Al 1.1b
3
(ii) (n+2j
Way 1 n+1
= log ( j log ( j +log (@j = log (Exﬂx x@j M1 1.1b
® *l3) " °( 49 273 7 49 M1 3.1a
Iogs( ) or log,(25) =2 * Al* 2.1
3
48 2 48
(i) Z nte)_ Z _

Way 2 log. 1 (log(n+2) —log.(n+1)) M1 1.1b
= (log;3+1log; 4 +......+10g;50) — (log, 2 +1og, 3 +......+ log, 49) M1 3.1a
=log,50—-1log 2 or IogS(S—Zoj or logg(25) = 2* Al* 2.1

3

(6 marks)




Notes for Question 8

(i) Way 1
M1: Applies 1i for their r (where —1 < their r <1) and their value for a
—-r
. o . . 20(3)"
M1: Finds the infinite sum by using a complete strategy of applying 1 21
—2
Al: 2.50..
(i) Way 2
M1: Applies 1i for their r (where —1 < their r <1) and their value for a
—-r
M1: Finds the infinite sum by using a completely correct strategy of applying 1101 —(10+5+25)
-2
3
or 10 10(1-(3))
1-4 1-4
Al: 2.50..
(i) Way 3
M1: Applies 1i for their r (where —1 < their r <1) and their value for a
—-r
M1: Finds the infinite sum by using a completely correct strategy of applying
(L)
20 (20+10+5+25) or 20 _ 200-(3))
1-1 1-1 1-1
Al: 2.50..
Note: Give M1 M1 A1 for a correct answer of 2.5 from no working in (i)
(i) Way 1
M1: Some evidence of applying the addition law of logarithms as part of a valid proof
M1: Begins to solve the problem by just writing (or by combining) at least three terms including
o either the first two terms and the last term
e or the first term and the last two terms
Note: The 2nd mark can be gained by writing any of
e listing log ( j log ( j log (@j or log (3) log (49j log (@j
° °\3 °\ 49 ° °l48)" 749
o Iog5 3 +log,| = 4 +.....+log, 0
3 49
e log +log 49 +log 50
N '\ 28 5| 29
3 4 N . st
e log.| = 2 3 — X, ><— {this will also gain the 1¥ M1 mark}
. Iog5(§ xigx@) {this will also gain the 1* M1 mark}
Al*: Correct proof leading to a correct answer of 2
. 3 4 . 50) . o
Note: Do not allow the 2 M1 if Iogs(—j : |095(§j are listed and IOQS(E) is used for the first time
in their applying the formula S,, = 48(Iogs(3j IOQSGSD
Note: Listing all 48 terms

Give MO M1 A0 for Iogs(?’j + IogS(:) Iog5£§j+ ...... + Iogs(i—gJ =2 {lists all terms}
Give MO MO AO for 0.2519...+0.1787...+0.1386... +......+ 0.0125... = 2 {all terms in decimals}




Notes for Question 8

(i) Way 2
M1: Uses the subtraction law of logarithms to give log; (?}ij — log,(n+2)—log,(n+1)
M1: Begins to solve the problem by writing at least three terms for each of log.(n+2) and
log. (n+1) including
o either the first two terms and the last term for both log, (n+2) and log, (n+1)
e or the first term and the last two terms for both log,(n+2) and log(n+1)
Note: This mark can be gained by writing any of
e (log;3+log,4+......+10g,50) — (log; 2 +log, 3+......+ log, 49)
e (log;3+......+10g; 49 +log, 50) — (log; 2 +......+ log, 48 + log, 49)
e (log;3+log;4+......+10g,50) — (log, 2 +log. 3+......+ log, 49)
e (log;3-log;2)+ (log;4—log. 3)+......+ (log; 50 —log, 49)
e log,3-1log;2,.....,log, 49 —log, 48, log, 50 —log. 49
Al*: Correct proof leading to a correct answer of 2
Note: The base of 5 can be omitted for the M marks in part (ii), but the base of 5 must be included in the
final line (as shown on the mark scheme) of their solution.
Note: If a student uses a mixture of a Way 1 or Way 2 method, then award the best Way 1 mark only
or the best Way 2 mark only.
Note: | Give M1 MO A0 (1** M for implied use of subtraction law of logarithms) for
48
ZIOQS(H_JFZJ = 91.8237... —89.8237...= 2
o n+1
Note: Give M1 M1 Al for

Zlogs(%ij - Z(Iogs(n +2)—log, (n+1))

n=1

=log,(3x4x....... x50) — log;(2x3x....... x 49)

= Iogs[%j —log, (49!) or =log;(25x49!) — log, (49!)
=log 25 = 2
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Examiner Comments

(i) M1 MO A0 [Uses Way 2]

M1: Applies % for their value of r (where —1 < their r < 1) and for their value of a.

10 100-(3))

MO: Does not apply the correct strategy : o due to their incorrect method for
)

_1
2

finding the first term, a.

AO0: Follows previous MO.

(i) M1 MO A0 [Uses Way 1]

M1: Correctly applies the addition law of logarithms as part of a valid proof.

MO: Writes down the first two terms but does not write down the last term of the series.
AO0*: Follows from previous MO.
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Student Response B
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Examiner Comments

(i) M1 M1 Al [Uses Way 1]

M1 M1 Al: Applies a correct Way 1 strategy leading to a correct equivalent answer of %

(i) MO M1 A0 [Uses Way 1]

MO: Neither the addition law nor the subtraction law of logarithms is correctly applied as part of
a valid proof.

M1: Writes down the first two terms and the last term of the series.

A0*: Follows from earlier MO.
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Examiner Comments

(i) M1 M1 Al [Uses Way 3]
M1 M1 Al: Applies a correct Way 3 strategy leading to a correct answer of 2.5.

(i) M1 M1 Al [Uses Way 1]
M1 M1 Al*: Correct proof.
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A research engineer is testing the effectiveness of the braking system of a car when it is
driven in wet conditions.

The engineer measures and records the braking distance, d metres, when the brakes are
applied from a speed of V km h™.

Graphs of d against V and logio d against logio V were plotted.
The results are shown below together with a data point from each graph.

log, d 4
d A

. >
30, 20) 0 log,, 7

(0, ~1.77)

Figure 5 Figure 6

(@) Explain how Figure 6 would lead the engineer to believe that the braking distance
should be modelled by the formula

d=kv" where k and n are constants
with k » 0.017
@)
Using the information given in Figure 5, with k = 0.017
(b) find a complete equation for the model giving the value of n to 3 significant figures.
®)
Sean is driving this car at 60 km h™! in wet conditions when he notices a large puddle in
the road 100 m ahead. It takes him 0.8 seconds to react before applying the brakes.
(c) Use your formula to find out if Sean will be able to stop before reaching the puddle.
3)

(Total for Question 9 is 9 marks)

Mean Score 4.6 out of 9



Examiner Comments

In general, this question discriminated well between candidates of all abilities. Part (b) and part (c)
were more accessible to candidates than part (a). Some candidates left part (a) blank while others
struggled to make any creditable progress.

In part (a), many candidates wrote down a valid log equation as part of their explanation. Those
who used mathematical reasoning to progress from log,, d =log,, k +nlog,,V to d =kv" (or vice
versa) usually showed an intermediate step in their working and so were successful in their
explanation. A few candidates made errors in progressing between these two equations, such as an
incorrect method of combining logarithms (e.g. log,, d =nlog,, KV ), or an incorrect use of powers
(e.g. d =10°+V"). Those who made a direct comparison of their log equation with y=mx+c
usually did so clearly enough but sometimes did not allude to d =kVv" (if using —1.77 rather than
log,, k in their log equation). A significant number of candidates did not apply 10*"" or use

logarithms to show that k =0.017.

In part (b), the majority of candidates substituted V =30 and d =20 into d =kV" and applied
logarithms correctly, leading to the correct value of n=2.08. A few candidates used the incorrect
method of simplifying 20=0.017(30)" to give 20 =(0.51)". Some candidates substituted in V and
d the wrong way around, usually leading to n=2.50, and a few used both V and d as 20. A small
minority substituted V = 30 and d = 20 into a correct log equation, while a few others correctly
found n by finding the gradient between the known points (0, —1.77) and (log,, 30, log,, 20). The
most common mistake was not writing a complete equation d=(0.017)V*® or
log,,d = -1.77+2.08log,,V after finding a correct n=2.08.

In part (c), most candidates applied V = 60 to their exponential model and found the braking
distance. Some then used the incorrect method of comparing this breaking distance with the overall
stopping distance. The majority attempted to calculate the thinking distance and either added it to
their breaking distance d or subtracted it from 100. The main error was due to the units. Some
candidates did not attempt to convert 60 kmh™ to ms™ and simply multiplied 60 by the thinking

time of 0.8 seconds to obtain a thinking distance of 48 metres. Others only managed a partial

conversion, with some using % metres (lnstead of 13.3m z% kmj as their thinking distance.

In some of the answers, candidates used an incorrect method of combining their values to give a
dimensionally incorrect quantity. For example, they might add their breaking distance to either a
speed or a time. Candidates who obtained a thinking distance of 13.3m usually reached a correct
answer and conclusion. A few compared the maximum speed needed to stop at the puddle with the
given 60, while even fewer compared the maximum value of n needed to stop at the puddle with
n=2.08; and with correct conclusions these were valid solutions.




Question Scheme Marks | AOs
{d=kvV" =1} log,,d =log,, k + nlog,,V
V?/e%a/)l or log,, d =mlog,,V + ¢ or log,,d =mlog,,V —1.77 M1 2.1
seen or used as part of their argument
Alludes to d =kV "and gives a full explanation by comparing Al 24
their result with a linear model e.g. Y =MX +C
{k=}10""" =0.017 or log0.017 = -1.77 B1 * 11b
linked together in the same part of the question
(©)
9 (a) log,, d =mlog,,V + ¢ or log,,d =mlog,,V -1.77
Way 2 or log,, d =log, k +nlog,,V M1 2.1
seen or used as part of their argument
{d=kV" = }log,,d =log,,(kV") AL ”
= log,,d =log,, k +log,,V" = log,,d =log,, k +nlog,,V
{k=}10"" =0.017 or log0.017 = -1.77 B1 * 11b
linked together in the same part of the question
(©)
(@) Starts from log,, d =mlog,,V + ¢ or log,,d =mlog,,V -1.77 M1 2.1
Way 3 log,,d =mlog,,V+¢ = d=10""%""° = d=10°V" =d =kV"
or log,,d =mlog,,V-1.77 = d =10™%"*" Al 2.4
= d=10""V" =>d=kV"
{k=}10""" =0.017 or log0.017 = -1.77 B1 * 11b
linked together in the same part of the question
(©)
(b) {d=20,v=30=} 20=k(30)" or log,,20=log,,k+nlog,,30 M1 34
20=k(30)" = log20=1Ilogk +nlog30 = n=M =n=..
log30
M1 1.1b
log,, 20 =log,, k + nlog,, 30 = n= quwlism ;gg“’ K =>n=..
{n=awrt 2.08 =} d =(0.017)V**® or log,,d =-1.77 +2.08log,,V Al 1.1b
Note: You can recover the A1 mark for a correct 3)
model equation given in part (c)
(c) d =(0.017) (60)*% M1 3.4
e 13.333..+84.918...=98.251... = Sean stops in time M1 3.1b
. 1_00—13.333... =86.666... & d =84.918 = Sean stops in Alft 322
time
(©)
(9 marks)

ADVICE: Ignore labelling (a), (b), (c) when marking this question

Note: Give B0 in (a) for 10" =0.01698... without reference to 0.017 in the same part

Notes for Question 9




Note: In their solution to (a) and/or (b) condone writing log in place of log,,
(a) Way 1
M1: See scheme
Al: See scheme
B1*: See scheme
(a) Way 2
M1: See scheme
Al: Starts from d =kV" (which they do not have to state) and progresses to
log,, d =log,, k +nlog,,V with an intermediate step in their working.
B1*: See scheme
(a) Way 3
M1: Starts their argument from log,, d =mlog,,V + ¢ or log,,d =mlog,,V -1.77
Al: Mathematical explanation is seen by showing any of either
e log,,d =mlog,,V+c —d=10°V" ord=kV"
e log,d=mlog,V-177— d=10""V" or d =kV"
with no errors seen in their working
B1*: See scheme
Note: | Allow B1 for log,,0.017 =-1.77 or log0.017 =-1.77
(b)
M1: Applies V =30 and d =20 to their model (correct way round)
M1: Applies (V, d)=(30, 20) or (20, 30) and applies logarithms correctly leading to n=...
Al: d =(0.017)V*® or log,,d =-1.77+2.08log,,V or log,,d =log,,(0.017) +2.08log,,V
Note: Allow k =awrt 0.017 and/or n=awrt 2.08 in their final model equation
Note: MO M1 AQ is a possible score for (b)
(©)
M1: Applies V =60 to their exponential model or their logarithmic model
M1: Uses their model in a correct problem-solving process of either
e adding a “thinking distance” to their value of their d to find an overall stopping
distance
e applying 100 — “thinking distance” and finds their value of d
Note: 7—15 or 48 are examples of acceptable thinking distances
Alft: Either adds 13.3... to their d to find a total stopping distance and gives a correct ft conclusion
or finds their d and a comparative 86.666...(m) or awrt 87 (m) and gives a correct ft conclusion
Note: The thinking distance must be dimensionally correct for the M1 mark. i.e. 0.8x their velocity
Note: A thinking distance of awrt 13 and a value of d in the range [81.5, 88.5] are required for A1ft
Note: Allow “Sean stops in time” or “Yes he stops in time” or “he misses the puddle” as relevant
conclusions.
Note: A mark of MO M1 A0 is possible in (c)
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Examiner Comments

(a) M1 A0 BO [Uses Way 2]
M1: Writes log,,d =log,, k + nlog,,V .

AQ: Starts from d =KkV " but does not show an intermediate step in their working to give
log,,d =log,, k + nlog,,V.

B0O: Does not show that k ~0.017.

(b) MO M1 A0
MO: Does not apply V =30 and d =20 to the model.
M1: Apples (V,d) = (20, 30) to the model and applies logarithms correctly leadingto n=....

AO0: Incorrect model equation.

(c) M1 MO A0
M1: Applies V =60 to their model.
MO AOft: Makes no further progress.




A Level Mathematics Paper 2 (Pure) - 9MAO 02 Exemplar Question 9
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Examiner Comments

(a) M1 A0 B1 [Uses Way 3]
M1: Writes log,,d =nlog,,V —1.77.

A0: Follows from the incorrect line 10°%¢ =10"*" 110" in their working.
B1: For replacing 10™"" with 0.017.

(b) M1 M1 A0
M1: Applies V =30 and d =20 to the model.
M1: Apples (V,d) = (30, 20) to the model and applies logarithms correctly leadingto n=....

AO0: Achieves a correct n=2.08 but does not state the model d = 0.017V *®.

(c) M1 M1 A0

M1: Applies V =60 to their model.

M1: Adds their acceptable ‘thinking distance’ to their d to find an overall stopping distance.
AOft: Follows from an incorrect ‘thinking distance’ of 48 metres.
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Student Response C
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Examiner Comments

(a) M1 A1 B1 [Uses Way 3]
M1: Writes log,,d =mlog,,V +c.

Al: Then uses algebra to show that d =kV" with no errors seen in their working.
B1: Shows that k =10""" = 0.017.

(b) M1 M1 A0
M1: Applies V =30 and d =20 to the model.
M1: Apples (V,d) = (30, 20) to the model and applies logarithms correctly leadingto n=....

AO0: Achieves a correct n=2.08 but does not state the model d = 0.017V *®.

(c) M1 M1 A1

M1: Applies V =60 to their model.

M1: Applies 100 — ‘an acceptable thinking distance’ and finds their value of d.
Alft: Obtains a correct ‘87 and d =85 which is followed by a correct conclusion.




10.

back to Contents Page

Figure 7

Figure 7 shows a sketch of triangle OAB.
The point C is such that OC = 20A.

The point M is the midpoint of AB.
The straight line through C and M cuts OB at the point N.

Given OA=a and OB =b

(a) Find CM in terms of a and b

)
—— 3 1 .
(b) Show that CM = 2—5/1 a+ Eib, where A is a scalar constant.
)
(c) Hence provethat ON:NB=2:1
)

(Total for Question 10 is 6 marks)

Mean Score 2.0 out of 6



Examiner Comments

This question discriminated well between the medium and higher ability candidates, with lower
ability candidates struggling to gain any creditable access. This question increased in difficulty as
the candidates progressed through the question, and only a small proportion of candidates scored
full marks.

In part (a), most candidates followed a correct method to achieve the correct answer

CM = —ga+%b. Of the candidates who identified a suitable route from C to M, the most common

approach was CM =CA+ AM =CA+ % AB. Less efficient routes such as CM = CO +OB+BM

oreven CM =CO+OA+ AM were also observed. Some candidates struggled to apply the vectors
a and b to the routes they had chosen. Incorrect methods included applying CA= a (instead of
CA=—a) or applying AB =a—b (instead of AB =b—a). There were a few candidates who
incorrectly deduced the position of C to be in the opposite direction to OA and they were mostly

able to apply the approach, CM =CO +OA+ AM = CO +@\+%N3', to gain some credit.

Part (b) proved to be demanding, with some candidates struggling to understand what the question
required them to do, and many seemed to be confused by the introduction of the scalar multiple 1.

Only a minority deduced that CN=ACM and applied this deduction to the route ON =0OC +CN.
Most of these candidates progressed well to the given answer unless they had found an incorrect
CM in Q10(a). Many candidates used ON =OC +CM +MB + BN or ON =OA+ AB + BN and
made no creditable progress. These candidates usually produced solutions which led to the
elimination of A from the a component of the resulting vector for ON. A few candidates used

. : o 1 1 1.).
ON =OM + MN and proceeded to obtain a correct expression ON =§a+§b+,u[—ga+5bj in

terms 4 (or A), but only a few deduced that this could lead to the stated solution by setting
u=A-1(r A'=41-1).

Part (c) proved to be challenging with many candidates failing to make any creditable progress.
The crucial step was to recognise that ON is parallel to OB and hence is a multiple of b with no

a component. Only a few candidates set the a component ON to zero to give the equation

2—2/1 =0. Almost all of these candidates found A = %, with many finding ON = %b and giving

a correct explanation of the given ratio.




Question Scheme Marks | AOs
10
C
A
O N B
OA=a,OB=b
@ {W:chW:GM%ﬁ :}W:—a+%(b—a)
1 1 M1 3.1a
{W=ﬁ+W=@+§ﬁ:}CW=(—2a+b)+§(a—b)
—— 3 1 S .
:>CM=—§a+Eb (needs to be simplified and seen in (a) only) Al 1.1b
)
(b) ON =0C +CN = ON =0OC + ACM M1 1.1b
— 3 1 — 3 1
ON=2a+A| ——a+=b ON=|2-—=-A —iAb * *
a-+ ( 2a+2 j:> ( 5 Ja+2 Al 2.1
)
(c) 3, =
Way 1 2 2/1 0=>1=.. M1 223
4 . 2 1
/-L=§ :>ON=§b {:>NB=§b}:>ONNB=21* Al* 2.1
(2)
) ON=ub = [2-2;l]a+=ib=ub
Way 2
3 1 4 2
2——211|=0 A= b: A=y & A=— ==
a[ 2} = { > y7i 3:>u 3} M1 2.2a
P oryzg . ON=2b |=NB=1b | = ON:NB=2:1* Al* 2.1
3 3 3 3
2

(6 marks)




_Question Scheme Marks | AOs
10 (c) OB=ON+NB =b=[2-24]axlib+ Kb
Way 3 2 2
3 1 4 1
a: |[2—=A|=0=>1=.. {b: 1==1+4K & A== =K== .
(o-2) -0 {br 2:d Y VR s
12 ork=L=0N=2b or NB=1b = ON:NB=2:1* Al 2.1
3 3 3 3
2)
10 (c) == S mew | mm mao oo
Way 4 ON=pub & CN=kCM = CO + ON =kCM
—2a+yb=k(—§a+3bj
2 2
3 4 1 1(4
a:-2=—k=k==, b: u==k =>u==|-=1|=.. ,
2 g0 MR A 2(3) ML | 22
2 = 2 — 1
,u=§ :>ON=§b :>NB=§b = ON:NB=2:1%* Al 2.1
2
Notes for Question 10
(@) -
M1: Valid attempt to find CM using a combination of known vectors a and b
Al: A simplified correct answer for CM
Note: | Give M1 for W:-a%(b-a) or Wz(—2a+b)+%(a—b)
or for {W:W-&:} Wz%(a+b)—2a only o.e.
(b) I
M1: Uses ON =0C + ACM
Al*; Correct proof
Note: Special Case
Give SC M1 A0 for the solution ON = OA+ AM +MN = ON = OA+ AM + ACM
W=a+l(b—a)+l(—§a+1bj :(l—ﬁﬂja+(l+iijb
2 2 2 2 2 2 2
Note: Alternative 1:
Give M1 Al for the following alternative solution:
ON =OA+ AM +MN = ON =OA+ AM + uCM
— 1 3 1 1 3 11
ON=a+=(b-a)+ y|——a+=b|=|=——ula+|=+=u|b
2 (-3 “[2 2) (2 2“) (2 2“)
u=1-1= ON= 1—§(,1—1) a+ E+E(}t—1) b = ON=|2-34l]axiab
2 2 2 2 2 2
(c) Way 1, Way 2 and Way 3
M1: Deduces that (2 —gij =0 and attempts to find the value of 1
Al*: Correct proof
(c) Way 4
M1: Complete attempt to find the value of u
Al*: Correct proof




Notes for Question 10 Continued

Note: Part (b) and part (c) can be marked together.

@ Special Case where the point C is believed to be below the origin O
Special A
Case
M
0 B
¢

Give Special Case M1 A0 in part (a) for {CW =CA+AM :>} CM = 3a+%(b—a)

{Which leads to CM = ga+%b}
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Examiner Comments

(a) M1 A1
M1 Al: Applies CM =CO+0OB+BM and uses a correct method to achieve a correct

oM =224ty
2 2

(b) MO0 A0

MO: Does not attempt to apply OC + ACM .
AO0*: Follows MO.

(c) MO A0 [Uses Way 1]

MO: Does not attempt to set the a-component of ON equal to 0.
AO0*: Follows MO.
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Student Response B
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Examiner Comments

(a) M1 Al

M1 Al: Applies CM =OM —OC and uses a correct method to achieve a correct

oM =1p_3a.
2 2

(b) M1 A1
M1 Al: Applies ON =OC + ACM to correctly show that ON = (2—glja+%b.

(c) MO A0

MO: Does not attempt to set the a-component of their NB equal to 0.
AO0*: Follows MO.
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Examiner Comments
(@) M1 Al
M1 Al: Applies CM = CTA+%E and uses a correct method to achieve a correct

C—M:—§a+£b.
2 2

(b) M1 AO [See Special Case]
M1 A0*: Special case M1 A0 is given for achieving ON = a+%(—a+b)+ﬂ[—ga+%b) viaa

correct method ON = OA+AM +MN. Note: They do not proceed via ‘Alternative 1° to obtain
the result given in the question.

(c) M1 Al [Uses Way 2]
M1: Deduces that 2—%/1 =0 and finds a value for 1.
Al1*: Correct work leading to the correct ratio ON : NB=2:1.
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11.

back to Contents Page

Y A

=V

Figure 8

Figure 8 shows a sketch of the curve C with equation y=x*, x>0

(@) Find, by firstly taking logarithms, the x coordinate of the turning point of C.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(®)
The point P(a, 2) lies on C.
(b) Show that 1.5<a<1.6

)
A possible iteration formula that could be used in an attempt to find « is

Xn+1 = zxiixn

Using this formula with x, =1.5
(c) find x, to 3 decimal places,

)
(d) describe the long-term behaviour of x.

(2)

(Total for Question 11 is 11 marks)

Mean Score 5.4 out of 11



Examiner Comments

In general, this question discriminated well between candidates of all abilities. Part (a) was
demanding with most candidates scoring no more than one mark. Parts (b), (c) and (d) proved
accessible to candidates of all abilities.

In part (a), most candidates took logs, as advised by the question, and many obtained either
Iny=xInx or logy=xlogx. At this point a significant number of candidates made no further

creditable progress. Some candidates used a complete method of applying the product rule on XxIn x
and implicit differentiation to obtain a correct i%:Hln X. Most of these candidates then
y dx
applied %:0 to obtain x=e™. Some candidates, who received partial credit, used a ‘log,,’
X

method to obtain x=0.1, after finding l:—y:1+logmx. A few candidates used logarithms
y dx

without reference to a base. Those who proceeded to obtain X=0.1 received partial credit and
those who obtained x =e™" were allowed full marks.

There were some alternative methods employed by a few candidates in part (a). A few candidates

xInx

rewrote y=x* as y=e and applied %:(Hln x)e *™=0 to give a correct x=e". Others
X

differentiated both sides of the equation In y = xIn x with respect to y and usually proceeded to find

x=e". A very few candidates applied the quotient rule to the equation x = Iln_y but were rarely
nx

successful with this method.

In part (b), most candidates evaluated either x* or x*—2 at both x=1.5 and x=1.6. Many

candidates compared their values with either 2 or 0 (depending on whether they evaluated x* or
x* —2). Although many of these concluded that 1.5< « <1.6, only a few made any reference to

the curve being continuous in this interval. A few candidates, who made no creditable progress,
used values of x outside the given range, e.g. X=1.4 and x =1.6. Very few candidates used values

within the range e.g. Xx=1.51 and x =1.59, which meant that they were able to earn both marks.

In part (c), most candidates found a correct x, =1.673, although a few did not state x, correct to 3
decimal places. Some wrote down the iterates X , X, and X, as part of their solution, while others
stated x, with no intermediate work.

In part (d), some candidates gave correct descriptions such as ‘sequence oscillates between 1 and
2’ or ‘the sequence is periodic with period 2’°. Other descriptions such as ‘alternates between 1 and
2’, ‘keep getting 1 and 2’ or ‘fluctuates between 1 and 2’ were condoned. Some credit was given
for partial explanations such as ‘sequence is non-convergent’, ‘sequence oscillates’ or ‘sequence 1S
divergent’.




Question Scheme Marks | AOs

11 (a) {y=x*=} Iny=xlInx B1 1.1a
Way 1
y ld—y:1+|nx M1 1.1b
y dx Al 2.1
dy X
d—=0:> —+Inx=0 or 1+Inx=0 = Inx=k = x=... M1 1.1b
X X
x=e" or awrt 0.368 Al 1.1b
Note: k=0 (5)
(a) {y=x*=} y=e™ Bl 1.1a
Way 2 dy (x j Tinx M1 1.1b
—=|—+Inx|e
dx \x Al 2.1
dy X
d—=0:> —+Inx=0 or 1+Inx=0 = Inx=k=x=... M1 1.1b
X X
x=e" or awrt 0.368 Al 1.1b
Note: k=0 ©)
(b) Attempts both 1.5*° =1.8... and 1.6*° =2.1... and at least one result is M1 11b
Way 1 correct to awrt 1 dp '
1.8..<2 and 2.1...>2 and as C is continuous then 1.5<a <1.6 Al 2.1
)

(©) Attempts x_, =2x '™ at least once with x, =1.5 M1 L1
Can be implied by 2(1.5)"*° or awrt 1.63 '
{x,=1.67313...=} x, =1.673(3dp) cao Al 1.1b

)

(d) Give 1% B1 for any of Give B1 B1 for any of

e oscillates o periodic {sequence} with period 2 Bl 2.5
o periodic o oscillates between 1 and 2
e non-convergent Condone B1 B1 for any of
o divergent ¢ fluctuates between 1 and 2
o fluctuates o keep getting 1, 2 B1 25
e goes up and down ¢ alternates between 1 and 2 '
 1,2,1,2,1,2 e goes up and down between 1 and 2
o alternates (condone) e 1,2,1,2,1,2,...

)

(11 marks)
Note A common solution

A maximum of 3 marks (i.e. B1 1% M1 and 2" M1) can be given for the solution

logy =xlogx = ld—y=1+logx
y dx

{ﬂ=0:} 1+logx =0 = x=10"
dx

e 15'B1 for logy = xlog x

e 18t M1 for Iogyeﬂlg—y; A#0 or xlogx —1+logx or 5+Iogx
y ox X

e 2 M1 can be given for 1+logx =0 = logx=k = x=...; k=0




{y=x*=3} Iny=xlInx :%:Hlnx =1+Inx=0 = x=e" or awrt 0.368
X

_Question Scheme Marks | AOs
11 (b) For x*—2, attempts both 1.5 —2=-0.16... and 1.6"° —2=0.12...
Way 2 ) M1 1.1b
and at least one result is correct to awrt 1 dp
—0.16...<0 and 0.12...>0 and as C is continuous then 1.5<« <1.6 Al 2.1
2)
11 (b) For Iny=xlInx, attempts both 1.5In1.5=0.608... and M1 11b
Way 3 1.6In1.6 =0.752... and at least one result is correct to awrt 1 dp '
0.608...<0.69... and 0.752...>0.69... and Al 21
as C is continuous then 1.5<a <1.6 '
2
11 (b) For logy=xlogx, attempts both 1.5log1.5=0.264... and M1 11b
Way 4 1.6log1.6 =0.326... and at least one result is correct to awrt 2 dp '
0.264...<0.301... and 0.326...>0.301... and Al 21
as C is continuous then 1.5<a <1.6 '
2)
Notes for Question 11
(@) Way 1
B1: Iny=xInx. Condone log, y = xlog, x or log, y =x
M1: For either Iny—>ld—y or xInx—>1+Inx or §+Inx
y dx X
Al: Correct differentiated equation.
. 1dy x
ie. ld—y=1+ Inx or Y _ X inx or d_y= y(L+Inx) or ﬂ: X*(L+Inx)
y dx ydx X dx dx
M1: Sets 1+Inx =0 and rearranges to make Inx=k = x=...; kisaconstantand k =0
Al: x=e" or awrt 0.368 only (with no other solutions for x)
Note: Give no marks for no working leading to 0.368
Note: Give M0 A0 MO AOQ for Iny =xInx — x=0.368 with no intermediate working
(@) Way 2
B1: y=e""
H xInx dy xInx X
M1: For either y=e""" = d—=f(lnx)e or xInx >1+Inx or —+Inx
X X
Al: Correct differentiated equation.
ie. dy = (5 +1In xjex'nX or dy =(@+Inx)e*™ or dy =x"L+Inx)
dx \x dx dx
M1: Sets 1+Inx =0 and rearranges to make Inx=k = x=...; kis a constant and k =0
Al: x=e" or awrt 0.368 only (with no other solutions for x)
Note: Give B1 M1 A0 M1 Al for the following solution:




Notes for Question 11 Continued

(b) Way 1

M1: Attempts both 1.5*5 =1.8... and 1.6*® =2.1... and at least one result is correct to awrt 1 dp

Al: Both 1.5"° =awrt 1.8...and 1.6"° =awrt 2.1..., reason (e.g. 1.8...<2 and 2.1...>2
or states C cuts through y=2), C continuous and conclusion

(b) Way 2

M1: Attempts both 1.5° —2=—0.16... and 1.6'® —2=0.12... and at least one result is correct
toawrt 1 dp

Al: Both 1.5 —2=-0.16... and 1.6*® —2=0.12... correct to awrt 1 dp, reason (e.g. —0.16...<0
and 0.12...> 0, sign change or states C cuts through y =0), C continuous and conclusion

(b) Way 3

M1: Attempts both 1.51n1.5-0.608... and 1.6In1.6=0.752... and at least one result is correct
to awrt 1 dp

Al: Both 1.5In1.5=0.608... and 1.6In1.6=0.752... correct to awrt 1 dp, reason
(e.g. 0.608...<0.69... and 0.752...>0.69... or states they are either side of In2),
C continuous and conclusion.

(b) Way 4

M1: Attempts both 1.510g1.5=0.264... and 1.61og1.6 =0.326... and at least one result is correct
to awrt 2 dp

Al: Both 1.51091.5=0.264... and 1.6log1.6 =0.326... correct to awrt 2 dp, reason
(e.g. 0.264...<0.301... and 0.326...>0.301...0r states they are either side of j0g2),
C continuous and conclusion.

(©

M1: An attempt to use the given or their formula once. Can be implied by 2(1.5)""*° or awrt 1.63

Al: States X, =1.673 cao (to 3 dp)

Note: | Give M1 Al for stating X, =1.673

Note: M1 can be implied by stating their final answer X, =awrt 1.673

Note: X, =1.63299..., x, =1.46626..., X, =1.67313...

(d)

B1: see scheme

B1: see scheme

Note: Only marks of B1B0 or B1B1 are possible in (d)

Note: Give B0 BO for “Converges in a cob-web pattern” or “Converges up and down to o ”
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Student Response A

® log u-.:..\h%at.* ) W= 15

\eq o = 0
[
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Examiner Comments

(2) B1 M0 A0 MO A0 [Referred to as ‘A common solution’ on the mark scheme]
B1: States logy = xlog x.

1d
MO: Neither logy — S,
y dx
AO0: Follows previous MO.
MO: Does not attempt to solve 1+1logx =0.

AO0: Follows previous MO.

X
A#0 nor xlogx — =+ log x.
X

(b) M1 AQ [Uses Way 1]

M1: Attempts both 1.5"° and 1.6° with at least one correct to awrt 1 dp.
AO0: No mention of C being continuous.

(c) M1 A1

M1 Al: Correct calculations leading to x, =1.673.

(d) B1BO

B1: Allowed for “increasing to ...” and “decreasing to ...” OR for “fluctuates between ...”.

B0O: No reference to 1 and 2.
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Student Response B
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Examiner Comments

(a) B1 M1 A0 M1 A0 [Referred to as ‘A common solution’ on the mark scheme]
B1: States logy = xlog x.

. 1 dy
M1: Allowed for either Iogy—>§& or xlogx —1+logx.

AO0: Incorrect equation involving g_y
X

M1: Sets 1+logx=0 and proceeds tox =... via logx=k; k #0.
AO: Incorrect answer.

(b) M1 AO [Uses Way 1]

M1: Attempts both 1.5"° and 1.6*° with at least one correct to awrt 1 dp.
AO0: No mention of C being continuous.

(c) M1 A0
M1: Allowed for x, =awrt 1.63.

A0: x, isnot given as 1.673.

(d) B1B1
Bl B1: Allowed for “oscillates between 1 and 2.
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Student Response C

=y (l+Iax)
by =y Cenn)
L+ max)

x :_H-InJL) = 0

From Fawe & 27 S0
,J 7

— 14+ Inx =20

In x = - ll
X = e
- woordinete  of the turning powrct off C ¢
|
L = ——
€
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x_ <seckf— Satisfres:
=0 x* =2
- 25-2=0
m&-
£z I.S = x* -2 = -0.6.-- <0
x= L6 =& 2*-2 = (6.12--- >0
_ (enhinuouS punthion  and change e sign o
He ikterval (1.5 16] =" yvoot
S 1.5 £« x 2 )6
T T T 1 =%n
¢) Lo = 2L,
/
x, = 1.5
L, = 1.63299
1, = 1.4bbl6
7"¥= I-G?S (3 ‘if’)

10/11

196

Pearson Edexcel Level 3 A Level in Mathematics
Exemplification of the Summer 2019 Examination

© Pearson Education Ltd 2020



Examiner Comments

(a) B1 M1 A1 M1 Al [Uses Way 1]
B1 M1 Al M1 Al: Correct solution leading to a correct answer X = e,

(b) M1 Al [Uses Way 2]
M1: Attempts both 1.5 —2 and 1.6"° —2 with at least one correct to awrt 1 dp.
Al: -0.16...<0 and 0.12...>0, C stated as continuous and a correct conclusion.

(c) M1 A1
M1 Al: Correct calculations leading to x, =1.673.

(d) B1BO
B1l: Allowed for “diverge away ...”.
BO: Complete explanation not given.
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12. (a) Prove

c9539+3|n395200t29 6+ (90n)°, neZ
sind  cosé
(4)
(b) Hence solve, for 90° < 8 <180°, the equation
cos3¢ sin36
- + =4
sind  cosé
giving any solutions to one decimal place.
@)

(Total for Question 12 is 7 marks)

Mean Score 3.5 out of 7



Examiner Comments

Part (a) discriminated well between the higher ability candidates and it was possible for candidates
of all abilities to gain access to part (b).

In part (a), many candidates struggled to apply a complete strategy which would help them to make

SR + INEY , via an intermediate stage of GEEEE =)

significant progress in proceeding from ,
J Prog P J sind cosé@ sin @cos @

cos 20(cos’ 6 +sin* 6) o C0520

- ———, to the given result 2cot 26.
singcosd sin@cosé

Candidates who used Way 1, as described in the mark scheme, gained some credit for rationalising

C0536+Sm30 to give 00539c05¢9+sm305|n9. Of those candidates who correctly applied

sin@ cosd sin @ cos @

sin@cosd = %sin 260 to the denominator, only a few realised that the numerator could be written

cos30 sin36
+

- to give
sin @ cosé@

as cos20. A common error in using Way 1 was to simplify

cos’ 36 +sin’ 30 cos46 +sin 40
- or ——— =
sindcosd sin@cosé

Way 2, as described in the mark scheme (and variations of this), was the most popular approach
among candidates who completed the proof successfully. Candidates only started to access the
marks for Way 2 when they combined their fractions by rationalising the denominator. Errors

using Way 2 included the incorrect expansion of €0S(26+6) or sin(20+6), bracketing errors,
manipulation errors or sign errors.

A few candidates started their proof from 2cot 29. They usually progressed as far as writing either

2(1-tan® @
2cot260 = 2c_052¢9 or 2C0t20:¥
sin 26 2tan @
applied a Way 3 method as described in the mark scheme.

, but could make no creditable progress until they

cos 30 N sin 30
sin@ cosé

Some candidates spent a considerable amount of time attempting to write in terms

4cos® 0—-3cos 6 s 3sinf—4sin* 0

sing cosé
for this method when they combined their fractions by rationalising the denominator.

of @ togive e.g. . Candidates only started to access the marks

In part (b), most candidates used the result given in part (a) to deduce the equation 2cot26 =4.
Most of these then attempted to solve tan 29=%, and some obtained the correct answer

6 =103.3°. Common errors included attempting to solve tan26 =2 and finding more than one
2(1—tan® ) _

value for 0. A few candidates obtained ¢ =103.3° by solving the equation >tand




uestion cheme arks S
Q ti Sch Mark AO
12 €0s36 | SIN30 _ 5ot 20
sind  cosé
(@) LHS cos30cos @ +sin36sin g
= M1 3.1a
Way 1 { } sin@cosd
_ cos(390-0) {_ c0s 20 }
~ sin@cosé sin@cos g Al 2.1
_ 1c0_529 _ 2cot20 * dM1 1.1b
28in20 Al* 2.1
4)
a cos20cos@ —sin20sin@  sin26cos@ +cos20sin 0
. {LHS=} _ n
ay sin@ cosd
_ €0s260cos’ & —sin 20sin @cos & +sin 20 cos Psin 6 + cos 20sin 0 ML 31a
sin@cosd '
_ cos20(cos’ O +sin? ) {_ cos 20 }
B sin@cos @ ~ sin@cosé Al 2.1
_ 1co_sze _ 2cot20 * dM1 1.1b
28In26 Al* 2.1
4)
(@) {RHS=} 2c0s20  2cos(30—-0)  2(cos3@cosd +sin30sin 6) M1 3.1a
Way 3 sin26 sin 26 sin20 Al 2.1
_ 2(c033¢9c0_349+sm395|m9) dM1 11b
2singcosé
_ cqs39+5|n3¢9 * AL* 21
sind  cosé
4)
(b) {cosB@ sin36’=4 } 2 cot20 = 4 2( 1 )24
Way 1 sin@ * cos @ - 0 - tan 20 M1 1.1b
Rearranges to give tan20 =k k =0 and applies arctank dMm1 1.1b
{90o < 6 <180°, tan 26’=% :}
Only one solution of 8=103.3° (1 dp) or awrt 103.3° Al 2.2a
3)
(b) cos30 _ sin30 _ 4 2c0t20 — 4 2 _
Way 2 sin@ " cosd = c = tan 20 M1 1.1b
2
— =4 = 2(1-tan?*0) =8tand
2tand ( )
1-tan?@
dM1 1.1b
—4+./(4)? - _
— tan 0+ Htan6—-1=0 = tan o = VB 4D
2(1)
{:>tan9:—2J_r\/§}:> tand=k; k #0 = applies arctank
{90° < 9 <180°, tanf=-2-+/5 =}
Only one solution of 8=103.3° (1 dp) or awrt 103.3° Al 2.2a
3)

(7 marks)




Notes for Question 12

(a) Way 1 and Way 2
M1: Correct valid method forming a common denominator of sin&cos @
. ..)cos@+(...)sin@
i.e. correct process of () ( )
cosdsinéd
Al: Proceeds to show that the numerator of their resulting fraction simplifies to cos(39 — @) or cos20
dM1: dependent on the previous M mark
Applies a correct sin20 = 2sinfdcos® to the common denominator sin &cos &
Al* Correct proof
... C0s3¢ sin3@  cos3dcosd  sin30sind . . .
Note: Writing ——+ = — + — is considered a correct valid method
singd  cosd singcosé singcosd
of forming a common denominator of sin&cos@ for the 1 M1 mark
. cos3¢ sin30 cos4d+sin4él
Note: Give 1* M0 e.g. for ——+ =— i
sind  cosé sin@dcosé
cos30 sin3@  cos3dcosd+sin30sind  cos4l +sin4l
but allow 1t M1 for ——+ = : i = — i
sind  cosé sindcosd sindcosé
H 2 HY]
Note: Give 1% M0 e.g, for co_sBH L Sin 30 _ cos _36?+sm 30
sind  cosé sindcosé
: ; : 2 in2
but allow 1% M1 for co_s3<9+sm36? _ cos36co_s¢9+sm3¢9$|nt9 _ cos _36+sm 30
sind  cosé sinfdcosé sindcosé
Note: Allow 2" M1 for stating a correct sin20 = 2sin&cos® and for attempting to apply it to the
common denominator sin &cos @
() Way 3
M1: Starts from RHS and proceeds to expand cos26 in the form cos3@cos® + sin30sin @
Al: Shows, as part of their proof, that cos 26 = cos30cos 6 +sin30sin @
dM1: dependent on the previous M mark
Applies sin 20 = 2sin@cos# to their denominator
Al*: Correct proof
cos?2
Allow 1% M1 1t A1 (together) for any of LHS — —0
Note: sindcosd
- 2 HYJ
LHS — c0529(f:os 6 +sin° @)
sin@coséd
1+tan’@
Of LHS —> cos2@(cot @ +tang) or LHS — cos ZH(THJ
(i.e. where cos26 has been factorised out)
Note: Allow 1%t M1 1% A1 for progressing as far as LHS = ... = cot x — tan x
Note: The following is a correct alternative solution
cos36 N sin3¢ _ cos36cosd +sin36sin@ 5 (cos4d +cos26) —; (cos 46 — cos 20)
sing  cosé sindcosd sin@cosd
_ _c03249 _ co_sze _ 2cot20 *
singcosd  ;sin260
) . c0s 20¢c0s? @ —sin 20sin @cos @ + sin 20 cos @sin @ + cos 26sin %6 cos 26
Note: E.g. going from to

singcosé sin@cosé
with no intermediate working is 1% AQ




Notes for Question 12 Continued

(b) Way 1
. . 1
M1: Evidence of applying cot20 =———
tan 26

dM1: dependent on the previous M mark

Rearranges to give tan260 =k, k =0, and applies arctank
Al: Uses 90° < 9 <180° to deduce the only solution ¢ — awrt 103.3°

Give MOMOAO for writing, for example, tan 26 =2 with no evidence of applying
Note: cot20 = 1

tan 26
L . 1
Note: 15t M1 can be implied by seeing tan 26 = >
Note: Condone 2™ M1 for applying %arctan (%) {=13.28...}
(b) Way 2
. . 1
M1: Evidence of applying cot20 =———
tan 26
dM1: dependent on the previous M mark
. 2tan @ . .

Applies tan 260 = _tan’g’ forms and uses a correct method for solving a 3TQ to give

tan@ =k, k =0, and applies arctank
Al: Uses 90° < @ <180° to deduce the only solution @ = awrt 103.3°
Note: Give M1 dM1 Al for no working leading to @ — awrt 103.3° and no other solutions
Note: Give M1 dM1 A0 for no working leading to ¢ — awrt 103.3° and other solutions which can be

either outside or inside the range 90° < @ <180°
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Student Response A

() cosg . S
[\ e
e _____
hs\nler
(B lecocle =a

ol =9
12 = '/

T N Y=Y
&= 1" -
3/7

Examiner Comments
(2) M0 A0 MO A0

MO: Incorrect method of forming a common denominator of sin &cos 6.
A0 dMO AO: Follows from 1%t MO.

cos30  sin30 _cos®30+sin’ 30

Note: In (a), the mark scheme states give 1%t MO for — + = - but
@) J sin@ cosd sin@cosé
cos30 sin39 cos3@cosh+sin36sing  cos® 36 +sin’ 36
allow 18 M1 for ——+ = - = - :
sin@ cosé sin@dcos @ sindcos
(b) M1 M1 Al
M1 dM1 Al: Correct solution leading to a correct final answer of 103.3 only.
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Student Response B

Y (c0n38) (s 6 + GiniEXsa6)

SANS cove

A 3nB (s = ATaW L)

unb WS = J‘.l Ha 19

_ (cos26Y @) + (103e)sine)

4 Sin QD

_Lf,_m.se_cm}ﬁ_-r_s;ne Snle)

Jin 2Ae

Sin 20 e 20
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'.j.-

23 * - i
[ -/

/ /

|
/ [ tan 30

tan” () = 20.8%°

Soluwen 2 40° + 26.5%F°
s a4 (G SF
= Wa. & (1dp)

\Jl ¥

4[7

Examiner Comments

(a) M1 A0 M1 AO
M1: Correct valid method of forming a common denominator of sin &cosé.

AO: Does not achieve €0S(36 —#) or cos26 on the numerator.
dM1: Applies a correct sin 20 = 2sin @cos @ to the common denominator sin & cos 6.

AO0: Follows from earlier AO.
(b) M1 M1 AO

M1: Applies cot 29 =L.
tan 20

dM1: Rearranges to give tan 20 =k and applies arctank. Note: their k = %

AO0: Incorrect answer.
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Student Response C

)

or (W) = s5(30 &+ Q) (ko= | 8
PO T
(05 (AvB) = loshewsB - S:nAsinB
: Q@ = S&@ —  Sin S

s (W) = st (3 +0) _seMB) sihwl LiosAsiH

sia(30 1 O)= SO + (0530 5:n0

Cos A (650 = 5AX0511O + S 30000 Y (0523 5O

e A C
I v o
- £ds aO (55 9© _w 1 N@ 1 (05D 5D
[ N o
= (ns 2O (psd 1 (o8 A0 Tin®
TTAD | (33 ©

"

(L0529 059) os(Y & (Los 2O $443) 5i40)

S 05O

Cos 20 o5 9 I e s B

Sin O (358
= Cos(l@)_(m.r‘@ +osin )
-;::nae
Siee (03 4+ st T
=

(o5 (29) = 3.;0&.3.@—:—(2—%#

|
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b) Qw0 = 4 %0 < 28 < 31O

1
S (E30 = 2 D> T .= A = s =4
TN 4G =
A _ _ ALY A
2. OS—= 12 2 )

N2 —
R 80 = 1933 (lig)-

— -
Qb. b+ (g0 = A0 6 -6

L9 = 103.7% (IA?)
Q66 4+ [0 = 3644
3%6L 9 [93.3

O = 3.3 ik 193 3 ("(ﬁ’-’

6/7

Examiner Comments

(@) M1 Al M1 Al
M1 Al dM1 Al: Correct proof.
(b) M1 M1 A0

M1: Applies cot260 = !

tan 26
dM1: Rearranges to give tan 20 =k and applies arctank. Note: their k = %

AO0: Correct answer 103.3 is given but other answers (whether inside or outside the given range
of 90° < @ <180°) need to be unambiguously rejected.
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hm

P -

Figure 9

[ A sphere of radius r has volume %717’3 and surface area 4zr?]

A manufacturer produces a storage tank.

The tank is modelled in the shape of a hollow circular cylinder closed at one end with a
hemispherical shell at the other end as shown in Figure 9.

The walls of the tank are assumed to have negligible thickness.
The cylinder has radius r metres and height h metres and the hemisphere has radius r metres.
The volume of the tank is 6 m®.

(@) Show that, according to the model, the surface area of the tank, in m?, is given by

12 5 ,
—+=nxr
3

(4)
The manufacturer needs to minimise the surface area of the tank.
(b) Use calculus to find the radius of the tank for which the surface area is a minimum.

(4)
(c) Calculate the minimum surface area of the tank, giving your answer to the nearest integer.

(2)

(Total for Question 13 is 10 marks)

Mean Score 4.8 out of 10



Examiner Comments

This question discriminated well between the medium and higher ability candidates. Lower ability
candidates, however, struggled to gain any creditable progress. It was obvious that some candidates
had been well prepared for this ‘optimisation’ question and the quality of their responses reflected
this. Candidates who attempted this question generally found parts (b) and (c) accessible but some
struggled to complete the proof in part (a). In a few cases, candidates who scored zero marks in
part (a) went on to achieve full marks in the remainder of the question by using the given result for
the surface area. There were, however, many instances where candidates who struggled with part
(a) then gave up and did not attempt the remainder of the question.

In part (a), successful candidates followed a correct strategy of forming an equation for the volume
of the tank, rearranging their equation to give an expression for h in terms of r and substituting
their expression for h into their formula for the surface area of the tank. Some candidates did not
halve the given sphere formulae so that they could use these for the hemispherical shell. This led
to errors in both their volume equation and surface area expression. Other candidates did not
include the area of the circular base in their surface area expression. These errors led to an incorrect

. 4 . .
volume equation 6=7rr2h+§7zr3 and incorrect surface area expressions A= 5zr® +2zrh and

A= 271 + 2zrh. In other cases, bracketing errors, manipulation errors, or using incorrect formulae
for the curved surface area of a cylinder, prevented candidates from achieving the given result.

In part (b), many candidates who attempted this part applied a complete method to find their value

of r for which 9A _ 0. Most successful candidates found r =1.05 metres, with a few giving an

dr

/18 : . : . :
exact answer r =3 0 metres, which was condoned. Some candidates differentiated A incorrectly
T

to give ‘;_A=12 Inr+ %ﬂr , While others used incorrect algebra when solving the correct equation
r

—%+Eﬂr = 0. A few candidates used the incorrect method of finding a value of r for which
r
2

d ,20\ _0

dr

In part (c), most candidates who attempted this part correctly substituted their value of r, found

from solving ((jj_A =0, into the model with equation A= 12 + g;zrz, with many obtaining a correct
r r

minimum surface area of 17m”. A few candidates, who made no creditable progress, substituted

2
their value for r, found from solving (;II '26‘ =0, into the model for A.
r




Question Scheme Marks | AOs
13 (a) States or uses 6=7rr2h+§7zr3 B1 1.1a
= hziz—zr, 7Zh=£2—27[r, nrhzﬁ—gnrz, = _2p
are 3 r- 3 r 3 ar 3
A=rr? +2zrh+ 27r*{= A=37r’ + 27rh}
A:27zr2+27rr( 62—grj + 7r? M1 31a
zr 3 Al 1.1b
A:3;zr2+E—ﬂ7zr2 = A=g+§7zr2 * Al* 2.1
r 3 r 3
(4)
(b) {Alerl + §7zr2 :>} M1 34
3 Al 1.1b
{d—A:O :>}—%+£m=0:>—36+107zr3:0:>r+3=...{=ﬁ} M1 2.1
dr r 3 5z
r =1.046447736... = r = 1.05 (m) (3 sf) or awrt 1.05 (m) Al 1.1b
Note: Give final Al for correct exact values for r (4)
12 5
=———  + Z7(1.046..)°
(c) Avin (L.046..) + 37r( ) M1 3.4
{A,, =17.20.. =} A=17 (m?*) or A=awrt17 (m?) Alft 1.1b
)
(10 marks)
Notes for Question 13
(a)
B1: See scheme
M1: Complete process of substituting their h=... or zh=... or zrh=... or rh=..., where '_'=f(r)

into an expression for the surface area which is of the form A=Azr? + uxrh; 1, u#0

Al: Obtains correct simplified or un-simplified {A=} 2zr® + 27zr(i2 —%rj + 7r?
wr
N . 12 2
Al*: Proceeds, using rigorous and careful reasoning, to AZT + g;zr
Note: Condone the lack of A=... or S =... for any one of the A marks or for both of the A marks
(b)
. . . A . _
M1: Uses the model (or their model) and differentiates " +ur’ togive ar >+ pr; A,u,a, f#0
dA 10
: — =1 —12r?+—=zr O0.e.
AL {dr } " 3”
- dA - +3 ay. -
M1: Sets their T 0 and rearranges to give ™~ =k, k=0 (Note: k can be positive or negative)
Note: This mark can be implied.
1 1 1
Give M1 (and Al) for —36+10zr*=0 —>r :(ET or r :(ﬁjs or :Lﬁy
T 107 T

Al: r = awrt 1.05 (ignoring units) or r = awrt 105 cm
Note: Give MO A0 MO AO where r = 1.05 (m) (3 sf) or awrt 1.05 (m) iS found from no working.

1 1 1
Note: Give final Al for correct exact values forr. E.g. r= (;_8]3 or r= (ET or r= (ET

T 10z T




Notes for Question 13 Continued

Note: Give final M0 AO for —% +%7rr >0 = r>1.0464
r
L 12 10
Note: Give final M1 A1l for ——2+§7rr >0 =r>1.0464... = r=1.0464...
r
(c)
. . . dA . .
M1: Substitutes their r =1.046..., found from solving d—= 0 in part (b), into the model
r
. . 12 5
with equation A:T + gnrz
_ . . . . . d*A _d’A
Note: Give MO for substituting their r which has been found from solving ar? =0 or from using Pl
r r
. . . 12 5
into the model with equation A=— + §7rr
r
Alft: {A=3}17 or {A=}awrt17 (ignoring units)
Note: You can only follow through on values of r for 0.6 < their r <1.3 (and where their r has been
. dA .
found from solving E: 0 in part (b))
A
' A (nearest integer)
0.6 21.88495... awrt 22
0.7 19.70849. .. awrt 20
0.8 18.35103... awrt 18
0.9 17.57448... awrt 18
1.0 17.23598... awrt 17
1.1 17.24463... awrt 17
1.2 17.53982... awrt 18
1.3 18.07958... awrt 18
1.05 17.20124... awrt 17
1.04644. .. 17.20105... awrt 17
Note: Give M1 Al for A=17 (m?) or A=awrt17 (m®) from no working
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Student Response A

d) V = L/t = &1

.%fda ﬁﬂl; Ljf-’ﬁ“‘: = (479 = 27,

e 270> )
L= & 2 | sTv? J
Tv> 3

Tr*
S= |1z

- A
2 --\T 4o *
ér-_'—.-:. 5 = L= - 2%
Y ¥ m"" r) 3
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A’s — 4-__%2.11'

__2_&,{-4‘2;1‘( =0
PR
_2CH‘ —L,g'—}fy-!':o

|o -
'—:b""irf — 2"‘-

=422 (’3—‘5;) @ Buliwr 't Le oy(f‘) )

o L 45 /Nt
() (/fy r=1.-22 éa / S= 1.32_'{' bﬂ'{la?)
S-18.2
j: ((?mq'

3/10

Examiner Comments

(a) B1 M0 A0 A0
B1: States a correct hzr? +§;rr3 =6.

MO: Their surface area expression is not in the form S = Azr® + uzrh; A, u#0.
A0 AO: Follows MO.

(b) M1 AL MO A0
S 12 10

M1 Al: For acorrect — = —— AT
dr r 3

MO: Does not set their 3—8 =0.
r

AO0: Follows previous MO.

(c) MO A0

2
MO: Incorrect method of substituting their r which has been found from solving d? =0 into

the model with equation S = E+%;rr2.
r

AO0: Follows MO
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Student Response B

a} Vs l,;--rrr‘ + rrth
65 u 3 *
- mr + Tr
2 h)
3
-
b Y ok
Y 3
SA = Uwr? e 2mwr bk .

Ll} A - -% + % v r®
T Az 2™ > 4. .“.r‘
“de ?  =Wr 4 1oy
3
da  _ o "'\"ﬂ"t*Ji- v =O
P
o [/or” Sin fr3gfe /O
% Fias
A
-
nr = -‘—g—--rrf
"z - |% wr
——r-.‘_
2= 10 4rr®
3
3
R, - r
s
r= T:Is'w rzipuby ude
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K3 ie
_d_l_&_ = _?,Lj_f' + s .
z
elr : . -
L “i—?) ¥ aw + loTm
2
diA > QO Mintomum __ Wen o lo4bY
dr®
=z < 2
e —— *T ‘o
A |.oub * 3 {1' ”{’)
= 7.201_m" _
= 17 mt Nearesk frvte_jq,{

7/10

Examiner Comments

() BO M1 A0 AQ
BO: Does not state a correct zr2h +§7rr3 =6.
M1: Complete process of substituting their h=f(r) into an expression for the surface area

which is of the form SA = Azr® + uzrh; A, 1 #0.
A0 AO0: Follows BO.

(b) M1 AL M1 Al
10

M1 Al: For a correct 3—A =-12r7? +€7rr.
r

M1 Al: Sets their Z—A =0 and solves to give a correct answer for r which rounds to 1.05.
r

(c) M1 A1
M1: Substitutes their r which has been found from solving 2—A =0 into the model with equation
r

SA:E+§72'I’2.
r 3

Alft: Obtains a correct answer of 17
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Student Response C

- L 2 2\
3 o
b= TU*h + 2 :l
3

sWb__ W ﬁa_qm&m_melL_ﬁEmm aren :

SR = 3Wr? 4+ QTrh

n
o
W

3
= & 4+ S ©rt as  required.
— ¥ L
- \ r 3
4 '\
= M
= 12 4 Sqee? = jar” ¢ Soqpr?
r'
dr 3
=0 qe—13 =0
3 r2
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1oTCr 13
3

r?
0Tor® = 3¢
= 3¢

a1t

R Fr= 1:03m =) the Surgace area is o minicum
when r= 1.0¥m

C. rz1.09m, Sz & + S.qr?
r 3

&+ 5,k (v04)?
1.0F 3

1'-}.21111'
= (Fem’  (do +he  nearest integer)

9/10

Examiner Comments

() B1M1 A1 AL
B1 M1 Al Al: Correct proof.

(b) M1 A1 M1 A0
10

M1 Al: For a correct (;—S =-12r? +§7rr.
r

M1: Sets their (;—S =0 and rearranges to give r® =k; k #0.
r

AO: Incorrect answer.

(c) M1 AL

M1: Substitutes their r which has been found from solving 3—8 =0 into the model with equation
r

S :E+§7zr2.
r 3

Alft: Obtains an allowable value for the minimum surface area. Note this is a follow through
mark, as long as 0.6 < their r <1.3 (see table in the note on the mark scheme).




14.

back to Contents Page

(@) Use the substitution u = 4—+J/h to show that
_dh__ —8|n\4—¢ﬁ\—2¢ﬁ+k
4—h
where K is a constant.
(6)
A team of scientists is studying a species of slow growing tree.
The rate of change in height of a tree in this species is modelled by the differential equation
%_ t0.25(4_\/ﬁ)
dt 20
where h is the height in metres and t is the time, measured in years, after the tree is planted.
(b) Find, according to the model, the range in heights of trees in this species.

)
One of these trees is one metre high when it is first planted.
According to the model,
(c) calculate the time this tree would take to reach a height of 12 metres, giving your
answer to 3 significant figures.
()

(Total for Question 14 is 15 marks)

Mean Score 5.1 out of 15

Examiner Comments

This question discriminated well between the higher ability candidates. Lower and medium
ability candidates, however, found this question demanding with most of these candidates
scoring no more than two marks. Most higher ability candidates made good progress in parts
(@) and (c) but they often struggled to make progress in part (b).




In part (a), most candidates who attempted this part differentiated u =4-+h to give a

1
correct g_a = _% h 2, with a few finding a correct g—h = —2(4—u) and some differentiating
u

1
incorrectly to give 3_;11 = %h‘Z_ At this stage, some candidates failed to make further

creditable progress. Many candidates struggled to apply the substitution completely to give

an integral of the form deu . with some making sign errors in the numerator of this
u

integral. Those who progressed this far generally went on to divide each term in the
numerator by u to give an integral of the form J.(§+ Bj du, With many of them obtaining
u

a correct I(_§+2j du. Most integrated correctly and applied u :4—\/ﬁ to obtain a
u

correct —8In‘4—\/ﬁ‘+2(4—\/ﬁ) + ¢. Some candidates could not deal with the transition

from 8+c to k to achieve the given —8In‘4—\m‘— 2Jh +k, and a large number of these

candidates incorrectly stated k =8. Those few candidates who applied integration by parts

2u-8 . : .
on ' du rarely progressed to give a correct solution to this part.

In part (b), some candidates correctly set %:0 but only a few deduced the equation

4—h =0. Some candidates used h=16 to state a correct allowable answer such as
0<h<16, o<h<16 or h<16. A common mistake was to solve +h =4 to give h=2.

Material for part (c) was sometimes seen in part (b). Most candidates who attempted part (c)
separated the variables correctly. Some candidates integrated t°% incorrectly to give

1
%% 7% or Etl'25 while others integrated ———
4 (4=+h)
part (a). Many candidates applied t =0, h=1 to find their constant of integration. Common
errors at this stage included not applying a constant of integration and using either
t=0,h=0 or t=1,h=1 to find their constant of integration. Most candidates who

progressed this far applied a complete process of substituting their constant of integration
and h =12 into their integrated equation and solving this equation to find their value for t. In

many cases, sign errors, bracketing errors, manipulation errors or an incorrect method of

solving a correct t% = 221.2795202..., prevented candidates from obtaining the correct

answer t =75.2 years.

without reference to the result from




Question Scheme Marks | AOs
du 1, -2 dh dh
14 (a) fu=4-Jh=>}-—=-Zh2 or —=-2(4-u) or —=-2vh B1 1.1b
dh 2 du du
dh —2(4-u)
— = ————du M1 2.1
U 4-+h } .[ u
- H%uj du M1 1.1b
=-8lnu+2u{+c} M1 L.1b
Al 1.1b
=—8|n‘4—Jﬁ\+2(4—Jﬁ)+c = —8In‘4—\/ﬁ‘—2\/ﬁ+k * AlL* 2.1
(6)
dh t0.25(4_\/ﬁ)
—_ -\ Y _ 4—-+h =
(b) { ™ > 0= Jh=0 M1 3.4
Deduces any of 0<h<16, 0<h<16, 0<h<16, 0<h<16,
Al 2.2a
h<16, h<16 orall values up to 16
(2)
(©) J.;dh - .[ 1 jomsgy BL | 11b
Way 1 (4-+h) 20 '
~ =B 1 M1 1.1b
8In‘4 ﬂ 2h = AR L TS
{t=0,h=1=} -8In(4-1)- 2@ :%(0)1-25 ie M1 | 34
= C=-8In(®)-2 = -8inf4—h|- 2h =2it1-25—8|n(3)— 2
1 S dm1 3.1a
{h=12=1} —8|n\4—J17\— 212 = gtlﬂ’—sln(:«;) ~2
t'% = 221.2795202... = t= %/221.2795... or t=(221.2795...)° M1 1.1b
t=75.154...=t= 752 (years) (3sf) or awrt 75.2 (years) Al 1.1b
Note: You can recover work for part (c) in part (b) (7)
12 T
(©) 20 gn - j t°%dt B1 1.1
= b
Way 2 . (4-+h) 0
2 [4 .7 M1 1.1b
20(-8In{4—+/h|-2+/h) | =| =t'®
[ ( ‘ \/_‘ J_)l [5 l Al 1.1b
~ ~ ~ Conr L 4 M1 3.4
20(-8In(4—+/12) — 24/12) - 20(-8In(4 —1) — 21) = ST-0 v h
T'%=221.2795202... = T = *&/221.2795... or T =(221.2795...)° M1 1.1b
T =75.154.. =T = 75.2 (years) (3sf) or awrt 75.2 (years) Al 1.1b
Note: You can recover work for part (c) in part (b) (7)

(15 marks)




Notes for Question 14

(a)
1
B1: See scheme. Allow du = —%h’idh, dh = —2(4—u)du, dh=—2hdu oe.
M1: Complete method for applying u = 4-+hto j4 drj/ﬁ to give an expression of the form
v[Mdu k=0
u
Note: Condone the omission of an integral sign and/or du
M1: Proceeds to obtain an integral of the form J‘(é + Bj {du}; A,B=0
u
M1 j(§+ B) {du} — DInu + Eu; A, B, D, E #0; with or without a constant of integration
u
Al J.(_§ " 2) {du} — —8InU+2u; with or without a constant of integration
u
Al*: dependent on all previous marks
Substitutes U =4—+/h into their integrated result and completes the proof by obtaining the
printed result —8In‘4—\/ﬁ‘ ~2vJh +k.
Condone the use of brackets instead of the modulus sign.
Note: | They must combine 2(4) and their +C correctly to give +K
Note: Going from —8In‘4—\/ﬁ‘+2(4—\/ﬁ) +C to —8In‘4—\/ﬁ‘ —2+/h +k, with no intermediate
working or with no incorrect working is required for the final A1* mark.
Note: Allow A1* for correctly reaching —8In‘4—\ﬂ -24/h +¢c+8 and stating k =c+8
Note: Allow Al1* for correctly reaching —8In‘4—\/ﬁ‘ + 2(4—\/ﬁ) +k =-8In 4—\/5‘— 2./h +k
Alternative (integration by parts) method for the 2" M, 3@ M and 1% A mark
{Iﬂdu - JM du } =(2u—8)|nu—j2|nudu — (2u-8)Inu — 2(ulnu—u) {+ ¢}
u u
2nd M1: | Proceeds to obtain an integral of the form (Au + B)Inu —IAIn u{du}; A, B=0
3 M1: | Integrates to give DInu + Eu; D, E #0; which can be simplified or un-simplified
with or without a constant of integration.
Note: Give 3 M1 for (2u—8)Inu — 2(uInu —u) because it is an un-simplified form of DInu + Eu
1tAl: | Integrates to give (2u—8)Inu —2(ulnu—u) or —8Inu+2uo.e.
with or without a constant of integration.
(b)
M1: Uses the context of the model and has an understanding that the tree keeps growing until
h h
((jj_t =0= 4—\/5 =0. Alternatively, they can write ((ji_t >0 = 4—\/ﬁ >0
Note: Accept h=16 or 16 used in their inequality statement for this mark.
Al: See scheme
Note: A correct answer can be given M1 Al from any working.




Notes for Question 14

(© Way 1

B1: Separates the variables correctly. dh and dt should not be in the wrong positions, although
this mark can be implied by later working. Condone absence of integral signs.

M1: Integrates t** to give At*®; 10

Al: Correct integration. E.g. —8In‘4 f‘ 2+h = 5 t'* or 20(- 8In‘4 f‘ 2:/h) =2t
~8lnj4—h|+2(4-h) = 2— £ or 20(-8In[4—h|+2(4-Vh)) = 2%
with or without a constant of integration, e.g. k, c or A

Note: There is no requirement for modulus signs.

M1: Some evidence of applying both t =0 and h =1 to their model (which can be a changed
equation) which contains a constant of integration, e.g. k, c or A

dM1: dependent on the previous M mark
Complete process of finding their constant of integration, followed by applying h=12 and their
constant of integration to their changed equation

M1: Rearranges their equation to make t"% = followed by a correct method to give t=...; t>0

Note: "% = can be negative, but their ‘t =...” must be positive

Note: “their 1.25” cannot be 0 or 1 for this mark

Note: Do not give this mark if t™*% =... (usually t°% =...) is a result of substituting t =12 (or

' t=11)
054 — . .. dh .

into the given d? t (20 h) . Note: They will usually write ot as either 12 or 11.

Al: awrt 75.2

(c) Way 2

B1: Separates the variables correctly. dh and dt should not be in the wrong positions, although
this mark can be implied by later working.

Note: Integral signs and limits are not required for this mark.

M1: Same as Way 1 (ignore limits)

Al: Same as Way 1 (ignore limits)

M1: Applies limits of 1 and 12 to their model (i.e. to their changed expression in h) and subtracts

am1l dependent on the previous M mark
Complete process of applying limits of 1 and 12 and 0 and T (or ‘t’) appropriately to their
changed equation

M1: Same as Way 1

Al: Same as Way 1
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Student Response A

&y 4z 4-Vk Jhe 4-u.
us - Lh:‘ b= {ﬂ-u}b
[T " W B A
Ah e - ‘n
dh" [ du

-y

A
—

D A
=Y
=
- ryq-4)" A
o
S I S S
“ - ‘!qr [‘t""lj
- . Y Aﬂ
— ]
=2 (4-u)
- .‘
- lh
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Examiner Comments

(a) B1 MO MO MO A0 A0
du 1 -1

B1l: % = —Eh_E is correct.

k(4-u
MO: Does not obtain an expression of the form J%du; k=0.

MO MO A0 AO: Makes no further creditable progress.

(b) MO A0
MO AO: Does not attempt this part.

(c) B1 M1 A0 MO M0 MO A0
B1: Separates the variables correctly.
M1: Integrates t** to give At°%*; 1=0.

AO0: Does not obtain a correct integrated equation.
MO dMO MO AO: Makes no further creditable progress.
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Student Response B

1)

R —

J‘Lm)\( ’ dh UL - VA

[+ S

I V=l — p 2
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Examiner Comments

(a) B1 MO M1 M1 A0 A0

B1: du_ —lh_% is correct
" dh 2 '
k(4-
MO: J‘@du is not an expression of the form J’% du; k #0.

M1 M1: Splits expression and integrates to 8Inu+2u, which is of the form DInu + Eu;
D,E=0.

A0: Does not correctly obtain —8Inu+2u.
AO*: Follows previous AQ.

(b) M1 A1
M1 Al: 0<h<16 isan acceptable answer.

(c) B1 M1 A1 M0 MO M1 A0
B1: Separates the variables correctly. Condone the missing ‘dt .

M1 Al: Integrates to give a correct —8In‘4—\/ﬁ‘—2\/ﬁ+k = %tm.

MO dMO (dependent on the previous M mark): Does not apply t =0 to their integrated
equation. Note: Instead they apply t =1.

M1: Rearranges their equation to make t"** =
t=..

AO: Incorrect answer.

... followed by a correct method to give




A Level Mathematics Paper 2 (Pure) - 9MAO 02 Exemplar Question 14

Student Response C
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Examiner Comments

(a) BLM1 M1 M1Al1AlL
B1 M1 M1 M1 Al Al: Correct proof.

(b) M1 A0
M1: Deduces that 4—+/h = 0.
AO: Incorrect answer.

(c) BLM1A1 M1 M1 M1Al

B1: Separates the variables correctly. Condone absence of integral signs.
5

4
M1 Al: Integrates to give a correct —8In‘4—\/ﬁ‘—2\m+k = ;—5

M1: Complete process of applying both t =0 and h =1 to their integrated equation which
contains a constant of integration.

dM1 (dependent on the previous M mark): Complete process of finding their constant
of integration, followed by applying h =12 and their constant of integration to their
changed equation.

M1: Rearranges their equation to make
t=....

Al: Obtains the correct answer of 75.2

t™"% = . followed by a correct method to give
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Three Bags, A, B and C, each contain 1 red marble and some green marbles.

Bag A contains 1 red marble and 9 green marbles only
Bag B contains 1 red marble and 4 green marbles only
Bag C contains 1 red marble and 2 green marbles only

Sasha selects at random one marble from Bag A.
If he selects a red marble, he stops selecting.

If the marble is green, he continues by selecting at random one marble from Bag B.

If he selects a red marble, he stops selecting.

If the marble is green, he continues by selecting at random one marble from Bag C.

(a) Draw a tree diagram to represent this information.
(b) Find the probability that Sasha selects 3 green marbles.

(c) Find the probability that Sasha selects at least 1 marble of each colour.

)

)

)

(d) Given that Sasha selects a red marble, find the probability that he selects it from Bag B.

)

(Total for Question 1 is 8 marks)

Mean Score: 6.0 out of 8



Examiner Comments

On the whole, this accessible question was answered very well by majority of candidates
with nearly 40% going on to achieve full marks.

In part (a) most were able to draw the correct tree diagram and label both outcomes and
probabilities clearly. However, a number of candidates made mistakes due to deciding Bag
A contained only 9 marbles, B contained 4 marbles and C contained 2 marbles. Some
candidates attempted a 3 branch tree diagram and made little progress. Others thought that
the successive draws from Bag C could take place. All branches must be labelled as blank
branches are not assumed to represent a probability of 0.

Part (b) was almost universally answered correctly, even if the tree diagram was incorrect,
with the majority of candidates gaining full marks or at least follow through marks, although
occasionally the three probabilities were added rather than multiplied together.

In part (c) many correct responses were seen here with the majority of candidates gaining
full marks or at least follow through marks for the method. The most common error was the
inclusion of 0.1 for P(red) in addition to the two correct products, perhaps indicating that the
candidates failed to interpret ‘at least’ correctly.

Part (d) was somewhat less successfully answered. Many candidates were unable to

recognise that this involved conditional probability, with the most common wrong answer of

9 1 o\ -
m Xg often seen. A small number had the conditional probability the wrong way round,

attempting to find P(R | B) instead of P(B | R).




Question Scheme Marks AOs
1(a £ -G
(@) P < B1 11b
5
1
s G < N dBl | .,
1\R
5
5 NR 0
(b) 9,42
10" M1 1.1b
_12 (=049 Al | 11b
)
(©) 9.1, 941 or (1942j
1075710753 1010753 M1 3.1b
21 (= 0.42
= ( ) Al 1.1b
)
(d) P s
[P(Red from B|Red selected) ] — 10%5 _ 50 M1 3.1b
Sraxiribdl B |
9
=% Al 1.1b
)
(8 marks)
Notes
Allow decimals or percentages throughout this question.
B1: for correct shape (3 pairs) and at least one label on at least two pairs
G(reen) and R(ed)
(@) allow G and G’ or R and R’ as labels, etc.
condone ‘extra’ pairs if they are labelled with a probability of 0
dB1: (dep on previous B1) all correct i.e. for all 6 correct probabilities on the
correct branches with at least one label on each pair
M1: Multiplication of 3 correct probabilities (allow ft from their tree diagram)
(b) Al: 20
25
M1: Either addition of two correct products (product of two probs + product of
three probs) which may ft from their tree diagram
(© or for 1-('55'+'(b)")
Al:  2loe
50
M1: Correct ratio of probabilities
or correct ft ratio of probabilities e.g. ©>'s" or _1*'s" with num < den
(d) 1-'(b)’ "5 +(C)’
Al:

9 (allow awrt 0.346)
26
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Examiner Comments
In part (a) the shape of the tree diagram is incorrect.

In part (b) the probability that all three marbles are green has been found correctly

In part (c) we require the addition of the product of two probabilities and the product of three
probabilities for a follow through method mark to be awarded.

In part (d) there is no attempt at a conditional probability.
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Examiner Comments

In part (a) the tree diagram is drawn correctly with all correct labels and probabilities.
In part (b) the probability that all three marbles are green has been found correctly.
In part (c) the two required probabilities have been found and added together correctly.

Part (d) was a common mistake where there is no attempt at a conditional probability. Here
no marks are awarded.
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Student Response C

Examiner Comments

In part (a) the tree diagram is drawn correctly with all correct labels and probabilities.
In part (b) the probability that all three marbles are green has been found correctly.
In part (c) the two required probabilities have been found and added together correctly.

In part (d) the correct conditional probability has been found and the exact fraction has been
given.
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Temperature (°C)

Figure 1

The partially completed box plot in Figure 1 shows the distribution of daily mean air
temperatures using the data from the large data set for Beijing in 2015

An outlier is defined as a value
more than 1.5 x IQR below Q1 or
more than 1.5 x IQR above Q3

The three lowest air temperatures in the data set are 7.6 °C, 8.1 °C and 9.1 °C
The highest air temperature in the data set is 32.5 °C

(@) Complete the box plot in Figure 1 showing clearly any outliers
(4)

(b) Using your knowledge of the large data set, suggest from which month the two
outliers are likely to have come.

@)

Using the data from the large data set, Simon produced the following summary statistics for
the daily mean air temperature, x °C, for Beijing in 2015

n=184 D x =4153.6 Sx = 4952.906
(c) Show that, to 3 significant figures, the standard deviation is 5.19 °C
1)
Simon decides to model the air temperatures with the random variable
T~ N(22.6, 5.19?)
(d) Using Simon’s model, calculate the 10th to 90th interpercentile range.
®)

Simon wants to model another variable from the large data set for Beijing using a normal
distribution.

(e) State two variables from the large data set for Beijing that are not suitable to be modelled
by a normal distribution. Give a reason for each answer.

)
(Total for Question 2 is 11 marks)

Mean Score: 6.2 out of 11



Examiner Comments

In part (a) most candidates correctly read the quartile values from the diagram to obtain and
use the interquartile range to find outlier boundaries (where the IQR was incorrect it was
commonly given as 7.4). Surprisingly there were some inaccuracies in using the formula for
outliers even though it was given. Not all candidates showed working, which meant marks
could not be awarded if the box plot was not correct. The left hand whisker was commonly
drawn to 9.1 (sometimes to 8.6) as required, but the right hand whisker was more
occasionally incorrect, often extending off the grid instead of stopping at the stated maximum
value of 32.5 Usually the two outliers were plotted although they were sometimes omitted
by candidates who had shown the correct calculations.

In part (b) candidates are required to be familiar with the large data set. It was clear from
responses in part (b) that many were not aware that for all locations the data is for the months
of May to October only. Successful candidates often explained that Beijing was in the
northern hemisphere and so low outliers for temperature were likely to be for winter, and so
October. Some candidates perhaps did not read the question carefully enough and stated two
months.

- - 2 Sxx
In part (c) most candidates scored well, usually using the given /— formula. A small
n

number appeared unaware of this method instead choosing to work back from S« to find
> x2, to then use in the ‘standard’ formula. Some were successful here although there were a
number who mistakenly took the given S,, to be Yx?. Most candidates showed their
calculation giving the result to at least 4 significant figures so that they could show it rounded
to 5.19.

For part (d) the most popular approach seen here seemed to be use of the inverse Normal
function on a calculator to find the 10th and 90th percentiles. This was usually successful
although many candidates then went no further, hence gaining only the first mark. It was
evident that some were not aware of what was meant by interpercentile range; it was not
understood that the difference needed to be found (as when finding IQR), some stating a
range for x as an inequality (e.g. 15.9 < x < 29.3) with others instead reaching a probability
answer of 0.8. Of those continuing to find the IPR some had prematurely rounded both
percentile values to 3 significant figures before subtraction, leading to 13.4 as an inaccurate
final answer.

Candidates need to be encouraged to work with accurate figures, only rounding their final
answer. Fewer candidates used the more ‘traditional’ (and longer) approach of
standardisation to obtain the percentiles needed, although this was often done successfully.

Part (e) was very poorly done with only a handful of candidates scoring marks here. Depth
of familiarity was lacking by many candidates. Some misunderstood the question entirely
and cited the conditions for a Normal being a suitable approximation to a Binomial. Others
thought this part was related to the variable under study and suggested the Normal was not
suitable for modelling air temperature for a variety of reasons including the skew on the box
plot.

Those who did suggest two other variables from the large data set rarely gave acceptable
reasons for their choice; some gave no reasons at all even when their choice was a suitable
one. The use of the Beaufort scale for wind speed was mentioned but it was wrongly said to
be discrete, with only a few saying that it was non-numeric. Wind direction which was non-
numeric was quite often seen but was not an acceptable answer. Some other wrong reasons




were: the data is non-uniform, the values are too variable; it is not possible to have values
below zero. The most commonly suggested variable was cloud cover, presumably because it

was used as the basis for Question 4 and possibly because it appeared in last summer’s AS
Mathematics paper 2.




Question Scheme Marks AOs
2(a) IQR=26.6 -19.4[=7.2] Bl 2.1
19.4-1.5x 7.2’ [=8.6] or 26.6+1.5x ‘7.2’ [=37.4] M1 1.1b
Plotting one upper whisker to 32.5 and
one lower whisker to 8.6 or 9.1 Al 1.1b
Plotting 7.6 and 8.1 as the only two outliers Al 1.1b
(4)
(b) October (since it is the month with the coldest temperatures B1 24
between May and October in Beijing) '
1)
© [0 [4952906 o eg. ;- [x _51gg.. [=5.19*] Blcso* | 1.1b
184 n
1)
(d) 7= () 1.28(16) [R,, =]29.251...0r [P, =]15.948... Bl 3.1b
2x1.2816 x5.19 29.251...> — “15.948..." M1 1.1b
= awrt13.3 Al 1.1b
3)
©) Daily mean wind speed/Beaufort conversion since it is qualitative Bl 24
Rainfall since it is not symmetric/lots of days with O rainfall Bl 2.4
)
(11 marks)
Notes
B1l: for a correct calculation for the IQR (implied by 10.8 or 8.6 or 37.4 seen)
M1: for a complete method for either lower outlier limit or upper outlier limit
@) (allow ft on their IQR)  (may be implied by the 1% A1)
Al: both whiskers plotted correctly (allow % square tolerance)
Al: only two outliers plotted, one at 7.6 and one at 8.1 (allow ¥ square tolerance)
NOTE: A fully correct box plot with no incorrect working scores 4/4
Blcso*:  Correct expression with square root or correct formula and 5.188 or better
(c) Allow a complete correct method finding »" x* =awrt 98720 and _ _ \/98715.9... 7(4153.6j2
184 184
B1l: Identifying z-value for 10th or 90th percentile (allow awrt (£) 1.28)
or for identifying [P, =]29.251... (awrt 29.3) or [P, =]15.948... (awrt 15.9)
d) (This may be implied by a correct answer awrt 13.3)
M1: for2xzx519 wherel<z<?2
or for their P,, — B, where 25< B,, <35 and 10<P,; <20
Al:  awrt13.3
B1l:  for one variable identified and a correct supporting reason
B1l:  for two variables identified and a correct supporting reason for each
Allow any two of the following:
e Wind speed Beaufort since the data is non-numeric (0.e.). They need not mention
Beaufort provided there is a description of the data as non-numeric (Do not allow
wind direction/wind gust)
(e) e Rainfall as not symmetric/is skewed/is not bell shaped/lots of Os /many days with no

rain/mean#mode or median
e Date since each data value appears once/it is uniformly distributed
o Daily mean pressure since it is not symmetric/is skewed/not bell shaped
o Daily mean wind speed since it is not symmetric/is skewed/not bell shaped
Do not allow ‘not continuous’ or ‘discrete’ as a supporting reason.
Ignore extraneous non-contradicting statements
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Examiner Comments

In part (a) the IQR and the outlier limits are found correctly and the box plot is drawn
accurately scoring full marks.

In part (b) two answers are given, so the mark cannot be awarded.
In part (c) the given answer has been found from an incorrect method so does not score.
In part (d) there is no valid attempt made to find the 10th or 90th percentiles.

In part (e) neither ‘cloud coverage’ nor ‘sunshine’ are variables on the large data set for
Beijing, so these are not accepted.




A Level Mathematics Paper 3 (Statistics) - 9MAO 31 Exemplar Question 2
Student Response B

+ 3 + : - -f+ ; +
- . - + et gt +H
ot -4 12222 22 verifrorptater R RREEE ER 2R B 2222 28
T .-
.- > L x .
- 1 - 1282 222 -+
sri-f-etide + = s 2SR SRR R SaDe &

|22 2888 4+ 22820 28 1efprferotditragiorigetet cftd o fittegeiiogoe 1S283 238 et fti i rrtofreridiiicii g

7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

13
> B4 -
1
+ a.
-
b inaey
H
' .
———et
4
b
L
H

(& 1ar = ay-a.
:Lle6 -1A- 4 = F-1

oMk (s a3 ) T 86 o Folh Sl om eblewht A1 w k.

%o +(15x32) = 3F R 325wk ae bl '\\:‘_

% 61331672 ...

HLCETE

(M Ten(22-¢, 6197 I
Aue 09 24251261
Mra:0-1 = 1604 9Fa3

14 TSN ".if]. s -.1. ‘3025 .

LI

&Wmmd.ﬁwwml muu..i:.,_

Examiner Comments

Although the outlier limits have been calculated correctly in part (a), the outliers have not
been plotted accurately. The first outlier is plotted at 7.1 instead of 7.6.

Parts (b), (c) and (d) have been accurately completed.

Although ‘Beaufort wind speed’ has been identified in part (), the supporting reason given
is incorrect as they have confused discrete with qualitative. ‘Cloud cover’ is not a variable
on the large data set for Beijing.
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Examiner Comments

In part (a) the box plot has been drawn accurately and the outlier limits have been worked
out correctly.

Parts (b), (c) and (d) are fully correct.

In part (e) ‘windspeed’ is identified and accepted as ‘Beaufort’ and the supporting reason
that it is ‘qualitative’ has been given. ‘Rainfall’ is the second variable accepted and it is given
with a correct supporting reason that ‘there are too many values of 0. It was very rare for
two correct variables to be identified with correct supporting reasons.
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Barbara is investigating the relationship between average income (GDP per capita), x US
dollars, and average annual carbon dioxide (CO>) emissions, y tonnes, for different countries.

She takes a random sample of 24 countries and finds the product moment correlation
coefficient between average annual CO., emissions and average income to be 0.446

(a) Stating your hypotheses clearly, test, at the 5% level of significance, whether or not the
product moment correlation coefficient for all countries is greater than zero.
@)

Barbara believes that a non-linear model would be a better fit to the data.
She codes the data using the coding m =logiox and c=1logwy and obtains the model
c=-1.82+0.89m

The product moment correlation coefficient between ¢ and m is found to be 0.882

(b) Explain how this value supports Barbara’s belief.
1)

(c) Show that the relationship between y and x can be written in the form y = ax" where a
and n are constants to be found.
()

(Total for Question 3 is 9 marks)

Mean Score: 5.8 out of 9



Examiner Comments

This was the second most successful question on the paper with nearly a quarter of candidates
scoring full marks.

In part (a) the required symbol p was often written as p in the hypotheses and though this
was condoned for the first mark. Candidates who lost the mark were mainly using r or pmcc
instead of the parameter p. Occasional two-tailed hypotheses were stated.

The majority of candidates were successful in finding the critical value but some final
conclusions were confused with candidates thinking that the critical region was where the
product moment correlation coefficient (pmcc) was less than the critical value. A small
number of candidates incorrectly tried to apply a Binomial distribution writing

. : . -24 "
X ~ B(24, 0.446) or tried to standardise using 1.6449 = )m to find the critical value.

In part (b) many gave a correct response, using the idea that the correlation was stronger or
the value closer to 1. Some candidates only compared the value of 0.822 to 0.446 (or O or
0.3438) without explaining how this supported Barbara’s belief by showing a stronger
correlation compared to the uncoded data. A common incorrect answer was to state that
0.882 was close to 0.89, the gradient of the regression equation.

For part (c) a variety of approaches were taken to answer this. Those that opted to take
method 2 (working from the model) on the whole were usually more successful, as many
could jump straight to logio y = logio @ + n logio X. A common error was to give n=7.762...
(10°8%), The candidates that struggled with this question were able to score the first mark,
since many could state logio y =-1.82 + 0.89(log1o X) but then failed to make y the subject.
Even those candidates that could deal with logarithms often lost the final mark since did not
evaluate their value of a (too many left this as 107282),




Question Scheme Marks | AOs
3(a) H,: p=0 H :p>0 Bl 2.5
Critical value 0.3438 M1 1.1a
(0.446 > 0.3438) so there is evidence that the product
moment correlation coefficient (pmcc) is greater than O/there Al 2.2b
IS positive correlation
®)
(b) The value is close(r) to 1 or there is strong(er) (positive) B1 24
correlation '
1)
(C) = aXn —
log,, y=-1.82 + 0.89(logy, x) | 7~ n ML | 1.1b
log,, y=log,, (ax")
y =107827089(80 ) log,, y=10g,, a+log,, x" M1 2.1
y =102 0% e log,, y=10gy, a+nlog, X
09 M1 1.1b
[=107482 x 100090 [log,,a=-1.82,n=0.89]
y = 0.015x°% y = 0.015x°% A1A1 ﬁg
Q)
(9 marks)
Notes
B1: for both hypotheses correct in terms of p
M1: for the critical value: sight of 0.3438 or any cv such that 0.25 < |cv| < 0.45
@) Al: acomment suggesting a significant result/ H,, is rejected on the basis of seeing +0.3438
and which mentions “pmcc/correlation” and “greater than 0/positive”
or an answer in context which includes “income”(0.¢.) and “CO2/emissions”(o.e.)
A contradictory statement scores A0 e.g. ‘Accept Ho, therefore positive correlation’
(b) B1: for suitable reason e.g. ris close(r) to 1 or “strong(er)”/“near perfect” “correlation”
For both methods, once an MO is scored, no further marks can be awarded
and condone missing base 10 throughout
Method 1: (working to the model)
M1: Correct substitution for both ¢ and m (may be implied by 2" M1 mark)
M1: Making y the subject to give an equation in the form y =10*""1%) (may be
implied by 3 M1 mark)
M1: Correct multiplication to give an equation in the form y =107 x10°%%* (this line
© implies M1M1M1 provided no previous incorrect working seen)

Method 2: (working from the model)

M1: Taking the log of both sides (may be implied by 2" M1 mark)

M1: Correct use of addition rule (may be implied by 3" M1 mark)

M1: Correct multiplication of power (this line implies M1M1M1 provided no previous

incorrect working seen)

Al: n=0.89 ora=awrt0.0150r y=ax"® or y =awrt0.015x" (dep on M3)

Al: n=0.89 anda=awrt0.015 / y=awrt0.015x** (dep on M3)
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Examiner Comments

In part (a) the hypotheses are stated correctly and the correct critical value is found. Though
the null hypothesis is rejected, there is no conclusion given in context which is required for
the final mark to be awarded.

For part (b) no attempt is made.

For part (c)a correct substitution is given but no further progress is made.
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Examiner Comments

In part (a) both hypotheses are stated in terms of rho. The correct critical value is found and
the conclusion given includes the required context that the ‘pmcc is greater than 0°.

In part (b) an incorrect conclusion has been made that this correlation coefficient is not close
to 1 and that is does not show a strong correlation. This type of response was surprisingly
common.

In part (c) the correct substitution has been made. The attempt to make y the subject of the
equation is correct and the addition of the powers has been turned into a correct
multiplication. The final answer has a correct value of n but the final mark is not awarded as
the value of a is not given to the required accuracy.
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Examiner Comments

In part (a) the hypotheses have been stated correctly and the correct critical value has been
found. The null hypothesis is rejected, and the conclusion is in context.

In part (b) both correct answers are given ‘pmcc is close to 1’ and ‘strong correlation’ and
either of these comments would have been sufficient for the mark.

Part (c) is method 2 on the mark scheme as the working is shown from the model. Both a
and n are found to the required accuracy.
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Magali is studying the mean total cloud cover, in oktas, for Leuchars in 1987 using data
from the large data set. The daily mean total cloud cover for all 184 days from the large
data set is summarised in the table below.

Daily mean total cloud cover (oktas) | 0 | 1 | 2 | 3 | 4 | 5|6 | 7|8
Frequency (number of days) 0O|1| 4|7 |10]30 (52|52 28

One of the 184 days is selected at random.

(a) Find the probability that it has a daily mean total cloud cover of 6 or greater.

1)
Magali is investigating whether the daily mean total cloud cover can be modelled using a
binomial distribution.
She uses the random variable X to denote the daily mean total cloud cover and believes
that X ~ B(8, 0.76)
Using Magali’s model,
(b) (i) find P(X=6)
)
(i) find, to 1 decimal place, the expected number of days in a sample of 184 days
with a daily mean total cloud cover of 7
)
(c) Explain whether or not your answers to part (b) support the use of Magali’s model.
1)
There were 28 days that had a daily mean total cloud cover of 8
For these 28 days the daily mean total cloud cover for the following day is shown in the
table below.
Daily mean total cloud cover (oktas) | 0 | 1
Frequency (number of days) o|o0|1]|1]2
(d) Find the proportion of these days when the daily mean total cloud cover was 6 or greater.
1)
(e) Comment on Magali’s model in light of your answer to part (d).
)

(Total for Question 4 is 9 marks)

Mean Score: 5.2 of 9



Examiner Comments

In part (a) most earned the mark in part (a) except the few candidates who did not give an
answer to the required degree of accuracy.

In part (b)(i) most candidates scored both marks, usually using 1 — P(X < 5) and rounding to
a minimum of three significant figures. Where mistakes were seen, they were generally down
to the accuracy of the rounding (only to two significant figures) or else those who attempted
P(X = 6) or incorrectly assumed P(X > 6) = 1 — P(X <6).

While in (b)(ii) candidates rarely had difficulty finding P(X = 7), they frequently went no
further, despite the question’s requirement for the expected value.

Part (c) was not particularly well attempted by candidates with many leaving it out
completely. Where there was a clear attempt those failing to score the mark usually only
compared one set of the values, generally the 51.7 and the 52.

For part (d) most who attempted scored the mark.

Part (e) was the least successfully answered part of the question with lots of blanks seen.
Where candidates scored the two marks it was usually through stating that if there had been
cloud cover the day before there was a higher chance of cloud cover the next day. Those
going completely down the wrong route failed to realise that the data was from the same
source and were mostly commenting on the size of the sample rather than what the statistics
already demonstrated. In general there was far too much tendency to describe vague
contextual knowledge rather than use the figures found previously. Of those who did try and
compare figures an error often seen was to compare the result in part (d) to 0.76. The failure
to focus on the fact that the model was Binomial, and whether therefore the conditions of
independence had been met, demonstrated the general unfamiliarity with modelling.




Question Scheme Marks AOs
4@ | 182 _ (1739 awrt 0.717 B1 1.1b
184
(1)
(b)(1) P(X >6)=1-P(X <5) or P([X =]6)+P([X =]7)+P([ X =]8) M1 3.4
=1-0.296722... awrt 0.703 Al 1.1b
)
(b)(ii) 184 xP(X =7) [=184x0.2811...] M1 1.1b
=51.7385... awrt 51.7 Al 1.1b
)
(c) Part (a) and part (b)(i) are similar and the expected number
of 7s (51.7 or 0.281) matches with the number of 7s found in B1ft 3.5a
the data set (52 or 0.283) so Magali’s model is supported.
1)
(d) g —0.82142... awrt0.821 | B1 | 1.1b
@)
(e) Any one of...

e Part (d)/°0.821" differs from part (a)/(b)(1)/(0.7...)

o there is a greater/different probability of high B1 24
cloud cover/more likely to have high cloud cover '
if the previous day had high cloud cover

e independence(o.e.) does not hold

...therefore Magali’s (binomial) model may not be suitable. dB1l 3.5a
)
(9 marks)
Notes
Allow decimals or percentages throughout this question.
(a) Allow equivalent fraction, e.g.
. M1: for writing or using 1—P(X <5) or P(X =6)+P(X =7)+P(X =8)
(b)(i)
Al: awrt 0.703 (correct answer scores 2 out of 2)
. M1: for 184 xP(X =7)o0.e.e.g., 184 x[P(X <7)—P(X <£6)]
(b)(ii)
Al: awrt51.7
Bift: comparing ‘0.717” with ‘0.703” and ’51.7 or ‘0.281” with 52 or 0.283
©) and concluding that Magali’s model is supported (must be comparing prob. with
prob. and days with days). Allow not supported or mixed conclusions if
consistent with their f.t. answers in (a) and (b)
B1: Any bullet point
dB1: (dep on previous B1) for Magali’s model may not be suitable (o.¢e.)
(e)

SC: part (d) is similar to part (a)/(b)(i) and a compatible conclusion (i.e. Magali’s
model is supported) to score B1B1.
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Student Response A
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Examiner Comments

In part (a) the answer has been evaluated to the required 3 significant figure accuracy.

In part (b)(i) the probability expression is incorrect.

In part (b)(ii) the P(X =7) has been found correctly and this has been multiplied by 184 to
give a correct answer.

In part (c) only one of the required comparisons has been made. Here we require both
answers in (b) to be compared with the appropriate values.

In part (d) both 23 and 28 are seen but they have not been compared in a correct proportion.

For part (e) no attempt is made.
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Student Response B

o) 52 +52 +2% =132
___ *tkxal=184

122 %
134 b
by i DC(x>6)=(-Px<£5)
2T 0. 303233659472 I
o = 0. 3+03 @4y

\LP(CX=2) = 6.2 3F2E58

184 X 0.28¥FF 65 = DI-FI¥FS4Y
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Examiner Comments
In part (a) the fraction is correct.

In part (b)(i) there is a correct probability statement and a correct answer. Part (b)(ii) is also
answered to the correct degree of accuracy.

In part (c) both comparisons are made and the correct conclusion that these support the use
of Magali’s model is given.

In part (d) the correct proportion has been found.

In part (e) the candidate has not understood that the data in the second table is a subset of the
data in the first table. The comment about extrapolation is therefore incorrect and no marks
are scored in this part.
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Examiner Comments
In part (a) the fraction is correct.

In part (b)(i) there is a correct probability statement and a correct answer. Note that
candidates are expected to have a calculator that calculates cumulative binomial
probabilities.

(b)(ii) the subsequent rounding of 51.7 to 52 can be ignored and full marks are scored.

In part (c) both comparisons are made and the correct conclusion that these support the use
of Magali’s model is given.

In part (d) the correct proportion has been found.
In part (e) a correct comment is made about the fact that the independence assumption

required for the binomial distribution does not apply here. The correct conclusion that
Magali’s model may not be suitable is given.
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A machine puts liquid into bottles of perfume. The amount of liquid put into each bottle,
D ml, follows a normal distribution with mean 25 ml

Given that 15% of bottles contain less than 24.63 mi

(a) find, to 2 decimal places, the value of k such that P(24.63 < D <k) = 0.45
(®)

A random sample of 200 bottles is taken.

(b) Using a normal approximation, find the probability that fewer than half of these bottles
contain between 24.63 ml and k ml

©)

The machine is adjusted so that the standard deviation of the liquid put in the bottles is
now 0.16 ml

Following the adjustments, Hannah believes that the mean amount of liquid put in each bottle
is less than 25 ml

She takes a random sample of 20 bottles and finds the mean amount of liquid to be 24.94 ml

(c) Test Hannah’s belief at the 5% level of significance.
You should state your hypotheses clearly.

(®)
(Total for Question 5 is 13 marks)

Mean Score: 5.6 out of 13



Examiner Comments

In part (a) candidates struggled to come up with a complete strategy to answer this multi-
step question. Some candidates were unable to use the given information to find the missing
standard deviation. Although many realised that they needed to standardise, they incorrectly
used the given probability rather than the associated z-value. Many of the candidates who
found the correct standard deviation went on to give a correct answer although a significant
number then made mistakes manipulating the probability statements and therefore failed to
score after this. Candidates should be reminded of the benefits of drawing a diagram that
would have helped in this part.

It is worth noting that many candidates showed very little method once they had calculated
the standard deviation, this meant that candidates who had an incorrect answer often lost 3
marks. With increased reliance on the calculator the use of diagrams and probability
statements are essential to demonstrate what methods are being used. Candidates also need
to get into the habit of checking their answers for example by substituting their answers into
the original question. Although most candidates gave their answer to 2 decimal places, as
requested, some gave answers to a smaller degree of accuracy.

Part (b) was one of the most discriminating parts of the entire paper. There were a range of
errors seen. Many failed to set up the correct Normal approximation and many tried to use
the model found in part (a). Some appeared to struggle with the phrase ‘fewer than half’. It
was also quite common to see candidates ignore the request for an approximation and
complete the question using the binomial distribution given in the question. Candidates need
to be aware that they will not be awarded marks for using the binomial distribution to
calculate a probability if they have been asked to use an approximation. Candidates who did
manage to set up the correct Normal distribution often made errors with the continuity
correction, either they made no attempt to use one or they used one in the wrong direction.

Part (c) was a standard hypothesis test for a sample mean from a Normal distribution that
should have been relatively straight forward but in many cases candidates struggled. It was
common for candidates to use the wrong parameter when defining the null and alternative
hypotheses; they need to be fully aware that they must use the standard parameters when

setting up hypotheses, in this case x .

For those who did make progress failing to divide the variance by n was a common error and
candidates often gave large probabilities that were nowhere near 0.05 which should be a
warning sign that they likely have a mistake in their working. Some used o = 0.16 or
1= 24.94. Those using a critical regions approach were rare and these candidates often had
issues when rounding the critical region to two decimal places, which meant it was equal to
the test statistic. The majority of candidates made an attempt to interpret their results and
give a contextual conclusion. Those candidates that opted to give their contextual conclusion
in terms of ‘Hannah’s belief” were usually more successful than those who tried to write a
statement about the mean amount of liquid being less than 25 ml. Some candidates wrote
‘the mean is less than 25’ which did not mention the context and was therefore not
acceptable.




Question Scheme Marks AOs
O
[0 =]0.357 (must come from compatible signs) Al 1.1b
P(D>K)=0.40r P(D<k)=0.6 Bl 1.1b
K=25 _ 2533 M1 3.4
'0.357'
k = awrt 25.09 Al 1.1b
(%)
(b) [Y ~ B(200, 0.45) —] W ~ N(90, 49.5) Bl 3.3
P(Y <100) ~ P(W < 99.5) :p(z - Mj
J49.5 M1 3.4
=0.9115... awrt 0.912 Al 1.1b
®)
(c) Hy,: u=25 H,: <25 Bl 2.5
- 0.16
[D ]N[ZS, 0 J M1 3.3
P(D < 24.94)[=P(Z <—-1.677...)] = 0.046766... Al 34
p=0.047<0.05 or z=-1.677... < -1.6449
or24.94 <24.94115... b
or reject H, /in the critical region/significant M1 11
with no contradictions
There is sufficient evidence to support Hannah’s belief. Al 2.2b
®)
(13 marks)
Notes
M1: for standardising 24.63, 25 and ‘ o’ (ignore label) and setting =toz where 1 <|z|
<2
Al: [o =]awrt 0.36. Do not award this mark if signs are not compatible.
@ B1: for either correct probability statement (may be implied by correct answer)
this mark may be scored for a correct region shown on a diagram
M1: for a correct expression with z = awrt 0.253 (may be implied by correct answer)
Al: awrt 25.09 (Correct answer with no incorrect working scores 5 out of 5)
B1: setting up normal distribution approximation of binomial N(90, 49.5) (may be
implied by a correct answer) Look out fore.g. o = @ or oc=awrt 7.04
(b) M1: attempting a probability using a continuity correction i.e. P(W < 100.5), P(W <
99.5) or P(W < 98.5) (The continuity correction may be seen in a standardisation).
Al: awrt 0.912 [Note: 0.911299... from binomial scores 0 out of 3]
B1: for both hypotheses in terms of
M1: selecting suitable model must see N(ormal), mean 25, sd :O'T% (0.e.) or var =5
(o.e)
(c) Al: pvalue = awrt 0.047
or test statistic awrt —1.68 (any of these correct values imply the M1)
or CV awrt 24.941

M1: a correct comparison (including compatible signs) or correct non-contextual
conclusion (f.t. their p value, test statistic or critical value in the comparison)




M1 may be implied by a correct contextual statement

NB Any contradictory non contextual statements/comparisons score MOAO e.g. ‘p <
0.05, therefore not significant’

Al: correct conclusion in context mentioning Hannah’s belief
or the mean amount/liguid in each bottle is now less than 25ml (dep on M1A1M1)
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Student Response A
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Examiner Comments

In part (a) we condone the incorrect label in the standardisation equation as it has later been
corrected and the value of the standard deviation is correct. The response stops there and no
further marks are gained in this part.

In part (b) there is an attempt at a normal distribution but this does not have the correct mean
and standard deviation approximated from the binomial distribution.

In part (c) both hypotheses are stated correctly. The normal distribution for the sample mean
contains the wrong variance. Although there is an attempt at a p-value it has been compared
with 0.089 instead of 0.05 so the final method mark is not scored.
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Student Response B
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Examiner Comments

In part (a) the standard deviation is found correctly. The correct value of k has been found
and this implies the final method mark. Use of a calculator function generally does not count
as a method, so candidates are encouraged to show all stages of working even when using a
calculator. Here full marks can be awarded since the answer is correct and no incorrect
working is seen.

In part (b) the correct normal approximation to the binomial distribution is found. There is
no attempt at the continuity correction and the final answer is therefore incorrect.

In part (c) both hypotheses are stated correctly in terms of mu. The distribution of the sample
mean is also correct. The result is significant (and a correct comparison with 0.05 is given),
but the conclusion is insufficient as it does not include the required context.
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Examiner Comments

In part (a) there is a correct standardisation equation with compatible signs leading to a
correct value for the standard deviation. The correct probability statement P(D > k) is given
and the final result is found to the required 2 decimal place accuracy.

In part (b) the correct normal approximation to the binomial is found. A continuity correction
is stated and the final answer is accurate.

In part (c) both hypotheses are stated in terms of mu. The correct normal distribution for the
sample mean is stated and the test statistic and p-value are correct. The null hypothesis is
rejected and the conclusion is given with the required context ‘liquid’ and ‘less than 25°.




back to Contents Page

[In this question position vectors are given relative to a fixed origin O]

At time t seconds, where t > 0, a particle, P, moves so that its velocity v m s
IS given by
3
vV =6t —5t?]
When t =0, the position vector of P is (—20i + 20j) m.

(@) Find the acceleration of P whent=4

@)
(b) Find the position vector of P whent=4

@)

(Total for Question 1 is 6 marks)

Mean Score 4.2 out of 6

Examiner Comments

In the first part, the majority of candidates attempted to differentiate the given vector
expression for velocity to find the acceleration as required. This was completed mostly
successfully with just the occasional slip. Occasionally the expression was integrated or the
fact that it was a vector just ignored with the coefficients of i and j being added; however,
such instances were relatively rare. Those who completed the differentiation generally
substituted t = 4 to obtain the acceleration and many correct answers were seen. Some went
on to calculate the magnitude which was not actually required here but generally the marks
had already been achieved for a correct vector. Some candidates worked in column vectors
throughout and some in i and j components; both are equally acceptable. In part (b)
integration was required in order to find the position vector with both powers of t increasing
by 1. Mostly the indices were dealt with correctly although errors in the coefficients were
more common. Some stopped there without either using the initial conditions or substituting
t = 4. Many failed to achieve the final mark as a result of numerical/sign errors. A minority
attempted to use suvat formulae to solve the problem despite having used calculus in part

).
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Mark Scheme
Question Scheme Marks = AO
1(a) Differentiate v M1 1.1a
.15 2.
(a=)61—5t21 Al L1b
=6i-15j (ms?
J (ms®) Al L1b
©)
1(b) Integrate v M1 1l.1a
5 1.1b
(r=)(r,)+3t%—2t2j Al
=(~20i +20j)+(48i - 64j) = 28i —44j (m) AL | 222
©)
(6)

N.B. Accept column vectors throughout and condone missing brackets in
working but they must be there in final answers

Use of a = dv with attempt to differentiate (both powers decreasing by 1)
la | M1 dt

MO if i’s and j’s omitted and they don’t recover

Al | Correct differentiation in any form

Correct and simplified.

Al
Ignore subsequent working (ISW) if they go on and find the magnitude.

b | M1 Use of r= jvdt with attempt to integrate (both powers increasing by 1)

MO if i’s and j’s omitted and they don’t recover

Al | Correct integration in any form. Condone ro not present

Al | Correct and simplified.
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Student Response A
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Examiner Comments
(a) M1: Attempt to differentiate with both powers decreasing by 1
Al: Correct differentiation
AO: The —sign on the 15j has been lost
(b) MO: Attempted to integrate but only one power has increased by 1
AO0: Follows MO
AO: Follows MO
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Student Response B
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Examiner Comments

(a) M1: Attempt to differentiate with both powers decreasing by 1
Al: Correct expression for acceleration.
Al: Correct and simplified answer. Ignore the fact that they go on to find the magnitude.

(b) MO: No attempt to integrate to find an expression for r (using a suvat equation but a is
not constant — this was a very common error)

AO0: Following MO.

A0: Following MO
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Student Response C
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Examiner Comments

(a) M1: A valid attempt to differentiate correctly to find the acceleration.
Al: All correct.
Al: t =4 has been correctly substituted to give the correct answer

(b) M1: A valid attempt to integrate correctly to find position vector.

Al: Correct integration. (not necessary for constant to be seen)

AO0: Incorrect answer.( substitution t = 4 occurs but has not used initial position — this was a
common error on this question)
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A particle, P, moves with constant acceleration (2i — 3j) m s 2
At time t = 0, the particle is at the point A and is moving with velocity (—i + 4j) m s
Attime t = T seconds, P is moving in the direction of vector (3i — 4j)

(@) Find the value of T.
(4)

At time t = 4 seconds, P is at the point B.

(b) Find the distance AB.
4)

(Total for Question 2 is 8 marks)

Mean Score 3.4 out of 8

Examiner Comments

In part (a), although many candidates realised that finding an expression for the velocity was
relevant to determining the direction of motion, only a minority could use the fact that it was
specified as being in the direction of 3i — 4j. The most common error was in equating the actual
vectors rather than either equating the ratios of components or equating to a multiple of 3i — 4j. A
fair number attempted to use a displacement vector showing a lack of understanding of the
situation. The second part was generally handled more successfully with many correct answers

seen for the displacement vector (using s = ut + % at?) although not all proceeded to find the distance

by calculating its magnitude. Although most used suvat formulae throughout the question, some
successfully integrated the given constant acceleration to find the velocity and displacement. Use
of magnitudes of vectors throughout and some invalid multiplication/division of vectors were seen
on occasion.
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Mark Scheme

2(a) v =)C+(2i-3j)t
V=) ( J) M1 3.1a
(v=)(~i+4j)+(2i -3j)t A1 11b
4-31 _-4 oe M1 31a
-1+2T 3
T=8 A1 | L1b
(4)
®) [ (s=)ct+(ai —3j)%t2 (+ D) M1 | 3.a
(s =)(—i+4j)t+%(2i—3j)t2 (+D) Al | 1.1b
AB =+/12% +8°
N.B. Beware you may see 4(2i — 3j) which leads to w/(82 +12%) M1 |31la
this is MOAOMOALO.
= 44/13(=14.422051....) (m) Alcso | 1.1b
(4)
(8)
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Marks

Notes

2a

M1

Use of v=u+at
OR integration to give an expression of the form C+(2i—3j)t , where Cisa

non-zero constant vector
MO if u and a are reversed
Condone use of a = (2i + 3j) for this M mark

Al

Any correct unsimplified expression seen or implied

M1

. . . .4 i .
Correct use of ratios, using a velocity vector (must be using 3 ) to give equation

in T only
MO if they equate 4—3T =—4 and/or —1+ 2T =3 and therefore MO if they then divide
to produce their equation

Al

Correct only

N.B.

(i) Can score the second M1ALl if they get T = 8, using a calculator to solve two
simultaneous equations, but if answer is wrong, and no equation in T only, second
MO

(ii) Can score M1A1 M1ALl if they get T = 8, using trial and error, but if they don’t
get T = 8, can only score max M1A1MOAO

2b

M1

Use of s=ut +%at2 with a = (2i - 3j)

OR integration to give an expression of the form Ct +(2i —3j)%t2 , where C is

their non-zero constant vector from (a)
Condone use of a = (2i + 3j) for this M mark
OR any other complete method using vector suvat equations

Al

Correct unsimplified expression seen or implied

M1

Use of t =4 in their s (which must be a displacement vector) and then Pythagoras
with the root sign

N.B. This M mark can be implied by a correct answer, otherwise we need to see
Pythagoras used, with the root sign, for the M mark.

Alcso

Any surd form or 14 or better




A Level Mathematics Paper 3 (Mechanics) - 9MAO 32 Exemplar Question 2

Student Response A
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™
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u"u“ + (i 24})
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Examiner Comments

(a) M1: v = u + at has been used to give an expression of form C + (2i - 3])t where C is non zero
vector

Al: The expression is correct

MO: No use of ratios to give equation in T only - this was a very common error, where v was simply
equated to (3i - 4j).

AQ: Follows MO

(b) MO: Obtains an expression in the correct form but their C is not their non-zero constant vector
from part (a), [(3i - 4j) has been used]

AQ: Follows MO

MO: Although t = 4 is used, use of Pythagoras is not seen

AQ: Follows MO
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Student Response B
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Examiner Comments

(@) The approach used here was very common and lost all 4 marks in (a)

MO: Instead of finding the velocity vector (which determines the direction of motion) the candidate
has found the displacement vector

AOQ: After MO

MO: In order to obtain this mark, ratios had to be used on a velocity vector

A0: Follows MO

(b) M1: Obtains an expression in the correct form.

Al: A correct expression for s at time t has been obtained.
MO: No use of Pythagoras to find the distance is seen

A0: Follows MO




A Level Mathematics Paper 3 (Mechanics) - 9MAO 32 Exemplar Question 2
Student Response C
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Examiner Comments

(@) M1: v = u + at has been used to give an expression of form C + (2i - 3j)t where C is non zero
vector

Al: Correct unsimplified expression

MO: Has started correctly using a ratio, but needs to obtain an equation in T only, by equating
coefficients and eliminating k.

A0: Follows MO

(b) M1: Complete method to find s in terms of t by finding v at t = 4 and then using s = t( u+ v)/2
Al: Correct unsimplified expression for s

M1: Use of t = 4 and Pythagoras

Alcso: Correct answer from correct working




back to Contents Page

Figure 1

Two blocks, A and B, of masses 2m and 3m respectively, are attached to the ends of a light string.

Initially A is held at rest on a fixed rough plane.

L . 5
The plane is inclined at angle a to the horizontal ground, where tan a = o

The string passes over a small smooth pulley, P, fixed at the top of the plane.

The part of the string from A to P is parallel to a line of greatest slope of the plane.
Block B hangs freely below P, as shown in Figure 1.

The coefficient of friction between A and the plane is %

The blocks are released from rest with the string taut and A moves up the plane.
The tension in the string immediately after the blocks are released is T.
The blocks are modelled as particles and the string is modelled as being inextensible.

(@) Show that T = 12%

(8)

After B reaches the ground, A continues to move up the plane until it comes to rest before reaching
P.

(b) Determine whether A will remain at rest, carefully justifying your answer.
)
(c) Suggest two refinements to the model that would make it more realistic.
)
(Total for Question 3 is 12 marks)

Mean Score 6.5 out of 12



Examiner Comments

In part (a), many candidates earned the first mark for correctly finding R, but there were a number
who resolved incorrectly, using sin « instead of cos« . Almost all candidates obtained the second

mark, very often from simply stating F =§Rsomewhere on their paper. Most candidates who

found the equations of motion correctly did proceed to find T. The most successful methods were
either adding the two initial equations to eliminate T, finding a and substituting back into one of
the equations or setting both equations to 6ma and finding T directly. Candidates who rearranged
their equations to give a and then equated the quotients more frequently made errors when solving
for T. Common errors were inconsistent use or loss of m, including an extra g in the acceleration
term or forgetting to include g in their weight and, on the RHS of the equation, putting 3a and 2a
rather than 3ma and 2ma. A significant number of students set their equation of motion to zero,
finding the tension which would keep A at rest on the slope and received little credit. It was

surprising how many candidates simply wrote T =12% at the end of their incorrect working,
assuming it would not be checked. In the second part, many candidates tried to describe what would
happen without any supporting calculations. Many talked about the continued motion of A, ignoring
the actual question. Others simply said that it would continue moving as B had more mass than A,
ignoring the effects of the plane. Many who showed calculations did successfully compare the
component of the weight acting down the slope with the maximum friction, although others
continued to include tension or actually compared friction with tension, ignoring the weight
altogether. A few candidates showed a deeper understanding of the problem and simply compared
uandtana. Some candidates did not notice that the terms required were available from the

equation of motion for A. Some candidates did not read the question carefully and considered what
happened immediately after B reached the ground, rather than when block A came to rest. Some
used an equation of motion rather than considering forces separately. A minority showed their lack
of understanding by using tension in their explanation. The final part was generally well done,
although candidates still persist in giving more answers than are required, which very often means
that they include a wrong one and so lose marks. A few just restated the model — “light string” etc.
Candidates who didn’t score well in parts (a) and (b) were often able to gain a mark or two in (c)
with correct refinements of the model.




A Level Mathematics Paper 3 (Mechanics) - 9MAO 32 Exemplar Question 3

Mark Scheme
Question Scheme Marks AO
3(a)
R=2mgcosa Bl 3.4
2
F==R Bl |12
3
Equation of motion for A: M1 |33
T-F -2mgsina =2ma Al | 1.1b
Equation of motion for B: M1 |33
3mg-T =3ma Al |1.1b
Complete strategy to find an equation in T, m and g only. M1 | 3.1b
T 12mg Al* | 2.2a
5
(8)
16mg 10m
(b) (F, =)—ng , mg ML | 21
13 13
...... so A will not move. Al | 22a
)
(c) e Extensible string
e Weight of string
e Friction at pulley e.g. rough pulley B1 | 3.5¢c
e Allow for the dimensions of the blocks e.g. “Do not model B1 | 35c
blocks as particles”; “(include) air resistance”;“include '
rotational effects of forces on blocks i.e. spin”
)
(12)
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Marks

Notes

3a

Bl

Normal reaction between A and the plane seen or implied, cos & does not need to be
substituted.

Bl

F :gR seen or implied anywhere, including part (b)

M1

Form an equation of motion for A. Must include all relevant terms. Must be the
correct mass but condone consistent missing m’s. Condone sign errors and sin/cos
confusion

Al

Correct unsimplified equation (F does not need to be substituted). Allow consistent
use of (-a)
N.B. If T—2mg = 2ma is seen with no working, MOAO unless both B1 marks have
been scored.

M1

Form an equation of motion for B. Must be the correct mass on RHS but condone
consistent missing m’s. Condone sign errors and sin/cos confusion.

Al

Correct unsimplified equation (F does not need to be substituted). Allow consistent
use of (-a)

N.B. Allow the ‘whole system’ equation to replace the equation for A or B.

3mg - F —2mgsina =5ma

Must be the correct mass on RHS but condone consistent missing m’s. Condone sign
errors and sin/cos confusion.

M1

Complete method to give an equation in T, m and g only. N.B. Allow 6 in the
equation if they have defined what @ is: e.g. 0= tan‘l(%)

This is an independent mark but they must have two simultaneous equations in T and
a unless one of the equations is the whole system equation in which case one equation
will be in T and a and the other equation will be in a only.

Al*

Obtain the given answer from correct working using EXACT trig ratios. (not
available if using a decimal angle)

3b

M1

Comparison of their F__, (% R) and their component of weight down the slope, must

be comparing numerical values. oe e.g. if they consider the difference

N.B. Allow comparison of 4 andtan « with numerical values

Al

Correctly justified conclusion and no errors seen
N.B. If they equate their difference to an ‘ma’ term then A0

3c

Bl
Bl

Deduct 1 mark for each extra (more than 2) incorrect answer up to a maximum of 2
incorrect answers. Ignore extra correct answers.
e.g. two correct, one incorrect B1 BO
one correct, one incorrect B1 BO
one correct, two incorrect BO BO
Ignore incorrect reasons or consequences.
Ignore any mention of wind or a general reference to friction.




A Level Mathematics Paper 3 (Mechanics) - 9MAO 32 Exemplar Question 3
Student Response A

o,

292 Pearson Edexcel Level 3 A Level in Mathematics
Exemplification of the Summer 2019 Examination
© Pearson Education Ltd 2020



B).

Zogok= - S€ AP RYE
‘F—:. 2?50\

As @ﬂd’ﬁn 2 Jotus OChINGg ol £rom puila, &8, A

atiL realL il ok ve it

. achng
(.5- A('f reB\Etance ™ o Lo

Qa;\scu\c-\. “in PQ“‘—S,P

2/12

Examiner Comments

(a) BO: R is incorrect

B1l: F=2/3R seen

MO: The equation for A has the correct number of terms but is dimensionally incorrect. The m is
missing in both the Friction and the component of weight but not in the 2ma term so inconsistent
omission of m.

AO0: Follows MO:

MO: The equation for B has the correct number of terms but the m is missing in the weight but not
in the 3ma term so inconsistent omission of m

AO0: Follows MO.

MO: Candidate has no equation in T, m and g only

AO0: Follows MO.

(b) MO: They are not comparing their F and the component of weight down the plane
AO: Follows MO

(c) B1: Air resistance is correct
B1: Resistance on the pulley is correct




A Level Mathematics Paper 3 (Mechanics) - 9MAO 32 Exemplar Question 3

Student Response B
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Examiner Comments

(@) B1: A correct expression for R can be seen on the diagram

B1: They have a correct expression for Friction

MO: The equation of motion for A has an incorrect number of terms. The component of weight is
missing.

AOQ: Follows MO.

MZ1: The equation of motion for B has the correct number of terms and is dimensionally correct.
Al: The equation is correct

M1: Candidate has found equations of motion for A and B and formed an equation in T, m and g
only.

AO0: The given answer is not correctly obtained.

(b) MO: This question has not been attempted
AO0: Follows MO

(c) B1: Resistance on the pulley is correct.
B1: Air resistance acting on the block is correct.
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Student Response C
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Examiner Comments

Examiner comment on student response

(@) B1: A correct expression for R can be seen

B1: They have a correct expression for Friction

M1: A valid attempt at the equation of motion for A

Al: A correct equation.

M1: The equation of motion for B has the correct number of terms and is dimensionally correct.
Al: The equation is correct

M1: Candidate has found equations of motion for A and B and formed an equation in T, m and g
only.

Al: The given answer is correctly obtained.

(b) MO: The candidate is not comparing the friction with the weight component down the plane.
AO0: Follows MO

(c) B1: Dimensions of blocks is a correct refinement.
B1: Air resistance acting on the block is a correct refinement.
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Figure 2

A ramp, AB, of length 8 m and mass 20 kg, rests in equilibrium with the end A on rough
horizontal ground.

The ramp rests on a smooth solid cylindrical drum which is partly under the ground.
The drum is fixed with its axis at the same horizontal level as A.

The point of contact between the ramp and the drum is C, where AC = 5 m, as shown in
Figure 2.

The ramp is resting in a vertical plane which is perpendicular to the axis of the drum,

: 7
at an angle @ to the horizontal, where tanéd = 22

The ramp is modelled as a uniform rod.

(@) Explain why the reaction from the drum on the ramp at point C acts in a direction
which is perpendicular to the ramp.

1)
(b) Find the magnitude of the resultant force acting on the ramp at A.

9)
The ramp is still in equilibrium in the position shown in Figure 2 but the ramp is not now
modelled as being uniform.
Given that the centre of mass of the ramp is assumed to be closer to A than to B,
(c) state how this would affect the magnitude of the normal reaction between the ramp

and the drum at C.
1)

(Total for Question 4 is 11 marks)

Mean Score 2.7 out of 11



Examiner Comments

In part (a), the vast majority of candidates either produced a geometric reason for the reaction
acting perpendicular to the ramp (such as the ramp being tangential to the circular drum) or
gave an argument about action being equal and opposite to reaction. Neither of which were
correct. Many seemed to think that a reaction is, by definition, at right angles to the surface.
This is only true of a normal reaction. Very few recognised the significance of the drum
being smooth with the consequence that there is no frictional force and hence only a normal
component of the reaction. The second part involved finding the components of the resultant
force on the ramp at the point of contact with the ground and hence its magnitude. This
proved challenging for many and some made little valid progress. A clearly labelled diagram
would have helped to identify forces and distances. Most used a normal reaction and a
horizontal frictional force at A; however, the latter was sometimes omitted which
significantly reduced the number of marks available for subsequent equations. Some
employed components parallel and perpendicular to the ramp; such attempts were rare but
generally successful. A variety of resolution and moments equations were attempted but
sometimes components were omitted, forces not resolved or perpendicular distances not
used. Working was often difficult to decipher. Those who attempted vertical and horizontal
resolutions and a ‘moments about A’ equation tended to be the more successful although a
significant number stopped when they had found the normal reaction only. Some introduced
a coefficient of friction which was not necessary to answer the question (even giving it the

2 . . . :
value — from the previous question). Occasionally those who completed a correct solution

by squaring and adding components to find the magnitude of the resultant failed to achieve
the final accuracy mark for not rounding to 2 or 3 significant figures following the use of g
=9.8 ms2. Some who had achieved very few marks for the rest of the question managed to
secure the mark in part (c) for stating that the reaction at C decreases if the centre of mass is
assumed to be closer to A than to B. No reason was required although some chose to give
one. A minority claimed it increased or remained unchanged (although the explanation
sometimes implied that candidates were considering the reaction at A rather than at C).




Question Scheme Marks AO
A(a) Drum smooth, or no friction, (therefore reaction is B1
perpendicular to the ramp) 2.4
1)
N.B. In (b), for a moments equation, if there is an extra siné or
(b) cosf on a length, give MO for the equation
e.g. M(A): 20g x4cosé =5N sind would be given MOAO
RN

Possible equns M1 | 3.3
(/"):Fcos@+Rsin@=20gsind INEIERT
("\):N +Rcosd=20gcoséd+Fsind
(MR + N cos@ = 20g ML |34
(—):F =Nsiné Al | 11b
M(A): 20gx4cosd =5N M1 |34
M(B): 3N +Rx8coséd = F x8sin@+20g x4cosé
M(C): Rx5cos8 =F x5sind+20g xcos@ Al | 1.1Db
M(G): Rx4cosd=F x4sind+N
(The values of the 3 unknowns are:
N = 150.528; F = 42.14784; R = 51.49312)
Alternative 1: using cpts along ramp (X) and perp to M1 | 33
ramp(Y)
Possible equations: Al | 1.1b
(): X =20gsin@
(\):Y + N =20g cos & M1 |34
(1) : Xsin@+Y cosd+ N cosd = 20g AL | 11b
(—):Xcosf=Ysin@+Nsing
M(A): 20g x4cosé =5N M1 |34
M(B):20gx4cosd=8Y +3N
M(C):20g xcos @ =5Y Al | 11b

M(G):4Y = N x1

(The values of the 3 unknowns are:
N =150.528; X =54.88; Y = 37.632)




Alternative 2: using horizontal cpt (H) and cpt perp to ramp (S) M1 33
(/") :H cosé =20gsin &
(\):S+N = Hsin@+20g cos Al | 1Ib
(1) :Scosé+ N cosd = 20g M1 | 3.4
(—):H=Ssin@+Nsind AL L1b
M(A):20g x4cosé =5N '
M(B):20gx4cosfd+H x8sin @ =8S +3N M1 3.4
M(C):20g xcosé + H x5sin 8 =5S
M(G):4S = N x1+ H x4sin @ Al 11b
(The values of the 3 unknowns are:
N =150.528; H=57.1666...; S=53.638666...)
Solve their 3 equations forFandR OR XandY OR HandS M1 | 1.1b
|Force| =v/R? + F? Main scheme
OR =+VX%+Y? Alternative 1 M1 | 3.1b
OR = \/(H 2+ 5% —2HS cos(90° — 6) Alternative 2
Magnitude = 67 or 66.5 (N) Al | 22a
(9)
(c) | Magnitude of the normal reaction (at C) will decrease. Bl | 3.5a
1)

(11)




Marks

Notes

Ignore any extra incorrect comments.

4a | Bl
Generally 3 independent equations required so at least one moments
equation.: M1IAIM1A1M1AL.
More than 3 equations, give marks for the best 3. For each:
M1 All terms required. Must be dimensionally correct so if a length is
missing from a moments equation it’s MO Condone sin/cos confusion.
Al For a correct equation (trig ratios do not need to be substituted and allow
e.g. cos(24/25) if they recover
Enter marks on ePEN in order in which equations appear.
N.B. If reaction at C is not perpendicular to the ramp, can only score marks for
M(C)
Allow use of (xR ) for F
4b | M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
Al | Correct unsimplified equation
M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
Al | Correct unsimplified equation
M1 | All terms required, dim correct, condone sin/cos confusion
Al | Correct unsimplified equation
N.B. They can find F and R using only TWO equations, the 1st and 7th in the
list. Mark the better equation as M2A2 (-1 each error). Mark the second
equation as M1A1l
Alt . : . : .
1 M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
Al | Correct unsimplified equation
M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
Al | Correct unsimplified equation
M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.
Al | Correct unsimplified equation

N.B. They can find X and Y using only TWO equations, the 1% and 7" in the
list. Mark the better equation as M2A2 (-1 each error). Mark the second
equation as M1A1l




Alt

All terms required. Must be dimensionally correct. Condone sin/cos

2 M1 confusion.

Al | Correct unsimplified equation

M1 All terms required. Must be dimensionally correct. Condone sin/cos
confusion.

Al | Correct unsimplified equation

M1 | All terms required. Must be dimensionally correct.

Al | Correct unsimplified equation
N.B. They can find H and S using only TWO equations, the 1% and 7" in the
list. Mark the better equation as M2A2 (-1 each error). Mark the second
equation as M1A1l
Substitute for trig and solve for their two cpts.

M1 | This is an independent mark but must use 3 equations (unless it’s the special
case when 2 is sufficient)
Use Pythagoras to find magnitude (this is an independent M mark but must
have found a value for F (or X) and a value for R (or Y))

M1
OR a complete method to find magnitude e.g. cosine rule
but must have found a value for H and a value for S

Al | Correct answer only

B1 | Ignore reasons
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Examiner Comments
(@) BO: Answer at the end. Incorrect reason. No reference made to smoothness of drum

(b) MO: First equation seen - attempt at moments about A, but 20g x 4 is missing resolution
(no sin/cos seen)

A0: Follows MO

M1: Second equation seen - vertical resolution with correct number of terms, dimensionally
correct and resolution of their Rc (= 156.8 N)

Al: Correct unsimplified equation (in their Rc)

MO: No third equation seen

AOQ: Follows MO

MO: Has not got 3 equations to solve for both F and Ra

MO: Has not used Pythagoras

A0: Follows MO

(c) B1: Correct answer.
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Student Response B
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Examiner Comments
(a) BO: Incorrect reason. No reference made to smooth drum

(b) M1: First equation seen - takes moments about A with correct number of terms,
dimensionally correct (force x distance each term) and sin/cos with relevant force/distance
Al: Correct unsimplified equation

M1: Second equation seen - vertical resolution with correct number of terms, dimensionally
correct and resolution of Rc

Al: Correct unsimplified equation

MO: No third equation seen

AOQ: Follows MO

MO: Has not got 3 equations to solve for both F and Ra

MO: Has not used Pythagoras

A0: Follows MO

(c) B1: Correct answer given
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Student Response C
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9/11
Examiner Comments
(a) BO: Does not mention drum is smooth
(b) Mark as Alternative 1 (ignore the diagram)
M1: Attempts to find equation by taking moments about A, dimensionally correct.
Al: Correct equation
M1: Attempts to find equation by taking moments about C (see Alt 1 scheme)
Al: Correct equation
M1: Resolves along the ramp
Al: Correct equation
M1: Attempts to solve equations and find two perpendicular components
M1: Uses Pythagoras to find their magnitude
AO: Answer over accurate
(c) B1: Correct answer
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Figure 3

The points A and B lie 50 m apart on horizontal ground.

At time t = 0 two small balls, P and Q, are projected in the vertical plane containing AB.
Ball P is projected from A with speed 20 ms™! at 30° to AB.

Ball Q is projected from B with speed u ms™' at angle 8 to BA, as shown in Figure 3.
At time t = 2 seconds, P and Q collide.

Until they collide, the balls are modelled as particles moving freely under gravity.

(@) Find the velocity of P at the instant before it collides with Q.

(6)
(b) Find
(i) the size of angle 6,
(ii) the value of u.
(6)
(c) State one limitation of the model, other than air resistance, that could affect the
accuracy of your answers.
1)

(Total for Question 5 is 13 marks)

Mean Score 5.2 out of 13



Examiner Comments

In part (a), the majority of candidates obtained the first mark for the horizontal component
and most students also made a good attempt to find the vertical component, although
sometimes it was seen as part of their working for part (b). Of those who found the horizontal
and vertical components of the velocity, only a proportion proceeded to calculate the speed
and of those, very few found the direction. This was despite the clear lead from the question
which had given each velocity as a speed with a direction. A sizeable minority broke the
universal rule that answers must be given in terms of quantities which are given in the
question, giving their velocity in terms of i and j, which had not been defined in this question.
The second part proved to be quite discriminating although a significant number of
candidates did successfully find the correct values of both 8 and u. The most common error
was for candidates to simply equate both the horizontal and vertical displacements at the
time of collision and ignore the 50 m horizontal distance altogether. Others assumed that the
particles met halfway between A and B. However, only a minority of students made errors
when resolving their velocities. In the final part, a substantial number of candidates correctly
identified a limitation of the model with the size of the balls being the most common
response. Wind, spin and an inaccurate value for g were also relatively common. A
significant number lost the mark by referring to mass or weight and some referred to air
resistance even though the question specified “other than air resistance’’.




Question Scheme Marks AO
In this question mark parts (a) and (b) together.
5(a) Horizontal speed =20c0s30° Bl |34
Vertical velocity at t = 2 M1 |34
=20sin30°-2g Al | 1.1b
0= tan‘{iﬂj M1 | 1.1b
1043
Speed =+/100x3+9.6° or e.g. speed = % M1 | 1.1b
19.8.0r20 (ms™) at 29.0° or 29° to the horizontal oe Al |2.2a
(6)
(b) Using sum of horizontal distances =50 att =2 M1 |33
(ucos@)x2 + (20c0s30°)x2=50
Al | 11b
(ucos® =25-20c0s30°)
Vertical distances equal M1 |34
= (203in30°)x2—gx4:(usin 6?)><2—g><4
2 2 Al | 1.1b
(20sin30°=usiné)
Solving for both @ and u M1 | 3.1b
— £90 0
0 =52° or better (52.47756849....°) Al | 292
u =13 or better (12.6085128...)
(6)
(©) It does not take account of the fact that they are not particles
(moving freely under gravity)
It does not take account of the size(s) of the balls
It does not take account of the spin of the balls B1 3.5b
It does not take account of the wind
g is not exactly 9.8 m s
N.B. If they refer to the mass or weight of the balls give B0
(1)

(13)




Marks

Notes

5a

Bl

Seen or implied, possibly on a diagram

M1

Use of v=u-+at or any other complete method using t = 2
Condone sign errors and sin/cos confusion.

Al

Correct unsimplified equation in v or v2

M1

Correct use of trig to find a relevant angle for the direction.
Must have found a horizontal and a vertical velocity component

M1

Use Pythagoras or trig to find the magnitude
Must have found a horizontal and a vertical velocity component

Al

Or equivalent. Need magnitude and direction stated or implied in a diagram.
(0.506 or 0.51 rads)

5b

M1

First equation,in terms of u and & (could be implied by subsequent working),
using the horizontal motion with t = 2 used

Condone sign errors and sin/cos confusion

Al

Correct unsimplified equation — any equivalent form

M1

Second equation, in terms of u and & (could be implied by subsequent
working), using the vertical motion — equating distances or just vertical
components of velocities.

Condone sign errors and sin/cos confusion

Al

Correct unsimplified equation — any equivalent form

M1

Complete strategy: all necessary equations formed and solve for u and &

N.B. This is an independent method mark but can only be earned if 50 m has
been used in their solution.

Al

Both values correct. (Here we accept 2SF or better, since the g’s cancel)
Allow radians for €: 0.92 or better (0.915906..) rads.

5¢c

Bl

Any factor related to the model as stated in the question.

Penalise incorrect extras but ignore consequences

e.g. ‘AB (or the ground) is not horizontal’  should be penalised
or ‘they do not move in a vertical plane’ should be penalised
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Examiner Comments

(@) B1: 20 cos 30 seen

M1: Uses v = u + at vertically at time t = 2

Al: Obtains correct (unsimplified) equation

MO: No further work (Gives answer as a vector in terms of i and j which are NOT defined
in this question and so answer is inadmissible)

MO: No further work

AO0: No further work

(b) MO: Does not use sum of horizontal distances = 50

A0: Follows MO

M1: Sets vertical distances equal and quotes a correct formula but makes a slip in applying
itusingt=2

AQ: Incorrect equation (2 missing from using term)

MO: '50' not used earlier, so mark not available

AO0: Follows MO

(c) BO: Incorrect limitation of the model.
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Student Response B
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Examiner Comments

(@) B1: Correct horizontal speed

M1: v =u + at used vertically with t = 2
Al: Correct equation

MO: Angle not attempted

M1: Pythagoras used to find the speed
AQ: Correct speed but direction not found

(b) M1: Equation with two horizontal distances using t = 2 adding to 50 m implied by 30m
used (50 - 20)

A0: Uses 20sin30 instead of 20cos30 for the horizontal speed of P

M1: Vertical distance travelled by P (0.4) is equated to the vertical distance travelled by Q
Al: Equation correct

MZ1: Solves for both u and & with 50 m used

AO0: Incorrect values of u and 6

(c) B1: Valid limitation of the model
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Student Response C
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Examiner Comments

(@) B1: Correct horizontal speed

M1: Uses v = u + at vertically with t = 2

Al: Correct equation for vertical velocity component
MO: No attempt to find angle

M1: Uses Pythagoras to find the speed

AO0: No angle found

(d) M1: Correct method for finding horizontal distances, adding and equating to 50, with t
=2

Al: Correct equation

M1: Correct method for finding and equating vertical distances at t = 2

Al: Correct equation

M1: Having found the necessary equations, solves for u and & and has used 50 m

Al: Correct answers

(c) B1: Acceptable answer. Has mentioned not modelling the balls as particles. "Air
resistance" only would be B0




