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Paper 2 Markscheme

Instructions to Examiners
Method of marking
(a)  All marking must be done using a red pen.
(b)  Marks should be noted on candidates’ scripts as in the markscheme:
* show the breakdown of individual marks using the abbreviations (M1), (42) etc.

* write down each part mark total, indicated on the markscheme (for example, /3 marks] ) — it
is suggested that this be written at the end of each part, and underlined;

* write down and circle the total for each question at the end of the question.

Abbreviations

The markscheme may make use of the following abbreviations:
M Marks awarded for Method

A Marks awarded for an Answer or for Accuracy

G Marks awarded for correct solutions, generally obtained from a Graphic Display Calculator,
irrespective of working shown

C Marks awarded for Correct statements
R Marks awarded for clear Reasoning

AG Answer Given in the question and consequently marks are not awarded

Follow Through (ft) Marks
Questions in this paper were constructed to enable a candidate to:
show, step by step, what he or she knows and is able to do;
use an answer obtained in one part of a question to obtain answers in the later parts of a question.

Thus errors made at any step of the solution can affect all working that follows. Furthermore, errors
made early in the solution can affect more steps or parts of the solution than similar errors made later.

To limit the severity of the penalty for errors made at any step of a solution, follow through (ft)
marks should be awarded. The procedures for awarding these marks require that all examiners:

(i)  penalise an error when it first occurs;

(ii) accept the incorrect answer as the appropriate value or quantity to be used in all subsequent
parts of the question;
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(iii)) award M marks for a correct method, and A(ft) marks if the subsequent working contains no
further errors.
Follow through procedures may be applied repeatedly throughout the same problem.

The errors made by a candidate may be: arithmetical errors; errors in algebraic manipulation; errors in
geometrical representation; use of an incorrect formula; errors in conceptual understanding.

The following illustrates a use of the follow through procedure:

Markscheme Candidate’s Script Marking

$ 600 x 1.02 M1 | Amount earned = $ 600 x 1.02 J M1
=$612 Al =$602 X A0

$ (306 x 1.02) + (306 x 1.04) M1 | Amount =301 x 1.02 + 301 x 1.04 / Ml
=$630.36 Al =$ 620.06 / AI(ft)

Note that the candidate made an arithmetical error at line 2; the candidate used a correct method at
lines 3, 4; the candidate’s working at lines 3, 4 is correct.

However, if a question is transformed by an error into a different, much simpler question then:
(i)  fewer marks should be awarded at the discretion of the Examiner;

(il)) marks awarded should be followed by ‘(d)’ (to indicate that these marks have been awarded at
the discretion of the Examiner);

(ii1)) a brief note should be written on the script explaining how these marks have been awarded.

Using the Markscheme

(a)  This markscheme presents a particular way in which each question may be worked and how it
should be marked. Alternative methods have not always been included. Thus, if an answer is
wrong then the working must be carefully analysed in order that marks are awarded for a
different method in a manner which is consistent with the markscheme.

In this case:

(i)  a mark should be awarded followed by ‘(d)’ (to indicate that these marks have
been awarded at the discretion of the Examiner);

(i1))  a brief note should be written on the script explaining how these marks have been
awarded.

Alternative solutions are indicated by OR. Where these are accompanied by G marks, they
usually signify that the answer is acceptable from a graphic display calculator without showing
working. For example:

Mean = 7906/134 M1)
=59 (A1)

OR

Mean = 59 (G2)
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sin¢ for tan @
cosd
These equivalent numerical or algebraic forms may be written in brackets after the required

answer.

(b)  Unless the question specifies otherwise, accept equivalent forms. For example:

(c)  As this is an international examination, all alternative forms of notation should be accepted.
For example: 1.7, 1-7, 1,7 ; different forms of vector notation suchas & , u ,u; tan”' x for
arctan x.

Accuracy of Answers

There are two types of accuracy errors, incorrect level of accuracy, and rounding errors. Unless the
level of accuracy is specified in the question, candidates should be penalized once only IN THE
PAPER for any accuracy error (AP). This could be an incorrect level of accuracy, or a rounding
error. Hence, on the first occasion in the paper when a correct answer is given to the wrong degree of
accuracy, or rounded incorrectly, maximum marks are not awarded, but on all subsequent occasions
when accuracy errors occur, then maximum marks are awarded.

There are also situations (particularly in some of the options) where giving an answer to more
than 3 significant figures is acceptable. This will be noted in the markscheme.

(a) Level of accuracy

(i)  In the case when the accuracy of the answer is specified in the question (for example:
“find the size of angle 4 to the nearest degree”) the maximum mark is awarded only if
the correct answer is given to the accuracy required.

(i1)  When the accuracy is not specified in the question, then the general rule applies:

Unless otherwise stated in the question, all numerical answers must
be given exactly or to three significant figures.

(b) Rounding errors

Rounding errors should only be penalized at the final answer stage. This does not apply to
intermediate answers, only those asked for as part of a question. Premature rounding which
leads to incorrect answers should only be penalized at the answer stage.

Incorrect answers are wrong, and should not be considered under (a) or (b).
Examples
A question leads to the answer 4.6789....

e 4.68 is the correct 3 s.f. answer.

* 4.7,4.679 are to the wrong level of accuracy, and should be penalised the first time this type of
error occurs.

* 4,67 is incorrectly rounded — penalise on the first occurrence.

Note: All these “incorrect” answers may be assumed to come from 4.6789..., even if that value is not
seen, but previous correct working is shown. However, 4.60 is wrong, as is 4.5, 4.8, and these should
be penalised as being incorrect answers, not as examples of accuracy errors.
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Markscheme Candidate’s Script (A) Marking
(@) a=2.31x3.43 Ml (a) a=2.31x343 Ml
=7.9233=7.92 (3 s.f) Al =7.9233=7.92 Al
(b) 2a=2x7.9233 Al (b) 2a=2x%x17.29=14.58 A0
=15.8466 =15.8 (3 s.f) Al =14.5 AO(AP)
Total| 2 marks

Notes:

Award A1 for either the exact answer 7.9233 or the 3 s.f. answer 7.92.

In line 3, Candidate A has incorrectly transcribed the answer for part (a), but then
performs the calculation correctly, and would normally gain the follow through marks.
However, the final answer is incorrectly rounded, and the AP applies.

Candidate’s Script (B) Marking Candidate’s Script (C) Marking
(a) a=2.31x3.43=7.9233 Ml (a) a=2.31x3.43=7.9233 Ml
=7.92 Al =17.93 AO(AP)
(b) 2a=2x7.9233 Al (b) 2a=2x%x793 AI(ft)
=15.8466 = 15.85 AO(AP) =15.86 =15.8 AI(ft)
Total| 3 marks Total | 3 marks

Notes:

Candidate B has given the answer to part (b) to the wrong level of accuracy, AP applies.

Candidate C has incorrectly rounded the answers to both parts (a) and (b), is penalised
(AP) on the first occurrence (line 2), and awarded follow through marks for part (b).

Candidate’s Script (D) Marking Candidate’s Script (E) Marking
(a) a=2.31x3.43 M1 (a) a=2.31%x3.43=7.923 M1
=7923=179 AO(AP) =7.93 AO(AP)
(b) 2a=2x7923 AI(ft) (b) 2a=2x7.93 AI(ft)
=19.446=19.5 A0 =15.86 AI(ft)
Total | 2 marks Total | 3 marks

Notes:

loses 1 mark (AP). The answer to part (b) is wrong.

Candidate D has given the answer to part (a) to the wrong level of accuracy, and therefore

Candidate E has incorrectly rounded the answer to part (a), therefore loses 1 mark
(AP), is awarded follow through marks for part (b), and does not lose a mark for the
wrong level of accuracy.

Graphic Display Calculators

Many candidates will be obtaining solutions directly from their calculators, often without showing
any working. They have been advised that they must use mathematical notation, not calculator
commands when explaining what they are doing. Incorrect answers without working will receive no
marks. However, if there is written evidence of using a graphic display calculator correctly, method
marks may be awarded. Where possible, examples will be provided to guide examiners in awarding

these method marks.
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The number of single rooms (x) and the number of double rooms () cannot exceed 14. (Al)
[1 mark]
i) x=3 (A1)
(i) y=7 (41)
[2 marks]
) (42)
“T\F XNE3
(ii) (44)
(i) 27 (A1)
s
2 1
Qo
g
= =7
2 i
S 4]
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o -}
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j=
=
o L, i
= x+y=14
) ) 1 ¥ . T T T A3 T \ >
2 4 6 8 10 12 14

The number of single rooms (x)

Notes: (¢) (i)

(i)

Award (A1) for correct scales on both axes and (A1) for both axes

labelled with at least ‘x” and ‘y’.

Award (A1) for line y =7, (A1) for line x =3. Award (A1) each for two
correct points on the line x+ y =14 (e.g. (14,0), (3,11), (7,7), (0,14)) .

(d)

(1) n=80x+120y

(i) n=80x3+120x11

Therefore, they should build 3 single rooms and 11 double rooms.

OR

3 single, 11 double

[7 marks]
(41)
MD)

(A1)

(A1)(A1)
[3 marks]
Total [13 marks]



(a)

(b)

(c)

() a=$250
d =$200

T, =250 +9x 200
=2050

MO02/530/S(2)M+

(AD)
(AD)

(AD)

into the formula without being explicitly stated.

Note:  Award the marks for the values of ‘a’ and ‘@’ if they are correctly substituted

(i) a=8$10
r=2
T, =10x2°
=5120

(A1)
(AD)

(A1)

into the formula without being explicitly stated.

Note:  Award the marks for the values of ‘a’ and ‘r’ if they are correctly substituted

S =%(250+ 2050)
=11500

OR

Sio :%{2x250+(10—1)x200}

=11500

Option One: $10000

Option Two: $11500

102" -1)

—
=10230

Therefore, Option Two would be best.

Option Three: S, =

[6 marks]

(M1)
(A1)

(M1)
(41)
[2 marks]

(A1)

M1)

(A1)

(R1)

[4 marks]

Total [12 marks]
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3. (3
)
30
600 m
tan3" =—— M1
600 ™MD
x=600tan 3’
x=31.4447
x=314m (A1)
Therefore, height =40m+31.4m
=71.4m (A1)
[3 marks]
® ®
(A1)
Note: For (A1) the candidate must have the 40, the 92 and the 4° in the appropriate place.
(i1)
52
Al
g (A1)
X
tan4’ = 32 M1)
X
52
X =
tan4°
x=743.6346453 =744 m (A1)
[4 marks]

continued...
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Question 3 continued

A

© @
600 m @ 744 m

B C

BC? =600° +744% —2x 600 x 744 cos110°

BC? =1218891.584 (or 1218198.119)

BC=1104.034231 (or 1103.720...)
BC=1104 (to the nearest metre)

sinc _sin110’

600 1104
600xsin110°
1104

¢=30.710635°
c=30.7" 3s.f)

(i)

sinc =

(i) area = %x 600 x 744sin110°

=209739.393
=210000 m* (3 s.f.)

MO02/530/S(2)M+

(MI)
(A1)

(A1)

(MI)

(M1)

(AD)

(MI)

(AD)
[8 marks]
Total [15 marks]



(b)

(c)

(d)
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(i) 10-6=4

OR

4
(i1))  Students who study Mathematics only.
(iii) 20-(4+1+2+1+3+3+4)=2

OR

n(SUH)=8+9-3=14

OR

n(SUH)=14

i)  P(studies all 3 subj S
(1) (studies all 3 subjects) 20 =10~

. . . 1407 o5
(ii)  P(History or Science) ol 10

M02/530/S(2)M+

(M1)(Al)

(42)
(AD)

(M1)(Al)

(42)
[5 marks]

(41)
[1 mark]
(M1)(A1)

(42)
[2 marks]

(AD)

(AD)

[2 marks]

continued...
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Question 4 continued

2 2
(e) (1)  P(captain studies all, other student studies none) = 2—0>< ) M1)
4 1
=——=—=0.0105 Al
380( 95 j (Al
(i1))  P(one studies Science only and the other studies History only)
4 3
=—x—x2 ‘M1
20 19 M1
Not Award (M1) f ixi
ote: ward (M1) for 2019
24 6
= | =—=0.0632 Al
380( 95 j (Al
. . 8
(ii1))  P(History|History and Maths) = T (Al)

[5 marks]
Total [15 marks]
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@@ () 1.75m=0.1m

(i)  01:34+10 minutes
06:26 £10 minutes

(b)) 2<t<6

Notes: Award (41) each for times = 5 minutes, (41) for both strict inequalities.
Award (A2) for the answer “between 02:00 and 06:00 .

(c)

(d)  h(t)=1.5cos(45¢t°)+3
13:00 = 13 hours after midnight
h(13)=1.5cos(45%x13)+3
=1.94m

OR
13:00 = 5 hours into the next period
h(5)=1.5cos(45x5)+3

=194 m

(e) next low = 8 hours after first
time = 04:00+ 8 hours
=12 noon (or 12:00 or 12 hours after midnight)

MO02/530/S(2)M+

(AD)

(A1)
(AD)

[3 marks]

(43)

[3 marks]

(M)
(AD)

M1)
(41)
[4 marks]

(M)
(M)
(AD)

(MI)
(M)
(AD)

[3 marks]
M)

(AD)

[2 marks]
Total [15 marks]
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H @ 8 (A1)
b G . Al
) 0 | (A1)

37
iy 12 s F ) or (¢ 550> %8 Al
W) 550 75 4 (A1)
8 4
(i)  2x+5x550=3440 Ml)
2x =690
x =345 (A1)
[5 marks]
(i) (a) (1) F GE orany correct path (has no repeated vertices) (A1)
(i) 4 (Al)
(iii) A @ C (Accept other correct subgraphs)
(41)
[3 marks]
o —CE ©
() (&) (42
OR
(0 (®) “2
Note: Award (A42) for all correct, (41) for 1 or 2 errors, (40) for 3 or more errors.
[2 marks]

continued...



Question 6 (ii) continued

(c)

(d)

(i) (a)

(b)
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(i)  300+650+350+ 400+ 650+ 600+ 300+ 500+ 700+ 500+ 600 + 800 M1)
Note: Award (M1) for finding the sum of the edges.
Al
=6350m (Al
(i) HECBADFGDBE G H or any route that covers each edge once only. (41)
[3 marks]
i x=1 (AD)
y=0 (AD)
(i) EBD
ECBD
EHGFD (42)
Note: Award (42) for all 3 paths, (41) for 2 paths, otherwise (40).
(ii1)) There are no roads out of intersection A. (A1)
(iv) Make A — B into a two way street. (A1)
OR
Make A — D into a two way street. (Al)
OR
Change flow from B to A to A to B. (Al)
OR
Change the flow from D to A to A to D. (Al)
[6 marks]
(i)  Defend the south. (Al)
(i1)  Attack the north. (Al)
(iii) Team Alpha will gain 300 points. (Al)
(iv)  The north. (Al)
Team Omega will gain 200 points. (R1)
OR
Team Alpha will lose 200 points. (R1)
[5 marks]
The proportion of times team Omega defends the south. (Cl)
[1 mark]

continued...
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Question 6 (iii) continued

© @
(i)

d O
(i)

~200p+300(1— p) (=300—500p)

800p +=300(1— p) (=-300+1100p)

300-500p =-300+1100p

600=1600p
1600 8

3
When p = 3 team Alpha expects to win

300-500 x% = 922 (=112.5) points per attack

(0r—300+1100x§=112.5)

MO02/530/S(2)M+

(AD)

(41)
[2 marks]

(M)

(MI)(AG)

(AD)

[3 marks]
Total [30 marks]
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. . 2077.75
O @ O =535

=0.969

(i1))  There is a strong, positive linear correlation.

The word correlation is desirable but not essential.

Note: Award (41) for strong or equivalent terminology, (41) for positive.

Sy
Sx?

2077.75

—650 = x—270

Y 223 )

y=4.18x—478

(b) y-y=

(x=X)

Note: Award (41) for 4.18x, (A1) for —478.

() (i) y=4.18x250-478
=567

(ii))  The number of vehicles given is too far outside the data.

(i) (a) (1)  Expected number of male managers

160 300 160x300
=——x—x500=——"
500 500 500

=96

(i) b=160-96=64
¢=300-96—60 =144
d =240-144 =96

®) ) H, : Position is independent of gender

(i1))  H, : Position is dependent on gender

MO02/530/S(2)M+

(M1)
(AD)

(A1)(Al)

[4 marks]

(M1)(A1)
(A1)(Al)

[4 marks]

(M1)
(AD)

(R1)
[3 marks]

(MI)(A1)
(AG)
(AD)

(AD)
(A1)

[5 marks]
(A1)

(41)
[2 marks]

continued...
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Question 7 (ii) continued

(c)

(i) (a)

_ 2 _ 2 _ 2 _ 2
2 _(96-957 (64-65) (1441307 (96-110)

D) Zae =5 64 144 9%
(60—-75)* (40-25)°
+ + MI1)(A2
60 40 MD(42

2
Note: Award (M1) for using Z%, (A2) for all values correct.

e

Special case: Award (A1) if only 1 value is incorrect.

=12.8 (AG)
(i) 2 degrees of freedom (A1)
7522 0.0s =2-991 (A1)
(i) Any of : (then reject H, accept H,) (R1)
Position is dependent on gender.
[6 marks]
1825 6000
1825-6000
= =-278 (M1)
1500
P(Z <-2.78)=1-0.9973 =0.0027
Percentage =0.27 % (Al)
OR
P(Z <-2.78)=10.00269 (3 s.f.) (G1)
Percentage =0.269 % (G1)
[2 marks]

continued...
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Question 7 (iii) continued

(b) Z=-128 (G2)

OR

B
y //
/////
A=0.1=>B=009 | M1)
D(Z)=09=Z=-1.28 M1)
x—6000

-1.28= 1500 M1)
x=4080 hours (Al)
[4 marks]

Total [30 marks]



(@)
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(@ () y=x"+3x"+3x+4

Y 3 s 6x43
dx

Note: Award (42) for all terms correct, (A1) for 2 terms correct.

(i) x=-2, %:3(—2)2 +6(-2)+3
=3

(iii)) Increasing (ft from part (ii))
. dy 2
@iv) —=3 3=3x"+6x+3
dx
0=3x+6x=3x(x+2)
x=0or x=-2
dy 2
v) —=0 0=3x"+6x+3
dx

0=3(x"+2x+1)=3(x+1)*
x=-1

(b) [f(x)=2x+3

f(x+h)=2(x+h)+3
=2x+2h+3

2x+2h+3)—(2x+3)

f'(x)=lim

h
. 2h
=lim —
h—0 h
=2

Note: Award no marks if first principles are not used.

() g'(x)=3x"—x+1

g(x)=x° —%xz +x+c¢

3:23—%x22+2+c

MO02/530/S(2)M+

(42)

(MI)
(AD)

(AD)

(MI)

(A1)(Al)

(M1)

(AD)
(A1)

[11 marks]

(MI)

(M)

(A1)

[3 marks]

(MI)

(MI)

(A1)

[3 marks]

continued...



Question 8 continued

(i)  (a)

(b)

(c)

(d)

A=2(h)(2x)+2xh +2(2x) x

= dhx + 2xh + 4x7
=6xh+4x°

300 = 4x* + 6xh

300 — 4>

=h

Volume V' (x)=(2x)xh

Vix)=

5,2 (300- 4x%)
6x

V(x)=100x —§x3

(@)

(i)

(iii)

(iv)

V'(x) =100 — 4x*

0=100—4x>
4x* =100
x> =25=x=4%5

x=35 (since x > 0)

V(S):100><5—§><53
=3334 or333 (3s.f)

~300-4x5
6x5

h

=62 or 6.67 (3 s.f)

MO02/530/S(2)M+

(M1)
(M1)
(AG)

[2 marks]
(M1)
(41)
[2 marks]
(M1)
M1D)
(4G)
[2 marks]

(AD)

(M)

(AD)

(M1)

(AD)

M)
(41)
[7 marks]

Total [30 marks]




