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Instructionsto Examiners

Abbreviations

M Marks awarded for attempting to use a correct M ethod; working must be seen.

(M) Marksawarded for Method; may be implied by correct subsequent working.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

(A) Marksawarded for an Answer or for Accuracy; may be implied by correct subsequent working.
R Marks awarded for clear Reasoning.

N Marks awarded for correct answersif no working shown.

AG Answer given in the question and so no marks are awarded.

Using the markscheme

1 General

Write the marksin red on candidates’ scripts, in the right hand margin.

e Show the breakdown of individual marks awarded using the abbreviations M1, Al, etc.

e Write down the total for each question (at the end of the question) and circle it.

2 Method and Answer/Accuracy marks

e Do not automatically award full marks for a correct answer; al working must be checked, and
marks awarded according to the markscheme.

e [tisnot possible to award MO followed by A1, as A mark(s) depend on the preceding M mark(s), if
any.

e Where M and A marks are noted on the same line, eg. M1A1, this usualy means M1 for an
attempt to use an appropriate method (e.g. substitution into a formula) and Al for using the
correct values.

¢ Where the markscheme specifies (M2), N3, etc., do not split the marks.

e Once acorrect answer to a question or part-question is seen, ignore further working.

3 N marks

Award N marks for correct answers where thereis no working.

e Do not award amixture of N and other marks.
e There may be fewer N marks available than the total of M, A and R marks; this is deliberate as it
penalizes candidates for not following the instruction to show their working.
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Implied marks

Implied marks appear in brackets e.g. (M1), and can only be awarded if correct work is seen or if
implied in subsequent working.

¢ Normally the correct work is seen or implied in the next line.
e Markswithout brackets can only be awarded for work that is seen.

Follow through marks

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is
used correctly in subsequent part(s). To award FT marks, there must be working present and not
just afinal answer based on an incorrect answer to a previous part.

e |f the question becomes much simpler because of an error then use discretion to award fewer FT
marks.

o |f the error leads to an inappropriate value (e.g. siné=1.5), do not award the mark(s) for the final
answer(s).

e Within a question part, once an error is made, no further dependent A marks can be awarded, but
M marks may be awarded if appropriate.

o Exceptionsto thisrule will be explicitly noted on the markscheme.

Mis-read

If a candidate incorrectly copies information from the question, thisisa mis-read (MR). Apply a MR
penalty of 1 mark to that question. Award the marks as usual and then write —1(MR) next to the total.
Subtract 1 mark from the total for the question. A candidate should be penalized only once for a
particular mis-read.

e If the question becomes much simpler because of the MR, then use discretion to award fewer
marks.

e If the MR leads to an inappropriate value (e.g. sind=1.5), do not award the mark(s) for the fina
answer(s).

Discretionary marks (d)

An examiner uses discretion to award a mark on the rare occasions when the markscheme does not
cover the work seen. The mark should be labelled (d) and a brief note written next to the mark
explaining this decision.

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question
specifies a method, other correct methods should be marked in line with the markscheme. If in doubt,
contact your team leader for advice.

¢ Alternative methods for complete questions are indicated by METHOD 1, METHOD 2, etc.

e Alternative solutions for part-questions are indicated by EITHER . . . OR.

e Where possible, alignment will aso be used to assist examiners in identifying where these
alternatives start and finish.
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Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

¢ Asthisisaninternational examination, accept all alternative forms of notation.

¢ In the markscheme, equivalent numerical and algebraic forms will generaly be written in
brackets immediately following the answer.

¢ Inthe markscheme, simplified answers, (which candidates often do not write in examinations), will
generally appear in brackets. Marks should be awarded for either the form preceding the bracket or
the form in brackets (if it is seen).

Example: for differentiating f (x) = 2sin(5x—3) , the markscheme gives:
f’(x)=(2cos(5x—3))5 (=10cos(5x—3)) Al

Award Al for (2cos(5x—3))5, even if 10cos(5x—3) isnot seen.

Accuracy of Answers

If the level of accuracy is specified in the question, a mark will be allocated for giving the answer to
the required accuracy.

e Rounding errors: only appliesto final answers not to intermediate steps.

e Leve of accuracy: when this is not specified in the question the genera rule applies: unless
otherwise stated in the question all numerical answers must be given exactly or correct to three
significant figures.

Candidates should be penalized once only IN THE PAPER for an accuracy error (AP). Award the
marks as usual then write (AP) against the answer. On the front cover write —1(AP). Deduct 1 mark
fromthe total for the paper, not the question.

o If afinal correct answer isincorrectly rounded, apply the AP.
o If thelevel of accuracy is not specified in the question, apply the AP for correct answers not given
to three significant figures.

If thereis no working shown, and answers are given to the correct two significant figures, apply the
AP. However, do not accept answers to one significant figure without working.

Crossed out work

If a candidate has drawn a line through work on their examination script, or in some other way
crossed out their work, do not award any marks for that work.
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@ EITHER
consider
f'(x)=2e"+e* >0 foral x M1A1
so f isaninjection Al
OR
let 2" —e*=2¢ —¢” M1

2 -¢e')+e’-e7=0

2 —e)+e (e -e')=0

(2+e ) (e -e) =0

e =e

X=Yy Al

Note:  Sufficient working must be shown to gain the above Al.

so f isaninjection Al

Note:  Accept agraphica justification i.e. horizonta line test.

THEN
it is aso asurjection (accept any justification including graphical) R1
thereforeit is abijection AG
[4 marks]
(b) let y=2e‘—¢€” M1
26 —ye*-1=0 Al
+ 2
oYt \/Z +8 M1A1
since €* is never negative, we take the + sign R1
2
f1(x) = |n{x+— VX+8J Al
4
[6 marks]

Total [10 marks]
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(@ Risreflexive because Al =1A R1
Ris symmetric because AH =HB = H *AHH *=H 'HBH™ M1
=BH'=H"A Al
and H ™ isnon-singular because H isnon-singular Al
Ristrangitive because AH =HB and BJ =JC M1
= AHJ =HBJ =HJC Al
and HJ isnon-singular because H and J are non-singular Al
hence Ris an equivalence relation AG
[7 marks]
(b) if ARB,then
det(A)det (H) =det (H)det(B) Al
det(A)=0=det(H)det(B)=0 M1
det(H)=0 R1
=det(B)=0 AG
[3 marks]

Total [10 marks]
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@ ()
* 1 3 5 7
1 1 3 5 7
3 3 1 7 5
5 5 7 1 3
7 7 5 3 1
A3
| Note: Award A2 for 15 correct, Al for 14 correct and AO otherwise.
(if)  itisagroup because:
the table shows closure Al
multiplication is associative Al
it possesses an identity 1 Al
justifying that every element has an inverse e.g. all sdlf-inverse Al
(iii)  (since *» iscommutative, 5+ x=Y)
so solutionsare (1, 5), (3,7), (5,1), (7, 3) A2
Notes. Award Al for 3 correct and AO otherwise.
Do not penalize extraincorrect solutions.
[9 marksg]
(b)
® 1 3 5 7 9
1 1 3 5 7 9
3 3 9 5 1 7
5 5 5 5 5 5
7 7 1 5 9 3
9 9 7 5 3 1
Note: It isnot necessary to seethe Cayley table.
avalid reason R2
e.g. from the Cayley table the 5 row does not give a Latin square, or 5 does not
have an inverse, so it cannot be agroup
[2 marks]
(¢) () removethe5 Al
(ii)  they are not isomorphic because all elementsin A are self-inverse
thisisnot thecasein C, (eg.3®3=9=%1) R2
| Note:  Accept any valid reason. |
[3 marksg]

Total [14 marks]
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theinverseis
1 2 3 4
Al
3142
EITHER
1-52—-54—-3->1 (isacycleof length 4) R3
So p, isof order 4 Al
OR
consider
, (1 2 3 4
P = M1A1
4 3 21
it isnow clear that
. (12 3 4 Al
R=12 34
S0 p, isof order 4 Al
consider
1 2 3 41 2 3 4) (1 2 3 4
PP, = = M1A1l
2 4133241 (1432
1 2 3 4)\1 2 3 4 1 2 3 4
P.p = = Al
324 1)\2 413 21 3 4
composition is not commutative Al

Note: Inthispart do not penalize candidates who incorrectly reverse

the order both times.

(i)

EITHER
pre and postmultiply by p;*, p,* to give

-1

P=p R, (MI)(AI)
1 2 3 4)\(1 2 3 4
= Al
DI P
1 2 3 4
= Al
213 4
OR
starting from
1 2 3 4\(1 2 3 4\(1 2 3 4
M1
[2413)( j(3241j
successively deducing each missing number, to get
1 2 3 4\(1 2 3 41 2 3 4 A3
2 41 3213 4)\3 2 41

N2

N2
[5 marks]

[8 marks]

Total [13 marks]
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let a be agenerator and consider the (general) elements b=a™, c=a" M1
then
bc=a"a" Al
=a"a" (using associativity) R1
=cb Al
therefore G is Abelian AG
let G beof order pand let me{1,....... , b}, let a be agenerator
consider aat=e=a"(a")"=e M1R1
thisshowsthat (a™)™ istheinverse of a™ R1
as mincreasesfrom 1top, a™ takes p different values and it generates G R1
it follows from the uniqueness of the inverse that (a™)™ takes p different
values and is a generator R1
EITHER
by Lagrange, the order of any element divides the order of the group, i.e. 5 R1
the only numbers dividing 5 are 1 and 5 R1
the identity element is the only element of order 1 R1
all the other elements must be of order 5 R1
so they al generate G AG
OR

let a be agenerator.
successive powers of a and therefore the elements of G are

a,a’,a’,a'anda’=e Al
successive powersof a® are a’, a*, a,a’, a’ =e Al
successive powersof a® area’, a, a*,a’, a’=e Al
successive powersof a* area*, a®,a*, a,a’=e Al
thisshowsthat a’, a*, a* are also generatorsin addition to a AG

[4 marks]

[5 marks]

[4 marks]

Total [13 marks]




