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General marking principles for Higher Mathematics

Always apply these general principles. Use them in conjunction with the detailed marking
instructions, which identify the key features required in candidates’ responses.

For each question, the marking instructions are generally in two sections:

e generic scheme — this indicates why each mark is awarded
o illustrative scheme — this covers methods which are commonly seen throughout the marking

In general, you should use the illustrative scheme. Only use the generic scheme where a candidate
has used a method not covered in the illustrative scheme.

(@) Always use positive marking. This means candidates accumulate marks for the
demonstration of relevant skills, knowledge and understanding; marks are not deducted
for errors or omissions.

(b) If you are uncertain how to assess a specific candidate response because it is not covered
by the general marking principles or the detailed marking instructions, you must seek
guidance from your team leader.

(c) One mark is available for each ¢. There are no half marks.

(d) If a candidate’s response contains an error, all working subsequent to this error must still
be marked. Only award marks if the level of difficulty in their working is similar to the
level of difficulty in the illustrative scheme.

(e) Only award full marks where the solution contains appropriate working. A correct answer
with no working receives no mark, unless specifically mentioned in the marking
instructions.

(f) Candidates may use any mathematically correct method to answer questions, except in
cases where a particular method is specified or excluded.

(g) If an error is trivial, casual or insignificant, for example 6 x 6 = 12, candidates lose the
opportunity to gain a mark, except for instances such as the second example in point (h)
below.
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(h) If a candidate makes a transcription error (question paper to script or within script), they
lose the opportunity to gain the next process mark, for example

This is a transcription error and so
the mark is not awarded. X2 +5X+7=9X+4

X—4x+3=0
This is no longer a solution of a |  ]
X =

quadratic equation, so the mark is
not awarded.

The following example is an exception to the above

: : x> +5X+7 = 9x+ 4
This error is not treated as a L
transcription error, as the X—4x+3=0
candidate deals with the intended (x=3)(x=1)=0
quadratic equation. The candidate x—1or 3
has been given the benefit of the N
doubt and all marks awarded.

(i) Horizontal/vertical marking
If a question results in two pairs of solutions, apply the following technique, but only if
indicated in the detailed marking instructions for the question.

Example:
.5 06

© x=2 x=—4

y=5 y=—7

b

Horizontal: *>Xx=2and x = —4 Vertical: *>x=2andy=>5
y=5andy=-7 x=—4andy=-7

You must choose whichever method benefits the candidate, not a combination of both.

(j) Infinal answers, candidates should simplify numerical values as far as possible unless
specifically mentioned in the detailed marking instruction. For example

% must be simplified to % or 1% ? must be simplified to 43
4
% must be simplified to 50 é must be simplified to %

J6_4 must be simplified to 8*
*The square root of perfect squares up to and including 100 must be known.
(k) Commonly Observed Responses (COR) are shown in the marking instructions to help mark

common and/or non-routine solutions. CORs may also be used as a guide when marking
similar non-routine candidate responses.
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Do not penalise candidates for any of the following, unless specifically mentioned in the
detailed marking instructions:

e working subsequent to a correct answer

e correct working in the wrong part of a question

¢ legitimate variations in numerical answers/algebraic expressions, for example angles
in degrees rounded to nearest degree

e omission of units

¢ bad form (bad form only becomes bad form if subsequent working is correct), for
example

(x3 +2x2 +3x+2)(2x+1) written as
(x3 +2%2 +3x+2)><2x+1

=2x* +5x> +8x* +7x+2
gains full credit

e repeated error within a question, but not between questions or papers

In any ‘Show that...” question, where candidates have to arrive at a required result, the
last mark is not awarded as a follow-through from a previous error, unless specified in the
detailed marking instructions.

You must check all working carefully, even where a fundamental misunderstanding is
apparent early in a candidate’s response. You may still be able to award marks later in
the question so you must refer continually to the marking instructions. The appearance of
the correct answer does not necessarily indicate that you can award all the available
marks to a candidate.

You should mark legible scored-out working that has not been replaced. However, if the
scored-out working has been replaced, you must only mark the replacement working.

If candidates make multiple attempts using the same strategy and do not identify their
final answer, mark all attempts and award the lowest mark. If candidates try different
valid strategies, apply the above rule to attempts within each strategy and then award
the highest mark.

For example:

Strategy 1 attempt 1 is worth 3 marks. | Strategy 2 attempt 1 is worth 1 mark.

Strategy 1 attempt 2 is worth 4 marks. | Strategy 2 attempt 2 is worth 5 marks.

From the attempts using strategy 1, | From the attempts using strategy 2,
the resultant mark would be 3. the resultant mark would be 1.

In this case, award 3 marks.
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Marking instructions for each question

Question Generic scheme Illustrative scheme nl:\aa:(k

1. o' start to differentiate o' 2x3..0r..—6x% 4

o2 complete derivative and equate | o> 2x’ —6x* =0

to0
2

o3 factorise derivative o> 2X (X—3)

o* process cubic for x «* 0and 3
Notes:

difficulty.

1. #%is only available if ‘=0’ appears at either o? or ¢* stage, however see Candidate A.
2. Accept 2x® =6x> for 2.
3. Accept X*(2x—6) for o’.
4. For candidates who divide by x or x? throughout see Candidate B.
5. is available to candidates who factorise their derivative from e as long as it is of equivalent

6. X=0 and Xx=3 must be supported by valid working for ¢* to be awarded.

Commonly Observed Responses:

Candidate A

Stationary points when

ﬂ=2x3—6x2

dx

dy 2

— =2X°(x-3

dx ( )
Xx=0 and x=3

dy

dx

=0

o vV oV

oV

v

Candidate B

2x° —6x* =0
2x3 =6x°
X=3

o vV oV
.3A

043‘

Dividing by x* is not valid as X =0 is a solution.
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Question Generic scheme Illustrative scheme Max
mark
2. o' use discriminant o' (k —5)2 —4x1x1 3
o2 apply condition and simplify o> k?—10k+21=00r (k —5)2 =4
¢ determine values of k 3,7
Notes:

1. Accept (k—5)2—4 for o',

2. Where candidates state an incorrect condition e? is not available.
«* is available for finding the roots of the quadratic. See Candidate B.
3. Where X appears in any expression, no further marks are available.

Commonly Observed Responses:

Candidate A Candidate B

For equal roots b* —4ac =0 For equal roots b> —4ac >0 ol x
(k—5)" —4x1x1 o' v (k—5)" —4x1x1 o' v
k2 —10k +21 o v k? —10k +21=0 or (k—5)" =4

k=3, 7 oV k=3, 7 03
Candidate C

(k—5)" —4x1x1=0 o' v

k? =10k =-21 v

v
No requirement for ]

k=3,7

standard quadratic form
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Question Generic scheme

Illustrative scheme

Max
mark

3. o' find radius of circle C,

2

" state equation of circle C,

o' 6 stated or implied by o

o (x—4) +(y+2)" =36

Notes:

1. Accept V32 +1+26 =6 or 32 +—T+26 =6 for .

Do not accept v—3* -1 +26 =6 for o'

> W

available. See Candidate A

Do not accept (X—4)2 +(y+2)2 =6" for %

For candidates whose working for g+ f>—c does not arrive at a positive value, no marks are

Commonly Observed Responses:

Candidate A - ‘fudging’ negative values
3 +1-26=4 of x o x
(x—4)" +(y+2)" =16

page 07




Question Generic scheme Illustrative scheme nA:\::(k
4. | () o' interpret recurrence relation o' 9=6m+cC 3
o’ interpret recurrence relation 2 11=9m+cC
o findmandc o ngand c=5
Notes:

1. Correct answer with no working award 0/3.
2. Do not penalise 9=mé6+c or 11=m9+c at ' and o

3. For candidates who state m = i , =5 and then verify that these values work for the given terms,

award 2/3.

Commonly Observed Responses:

(b) 37

¢* calculate term o ~ or 121

Notes:

4. The answer in (b) must be consistent with the values found in (a).
5. Accept 12-3 or 12-3... for «*. Do not accept a rounded answer.

Commonly Observed Responses:
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Question Generic scheme Illustrative scheme
mark
5. [(a) 3 3
.1 . . I .
find an appropriate vector eg AB «' eg AB=| —6
3
4
o’ find a second vector eg BC and |2 eg BC=| -8 E:Eﬁ
compare 4
4
o> appropriate conclusion o> ...= ABis parallel to BC
(common direction)
and B is a common point
=A,B and C are collinear.
Notes:

1. Do not penalise inconsistent vector notation (eg lack of arrows or brackets).

HwN

Where o’ is not awarded, if a candidate states that AB =BC , only o' is available.

«* can only be awarded if a candidate has stated ‘parallel’, ‘common point’ and ‘collinear’.
Candidates who state that ‘points are parallel’ or ‘vectors are collinear’ or ‘parallel and share

common point = collinear’ do not gain e*. There must be reference to points A, B and C.

5. Do not accept ‘a, b and c are collinear’ at e>.

Commonly Observed Responses:

Candidate A - missing labels

3
-6 o' A
3
4
8| -AB= %ﬁ .
4 Missing labels at «2 is a
repeated error
= AB is parallel to BC and
B is a common point
= A, B and C are collinear o

Candidate B

3
E =| -6 o' v
3
4
BC=|-8
4
3 1 4 1
-6 |=3|-2|and | -8 |=4|-2 v
3 1 . .
4 Ignore working subsequent
. AB=2BC to correct statement
3 made on previous line.

= AB is parallel to BC and
B is a common point

= A, B and C are collinear 3 v
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Question Generic scheme Illustrative scheme nA:\::(k
(b) o* state ratio ot 3:4 1
Notes:

6. Answers in (b) must be consistent with the components of the vectors in (a) or the comparison of

the vectors in (a). See Candidates C and D.

7. In this case, the answer for ¢* must be stated explicitly in part (b).
8. The only acceptable variations for ¢* must be related explicitly to AB and BC.

(BC_4 AB
AB 3’ BC 4

o AB 3

9. Accept unitary ratios for ¢*, eg %:1 or 1:%.

=~ or BC:AB=4:3 stated in part (b) award e*. See Candidate E.

10. Where a candidate states multiple ratios which are not equivalent, award 0/1.

Commonly Observed Responses:

Candidate C - using components of vectors

Candidate D - using comparison of vectors

3 3
(@) AB=|—-6 o' v (@) AB=|-6 o' v
3 3
4 4
BC=|-8 BC=|-8
4 4
BC =2 AB 2 x BC— 2B 2 x
4 4
(b) 3:4 ot v (b) 4:3 o
Candidate E - acceptable variation Candidate F - trivial ratio
AB_3 iy Ratio is 1:1 ‘v 2
BC 4
Ratio =4:3 Ignore working subsequent

to correct statement
made on previous line.
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Question Generic scheme Illustrative scheme nA:\aarxk
6. o' write in differentiable form o (1—3x)75 stated or implied by e? 3
o’ start to differentiate o’ —5(1—3X)76
¢ complete differentiation o ..x(-3)
Notes:

1. Where candidates attempt to expand (1—3X)75 , ho further marks are available.

2. % is only available for differentiating an expression with a negative power.

Commonly Observed Responses:

Candidate A Candidate B
y:(1_3x)75 o' vV y:(1—3X)75 o' v
dy -6 2 dy -6
— =-5(1-3X -3 v v = — _15(1-3X v o x
o~ 2(173%) o = 15(1-3%)
dy -6
— =-15(1-3X
o - 1e(1-3x)
Candidate C Candidate D - differentiating over two lines
y:(1_3x)75 o' vV y:(1—3X)75 o' v
ol v o x dy 6 2
— =-5(1-3X oV A
o - 20173
dy 6
— =15(1-3X
o~ 1P(1-3x)
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Question Generic scheme lllustrative scheme
mark
7. Method 1 Method 1 4
o' use m=tan@ o' m=tan30°
¢’ find gradient of L o? %
3
«* use property of perpendicular e -3
lines
¢! determine equation of line ! y= —3x-4
Method 2 Method 2
' find angle perpendicular line o' 30°+90°=120°
makes with the positive direction stated or implied by e?
of the x-axis.
¢’ use m=tand o2 m=tan120°
3 find gradient of perpendicular o3 —\/5
line
«* determine equation of line o y= —\/§X—4
Notes:

1. In Method 1, where candidates make no reference to a trigonometric ratio or use an incorrect

trigonometric ratio, o' and e* are unavailable.

In Method 2, where candidates use an incorrect trigonometric ratio ¢ and e* are unavailable.
2. Accept Y+4= —\/E(X) at «*, but do not accept y +4 = —\ﬁ(X—O) )
3. In Method 1, ¢*is only available if the candidate has attempted to use a perpendicular gradient.

Commonly Observed Responses:

Candidate A Candidate B
m= % (with or without diagram) e' A e? m= ta1n0 (with or without diagram)e’ ~
_ .2
m =—3 o "= 3
Candidate C Candidate D
m=tand =30 ol x m=tan~" 30 ol x
m=—— - m=— K
5 Ng
Candidate E
tan30 = i ol A

B

m =3 27 ST
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Question Generic scheme

Illustrative scheme

Max
mark

8. |(a) .
o' state integral

o j.(—xz +x+2)dx
el

Notes:

1. Evidence for o' may be appear in part (b). However, where candidates make no attempt to

answer part (a), o' is not available.

2. ' is not available to candidates who omit the limits or ‘dx’.
3. o' is awarded for a candidates final expression for the area. However, accept

j((xz +2x+3)—(2x2 + x+1))dx or j(xz +2x+3)dx— j-(ZXZ + x+1)dx without further working.
X

-1 -1
2

4. For Ixz +2Xx+3-2x*+x+1dx, see Candidates A and B.

—1

Commonly Observed Responses:

Candidate A
2

(a) J'x2+2x+3—2x2+x+1dx
e

2
J(—x2 +X+2)dx
-1
Treat missing brackets as bad form as subsequent
working is correct.

o' vV

Candidate B
2

@) _[x2+2x+3—2x2+x+1dx
e

2

(b) j(—xz +X+2)dx
X

" awarded in part (b)

o' v

Candidate C - error in simplification

@) j(x2+2x+3)—(2x2+x+1)dx

-1

2
'[x2+x+2dx
X
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Question Generic scheme lllustrative scheme Qo
mark
b 3
(b) «? integrate expression from (a) 2 x3 +%X2 +2X
3 . o 3 1,3 1,32
3 substitute limits . —5(2) +E(2) +2(2)
1 31 2
| == (=1 +=(~1)" +2(~1
(3 g2
4 9
«* evaluate area * 3

Notes:
5. Where a candidate differentiates one or more terms at o? then o2, o3 and ¢* are unavailable.
6. Do not penalise the inclusion of ‘+c’ or the continued appearance of the integral sign.
7. Candidates who substitute limits without integrating any term do not gain ° or *.
8. Where a candidate arrives at a negative value at «* see Candidates D and E.
Commonly Observed Responses:
Candidate D Candidate E

2 -1
Eg I(xz—x—z)dx Eg j(—x2+x+2)dx

-1 2

= 2 = J ot x = 22 cannot be negative so J units2 % x

2 2 2 2
However... However...
.9 4 9 .9 4
=——, hence area is —. ot v =——, hence area is —. ot v
2 2 2 2

Candidate F - not using expression from (a)
2

(a) Ix2+2x+3dx ol x
-1
2

(b) I(x2+2x+3)—(2x2+x+1)dx
e

)

2
{—1x3 A +2x}
2 -1

1

:(_5(2)3 22y +2(2)J
—(—1(—1)3 +1(—1)2 +2(—1)j o

2

2 N
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Question Generic scheme Illustrative scheme mark
9. 1@ () |e" form an expression o' p(2p+16)+(-2)(-3)+(4)(6) 1
(i) |e? equate scalar product to 0 3

o3 factorise

! state values of p

o> 2(p+5)(p+3)

¢* —5and -3

o> p(2p+16)+(-2)(-3)+(4)(6)=0

Notes:

1. Evidence for o' may appear in part (a)(ii).

2. The appearance of ‘U-v =0 alone is insufficient for 2.
3. For ¢ to be awarded ‘= 0’ must appear at o? or o,
4. Do not penalise the absence of the common factor at e°.

Commonly Observed Responses:

Candidate A - incorrect expression at e” Candidate B - incorrect expression at e?
(i) p(2p+16)+(-2)(-3)+(4)(6) o' v (i) p(2p+16)+(-2)(-3)+(4)(6) o' v
=2p*+16p+30 =2p*+16p+30
=p’>+8p+15
(i) p*+8p+15=0 o2 x (i) p*+8p+15=0 ol x
(p+5)(p+3)=0 SV (p+5)(p+3)=0 SV
o sp-3 471 p=—5,p =3 [
Candidate C - incorrect expression at ? Candidate D
p(2p+16)+(-2)(=3)+(4)(6) o' v 2p* +16p
2p?+16p+24=0 ol x (i) uv= 6 of x
2(p+6)(p+2) S 24
p=—6p=-2 [V 1| (i) p(2p+16)+6+24=0 v
2p° +16p+30=0
(p+5)(p+3)=0 3 v
p=-5p=-3 v
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Question Generic scheme

Illustrative scheme

Max
mark

(b) ¢’ interpret relationship

¢ determine value of p

* 3(p)=2(2p+16) or 3u=2v
or equivalent

o 32

Notes:

Commonly Observed Responses:

Candidate E
For parallel vectors 6 =0°

Using u.v =|u||v|cosd

p(2p+16)+(-2)(-3)+(4)(6) =" + (-2) +4°[[2p+16)"+ (-3 +¢ i

p> +64p+1024 =0
p=-32

o v
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Question Generic scheme Illustrative scheme
mark
10. | (@) o' identify value of a o' 3 1
Notes:
Commonly Observed Responses:
(b) o’ identify value of k o2 2 1
Notes:

Commonly Observed Responses:
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Question Generic scheme Illustrative scheme Max
mark
11. . T
o' start to integrate ' sin 3X—Z
1
o’ complete integration o X3
1 . T T
3 i imi o | —sin| 3x——=
o> substitute limits (3 ( 9 6))
1 .
— —sm(3><0—£j
3 6
.4 1
o* evaluate integral 3
Notes:

1. Where candidates make no attempt to integrate or start to integrate individual terms within the

2
bracket or use another invalid approach eg sin(3x—§j or Jcos(3x)—cos (gj dx , award 0/4.

2. Do not penalise the inclusion of ‘+c’ or the continued appearance of the integral sign after o'
3. Candidates who work in degrees from the start cannot gain ¢'. However, ¢, o3 and e* are still

available.

4. «' may be awarded for the appearance of sin(Bx—gj in the first line of working, however see

Candidates B and D.

5. ¢*is only available where candidates have considered both limits within a trigonometric function.

6. Where candidates use a mixture of degrees and radians, * is not awarded. However, o* is still

available.

Commonly Observed Responses:

Candidate A - using addition formula
s
j (cos3xcos£+sin3xsin£jdx
0 6 6
=1sin3x><ﬁ... o' v
3 2

1 1
...——COS3Xx— ol v
3 2

Candidate B - integrated over two lines

5
J (COS(BX—EDdx
0 6
=sin[3x—£j o' vV
6
1. [ TE) )
=—=SsIn| 3X—— of x
3 6

Candidate C - integrated in part
3sin(3x—£j

6
3sin(3xg—§j—3sin(0—gj o1
3 o

01\/ ozx

Candidate D - integrated in part

—lsin(Bx—Ej
3 6
T

o x o2 v

1 T 1.
——sin| 3x———[+=sin| 0—— o |V 1
3 (X9 J 3 ( j
-3 1
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Question Generic scheme Illustrative scheme mark
12. | (a 2
(@) o' interpret notation of f (5—X) or 1(
g(x)
o’ state expression for f (g (x)) o’ !
5-X

Notes:

1. For

1
NG

without working, award both ' and 2.

Commonly Observed Responses:

Candidate A
5—L 01 X 02
Jx
(b) o> state range e X>5 1
Notes:

2. Answer at ¢ must be consistent with expression at e
3. For candidates who interpret g ( f (X)) as f (g (X)), do not award e°.

Commonly Observed Responses:

Candidate B
1

5-— o x o[V 1
NG

Xx<0 o3 x
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Question Generic scheme

Illustrative scheme

Max
mark

13.

@ |[()

o' determine cos p

2
N3

o’ determine cos (

o2

3
Jio

Notes:

1. Where candidates do not simplify the perfect squares see Candidates A and B.

Commonly Observed Responses:
Candidate A - no evidence of simplification Candidate B - simplification in part (b)
cosp = V4 ol x (a) cospzﬂcosq:£
N3 5 J10
ﬁ o' vV
cosq= Jio o oV
Repeated error not _' 5
penalised twice (b) sin(p+q)=— | Roots have been
simplified in (b)
Question Generic scheme IIlustrati%scn‘em‘e mark
(b) o> select appropriate formula and > sin pcosqg+cos psing 3
express in terms of p and
1 3 2 1
* substitute into addition formula of Xt X——
NN RN
5 i s 1
o° evaluate sin(p+q) . N
Notes:

; 1 3 2 ) 1
2. Award e° for candidates who write sin| —= |xcos| — |+c0s| — |xsin| — |. e*and ¢° are
(\EJ [\/ﬁj (\EJ (\/1_0j

(8]

unavailable.

. At ¢°, accept answers such as — but not

o

. At ¢°, the answer must be given as a single fraction.
. Do not penalise trigonometric ratios which are less than —1 or greater than 1.

. For any attempt to use Sin( p+q) =sin p+Sin g, ¢* and e’ are unavailable.

5
B0’

Commonly Observed Responses:
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Question Generic scheme Illustrative scheme nA:\:;(k
14. | (a) o' apply mlog, x=log, x" o' ...log,,5" stated or implied by ? 3
" apply " log,, (4x5%)
3 evaluate logarithm 32
Notes:

1. Each line of working must be equivalent to the line above within a valid strategy, however see

Candidate A.

2. Do not penalise the omission of the base of the logarithm at o' or e,
3. Correct answer with no working, award 0/3.

Commonly Observed Responses:

Candidate A

2log,, (4x5)

2log,, (20)
log,, (20)2

a7 A
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Question Generic scheme Illustrative scheme Qo
mark
(b) Method 1 Method 1 3
4 X 4 7X_2
«* apply log, x—log, y =log, — ** log, 3=
y
> express in exponential form o5 7x-2 25
3
¢ solve for x ot 14
Method 2 Method 2
* apply mlog, x=log, x" o* ...=log,2’
> simplify o> eg Iogz¥:... or
log, (7x—2) =log, (3x2°)
¢ solve for x o® 14
Notes:

4. «®is only awarded if each line of working is equivalent to the line above within a valid strategy.

Commonly Observed Responses:

Candidate A - invalid working leading to solution

04\/ 053:

2

Iog2 =log, 5°

X=11

Candidate B - invalid working leading to solution

|ng |ng 5x2 o'V & x

7

Candidate C

Iogz(7x3_2j=5logzz oV
log, %—Z log, 2° ot v

Candidate D
log, (7x—2)—log, 3=

log, (7)(3_ 2) =log, 25

log, 2° v

Vv
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Question Generic scheme Illustrative scheme nA:\::(k
15. | (a) o' substitute appropriate double o' 2siNX°COSX°+6C0SX°=0 4
angle formula
o factorise o2 2C0SX° (Sin X°+ 3) =0
.3 .4

> solve for cosx° and sin x° 3 cosx°=0 sinx°=-3

«* solve for x o x=90, 270 ‘no solutions’
Notes:

Do not penalise the absence of ‘=0’ at ' and e?.

Do not penalise the absence of ‘2’ as a common
Do not penalise the omission of degree signs.

AN WN -

marking vertically).

factor at e2.

5. «*is only available if one of the equations at e* has no solution.

. Accept M at o*.

Candidates who leave their answer in radians do not gain e* (if marking horizontally) or e* (if

Commonly Observed Responses:

Candidate A

2Sin XCo0Ss X = —6COoS X o v
2sinx=—6 oL A B A
M o?

Candidate B - insufficient evidence for o°

2sin X°cosXx°+6cosx°=0 o vV
2cosx°(sinx°+3)=0 oy
2cosx°=0, sinx°=-3 oA
However,

X =90, 270, ‘no solutions’ v

.4A

v

5

¢’ state solutions

o> 45, 135, 225,315

Notes:

Commonly Observed Responses:
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Question Generic scheme Illustrative scheme Qo
mark
16. | (a) o' identify centre o' (1, -2) stated or implied by e? 2
o’ apply distance formula and o’ \/(4—1)2 +(k —(—2))2 leading to
demonstrate result
JK? +4k +13
Notes:
1. Beware of candidates who ‘fudge’ their working between o' and e?.
Commonly Observed Responses:
(b) 3 4

o> interpret information

«* express inequality in standard
quadratic form

> determine zeros of quadratic
expression

¢ state range with justification

o3 Jk?+4k+13>5

ot k2+4k-12>0
o —6,2

¢ k <—6,k >2 with eg sketch or
table of signs

Notes:

2. Where a candidate has used an incorrect expression from part (a), ¢ is not available. However,
%, o> and ¢ are still available for dealing with an expression of equivalent difficulty.

3. Candidates who do not work with an inequation from the outset lose ¢, «* and ¢¢. However, o’ is
still available. See Candidate A.

Commonly Observed Responses:

Candidate A

Jk* +4k+13 =5 o3 x
k*+4k-12=0 ot %
k=—6,k=2 v
For P to lie outside the circle
k<—6,k>2 of x
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Question Generic scheme lllustrative scheme nA:\:rxk
17. 1 () o' expand brackets o' sin® x—sin x cos X 3
—sin X €os X +cos’ X
o’ use double angle formula for sin | e? ...—Sin2x...
o’ use trigonometric identity and o’ 1—sin 2x
express in required form
Notes:
1. For correct answer with no working award 0/3.
Commonly Observed Responses:
Candidate A - incorrect notation
sin x* —2sin X cos X + Cos X* ol x
1—sin2x v &3x
(b) * link to (a) and integrate one term | ¢* eg I(1—sin 2x)dx = X... 2

5

¢’ complete integration

1
o x+Ec052x+c

Notes:

2. «* and ¢° can only be awarded if the integrand is of the form p+qsinrx.

3. Where the statement for e* appears with no relevant working, «* and > are not available.

Commonly Observed Responses:

[END OF MARKING INSTRUCTIONS]
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General marking principles for Higher Mathematics

Always apply these general principles. Use them in conjunction with the detailed marking instructions,
which identify the key features required in candidates’ responses.

For each question, the marking instructions are generally in two sections:

generic scheme — this indicates why each mark is awarded
illustrative scheme — this covers methods which are commonly seen throughout the marking

In general, you should use the illustrative scheme. Only use the generic scheme where a candidate has
used a method not covered in the illustrative scheme.

(@)

(b)

()

(d)

(e)

(f)

()

(h)

Always use positive marking. This means candidates accumulate marks for the demonstration of
relevant skills, knowledge and understanding; marks are not deducted for errors or omissions.

If you are uncertain how to assess a specific candidate response because it is not covered by
the general marking principles or the detailed marking instructions, you must seek guidance
from your team leader.

One mark is available for each ¢. There are no half marks.
If a candidate’s response contains an error, all working subsequent to this error must still be
marked. Only award marks if the level of difficulty in their working is similar to the level of

difficulty in the illustrative scheme.

Only award full marks where the solution contains appropriate working. A correct answer with
no working receives no mark, unless specifically mentioned in the marking instructions.

Candidates may use any mathematically correct method to answer questions, except in cases
where a particular method is specified or excluded.

If an error is trivial, casual or insignificant, for example 6 x 6 = 12, candidates lose the
opportunity to gain a mark, except for instances such as the second example in point (h) below.

If a candidate makes a transcription error (question paper to script or within script), they lose
the opportunity to gain the next process mark, for example

This is a transcription error and so
the mark is not awarded. X2 +5X+7 =9X + 4

X—4x+3=0
This is no longer a solution of a |  ]
X =

quadratic equation, so the mark is
not awarded.

The following example is an exception to the above

) : X2 +5X+7 =9x+4
This error is not treated as a L
transcription error, as the X—-4x+3=0
candidate deals with the intended (x=3)(x-1)=0
quadratic equation. The candidate “—1or3

has been given the benefit of the
doubt and all marks awarded.
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§)

(k)

U]

(m)

Horizontal/vertical marking
If a question results in two pairs of solutions, apply the following technique, but only if
indicated in the detailed marking instructions for the question.

Example:

5 6

© x=2 x=-4

6 y=5 y=-7

Horizontal: *>Xx=2and x = —4 Vertical: *>x=2andy=>5
“y=5andy=-7 “x=—4andy=-7

You must choose whichever method benefits the candidate, not a combination of both.

In final answers, candidates should simplify numerical values as far as possible unless
specifically mentioned in the detailed marking instruction. For example

% must be simplified to .. or 1% ? must be simplified to 43
4
% must be simplified to 50 é must be simplified to %

\/6_4 must be simplified to 8*
*The square root of perfect squares up to and including 100 must be known.

Commonly Observed Responses (COR) are shown in the marking instructions to help mark
common and/or non-routine solutions. CORs may also be used as a guide when marking similar
non-routine candidate responses.

Do not penalise candidates for any of the following, unless specifically mentioned in the
detailed marking instructions:

e working subsequent to a correct answer

e correct working in the wrong part of a question

e legitimate variations in numerical answers/algebraic expressions, for example angles in
degrees rounded to nearest degree

e omission of units

e bad form (bad form only becomes bad form if subsequent working is correct), for example

(x3 +2x* +3x+2)(2x+1) written as
(x3 +2%2 +3x+2)><2x+1

=2x* +5x° +8x* +7x+2
gains full credit

e repeated error within a question, but not between questions or papers
In any ‘Show that...” question, where candidates have to arrive at a required result, the last

mark is not awarded as a follow-through from a previous error, unless specified in the detailed
marking instructions.
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(n) You must check all working carefully, even where a fundamental misunderstanding is apparent
early in a candidate’s response. You may still be able to award marks later in the question so
you must refer continually to the marking instructions. The appearance of the correct answer
does not necessarily indicate that you can award all the available marks to a candidate.

(0) You should mark legible scored-out working that has not been replaced. However, if the scored-
out working has been replaced, you must only mark the replacement working.

(p) If candidates make multiple attempts using the same strategy and do not identify their final
answer, mark all attempts and award the lowest mark. If candidates try different valid

strategies, apply the above rule to attempts within each strategy and then award the highest
mark.

For example:

Strategy 1 attempt 1 is worth 3 Strategy 2 attempt 1 is worth 1 mark.
marks.

Strategy 1 attempt 2 is worth 4 Strategy 2 attempt 2 is worth 5
marks. marks.

From the attempts using strategy 1, From the attempts using strategy 2,
the resultant mark would be 3. the resultant mark would be 1.

In this case, award 3 marks.
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Question Generic scheme Illustrative scheme —
mark
1. |(a) o' calculate the midpoint of AC o' (—4,-3) 3
1
¢’ calculate the gradient of BD o? -3
o} determine equation of BD o’ 3y=-—x-13

Notes:

1. #%is only available to candidates who use a midpoint to find a gradient.
2. ¢*is only available as a consequence of using the midpoint of AC and the point B.
3. At ¢ accept any arrangement of a candidate’s equation where constant terms have been

simplified.

4. o is not available as a consequence of using a perpendicular gradient.

Commonly Observed Responses:

Candidate A - Perpendicular Bisector of AC
Midpoint, (—4,-3) o' v

1
mAC:9:>mL:—§ o2 x

9y +Xx+31=0 o[ 2

For other perpendicular bisectors award 0/3

Candidate B - Altitude through B
m, =9

.2x

&

Candidate C - Median through A

Midpointg (4,-1) o x
Mo =g 71
9y —11x+53=0 |V 2

Candidate D - Median through C
Midpoint , (3,-10)

8
Mew :_E
3y+8x+6=0

S
%

page 05




Question Generic scheme lllustrative scheme T
mark
(b) % calculate gradient of BC ot —1 3
> use property of perpendicular > 1
lines
¢ determine equation of AE of y=x-7
Notes:
5. % is only available to candidates who find and use a perpendicular gradient.
6. At ° accept any arrangement of a candidate’s equation where constant terms have been
simplified.
Commonly Observed Responses:
Candidate E
Correct gradient from incorrect substitution
b = ﬂ =—1 ot x
6+8
Mye =1 .
y=x-7 o
(c) o’ find X or y coordinate o/ X=20ry=-5 2

o find remaining coordinate of the |e® y=-50rx=2

point of intersection

Notes:

7. For (2,-5) with no working, award 0/2.

Commonly Observed Responses:
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Question Generic scheme Illustrative scheme nA:\::(k
2. 1 4
o' express 6:/X in integrable form |e' 6X2
3
2. . , 6X?
o° integrate first term o —
2
S . , 4%
¢’ integrate second term * .- 5
3 _
o' complete integration o' 4X* +2X 77 +5X+C
Notes:
1. % is only available for integrating a term with a fractional index.
2. All coefficients must be simplified at o* stage for ¢* to be awarded.
3. Do not penalise the appearance of an integral sign throughout.
4. Do not penalise the omission of ‘+C’ at ¢ and o°.

Commonly Observed Responses:

Candidate A
1
J(éxz —4x7 +5de ol v
3
2 -2
:6%—4)( +5Xx+cC v &V
3 _
121 2
= ——iX2 42X +5X+C
L3
121
=44/x? +;T§+5x+c ot x
«# cannot be awarded over two lines of working
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Question Generic scheme Illustrative scheme
mark
3. [(d) o' identify pathway o' —p+r 1
Notes:
1. Accept -P+R for o',
Commonly Observed Responses:
2

(b) o’ state an appropriate pathway

3

and r

o2 eg EB+BF stated or implied by

o3

o> express pathway in terms of p, 4 | o3 p—r+§q or equivalent
4

Notes:

2. o3 can only be awarded for a vector expressed in terms of all three of p, q and r.

Commonly Observed Responses:

Candidate A - incorrect expression in p, d and r
and no pathway stated
p-r... Award 1/2

Candidate B - incorrect expression in p, g and r

and no pathway stated

3 1
...+—q or...+gq—— Award 1/2
4q q 4q
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Question Generic scheme Illustrative scheme —
mark
4. () o' state values of aand b o' a=0-973,b=30 1
Notes:
1. Accept u_,=0-973u, +30 fore'.
Commonly Observed Responses:
(b) | (i) |e? communicate condition for limit |e? a limit exists as the recurrence 1
to exist relation is linear and
—-1<0-973<1
(ii) | e3> know how to find limit o> L=0-973L+30 or 2
L339
1-0-973
* process limit and state estimated o' 1100
population
Notes:
2. For o? accept:
—1<0-973<1 or |0-973| <1 or 0<0-973 <1 with no further comment;
or statements such as “0-973 lies between —1 and 17”;
or —1<a<1 (as a is previously defined).
3. e?is not available for:
—1<0-973<1 0or 0-973<1;
or statements such as “it is between —1 and 1”
b
4. Do not accept L= T with no further working for e°.
5. For L=1100 with no working award e* and e*.
Commonly Observed Responses:
Candidate A - no rounding required Candidate B - correct rounding
U,.,=0-97u, +30 o! x u,,, =0-027u, +30 of x
30 3 30
= eV 1 L=—"— v 1
1-0-97 1-0-027
L =1000 [ 2 L=0 [
Candidate C - no valid limit
u,,=2-7u,+30 o x
A limit does not exist as 2-7 >1 ol x
30
|_ = — .3 J 1
1-2.7
L = 0 04 X
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Question Generic scheme

Illustrative scheme

Max
mark

5. o' identify shape and roots

o’ interpret shape

1

o' parabola with roots at -2 and 4

o’ parabola with a minimum turning
point at x=1

| [

0 4

-

Notes:

1. o' and ¢ are only available for attempting to draw a ‘parabola’.

Commonly Observed Responses:
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. . . Max
Question Generic scheme Illustrative scheme

6. |(a) ' use compound angle formula ' kcos x°cosa®—ksin x°sin a° 4
stated explicitly

> compare coefficients

kcosa°=2,ksina®°=3
stated explicitly

o> process for k @ J13
«* process for a and express in ot «/ECOS(X+56'3...)°

required form

Notes:

1. Accept k(cosx°cosa®—sinx°sina°) for e'.

Treat kcosx°cosa®—sinx°sina° as bad form only if the equations at the o stage both contain

K.

Do not penalise the omission of degree signs.

x/ﬁcos X°COS ao—x/ﬁsin x°sina° or «/ﬁ(cos X°cosa®—sin x°sin a°) is acceptable for e' and o>,
«Z is not available for kcosx®°=2,ksinx°=3, however «* may still be gained. See Candidate F.

Accept kcosa®=2,—ksina®°=-3 for 2.

«* is only available for a single value of k, k>0.

«* is not available for a value of a given in radians.
Accept values of a which round to 56.
Candidates may use any form of the wave function for e', e? and e>.

However, o* is only available if the wave is interpreted in the form kcos(x+a)°.

WP N mh W

10. Evidence for ¢* may not appear until part (b).

Commonly Observed Responses:

Candidate A Candidate B Candidate C
o A k cos x°cosa®—ksin x°sina® COos X°cosa®—sin x°sina®
J13cosac =2 o' v of x
. °=2 cosa’=2
13sina° = 2y, o3y | 0S4 \
Vizsina®=3 tTt sina®=3 ol x sina°=3 o2V 2
k = \/ﬁ .3 /
le) 3 3 . o) 3
tana®=— tana® == Not consistent tana°® = 3
2 2 with equations
a=56-3 a=56-3 at 2. a=56-3
\/ﬁcos(x+56-3)° ot v \/ﬁcos(x+56-3)° O3V etx «/ﬁcos(x+56~3)° ot x
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Question

Generic scheme

Max

Illustrative scheme
mark

Candidate D - errors at o2
k cos x°cosa°® —ksin x°sina®

Candidate E - errors at o2
k cos x°cosa® —ksin x°sina®

Candidate F - use of x
k cos x°cosa°® —ksin x°sina®

.1‘/ .1\/ .1 J
kcosa®=3 kcosa®° =2 kcosx°=2
ksina®°=2 ol x ksina®=-3 ol x ksinx°=3 ol x

2 3 3
tana®=— tana®=—-= tana® ==
3 2 2

a=33-7 a=303-7 X=56-3
13 cos(x+337)° o v \/ﬁcos(x+303-7)° v Jﬁcos(x+56~3)° v
Candidate G
k cosAcosB—ksinAsinB

01 X
kcosA° =2
ksinA°=3 o2 x
t A°—3 Unclear at this
an ~ 9 | stage whether A
a=56-3 |relatestoaor toXx.
J13cos(x+56-3)° &2

ST

(b) ** link to (a) o* J13cos(x+56-3...)°=3 3
[ ) .7
of solve for Xx+a of 3369(39369) 326-31...

Notes:

11. Do not penalise working which rounds to 34, 326, 394 leading to 270 and 337.

Commonly Observed Responses:
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Question Generic scheme Illustrative scheme
mark
7. |(a) Method 1 Method 1 3
o' identify common factor o —6(X2 —4x... stated or
implied by e?
> complete the square o? —6(x—2)2
3 process for r and write in o —6(x—2)2 -1
required form

Method 2 Method 2

' expand completed square form o pX2 +2pgx + pq2 +r

o° equate coefficients

o> process for g and r and write in
required form

o’ p=—6, 2pg=24 pg’+r=-25

o —6(x-2) -1

Notes:

1. —6(x—2)2 —1 with no working gains ' and ¢? 0
2. ’is not available in cases where p>0.

nly. However, see Candidate E.

Commonly Observed Responses:

Candidate A

—6(x2—4)—25

—6((x—2)2—4)—25 o'V W2V
—6(x—-2)" —1 v

See the exception to general marking principle (h)

Candidate B
px? +2 pox +

P +r

p=-6,2pq =24, pq’ +r=-25
g=-2,r=-1

A

o v
v

PERVA

¢3is lost as answer is not in
completed square form

Candidate C

Candidate D

—6(x* +24x)-25 o' %
—6((“12)2—144)—25 o[ 1] —6((x+12)2—144)—25 o A 2y
—6(X+12)2+839 .3 —6(X+12)2+839 .3
Candidate E Candidate F
~6(x—2)" —1 —6X* +24x—25
_avy2 _ 1
Check: =—6(x? —4x+4) -1 =X ~24x+23 °
:6(x —4x...
= —6X* +24x—24—1 , )
——6X? +24x—25 =6(x-2)"... .
Award 3/3 =—6(x—2)2... o3 x
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Question Generic scheme Illustrative scheme rr:rxk
(b) Method 1 Method 1 3
o* differentiate —6X* +24x—25
> link with (a) and identify sign f’(x) = —6(X—2)2 -1 and
2
of (x—2
(x-2) (x=2)" 20 ¥x
6 .
¢° communicate reason eg .- —6(X—2)2 _1<0 VX
—> always strictly decreasing
Method 2 Method 2
o* differentiate —6X* +24Xx—25
¢’ identify maximum value of f'(x) ‘maximum value is —1’ or
annotated sketch including Xx-axis
«° communicate reason —1<0 or ‘graph lies below x-axis’
s F(x) <0 wx
—> always strictly decreasing
Notes:

2
3. In Method 1, do not penalise (X—Z) >0 or the omission of f'(x) at e’.

2
4. In Method 1, accept —6(x—2)2 <0 or —6(X—2) <0 at o,
5. At ¢> communication must be explicitly in terms of the derivative of the given function. Do not

. \2 .
accept statements such as * (somethmg) >0 ’, ‘something squared >0 ’.

However, o° is still available.

Commonly Observed Responses:

Candidate G

f'(x)=—6X*+24x—25 v
f’(x):—6(x—2)2—1 o A
—6(x-2)" -1<0

= strictly decreasing oA
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Question Generic scheme Illustrative scheme —
mark
8. |(a) Method 1 Method 1 3
o' equate composite function o f ( §-1 (X)) =X
to X
o write f ( f (X)) in terms o’ 3} f(x)+8=x
of f'(x)
* state inverse function o f7(x)=(x —8)3
Method 2 Method 2
o' writeas y=f(x) and of y=f(x)=>x="1"(y)
start to rearrange y—8=3x
o’ express X in terms of y o X= (y—8)3
* state inverse function o f‘1(y)=(y—8)3
= f’1(x):(x—8)3

Notes:

1. In Method 2, accept ‘y—38 =3/x’ without reference to y=f(x)=x=f"(y) at o,
2. In Method 2, accept f’1(x):(x—8)3 without reference to f~'(y) at o’.

3. At e’stage, accept f ' written in terms of any dummy variable eg f'(y) :(y—8)3.
4, y=(x—8)3 does not gain o>
5

(%)

(x—8)3 with no working gains 3/3.
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Question Generic scheme

Max

Illustrative scheme
mark

Commonly Observed Responses:

Candidate A - multiple expressions for y = f (x)

f(x):i/§+8

Candidate B - multiple expressions for y = f (x)

f(x):i/§+8

y=3/x+8 y=3x+8
y—-8=3/x x=3fy+8
x=(y-8)’ y=(x-8)
y=(x-8)’ f(x)=(x-8)’ Award 2/3
7'(x)=(x—8)’ Award 2/3
Candidate C - BEWARE Candidate D
f'(x)=... o x f'(x)=x-8
with no working Award 0/3
Candidate E
Xx—>3Ix >3x+8=1 (x)
¥ >+8
. 3 1
. —8->() v awarded for knowing to
(x _ 8)3 o2y perform inverse
; operations in reverse
f7(x)=(x-8) oV
(b) o state domain ' 9<x<18, xeR 1

Notes:

1. Do not penalise the omission of xeR.

Commonly Observed Responses:
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Question Generic scheme Illustrative scheme —
mark
9. |( o' identify initial power o' 120 1
Notes:
Commonly Observed Responses:
(b) o’ interpret information o2 102 =120e 2007 4

¢’ process equation

o* write in logarithmic form

o> process for t

stated or implied by e*
.3 e*0-0079t — O . 85
«* log, 0-85=-0-0079t

o> 20-572...

Notes:

1. Candidates who interpret 15% incorrectly do not gain 2, but 3, ¢* and ¢’ are still available. See

Candidate E.
> may be implied by e*.

Accept In0-85=-0-0079%tIne for *.
Accept 20-57 or 20-6 at °.

Nouswh

Any base may be used at ¢* stage. See Candidate A.

The calculation at > must follow from the valid use of exponentials and logarithms at e* and e*.
For candidates who take an iterative approach to arrive at t =20-6 award 1/4.

However, if, in the iterations P, is evaluated for t =20-55 and t =20-65 then award 4/4.

Commonly Observed Responses:

Candidate A Candidate B
102 =120e 2% o2V
e—0-0079t — 0 . 85 .3 v 102 =1 20e70-0079t .2 v
log,, 0-85=-0-0079t log,, v e =0.85 v
20-6 oo v t=20-6 ot A 05
Candidate C Candidate D
log, 0-85=-0-007%t ot v log, 0-85=-0-007%t ot v
t=20-6 years @V t =20 years 6 months o> x
t =20 years 6 months

Y V[ Incorrect conversion W
Candidate E subsequent to answer
15 = 100g 007t is not penalised
e—0~0079t — 0 15 .3 |\/ 1|
log, 0-15 = —0-0079t o[V 1|
240-1... o>
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. . . Max
Question Generic scheme Illustrative scheme

mark
10. | (a) 2
' use —3 in synthetic division or of -3 P 101 -8 -6
in evaluation of quartic 3
3x(-3)" +10x(=3)’ +(-3)°
or
—8><(—3)—6
-313 10 1 -8 -6
2 — f—
> complete division/evaluation * 9 3 6 6
and interpret result 3 1 -2 -21]0

Remainder =0..(x+3) is a
factor
or f(-3)=0..(x+3) is a factor

Notes:

1. Communication at e* must be consistent with working at that stage ie a candidate’s working must
arrive legitimately at 0 before ¢ can be awarded.
2. Accept any of the following for e
e “f(-3)=0so (x+3) is a factor’
e ‘since remainder =0, it is a factor’
e the ‘0’ from any method linked to the word ‘factor’ by ‘so’, ‘hence’, .., —», = etc.
3. Do not accept any of the following for 2
e double underlining the ‘0’ or boxing the ‘0’ without comment
e ‘X=-3isa factor’, ‘... is a root’
e the word ‘factor’ only, with no link.

Commonly Observed Responses:
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Question Generic scheme Illustrative scheme
mark
(b) 5
identify cubic and attempt to 31 -2 2
factorise o’ eg
find second factor 1 \3 12 =2
o' eg 3 4 2
3 4 2 [0
leading to (x—1)
identify quadratic
o 3x*+4x+2
evaluate discriminant
o -8
interpret discriminant and
factorise fully o’ since -8 <0, quadratic has no
(real) factors leading to
(x+3)(x—1)(3%* +4x+2)
Notes:

4. Candidates who arrive at (x+3)(x—1)(3x2 +4x+2) by using algebraic long division or by

inspection gain ¢, ¢* and o’
5. Evidence for ¢ may appear in the quadratic formula.

o

7. Do not accept any of the following for e’:
. (x+3)(x—1)(3x2 +4x+2) does not factorise

Accept ‘-8 <0 so no real roots’ with the fully factorised quartic for e’

o (Xx+3)(x=1)(. .. [ ) cannot factorise further.

8. Accept (x+3)(x—1)3x" +4x+2, with a valid reason for o’.
9. Where the quadratic factor obtained at ¢ can be factorised, ¢° and ¢’ are not available.

Commonly Observed Responses:

Candidate A

(x+3)(x—1)(3x2+4x+2) o5V
b?> —4ac=16-24 <0 oA
so does not factorise o/

Candidate B

(x+3)(x—1)(3x2+4x+2) oS v
b* —4ac<0 N
so does not factorise o A
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. Generic scheme lllustrative scheme S
Question mark
11. | (a) o' express A in terms of x and h o' (A=)16x* +16xh 3
o’ express height in terms of x ol h= 2000
8x*
«* substitute for h and complete & A=16X>+16Xx 20020
proof 8x
leading to A=16x 3000
X
Notes:
1. At o' accept any unsimplified form of 16x* +16xh.
2. The substitution for h at 3 must be clearly shown for ¢ to be available.
3. For candidates who omit some of the surfaces of the box, only ? is available.
Commonly Observed Responses:
(b) o* express A in differentiable o* 16X* +4000x " 6
form

¢’ differentiate

¢° equate expression for
derivative to 0

o’ process for X

¢° verify nature

¢’ evaluate A

5 32Xx—4000x2

® 32x—4000x2 =0

o 5

% table of signs for a derivative
(see below) ... minimum

or A"(x)=96>0 = minimum

o> A=1200 or min value =1200
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Notes:

of x. See Candidates C and D.

4. For a numerical approach award 0/6.

5. e°can be awarded for 32x =4000x 2.

6. For candidates who integrate any term at the ¢’ stage, only ¢ is available on follow through for
setting their ‘derivative’ to 0.

7. o', ¢® and ¢’ are only available for working with a derivative which contains an index <-2.

y4000 e 7 8 .

8. 3 32 must be simplified at o’ or «° for ¢’ to be awarded.

9. % is not available to candidates who consider a value of X <0 in the neighbourhood of 5.

10. o is still available in cases where a candidate’s table of signs does not lead legitimately to a
minimum at e,

11. ¢ and ¢’ are not available to candidates who state that the minimum exists at a negative value

For the table of signs for a derivative, accept:

X 5 5° X
> A (x)
AX)| - 0 + Shape
Shape or
or \ B / slope
slope

Values must be checked for accuracy.

\

Arrows are taken to mean
‘in the neighbourhood of’

For this question do not penalise the omission of ‘X’ or the word ‘shape’/‘slope’.
Stating values of A'(X) in the table is an acceptable alternative to writing ‘+’ or ‘=’ signs.

dA
The only acceptable variations of A'(x) are: A’, ™ and 32x—4000x2.

5 - X a 5 b

0 + Ax)| - 0 +
Shape

_/ o |\ _ /
slope

Where 0<a<5 and b>5

X

Commonly Observed Responses:

Candidate A - differentiating over multiple lines
ot A

A'(X) =32x+4000x "
A'(X) = 32x—4000x
32x—4000x* =0

o5x

ST

Candidate B - differentiating over multiple lines

A=16x" +4000X " v
A'(X) =32x+4000x"

A'(x) = 32x—4000x* o x
32X —4000x > =0 o

Candidate C - only considers 5

A=16x*+4000x" ot v

A’ =32Xx—4000x % =0 OV bV
X =45 o x

x| > 5 -

- 0 +

AN/

. minimum

el

NN

A=1200 or min value =1200

Candidate D - considers 5 and negative 5 in
separate tables

A=16x*+4000x"" ot v

A’ =32x—4000x2 =0 OV WV

X =15 o x

x| > 5 - X | > -5 -
- 0 + |- 0 +
AN/ Al \

-, minimum when x=5 08

A=1200 or min value =1200

Ignore incorrect

working in
second table

L
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Question

Generic scheme

Illustrative scheme

Max

mark
12. Method 1 Method 1 5
state linear equation o' log, y=3x-1
introduce logs o’ log, y=3xlog,4-log, 4
use laws of logs * log, y=log, 4* —log, 4
43X
4
use laws of logs o' log,y= |094( y j or
log, y =log, 47'4**
o a= 1 b=64
state aand b 0T
Method 2 Method 2 5
state linear equation o' log, y=3x-1
convert to exponential form ol y= 43
use laws of indices o y=474%
o! a= l
state a P
state b > b=64
Method 3 Method 3 5

introduce logs to y = ab*
use laws of logs
interpret intercept

interpret gradient

stateaand b

The equations at o', ¢2, o3 and «*
must be stated explicitly.

o' log, y=1log, ab*

** log, y=1Ilog,a+xlog,b

o> —1=log, a

o 3=log,b

5 1

> a=—,b=64
4

page 22




Max

Question Generic scheme Illustrative scheme
mark
Method 4 Method 4 5

interpret point on log graph x=3andlog,y=38
convert from log to exponential x=3andy=4°
form
interpret point and convert x=0andlog, y=-1

x=0andy=4"

1 0 1
substitute into y =ab” and 4" =ab =a= 1
evaluate a
1
substitute other point into 4° = 2 b’ =b=64
y =ab* and evaluate b
Notes:

1.

2.
3.

4.
5.

In any method, marks may only be awarded within a valid strategy using y =ab”*.

1
Accept y = 2-64X for o,

Markers must identify the method which best matches the candidates approach; they must not
mix and match between methods.
Penalise the omission of base 4 at most once in any method.

Do not accept a=4".

Commonly Observed Responses:
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Question Generic scheme lllustrative scheme rr:rxk
13. o' interpret information given of f'(X)=3x*-16x+11 or 5
f (x)zj(3x2 —16x+11)dx
. , 3 16X
o’ integrate any two terms J 5 T,
3
> complete integration o ...H1iX+C
4 n_73_ 2
* interpret information given and © 0=7"-8x7"+11x7+c
substitute
5 f(x)=x>-8x*+11x—28
> process for ¢ and state * ( )
expression for f (x)
Notes:

S

™

For candidates who make no attempt to integrate to find f (X) award 0/5.

Do not penalise the omission of f (X) or dx or the appearance of +C at o',

If any two terms have been integrated correctly ' may be implied by .
For candidates who omit +C, only ' and e? are available.

For candidates who differentiate any term, ¢* ¢* and e° are not available.
Candidates must attempt to integrate both terms containing x for ¢* and e° to be available. See

Candidate B.

Accept y=x>—8x*+11x—28 at o’ since y = f(X) is defined in the question.
Candidates must simplify coefficients in their final line of working for the last mark available in

that line of working to be awarded.

Commonly Observed Responses:

Candidate A - incomplete substitution

f(x)=x>—8x" +11x+c o' vV 2V &8V
f(X)=7° —8x72+11x7+C o' A
c=-28

f(x)=x>—8x*+11x—28 o [V 1]

Candidate B - partial integration

f(x)=

0=7°—

c=38

f(x)=

x> —8x% +11+¢C o' vV o2V &¥x

8x7% +11+¢C o[V 1
x> —8x* +49 o [
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Max

Question Generic scheme Illustrative scheme
mark
14. expand o' UU+UV 4
evaluate u.u o> 16
. . . 3 5
determine equation in cos @ o> 20c0s6)=5 or cosf = 20
evaluate angle o* 75-5...° or 1-31... radians
Notes:
1. Do not accept u? for o', however o, ¢ and o* are still available.
2. Where there is no evidence for o', then o2, ¢3 and ¢* are not available, however see Candidates C
and D.
3. Where candidates use |u| #4 , then ¢* and «* are not available.
4. Where there is no evidence of using |u 2 , #* is not available. See Candidate A.
5. Do not penalise omission of units in final answer.
6. lgnore the appearance of 284-5°.
7. Accept answers which round to 76° or 1-3 radians.

Commonly Observed Responses:

Candidate A Candidate B
u.(u+v)=uu+uyv ol v 16 +U.V =21 o' v oIV
4+20¢0s0 =21 o x UV=> ;
= 3V

cos =~ o cos? 20

20 6 =75-5° o v
0=317...° 1
Candidate C - missing working Candidate D - missing working
uu=16 o2 v 21-16 =5 o A
uv=21-16

5 cosé =i v &V
cosf =— o vV &V 20

20 0=75-5° ot v
6=75-5° v
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Max

Question Generic scheme Illustrative scheme
mark
15. | (a 3
@ o' find gradient of radius o 1
3
o’ state gradient of tangent o2 3
o’ state equation of tangent o y=3x-2
Notes:

3
1. Do not accept y:TX—Z for o,

2. ¢ isonly available as a consequence of trying to find and use a perpendicular gradient.
3. At e®accept, y—3x+2=0 or any other rearrangement of the equation where the constant terms
have been simplified.

Commonly Observed Responses:

(b) [ (i) |e* find coordinates of T o* (0,-2) 1
(i) | find midpoint CT ° (4,5) )
¢ find radius of circle with ¢ /65 stated or implied by o’
diameter CT
2 2
o’ state equation of circle o’ (x—4)" +(y-5) =65
Notes:
4. Answers in part (b)(i) must be consistent with answers from part (a).
5. Accept x=0, y=-2 for ¢*.
2
6. (x—4)2 +(y—5)2 =(»\/65) does not gain o,
7. ¢’ is not available to candidates who use a line other than CT as the diameter of the circle.

Commonly Observed Responses:

[END OF MARKING INSTRUCTIONS]
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