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General Marking Guidance

. All candidates must receive the same treatment.
Examiners must mark the first candidate in exactly the
same way as they mark the last.

o Mark schemes should be applied positively.
Candidates must be rewarded for what they have shown
they can do rather than penalised for omissions.

. Examiners should mark according to the mark
scheme not according to their perception of where the
grade boundaries may lie.

. There is no ceiling on achievement. All marks on
the mark scheme should be used appropriately.

° All the marks on the mark scheme are designed
to be awarded. Examiners should always award full marks
if deserved, i.e. if the answer matches the mark scheme.
Examiners should also be prepared to award zero marks if
the candidate’s response is not worthy of credit according
to the mark scheme.

° Where some judgement is required, mark
schemes will provide the principles by which marks will be
awarded and exemplification may be limited.

° When examiners are in doubt regarding the
application of the mark scheme to a candidate’s response,
the team leader must be consulted.

o Crossed out work should be marked UNLESS the
candidate has replaced it with an alternative response.
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General Instructions for Marking

1. The total number of marks for the paper is 125.
2. The Edexcel Mathematics mark schemes use the following types of marks:

e M marks: Method marks are awarded for ‘knowing a method and attempting to apply it’, unless
otherwise indicated.

e A marks: Accuracy marks can only be awarded if the relevant method (M) marks have been earned.

¢ B marks are unconditional accuracy marks (independent of M marks)

e Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark schemes..

e bod — benefit of doubt

e ft —follow through

o the symbole will be used for correct ft

e cao — correct answer only

e cso - correct solution only. There must be no errors in this part of the question to obtain this mark
e isw — ignore subsequent working

e awrt — answers which round to

e SC: special case

e oc — or equivalent (and appropriate)

e d... ordep — dependent

e indep — independent

e dp decimal places

e sf significant figures

e Xk The answer is printed on the paper or ag- answer given

. |: or d... The second mark is dependent on gaining the first mark

4. All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft to indicate that
previous wrong working is to be followed through. After a misread however, the subsequent A marks
affected are treated as A ft, but manifestly absurd answers should never be awarded A marks.

5. For misreading which does not alter the character of a question or materially simplify it, deduct two
from any A or B marks gained, in that part of the question affected.

6. If a candidate makes more than one attempt at any question:
e If all but one attempt is crossed out, mark the attempt which is NOT crossed out.
e [If either all attempts are crossed out or none are crossed out, mark all the attempts and score the
highest single attempt.

7. Ignore wrong working or incorrect statements following a correct answer.
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General Principles for Core Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).
Method mark for solving 3 term quadratic:

1. Factorisation

, leadingtox=...

(ax’ +bx +c) = (mx+ p)(nx +q), where|pqg| =|c| and |mn| =|a| , leadingtox= ...

2. Formula
Attempt to use correct formula (with values for @, b and ¢).

3. Completing the square
Solving ¥’ +bx+c=0: (xt2)Y+g+c, ¢q#0, leadingtox=...

Method marks for differentiation and integration:
1. Differentiation

Power of at least one term decreased by 1. (x" — X"

2. Integration

Power of at least one term increased by 1. (X" = x"*)

Use of a formula

Where a method involves using a formula that has been learnt, the advice given in recent examiners’ reports
is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are mistakes in the
substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct working with
values, but may be lost if there is any mistake in the working.

Exact answers
Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or working with
surds is clearly required, marks will normally be lost if the candidate resorts to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details of what
happens in particular cases. General policy is that if it could be done “in your head”, detailed working would
not be required. Most candidates do show working, but there are occasional awkward cases and if the mark
scheme does not cover this, please contact your team leader for advice.
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Do not allow + L for — l

—X X

Question Scheme Notes Marks
Number
L. (i) 2% +5x+1 5 1
{I%dx = 2+—+—2dx}
X X X
. A
At least one of either +— — *alnkx or
X
B M1
-1,
J_rx—z —>*px; A, B, a, f non zero.
1 At least 2 out of the 3 terms are correct.
=2x + Slnkr — - {+¢} e.g. 2 of 2x,—+ Sinkx Al
X
Where k # 0 (k is usually 1) 1
2x + 5Inkx — — with or without + ¢ all on
X
one line and apply isw once seen. Al
Do not allow + L for — l
-X X
[3]
(i) Alternative by parts I:
1 1
{j (2x2 +5x+1)x’2 dx =——(2x2 +5x+1) +j—(4x+5) dx}
X X
. A
At least one of either +— — +alnkx or
X
B Ml
1 +— s+ 8x"; )
=—2x-5——+4x+5Inkx {+c} _x2—>_,8x > 4, B, a, f§ non zero
X At least 2 out of the 3 terms are correct.
At least 2 of 2x,—l,51nkx Al
X
2x —5— l+51n/oc with or without + ¢
X
1
=2x—-5——+5Inkx {+ c} Or 2x + Slnkx — 1 with or without + ¢ all Al
X X
Where k # 0 (k is usually 1) on one line and apply isw once seen.
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(i) Alternative by parts II:

3 2 3 2
(2x2+5x+1)x‘2dx:x‘2 2 e e 2
3 2 3 2

. A
At least one of either +— —> +talnkx or

PMT

Do not allow + L for — l
—X X

X M1
B i
+— 5+ :
=2?x+§+l+%+51nkx—z{+c} _x2—>_,8x ; A, B, a, [ non zero.
* * At least 2 out of the 3 terms are correct.
At least 2 of 2x,—~,5Ink Al
X
5 1 ) .
2x +— — —+5Inkx with or without + ¢
X
5 1 | )
=2x+=——+5Inkx {+c} or 2x + Slnkx — — with or without + ¢
2 x b Al
Where &k # 0 (k is usually 1) all on one line and apply isw once seen.
Do not allow + L for — —
—x X
(i) Alternative:
> 2
{ 2 Aoxtl Iz+ x il mzjz+(5x+1)x2 dx}sz—l(5x+l)+j§ d
J x x x X
. A
At least one of either +— — +alnkx or
X
B M1
ix—2 —+px"; A, B, a, 3 non zero.
At least 2 out of the 3 terms are correct.
{ At least 2 of 2x,—l,51nkx Al
=2x —5——+5Inkr {+ ¢} 1 =
* 2x —5——+5Inkx {+ ¢} with or without + ¢
x
or 2x + 5lnkx — l with or without + ¢
X Al
all on one line and apply isw once seen.
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(i1) du
u=x = —=1
{I:Ixcos2xdx } , dx
dv 1.
—=co0s2x = v=—sin2x
dx
+Axsin2x £ yJ sin 2x{dx}
Ml
BUT if the parts formula is quoted
incorrectly score M(
1. J‘ 1.
—xsin2x — | —sin2x {dx}
=lxsin2x—J.lsin2x {dx} 2 2 Al
2 2 simplified or un-simplified
| 1 : .
—xsin2x + —cos2x with or without + ¢,
| 1 2 4
=—xsin2x + —cos2x {+ c} Al
2 4 | 1 .
—xsin2x —| ——cos2x | is A0
2 4
3]
6
Question 1 Notes
Note The 5lnx can appear in different correct forms e.g. 5SInSx or 2.5Inx? etc. and allow modulus signs
e.g. 5ln kx|
(i) J 2x> +5x+1dx
Note | There are no marks for attempts at
Ixz dx
(ii) Note There are no marks for attempts at J xcosxdx

PMT
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Question Scheme Notes Marks
Number
2. x=—t-15, y=4—§, t#0
(@) Bothgzé orgzg and d—y=6z"2
& 3 dy - ; dd 2 dx 3 dt .
dt 27 dr d_y can be simplified or un-simplified.
t
Note: This mark can be implied.
2 Their d divided by their —
5o & _0t {_4_2} dt di
0, —= = 4t M1
dr  (3) dy . de
or their — multiplied by their —
dt dx
4 4
{Whent=3,}d—y=— — Al cao
dx 9 9
3]
(b) x+5 6
* =7y 2= 4
(E) (x + 5\ An attempt to eliminate ¢. Ml
()7
6 3( 6
4-y 2\4-y . .
6 5 Achieves a correct equation in x and y only. | Al o.e.
e % _Z(x+9)
4-y
9
= y=4-
7 x+5
4 -
oy (x+5)-9
x+5
4x +11 4x +11
= a=4and b=11 or — Al
x+5 x+5
Do not isw so if they have x #-5, k #-5
x#-5o0r k=-5 score B0 i.e. penalise contradictory B1
statements.
[4]
Alternative 1 for (b):
_ax+b 6 a(l.5t-5)+b
Cx+5 ¢ 1.5t-5+5
6 1.5at—5a+b
g 2= RN o 9-15ar—5a+b Substitutes for x and y and “compares M1
t 1.5 coefficients” for term in ¢ or constant term
= 6t=1.5at or 9=-5a+b
a=4orb=11 Correct value for a or b Al
a=4andb=11 Correct values for ¢ and b Al
Do not isw so if they have x #-5, k #-5
x#-5or k=-5 score B0 i.e. penalise contradictory B1
statements.
[4]
7
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Alternative 2 for (b):
4t-6 3(4r—-6) 3(4—6) 4x*-9 4(x+5)-9
y = = = = =
t 23 2(x+5)  (x+5) (x+5) MIA1L
M1: Obtains y in terms of x
Al: Correct unsimplified expression
4x +11 4x + 11
= a=4and b=11 or - Al
x+5 x+5
Do not isw so if they have x # -5, k # -5
x#-=5o0r k=-5 score B0 i.e. penalise contradictory Bl
statements.
[4]

Question 2 Notes

M1 can also be obtained by substituting # = 3 into both their ((ll—y and their d and then dividing
t

2. (a) Note
their values the correct way round.
Some candidates may use the Cartesian form in (a) possibly having done (b) first. E.g.
4(x+5)—-4x—-11
bl d@es) el 9 )9 ]
x+5 dv (x+5) (x+5) 2 72
d 9
- Ey = E— = —
Note [—1 + 5)
2

This would require a complete method to find the Cartesian equation and then B1 for the correct
derivative. Then M1 for a complete method attempting the derivative and substituting for x or ¢
and A1l for 4/9 as in the main scheme.

The marks for obtaining the Cartesian equation can score in (b) provided their Cartesian
equation is seen or used in (b). (i.e. if they do (a) first)
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%‘:;SEZ? Scheme Notes Marks
1
3. f(x)=2""'—4+15x,xeR; x 1=—(8—2)‘"), x, =16
n+ 3
(a) Sets f(x)=0 and makes 1.5x
(or kx) the subject of the formula M1
el B o ool using correct processing so
0=2""-4+15x = 1.5x=4-2"""or 4-2"""=15x | ;10w sign errors only.
1
2 1 x = —|8 - 2") by cso with at
= x==(4-2"") =>x = -(8-27) (» 3( ) Y
3 3 least one intermediate step.
or Do not accept recovery from
(4 2" 1) 1 O x earlier errors for the A mark. Al*
=Xt T 5(8 -2 ) *) Note that the “= 0” must be
' seen at some point for this
mark even if only from f(x) =0
at the start.
Special case: Starts with 1.5x =4 —2""'and completes method with no f(x) = 0 is M1A0
| 2]
Alternative working backwards:
‘= 1(8 3 2x):> 3r=8— 2 52 —843r=0 Multiplies by 3 and collects
3 terms to one side or collects
. . M1
1 . . terms to one side and multiplies
x—=(8-2")=0=3x-8+2"=0 by 3
3 y
2 —8+3x=0=>2""—4+15x=0 Obtains 271 —4+1.5x=0by |
' CSO0.
[2]
(b) o 1 .
1 6 For substituting x, = 1.6 into —(8 -2 0).
x =~(8-2") 3 MI
3 This mark can be implied by x, = awrt 1.66
x, =1.656 ,x,=1.616 x, =awrt 1.656 and x, = awrt 1.616 Al
x, =1.645 x, = 1.645 only (not awrt) Al cao
Mark their values in the order given i.e. assume their first calculated value is X; etc.
3]
(c) £(1.6325) = —-0.00100095...
orawrt—1x107 Chooses a suitable interval for x, which is within
1.633 £ 0.0005 and either side of 1.63288... and | M1
f(1.6335) = 0.00157396...
attempts to evaluate f(x) for both values.
orawrt 1x107 orawrt 2x107
Sign change (negative, positive) (and f(x) is Both values correct awrt (or truncated) Al eso
continuous) therefore root (a: 1.633) 1 sf, sign change and a conclusion
[2]
7
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Question 3 Notes

which contains the root 1.632888767

3.(a) M1 There are other methods for obtaining the printed equation but the M1 scores for setting f(x) = 0

and making kx the subject of the formula using correct processing e.g.

0=2""-4+1.5x 3%— 4+1.5x=0=3x=8-2" Ml
=x = l(8 -2°) () Al
3
0=2""-4+15x =2"-8+3x=0=3x=8-2" Ml
—x = l(8 -2) (* Al
3

3. (¢) Al Correct solution only.

Candidate needs to state both of their values for f(x) to awrt (or truncated) 1sf along with

a reason and conclusion. Reference to change of sign or f(1.6325) x £(1.6335) <0 or

a diagram or < 0 and > 0 or one positive, one negative are sufficient reasons. There must be a

conclusion, e.g. &= 1.633 (3dp). Ignore the presence or absence of any reference to continuity.

A minimal acceptable reason and conclusion could be “change of sign, so true”

Note In part (c), candidates can construct their proof using a narrower range than [1.6325, 1.6335]

PMT
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Question Scheme Notes Marks
Number
4. (a) A+ px)* =1+ (-4)(px) + CAES) 4;('_ ) (px)* + A6 4)(_3;5)(_ 6 (px)’ + ... see notes Ml
Three of the four terms correct and Al
=1-4px +10p°x* - 20p°x" + ... simplified.
or All four terms correct and simplified and
= 1-4(px) + 10(px)* - 20(px)’ + ... isw once a correct answer is seen. Al
Must be seen in part (a).
3]
3+4x 2 2 3 3
f(x)=——==p G+4x)(1 —4px +10p°x" = 20p°x" +...)=...
(b) I+ px) M1
Attempts to expand (3 + 4x) x their part (a) expansion.
There should be evidence of at least (3 x one term from part (a)) + (4x x one term from part (a))
Note: f(x)=3+(4-12p)x+(30p> - 16p)x” + (40p”> - 60p°)x” + ...
Al 10 3 3 _ ) » 3 | Dependent on the previous M
=3_12px+30px” - 60p'x M +40p°x mark Multiplies out to give exactly
= two terms in x and exactly 2 terms in
"30p® —16p" =2"(4 - 12p)" x* and attempts one coefficient = dM1
Or twice the other. This mark can be
or 2"(30 2 —16p)"="(4 —12p)" 1mphed by later Working. Allow x’s
( P p) ( P) to be present for this mark
30p> -16p=2(4 - 12p) Correct equation with no x’s Al
R Dependent on the 1 M mark
30p"+8p—-8=0 Correct method for solving a 3TQ
= 10p-HBp+2)=0 or Sp-2)(6p+4)=0 = p=...| leading to at least one value.
If working is shown see general IM1
or guidance for solving 3TQs. If no
working is shown then you may
150> +4p—4=0= (5p-2)3p+2)=0= p=... need to check to see if their 3TQ
solves correctly.
2 2 2 2
=—,-— = As p>0, then == =Z only. Al
{p 5273 p } p 5 p 5 only
[5]
2 3 Substitutes their p = 2 from part (b) into
2) 2) 5
(©) 40| =, - 60| < . ‘ N Ml
57 57 their coefficient of x” (which comes from
exactly 2 terms from their expansion)
64 14
Allow — or 2—. Condone 2.56.
.. 64 25 25
Coefficient of x~ is — Al
25 Allow ﬁx3, 2ﬂx3, 2.56x°
25 25
If 2 answers are offered, score A(
[2]
10
Question 4 Notes
4. (a) M1 | Uses the binomial expansion with n = -4 and 'x'= px.
Note | M1 can be given for either 1+ (-4)(px) or #(px)2 or %(pr
(b) Note | Allow recovery in part (b) from missing brackets in part (a). e.g. px”> now becoming p’x°.

PMT
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Question
Number

Scheme

Notes

Marks

5.

fix—>e™ -5 xeR; g:x—>1n(3x—1),xe]R,x>%

@) (@)

y=e"-5=x=¢" -5

x+5=¢" = In(x+5)=2y

(v=) %ln(x +5) {(f‘l fx ) %ln(x + 5)}

Attempt to make x (or swapped y) the subject
using correct processing so allow sign errors
only.

Ml

1
%ln(x +5) or %ln|x+5‘ or In(x + 5)2.

Correct expression ignoring how it is
referenced but must be in terms of X. Do not

allow In(x + 5).% ore.g. Inx+5 or In(x+5

unless the correct answer is seen previously or
subsequently.

Al

Domain: x> -5 or (=5, »)

x>=5 or (-5, ©) Condone domain > -5

B1

3]

(b)

fg(3) _ eZln(3(3)—1) -5
(NB fg(x) =9x* —6x—4)

g goes into f and x = 3 is substituted into the
result or finds g(3) {: 1n8} and substitutes

into

Ml

{:e2'“8—5:64—5 }:59

59 cao

Al

2]

(i)(a)

yA

<V

AV shape with the vertex on the positive

x-axis (with no significant asymmetry about
the vertical through the vertex). The left
hand branch must extend into the second
quadrant. Do not allow a “y” shape unless
the part below the x-axis is dotted or
“crossed out”

B1

States (0, @) and (%a, O)
or +a marked in the correct position on the

x-axis and @ marked in the correct position
on the y-axis. Other points marked on the
axes can be ignored.

B1

2]

(b)

{4x—a=9a:>} le()_a {orxzs—a}
4 2

10a 9a+a S5a
X=——0r x= or x=—
4 2

(may be implied)

Bl

-(4x-a)=9a or 4x-a=-9a

Attempt at the “second” solution.

Accept - (4x-a)=9a or 4x -a=-9a
or — 4x = 8a. Do not condone (unless
recovered) invisible brackets in this case.

MI

x=-2a

x=-2a

Al

+3§a;=11a
2

5 5
X=—a=> —a - 6a

{x =—-2a :>} |—2a — 6a| + 3| —2a

;=14a

Substitutes at least one of their x values
from solutions of ‘ 4x - a| = 9a where

x < 6a into ‘x - 6a‘ +3|x‘ and finds at

least one value for ’ X - 6a’ + 3‘ x‘

Must apply the modulus.

Mi

Both 11a and 144 and no other answers

Al

[5]

12

PMT



Mathematics - 2018 - May/Jun -

Paper 3 - MS

Question 5 Notes

(b)

Note

The values of x might be found by squaring:
| 4x — a| =9a=16x" —8ax+a’ =8la” =16x> —8ax—80a’ =0

16x* —8ax —80a’ :0:>x=5?a,—2a

Score as follows: B1 for a correct 3 term quadratic (terms collected after squaring)
M1: Solves their 3 term quadratic (usual rules)

Al: x=5—a,—2a
2

PMT
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PMT

Question Scheme Notes Mat
Number
6. \/gcosq - 2sing © Rcos(q + a)
() R=3 R =3, cao (+3is B0) (19 is B0) Bl
tanazii, tanaziﬁ = a=..
J5 2
&5 N Ml
(Also allow cosa =+ ?5 or * %, sina ==+ 2 or * TS = «a =..., where “3” is their R.)
_ _ Anything that rounds to 0.7297 (Degrees is
a =0.7297276562... = a =0.7297 (4 sf) 41.81 and scores AO) Al
{Note: /5Scosq - 2sing = 3cos(q + 0.7297) } 3]
(b) \Ecosq - 2sing=0.5
Attempts to use part (a) "3"cos(€ +"0.7297") = 0.5
3cos(d + 0.7297) = 0.5 9and proceeds to cos(d £"0.7297") = K, K| <1
05 May be implied by € +"0.7297" =1.4033 M1
= cos(d + 0.7297) = — 05
3 or 6+"0.7297" = cos” | ——— |(=1.4033...)
their 3
6, =0.673648... = 6, =0.674 (3 sf) Anything that rounds to 0.674 Al
dependent on the previous M mark
Y - " B Correct attempt at a second solution in the range.
6, + their 0.7297 = — their 1.4033 = 6, = ...
0, =—2.133048... = 6, =-2.13 (3 sf) | Anything that rounds to —2.13 Al
For solutions in (b) that are otherwise fully correct, if there are extra answers in the range,
deduct the final A mark.
For candidates who work consistently in degrees in (a) and (b) allow awrt 38.6° and awrt — 122°
in part (b) as the A mark will be lost in part (a)
[4]
(©) f(x):A(\/gcosﬂ—2sin9)+B,Qe]R{; _15 < f(x) < 33
= —15 < 34cos(60+0.730) + B < 33
Note that part (c) is now marked as BIM1A1A1
B=9 Correct value for B Bl
Writes down at least one pair of simultaneous
equations (or inequalities) of the form
34+ B= 133 or 34+ B=-15 RA+B= 33 RA<B=_15 M1
_ = - = or
34+ B=-15 34+ B =33 CRA+ B =—15 _RA+ B =33
and finds at least one value for 4
A=8 or A=-38 One correct value for 4 Al
A=8 and 4=-8 Both values correct Al
[4]
11
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(©) _ Bl
Alt 1 B=9 Correct value for B
Q) A)3) =33——15 (2)(A)(their R) = 33— —15=> A=... Ml
A=8 or A=-8 One correct value for 4 Al
A=8 and 4=-8 Both values correct Al
[4]
C -1
A(lt)2 B= 33 5 > =9 Correct value for B Bl
34=33-9=A=8 (their R)A =33 —their B= A=... Ml
A=8 or A=-8 One correct value for A Al
A=8 and 4A=-8 Both values correct Al
[4]
Question 6 Notes

(c)

Note The M mark may be implied by correct answers so obtaining A = 8 implies M1A1

PMT
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PMT

Question Scheme Notes Marks
Number
1 1 dv
7. V ==ph*(90 - h) =30ph> - —ph’ ; — =180
3/7 ( ) P 3,0 a7
W {i—::}iahibhz,aqto,b;to Ml
— = 60ph - ph’
dh 60ph - ph’ Al
Can be simplified or un-simplified.
h
{d—Vxﬁz a :>} (60,0h-,0h2)d—:180 (theird—V\x%:ISO
dn - de  dt dt dn}" dt
or 180 + their d—V M1
dh dv 4V dh dh
T T a ol w BT This is for a correct application of the
chain rule and not for just quoting a
correct chain rule.
Dependent on the previous M mark.
Substitutes 2 =15 into an expression
When /=15, which is a result of a quotient (or their
1 4
dh = > %180 §=— rearranged quotient) of their a and dMI
dr 60p(15) - p(15) 15p dh
180. May be implied by awrt 0.08 or
0.09.
4 .
{i—h = 0.0848826... = }% = 0.085 (cms™) (2sf) | AWrt0-085 orallow o oe (andiswif | )y,
! ! necessary)
[S]
5
Alternative Method for the first M1A1
u = l,Dh2 v=90-nh
Product rule: 3
du 2 dv
—=—ph —=-1
dh 3 dh
v =t +ah(90 — h) = BR*(-1), a # 0, B #0
dh - - ’ ’ Ml
dar 2 1 impli -simpli
& _ 5,0h(90 —hy+ gphz(—l) C2an be mmphﬁe;l or un-simplified.
5,0h(90 -h)+ gphz(—l) Al
Can be simplified or un-simplified.
|
Question 7 Notes
- Note a does not have to be explicitly stated for the 1* M1 and/or the 1** A1 but it should be clear
that they are differentiating their V.
1 dr 2
V =—=7h*(90 — h)= — = = 7h(90 — h) scores MOAO even though it satisfies the
Note 3 d:» 3
conditions for the derivative.
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I(\Qlﬁfr?lgl:rn Scheme Notes Marks
1 1 6 1
s. Lir=|=3|+A4| 2|, L:r=| 4|+ u| 1|; Let &=acute angle between PQ and /.
2 3 1 -1
(a) i: 1+A=6+u 1)
j:-3+2A=4+u (@)
k:2+32=1-u Q3
(1) and (2) yields /=2, m=-3 Attempts to solve a pair of equations to find at M
(1) and (3) yields 1 =1, u=—4 least one of either /=... or m=...
(2) and (3) yields /=12, m=-4.6 I and /7 are both correct Al
Check%ng 3): 84 Attempts to show a contradiction Ml
Checking (2): -1#0
Checking (1):2.2 # 1.4 Correct comparison and a conclusion. Accept
/ and [ do not int ‘ “do not meet” and accept “are skew”. Al
i and [, doNot Itersect. Requires all previous work to be correct.
Allow a calculation that gives “8 = 4 so the lines do not meet”
| [4]
Alternative for part (a):
Attempts to solve a pair of equations M
to find at least one of either /' =... or m=...
Shows any two of
(1) and (2) yielding £=2
(1) and 2) yields /=2, m=-3 (1) and 3) yielding /=1
(1) and (3) ylelds I — 1’ m=—-4 (2) and (3) yleldmg I = 1.2
i p—d —a Al
(2) and 3) yields F=12,m=-4.6 or shows any two of
(1) and (2) yielding m= -3
(1) and (3) yielding m=-4
(2) and (3) yielding m=-4.6
Attempts to show a contradiction Ml
E.g. So 2#1 Correct comparison and a conclusion. Accept
[, and [, do not intersect. “do not meet” and accept “are skew”. Al

Requires all previous work to be correct.

[4]
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(b)

Full method of finding Fé orél?’
where P and Q have been found
byusingA=0in/; and p=-1in
b

Ml

Correct Fé or @B
Also allow for direction,
dPQ = 2i+ 3j + Ok and allow

coordinates e.g. (4, 6, 0)

Al

Realisation that the dot product is
required between

1
+A| 2| and their P—Q orQ—P
3

Ml

cosg ==+

L 0@r@©+e0 !
Ua)z + (2 + (3 AJ(4)+(6)+(0) ]

Dependent on the previous M
mark. An attempt to apply the dot
product formula between

1
+A| 2| and their ?Q orQﬁjD
3

dM1

16

cos 0 = ————
J14 52

= 6 =153.62985132... =53.63 (2 dp)

Anything that rounds to 53.63

Al

[5]

PMT
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() Writes down a correct trigonometric equation involving
—\/5_2 =sing the shortest distance, d. e.g. L =sing, o.e. Mi
their PO
{d = /525in53.63.. = }d: 5.8064... = 5.81 (3sf) Anything that rounds to 5.81 Al
2]
Alternative for part (c): (Let M be the point on /; closest to Q)
1 1 1 1 5
OM=|-3|+1| 2|=0M=|-3|+A| 2|-| 3
2 3 2 3 2
A-4 1
21-6 (0| 2|=0=>A1-4+41-12+94=0
31 3 Applies a complete and correct
method that leads to an expression | M1
A-4 1 8 for the shortest distance
21—6 o] 2 =}t—4+4/‘t—12+9/1=0:>/1=;
34 3
o7 1
a=3om=1 26 :‘QW‘——x/2OZ +267 +24°
7 7 49
24
236 .
= - =5.81 Anything that rounds to 5.81 Al

2]

11
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Question

Number Scheme

Notes

Marks

9.

f(x)=

12 4
1<X<5;y=§

Q2x-1)"

(a)

2x-1)"

P+ I2x-1)"or + M

|

(2x - 1)’

ir} -

(-1(2)

Q2x-1)"

tref

where u =2x+1; A #0

Ml

(Q2x-1")
DA

Can be simplified or un-simplified.

oe with or without +c.

Al

2]

(b)

2

(s e

2
For 7 ( 12 j dx or 7« izdx
2x—1 2x-1

x —_—
Ignore limits and dx .
Can be implied and the © may be recovered later.

B1

1 5
- 14“"[m}

-1

- 144(”)((2(2(;—1)j ) (

22 -0 D

Applies x-limits of 5 and 1 to an expression of the
form ££(2x—1)""; B # 0 and subtracts the correct

way round.

Ml

Correct expression for the integrated volume with
or without the 7.

Can be simplified or un-simplified.

Can be implied by 64 or 64p.

Al

5 2
Note: 7 ( 12 j dx or
L\ 2x -1

{: 42(@@ —1j _ 64(7z)}

J 50

X —

j dx evaluated directly as 647 or 64 with no incorrect

working seen scores M1A1 (presumably on a calculator)

{chlindcr} = (4; 4)

=)

Attempts to use the formula pr*h with numerical r

and 4 with at least one of »= %or h =4 correct

2 2

(4 (4
or attempts 71"" (—j dx or ﬂ'J' (—j dx
1 3 0 3

Ml

Correct expressmn for V.
cylinder

64 p implies this mark

Ay

Al

{Vol(R)=64 64p }

= Vol(R) =

512 512 8
=P | 5P o 565p

Al

[6]

Question 9 Notes

9. (b)

Note

12

5 2
See extra notes below for how to mark attempts at EJ‘ ((2 lj_ (%D dx
x —
1

Note

12

3 2 2
An acceptable approach is 7 ( j - [i) dx
1 2x—1 3

PMT
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5 2
Attempts at 7 ( 12 j— (ﬂj dx:
1 2x -1 3

5 2 5
Ve ( 12 _ijdx:ﬁ 144 __ 32 16,
\2x-1 3 (2x-17 2x-1 9

2
12 1\; dx (m may be recovered later)

X -

B1 for the embedded pj [ >

5

=7{— 2 —161n(2x—1)+%6x}

2x -1 |

V4 (—2—16ln9+@j—(—72+ﬁj
9 9 9

M1A1 for the embedded —%2 —(-72) or (—%2 - (—72))7[

(z%ﬂ—481n9j

5 2 5
Ver ( 12 _ijdm 1421004
1 2x—-1 3 ] (zx_1) 9

12 )
2x-1F

{ 72 16 T
=r|— +—x
2x-1 9 |
=7 (_7_24_@\)_(_724_&)
9 9 9

M1AT1 for the embedded —7—92 —(-72) or (—%2— (—72));;

51

B1 for the embedded pJ‘[ dx (m may be recovered later)

5 2 5
1 2x—-1 3 1 (2x—1) 9

12 )
2x-1F

[ 72 16 T
=7 - -—X
2x—1 97|
Ay
9 9 9

M1AT1 for the embedded —% — (—72) or (—%2 - (—72))%

(0

B1 for the embedded pI[ dx (m may be recovered later)

PMT
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Question Scheme Notes Marks
Number
10. C:xe"” -y=0o0r Inx+5-2y-Iny=0; P(2e™',2) lieson C.
Either Obtains either
_ _ dy dy 5-2y 5-2y dy dy _
52y _ s (o tAe tBxe” =1+ = (=0
e ¢ 2xe W dx( 0) I de (=0)
or +4¢’” iByd—y LY (=0)
R es-z,v_zyg_g(zo) dx dx
dr dx or iéin—yiEQ(:O) M1
X dx ydx
1 d 1dy
® ;—23—55( =0) or _%:iAeJraﬁZy iByeiaJrZy
s 2y or £4e” =iBeﬁyQ +Kye™” Y
o —=¢c""+2y¢ dx dx
dy A,B,K #0; a, b canbe 0
o ¢ =¢e¥ b +2ye? b Correct differentiation. The “ = 0" may be Al
dx dx implied by later work.
Ignore any “ Yo in front of their differentiation
Uses P(2e™',2) and their gradient equation to
find a numerical value for d—yor ﬁ Could
d d dy
AtP, ¢ - 22e™)e 20X P d
dx  dx have extra or fewer 4 terms and may have M1
dy dy 0 dy e dx
= e~ dr  dx = d 5 rearranged their expression wrongly before
substituting. Accept % =awrt 0.54 as
evidence.
e Dependent on the previous M
m, = g = mark. A correct attempt at an
equation of the tangent at the
¢« y-2- %(x _ g; or x - 2 _ Se-l(y B 2) point P(2¢™', 2) using their dM1
e e
numerical d_y Ifusingy=mx +c¢
e . 8 e 8 dx
o 2=—2e)+c =D c=—= y=—x+-—
5 5 5 5 must reach as faras c = ...
e[ 2) 8 8 )
y=0=-2= 5 X = EJL = Xx= e = 4 e 07 Finds aé;[ least one correct intercept. Al
2 8 [ 8) For ——, allow awrt -2.94.
x=0=>y-2=—|-— =— 4= B|0,—- e
g ( AR { 57}
Dependent on both previous M marks.
.1 . . .
Area OAB = %(§j{§j Applies E(thelr x )(their y,) where their x4 ddM1
© and yp are exact. Condone a method that gives a
negative area.
32 32 32 32 64
= ~or —¢ ~~or —e¢'. Allow6.4¢”' butnote.g. — Al
Se 5 Se 5 10e
[7]
7

Question 10 Notes

Note

Accept the alternative notation for the differentiation e.g. &> *’dx — 2xe* *’dy —dy =0

PMT
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requires exact work.

nThe28 and/3 method marks are available for work in decimals but the final method mark

Note Accept y' for Y
Question Scheme Notes Marks
Number
3
11. (a) x=3secq = —— =3(cosq)”’
cosq
o, . dx 2,
—= -3(cosq)"(-sinQ) —=1 k((cosq) (s1nq)) M1
dg dg
dx 3si 3 i
dg cos g cos (77' Cos qj' - Convincing proof with no notational or
O— other errors such as missing 0’s or
_ r missing signs or inconsistent variables.
dx  [3smf| _ 3 0) — 3secHtand *
d0  lcos2o!| | coso (tan ) = Jsecftan g But use of cos™' & as 7 is OK. Al*
NSt A cos
Or Must see both underlined steps.
ﬁ: 3sin@ _ 3tan® — 3secHtand Allow 3tan@secd
do cos’ @ cosd =
If the % is included on the lhs it must be correct but condone its omission and apply isw if
possible if it appears correctly at some point in their working.
[2]
(a) 3
x=3secq = ——
u=3 Vv =cosq
du dv .
—=0 — = -sing
dg dg
0x(cos®) *+ (3)(sinH)
dx _ 0(cosq) - (3)(-sing) Accept (cosO)’ as "
dq (cosg)’ evidence but if the quotient rule is
quoted, it must be correct.
de  [3sing| [ 3 \(sing) .
@ T ) cos? q ~ Lcos qj- cos qj- = jsecqtang Convincing proof With no notational or
—_— other errors such as missing ’s. .
' Or Must see both underlined steps. Al
& 35129 _(3 (tan@) = 3secHtan@ * | Allow 3tanOsect
dé cos” @ cosd E—
If the % is included on the lhs it must be correct but condone its omission and apply isw if
possible if it appears correctly at some point in their working.
| 2]

PMT
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(b)

yzig,x >3; x=3secd = % = 3secOtan0

Full substitution of in terms of

x
J¥ -9 f((3 secO)? —9 g and "dx" as their "t ksecgtang".
J.— dx = J.# 3secftan0do This may be implied if they reach

X 3secl ,
J_r/ij tan’0{d6} with no incorrect

working seen.

M1

Note: If \/x” —9 is simplified incorrectly to x — 3 the first mark is still available for a full
substitution. (Any subsequent marks are unlikely)

+1 J tan’0{d6}

(Allow +1 J tan @tan 0{d6} )

M1

= 3J tan® 0 d
3 J tan’6{d6)

(Allow 3J tantan 0{d6})

Al

Dependent on the previous M mark

_(3 29 _1)do -
( )J (sec ) applies tan’ g =sec’q - 1

dM1

=(3)(tan@ — 0) ktan’ 6 — k(tan@ - 6’)

Al

{Area(R) - _[ V729 4 [3tang - 3q:|§}
3 X

Jo,

Substitutes limits of ? and 0 into an

expression that contains a trigonometric
and an algebraic function and subtracts
the correct way round.

[Note: Limit of 0 can be implied.]

If they return to x, they must substitute
the limits 6 and 3 and subtract the
correct way round having previously
obtained a trigonometric and an
algebraic function.

| pY PV
~2en{55- 1555 @

M1

=33-p 3W3-p

Al

[3 tan & — 39]05 = 3\/5 — 7 can score the final M1A1 but if no substitution is shown and the answer

is incorrect, score M0

[7]

Question 11 Notes

11. (a)

dx xsin@

Note cosd do dé cosd

M1 for +A4 %cos& + B xsin@ =0

:>xcosl9=3:ﬂcosé—xsin0=0:>—— =3secOtan@ is M1Al.

(b)

Note | A decimal answer of 2.054559769... (without a correct exact answer) is AQ.

PMT
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Question

Number Scheme

Notes

Marks

12.

cotx —tanx =

2cot2x

(a)

COS X

cotx — tanx = —
sinx

sinx

COSX

Attempts to write both cotx and tanx in
terms of sinx and cosx only

Ml

cos’

cosxsinx

_cos’x sinx
sin xcos x

x—sin® x
sin xcos x

Dependent on the previous M mark
Attempts to find the same denominator for
both fractions

dM1

_ cos2x (_ 20052xj

Isin2x\  sin2x

Dependent on both the previous M
marks. Evidence of correctly applying
either cos 2x = cos” x - sin’ x or

sin2x = 2sinxcosx

ddM1

= 2cot2x (¥

Correct proof with no notational or other
errors such as missing x’s or inconsistent
variables.

Al *

[4]

(a)
Alt 1

cotx —tanx =
tan x

—tanx

Writes cotx in terms of tan x

Ml

tan x tan x tan x

1 tanzx(_ l—tanzxj

Dependent on the previous M mark
Attempts to find the same denominator for
both fractions

dM1

2
tan 2x

Dependent on both the previous M
marks. Evidence of correctly applying

2tan x
tan2x =

1—tan® x

ddM1

= 2cot2x (¥

Correct proof with no notational or other
errors such as missing x’s or inconsistent
variables.

Al*

[4]

(a)
Alt 2

2cot2x =
tan2x

Applies cot2x =
PP tan2x

Ml

2
2tanx

1 - tan® x

Dependent on the previous M mark
Attempts to apply the double angle formula
for tan2x

dM1

_l-tan’x 1

tanx tanx

= - tanx

Dependent on both the previous M
marks. Obtains a rational fraction with a
single denominator and attempts to split
this up into 2 terms

ddM1

=cotx - tanx (¥

Correct proof with no notational or other
errors such as missing x’s or inconsistent
variables.

Al *

[4]

PMT



Mathematics - 2018 - May/Jun - Paper 3 - MS

(b) 5+ cot(6 —15°) —tan(@ —15°) =0
= 5+ 2cot(...)=0 Obtains an equation of this form. M1
Obtains an equation of the form
t(...) = 2 =t -2 2 M1
cot(...) = 3 an(...) = s tan(..) = + <
Can be implied by e.g.
20 —30 = tan™ (—%j 20 —30 =awrt—21.8 Al
3 or
260 — 30 =awrt 158.2
One correct answer e.g. anything that Al
6 =awrt 4.1° or 6 =awrt 94.1° rounds to 4.1 or anything that rounds to
94.1
Both answers correct. Ignore any extra
O=awrt4.1° and @€ =awrt 94.1° answers out of range but withhold this mark | Al
if there are any extra values in range.
[5]
Alternative to part (b):
5+ cot(...) —tan(...) = 0=>5Stan(...) +1—tan’(...)
tan’(...)—5tan(...)—1=0 Ml
Multiples through by tan(...) to obtain a 3TQ in tan(...)
+4/ .
tan(...) = % Solves their 3TQ and proceeds to tan(...) = | Ml
Can be implied by e.g.
+ /
(0 —15°)=tan”" (ﬂ] 60 —15="79.099... Al
2
or
6 —15=-10.900...
One correct answer e.g. anything that
0 =awrt 4.1° or 6 =awrt 94.1° rounds to 4.1 or anything that rounds to Al
94.1
Both answers correct. Ignore any extra
@ =awrt4.1° and 6 =awrt 94.1° answers out of range but withhold this mark | Al
if there are any extra values in range.
[5]
9
Question 12 Notes
Allow candidates to “meet in the middle” e.g.
2
lhs = L tanletﬂ: M1dM1 as in Altl
tan x tan x
(a) Note ths =2cot2x = 2 2 : ddM1 uses double angle for tan2x on rhs
tan2x 2
2
= 1-tan” x so lhs =rhs
tan x
Al Correct proof with conclusion
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Question Scheme Notes Marks
Number
3 1 A B Forming a correct identity. For example,
.(a = + o _ _
(@) @-n2-n  G-v 2 1° A(2-x)+ B(4-x) from
1 4 N B Ml
= 1=A4AR2-x)+B(4-x) > A=..or B=... | (4-x)(2-x) (“4-x) (2-x)
and finds at least one of A=... or B=....
-1 1
= 2 or any equivalent form.
1 1. -1 1 (4-x) 2-x)
4=- 2’ B= 2 gving (4 - x) + 2 - x) Cannot be recovered from part (b) and Al
must be stated as partial fractions in (a)
and not just the values of the constants.
Correct answer in (a) scores both marks
| 2]
dx
(b) E=k(4—X)(2—x), t>0
Separates variables correctly. dx and d¢
- dr = | & dr should be in the correct positions, though Bl oe
(4-x)2—x) this mark can be implied by later working.
Ignore the integral signs.
tAilna(4—x) + uln f(2- x), Mi
1 1 A#0, u#0,a+#0, f+#0
~In(4- x) - =In(2- x) =kt (+c)
2 2 lln(4— )—lln(2— )=kt
Ore.g. 2 * 2 X)=ndoe
lln (8— 2x) — lln( 4-2x) =kt ( " C) Do not condone missing brackets around Al
2 2 the 4 — x and/or the 2 — x unless they are
implied by subsequent work.
Using both =0 and x=0
1 1 . . .
{t=0,x=0=} —In4-—-In2=0+c {: c= l1112} in an integrated equation Mi
2 2 2 containing a constant of
integration.
1 1 1 4 -
—In(4-x)--In(2-x)=kt + —In2 = ln( (4 - x) ) = 2kt
2 2 2 22 - x)f
Starting from an equation of the form
4y . +/In(a- x) £ min(b-x) =tkt+c, A, u, a, f# 0, and applies
4oy =¢ a fully correct method to eliminate their logarithms. (Sign errors M1
only). Must have a constant of integration that need not be
evaluated.
4 —x = 4 —2xe™ = 4 — 4e* = x — 2xe** | Dependent on the previous M mark
A complete correct method of rearranging
to make x the subject allowing sign errors dM1
4 _ 42 only. Must have a constant of integration
= 4 4e™ = x(1-2¢*) = x=—_"C__ (*) | that need not be evaluated.
1—2e*
Achieves the given answer with no errors. | Al *

[7]

PMT



Mathematics - 2018 - May/Jun - Paper 3 - MS

PMT

(c)

4-x zezkt jezktzg :é
4 -2x 4-2 2

Substitutes x =1 leading to

¢’ = value Note: k£ =0.1

Ml

= o[ 21 -

20.) \2F

Anything that rounds to 2.03

Do not apply isw here and do not
accept the exact value.

2.027325541... {= 2.03(s) 3sf)]

Al

2]

11

Question 13 Notes

(c)

Note

May use an earlier form of their equation to find t whenx =1 e.g.
l1n(3) - lln(l) =0.1¢ + lln2 =0.2¢= lné
2 2 2 2

M1: For correct processing leading to it = value

1 3) ~
t= 2(0.1)11{5 5 2.027325541... {= 2.03(s) 3sf)}

Al: Anything that rounds to 2.03
Do not apply isw here
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1
x'(x* - 4)? XM - 4)2

4=-2)

%‘fnﬁg? Scheme Notes Marks
1 1
2 0 2 2
14. (" -4) 24(x” - 4)
@ y=—75—,x>2; O fx)=—7F—", x>2
X X
(a) 1 ) 1 ) .
u=(x2—4)5 v=2x (x —4)2—>ilx(x -4) 2, A#0. Ml
Can be implied.
o1 A
2 2
du _ l(zx)(xz B 4)-% dv _ 3 (x*-4)? > 5(2x)(x - 4) ?un-simplified | 44
dv 2 dx or simplified. Can be implied.
1
) | | Applies M withy = (x> - 4)2, v=x", Mi
- 2 2 _ 4 ) 3 _ 3 2 2 _ 4 0 \%
dy @O =) )= 30@T =T it and theiir v,
dx (x*) dy . L
Correct i’ un-simplified or simplified. Al
1 1
x'(xP - 4) 2 -3x7(x7 - 4)?
= =
Either d
R L, . Simplifies o by either correctly taking out a
. dy (" -4) 2(x" -3x"(x" -4) dx
N 6 _l
dr or X factor of (x* - 4) ? from their numerator M1
1 1 or by multiplying numerator and denominator
dy  x*(x*-4) 2 -3(x7 - 4)? 1
e = by (x* - 4)
d -2x" +12
dy  x*-3(x*-4) dy -2x+12 Correct algebra leading to 2 xil
== — et - 4)? Al
dr xH(x? - 4)2 xt(x® - 4)? ( )
(4=
[6]
Alternative by product rule:
1 1
w= (o - 4y N (2 =47 - & Ix( = 4) 2, 220, M
Can be implied.
1 1 -1
_1 2 _4)2 _ 2 _ 2
dx 2 dx un-simplified or simplified. Can be implied.
1
1 1 Applies vu' +uy' withu = (x* - 4)2,v=x", | M1
d_y — l(zx)(x2 _ 4)75()(3) + (_3x4)(x2 _ 4)5 their ut and their v,
dr 2
Correct d_y’ un-simplified or simplified. Al
3 d
dy _ 1 _ 3(x* =42 Simplifies ay by correctly writing as two M1
= T ) =
X2 (x* — 4)? o fractions and attempts a common denominator
-2x% +12
dy x> -3(x*—-4) dy -2x"+12 Correct algebra leading to — = x—l
& T T a -4 Al

[6]
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24(-2x* +12) Sets the numerator of their Y_ =0 or the
f'(x) = ——=0=> dx
(b) Kt -4 numerator of their f¢(x) =0 and solves to give Ml
24(-2x* +12)=0 => x> =6 x> =K, where K >0
— ¢ =J6 or awrt 2.45 6 or awrt 2.45 (Allow x =++/6 or awrt Al
+ 2.45) (may be implied by their working)
Dependent on the previous M mark.
Substitutes their found x into f(x) or the given M1
1 expression from part (a). May be implied by
f(ﬁ ) 24(6 - f)z 242 _ 4 or i 3 | awrt 2.3 or may need to check their value.
(\/g ) oo 3 . 42 4 4
cso leading to —= or or \/_
" 6o B3 Al
(Must be exact here)
4 4
Range: 0 <f(x) < \/5 or 0<ys ﬁ Correct range of y or f(x). Also allow ft on
their maximum exact value if both of the M’s | Alft
Ore.g. (0’ g ﬁ } have been scored. Allow f or “range” for f(x).
[5]
Also accept “the function f is not one-one”
. . or “the inverse is one-many”’.
©) The function f'is many-one This mark should be witl}llheld if there are Bl
contradictory statements.
(1]
12
Question 14 Notes
14 (c) Note Accept
e fis many to one (or 2 values in domain of f map to one in the range)
e fisnot one to one
e ™' would be one to many
e the inverse would be one to many
e it would be one to many
e itisnotone to one
o the graph illustrates a many to one function
o NOT allow
e itis many to one
e Youcan’treflectiny=ux
Any reference to “it” we must assume refers to the inverse because of the wording in the question
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