Question Scheme Marks AOs

3 (5.-2) oreg. x=5,y=-2 oe. Bl | Lib
1

(ii) (15,-2) ore.g. x=15,y=-2 oe. Bl 1.1b
(1

(iii) (-3,..0)or(.,-Dor x==3 or y=-—1 oe. Bl 1.1b

(-3-1)or x=-3 and y=—1 oe. Bl | 11b
(2)

(4 marks)

Notes

General guidelines for all parts:
Remember to check answers written against the questions.

If there is any contradiction, mark the answers given in the body of the script.
If there is no labelling, mark the responses in the order given.
The coordinates need to be values not just a calculation e.g. not —=2x3+5 for -1
Points can be written as a coordinate pair or separately as x=...,y=...
Do not allow coordinates written the wrong way round but isw if necessary
eg x=5y=-2— (*2, 5) scores B1 and isw

Condone missing brackets (one or both) e.g. 5,-2 or (5,-2 or 5,-2) for (5, -2)
Condone a missing comma e.g. (5 —2) for (5, -2)

Condone use of a semi-colon e.g. (5 ;:-2) for (5, —2)

5
2} for (5, -2) and condone (SZJ

Condone vector notation e.g. (

(5,—2) o0.e. see above

(1,5,*2) o.e. see above

One correct coordinate. See above.

Both coordinates correct. See above.

Note that BOB1 is not a possible mark profile.

Note that in part (iii), some candidates show their thinking by transforming the point
piecewise e.g. (3, =2) = (-3, -2) > (-3, -6) > (-3, -1)

In such cases, mark their final pair of coordinates.




Question

Scheme

Marks

AOs

5

One of Atan26=0x26 or 1—cos30 = 1—(1— (Jgf) or equivalents. Bl l.1a

0an20 _ 6x20

17c0539_]_(1_(33)2) Ml | 21
4 .
=5 or exact equivalent. Al 1.1b
3)
(3 marks)
Notes

Mi1:

Al:

30)’
Award this mark for &tan 260 =0x26 or 1-cos30 = 1—{1 - ( 2) ] or equivalents.

May be seen when working on numerator or denominator separately or within the
fraction.

This is a B mark so if awarding for cos36 do not condone missing brackets e.g. 1—%
unless they are recovered or are implied by subsequent work.

Attempts to use both correct small angle approximations in the given expression.
2

(30)
2
%20 — #x26
1-(1-3¢) S eyt

Do not allow e.g. g 26: as this suggests they are approximating gtan2p
1-£9) cos 36

For this mark they must have attempted to use tan 26 =28 and cos36=1- in the

given expression but condone poor bracketing e.g.

Correct value. Do not allow rounded decimals e.g. 0.444 but allow if recurring decimals
are clearly indicated e.g. 0.4 Do not allow e.g. % Ignore any units if given.

Isw once a correct answer is seen.

Examples:
ﬂzi[ur_i] scores BIM1AO
1-(1-#) 3 3 (Missing brackets not recovered)
9"_29‘ scores BIMOAO
1-84 (Missing “1 — in the denominator so MO)
L 2{‘1‘: scores BIMOAO
1+(1 —_) (Has “1 +* in the denominator so M()
ax8 scores BOMOAO
17(17.-.» ) = (The B mark could be recovered but MO
: because of the incorrect numerator)
78”?“_,_ = 32; =§ scores BIM1AO
-(-%) ) (Missing brackets recovered)
%28 Scores BIMOAO
,_[] _(;.;a)f) (The denominator suggests an incorrect
i expansion — unless it was recovered.)
BIMI1AQO
9"39 e (The B1 is awarded for the numerator but
9 18 L -
5 can be implied by the denominator.
The M1 is implied)
ox20 4 BIMI1A1
1-(1-2) ) (The correct value implies correct recovery
i of missing brackets.)




Note that other approaches are possible using identities.
In such cases we will allow correct work leading to an expression that if terms in & and

higher can be ignored will lead to g

But to score the M mark they must be using correct identities and correct approximations
but condone bracketing errors as in the main scheme.

Examples:
ox_ 20 2
Xsin29 29
ftan26 7" oo520 _ 2 40*
1-cos36 1-cos3@ [ 36) ] 1- 292 992 T 907 186"
4
9

46°
967

Scores BIM1A1

ftan 26 O xsin 20 =20 207

2
= = = X—
1—-cos368 cos26(1-cos38 2 2 1-28* 9¢°
| | {l_@][l{l_@ﬂ

460 40° 4

Similarly: etc.

90°_186° 9¢° 9

Scores BIM1A1
9tn20  Oxsin20 0x26 _ 2% 2
1-cos36  cos260(1—cos30 20 19Y) 1-26° 9¢°
( ) (_eer ), _(,_Ger
2 2
407 4 4

90’ -189* 9-189> 9

Scores BIM1AO
(They cannot just assume the term in 62 is 0 unless they provide a convincing limiting

; 4 .
argument e.g. Lln")l =5 or equivalent)

-180°

Scores BIM1AO




2tan & _ 20

Otan20 s Ox—F
1-cos36 1—(4cos’@—3cosd) ERN 2
( b (o128 o1
2 2
Scores BIM1AO

Note that attempts to use expansions in higher powers of &should be sent to review.




Question Scheme Marks AOs
6(a)(i) : i
(f’(x) =)Sxe4‘ "ore.g. i oe Bl 1.1b
ii 8
L (g'(x):)— ore.g. 8x ' oe Bl 1.2
x

(2)

(b) 8xet =§ée4"2_' =L2:>4)r2—l=lni2 M1 1.1b
X X X
4x° flzlniz:>4x271 =2lnx
x Al* 2.1
=4x* +2lnx—-1=0%
2)
o) e

©d S 1 = /% Ml | L1b
(x,=)0.7109 Al | Llb

Bl
(i) (a=)0.6706 AL b

In

¢PEN)
3)
(7 marks)
(a)(1)

B1:  Correct derivative in any form. "f'(x)=" is not required. Apply isw if necessary.
(ii)

B1:  Correct derivative in any form. "g'(x) =" is not required. Apply isw if necessary.
(b)

M1: Eliminates e by setting theirf’(x) = theirg’(x) where f’(x)=Axe™ ' oe and

g'(x) :% oe with Ax B >0 and proceeds via e*" ' = ? or equivalent work (see

below) to obtain 4x* —1=In-= oe e.g. Inx+4x’—1= ]nl
x° X

Allow if they use a for x.

Note that there are various alternatives for this mark but the derivatives must be of the

form defined above and the processing must be correct with coefficient/sign slips only.

Examples of equivalent work:

a8 2_4x%-1

e 1= e Tl h e T=0=ne* T=—Inx’ =4  —-1=—2Inx
X
Sxe 8 1 .. |1 . e : e e
=—= e == == =he* =h—==4x"=In—=1-2Inx
e x e X X X X

Al*; Obtains the printed answer with sufficient working and no errors.
Sufficient work would require the “e” eliminated before the given answer.
Must follow correct derivatives in part (a).
Condone 4x” +21n|x|—-1=0 and condone 4a” +2Ina—1=0 or 4> +2In|a|-1=0

Note that if both derivatives in (a) are correct we will allow fully correct work using the
equation in (b) to work backwards to verify that pf '(x) = qg'(x) for M1 then obtains

f'(x)=g'(x) witha minimal conclusion for Al
If either derivative in (a) is incorrect or missing, candidates who work backwards score
no marks in (b).

(e)(i)/(i1)

M1: Attempts to use the iterative formula with x, =0.6




Al:

1-2In0.6

) or may be implied by awrt 0.71 provided no

Award this mark for e.g. (x, —)\j

incorrect working is seen.
Candidates sometimes find x; (or possibly subsequent terms) rather than x, in which

case the M1 can be implied. (See table below for first few iterations)
(x, =) awrt 0.7109

Sight of (x, =) awrt 0.7109 scores M1A1

BI1(A1 on ePEN): (z =) 0.6706 (4dp)

Must be this value and not awrt 0.6706

For reference:

X 0.6

x2 0.7109239143
x3 0.6485329086
x4 0.6830236199
X5 0.6637868021
X6 0.6744606223

o 0.6706416243




Question Scheme Marks AOs
8(a) ( 1 . 1 =) cosect +1+cosect —1 - 1k
Way 1 cosecd—1 cosec@+1 J(cosec@—1)(cosecd+1) :
_ ZCOS?CQ _ 2cosecd ore.g. E%ZZSirﬂlQ Mi L1b
cosec’@—1 cot’d I1—-sin“@ cos” @
2cosej:ci9 _ -2 y sm‘2|9 — 2tan OsecH*
cot @ sin@ cos @
or Al* 2.1
25"219 =2tan @secd*
cos™ ¢
3)
(a) “Meets in the middle”
Way 2 1 1 cosec@ +1+cosecd—1
d (LHS . + E) Bl 1.1b
cosecd—1 cosec@+1 )(cosecd—1)(cosec+1)
2cosecd 2cosect
T cosec’@—1 cot’d M kD
: s
RHS =2tanOsecld = 25123 = _2;"] 636'
. cos sin @ cos Al* 21
= . X hm?B = 2COS§:CB =LHS ore.g. QED or e.g. Proven
sinf cos ¢ cot™ &
(3)

Part (a) Notes

(a) Condone a complete proof entirely in x (or another variable) instead of ¢

Condone “=" for “=”
Note that we are marking this as BIM1A1 not MIM1A1

B1:  Adds the fractions to obtain a correct single fraction (not fractions over fractions) in any
form. Condone missing brackets when they combine their fractions as long as they are
recovered to give a correct fraction.

This can be done in a variety of ways but when combined, the fraction must be correct e.g.
cosecf +1+cosecd —1 ot 2cosecd oF 2cosecd
(cosecO—1)(cosecO+1)  (cosecO—1)(cosec@+1)  cosec’@—1

ore.g. 1 N 1 _ sin @ N sin @ _ 2Sin:9 etc.
1 1 I .y 1-sin@ 1+sin@ | 1-sin’6
sin @ sin @
M1: Uses a correct Pythagorean identity anywhere in their attempt e.g.

cosec’@—1=cot’ @, sin” @ + cos’@ =1 etc. or equivalent

Al%: Correct work with all necessary steps shown leading to the given answer. See scheme for
the necessary steps. They need to proceed via sine and cosine to the given answer. There
should be no notational or bracketing errors and no mixed or missing variables. E.g.
we would consider cos” @ written as cos @ a notational error.
Condone reaching 2sec @ tan 8*

Way 2 (Meet in the middle)

B1l: SeeWayl

Ml: See Way 1

Al*:; Correct work on the RHS with all necessary steps shown leading to showing the
equivalence with the LHS. See scheme for the necessary steps. There should be no
notational or bracketing errors and no mixed or missing variables.
For this approach there must be a (minimal) conclusion e.g. “= LHS”, “QED", “Hence
proven” etc.




Al*;

It is possible to start with the rhs e.g.:

sin @ 1

X
cosf coséd

~ 2sin@  2cosecd
cos’@  cot’@
_ 2cosecl 2cosecd
cosec’@—1 (cosecd - 1)(coscc:9+ 1)
cosecd +1+cosecd—1
(cosect —1)(cosecd+1)
1 1
= +
cosecd—1 cosecd+1

2tanGsecd =2

Correctly reaches 2tan@sect = Lol
(cosecd—1)(cosecO+1)

Uses a correct Pythagorean identity anywhere in their attempt e.g.

cosec’@—1=cot” @, sin” @ + cos’@ =1 etc. or equivalent

Correct work with all necessary steps shown leading to the lhs. See scheme for the
necessary steps. There should be no notational or bracketing errors and no mixed or

missing variables.

8(b)

2 tan 2xsec2x =cot2xsec2x

B1

2.2a

2tan 2xsec2x —cot 2xsec2x=0
= sec2x(2tan2x—cot2x) =0

2tan2x—cot 2x =0 = 2tan 2x =cot 2x = tan’ 2x el

or

sin2x  cos2x :
=— = 2sin’ 2x =cos’ 2x
cos2x  sin2x

2tan2x—cot2x=0=2

1
= 2sin’ 2x =1-sin’ 2x =sin’ 2x=—
or

2 2 2 2
2(1—005 2x):cos 2x=>cos" 2x==
or

4tan x 1—tan® x
2tan2x=cot2x = =

l-tan*x  2tanx
=tan' x—10tan’* x+1=0
or
sin2x _ cos2x
cos2x  sin2x

2tan 2x—cot2x=0=2 = 2sin? 2x =cos® 2x

2sin® 2x =cos’ 2x = 1 —cos4x = %(cos4x+1) = cosdx =

M1

2.1

K

1
' =K=x=— or 2x=sin"
2 2

2x=tan 1

W= |w =

1
—=K=x=
5z !
or

2x=cos']\/§=K:>x=£
3 2

or

t.'an2;c=5i2\/g::a)f:tan'1 (\ISiZ\/g]

or

(:054){:124x=cos'1 l =K=>x=lK
3 3 4

M1

x=17.6°,72.4°

Al

4)




(7 !marks)

(b) Notes

(b) Note that attempts solve an equation of the form:
2tan xsec x =cot2xsec2xore.g. 2tan@secd =cot20sec28 ore.g. 2tanfsecHd = cot 2xsec2x
Will generally score no marks in part (b)

Condone the use of & instead of x here.
B1:  Deduces the correct equation using the result from part (a)
M1: Factors out or cancels the sec2x to obtain ...tan2x%...cot2x=0 oee.g.
..tan2x =+, .cot2x leading to an equation of the form:

1
tan’ 2x = & oe e.g. cot’ 2x =— where a >0
o
sin 2x cos2x
and cot2x =—
cos2x sin2x

cos’ 2x =+1+sin’ 2x to obtain an equation of the form sin®2x =/ or cos’ 2x=y ve

Or uses tan2x = and then sin® 2x = +1+cos” 2x or

1 1
e.g. cosec’2x=— or sec’ 2x =— where 0< <l or 0<y<l
2tan x 1—tan’ x . . 5 .
Or uses tan2x=———— and cot2x =———— to obtain a3TQ in tan" x (or possibly
I-tan” x 2tan x
in sec’ x)
sin 2 208 2. . 2
Or uses tan2x=—2"" and cot2x = (’_ <X and then 2sin?2x =+1+cos4x and
cos2x sin 2x

2cos” 2x=+1+cos4x to obtain an equation of the form cos4x=k, O<k<l

M1: Correct order of operations from tan’2x=¢ or sin’2x= f or cos’ 2x=y or cosdx=k
: 1
or equivalents e.g. cosec’2x=— where @ >0 or 0<f<lor O<y<lor 0<k<l

leading to at least one value for x e.g. square roots, finds inverse tan/sin/cos/cosec and
divides by 2 or inverse cos and divides by 4
or from tan® x =k, k >0 which follows their equation (may need to check) and then

finds x = tan~ k
You may need to check their value(s) (in degrees or radians) to see if the correct order of
operations has been used. May be implied by e.g. 17.6° or 17.7° provided no incorrect
work 1s seen.

Al:  Correct values. Allow awrt 17.6° and awrt 72.4°. The degrees symbol is not required.
Ignore any values outside the range (correct or incorrect) but if there are extra angles in
range score AQ. Answers in radians score AQ.

Note that some candidates may convert to sinx or cosx and then solve:

E.g.
sin2x 1 4sin® xcos’ x
===

tan22x=l: —= > —12cos* x—12cos* x+1=0
cos“2x 2 (2(;082)5—1)

4sin? xcos .
ook XOP X o cintx—12sin? x41=0
(I—ZSinzx)

+
=cos’x/sinx=""""=cosx/sinx== 3_6\@ = x=17.6° 72.4°

These can be marked in a similar way.

Alternative not using part (a):

1

1
+ =cot2xsec2x




cosec2x—1 cosec2x+1

2cosec2x
=cot2xsec2x

2
cosec 2x—1

2cosec2x  cos2x 1
= X =cosec2x

cot’2x  sin2x  cos2x
2 2 1
= 2tan"2x=1=> tan 2x=5

Score as:

M1: For correct work leading to one of the forms in the main scheme e.g.

1
tan’2x=a oe e.g. cot’ 2x =— where & >0
a

or

g ) 1 1
sin’2x = or cos’ 2x =y oe e.g. cosec’2x=— or sec’ 2x=—
e

where 0<f<lor0<y<l

Bl:  Any correct equation e.g. tan® 2x = % ,cot’ 2x =2, sin’ 2x =% etc.

Then M1A1 as main scheme



Question Scheme Marks | AOs
12(a) 1 P o
S .
V(25-v) VvV 25-V
e.g. I:P(ZS_V)+QV M1 1.1b
V=0orV=25leadingtoP=...0orQ=...
1 _ 1 o 1
v(25—-Vv) 25V 25(25-V) Al 1.1b
2)

Notes

Mi:

Al:
1

25V

T35(25-v) 25V 625-25V " v

Sets :£+ 0
V(25—V) vV 25-V

least one constant.

and uses a correct method to identify the value of at

1 P 0

Do not condone incorrect work e.g. =—4 =1=PV+Q(25-V) etc.
V(25-v) Vv 25-V

this scores MO
Correct partial fractions in any form e.g.

1 1 1 Me ;1 1 (11
f—= g W SN SR X Y
(25-V)'25v 25(v-25) 25V ' 25V

Note that this mark is not just for the correct constants, it is for the correctly written

fractions either seen in part (a) or used in part (b). Allow 0.04 for %

Correct partial fractions only scores both marks.
If the correct fractions are obtained following incorrect work score MOAQ but allow full
recovery in the rest of the question.

ot | [ [ v Lv-Lnesyy | | 3
Ml V(25-V) 25V 25(25-V) 25 35N -
1 1 1
—InV-—In(25-V)=—t(+c i
el n( ) = (+¢) Alft I.1b
!zO,Vz20:>2—151n20—%]n(25—20]mc(:»c‘:%lnf-l] M1 34
2 2 2
V:24:t=§1n247§1n(25724)7§1n4 dMl1 | 3.1b
=43 (or exact 24In6) Al 3.2a
(5)
Alternative for the final 3 marks:
1 1 S T 1 1
[—anf—ln@SfV)} =[—:} = —In24——Ind=—T M1 34
25 25 » L10 ], 25 25 10
=22 on 20— dMl1 | 3.1b
25 25
=43 (or exact 24In6) Al 3.2a
C
) lan—lln(zs—v)=ir+l1n4
25 25 10 25
InV—-In(25-V)=25¢+In4 Mi 721
\% 1%
In————=25t=—————=¢*"
"a(25-v) 4(25-v)
=V =4e™(25-V)=>V +4Ve™ =100e™" =V =... M1 2.1
2.5¢
—y o100 100 Al | 1.1b

1+4e™ e +4

3)




(d) 25 (microlitres) Bl 2.2a

-2.5"

Since e.g. As t >, e ' >0 Bl 24
(2)
(12 marks)
Notes
(b) Mark (b) and (c) together

M1: Realises that J- (dV) is required and reaches the form pInaV +q¢ln £(25-V)

V(25-V)
(ore.g. plnaVtgln ,B(V - 25) ) or equivalent for this integration e.g.
pIn25V —gIn(625—25V ) with p and g non-zero.

But note that J-;CW =InV (ZS—V) does not score this mark unless we see an
V(25-v)

attempt to integrate the partial fractions first.
Condone missing brackets e.g. around the V — 25 for this mark
Note that the rhs may be incorrect or missing for this mark.

Alft: Fully correct equation following through their P and Q. The “+ ¢” is not required here.
You may need to check carefully when awarding this mark as there will be various
alternative correct (or correct ft) forms e.g. these are correct (for correct PF’s):

%mzsv —%m(szs—zsv) - %f(+c), InV —1n(25-V) = 2.5¢ (+c).

§In25V7%1n(257V):x(+c:), §1n5\/f%ln(12575\/)=r(+6)

In general look for an equation of the form PlnaV —QIn #(25-V) = %r (+¢) ora

multiple of this equation. Do not condone missing brackets unless they are implied by
later work e.g. In25-V for In (25 - V)

Allow () or ‘ | around the arguments of the In’s and condone “log” for In.

M1: States or uses ¢ = 0 and V = 20 consistently leading to a constant of integration which may
be simplified or unsimplified. May be implied by their constant so may need to be
checked.

This mark is not formally dependent but depends on having made some attempt to
integrate both sides, however poor.

dM]1: States or uses V' = 24 and proceeds to find a value for ¢ (even if ¢ < (). You do not need to
check the processing provided they reach a value for r. Depends on the previous
method mark and depends on an attempt to integrate both sides however poor.
May be implied by their value for ¢ so may need to be checked.

Al:  Correct value of 43 or awrt 43.0 or exact value of 241n6.
Units are not required but if any are given it must be minutes or condone “m”.
Note that in hours the time is 0.7167037877... and scores A0

Alternative for final 3 marks:

Mi: 1 1 I O 1 1

: [—an——ln(ZS—V}} :[—r} = —In24——Ind=—T
25 25 o 10 ], 25 25 10

Applies the limits 20 and 24 to Ths and 0 to “7” or e.g. “r”” on ths
This mark is not formally dependent but depends on having made some attempt to
integrate both sides, however poor.

dMl1: T :;—2 In24— %lncl =... Solves to find “7T”. You do not need to check the

processing provided they reach a value for #/7. Depends on the previous method mark
and depends on having made some attempt to integrate both sides however poor.
Al:  Correct value of 43 or awrt 43.0 or exact value of 24In6.
Units are not required but if any are given it must be minutes or condone “m”.
Note that in hours the time is 0.7167037877... and scores A0
Note

1, - L ! 4 :ian—iln(25V—625) = iz(+c)
25V 25(25-V) 25V 25V -625 25 25 10
is also correct integration and scores M1A1
The subsequent marks are also available as described above and could lead to the correct answer
if the limits and constant of integration are dealt with correctly.
Use review for any examples like these if you are unsure but generally apply the MS as above.




(c)

The marks in (c) depend on having integrated their partial fractions to obtain an equation
of the form +...In..V + ...ln...(25 —V) =+kt+¢, k,c#0 and ... are non-zero constants or

equivalent if they have already attempted to eliminate the In’s in (b)
v thrte

e.g. 7...(25—1/'):6 oe

M1:

Mi1:

Al:

(d)
B1:

B1:

Uses fully correct log work, having obtained a constant of integration, to eliminate all the
In’s including from e.g. ¢"™*. We condone sign or coefficient slips only.

— = _.¢" oe using correct algebra to
(25-V) . s

Proceeds from an equation of the form

LV
——=
(25-V)
Condone sign/coefficient slips only.
Correct expression not just values for the constants.

V=..eg ‘=¥ =.(25-V).e" (1. V= DV=".

Correct value of 25 seen
Allowe.g. <25 or ,, 25
Condone ** > 25" but the following mark is then not available

2.5t
Depends on a correct final equation in any form in (c)e.g. V = lloi—cw oe and one of:
+4e™

Considers the behaviour as t 2 e.g. states that as 1 =, ¢ > — 0 (condone “= 0") oe

V <25 as In(25 — V) i not possible when ¥ -2

Verifies the 25 using a value of £, r...9

Using the differential equation:

Bl1:

Bl1:

Correct value of 25 seen
Allow e.g. “<25"or,, 25

Condone *“ > 25 but the following mark is then not available

E.g. when V=25, d—V:O or d—V<O if V>25
dr dr
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13(a) log,, b=0.0054 = b =10"""" or log,,a =0.81=>a=10"" Ml | 3.la
b=1.01 or a=6.46 Al 1.1b
log,, b =0.0054 = b=10""" and log,,a =0.81=a=10"" Ml 2.1
b=1013 and a=6457 Al 1.1b
“)
(b)) e.g. The world population in billions in 2004 Blft 3.2a
(ii) b =1.013 represents the scale factor of the yearly increase in the .
. Blft 3.2a
world population
(2)
(c) P=6.457..(1.013..)"
log P=0.81+26x0.0054 = P=...
awrt 9 billion Al 2.2b
2)
(d) Not reliable since the data used for the model covered the years

2004 — 2007 and it would not be sensible to assume that the model B1 3.2b
still holds in 2030

@

(9 marks)

Notes

(a) Must be using base 10 in (a). Ignore any units associated with a and b in part (a).

M1: Correct strategy to get a numerical expression or value for ¢ or b e.g. a =10"*' or
b =10"""" This may be implied by a = awrt 6.46 or b = awrt 1.01 if no incorrect work is
seen.

Al:  Correct value for a or b. Allow 3 sf for this mark so allow a = awrt 6.46 or b = awrt
1.01.
May be seen embedded in their formula.

M1: Correct strategy to get a numerical expression or value for @ and b e.g. a=10"*"" and
b =10""", This may be implied by & = awrt 6.46 and b = awrt 1.01 if no incorrect work
is seen.

Al:  Correct values. This requires ¢ = awrt 6.457 and b = awrt 1.013 for this mark.
May be seen embedded in their formula.
Isw once correct answers are seen.

Special case: Constants the wrong way round:
a=1.013 and & = 6.457 with or without working scores MIAIMI1AQ unless the equation is

formed correctly in which case the final A mark can be recovered.

Note that having found the value of «, it is possible to find b by substituting e.g. r = 1 as follows:

a=10"%" =6.457 ::1:>P:ab:>b:f
a

(.8154
t=1=log, P=0.0054+0.81=0.8154= P=10""" = b= LA

= =1.013
a 6457




Note that a misread of (0.0054 as 0.054 is quite common and may score 1110 as it does not
simplity the question.
(b)(1) Follow through their a.
Bift: Correct interpretation for @ but must reference “billions™.
Allow equivalent alternatives e.g.
e The original/initial population in billions
e The population in 2004 was “6.46” billion
(b)(ii) Follow through their b.
Bift: Correct interpretation for b but must reference “ecach year” or e.g. “yearly” oe
Allow equivalent alternatives e.g.
. The proportional increase/change in each year.
) The population will rise by “1.3%" each year. Must follow their value for b.
The rate/factor at which the population is rising/increasing/changing per annum.
“1.013” is the multiplier representing the year on year increase.

Do not accept

. The amount it is rising

. How much it is rising

. The rate the population increases

. The percentage increase each year

. The rate of increase in billions annually

If they are not labelled (b)(l) and (b)(ii) mark in the order glven but accept any way round

as long as clearly labelled "' @ iS...cccovnees "' A0 "D S wevvueraesrnenns

(c)

M1: Substitutes 7 = 25 or 26 or 27 into their model to find a value for P
Must be using their a and b correctly in P = ab'’

May be implied by sight of “9” or 9 billion if no incorrect working is seen.

Al:  Correct value including units (allow awrt 9 billion) from a correct model but condone
incorrect/premature rounding or truncating in an otherwise correct model that leads
to the correct value of awrt 9 billion.

Allow e.g. awrt 9 000 000 000 or e.g. awrt 9x10°
Just awrt 9 without the “billions™ is A0

(d)

B1:  The response must refer to the fact that the answer is unreliable together with a reference
to the fact that the data used for the model is a long way from 2030

Examples:
. Not good as 2030 is a long way from 2004 — 2007
. Unreliable as based on old data

Questionable as it has been extrapolated over a long time
Not reliable due to how far out we have extrapolated

. By the time 2030 arrives it will be unreliable

But not e.g.

s Unreliable, extrapolation

. Not good as outside the range

. Not good as the population rises 101.3% each year
. Disease may happen

e Reliable as based on old data




Question Scheme Marks AOs
3(a) Uses one correct log law e.g.
log, (x+3)+log, (x+10) = log, (x+3)(x+10) M1 1.1b
2=log,4, 2log, x=log, x’
(x+3)(x+10) =4x" oe dM1 2.1
=3x*—13x-30=0*% Al* 1.1b
3
b)(i 5
) (x=) 6 -2 Bl | Llb
5 5):
(i) X = because 108(2) [7§J is not real B1 24
2
(5 marks)
Notes
(a)

M1: Uses one correct log law. The base does not need to be seen for this mark.
This mark is independent of any other errors they make.
Examples: log, (x+3)+log, (x+10)=log, (x+3)(x+10), 2=1log, 4, 2log, x =log, x*
dM1: Fully correct work leading to a correct equation not containing logs that is not the printed answer.
Depends on the first mark. Condone a spurious base e.g. 10 or ¢, so long as the log work is
otherwise correct (i.e., they recover the base 2).

x+3 4

2

4, -
X x+10

Examples (depending on their method): (x +3)(x+10) = 4x2, G+ 3)(f +10) _

or I+E+£:4
% X

Allow recovery from invisible brackets but not from incorrect work e.g.
log, (x+3)+log,(x+10) =2+ 2log, x = log, (x +3)(x+10) —log, x* = log, 4
:>log2(x+3)(x+10)= :>(x+3)(2x+10)=4

log x log, 4
2

This scores M1dMOAQ
Al1%: Obtains 3x*—13x-30 = 0 with no processing errors but condone a spurious base e.g. 10 or e, so long
as the log work is otherwise correct (i.e., they recover the base 2) and allow recovery from invisible
brackets.

Note the following alternative which can follow the main scheme:
log,(x+3)+log,(x+10)=2+2log, x =2 +log, x’ M1
2lug2fx+3]+lugl(.r+l[)) = 22+Iug: e = 2[(!53(}{+J} leugl(xHU) - 22 x 2105_1; ¥ = (x+3)(x +10) = 4x2 dMl
=3x* -13x-30=0%* Al

Special Cases:
1. (x+3)(x+10) = 4x> with no working leading to the correct answer scores M1dM1A0

2. log,(x +3)+log,(x+10) =2+ 2log, x = 2 el - 922065 — (14 3)(x+10) = 4%

=3x" —13x-30=0%
Also scores M1(implied)dM1A0 (lack of working)

(b)(®)
B1: Both values correct: (x :) 6, _g
(b)(ii)

Bl:eg. (x ¢)_§ and logm(—gl is not real

This mark requires the identification of the correct negative root and an acceptable explanation.




For the identification of the root allow e.g. x = —g x= —27 —2 etc. as long as it is clear they have

»

—" ; : 5
identified the correct value. Requires the correct negative root {3) but the other may not be 6 but

must be positive.
Some examples for the explanation:

5 i :
* you get logm[—gj which is not possible

. 10g_§ is not possible, can’t be found, gives a math error, is not real, is undefined

8 5
e if {k =log, (3},} 2= 5 which is not possible

* you get log of a negative number
* negative numbers can’t be “logged”

* log of negative does not work
Do not allow e.g.

e you can’t have a negative log, logs can’t be negative (unless clarified further)
* “you get a math error” in isolation

¢ alog cannot have a negative value

® logs cannot be negative

. 72 is not a valid input (unless clarified further)

“it doesn’t work in the logs”

log graph isn't negative

® log graph does not cross negative x—axis

* x is only positive & negative answer does not work

Allow an implied correct answer if they say €.g. 6 is the root because logm (—%J is not possible




Question Scheme Marks AOs
7@) X = .x" and 3y' - ...yﬁ M1 1.1b
dx
dy
2xy > 2y +2x—
Xy ¥ xdx B1 1.1b
dy dy dy
37 20— 4 2y by ===
d 2y +3x?
LA AL Al 1.1b
dx 2x+6y
4)
(b) d_y_72(5)+3(—2)’~’
dc 2(-2)+6(5)
ore.g. M1 1.1b
d d d 11
22 +2-2) 2 1235+ 6x52 =02 = [-=
dx dx dx 13
y—S:"%"(NZ) dM1 1.1b
13x-11y+81=0 Al 2.2a
3)
(7 marks)

Notes

(a) Allow equivalent notation for the % eg. )y
X

d
M1: Attempts to differentiate x' — ..x° and 3y2 — }ay where ... are constants

B1: Correct application of the product rule on 2xy: 2xy — Zx% +2y

Note that some candidates have a spurious % =...at the start (as their intention to differentiate) and this
can be ignored for the first 2 marks
M1: For a valid attempt to make % the subject, with exactly 2 different terms in % coming from 3y’ and
x

2xv. Look for (i)% =.= % =... which may be implied by their working.

Condone slips provided the intention is clear.

For those candidates who had a spurious % =...at the start, they may incorporate this in their
X

: g ; . dy
rearrangement in which case they will have 3 terms in I‘ and so score MO.
X

If they ignore it, then this mark is available for the condition as described above.
dy_ 2y+3 e ow U 2y-3x" 2y+3x°
dx 2x+6y dx  2x+6y  -2x-6y
Note that it is sometimes unclear if the minus sign(s) is/are correctly placed and you may have to use

your judgement. Evidence may be available in part (b) to help you decide if they have the correct
expression.

(b)

d 2y+3x°

M1: Substitutes x = -2 and y = 5 into D ZXTE
dx 2x+6y

Al:

Isw once a correct expression is seen.

They must have x’s and ’s in their ay but condone slips in substitution provided the intention is clear.

As a minimum look for at least one x and at least one y substituted correctly.




Note that this mark may be implied by their value for % and may be implied if, for example, they find

2y+3x°
the negative reciprocal or the reciprocal of " 7; < " and then substitute x = -2 and y = 5
x+6y

Alternatively, substitutes x = -2 and y = 5 into their attempt to differentiate and then rearranges to find a
. . dy
value or numerical expression for —

dM1: Attempts to find the equation of the normal using their gradient of the tangent and x =-2 and y =5

correctly placed. Score for an expression of the form (y-5)= "%"(x +2) orifthey use y=mx+c¢

they must proceed as far as ¢ =... Must be using the negative reciprocal of the tangent gradient.
Note that y—5= L a4
2y

3. (x+2) is not a correct method unless the gradient is evaluated first before
+3x°
expanding.

Al: 13x-11y+81=0 or any integer multiple of this equation including the “= 07, not just a, b, ¢ given.
e.g.,26x—22y+162 =0 is likely if they don’t cancel down their gradient.




Question Scheme Marks | AOs
8 R=v2+& =68 =2417 Bl |Llb
2cos@+8sinfd = Rcosfcosa + Rsinfsina
2 = Rcos 8= Rsi
COos (,ZS sin o Ml llb
tanag =—=a =...
2
a = awrt 1.326 Al 2.2a
3)
(b)(i) 45x"2 17" M1 |1.1b
94/17 Al |[22a
(i) awrt 1.33 Blft | 2.2a
&)
(6 marks)

Notes

(a)
BL: R= 2317 or +68.
iZJﬁ or ix/@ score B0
(Condone if this comes from e.g., 8= Rcosa 2= Rsina)
Decimal answers score B0 unless the exact value is seen then apply isw.

sing =+

2 8
n @II ! "\/6_8 "
May be implied by awrt 1.33 radians or 76 degrees
Al: awrt 1.326 for . Apply isw if this is then subsequently rounded to e.g. 1.33

: 8
M1: Proceeds to a value for « from tana = iE, cosa =1

(b)(i)
M1: For a value of +4.5xtheirR or allow + 4.5R (with the letter R)
But not embedded in an expression e.g. 9+/17 cos(& —a ) unless extracted later.
Note that the sum may be found as 9cos x +36sin x with the maximum then found using calculus
; : : 4 1
e.g. §=9cosx+36sinx = ﬁ =-9sinx+36cosx=0=tanx =4 = sinx = —, COSX = —
dx vl 17

= 9cosx+36sinx = 9\/ﬁ. This will score M1 once they reach +4.5x their R
May be implied by 917 or awrt 37.1 (which may come from a graphical method)
May also see e.g. Max (9cosx +365sin x) =49’ +36° =...
Al: 917 or exact equivalent e.g. /1377, 4.5+/68, 4_5(2@) and apply isw once a correct answer is
seen
(ii)

B1ft: awrt 1.33 (or follow through on their & even if in degrees (76), no matter how accurate)




Question Scheme Marks AOs
11
@ d—:200 oe e.g. L B1 1.1b
dh dr 200
dh dh  dV 1 k
E‘)W"E‘%xﬁ ML | a2
dh _ A %
TR Al* 2.1
3
(b) 1 3
ﬂ:i:jhf dh=[Adt=>.h> = ir{+c} M1 | 1lb
dt Jn
3
2,3 b 5 Al 1.1b
Eh =At{+c} 0CC.8 —=ir{+c} .
=
20 a0y - 15 144
5(1.44)-—/T.x0+c:>c—1.152[—]25] dM1 3.4
3(3.24)3 =Ax8+"1.152"= 1 =0.342 :ﬂ) ddM1 | 3.1b
3 500 )
3 3
B =0513+1.728 oe eg k2 =213, 216 Al 33
1000 125
(5
(b) Alternative:
v 4 dt i 2
—= = = = R (+e
e i (+¢) M1 1.1b
3
- 2h? (+c) - Al 1.1b
34
3 3
2(1.44 2(3.24
0:(7)2+c and 8:u+c
34 34 dMi1 34
(171] [ 64]
A=.|—]| oOr c=.|—
500 19
171 64
A= — d ¢c=..| —
(SOOJ and ¢ ( 19} ddM1 3.1b
3 3
h*=0.513t+1.728 oe e.g. h? =t 0 Al 33
1000 125
(5)
(©) : M1 34
5T =0.513+1.728=1=... .
(t :) awrt18.4 min Al 3.2a
(2
(10 marks)

Notes

(@)




B1: For % =200 stated or used — may be implied by their chain rule attempt

M1: Requires:

dv
. =p, p>1

e ° _4+ = oreg “=—+ — (orasuitable letter for &, which may be A, but must not be a number)

¢ application of the correct chain rule L or any equivalent with d_V=¢i or +—and
a Jdv o dr dt NG

their %con’cctly placed. So dh _dh AV _200k _ A cores MO as % is incorrectly placed.

ar dv  dr Jh Jh
dh A

Al%: A rigorous argument with all steps shown and simplifies to achieve — 5 with no errors.
t h

Do not allow the use of A for both constants. Allow use of e.g. 'iTV -+ for full marks.
t k~Nh

s —szoo, dh _dh AV _ 1 A _ A

dh dr dvdr 200 Jh Nk

dh 1 k A or 9h dh 1 k k

VWA 1 P
ar 200V n - dr 200 vn 200

scores BIM1AQO* unless e.g. “let 1= zi ” seen.
00

Allow correct work leading to e.g.

There must be an attempt to link the d—f with the % which may be missing an = sign.

4V eg. I dh _dh Vv _ 1k _ A
dr JI, Coar dv T dr 200 dn n
dh_dh AV _ 1k _ 4

ol e A
dr dr dr 200 Jio R

Allow an argument wit

Withhold this A mark if there are notational errors e.g. CLI—V =200,
t

scores B1(implied)M 1 AQ*

(b) Note that some candidates may work with e.g. 2 :% or e.g. A =200k which is acceptable.

Candidates who do not have a 4 e.g. assume 2 oh . | ore.g. — dh 200 then only the first 2 method

dr 2004k 2
marks are available (see note below). Condone use of other varlables if the intention is clear but the
final answer must be in terms of /» and ¢.

3
M1: Separates the variables and integrates to obtain an equation of the form ..2> = it{+c} oe

The constant of integration is not needed for this mark.

3
Al: %hz = At(+c) oe. The constant of integration is not needed for this mark.

Condone spurious notation for this intermediate mark e.g. integral signs left in after integrating.
dM1: Substitutes =0 and /h=1.44 and attempts to find c.
It is dependent on the previous method mark.
Do not be concerned with the “processing” to find “c” as long as they are using =0 and h=1.44
May be implied by their value of ¢.
ddM1: Substitutes =8 and h=3.24 and their ¢ and attempts to find 4. Do not be concerned with the
“processing” to find A as long as they are using =8 and h=3.24.
It is dependent on both previous method marks.

3

3
Al: Correct equation in the correct form from correct work. 72 =0.513t+1.728 or h? =—— il gld

1000 125
Must follow A1 earlier so do check if this has been obtained fortuitously. Allow 1.73 for 1.728
dh 1 dh 200 :
ore.g. 277 can use either =0 and
dr 2004k Tk
=144 or =8 and h=3.24 to find their constant of integration.
(b)Alternative:

Note candidates who do not have a A e.g. assume =2

=3

M1: Finds the reciprocal of both sides and integrates to obtain an equation of the form ¢ =..1

3

(+)

Al: = %(ﬂ‘) oe. The constant of integration is not needed for this mark.

dM1: Substitutes =0 and #=1.44 and substitutes /=8 and #=3.24 and attempts to find A or c.
It is dependent on the previous method mark.
Do not be concerned with the “processing” to find A or ¢ as long as they are using =0 and h=1.44
and /=8 and /=324 and reach a value for A or c. May be implied by their value(s).

ddM1: Complete attempt to find A and c. It is dependent on both previous method marks.




Do not be concerned with the “processing” to find A and ¢ as long as they are using =0 and h=1.44
and r=8 and h=3.24.

: > 513, 216
- f+—
1000 125

Must follow Al earlier so do check if this has been obtained fortuitously. Allow 1.73 for 1.728

Al: Correct equation in the correct form. 42 =0.513¢+1.728 or 4> =

Special Case:

Some candidates are using the given equation in part (b) to find the value of 4 and the value of B using the
given conditions. May score a maximum of 00110. This should be marked as follows:

MOAO: (No attempt to integrate)
M1: Substitutes ¢ = 0 and / = 1.44 to find a value for B
dM1: Substitutes ¢ = 8 and /& = 3.24 with their value of B to find a value for 4
A0: Since they have not used the given model.
(Allow full recovery in (c) if this equation is correct)

(c)
3
MI1: Attempts to substitute # = 5 into their equation which must be of the form 42 = 4r+ B or possibly a

1
rearranged equation e.g. 42 =3/A4r+ B with values of A and B leading to a value for .
Do not be concerned about the processing as long as they use /# = 5 and obtain a value for ¢ even if ¢ is
negative.
Al: Awrt 18.4 minutes following a correct equation in (b).
The units are required but allow e.g. min, mins, but not just 18.4 and not m (which means metres)
Allow e.g. 18 minutes 25 seconds or 18 mins 26 secs
Note this may follow AOQ in part (b) as they may have rearranged incorrectly in (b) but use a correct

3 1
equation in (c) e.g. %hl :%t +%, h? = 3( 1?]103;)44 % or may come from the special case.

Apply isw following a correct time and units, e.g., 18.4 followed by 18 mins.




Question 11

Question Scheme Marks | AOs
12(a) N,-N,=(3+4)-(8-6)=... M1 | 34
5000 (subscribers) Al | 32a

2)
(b) (T=)3 B1 | 34
This was the point when company A had the lowest number of subscribers | Bl 24

(&)

(©
—t+7=2t+2 0 or t+1=14-2t oe. Bl |3.1a
—t+7=2t+2 oe. =>t=.. or t+1=14-2¢ oe. =>1t=... M1 34
One of the two critical values ¢ :% or (= ? Al | L.Ib
Chooses the outside region for their two values of ¢
Both of :<"§", t>"£" i
3 3

{IERZf(;}U{fERII)?} Al 2.5

)
(d) The number of subscribers will become negative (when 7 > 7) B1 |3.5b

a
(10 marks)

Notes
(2)

M1: Uses the models to find the difference when ¢=0. Allow slips in evaluating N and Ng but it
must be clear that ¢ = 0 is being used. Just 5 with no working implies M1.
Al: 5000 or 5 thousand (subscribers) (5 is A0)

(b)

B1: (IfT =]3 Just look for the number 3 so e.g. £ > 3 or e.g. “just after 3 is acceptable.

If more than one value is offered then score B0 unless it is clear that the 3 is intended.
Must be seen in (b) not just on their diagram.
B1: Any acceptable reason e.g.

This was the point when company A had the lowest number of subscribers
After this point the number of subscribers started to increase

It is the minimum

Condone “it is the turning point”

The graph changes direction

It is the vertex

The gradient becomes positive

Na increased

Allow this mark even if the first B mark was not scored e.g. = 3.5 because the graph starts to
increase scores BOB1

Do not allow contradictory statements.
Do not allow:

The graph reflects at ¢ = 3 on its own without further clarification




(c)
B1: Forms one valid equation (allow an equation or any inequality sign)
M1: Attempts to solve one valid equation (allow an equation or any inequality sign)

Al: For either ¢ :% or = % only (allow an equation or any inequality sign) or exact equivalent

Must be seen or used in part (c).
See notes below for attempts that use “squaring” to find the values of 1.
Alft: Chooses the outside region for their two values of ¢ where ¢ > 0.
Sofort=aandt=b where 0 <a < bshouldbet<a,t>b. Allow, /or/fand/ U/~

Condone if incorrectly combined e.g. "?" <t< ”%" but not ”—;—" <t< "g"
L : 5 13 5 13
A1: Fully correct solution in the formy¢:f< 3 sttt >? or t|t < 3 ] .t|t > 3 or

0 . v L 5| eith db d r<E U t>E r'r<§ut>E
' 3 3 either way around but condone 3 3y L
I<5Uf>13 —00 . U ! 0
(AR el WY et U
. ; 13 5
It is not necessary to mention R , e.g. I:IER,I>? v I:IER,I<§

Look fi d d —OOSUBOG
00 or{}an w or condone ' 3 3

. . . 13
Do not allow solutions not in set notation such as # < 3 or >—.

3

5
Note that a lower bound for f <— and an upper bound for > g are not required but may be

3
: 5 13 5 ' 13
included e.g. teR:O<t<§ ] teR:?<t<5 or tE]R:USI<§ ] teR:?m‘gS

Note that the marks in this part require valid equations to be solved. They must have removed the
mod brackets and arrived at an equation equivalent to —t+7 =2¢+2 or ¢ +1=14-2¢ (all you need
to check initially is whether their equation without mod brackets is equivalent to one of these).

Note that {t < % £ %} is condoned for the A1ft but not for the final Al.

If x is used in their set notation then final AO, but we would condone this for the penultimate Alft.

See notes below for answers given with no working.

d
(Bl): Requires any indication that the number of subscribers will become negative. E.g.
o [t allows negative subscribers (which isn’t possible)
. 87|2t76| = 0=t < 7 sonotvalid after 1= 7 but condone not valid for ¢ after (any
value above 7)
But not
e Subscribers will become zero
Guidance for attempts that use “squaring” to find the values of ¢ in (c):

Way 1:




(~2+7) =(2t+2) oe or (t+1) =(14-21) oe. Bl |3.la
2 5
(—t+7’)7 :(21‘+2)2 =1t=..o.. (Gives -9 and g)
. ; 13 M1 34
or (t+l)L =(l4725)* =t=.. o.e. (Gives 15 and ?)
One of the two critical values :% or = g Al 1.1b
Chooses the outside region for their two values of ¢
Both Of t < Ilé!l g 1> HE!I Alrt 22&
3 3
{teR::<§}u{teR:1>%} Al 2.5
Way 2:
[t-3|+4=8-[2t—6|=|r-3|+]21-6|]=4=3r-9=4 oe. Bl | 3.1a
2 2 2 . 5 ]3
(31—9)2=4’:91"—54r+81=16:>9t’—54r+65=0:>.r=_._(G1vcsE and ?) M1 | 34
One of the two critical values ¢ :% or 1= % Al 1.1b
Chooses the outside region for their two values of ¢
Both Of i< nén , {> nEn Alft 2.2a
3 3
{teR:r<§}u{teR:I>l;} Al 25

B1: Forms one valid equation and squares both sides (allow an equation or any inequality sign)

May be implied by e.g. (1—3+4)" =(8—(2—6))’

Alternatively, arrives at 3r—9 =4 (o.c.) as in way 2.

MI1: Attempts to solve one valid equation after squaring both sides (allow an equation or any

inequality sign). Note that it is acceptable to just solve 3/ -9=4
Al: As in main scheme. Alft: As in main scheme. Al: As in main scheme.

Note: the following is common and scores 00000.
|t=3|+4=8-|2¢—6| = (r-3)" +4=8—(2¢-6)’
Which typically leads to

PREE: 415
5
Guidance for answers only in part (c):

t..awrtl.7 or t..awrt4.3 where ... is any inequality or equation scores 11000

13 : : : :
t...z or f..— where ... is any inequality or equation scores 11100 for one correct c.v.

3 3

5
Both f<awrtl.7 and 7>b where {b > E} scores 11010 for outside region.

13
Both 7<a and f>awrt43 where {a < —} scores 11010 for outside region.

3

5 5
Both < 3 and t>b where {b > g} scores 11110 for outside region with one correct.




13 13
Both f<a and ¢> 3 where {a < T} scores 11110 for outside region with one correct.

5 13
Both 7 < 3 and > 3 scores 11110 for outside region with one correct.

5 13
Fully correct e.g. {l‘ it <§}U{fif>?} scores 11111



Question Scheme Marks AOs
13(a) e
3'2(1+§} =37 (1+.x+..x7) M1 1.1b
eafd] s 2 S M1 | L1b
3 2! 3
PR ETRE e T, ) 4 Al 1.1b
3 3 2! 3
=) 3
gl g2 e AN B Al 2.1
3 9 27 27
“
()
M1: Attempts a binomial expansion by taking out a factor of 37 or 3% or % and achieves at least the first 3

terms in their expansion. May be seen separately e.g. é and (1+..x+..x%)

MI1: A correct method to find either the x or the x° term unsimplified.

Award for (-2)(kx) or %(&x}z where k # 1. Condone invisible brackets.

o s o s ol Y ) (2= xY
A1: For a correct unsimplified or simplified expansion of 1+§ e.g. =1+(-2) A +——==1 = —..0r

21 3
2x x° £ g A
1- m + T Do not condone missing brackets unless they are implied by subsequent work.
X 4 X :
Condone [——] for | =
3 3
2
Also allow this mark for 2 correct simplified terms from %—% + ;_TWith both method marks scored.
2
Al: é—% + ;—7 cao Allow terms to be listed. Ignore any extra terms. Isw once a correct simplified answer
is seen.

Direct expansion, if seen, should be marked as follows:

5 -2(-2-1 ;
{(34—)() ‘=37 —2x3’3><x+gx 3 xx?
2!

M1: For (3+Jc]_2 =32 +3 xax+3" x Bx’

MI1: A correct method to find either the x or the x° term unsimplified.

(-2)=2-1)
2!

Award for (-2)x37x or x3*x* . Condone invisible brackets.

x3 xx?

L L o g k) X |
A1: For a correct unsimplified or simplified expansion of (3+ x) 3 e.g 37 -2x3 xx +(7|)

2
Also award for at least 2 correct simplified terms from é—%+;—7 with both method marks scored.

2
Al: é— i—; + ;—7 cao Allow terms to be listed. Ignore any extra terms. Isw once a correct simplified
answer is seen.

Note that MOM1A1AO0 is a possible mark trait in either method
Note regarding a possible misread in parts (b) and (c)
6x

3+x)?

(=]

dx in parts (b) and (c) as J

Some candidates are misreading J

6
(B+x)

. 6 .
If parts (b) and (c) are consistently attempted with J 3 )ﬁ dx then we will allow the M
+x)




marks in (b) only. M1 for x” — x"*' applied to their expansion in part (a) or 6x (their

expansion in part (a)) and dM1 for substituting in 0.4 and 0.2 and subtracting either way
round (may be implied).
No marks are available in part (c)

MARK PARTS (b) and (¢) TOGETHER

(b) 1 2x Xx* 2x 4xt 2X°
P T W -

([ * {9 57 o 3 9 9 mi L.1Ib
Z_xm_4x2 .;._2'35J d_;[:—i-—élxJ +x_4 oe Al 1.1b

i 9 9 T3 27 18 :

¥ a2 T (04 404)Y (047 (027 4027 (0.2)

nt $ =0 - i + — = + )
{ 3 27 18 L 3 27 13 3 27 8 M1 | 3.1a
= awrt 0.03304 or 222 Al | 1Ib

6750
)

(b)

M1: Attempts to multiply their expansion from part (a) by 6x or just x and attempts to integrate. Condone
copying slips and slips in expanding. Look for x" — x"*' at least once having multiplied by 6x or x.
Ignore ¢.g. spurious integral signs.

A1: Correct integration, simplified or unsimplified.

X o4x x

1 5 dxt X X 2x X
+—oee.g —|3x —+—|, 6| —— +
3 27 18 9 3 2 18 81 108

If they have extra terms they can be ignored.
Ignore e.g. spurious integral signs.
dM1: An overall problem-solving mark for
* using part (a) by integrating 6x x their binomial expansion and
e substituting in (0.4 and 0.2 and subtracting either way round (may be implied)
For evidence of using the correct limits we do not expect examiners to check so allow this mark if they
obtain a value with (minimal) evidence of the use of the limits 0.4 and 0.2.

This could be e.g. [f (x)]EZ = ... provided the first M was scored. If the integration was correct, evidence can

be taken from answer of awrt 0.0330 if limits are not seen elsewhere. Depends on the first M mark.

Al: awrt 0.03304 (NB allow the exact value which is 6272530 =0.033037037...).

Isw following a correct answer.
Note answers which use additional terms in the expansion to give a different approximation score A0
Also note that the actual value is 0.032865...

Some may use integration by parts in (b) and the following scheme should be applied.
Integration by parts in (b):

2
Either by taking u = 6x and B _ald. 2% il
dx 9 27 27

2 2 3 2 3
6xx" l_ﬁ_'_x_ "dy =6xx l):—L+x— -6 lx—-x—-#L dx
G 20 27 9 27 81 9 27 81
1 P 1, 2 o6x'
=6x| = x—-—+— || =X ——+—
9 27 81 3 27 324
M1: A full attempt at integration by parts. This requires:
J6:(x'{é—%+%]"dx—kxxf(x)—k'[f(r)dx—!erf(x)—kg(x)

Where f(x) is an attempt to integrate their expansion from (a) with x" — x""' at least once
and g(x) is an attempt to integrate their f(x) with x” — x"*' at least once

Al: Fully correct integration. Then dM1A1 as in the main scheme

l-szrx_]" and E=6x

Or by taki =" - =
rya"gu[e’ 97 2 dx




6xx" l—2—);+)C—_ "dy =3x" x l»—£+£ - [ 3x* % ~£+2—x dx
9 .27 27 9 27 27 27 27

, (1 2x & 6x'  6x° (1 2% .5 6x"  6x’
=3x"x| ———+— ————— |dx=3x" x| - —=—+— —_—
9 27 27 27 27 9 27 27 108 81

M1: A full attempt at integration by parts. This requires:

.2
J6xx"[é—§—; ;7]"dr—kx2xf —k[x’g(x)dv=he® x £ (x) — kh(x)
Where f(x) is their expansion from (a) and g(x) is an attempt to differentiate their f(x) with
x" — x"" at least once and h(x) is an attempt to integrate their x’g(x) with x" — x"*' at
least once
Al: Fully correct integration. Then dM1A1 as in the main scheme
(©) Overall problem-solving mark (see notes) M1 3.1a
34 34
6(1—-3 6 18
u=3+x éJ. f(u)duﬁj (“ ) du —j ———du= . Inu+.u M1 1.1b
32 U I',Ih
6(u-3 “6 18
J - )duzj 2 du=6nu+18u” Al | 11b
3.2 U 2l U
14 18 18
[6lnu+18u™'] =|6ln34+— || 6In32+— |=.. daM1 | Lib
32 34 32
6In D) o Al 2.1
16) 136 °° '
(3)
(¢) Overall problem-solving mark (see notes) M1 3.1a
Alt1 . .
jéx(3+x)’2 dx:;i...j(sﬂ-)*dx:;i_..ln(sﬂ) oe Mi 1.1b
3+x 3+x
—6In(3+x) -2 oe Al 1.1b
3+x
6(0.4 6(0.2
(61 n(3+0.4)- S0 (613 02)-3 L0 ddMi1 | 1.1b
3+04 +0.2
17) 45
Inf— f—22
n{lé} 136 o° ad =
(©) Overall problem-solving mark (see notes) M1 3.1la
Alt 2
6x(3+x)" dx= +—"— |dx =..In(3+x)+—— o€
[6xG+) -[[(3+x) (B+x) } o aal e
—6In(3+x)+——— oe Al | LIb
3+x
18 18
6In(3+0.4)+ - 6In(3+0.2)+ =.. ddM1 1.1b
+0.4 3+0.2
17 45
el [ et
n[lﬁ} 136 o¢ Al ot
(13 marks)
Notes

(¢) There are various methods which can be used
M1: An overall problem-solving mark for all of

® using an appropriate integration technique e.g. substitution, by parts or partial fractions — note

that this may not be correct but mark positively if they have tried one of these approaches

e integrates one of their terms to a natural logarithm, e.g., % SbhinG+x)or L s pnu
+Xx u

e substitutes in correct limits and subtracts either way round
M1: Integrates to achieve an expression of the required form for their chosen method

e a
e substitution: # =x+3 —>*—=*blnu ore.g. u:(x-»—S) —)+Tiblnu
u




e parts: taln(3+x)+t ?’b_x condone missing brackets e.g. ...Inx+3 for ...In(3 +x)
+x

e partial fractions: +4 ln(3+x)ii condone missing brackets e.g. ...In3+x for ...In(3 +x)
3+x

Al: Correct integration for their method e.g.

1

e substitution: u =x+3—>6lnu+18: ore.g. u:(x+3)2—)-3lnu+%

u
e parts: 6In(3+x)— ox
I+x
T 18 2 18
e partial fractions: 61n(3+x)+ oce.g 3In(9+6x+x7)+
3+x 3+x

Note that the above terms may appear “separated” but must be correct with the correct signs.
(ignore any reference to a constant of integration)
Do not condone missing brackets e.g. 6Inx +3 for 6In(3+ x) unless they are implied by later work.
ddM1: Substitutes in the correct limits for their integral and subtracts either way round to find a value
Depends on both previous method marks.
For evidence of using the correct limits we do not expect examiners to check so allow this mark if
they obtain a value with (minimal) evidence of the use of the appropriate limits.

This could be e.g. [f(x]]gz =... provided both previous M marks were scored.
Note that for substitution they may revert back to 3 + x and so should be using 0.4 and 0.2

Al: A full and rigorous argument leading to 6In [EJ —4—5_ or exact equivalent e.g. 3In (ﬁJ—i or
136 256, 136

16
c.g. _Gln(ﬁ)_i
17 136

The brackets are not required around the % and allow exact equivalents e.g. allow 1.0625 or 1“1L6

17

16

45
136

but not e.g. ﬁ The s must be exact or an exact equivalent. Also allow e.g. 6In

32 136
Ignore spurious integral signs that may appear as part of their solution.




Question Scheme Marks AOs
14 i
@ e.g. 25m9(8c059+23(1—c0529))=8x25in9cos6’sec29 B1 1.2
cosé
2 tan @(8cos @+ 23sin’ @) = 8sin 2@sec’
= 2sinfcos #(8cos @ +23(1—cos” 8)) = 8sin 20 21
sin 20(8cos @ + 23(1—cos’ 8)) = 8sin 26 29a
sin20(23cos’ @ —8cos@—15)=0 MI1A1
3)
(b) sin 2x(23cos’ x—8cosx—15)=0
sin2x=0=x=360° or 540° B1 2.2a
23cos’ x—8cosx—15= cosx:—% M1 1.1b
15
COSX=——=bXx=.. dM1 1.1b
23
X =360°, 540° and awrt 491° only Al 23
4)
(7 marks)
Notes

(a) Allow use of e.g. x but the final mark requires the equation to be in terms of ¢
B1(M1 on EPEN): For recalling and using at least one correct trigonometric identity in the given equation.
sind

e.g. one of: sin"@+cos’@=1, 1+tan” @ =sec’ d, tanf = , sin26 =2sinf cosd

cos
This may be seen explicitly or may be implied by their working by e.g. tan@cos =sinél or they might
multiply both sides by cos’ @ leaving 8sin2¢ on the rhs implying 1+ tan® 8 =sec’ 8
M1: For manipulating the equation using trigonometric identities (condoning sign slips only in the
identities and arithmetic slips) to obtain an expression of the form:
Asin26cos® 8+ Bsin20cos#+Csin20 (=0) or sin260(Acos’ 6+ Bcosf+C) (=0) with 4, B, C#0

Al: sin20(23cos” @ —8cos#—15) =0 oe e.g. sin20(-23cos” @ +8cos @ +15) =0 cao

Note that this is not a given answer so condone notational slips e.g. cosé” for cos’ @ provided the intention is
clear but the final equation must have no notational errors.

Note that the “= 07 is not required for the M1 but is required for the Al

Note: some candidates arrive at the correct final answer fortuitously following errors in their work.

(b) Allow all marks in (b) to score if the correct equation is obtained fortuitously in part (a)
Also allow use of 0 instead of x throughout in part (b). Correct answers, no working scores max 1000

B1: Forone of x=360(°) or x=540(°) Condone x =2z or x = 3z for this mark.

The degrees symbol is not required. This may come from cosx = |
M1: Attempts to solve their 3TQ from part (a) or a “made up” 3TQ (which may only be seen in (b)) leading
to a value for cosx. The general guidance for solving a 3 term quadratic equation can be applied.
Allow solution(s) from a calculator which may be implied by at least one correct value for their 3TQ.
Must be a value for cos x and not e.g. x.
dM1: Attempts to find one of their angles in the range 360 < x <540 (but not 450) for their cos x = k where
|k| <1  May be implied by their value(s) but must be in degrees.
Requires them to state a value for cosx. Must be checked (you can check cos(their x) = their & (1sf))
Al: x=360° 540° and awrt 491° only with no other values in range (including 450).
15

The degrees symbol is not required. awrt 491 must come from cosx = 5




