Mark Scheme

Q1.
%uuzsl%g? Scheme Notes Marks
(A+ax)’ = 1+%x+kr:; £(x) = @-9)(1+ax)’. |a]<1
[ 5 1af2) ()() 2 1., |
\-I‘(l-(-a.\)3 =l+!§l(m)+ 232 3 (ax)? +. —l+§m—§a.\ +.. [
2 i M1
(@) ] see notes
a=1 a=Z or0.75 | Aloe.
B -
(
G )(3 D .G )( 3)
® | 8D,y R TRsie M1
21
2!  BC 3)( a2 ol()( 3)(mwa) or —%a
GG EN 1 1
= 2|t k=—— k=-——or —0.0625 | Al
F="r 3 [TF 1 16
Q2
( _ 1 ,)
(©) i (4-9x)[ 1+—x —Ex' I
) . Y : 2 9.,
Either 4(their k) — — or 4(their X)x” — —x" | M1
1 9 19 2 2
kg g 19
- —— or —4.75 | Al
Q2
Question Notes
( 2 2 2)(—L )
Note | Writing down : (+ax)® ;= 1+] ; l(ax) —%(ax)‘ +... gets (a) M1 and (b) M1
(a) Note | Give M1 for any of
X 2 1 , = . (2
* writing down 3(1 —5 ° expandmg (l - a.’.) to give l—; 3 l(ax)
o 2 1 2 2 1
e writingdown —gx=— 0f —g=—Xx Of —ax=—X
3 2 2 3 2
Note | Give M1 Al a =% from no working
(b) Note | Give A0 for k= -%x: or —0.0625x* without reference to i = —% or —0.0625
Note [ Allow Al for k= —ixz or —0.0625x* followed by & = L or —0.0625
16 16
(c) Note | Give A0 for —%x: of —4.75x* without reference to _% or —4.75
. 19 , i 19
Note [ Allow Al for —2 X~ or —4.75x* followed by Y or —4.75




Q2.

Question

Number Scheme Marks
2.(a) 2In(2x+1)-10=0=Inx+1)=5 =2x+l=¢ =x=.. M1
5
e -1
=X=— Al
] ) ()
(b) 3¢ =e’ = In(3"e")=Ine’
In3*+ne* =Ine’ = xIn3+4xlne=7ne M1M1
x(ln3+4)=T=x=_. dM1
7
T m3+9) o Al
“
6 marks
:}l({,)l et =’ =23 =—
- e
3 = = xIn3=(7-4x)hne M1.M1
x(ln3+4)=T=x=_. dM1
7
X=
(In3+4) Al
“
3 R -
-;l({); 3e* =’ = log(3"e*) =loge’
Tsi -
lizl‘;g log3* +loge*™ =loge’ = xlog3+4xloge=7loge M1, M1
x(log3+4loge)=Tloge=>x=_.. dM1
__ Tloge
= (log3+4loge) Al
_ ©
-?({))3 3xe41 =e7 —. 3x — e,‘l
- e
Usi . .
1;';3 3 =™ = x=(7-4x)log, e M1MI
x(1+4log,e)=7log;e=>x=... dM1
__ Tlog;e
*=I+4dlog,0) .
@
:}l(lt))" 3xe41 - e? — exlnje-h. =e'.’
Using e e’ > xIn3+4x=7 MI1M1
3 = exid 34427 —— dM1 Al
x(ln3+4)=T=x=_.. 1_(]113-1»—4) .

)




@
Ml

Al

(b)
M1

M1

Al

Proceeds from 2In(2x+1)—10 =0 to In(2x +1) = 5 before taking exp's to achieve x in terms of e’
Accept for M1 2In(2x+1)-10=0=In(2x+1)=5=x=1f(e’)

Alternatively they could use the power law before taking exp's to achieve x in terms of NAL
2in(2x+1)=10=In(2x+1)’ =10= (2x+1)’ =e’ = x=g(Ve" )
5

2
The decimal answer of 73.7 will score M1AO unless the exact answer has also been given.

- +e’ —
e? ldoesnot score this mark unless simpli.ﬁed.x=_e lileAO

5
or other exact simplified altematives such as x = %— % Remember to isw.

-

e
cso. Accept x=

The answer

Takes In’s or logs of both sides and applies the addition law.
In(3*e*)=In3" +Ine* or In(3"e**) =In 3" + 4x is evidence for the addition law

If the e** was ‘moved’ over to the right hand side score for either e’~** or the subtraction law.
L

—= Ine’ —Ine* or 3*e* =e’ = 3* == — 3* = ¢"*is evidence of the subtraction law
&

e-h

Uses the power law of logs (seen at least once in a term with x as the index Eg 3*.e* ore’ ** ),
In3*+lne** =lne’ = xIn3+4xlne=7Ine is an example after the addition law

3* =¢"™* = xlog3 = (7—4x)log e is an example after the subtraction law.

It 1s possible to score MOM1 by applying the power law after an incorrect addition/subtraction law
For example 3'e” =¢’ = In(3")xIn(e*)=Ine’ = xIn3x4xIne=7lne

This is dependent upon both previous M’s. Collects/factorises out term in x and proceeds fo x = .
Condone sign slips for this mark. An unsimplified answer can score this mark.

If the candidate has taken In’s then they must use Ine =1and achieve x = w39 or equivalent.
+
If the candidate has taken log’s they must be writing log as oppose to In and achieve
x= __ Tloge or other exact equivalents such as x = L loge4 .
(log3+4loge) log 3e



Q3

(Iilllz;tl;(;l Scheme Marks
3 States the largest odd number and an odd number that is greater M1
E.g. odd number » and » + 2
Fully correct proof including
e  the assumption: there exists a greatest odd number "»"
e  acorrect statement that their second odd number 1s greater than
their assumed greatest odd number Al*
e aminimal conclusion " this is a contradiction, hence proven"
You can ignore any spurious information e.g. » >0, n +2 > 0 etc.
2
(2 marks)

MI1: For starting the proof by stating an odd number and a larger odd number.
Examples of an allowable start are
e odd number "»" with "n + 2"
odd number "7" with "n*"
o "2k+1"with "2k +3"
o "2k +1"with "2k + 1)*"
o "2k + 1" with "2k +1+ 2k"
Note that stating » =2k , even when accompanied by the statement that "»" is odd 1s M0

AT*: A fully correct proof using contradiction
This must consist of
1) An assumption  E.g. "(Assume that) there exists a greatest odd number »"
"Let "2k + 1" be the greatest odd number"
2) A minimal statement showing their second number is greater than the first,
2) A minimal statement showing their second number is greater than the first,
E.g If"n"1s odd and "» + 2" is greater than »

If "»" 1s odd and n2 >n
2k+3>2k+1
2k +2k+1>2k+1

Any algebra (e.g. expansions) must be correct. So (2k + 1)2 =4 +2k +1 would be A0

3) A minimal conclusion which could be
"hence there is no greatest odd number", "hence proven", or simply v*



Q4.

2:2::: Scheme Marks
(a) 2¢0sX¢0s 50— 2sin xsin 50 =sin x ¢c0s 40 + cos x sin 40 M1
sin x(cos 40 + 2sin 50) = cos x(2cos 50 —sin 40)
+cosx = tan x(cos40 + 2sin 50) = 2¢cos 50 —sin 40 Ml
2¢co0s50-si :
x= oo v Sl,n = : (or numerical answer awrt 0.28) Al
cos40+2smn 50
States or uses cos50 = sin40 and cos40 =sin50 and so tanx° =+tan40°*  cao | Al *
C))
(b) Deduces tan 26 = 2 tan 40 M1
20= 156 so &= awrt7.8(1)One answer | Al
Also 260 = 1956.3756.5556 =0 =.. Ml
G=awrt 7.8_,97.8, 187.8,2778 All4answers | Al
(L))
[8 marks ]
Altl
2¢08x¢0s 50— 2sin xsin 50 = sinx cos 40 + cos xsin 40 M1
(a)
2cosxsin40—2sin xcos40 = sin x cos 40 + cos xsin 40
+Cosx = 2sin40-2tanxcos 40 = tan x cos 40 + sin 40 M1
tanx = s 40 ( or numerical answer awrt 0.28). =tanx = ltan 40 ALAl
3cos40 3
Alt2
2cos(x 4+ 50) = sm(x +40) = 2s1n(40 - x) = sin(x + 40)
(a)
2cosxsin40 — 2sin xcos 40 = sin xcos 40 + cos xsin 40 M1
+cosx = 2sin40 - 2tanxcos 40 = tan xcos 40 +sin 40 Ml
tanx = ( or numerical answer awrt 0.28). =tanx= = tan 40 i s
3cos40 3




Notes for Question

(a)

M1  Expand both expressions using cos(x +50) = cos xcos50—sin xsin50 and
sin(x + 40) = sin xcos 40 + cos xsin 40 . Condone a nussing bracket on the lhs.
The terms of the expansions must be correct as these are given idenfities. You may condone a sign error

on one of the expressions.
Allow 1if wnitten separately and not i a connected equation.

M1  Divide byCOsX to reach an equation ntan x .
Below 1s an example of M1M1 with incorrect sign on left hand side
2¢0sxc0s50+ 2sinxsin 50 = sin xcos 40 + cos xsin 40
=> 2¢0s50+ 2tan xsin 50 = tan x cos 40 +sin 40
Thus 15 independent of the first mark.

2¢0s50 -5 40
Al tanx = -
cos40+ 2s1in 50
Accept for this mark tan x =awrt 0.28... as long as MIM1 has been achieved.
Al*  States or uses cos50=sin40 and cos40=sin50 leading to showing
_2¢0s50-smn40  sind0 1

tanx = - = =—tan 40
cosd40+2smm50 3cosd40 3

This 1s a given answer and all steps above must be shown. The line above 1s acceptable.
Do not allow from tan x = awrt 0.28...

(b)
M1 For linking part (a) with (b). Award for writing tan 26 = tan 40
Al Solves to find one solution of & which 1s usually (awrt) 7.8

M1 Uses the correct method to find at least another value of & It must be a full method but can be implied
by any correct answer.

_ 180+ theira 360+ theira (o) 540+ theira
2 y 2 3

Accept €@ (or) =

Al Obtains all four answers awrt 1dp. 6 =7.8,97.8, 187.8,277.8 .
Ignore any extra solutions outside the range.
Withhold this mark for extras inside the range.
Condone a different vanable. Accept x=7.8,97.8, 187.8,277.8

Answers fully given in radians, loses the first A mark.
Acceptable answers 1n rads are awrt 0.136, 1.71, 3.28, 4.85
Mixed units can only score the first M 1




Q5.

%:‘:fgg? Scheme Marks
4
tana=;=>a=awrtl.107 MIAl
3
(b)(i) '44+5R* " =104 Blft
(if) 36—'1.107'=%=>8=awrt 0.89 MIALl
(3)
(c)() 4 Bl
(ii) 360-'1.107"'=2x=> @ =awrt 2.46 MI1Al
3)
( 9 marks)




(a)
Bl

M1

Al

(b))
Blft

(b))
M1

Accept R=+/20 or 2/5 or awrt 4.47

Do not accept R=++/20
This could be scored in parts (b) or (c) as long as you are certain it is R
. 4 2 : }
for sight of tana = t-.tana = iz. Condone sma =4.cosag=2=tana =

to| 4=

If R 1s found first only accept sina = i%. cosa ==

Nllq

a =awrt 1.107 . The degrees equivalent 63.4° is A0.
If a candidate does all the question in degrees they will lose just this mark.

Either 104 or if R was incorrect allow for the numerical value of their '4+5R*".
Allow a tolerance of 1 dp on decimal R’s.

Using 391their'l.lO7'=%:‘> 0=..

Accept 30 £ their'1.107'=(2n+ l)% = 0 =.. where n is an integer

Allow slips on the lhs with an extra bracket such as

3(6£their'1.107) == 6 =..

Al

(©)(1)
Bl

(c)(11)

M1

_.)

The degree equivalent 1s acceptable 36 —their'63.4°'=90°= 6 =
Do not allow mixed units in this question
awrt 0.89 radians or 51.1°. Do not allow multiple solutions for this mark.

4

Using 30 £ their'1.107'=27=>6=...
Accept 36 +their'1.107'=nz = 6 =.. where n is an integer . including 0
Allow slips on the lhs with an extra bracket such as

3(6+their'1.107")=27=6=..

Al

The degree equivalent is acceptable 36 —their'63.4°"'=360°= @ =but
Do not allow mixed units in this question

6 = awrt 2 46 radians or 141.1° Do not allow multiple solutions for this mark.



Q6.

1(a) 28 30-x
fg(1)=m—l (= x—2 ) M1
28 )
Sets fg(x):x:m—].:.l
= 28=(x+1)(x-2)
=x'-x-30=0 Ml
= (x-6)x+5)=0
=x=6.x=-5 dM1 Al
“
(b) a=6 Bl ft
4y
S marks
Altl@) | fg(x)=x= g(x)=f"(x)
4 x+1 M1
x=2 7
=x>-x-30=0 M1
= (x=6)(x+5)=0
=>x=6,x=-5 dM1 Al
4 marks
S. Case | Uses gf(x) instead fg(x) Makes an error on fg(x)
7x4
4 - Sets fg(x):x :—-')—l=x
13 =X Tx(x=2) MO
=7x -3x-4=0 =>x -x-6=0 M1
= (Tx+4)(x-1)=0 = (x+2)(x-3)=0
_ 4
:x=—7s x=1 :x=—2, x=3 dM1 A0
2outof4
marks
@ -
; . 28 4 Tx4
M1  Sets or implies that fg(_ﬂ:F—l Eg accept fg(x)=7(;)-1followedby fg(x)= — -1
) -1 -1 xx1 | |
Altematively sets g(x)=f""(x)where { (x)=T

4 28 .
Note that fg(x)= 7(3)-1 - o=y~ s MO
M1  Setsupa3TQ (=0) from an attempt at fg(x)=x or g(x) = £ (x)
dM1 Method of solving 3TQ (=0) to find at least one value for x. See "General Priciples for Core
Mathematics” on page 3 for the award of the mark for solving quadratic equations
This 1s dependent upon the previous M. You may just see the answers following the 3TQ.
Al Both x=6and x=-5
(b)
Bift For a=6but you may follow through on the largest solution from part (a) provided more than one
answer was found in (a). Accept 6. a=6 and even x=6
Do not award marks for part (a) for work 1n part (D).



Q7.

Numbor S e
d4
—=15 B1
dt
d=1" = Y oy B1
dr
When 4=2
2
2=2r" = r=\,; (=0.797884 ...) M1
I g
d¢ dr dt
1.5=2ar— M1
&__15 0299 awrt 0299 | oq
dt 2mf2
[5]
Q8.
‘Number S s
d P
—(2*)=In2.2"
dx( ) Bl
lnl.l"+2_v£=2y+2xﬂ M1 Al=Al
- dl.
Substituting (3.2)
81n2+42=4+6ﬂ M1
x dx
dy :
—=4In2-2 Accept exact equivalents | M1 A1 (7
(7]




Q9.

Question Scheme Marks
(i) y=¢ cos4x$(j:) =cosdxx3e’* +e’* x—4sindx Mi1A1
Sets cos4xx3e’™ +e’* x—4sindx=0=3cos4x—4sind4x=0 M1
1 3
=X —Zarctanz M1
= x=awrt 0.9463 4dp Al
Q)
(ii) x=sin’ 2) $%=29m21 x2cos2y MI1Al
.‘Y
Uses sin4y =2sm2ycos2y i their expression Ml
dx dy 1 1
e, e
& smdy = & Fandy 2cosec41 MIA1
Q)
(10 marks)
(i) AltI | x=sin’ 2y =: '—%-%cosh 2nd M1
d:
d—=2sm4\ Ist M1 Al
dy |
@& Zsmdy 200 S
)
o 1 1
g[l) . x2 =sin2y =>%.1'-3 =2cos2y % MIAI
1
Uses x2 =sin2y AND sin4y = 2sin2ycos2y in their expression Ml
e B cosec4) Mi1Al
dx 2sindy 2
Q)]
i) Alt L : . , o)
(H}H x? =sm2y=2y=1mvsinx? :2%=~ﬂ1—_xx%‘ 2 MIALI
1
Uses x? =sin2y. v1-x=cos2y and sin4y =2sin2ycos2y in their M1
expression
dy 1 1
S s 2cosec41 MIAl

8]




®
M1
Al

Ml

Ml

Al

(1)
M1

Al

Uses the product rule v'+vi' to achieve (%) = Ae** cos4x+Be’*sindx A.B=0
The product rule if stated must be correct |

Correct (unsimplified % =cos4xx3e’* +e’* x4sindx

o
=

sindx

Uses the identity ——

x=... Accept x=awrt0.16 (radians) x =awrt 9.22 (degrees) for this mark.
If a candidate elects to pursue a more difficult method using Rcos(6 +«). for example, the

minimum expectation will be that they get (1) the identity correct, and (2) the values of R and a
correct to 2dp. So for the correct equation you would only accept Scos(4x+awrt 0.93) or

Sets/implies their 0 factorises/cancels)by e’* to form a trig equation in just sin4x and cos4x

=tan4x . moves from tan4x=C, C #0 using correct order of operations to

5sin(4x —awrt 0.64) before using the correct order of operations to x = __.
Similarly candidates who square 3cos4x—4sm4x =0 then use a Pythagorean identity should

3 -
proceed from either sin4x= 3 or cosdx= 3 before using the correct order of operations ...

= x=awrt 0.9463.
Ignore any answers outside the domain. Withhold mark for additional answers inside the domain

Uses chain rule (or product rule) to achieve £Psin2 ycos2y as a derivative.
There 1s no need for lhs to be seen/ correct

If the product rule 1s used look for ;{ =tAsmn2ycos2ytBsm2ycos2y.
Both lhs and rhs correct (unsimplified) . j—: =2sm2yx2cos2y=(4sin2ycos2y)or

i dy
1=2sin2yx2cos2y—
dx



M1  Uses sin4y=2sin2ycos2y m their expression.
You may just see a statement such as 4sin2ycos2y = 2sin4y which is fine.

Candidates who write X = Asin2xcos2x can score this for X =gsin 4x

M1  Uses % - /‘lx for their expression in y. Concentrate on the trig identity rather than the
dy
coefficient 1n awarding this. Eg % =2sm4y= % = 2cosec4y 1s condoned for the M1
If %=a+b do not allow %=%+%
Al % = %cosec4y If a candidate then proceeds to write down incorrect values of p and g then do not
withhold the mark.

NB: See the three altematives which may be less common but mark in exactly the same way. If you are
uncertamn as how to mark these please consult your team leader.

. . 2 | .3
In Alt I the second M 1s for wniting x=sm” 2y = x= i;i;cos{v from cos4y=%1+2sm" 2y

A

-

1
In Alt II the first M is for writing x2 = sin2y and differentiating both sides to Px 2 =Qcos?2 1% oe

In Alt 111 the first M 1s for writing 2y = in'v'sin(;ro'5 )oe and differentiating to M% = N;x i

e

e ( 05 )-



Q10.

Note: The expressnons must contan du and dx. They can be simplified or un-simplified.

Al: Alsoallow du = dx or (u—-2)du =% Adx

(u- 2)
Note: The expressions must contain du and dx.

Al: J% (u —2) du . (Ignore integral sign and du).

dM1: An attempt to divide each term by u.
Note that this mark 1s dependent on the previous M1 mark being awarded.
Note that this mark can be implied by later working.

ddM1: *AutBlnu, A=20,B=0
Note that this mark 15 dependent on the two previous M1 marks being awarded.
Alft: u—2Inu or *A4u * Blnu bemng correctly followed through, 4=0. B =0

They can be simplified or un-simplified.

Suestim.x Scheme Marks
Number
K
1
—_—dx, u=2+\/(2x+l)
."o 2+ “(2)’ o l)
1
: Either & - +kx+1)7 or Eoriw-2) | M
du = -3 dx dx du
d—:(_x+l)- or 3=u—2 & R &
. . Either &L =(2x+1)7 or & =(@-2) [Al
dx du
= (u —-2)du Correct substitution | A1
(71 & (Ignore integral sign and du).
= I[l -— ) An attempt to divide each term by u. | dM1
+A4u = Blnu ddM1
= u-2lnu
u-2lnu Al ft
] Applies limits of 5 and 3 in u
{so [u-2mu]; | =(5-2mn5) - (3-21n3) or 4 and 0 in x in their integrated function | M1
and subtracts the correct way round.
= 2+21n(3] 2+21n(3] Al
5 5 €20 cso
[8]
8
Notes for Question
MI1: Also allow du == ( 7)dr or (u=2)du==Adx

M1: Applies linuts of 5 and 3 in # or 4 and 0 1n x 1n their integrated function and subtracts the correct

way round.

Al: csoand cao. 2+21n(%) or 2+ 2In(06), [=A+2|nB,soA=2,B=%)

Note: 2 - 2ln[§) 15 AO.

Notes for Question Continued

ctd

Note: Il (u—-2)du= u-2Ilnu withno working is 2 M1, 3% M1, 3 A1
u

but Note: Il (u—=2)du= (u-2)lnu with no working 1s 2% M0, 3" Mo, 3% A0.
u




Q11.

Question
Numt Scheme Marks
a) (1 2, 02_132
@ Uses cos.qlDC‘=—7 s e’ Ml
2x7x9
So ADC=0.283 Al
(Ii) 2-‘- 2__72 o = "9 " Ml
Uses cos ACD =u or uses Sapach o z L
2x3%x9 7 3 Al
so ACD =0.709 )
(b) Finds angle ADB or angle ACB by doubling their ADC or ACD and uses s =79 Ml
Finds both and adds (can follow failure to double angle so can earn MOM1) I.ill
to give 8.2 (cm) (allow AWRT) 3)
© Finds angle ADB or angle ACB and uses 77(6—sin&) for segment, or uses 476 for sector o
c ) ) i i
and 177 sin6 for triangle and doubles at some point, with 7 =3 or r=7
Complete and correct method to establish required area (there are a few alternatives see Mi
notes below)
Obtains correct expressions 17°(0.565—sin0.565) and 13°(1.42—sin1.42) or awrt 0.7, Py
and 1.933 and 1s using correct method to combine them
Awrt2.6o0r2.7 Al
)
(11 marks)




Notes
NB If there 1s a musread and they use 4B = 9cm 1t leads to an impossibility. Please send to review.

(a) (1) (Mark parts (1) and (11) together. Some find the answer to part (11) first, then may use sine rule in part (1))
M1: Uses cosine rule correctly to obtain required angle

Al: allow awrt 0.283 The answer 1n degrees 1s 16.2 and gets M1A0

(If they double this answer then do not 1sw here so 0.283 followed by 0.565 1s M1A0)

(a) (1)

M1: Uses cosine rule or sine rule correctly

Al: allow awrt 0.709 The answer 1n degrees 1s 40.6 (only penalise the first time for answers in degrees)

(b)
M1 Doubles one of the angles and uses formula for arc length (These are 3.962 and 4.254)

M1 for adding two appropnate arc lengths
Al for awrt 8.2 (do not need to see units)

(©)

M1: Uses formula for segment with an appropriate angle, or uses at least one area of sector and corresponding area
of triangle. or finds area of kite together with at least one area of sector

M1: Adds two segment areas. or two sectors and subtracts two triangles which form the kite (They mught even use
four tniangles to form the kite but this results i a long method)

A1l: For two correct expressions added or for both awrt 0.73 and 1.9 added

OR 17°x0.565+ 13" x1.42 —17° x5in0.565 —13* xsin1.42 (Needs both M marks)
Al: allow awrt 2.6 or 2.7 (do not need to see units)
(There are a number of ways of obtamning this area)




Q12.

Question Scheme Marks
2
(a) 2cot2x+tanx=———+tanx Bl
tan2x
S (I-tan” x) N tan” x Ml
tan x tan x
1
= Ml
tan x
=cotx Al*
4
(b) 6ot 2x+3tan x = cosec>x —2 => 3cot x = cosecx —2
= 3cotx =1+cot x—2 Ml
= 0=cot”> x—3cotx—1 Al
3+4/13
= cotx = ;/_ M1
—5' Ml
=tanx= =>X=..
3+J13
=>x=0294-2848.-1.277.1.865 A210
(6)
(10 marks)
2c0s2;
(@alt 2cot2x+tanxs“(?os"r+tanx Bl
1 sin2x
_5 cos‘_ X—smm- X sinx M1
25INXCOSX  COSX
& cos® x—sin® x sin® x - cos’ x Ml
T sInXCcosX SINXCOSY SINXCOSX
_ cosx
T osinx
=cotx Al*
a)alt 1—tan?;
@A | s cot2r+tanx=29 B D 4oy BIMI
2tanx
2 2tan’x (1-tan” x) +tan® x
= - +tan x or
2tanx 2tanx tan x
2
= =cotXx MI1A1*
2tan x
. > 3cosx 1
Alt (b) | 6cot2x+3tanx=cosec x—2=>——=—7—-2
S x smn- x
(><sin2 x)=>3sinxcosx=l—?_sin2x Ml
=’>3sin2x=cos 2x MIi1A1l
2
:>tan2x=§=>x=.. Ml
=>x=0294-2848.-1.277.1.865 A210

(6)




(@)

- G 2 . 2cos2x
Bl States or uses the identity 2cot2x = or alternatively 2cot2x =—
tan2x sin2x
This may be implied by 2 cot 2.\'=1_t—anzx.Note 2cot2x = 1s BO
tan x 2tan2x
2tanx

M1  Uses the correct double angle identity tan2x = .
I-tan” x
sinx

- - - 2 -2
Alternatively uses sm2x=2smxcosx, cos2x=cos” x—sin~ x oe and tanx =

ab

M1  Writes their two terms with a single common denomuinator and simplifies to a form -

For this to be scored the expression must be 1 either sin x and cos x or just tan x.

In altemative 2 1t 1s for splitting the complex fraction into parts and simplifying to a forma—j .
i
cos” x 2cos’ x 2

You are awarding this for a correct method to proceed to terms like— . —.
SINXCOSX Dsinycos: ¥ 2tanx

Al* cso. For proceeding to the correct answer. This 1s a given answer and all aspects must be correct
mcluding the consistent use of vaniables. If the candidate approaches from both sides there must be a
conclusion for this mark to be awarded. Occasionally you may see a candidate attempting to prove
cotx—tanx = 2cot 2x . This 1s fine but again there needs to be a conclusion for the A1*

If you are unsure of how some items should be marked then please use review

(®)

M1  For using part (a) and writing 6cot2x+3tanx as kcotx. k=0 in their equation (or equivalent)
WITH an attempt at using cosec’x =+1%cot’ x to produce a quadratic equation 1n just cotx/tanx
Al cot’ x—3cotx—1=0 The=0 may be implied by subsequent working
Alternatively accept tan” x+3tanx—1=0
M1l  Solves a 3TQ=0 in cotx (or tan) using the formula or any suitable method for their quadratic to find at

least one solution. Accept answers wntten down from a calculator. You may have to check these from
an icorrect quadratic. FYI answers are cotx =awrt 3.30, -0.30

3+ /13 -3+/13
2

D —tanx=

Be aware that cotx =

Ml For tanx= + and using arctan producing at least one answer for x in degrees or radians.
cotx

You may have to check these with your calculator.
Al Two of x=0.294. —2.848.-1.277 .1.865 (awrt 3dp) 1n radians or degrees.

In degrees the answers you would accept are (awrt 2dp) x=16.8°,106.8°, —73.2° -163.2°

Al All four of x=0.294. —2.848, —1.277 .1.865 (awrt 3 dp) with no extra solutions in the range
-7, XX T

See main scheme for Alt to (b) using Double Angle formulae still entered M A MM A A 1n epen

Ist M1 For using part (a) and writing 6cot2x+3tanx as kcotx, k=0 in their equation (or equivalent)

X 2
cosec x =

. cos . 2 L
then usmg cot x =— and xsin” x to form an equation sin and cos
sin

sin” x
Ist Al For %sin 2x=cos2x or equivalent. Attached to the next M

2nd M1 For using both correct double angle formula
3rd M1 For moving from tan2x = C to x=_using the correct order of operations.



Q.13

%:3;%2? Scheme Marks
2(2) BA.BC =—-6x2+2x5-3x8=(-26) M1
Uses ﬂ.ﬁz‘ﬁ”ﬁ?‘cosﬁﬁ—%zmx@cosﬁbﬁz... dM1

6=112.65° Al

3)
(b) Attempts to use |E4||R‘| sin @ with their 8 M1
Area = awrt 62.3 Al

(2)

(5 marks)

(@)
M1: Attempts the scalar product of +4B. +BC condone slips as long as the intention is clear

Or attempts the vector product +ABx+BC (see alternative 1)

Or attempts vector AC (see alternative 2)
dM1: Attempts to use +4BBC = ‘E‘ ‘ZY‘ ‘ cos@ AND proceeds to a value for &

Expect to see at least one correct attempted calculation for a modulus.

For example v/2° +5% + 8§’ (: \/9_3) or V67 +27+3° (: 7)

26
Note that we condone poor notation such as: cos @ =——=67.35° Depends on the first mark.
7493
Must be an attempt to find the correct angle.
Al: @=awrt112.65° Versions finishing with € =awrt 67.35° will normally score M1 dM1 A0

Angles given in radians also score A0 NB #=1.9661... or acute 1.1754...)

Allow e.g. 8=067.35°=60=180—-67.35°=112.65 and allow 0056=A36=112.65

793

1. Alternative using the vector product:

6 2 —31
M1: Attempts the vector product +4ABx+BC=+| -2 |x+| 5 |=+| —42 condone slips as long as the intention is
3 8 34

clear
dM1: Attempts to use +4BxBC = ‘E" ‘R“ sin @ AND proceeds to a value for 6

Expect to see at least one correct attempted calculation for a modulus on rhs and attempt at the modulus of the
vector product

For example V22 +57+8% or \/62 +2%+3% and \/312 +42% +347 (: \]3881)
For example 22 +5% +8 or V6 +22+3% and V312 + 427 +34° (:s/3881)

/3881
79

Note that we condone poor notation such as: sinf = «/_ =67.35° Depends on the first mark.

Must be an attempt to find the correct angle.
Al: @ =awrt112.65° Versions finishing with € =awrt 67.35° will normally score M1 dM1 A0










2. Alternative using cosine rule:
M1: Attempts +4C=+ (A—B + ﬁ) = i(Si +3j+1 lk) condone slips and poor notation as long as the intention is

8i

clear e.g. allow | 3j

dM1: Attempts to use AC* = AB* + BC* —2AB.BCcos® AND proceeds to a value for 6

11k

Must be an attempt to find the correct angle.
Al: @=awrt112.65°

Ql14
Question
Number Scheme Marks
dh dh
7. E:kJ(h-Q), 9< =200 h=130. E:—l.l
(a) -11=k.J(130-9) = k= _. M1
S0, k=—%or -0.1 Al
I 2]
(b) j L P B1
q/(}2—9)
_1
J.(h—9) 2 dh:J.kd!
= M1
B9 _ ke (+ o)
(3) ' Al
{t:O,h:ZOO ﬁ} 2,/(200—9) =k(0)+¢ M1
=c= 2\/191 = 2(h-9)" = —0.17 + 2191
{h=50 =>} 2./(50-9) =—0.lf+2\ﬁ9l aMi
= ...
= 204191 — 20441
Al cso

or r=1483430145... = 148 (minutes) (nearest minute)




(these snippings have been taken from emporium, | know they are a bit glitchy, use for notes)

or equivalent. which can be un-simplified or simplified.

%‘;ensltl;:l Scheme Notes Marks
7. d—h=k (h—-9), 9<h<200; h=l30,%=—1.1
dt dt
. . dh dh
Substitutes =130 and either — = -1.1 or — =1.1
@ “11=kJ(130-9) O |k=.. ' & dr M1
into the printed equation and rearranges to give k = ...
so, k=—ior -0.1 =—ior -0.1 | Al
10 10
[2]
) dh Separates the variables correctly. dh and dr should not be in
Wav 1 J— = I kat the wrong positions, although this mark can be implied by | Bl
a V(1 -9) later working. Ignore the integral signs.
1
I(h—9) 2dh= J kdt
A .
Integrates togive £uq(h-9): A, 300 | M1
. ] a(h=9): 2,4
(h-9)? , 1
——— =kt (+ —9)* —-9):
(1) (+¢) (h-9) =kt or (h, 9) = (therr k)¢, with/without + ¢,
2 () (%) Al
or equivalent. which can be un-simplified or simplified.
Some evidence of applying both
{r =0.h=2000 } 2,/(200_9) =k(0)+c t=0 and h =200 to changed equation | M1
containing a constant of integration, e.g. c or 4 W
O e= 2,[191 O 2(;,_9)% = —0.1f + 2191 dependent on the previous M mark
B Applies h = 50 and their value of ¢ to
th=50=} 2{(50-9) =~0.1r + 24191 their changed equation and rearranges | dM1
t= .. to find the value of 7 = ...
t = 204191 - 204/21 £ = 204191 - 2041 isw | |
or 1=1483430145... = 148 (minutes) (nearest minute) or awrt 148
[6]
) 0 dh T Separates the variables correctly. dh and dr should not be
Way 2 I = J k dr in the wrong positions, although this mark can be implied | Bl
S 202 —9) 0 by later working. Integral signs and limits not necessary.
50 1 T
J (h-9) 2dh:I kdt
200 0
A .
Integrates togive tu\(h-9); A, u20
L0 or Gy °F pyf(h=9): A, M1
e -9y -9
(3) ’ G-9y _ kt or B-9y _ (their k), with/without limits,
20 () (2) Al

24/41 —2«]191: kt or kT

Attempts to apply limits of 7 =200, h=50
and (can be implied) 7= Oto their changed equation

L 24 - 2401

-0.1

dependent on the previous M mark
Then rearranges to find the value of 1 = ..

(—

dMm1

t = 204191 — 20/41

t = 204191 — 20/41 or awrt 148

or t=1483430145... = 148 (minutes) (nearest minute) or 2 hours and awrt 28 minutes

Al cso

[6]




Question 7 \'otes

7.(b)

1 :
Note | Allow first B1 for wntmg —=— e or equivalent
e d k,/(h - dh (their k)y/( - 9)
Note | — =— leading to = 2 \/(h -9) (+ ¢) with/without + ¢ 1s BIM1A1
dh k,/(h - k
Note | After finding k 0.1 in part (a), 1t 1s only possible to gain full marks in part (b) by initially writing

dh — —d = A
E‘=—k (h—9) 01 %—Bk(ﬁ(ﬂ dt— 0.1 (h 9) or %—BOIdf

Otherwise, those candidates who find k = 0.1 in part (a), should lose at least the final A1 mark in
part (b).




