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Question
Number Scheme Marks
1(a) 2(1) 2(1) Y
f(l)=g| —~ |=4-
g () g[3><1+1J (3><1+1] M1
15
=== oe
1 Al
(2)
(b) f(x)...0 or f(x)< % B1
2
0, f(x)< 3 B1
)
Notes:
(a)
M1: Correct order of operations so requires an attempt to find f (1) and then apply g to their f (1)

Al:

(b)
B1:

B1:

2
Allow for an attempt to substitute x = 1 into 4—( 2x )
3x+1

Correct value. Allow equivalents e.g. 3.75, 3%

Correct answer only scores both marks.
Allow the use of y or f but not x in place of f (x) for both marks.

One correct bound e.g. either f(x) ...0 or f(x)< % which may be seen embedded in another
inequality.
Allow exact equivalents for % including O.é

Correct range. Allow equivalent notatione.g. 0,, f < % ye[o, EJ, [O, %} % >y ...0

Allow written as separate inequalities e.g. f(x) ... 0, f(x)< g f(x)...0 and f(x)<

wilN

but note.g. f(x) ...0 or f(x)<§
Allow y or f for f(x).

Allow exact equivalents for % including 0.6
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© y= =3xy+y=2x=3xy-2x=-y=x(3y-2)=-y
3x+1
or M1
X = 2y = 3xy+x=2y =3xy -2y =—x=y(3x—2)=-x
3y+1
f(x) ===
~ (X) 2—-3x Al
(2)
(d) f(x)=Ff(x) or f*(x)=x or f(x)=x
o X _u_ X op X w_y or 2x =X
2-3x  3x+1 2-3x 3x+1 M1
= X(3x+1)=2x(2-3x) or x=x(2-3x) or 2x=x(3x+1)
= X=...
1
:0’—
X 3 Al
)
Total 8
(c)
M1: Attempts to change the subject.

Al:

(d)

M1:

Al:

If making x the subject, they must proceed as far as getting the two x terms on one side of the equation
and the term not in x on the other and factorise out the x.
If making y the subject, they must swap x and y first and then proceed as far as getting the two y terms
on one side of the equation and the term not in y on the other and factorise out the y.
X ) —X
5y 0eed. (f7(x) _)3x—2
Accept equivalent expressions and isw after a correct answer is seen.
Do not be concerned with the Ihs and just look for the correct expression in terms of x.
You can also ignore any reference to a domain as this is not required.

Correct expression (f*1 (x) =)

Sets up one of the required equations e.g.

theirf ™ (x)=f(x) or theirf™(x)=x or f(x)=x
and proceeds to obtain at least one value for x.
If using their f*(x) it must be a function of x.

Condone copying slips as long as the intention is clear.
1 . . . .
Correct values x =0, 3" Allow exact equivalents for % including 0.3

Do not isw e.g. if they clearly reject x = 0 then score A0
Ignore any attempts to find the y values.
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Question
Number Scheme Marks
2(a) R=25 B1
tana=%:>a=... M1
a=1.287 Al
3)
(b)(i) Min — S
" 90—3><"25"><(—1) M1
1
= g Al
(b)(iD) (2x+"1.287") = 7,... > X =... M1
X = % —0.927 Al
(4)
Total 7
Notes:
(a)
B1:  Correct value. May be seen embedded in e.g. (f(x)=)25cos(x+...).

M1:

Al:

(b)()
M1:

Al:

(b)(ii)
M1:

Al:

Condone e.g. R=,/7? +(—24)2 =25
Do not allow £25 unless the —25 is rejected.

24 7 .
Allow for: tana =+ —, tana=+—, cOSa=*———,SiIha =+ —
owor 7 24 their R their R

If no method is shown it may be implied by their value for o as awrt 1.3 rads or awrt 74°
Awrt 1.287 Isw once the mark is awarded. Must be in radians.

May be seen embedded in e.g. (f (x) =)...Cos(x+1.287).
Apply isw if correct R and «a are seen followed by e.g. (f (x) :) 25c0s(x—1.287).
Mark (b)(i) and (ii) together.

leading to a value for a.

Award for 90+3xTheirR’

May be implied by their value (which may be a decimal) and may be seen embedded in e.g. coordinates

7-1287 1 . ) .
5, '3 which would score (i) M1 Al and (ii) M1

1
For — only.
33 y

Note that both marks are available in (b)(i) even if their « is incorrect.

Note that (b)(ii) can be marked independently.

For an attempt to solve 2x+"1.287" = r to obtain a value for x. May be implied by awrt 0.927
Condone a sign slip but the order of operations must be essentially correct e.g.

" " " " 7 +"1.287"

2Xxx"1.287" =7 = 2x =7 +£"1.287"= XzT

Condone an attempt to solve e.g. 2x+"74°"=180° but not mixed units e.g. 2x+"1.287"=180
For awrt 0.927
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QNL:Jerztt;ZP Scheme Marks
2
3(8.) IOglO y=+t_—— IOglo X—2 M1
3.5
4
IOglo y= _? IOglO X-2 Al
(2)
Notes:

M1: Obtains an equation of the form log,, y = 13—25I0910 X—2 oee.g. log,y= —; log,, x+log,, 0.01

Note y=—;x—2 or y:J_r3—z5loglo X—2 or log,, y:—;x—z score MO

If this is attempted via simulténeous equations e.g. 0=-3.5m+c, —2=c itis scored for reaching a
gradient of i% which may be implied by awrt 0.57 and then log,, y = J_rg—islog10 X—2 as above.
Condone log or Ig for log,, but not In or any other incorrect base.

Al: Correct equation log,, y = —;Iog10 X—2 orequivalent.
e.g. 7log,, y+4log,, x+14=0, log,,y= —; log,, x+10g,,0.01

2 . L
Condone log,, y = “3E log,, x—2 and isw once a correct equation is seen.

Condone log or Ig for log,, but not In
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(b)

log,, y = _gl()glo X-2=
[7 éIogm X*ZJ [IOgm x 72] —i|0910 X
y=10" "7 or y=10 or y=107 " x107
ore.g.
y g M1
log,, y =log,, x "—2=1log,, L4 =-2
X_7
ore.g.
4 4

Ioglo y= _Ioglo X = 2= |Ogm yX7 =2

[Iogm X ‘71—2] —ilogm M _4
y =10 or y=107 " x10?=y=x7x10"

Ore.g. dMm1

|0910% 4 4
10 * =107 =Y =107 or 10°*’ =102 = yx’ =10
Xi?
_4
y= 1 X 7 oe Al
100
Total 5

Do not allow marks for part (a) to be scored in part (b)

Main method: Starting from an equation of the form log,, y =mlog,, X+¢ where m and c are non-zero.

M1:

dM1:

Al:

Correctly applies 10™ =10™ to their log,, y = mlog,, x +c including the use of 10"’ =y
e.g. log,, y =mlog,, x+c=>y=10""%"* or log,, y = mlog,, X+ ¢ =y =10™%* x10°
or combines their log,, y and mlog,, x correctly to obtain log,, yx" =+c or equivalent e.g.

log,, y = mlog,, x+c¢ = log,, y =log,, X" + ¢ = log,, y —log,, x" =c = log,, lm =+cC
X

May be implied by their work. Note that e.g.

10 X

4
log,, y =—;Iogm X-2=y=10 7% _10? scores MO

Depends on the previous method mark.
Complete and correct work to obtain an equation in x and y only or for obtaining values for p and g
which must not involve logs.

You can condone sign slips with their constant term but the log work must be correct.
4 4 4

Correct equation in the form required yzﬁx_7 oreg. y=0.01x 7 ore.g. y=10?x 7 ore.g.

~

X : 2
y=——from correct work. Allow equivalent exact values for g e.g. q = 8 butnote.g. g=——

100 14 3.5

Note that the correct answer does not imply the method marks and you need to check carefully.
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Alternatives for part (b):
Way 2:
M1:  Starts with y = px? and obtains log,, y = log,, p+log,, x* oee.g. log,, y =log,, p+qlog,, x
dM1: Depends on the previous method mark.
Correct attempt at p and q by comparing their equation of the form log,, y =mlog,, x+c¢ from part (a)

or e.g. identifies the gradient and y-intercept from the sketch to obtain values for p and g not involving
logs e.g. log,, p=c= p=10° and log,, x* =qlog,, x=qg=m
4

Al:  Correct equation in the form required y:ﬁx7 ore.g.y=0.01x

_4
ore.g. y=107%x 7 from

NIES

: 8 2
correct work. Allow equivalent exact values for g e.g. g = 7 butnote.g. = Y

Note that correct values for p and g with no incorrect work seen scores M1dM1
Note that a correct equation with no incorrect work seen scores M1dM1A1
Way 3:
M1: 7log,, y+4log,x=-14=log,, y'x*=-14= y'x* =10

Multiplies up to obtain integer coefficients, combines the log terms correctly then applies 10" =10™

14
dM1: y'x*=10""=y= 47/104
X

Complete and correct attempt to obtain y in terms of x.
4

~| s

4
7

Al: Correct equation in the form requiredy = ﬁ x 7 ore.g. y= 0.01x 7 ore.g. y=107x or e.g.
_4
X from correct work. Allow equivalent exact values for g e __8 butnote.g. q= _ 2
y= 100 : q ge€g. q= 1 9. 35
Way 4:
M1:  (log, X, log, y)=(0,-2)=x=1 y=107 = p=10~
Uses (0, —2) correctly to establish the value of p.
dM1: (logy, x, log, y)=(-350)=y=1 x=10* =1=10?x10"*=-2-35q=0=(q=...
Uses (—3.5, 0) correctly with their value of p to obtain a value for g.
_4 _4 _4
Al: Correct equation in the form required y:ﬁx 7oreg. y=001x 7 oreg.y=10°x 7 ore.g.
4
y= —7 from correct work. Allow equivalent exact values for g e __8 butnote.g. = _ 2
100 ' | 489-9=704 9 3.5

Fully correct answer in (b) with no working scores full marks in (b).
Partially correct answer in (b) with no working scores no marks.
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Question Scheme ok
Number
4(a) 49x 7x 49X+ T7x(x—3)
2 + =
X*+x-12 x+4 (x+4)(x—3)
or e.g. MI1AL
49X (x+4) TX(X*+x-12)  49x(x+4)+7x(x* +x-12)
+ -
(X2+X—12)(X+4) (x+4)(x2+x—12) (x+4)(x2+x—12)

49x+7x(x=3)  49x+7x*—21x  7x° +28X

(x+4)(x-3) - (x+4)(x=3)  (x+4)(x-3)

o] 7y AL

e (x-3) (-9

(©)

: . 7 7
Do not allow a mis-read of the numerators of the fractions e.qg. X as or — 49x as — 49
X+4  x+4 X +x-12 X" +x-12

M1: Factorises the denominator of the first term to obtain (x+4)(xi3) and attempts to combine the two
49x 7X  .XA+..X(xE3)

5 + = oe
X*+x-12 x+4 (x+4)(x*3)
Alternatively multiplies numerator and denominator of both fractions by suitable expressions and
attempts to combine the two fractions e.g.

49X (x+4) 7x(x2+x—12) ...x(x+4)+...x(x2+x—12)

(x*+x-12)(x+4) ! (x+4)(x* +x-12) (x+4)(x* +x-12)
Al: Foracorrect unsimplified fraction.
Condone missing brackets if they are recovered.
Al1*: Achieves the printed answer with sufficient working shown.
The factorisation required for the cancelling needs to be seen within their fraction so that e.g.
49x 7x  A9x+7x(x—3)  7x*+28x _  7x

x2+x—127L X+4 (x+4)(x—3) B (x+4)(x—3) a (x—3)

fractions using a common denominator to obtain

scores M1A1AQ0*

7X
Do not allow just ﬂ without the printed answer written down.

(47 (x-3)

For reference if they take the more complicated method, the correct working to reach the printed could be as
follows:

49x(x+4)+7x(x* +x-12)  7x(x*+8x+16) 7x(x+4)(x+4) 7x

*

(x+4)(x2 +x—12) (x+4)(x+4)(x=3)  (x+4)(x+4)(x=3) (x-3)
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(b) 7x (x—3)x7—Txx1
f(x)= =f'(x)=
7X 21
f(x)= =f'(x)=-
2)
(b) ALT 7X 21 , 21
f(x)= =7+ f'(x)=-
Total 5
(b)
M1: Attempts to differentiate using the quotient rule or product rule.
—3)—
For the quotient rule it requires achieving f'(x) = W a,3>0
X_

u-pg(u+3
If they use a substitution then similar conditions apply e.g. u=x-3=1f'(u)= Lz() a, >0
u

For the product rule it requires achieving f'(x) = A(x—S)_l - Bx(x—3)_2 AB>0

If they use a substitution then similar conditions apply e.g. u=x-3=f'(u)=Au"-B(u+3)u? AB>0

Al: Correct simplified expression. Allow simplified equivalents e.g. —21(x—3)72

21 _
Allow ————— ore.g. —21(x’ —6x+9) "
X°—6x+9
Isw once a correct simplified answer is seen.
Alternative:
M1: EXxpresses as a+ P and differentiates to obtain ———— ore.g. a + s whereu=x-3
(x-3) (x-3) X—3 u

and differentiates to obtain —
u

Al: Correct simplified expression. Allow simplified equivalents e.g. —21(x—3)_2

Allow _ZL
X —6X+9

Isw once a correct simplified answer is seen.

ore.g. —21(x’ —6x+9)_l
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Question Scheme Marks
Number
5(1) cosz:1—23in23x:>sin23x:%—%cos6x
1 1 M1
J.sin23xdx=f(———c056xjdx
2 2
1 1 .
==X——sin6
2x 12sm x(+c) Al
)
) (x? 4)3d l( 2 4)2( ) M1A1
X( X"+ X==(X"+ +C
5
)
Total 4
Notes:
(i)
M1: Uses cos6x =+1+2sin*3x in an attempt to obtain an integrable form.
An alternative would be to change Jsinzsx dx to j(l—cosz 3x)dx and then use cos6x = +2cos” 3x +1
in an attempt to obtain an integrable form.
May be implied by an answer of ax+ £sin6x(+c)
Al: Correct integration. Condone the omission of “+c”
Condone spurious notation e.g. Jsin23x dx == % X —ésin 6x dx
(i)
3 5
M1:  Obtains | x(x*+4)2dx=k(x*+4)2(+c)
2, A\ 2 (2 el
May be implied by e.g. | X(x“+4)2dx==x(x"+4)2x—(+C
y be implied by e.g. | X(x* +4)7 dx==x(x* +4)7x_ (+c)
Note this may also be implied by an attempt at substitution e.g.
3 3 dx 31 1 3
u=x+4= | x(x*+4)2dx= | x(X’+4)? =du= | xu2 —du=Zu?+c
du 2X 5
3
Score M1 for a complete method leading to ku? (+c)
Al:  Correct integration. Condone the omission of “+ c”

x(x2 +4)2
5X

3 5

Condone spurious notation e.g. jx(xz + 4)5 dx = %(x2 + 4)5 dx

Allow equivalent correct expressions but do not allow without the x’s cancelled.
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Question
Number Scheme Marks
6(a)
0=751=0=>75=21+ A= A=.. M1
A=54 Al
(2)
(b)
0 =21+54e" = 25=21+54e M1
-5k sk 2 2
54> =4=e =—=-5k=In—=k=... M1
27 27
1. 2
k=—=In—=0.521
5 " 27 Al
@)
Notes:
(a)
M1: Substitutes # = 75 and t = 0 into the given equation, uses €° =1 and proceeds to find a value for A.

Al:
(b)

M1:
M1:

Al:

Look for 75=21+ Ax1= A=...

For A=54
Sight of 54 with no incorrect working scores both marks.

Uses 6 = 25 and t = 5 with their Ain 8 =21+ Ae™ soe.g. 25=21+54e™" is all that is required.
Proceeds from an equation of the form e** =« where o >0 to +5k =Ina =k =...to obtain a value
for k. Condone slips but the log work must be correct. Must be using In and not e.g. log,, which for
reference gives k = 0.226

May be implied by the correct exact value for k following through their A.
For awrt 0.521 from correct and sufficient work.

Allow the exact value e.g. —% In 2—27 and apply isw if subsequently rounded incorrectly.

0.521t

May be seen embedded e.g. € =21+54e”

Minimum for full marks in (b) is: 25=21+54e™> =k = —%Ini

54
25=21+54e " = e = 54 — k =0.521 scores M1dMOAO

25 =21+54e% = k =0.521 scores M1dMOAO

Note that some candidates are using # = 50 and t = 5 leading to k = 0.124 and this scores a maximum
of MOMZ1AQ in (b)
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(©)

déo

0=21+ 54970.521t — a _ _28.1me—0.521t M1

L:—O.SZlT =In °
1. 28.1...

-28.1..7%%%T = _9— 05207
28

dm1

J j+—0.521
1.

=T =In[
28

=2.19 Al

(©)

(c)
M1:

dM1:

Al:

kt

Differentiates to obtain Z—f =ae " where a+£A

Depends on the previous mark.

Sets their %—f =—9or sets —(theiri—fj =9 and proceeds to obtain a value for t (or T).

You do not need to be concerned about the processing as long as they reach a value.
For this mark they must have obtained ?j_f =ae™ with ¢ <0andk>0

Do not condone work where candidates ignore/cross out signs to make their equation solvable.

For awrt 2.19

Just look for this value so ignore any units, correct or incorrect, and apply isw once awrt 2.19 is seen.
Must follow M1dM1 previously.

Note candidates who used ¢ =50 and t = 5 leading to k = 0.124 in (b) who proceed correctly in (c)
will obtain T = —2.38 and can score a maximum of M1dMZ1AO in (c)

Note correct answer with no working scores no marks in (c).
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uestion
gumber Scheme Marks
(@) y= e ¥sin3x = % =36 cos3x —2xe *'sin 3x M1A1l
3e™ cos3x—2xe *'sin3x =0=> 3c0s3x —2xsin3x =0
i 3 dM1
= 3c0sS3X = 2XSin3Xx = tan 3x = Ix
X
1 3
X=—arctan| — | * *
3 (2x] Al
(4)
(b)(i) 1 3
=0.4 = x, =—arctan
& 23 2x0.4 M1
(x2 :)0.4367 Al
(i) (x4 =)0.4307 Al
@)
Notes:
(a)
M1: Differentiates using the product rule to obtain ae™ cos3x+ﬂxe’xzsin 33X, a,f#0
Al: Correct derivative in any form
dM1: Depends on the first method mark.
Sets their g_y = 0 (which may be implied), cancels e and rearranges to +tan3x=...
X
Al*: Correct proof with no errors seen.
Allow e.g. tan™ or e.g. artan for arctan and allow e.g. x = %arctan 21
X
Ignore any reference or attempts to solve e =0
(b)
M1: Attempts to substitute x = 0.4 into the formula.
Allow if seen embedded in the formula or may be implied by x, =awrt 0.44
Al:  Awrt0.4367
Al: 0.4307 cao not awrt 0.4307

Both values correct as defined with no working scores M1A1A1
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(c) 1 ( 3 )
.g. f(x)=x—-=arctan| —
e.g. f(x)=x 3arc an| —
f (0.4305) = 0.4305— L arctan (—j(: 6.38x10°°)
3 2x0.4305

J(: ~1.141...x10°)

f(0.4295) = 0.4295 —larctan . —
3 2x0.4295

M1

or e.g.

f(x)=3e™ cos3x—2xe ™ sin 3x
 (0.4305) = 3¢ c0s3(0.4305) - 2(0.4305)e"*“**'sin 3 (0.4305) (= ~4.968...x10*)

f (0.4295) =367 **9" c0s3(0.4295) - 2(0.4295)e ****'sin 3 (0.4295) (=8.885...x10°° )
Al

Sign change therefore x is 0.430 to 3dp
)

Total 9

(c)
M1: Chooses a suitable function and attempts its value at both 0.4305 and 0.4295
For the attempt we need to see embedded values as in scheme or one value correct to 1sf for their suitable

function.
The function they are using must be seen or implied by embedded values.

Allowable functions are:
1 3 . )
e  X——arctan p™ or multiples of this

3e™ cos3x—2xe *'sin3x or multiples of this following through on their jy
X

e 3cos3x—2xsin3x or multiples of this following through on their j_y
X

Unlikely, but it is also acceptable to pick a tighter interval e.g. 0.4305 and 0.4301

Al: Requires correct differentiation (if j_y is used)
X

both values correct (rounded or truncated to 1sf)
a valid reason that includes a reference to the sign change e.g. <0, >0

a minimal conclusion which could be v, QED, root

Note we condone the omission of a reference to continuity.

Attempts to use repeated iteration score no marks.
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Question
Number

Scheme Marks

8(a)

tan 2x + tan x
1—tan 2xtan x

ore.g. M1
_sin3x _ sin(2x+X) _ sin2xcos X +cos2xsin X _ tan 2x+tan x

Cos3X  COS(2X+X) C€OS2XCOsX—sin2xsinx  1—tan2xtan X

tan3x = tan (2x+x) =

2tan x

—————+tanx
tan 2x +tan x _ 1_tan2 X

= dM1
I-tan2xtanx 4_ 2tan2x tan x
1-tan” X

21X nx
1—tan? x _ 2tanx+tan x—tan® X

2tan X ~ 1-tan®x-2tan’x
— =2 tan x *

1-tan® x Al

3tanx—tan’x
1-3tan®x

)

M1:

dM1:

Al*:

Condone use of a different variable e.g. @ for x.
Condone the use of mixed variables for the M marks as long as the intention is clear.
Condone clear use of “tan” written differently e.g. “tg”
Writes tan 3x as tan (2x + x) which may be implied and applies the addition formula for tan (A + B) to
obtain an expression in terms of tanx and tan2x only.
Condone one sign slip only.

May also reach this point by writing tan3x as sin 3x
€0s 3X

sin (A + B) and cos(A + B) to obtain an expression in terms of tanx and tan2x only.
Condone one sign slip only.

tan x

Replaces tan 2x with 2—2
1-tan” x

Reaches the right hand side with sufficient working shown.
For this mark condone minor notational errors (e.g. a missing x) but not consistent poor notation
throughout such as mixed variables or writing tan® x as tan x°

and then uses the addition formulae for

to express tan 3x in terms of tan x only.

Attempts to use higher multiples of x e.g. tan3x = tan(4x—x) should be sent to review.
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Way 2 sin3x _ sin(2x+X) _ sin2xcos X +os 2xsin X
tan3x = = =

cos3X COS(2X+X)  CcOS2XCOS X —sin 2xsin x

) ) ] M1
2sin X cos> x+(cos2 X —sin? x)sm X

(cos2 X —sin? x)cosx—ZSin2 X COS X

_ 2sinxcos® x+cos’ xsin x—sin®x _ 3sin xcos’ x—sin® x
cos® x—sin® xcos x —2sin? xcosx  €os® x —3sin’ X cos X

dMm1

*

_ 3tanx—tan®x
~ 1-3tan’x
Condone use of a different variable e.g. & for x.
Condone the use of mixed variables for the M marks as long as the intention is clear.

M1: Writes tan3x as sin 3x
COS3X

one sign slip and then applies sin2x = 2sinxcosx and cos2x =+cos’ x+sin® x or equivalent e.g.

C0s 2x = +142sin” x or cos2x = +2cos” x =1 to obtain an expression in terms of sin x and cosx only.
dM1: Expands and collects terms to obtain 2 terms in the numerator and 2 terms in the denominator. There
must have been no errors in their identities for sin2x or cos2x
Al*: Reaches the right hand side with sufficient working shown.

For this mark condone minor notational errors (e.g. a missing x) but not consistent poor notation
throughout such as mixed variables.

Al*

and then uses the addition formulae for sin (A + B) and cos(A + B) condoning
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b _ 3
(b) M:25ec2349—8:>tan36?:25ec23<9—8
1-3tan“ 6@ Mt

— tan30 = 2(1+tan23¢9)—8

= 2tan®30—tan36-6=0 ore.g. = 2tan’30—tan30 =6 Al

(2tan39+3)(tan39—2):0:>tan3«9=—§, 2

3 dM1
tan3¢9=—5:>39:...:>¢9:... or tan3¢=2—=>30=..=0~=...
0=0.37,0.72,1.42 AlAl
(5)
Total 8

Allow if a different variable used (such as x).
For mixed variables allow the M’s but only allow the first A
(and final A’s) if recovered or interpreted correctly as the same variable.

M1: Writes the Ihs as k tan3@ and applies sec’ 39 = +1+tan”36 on the rhs.

Al: Reaches the correct 3TQ in tan 3@ with terms collected but not necessarily all on one side.

dM1: Solves their 3TQ in tan 36 by any method (usual rules) including a calculator (you may need to check)
to obtain at least one value for tan 36 and uses correct processing to obtain at least one value for 6 e.g.
finds inverse tan and divides by 3.

Al: Awrt at least one of these answers. Must be in radians and must come from the correct 3TQ.

Al: Awrt these answers and no extras in range. Must be in radians.

sin 36 .
cos 3¢

Note that there may be more convoluted methods which include writing the Ihs as k

J— 3 1
3nG-1an"0 _ 5 ectzp-8= N30 _pcectzp-g-—2 g
1-3tan“ @ cos 360 cos“ 30
:sin39c0530=2—8cos239:>%sinaez2—8(Mj
= sin66+8cos68 =4
. _ 4
— J655in (60 +1.4464) = —4 = sin (60 +1.4464) = ———— — O = ..
( ) ( ) NS

0=0.37,0.72,1.42

In such cases, the first M mark will only be scored when they reach an equation they can solve directly
e.g. in the above example when they reach +/65sin (60+1.4464) =4

If you are in doubt whether an approach deserves any credit use Review.
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Question Scheme Marks
Number
9(a
@) x:O:Esin(3y+zj:0:3y+£=n, 27,... > Y =... M1
3 4 4
y="ory=1% Al
4 12
T 1
=—and y=—
y 4 y 12 Al
3)

Condone any confusion about which point is which and just look for the correct values.
Look for answers given in the body of the question or on Figure 2
M1: Correct strategy to find y at A or B.

Requires an attempt to solve either 3y+% =7 or 3y+% =27

7
May be implied by at least one correct value and may be seen embedded e.g. (O, —j (0 —ﬂj

4 12
1
Condone e.g. [ i Oj (12 0)
T T T 2r

Allow equivalent work e.g. 3y+>=0=y=—-—— =4 4
| gy4y12y123123

May be implied by decimal answers e.g. awrt 0.79 or awrt 1.8

7
Al:  One correct value. Allow simplified or unsimplified and may be seen embedded e.g. (0, %J (0, éj

2r 7 1

Condone unsimplified for this mark e.g. y = 1(7:——} for Z ore. g y=—-— for —
3 4 4 3 12 12

7
Al: Both correct and simplified and may be seen embedded e.g. (O, Zj (0 ﬁ)

.
Condone e.g. ( X Oj (12 0} and condone unsimplified as long as they are single fractions e.g. 2%

Alternative:
zsin 3y+z =0:gsin3y0055+20053ysin£:O:tan3y=—1:>3y=3—,—
3 4 3 4 3 4 4

. 7
Score M1 for an attempt to solve either 3y = 37” or 3y = Tﬂ and then A1A1 as above.
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b
(®) x=zsin(3y+£j:>%=Ex3cos(3y+zj :2cos(3y+zj Bl
3 4 dy 3 4 4
2
g_y: : :(g_yj B : B 1 M1
X 2cos(3y+j X 40052(3y+Z) 4(1—sin2(3y+2)]
B 1
T a2
4(1_ 3xj ] dM1
2
-1 Al
4-9x
(4)
B1l:  Correct dx or dy in any form.
dy  dx

M1:

dM1:

Al:

Do not condone missing brackets e.g. 2cos 3y+% unless recovered or implied by subsequent work.

For any 2 of the following applied to their j_x:
y

¢ finds reciprocal (may have already happened if they find j—i)
e squares
e applies cos’ (3y+%j=1_5in2(3y+%j

Note that this mark (and the next one) may be implied by equivalent work e.g.

, _ 2
x:ésin(3y+%j:sin(3y+%)=3—2X:cos(3y+%j: 4-9x

2

2
dx _ 2cos£3y+£J: 4-9x° :(d—yJ -1 -
dy 4 dx 4-9x
2
Uses all 3 of the above correctly to obtain (g_yj in terms of x.
X

Correct answer.

You can condone e.g. missing trailing brackets within their working e.g. L
A(1—sin® (3y+z

Special case: allow this mark if the only error in their solution is to obtain % = —§x3cos(3y+%j
y
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b) Way 2 . :
(b) Way x:gsm(3y+zj:>3y+£:sm1§ a1
3 4 4
3y+£:sin’1%:>3d—y:#xE
4 2 dx . gx? 2 M1
4
2
s8] o
1 9% 2
4 4
1
~ 4-9x? Al
Way 2:
B1:  Correct equation in any form connecting y and sin‘l%x.
. . . dy k . . 3X
M1: Differentiates to obtain — = —————= or equivalent. Condone missing brackets around =5

dM1: Squares and makes (gx

Al: Correct answer.

2
j the subject.
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©) Identifies that one of the gradients is /4" or that one of the gradients is 1
N
or B1ft

Identifies that one of the gradients is 2 or that one of the gradients is %

7 1
AtA: y—Zr_vony and  AtB:y—"Zr_rZry
Y 4 y 12 2 M1
T 1 T
"2UXAT S =X s X =
4 2 12 dM1
27
X=—
5 Al
(4)
Total 11
Note that in this part the question says to use the answer to part (b) i.e. their 1 _
P —0ax

If they use their 1 _ then the ft is available as shown.
P —0ax

If candidates “start again” or e.g. use their S—X or j_y in terms of y with their y values from part (a) then
y X
the value(s) must be correct.
B1ft: Using the answer to part (b):

Award this mark for one gradient identified as \/B or % where p is their value from part (b).
p

or not using the answer to part (b):
One gradient identified as 2 or %

M1: Correct straight line method for the equation of the normal at A and the tangent at B.
They must have
e 2 values fory from part (a) (ignore how these were labelled)
e both gradients positive

For the normal at A this requires a gradient of \/B or 2 with x = 0 and their smaller value of y from part (a)
If they use y = mx + ¢ they must proceed as farasc= ...

For the tangent at B this requires a gradient of % or % with x = 0 and their larger value of y from part (a)
P

If they use y = mx + ¢ they must proceed as farasc= ...

dM1: Correct method for both lines as defined above and solves simultaneously (may be via a calculator) to
find the x coordinate of D.
Depends on the previous mark.

Al: Cso. Correct value x = 2?7[

Ignore any attempts to find the y coordinate.
If they use part (b) then full marks can be awarded following an incorrect value for q provided all the

other work is correct.
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Beware: It is possible to obtain the correct answer in (c) from incorrect values in (a) e.g.

1
1 R — ~ A
- — - —_—
S A= o g oo
- 11— =I
hhen x> ﬁ— o
e —

AGromali  y- 3 = 2(x-0) 2 Y=2z + 3F

Clugat -4 = $ln0) s ety

{f
21*——% {-E.'I"tat

L1

15 =

@l Wi

This scores BIM1dM1A0

Diagram for reference:

T
=2X+—
y 4

W)
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Question
Number Scheme Marks
10(2)(0) (y=)10+k B1
i
(i X = % or y=k B1
X = % and y=Kk B1
(©)
Remember to look for answers written within the question and on Figure 3.
If there is any contradiction, answers in the body of the script take precedence.
(a)(i)
B1l:  Correct expression. The “y =" is not required and condone x=10+k or A=10+k

Allow e.g. (0,10+k) and condone (10+k, 0)
Do not allow (y =)[-10+k

(@)

B1:

B1:

One correct coordinate. May be seenasx = ... ory =... or in coordinate form e.g. (% j or ( k)

Condone missing brackets e.g. % .oor .,k

Do not condone e.g. P = k unless k is clearly identified as the y coordinate.
Do not condone coordinates the wrong way round unless they are correctly assigned first and then
apply isw.

Both correct. May be seenasx=...andy=... or as e.g. (% k] and no other points.

Condone missing brackets e.g. % k

Do not condone coordinates the wrong way round unless they are correctly assigned first and then
apply isw
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b
(b) kx—10+k =2k = x=... or —kx+10+k =2k = x=... M1
kx—10+k =2k = x=...and —kx+10+k =2k = x=... dm1
10—k 10+k
X, —— or X... oe Al
K K
(©)
(b) Alternative by squaring.
|kx—10|+k:2k:|kx—10|:k:>k2x2—20kx+100:k2 M1
= k*x* —20kx+100-k* =0
20K + ,[400k” — 4k* (100 k?)
k®x* —20kx+100—-k* =0=> x = -
2k dm1
_10+k
K
10—k 10+k
X, —— or X... oe Al
K K
(b)
M1: Attempts to solve one of these equations to find one of the limits in terms of k.

dM1:

Al:

Condone use of any inequality for either equation e.g. kx—10+Kk... 2k where ... is any inequality or “="

May be implied by one correct limit.
Attempts to solve both of these equations to find both limits.
Condone use of any inequality for either equation e.g. kx—10+Kk... 2k where ... is any inequality or “=".

May be implied by both correct limits.
Correct range. Allow equivalent notation e.g. the inequalities written separately or e.g.

10—k 10+k 10—k | [10+k 10—k 10+k
X, —, X... or | —oo, , , | Condone x,, —— and X ... —— but not

K K k K K K
10—k 10+k
N X

X, —
k k
Do not allow e.g. 10;k,, X, 10k_k unlesse.g. x,, % X K Is seen first then apply isw.
Allow equivalent correct expressions for the limits
10 k-10 k-10, 10-k 10 10+k
eg. —1- , for and — +1for etc.
k k —k k k

Alternative by squaring:

M1:

dM1:
Al:

Isolates the |kx—10|, squares both sides, obtaining at least 3 terms on the lhs and collects terms to obtain

a3TQ=0
Attempts to solve their 3TQ using a correct method to find both limits.
Correct range as above.
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©) k>3 Bl
Maximum value of k occurs when y = 3x + 1 passes through vertex e.g. when
"k"=3><"%"+l:>k=... M1
See below for alternative approaches.
2 — — = —_ = =
k—k—-30 O:>(k_+5)(k _6) 0=k=6 Al
So maximum K is 6
3<k<6 Al
(4)
Total 10
B1:  For the correct minimum value for k.

M1:

Al:

Al:

Condone k ...3 or “minimum value is 3”.

This may be seen embedded in an inequality but it must be identified as the minimum value.
Correct strategy for the maximum value of k.

E.g. sets f(x) =3x+1, substitutes their x :% andy =k or their y from (a)(ii) and attempts to solve

for k.

An equivalent approach would be to substitute their x :% andy =k or their y from (a)(ii) into

y =3x+1 and attempt to solve for k

For this mark the value obtained may not be the maximum value for their range.
See below for alternative methods for finding the maximum value of k.

For the correct maximum value for k

Condone k ,, 6

This may be seen embedded in an inequality but it must be the maximum value.
Correct range in terms of k. Allow equivalent notatione.g. k>3 and k<6 or (3, 6) but not

k>3o0or k<6ork>3, k<6
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Alternative methods for finding the maximum value of k

kx—10+k = 3x+1, —kx+10+k =3x+1
11-k 9+k 11-k 9+k
X = , X= f— =
k-3 3+k k-3 3+k
—2k?-2k-60=0=k =-5, 6

or

kx-=10+k =3x+1, —kx+10+k =3x+1
3x+11 9-3x

3x+11 9-3x
=k= k= = =
X+1 x-1 X+1 x—1
:>3x2+x—10:0:>x=§, -2
5 3(gj+11 9—3(2) 5
X=—=k= 5—:6 or 5—:6 or 3(—)+1:6
3 211 2 3
3 3
or

kx —10+k = 3x+1:>x=ﬂ

k-3
10_11-k 12\ 30-0=k=-56
K k-3

or

kx+104+ K = 3xs 1k = 273X

x—1
9_3(1k°j
k=——=—2=k’-k-30=0=>k=-5,6
)
k

These are some examples — there will be other correct methods.
If you are unsure if a particular approach deserves credit, use review.

In general allow M1 for a complete overall method condoning slips.
Al can then be scored when k = 6 is seen as the maximum value.



