Mark Scheme

Q1.
Mhmber cheme erks
2 i
# T B
(x+4) (x-2(x+4)
xelkR x4 x=2
(a) An aftempt to combine to one M1
£(x) = x—-Dx+H-2x-2)+x—8 fraction
' (x—2)(x+4) Correct result of combining all | , ,
three fractions
X +2x-8-2x+4+x-8
(x-2)x+4)
D Lx=12 Simplifies to give the correct
e T numerator. Ignore omussion of | Al
[("‘ +)(x— 2)] denomunator
_ O+ Dx-3) An attempt to factorise the | .
[(x+9)(x-2)] numerator.
(x-3)
o (x-2) Correct result | A1 cso AG

Q2.

(5)




Q3.

= (2xt1)(x23)(x+3) N (2x+1)(x+3)

Question Scheme Marks
Number
(a) x2—9=(x+3)(x—3) Bl
4x —5 2X
2x+1)(x—3) (x+3)(x—3)
_ (4x-5)(x+3) 2x(2x+1) M
T (2x4+1)(x-3)(x+3)  (2x+1)(x+3)(x—3)
B hx =15
T (2x+D(x-3)(x+3) i
561—3) 5
Al*

(5)




Question

- Scheme Marks
2x+2 x+1 _ 2x+2  x+l
(2) x'—2x-3 x—3_(_r—3)(x+l} x—3
_2x+2—[x+l)(_r+l)
=T (xo3)(x4]) Lot
_|[:r+1j(l—:r}
= (x=3)(x+1) .
s o s i R (4)
x—3 x-3 3-x
d(1-x)_(x=3)(-1)-(1-0)1
(b) d.x{x—l]_ (x—3) M1 A1
-x+3-1+x 2
= — = *
G (A = |2 )
[7]
Alternative to (a)
2x+2 2(x+1) 2 M Af
_tz—Z_r—3_(_r—3}|[x+lj_1—3
2 _x+1_2—(x+l) M
x—3 x-3  x-3
1-x
= Al (4)
Alternatives to (b)
1-x 2 a1
@ f[x)_x—3__l_r—3 -1-2(x-3)
£'(x)=(-1)(2)(x-3) M1 A1
2
= -k :
o3) cso | A1 (3)
) f(x)=(1-x)(x-3)"
£(x) =(-1)(x=3)" +(1-x)(-1)(x-3)" M1
, A Ao =—(I—3)—{l—_rj
x3 (x-3)  (:-3) Al
2
= %*
{1_3]'3 Al (3)

Q4.




Question
i Scheme Marks
4x-1 3
@) 36-1) ~ 26D
_ (4x—I}2x-1)-3 An attempt to form a single Mi
2x-1)(2x-1) fraction
By —Gr=2 Simplifies to give a correct
= m quadratic numerator over a | A1 aef
: correct quadratic denominator
Ax—1(4x +1) An attempt to factorise a 3 term | M1
N {2(x-1(2x-1} quadratic numerator
. 4x +1 Al
T 2x-1 (4)
b _
(b) £(x) = 4x-1 3 _ 1
2Ax—1) 2(x—D2x-1)
F) - (4x+1) )
(2x—1)
= (4x+1) —2(2x-1) An attempt to form a single M1
(2x-1) fraction
_ dr+1—-4x+2
(2x-1)
3
= 2x—1) Correct result | A1 * (
2)
3
f(x) = =3(2x— 1)
@] ) = 2 = 30x
£(x)= 3(-D2x -1)7(2)
+k(2x —1)* | M1
Al aef
=% 7 —
Fo) - 2--2 Either > or —= | Af
9 3 9 3
(3)
[9]

Q5.



Cluestion

Number Scheme Marks
@) 2 5 & 18 _2(x*+5)+4(x+2)-18 i
B2 x5 a9 (x+2)(x* +5)
2x(x+2)
S T AT I M1
(x+2)x"+53)
_ 2x _—
(x> +5) )
(4)
e b Pl )
(b) hi(x) = T)f'q)_” o MIALl
X+ 5
10-2x*
h'{x) —( - _1}1 cs0 Al
x +5)
(3)
(¢) Maximum oceurs when h'(x)=0=10-2x’=0=>x=.. M1
— x=4/5 Al
(¢) Maximum occurs when h'(x)=0=10-2x’=0=x=.. M1
= x=4/5 Al
5
When x =+/5 = h(x)= d:_ M1.Al
J
Range of h(x) 1s 0<h(x) < % Alft
(5)

(12 marks)




(a) Ml  Combines the three fractions to form a single fraction with a common denominator.
Allow errors on the numerator but at least one must have been adapted.
Condone ‘invisible” brackets for this mark.
Accept three separate fractions with the same denominator.
Amongst possible options allowed for this method are
245 +4x1+2—18 Eg 1 An example of “mvisible’ brackets
(x+2)(x"+5)

2(x* +5) F 4 _ 18 Eg 2An example of an error (on middle term), 1¥ term has been adapted
x+(FP+5) (x+2(7+5) (x£2)(x7+3)

2x" +3)°(x+2) +Hx +2)(x* + 5) - 18(x + 5)(x+2) Eg 3 An example of a correct fraction with a different denominator
=25y

Al Award for a correct un simplified fraction with the correct (lowest) common denominator.
2+ 5)+4(x+2)-18
(x+2)(x" +5)

Accept if there are three separate fractions with the correct (lowest) common denominator.
Eg _2:+9) o MxrD) 18
x4+ +35) (@+2)(x7+5) (x+2)(x7+5)

Note, Example 3 would score M1AO as 1t does not have the correct lowest common denominator
M1 There must be a single denominator. Terms must be collected on the numerator.
A factor of (x+2) must be taken out of the numerator and then cancelled with one in the
denominator. The cancelling may be assumed if the term ‘disappears’
2x

Al* Cso e e
(x"+5)

This 1s a given solution and this mark should be withheld if there are any errors

(b) M1  Applies the quotient rule to . a form of which appears in the formula book.

(x*+5)
If the rule is quoted it must be correct. There must have been some attempt to differentiate both

terms. If the rule is not quoted (nor implied by their working. meaning terms are written out

u=....w'=.....v=....v'=... followed by their u) then only accept answers of the form
Vv
2 =5)
M where A B>0
(x"+5y
Al Correct unsimplified answer p'(x) = w
2 +5)
Al nix) = 105 2-"2‘ The correct simplified answer. Accept 25— ) —2(er ) A0 21xz
(x"+35) (x*+5)° 2 +5)°  (x*+10x* +25)

DO NOT ISW FOR PART (b). INCORRECT SIMPLIFICATION IS A0

(¢) M1  Sets their h’(x)=0 and proceeds with a correct method to find x. There must have been an attempt
to differentiate. Allow numerical errors but do not allow solutions from ‘unsolvable’ equations.
Al Finds the correct x value of the maximum point x=15.

Ignore the solution x=-1/5 but withhold this mark if other positive values found.
MI  Substitutes their answer into their h’(x)=0 in h(x) to determine the maximum value

? but not 0.447

: 5 :
Al Cso-the maximum value of h(x) = 4 . Accept equivalents such as

<
Alft Range ofh(x)is 0<h(x) < % . Follow through on their maximum value if the M’s have been

scored. Allow 0< y < é . 0< Range < g ; D.@ butnot 0<x < g 0.?
If a candidate attempts to work out 47" (x) in (b) and does all that is required for (b) in (c), then allow.
Do not allow /' (x) to be used for h*(x) in part (¢ ). For this question (b) and (c) can be scored together.
Alternative to (b) using the product rule

M1 Sets h(x) =2x(x>+5)™" and applies the product rule vu'+uv’ with terms being 2x and (x*+5)!
If the rule is quoted it must be correct. There must have been some attempt to
differentiate both terms. If the rule is not quoted (nor implied by their working, meaning
terms are written out u=....u'=.....v=.....v'=... followed by their vu’+uv’) then only

accept answers of the form
(x> +5) " x4+ 2xx+Bx(x> +5)7

Al Correct un simplified answer  (x? +5) "% 2+ 2xx —2x(x* +5)72

Al The question asks for h'(x) to be put in its simplest form. Hence in this method the terms need
to be combined to form a single correct expression.

For a correct simplified answer accept
10-2x"  2(5-x7)  -2(x"-5)

3

C+5 (2457 (P45

h'(x)= (10-2xH)(x* +5)7



Q6.

Question Scheme Marks
Humber
@ (x)21 B ()
(b) fg(x)= f(ex2)= 3e” +Ine” M1
=x13eF % Al (2)
(fg:xl—:- :r:+3e‘rl)
(c) fg(x)=3 B1 (1)
i (! +3e* )=2x 4 6xe”
(d) = )= M1 A1
Ix+6xe” =xle” +2x
& (ﬁx—x]}zﬂ M1
efatﬂ, 6x—x' =0 Al
x=06 ATLAT  (6)
[10]

Q7.




Question

e Scheme Marks
x=2sint, y=1-cos2t {= 2sin? f}= = Lt ]
: 2 2
de  dy
At least one of = 01';‘L correct | Bl
dx dy _, . dy _ .. de  dr
(a) E:zcosn E:zsmzr or E:élsmrcosr e o -
Both — and b 4 are correct.
dt dt
) in2t [ i ' _ ody . . odx
So, o _=Hi {: il 2smt Applies their Y divided by their ]
dv  2cost 2cost dr dr M-
zgi_nf 2z and substitutes 7 = 2 into their ..
T dy L 6 6 dx
Att=—, —=———=; =1 dv
g .Zcosl £] Correct value for & of 1 Al cao cso
L6 dx
[4]
(1) y=1-cos2t=1-(1-2sin"7) M1
=2sin’t
Fod . i 'x\l'\ x )
So, y= 2[5] ol G 2 2[1 - [EJ J Ly equivalent. | Ay ¢ jsw
Either k=2 or -2<x<2 B1
[31
(c) Range: 0<f(x)<2 or 0= y<2or 0=<f<2 See notes | B1 Bl
[2]
9
Notes for Question
(a)

Bl1:
t

dx dy

Bl: Both — and
dt dr

M1: Applies their % divided by their % and attempts to substitute 7 = % into their expression for E}

This mark may be implied by their final answer.
dy  sin2¢
dx 2cost 2
Al: Foran answer of 1 by correct solution only.

Ie.

At least one of % -:)13—1 correct. Note: that this mark can be implied from their working.

are correct. Note: that this mark can be implied from their working.

followed by an answer of % would be M1 (1mplied).

H

. . . . dy :
Note: Don’t just look at the answer! A number of candidates are finding — =1 from incorrect methods.

Note: Applying %dwided by their % 1s MO, even if they state E =— =

Special Case: Award SC: BOBOMI1A1 for % = —2cost, 3—1 =—2sin2¢ leading to :_% B

which after substitution of ¢ = %; yields 3—1 =1
X

dx
dy _dy dx
dr dr
—2sin 2t
f - —2cosf

Note: If is possible for vou to mark part(a), part (b) and part (¢) together. Ienore labelling!




Notes for Question Continued

(b) | M1: Uses the correct double angle formula cos2f =1— 2sin’¢ or cos2f =2cos’t—1 or
cos2f=cos t—sin’f inan attempt to get y in terms of sin’ 7 or get y in terms of cos” 7
or get y in terms of sin’t and cos’ 7. Writing down y = 2sin” ¢ is fine for M1.
Al: Achieves y = % or un-simplified equivalents in the form y = f(x). For example:
o2 Y f N2y PR
yzi or y=z[jii or ,1-'=2—2| 1 [ril ‘ or y=1- g2l
- \2) f Nt 4 4
and you can i1gnore subsequent working if a candidate states a correct version of the Cartesian equation.
IMPORTANT: Please check working as this result can be fluked from an incorrect method.
Award A0 if there1sa +¢ added to their answer.
B1: Either & =2 or a candidate writes down —2 < x = 2. Note: —2 = k = 2 unless k stated as 2 15 BO.
(c) Note: The values of 0 and/or 2 need to be evaluated in this part
B1: Achieves an inclusive upper or lower limit, using acceptable notation. Eg: f(x) = 0 or f(x) < 2
Bl: 0=f(x)<2 or 0<y=<2 or 0=f<2
Special Case: SC: B1B0 foretther 0 <f(x)<2or 0<f<2 or 0<y<2 or(0,2)
Special Case: SC: B1BOfor 0 < x< 2.
IMPORTANT: Note that: Therefore candidates can use either y or f in place of f(x)
Examples: 0<x<2 1s85C:B1B0 0< x<2 1sBOBO
x =0 1sB0OBO x = 2 1s BOBO
f(x) =0 1s BOBO f(x) < 2 1s BOBO
x>0 1s BOBO x <2 15 BOBO
0= f(x) = 2 1s BOBO D<f(x)<2 1sB1B0
0<f(x)<2 1sB1BO. f(x) = 0 1sB1BO
f(x) < 2 1sB1B0 f(x) = 0 and f(x) < 2 15 B1B1. Must state AND {or} m
2 <f(x)< 2 1s BOBO f(x) =20 or f(x) < 2 15 BIBO.
[E() <2 is B1BO |£(x)] = 2 is BOBO
1 < f(x)<215B1B0O 1 <f(x)<2 13BOBO
0= f(x)< 4 15B1B0 0<f(x)<415sBOB0
0 < Range < 2 15 B1B0O Range 1s in between 0 and 2 15 B1BO
0 < Range < 2 15 BOBO. Range = 0 1sB1BO
Range < 2 1s B1BO Range > 0 and Range = 2 1s B1BO0.
[0.2] is B1B1 (0, 2) is SC B1BO
Aliter | dx _, o Y oinr, So BI, BI.
(ay | dr dt
ey At f=£; E=2005f£i=w{§; E=2sinll'z—';?r‘]:w,,ﬁ
6 dr L6 ) dr .6 )
Hence % =1 So implied M1, Al.




Notes for Question Continued
Aliter 1 dv Correct differentiation of their Cartesian equation. | B1ft
(@ |y=—-x=—"—=x v
Way 3 2 dx Finds a = x, using the correct Cartesian equation only. | B1
e e Finds the value of “x” when = =
Atr=— di_=zsint—l dﬁf M1
* \6 and substitutes this into their al
dy
= Correct value for EOf 1] A1
Ah;z; y=1-cos2t =1~ (2cos’t —1) M1
“-a‘q- 2 ] 2 2 ok 1—" - 3 2 - 1'
) y=2—-2cos’t = cos = — = l-sm' [ =
f'x 2 2oy . .
1_[ Gl [OE e (Must be 1n the form y = f(x)).
\ 2 2
‘ 3 27y
}.-=2_21_[_1‘ Al
\ 2J )
Aliter . il G |
x=2smf = f=sm" | —
(b) . J
Way 3 Rearranges to make f the subject M1
E naee and substitutes the result into y.
So, y=1-rcos 2sm‘1t;ll r' e
\ e ,1-'=l—cosl25m'1[—l] Al oe
L 2/)
Aliter )
y=1—cos2t = cos2t=1—-y = f=—cos (1—V¥
®) |- : g L
Way 4 i ‘ Rearranges to make 7 the subject
’ S - =+ 4 — ik — Vv cl g : © . J
e l\ 2 2 L) ] and substitutes the result into y. e
- Ir. -\\ I,.' Ir' '\.'-\I
So, y=1-rcos zsin'l[ = ll y=1- cosl .Zsi.n'lt - l ] Al e
\ \2/, \ 2/
Ali - d_ : . - d. 4 1 ,
el e ey e Zoxsy==r+c|M
(b) | dv 2 i dx "2
Wav 5 | Eec wh i=0(nb:—L£ <t £ : 1,
; g wheneg (n PSS Full method of finding y = Ex‘ il
i
% e e e e e Ex usingavalueof r—2 < r< 2%
. dy : 1, . .
Note: d_ =2smt=x =y = pe g with no attempt to find ¢ 1s M1AO.
X 2

Q8.




S Scheme Marks
Number
: 2x 2T !
x=r—4sinr, y=1-2cost, iy o £ e A(k, 1) lies on the curve, k£ > 0
T
(a) {When y=1}1=1-2cost=r=—=,—
LI Sets y=1to find ¢ Mi
NEa T i and uses their f to find x. |~
k (or x)=——4smt—] o1 x=———45m[ -—
\2)} 2 2
{Whenf:——,k 0bsok=a_Z o 27 vork=4-Z | A1
J 2 2 2
[2]
dv  dy
) & At least one of s -::-rcT1 correct. | Bl
(b) — =1-—4cost, d%:lsmf = T =
Both — and i are correct. | B1
dt dr
d 2sint ) _dy . dx
So, A Applies their & divided by their —
dr 1-4cost dr dr M-
) \ and substitutes their ¢ into 'rhs_-irE ;
: T dx
T dy 251_11[ N l
AtI:—E- _:—r‘f‘,:_z dl'
27 dx 1—4cos| — E | Correct value for —of -2 | Al
[4]
2smt 1 . dy 1
(c) e P, Sets their = = —— | M1
1-4cost 2 dx 2
gives 4sinf —4cost = —1 See notes | Al
p : ; \
S0 4«551’11[ I—% ];z -1 or —4«.5(‘05 P‘—% 1;= -1 See notes | M1; Al
\ / g y
t sm‘ljf . ‘II +Z  or t=cos® (17 S tes | dM1
= — |+ = = -— See notes
42) 4 \42) 4
t = 0.6076875626... = 0.6077 (4 dp) anything that rounds to 0.6077 | Al
[6]
12
Question Notes
VERY INMPORTANT NOTE FOR PART (c)
(c) NOTE | Candidates who state r = 0.6077 with no intermediate working from 4sint — 4cost = —1
will get 2* MO0, 2 A0, 3 MO, 3 A0.
f A g 3\
They will not express 4sint — 4cost as either 4\.5 51'11[ t— %J or —4\5 cos[r +§J )
¢ e
OF. use any acceptable alternative method to achieve t = 0.6077
NOTE | Alternative methods for part (c) are given on the next page.




Question  Alternative Methods for Part (c)
(c) | Alternative Method 1:
_CaNL = _l Sets their L4 = a M1
1—4cost 2 dx 2
el 32 . , . . .
eg. _dasmt " L or (4sint) = (4cost—1) Squaring to give a correct equation.
\1—4cost / 4 ' This mark can be implied | Al
or (4sinf + 1)3 = {4(,05#.]1 g by a “squared” correct equation.
Note: You can also give 1¥ Al in this method
for 4sm7 — 4cost = —1 as in the main scheme.
Squares their equation. applies sin®f + cos” f =1 and achieves a
three term quadratic equation of the form *acos’t £ bcost £ c=0 | M1
or tasin’t+hsint+c=0 oreg tacos’t*bcost = +c where a=0,b=0 and c=0.
e Either 32cos’f—8cost—15=0
T . For a correct three term quadratic equation. | Al
* or 32sm 7+ 8smif—-15=0
841984 1+4/31 -
e Either cosf= = = t=cos (..} which is dependent
o ) on the 2" M1 mark.
i - | dM1
Uses correct algebraic
. -8+ 1984 -1+ 31 " processes to give f =
s ar smf = 7 = = t=sin" () ' :
t= 0.6076875626... = 0.6077 (4 dp) anything that rounds to 0.6077 | Al
[6]
(c) | Alternative Method 2:
2sint 1 . dy 1
el LN, Sets their = = —— | Ml
1-4cost 2 dx 2
E B B Squaring to give a correct equation.
eg. (4sint —dcost) = (-1) This mark can be implied by a correct equation. =
Note: You can also give 17 Al in this method
for 4sint — 4cost = —1 as in the main scheme.
So 16sin”f — 32sinfcost + 16cos’f = 1
Squares their equation, applies both
sin”t + cos’t =1 and sin2¢ = 2sintcost and
: : M1
P ; then achieves an equation of the form
eading to 16— 16sin2t =1 +a+hsin2i=+c¢
16 —16sm2t =1 or equivalent. | Al
. e which is dependent
{giﬂzr:E — } r:M on the 2 M1 mark. | dM1
. 16 2 Uses correct algebraic processes to give f = .
= 0.6076875626... = 0.6077 (4 dp) anything that rounds to 0.6077 | Al

[6]




Question Notes

(a)

(b)

(e)

M1

Note

Al
Note

Note
Bl
Bl

M1

Note

Note

Al

17 M1
1" A1

Note

3" M1
4P A1

Note

Note

Sets y=1 to find 1 and vses their 7 to find x.
M1 can be mmplied by etther x or k = 4 —% or 2429 or g —4 or —2429

8—-1

T
.rork:él—? or

A decimal answer of 2.429_ . (without a correct exact answer) 1s AQ.

Allow Al for a candidate using ¢ =% tofind x = % —4 and then stating that & must be 4 — g 0.e

At least one of % -::‘13—1 correct. Note: that this mark can be implied from their working.
t

Both % and % are correct. Note: that this mark can be implied from their working.

Applies their % divided by their e and attempts to substitute their ¢ into their expression for o :

dr dx

This mark may be mmplied by their final answer.
Le. o ='.Z5:7mr followed by an answer of —2 (from 7 =— il ) or2 (from t = E)

dx 1—4cost 2 2
Applying o divided by their Y 1s M0, even 1if they state s 0 E

) dr ’ dr de dr  dr

{ i )

Usine = —2 | and not 7 = I ] to find a correct ia::-f —2 bv correct solution onlv.

: : dy T _
If a candidate uses an incorrect a expression in part (¢) then the accuracy marks are not obtainable.
Sets their LA =
dx 2
Rearranges to give the correct equation with sinf and cost on the same side.

: . : 1 : 1
eg 4sinf —4cost=—1 or 4cost—4smi= 1 or sinf—cosf=—— of COSf—5Mf= —

] : f 1
or 4smrf—4cost+1=0 or 4cosr—4sinf—1=0 or smnt—cost+ — =0 etc. are fine for Al.

Rewrites Asinf + gcost in the form of either Reos(r £ @) or Rsin(f + &)
where R=1or0 and o =0

rf

. :
Correct equation. Eg. 4#551'11[!—%J= -1 or ——1\JE<:05LT+%] =-1

f :
or \Esin(r—E]= —l or ﬂcos[ t—£] =l, ete.
4 L4

4 4
Unless recovered, give A0 for 4+[2sin [r—45‘ }= -1 or —-'h.Ecos (a‘—45°) = -1, ete.

which is dependent on the 2™ M1 mark. Uses correct algebraic processes to give 7 = __
anything that rounds to 0.6077

: : : e 2 2
Do not give the final A1 mark in (c) if there any extra solutions given in the range — Tﬂr “r= Tﬁ
. . . . . . 27 2T
You can give the final Al mark in (c¢) if extra solutions are given outside of — ? <r< T

Q9.




Question
Number

Scheme Marks

(a)

(b)

)
x =4sin I+E|, y=3cos2t, 0, 1<2T
J

\

LR . (. B1B1
di 5l

dy —6sin 2t
go, By —Osin2i

Bl oe

(31

4ccs|l t +£ |

. 6)

{;=o =! _6sin2r=0 T
4

x=4sm|:\%;|=2, y=3c0s0=3 — (2.3) "

A
@r=", x=4sin| — | =" y=3cosm=-3 = (24/3,-3)
L3 )

@1="" x=4sin| 22 | = , y=3cos 3 =—-3 - (-243,-3) AlAIAL

[5]
8

(@

B1l: Either one of % = 4ccs|l t +% | or % =—6sin2s . They do not have to be simplified.

Bl: Both % and :;:—J correct. They do not have to be simplified.
Any or both of the first two marks can be imphied.

Don’t worry too much about their notation for the first two B1 marks.
1

B1l: Their % divided by their % or their dlx

— . Note: This 1s a follow through mark.
dt dx |

their| — |
\dr )
Alternative differentiation in part (a
dx
x=2-q'r§sim + 2cosf = a = 216005! — 2sint

v=32cos’r -1) = % =3(—4cosrsinr)

: dy . .
or y=300521—35m2r = E‘=—6msrsmr—65mrcosr

or y=3(1-2sin’r) = %:3[—4(:05!5111:)

(b)

M1: Candidate sets their numerator from part (a) or their % equal to 0.

Note that their numerator must be a trig function. Ignore % equal to O at this stage.

M1: Candidate substitutes a found value of 1, to attempt to find either one of x or y.

The first two method marks can be implied by ONE correct set of coordinates for (x, y)or (y, x) interchanged.
A cotrect point coming from NO WORKING can be awarded M1M1.

Al: Atleast TWO sets of coordinates.

Al: Atleast THREE sets of coordinates.

Al: ONLY FOUR correct sets of coordinates. If there are more than 4 sets of coordinates then award AQ.
Note: Candidate can use the diagram’s symmetry to write down some of their coordinates.

Note: When x= 4-si.ul % ; =2, y=3cos 0 =3 is acceptable for a pair of coordinates.

Also it 1s fine for candidates to display their coordinates on a table of values.

Note: The coordinates must be exact for the accuracy marks. Ie (346.,-3) or (-346..,-3) 15 AQ.
d 0]

Note: a} =0 = sinr =0 ONLY is fine for the first M1, and potentially the following M1A1AQOAD.

dy

Note: =0 = cost =0 0ONLY is fine for the first M1 and potentially the following M1A1AQAQ.

d 0]
Note: a} =0 = sint =0 & cosr =0 has the potential to achieve all five marks.

Note: It 1s possible for a candidate to gain full marks in part (b) if they make sign errors in part (a).

(b) An alternative method for finding the coordinates of the two maximum points.

Some candidates may use v = 3cos2s to write down that the y-coordinate of a maximuom point is 3.
They will then deduce that ¢ =0 or T and proceed to find the x-coordinate of their maximum point. These
candidates will receive no credit until they attempt to find one of the y-coordinates for the maximum point.

3
MIMI: Candidate states y =3 and attempts to substitute r =0 or 7 into x =4sj.n| t +% |
;

MIM1 can be implied by candidate stating esther (2,3) or (2,-3).
Note: these marks can only be awarded together for a candidate using this method.
Al: Forboth (2,3) or (-2,3).
ADAD: Candidate cannot achieve the final two marks by using this method. They can, however, achieve these
marks by subsequently solving their numerator equal to 0.




Q1l0.

i Scheme Marke
d‘x
a — =23 cos 2t
(a) = cos Bl
dy .
—=—8cosrsint
P M1 Al
E _ —8costsint Mi
dr  243cos?r
__4sinr
23 cos 2t
dy 2 ( 2 e
E=—;-ﬁtan2r l.k=_?.| Al (5)
(V) When 1=~ SE can be implied | B1
2 Eamh o
=—Zaf3tan] = =2
m 3‘;_ an| | =2) l:Ml
oo )
_:l'—1=2||ll—5.l| M1
y=2x-2 Al (4)
(©) x=+3sin 2 =~f3 x 2sint cost M1
x* =12sin’ tcos’ 1=12(1-cos’ t|cos’ ¢
ool YD :
r=1211-—|= or equivalent
Ik q MIAL  (3)
2]
Alternative fo (c)
¥=2cos2f+2 M1
sin” 2f +cos” 2r =1 |:
X {22y MIAL (3
3 4

Ql1.




Question

Humber Scheme Marks
(3) | At4, x=—1+8=7 & y=(-1)"=1 => A(7.)) A7) | B1
(1)
(b) x=F-8., y==£,
& 3 g ¥ _x
dr dr
dy ot Their 2 divided by their & | M1
Cdr 3-8 Correct % Al
Atd, m(T)= 2(_21} _ 2 _2_2 Substitutes for ¢ to give any of the
-1))-8 3-8 5 5 four underlined oe:
T: y—(their 1) =my (x—(their 7)) Finding an equation of a tangent with
their point and their tangent gradient
orl=3(7)+c = c=1-%=-% or finds c and uses | dM1
¥ = (their gradient)x + "c".
HenceT: y=2x-2
gives T: 2x—5y—-9=0 AG 2x-5y-9=0 | Al cso
(5)
© | 26 -8) -5t —9—=0 Substitution of both x =1 :8?:111;1 M1
y=riito 1
28 —5£ -16t—9=0
(t+Df(2r -7t -9)=0} A realisation that o
(¢ +1){(t +1)(2t —9) =0} (#+1)isa factor.
{t=—1(at A)} r=% atB t=5% | Al
1 Candidate uses their value of  to
x=(3) —8(3)=F -36=% = 55125 orawrt 55.1 find either the x or y coordinate i
v=(3) =%=2025 or awrt 20.3 One of either x or y correct. | Al
Both x and y correct. | Al
Hence B(41,4 | (©
[12]

Q1l12.




Question
Number

Scheme

Marks

7

. dx . dy )
(a) —=2smtcost. —=2sec’ [
dr C
E N sec’ t [_ 1 ]
dx sintecosf\ sinfcos’ t
(b) Arr=2. x=£. y=243
3 4
o L
E_ 5¢C 3 _E
dx I ST, SO <
S1N1—COS —

or equivalent

B1 Bl

M1 Al

B1

M1 Al

M1

M1 Al

(4)

(6)
[10]
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Question

T Scheme Marks
(a) y=0 = t(9-£)=t(3-1)(3+1)=0
=03 -3 Any one correct value | B1
At =0, x= 5[0)2 —4=—4 Method for finding one value of x | M1
Att=3, x=5(3)'-4=41
[At t=-3, x= 5{—3)2 —4= 41]
AtAd x=—4:atB, x=41 Both | Al (3)
dx
(b) E=lﬂ'r Seen or implied | Bi
dx 3
vdy= | y—dr=|t|9—r¢ [10rds M1 Al
I ’ I rad=ld-r)
=H90r2 —~10¢* ) dr
=92f —“;f (+€) (=307 -2¢ (+C)) A1
001N | =30nateguili(=a0d) M1
3 5 |,
A4=2[ydx=648 (units’) At (6)
[9]

Q14.




Question

Q15.

Niimber Scheme Marks
Q (a) = —4sin 2t . dd; =Gcost B1, B1
dy Geost [ 3 ]
i -y = = — : M1
dx 4sin2t | 4sint
A T 7 3 N3 val 1t —0.87 g
k r—‘?. m= —4)(\_13 = _T accept equivalents. awrt —U.&7 Al (4)
(b) Use of cos2t=1—2sin’¢ M1
cos2t=2_ sint=2
2 6
P I\\:
L 3{ s J M1
2 6
Leading to y=+(18-9x) (=3\-'[2—x}) cao Al
—2=x=2 k=2 B1 (4)
(c) 0< i{x) <6 either 0<f(x) or f(x)<6 B1
Fully correct. Accept 0=y <6. [O. 6] B1 (2)
[10]




Question

Nk Scheme Marks
6 " 21) [ 25)
l:r=|b|+A| ¢|, O04=|-17|, OB= —14J
10 -1, 6 18
(21} (ay [ &
(a) Aisonl so |17 |=| b |+A4] ¢
6 A -\1{) ._1r
k:10-1=6 =} 1=4 A=4|B1
& B B Substitutes their value of
{1_a+6,ﬂ,_21:>}a+6(4)_21 1into a + 6421 | Ml
a=-3 a=-3 | Al cao
SR T i . . [31
L [ 25 [ 21 . [ 21} [ 25 Finds the difference
® |{#B}=|14|-|17 {Ba}=|-17|- |14 betweenOA and OB . | M1
. 18) | 6, . 6) | 18, Ignore labelling.
(4" )
{4B}=| 3 {Ba}=|-3
klz‘ k._lz‘
AN [ 6)
{EU = E-a:o}:, 3le| c|=2443¢c-12=0=c=-4 See notes. | M1: Al ft
‘12.,1 |l._]..,|
- e e ot gaenis s g : ddM1;
{i:b+cA=-1T=2}b+ (-4 =-17;= b=-1 Seemotes. | " =
[51
() |4B|= 42 + 3 £12° or |4B| = (-4 + (-3)" + (-12)] See notes. | M1
So, |4B| =13 Al cao
_ ) ‘ [2]
o 21} =4 17 See notes for
@ | OB {=04+Bd}=|-17|+|-3|;=|-20 alternative | M1,A1 cao
6 -12 -6 methods.
[2]
12
Notes for Question
(a) Bl: A =4 seen or implied.

M1: Substitutes their value of A into a + 64 =21
Al: a=-3.

Note: Award BIM1A1 if the candidate states @ = —3 from no working.

Alternative Method Using Simultaneous equations for part (a).
Bl: For 60 — 64 =36

Mi1: 60 - 64 =36 and a + 64 = 21 solved simultaneously to give a =

Al: a=-3, cao.




Notes for Question Continued

(b)
ctd

(c)

(d)

M1: Finds the difference betweenOA and OB Ignore labelling.
If no “subtraction” seen, you can award M1 for 2 out of 3 correct components of the difference.

] &6 4 [ & i
MI1: Appiies the formmla ABe| ¢ | or Bde| ¢ J correctly to give a linear equation in ¢ which 1s set equal
6
to zero. Note: The dot product can also be with k| ¢ |.
-1

Alft: ¢=—4 or for finding a correct follow through c.
ddM1: Substitutes their value of A and their value of ¢ into b+ cd =-17
Note that this mark 1s dependent on the fwo previous method marks bemg awarded.
Al: b=-1
MI1: An attempt to apply a three term Pythagoras m order to find |AB| 3

so taking the square root is required here.
Al: 13 cao
Naote: Don't recover work for part (b) in part (c).
M1: For a full applied method of finding the coordinates of B'.
Note: You can give M1 for 2 out of 3 correct components of B'.

(17"
Al: For either | —20| or 17i—20j—6k or (17,-20,-6) cao.
\ -6,

Helpful diagram!




Notes for Question Continued
Acceptable Methods for the Method mark in part (d)
e
Way1l | OF {= 04 + BA} | DA | 3 ] . (using their BA)
s 6 / \_12/
§ 5100 s
Way2 | OF {= E{—A_B} =g (using their AB)
n 6 A \12/
(25} (-4
Way 3 OB'{= @HE}: l—m +2| =3 | (using their BA)
18) |-z,
(25 (&
Way 4 OB’ {: OB —EA_B} = |-14|-2 3| (using thewr E)
_18) 12,
((25) [Minus4) ( 21} (Minus4)[ [ 17
Way 5 l—m —| Minus 3 |- —1?J —| Minus 3 J 1=>|-20|; , so OA + theirBA
18, Minus12) | 6 Mims12} | | -6,
= 1 4 950
Way 6 | OB {=204-0B}=2|-17 |- —14J
6) | 18
Way7 | 0B =25i—14j+18k, 04=21i—17j+ 6k and OB’ = pi + gj + rk,
{21,—1?,6;:(25_})\ —14+g, 18+r‘l
. 2 2 2
p=212)-25=17 M1: Writing down any two equations correctly and
g=—17(2) +14=-20 an attempt to find at least two of p, g or 7~
r=6(2)-18=-6

Q1l6.




Question

e Scheme Marks
OA=-2i+4j+7k , OB=—i+3j+8k & OP=0i+2j+3k
(a) AB = = +((—i +3j+ 8K)—(-2i + 4j+ TK)); = i —j+ k MI; Al
| [2]
-2 1) -1 (1
(b) {L:-r}=| 4[+4 —1J or {r}:l 3| +4] -1 Blft
\ ?/ ', 1 8.— 1
. [1]
-1} (0} (-1 &£
(¢ | PB=0OB-0OP=| 3|-|2|=| 1| or BP=| -1 M1
i 8/ kj/ 5/ _5/
" 1) (1) Applies dot product
1 J.l 1 J formula between
— A5eFF 1 s their (4B or B4) | M1
#B|[PB] O+ 0+ JCD'+ 7+ and their (P5 or BF)
{u:'z:ﬂ:’.fﬁ‘}=ﬂ=i=l C t f| Al
N R orrect proo cso
[3]
_ o p+Ador p+ ud, p=0,d=0with
i A i A L i
(@ D ! etther p=0i + 2j + 3k or d = their 4B ,ora | M1
{L:r=}|2|+p| -1 : —
= ) o multiple of their 485
Correct vector equation. | Al fi
L L [2]
L ar ga 0) ( 1) Either OP + their AB M1
&% =|2|+| 1 :ll o OB=|2 —l—lJ: ot OF - their 45
(&) 3) L1, 4 3] L L At least one set of coordinates are AlLf
) . correct.
{C[-l L4), Di=1.3 2}} Both sets of coordinates are correct. | Al fi
[3]
_[:ﬂ = h = = =5]-_[19 f=5iﬂg M1
Wayl | (D + (1) +(5)’ L |P B|
: J8
: 8 V27 70.5... V27—
h = 27 sin(70.5..) -{: Jz’;'%: 26 = awrt 4_91- sin ) or 3 | Al oe
J or Zafg or awrt 4.9 or equivalent
1 \ 1 : : :
Area ABCD = - 2«!%(@ + .Za..G] ?(then‘ h)[theu‘ AB + thewr CD] dM1
r 1 .
-{:Ezﬁ[zﬁ]zsv’ﬁ}ﬂﬁ 942 | Al cao

L




®

Helpful Diagram!

Arvea AAFPB =4.2426_.

s
: [£]= 4.8989...
3
DA = PB
P4 =CB
. 2/
ATy i
e T Candidates do not need to
e _I e 2 ke el bt - .I A .
PA=C5 P and AB 11 , S0 BCLAB prove this result for part (f)
. = P . . Attempts |[P4| or |CB| | M1
] (f:’, h= |CB| = J2P +(2)* + (@)’ =24 =2J6 =4.8989._ o 2]
Way 2 Pa| = |CE| =24 | Al oe
1 ) 1
Area ABCD =— /24 (V3+243) or S V2443 + V2443 2 h(their AB+ their CD) | dM1 oe
- gﬁ Qﬁ Al cso
[4]
Way3 Finds the area of either triangle 4PB or 4PD or BCP and triples the result.
1 . 1 : . .
H Area AAPE = 5 ] (%ﬁ }smﬁ Attempts; (their AB)(their PB)sinf | M1
1 ‘ T
_ % \5[3\,@)51}1(?0_5_"} N -\.E{\.?\E_]mnt?o.ﬁ...) or 342 Al
- or awrt 4.24 or equivalent
Area ABCD =3 (3«}5} 3 x Area of A APB | dM1
= gﬁ 9\,,6 Al cso
[4]




Question Notes

() | M1 | Finding the difference (either way) between OB and 04 -
If no “subtraction” seen, you can award M1 for 2 out of 3 correct components of the difference.
1) 1
Al |i-j+kor |-1]or (1,-11) or benefit of the doubt -1
o 1
(-2 (1 -1} (1
(b) Bift | {r}=| 4 |+A|-1| or {r}=| 3|+4|-1|, with AB or BA correctly followed through from (a).
I‘. ?.’l LN 1 . 8 # LN la
Note | I = 1s not needed.
(c) M1 | An attempt to find either the vector PB or BP.
If no “subtraction”™ seen, you can award M1 for 2 out of 3 correct components of the difference.
M1 | Applies dot product formula between their 4B or E} and their (E or E}
Al | Obtains {cos6} =% by correct solution only.
_ . ABePB :
Note | If candidate starts by applymng -—-— correctly (without reference to cos@ =)
- i
they can gain both 2™ M1 and A1 mark.
: ; . 1 : .
Note | Award the final A1 mark if candidate achieves {cos8} = o by either taking the dot product between
1 (—1) (—1) 1)
(|-1jand | 1| or (1) l 1] and | -1 J Ignore if any of these vectors are labelled mncorrectly.
~ 1/ p8 5 _1 \_5.
Note | Award final A0, eso for those candidates who take the dot product between
g5 - R e
(ui) | —1jand | -1 | or (V) j 1|{and | 1
They will usvally find {cos6} = - % or may fudge {cos 6} = %
If these candidates give a convincmg detailed explanation which must include reference to the direction
of their vectors then this can be given Al cso
(c) Alternative Method 1: The Cosine Rule

,_1, ¢ 0\ /_1~ Ir. 1 "
PE=0OBE-0P=| 3|-|21=| 1| or BP=! 11 Mark 1in the same way M1
i i i ) as the main scheme.

Note‘ﬁ‘ = -J'ﬁ |ﬁ| = \E and ‘ﬁ| = @
() ()

cosd = ——— =

—(J27) + ﬁ]—z'ﬁ Hoime Applies the cosine rule M1 oe
(V27) + (V) -2(V27)(+3)

the correct way round

27+3-24
Correct proof | Al cso

1
18 3

[3]




(©

Alternative Method 2: Risht-Angled Trisonometrv

—1\y (oY (10 13
PR = DB =0P=1: 3t-bal=) Tlioe BP) = Markmthe_sameway M1
as the main scheme.
N 8..-' \3..-' N 5..-' _S_J
Either (v24) +(V3) = (v27)
r " /_ " ) )
- 1 2 Confirms APARB 1s right-angled | M1
or ABePA =|-1(e] 2|=-2-24+4=0
pS 1 £ h8 4
[ 4B | 31
So, qcosf = —— = tcosf = _\‘; =§ Correct proof | Al cso
, 31
0\
(d) M1 Writing down a line in the form p + Ad or p + ud with either a=| 2 | or d = their AB d = their E;
. 3 -~
or a multiple of their AB found in part (a).
(o) ( 1) (0)
Alft | Wrnting | 2 | +u —IJ or |2|+ud, where d = their 4B or a multiple of their .45 found in part (a).
.3/ . 1 \3.
Note | r= 1snotneeded.
Note | Using the same scalar parameter as in part (b) 1s fine for Al.
(e) M1 Either OP + their 4B or OP — their AB
Alft | At least one set of coordinates are correct. Ignore labellingof C. D ) B
Alft | Both sets of coordinates are correct. Ignore labelling of C', D
Note | You can follow through either or both accuracy marks in this part using their AB from part (a).
h :
Wayl: ———— ==sinf
gy | " their |[PB|
Way 2: Attempts PA| or |ﬁ‘
1 . ; )
Way 3: Attempts; (their PB)(therr AE)sind
Note | Finding 4D by 1tself 1s MO.
Al Either
e h=+27sm(705.) or |ﬁ| = |§‘ =+/24 or equivalent. (See Way 1 and Way 2)
&
: . 1 :
e the area of erther triangle 4PB or APD or BDF = E \E(B v@}sm{?{}.ﬁ...] o.e. (See Way 3).
dM1 | which is dependent on the 1** M1 mark.
A full method to find the area of trapezium ABCD. (See Way 1, Way 2 and Way 3).
Al 9\-'5 from a correct solution only.
Note | A decimal answer of 12.7279__ (without a correct exact answer) 15 AD.

Q17.




Question

il Scheme Marks
. . : V3
(a) tan@=+v3 or sin@ = M1
9 =§ awrt 1.05 | Al (2)
(b) £=secjﬁ. E=a.:c:n515’
dée
dy cos@ 5
— = - =cos @ ¥
dx sec @ ( ] MLAL
K | . ;
At P, M = cos [E) g Can be implied | A1
Using mm' =—1. m'=-8 [ M1
For normal y—3V3=—8(x—+3) M1
AtQ. y=0 —3V3=-8(x—V3)
leading to x=143 (k=%) 1.0625 | Al (6)
(c) I * dx j dedﬁ? J‘sinl&c:ﬁ‘dﬁ M1 Al
c y — - B ey — seC g
! ] ) a9
= [Tan:ﬁdﬂ Al
= [(sec*0-1)do M1
=tand-6 (+C) Al
Fi= ‘TJ‘.:-FE dx =[tan 6 H]E = ﬁ'[[ V3 —%)—(D—G)J L M1
=V3r-1ir7’ (p=l.q=—%} Al (7
[15]

Q18.




Question

T Scheme Marks
de 1 dy
T
@ FTr
dy 3
dx
Using mm'=—1,at =3
1 M1 A1
18
y—17 =—%(x—lu3) M1 AT (6)
(B)| x=lnt = t=¢ B1
y=e*-2 M1 A1 (3)
(c) V:ﬂ'f(e”—Z}] dx M1
[(e¥—2) ax=[ (e 4e™+4)ax M
4x 4 ir
== s M1 At
4
ax 4 i o In3
T|—-=""—+4x| =nx[(64-32+4In4)—(4-8+4In2)] M1
4 2 e
=7(36+4In2) At
(6)
______________________________________________________________________________________________________________________________ [15]
Alternative to (c) using parameters
. 2 dx
V=a|lt-—-2] —dt mi
fEZi
I[[rz—z]le]dtzj[ﬁ—4r+i]d.r M1
t t
r-’l
=— -2t +4In¢ M1 AT
4
The limits are t =2 and =4
. 4
ﬂ[%—2r2+4]nr} =x[(64-32+4In4)—(4-8+4n2)] M1
=7(36+41n2) At
(6)

Q1l19.




= Scheme Marks
Working parametrically:
1 1 or yoe™ 1
@ Applies x = 0 to obtain a value for . | M1
Correct value for y. | Al
i b e f 2
Applies y = 0 to obtain a value for 1
& M1
i (Must be seen in part (b))
Al
2
Y mrps B1
© <
Attempts their <. divided by their . | M1
o a
1
-8In2 =>m(N)=—— M1
)= 32
y-3= 8‘;2 (x=0) or y=3+ 8‘:2 x or equivalent See notes. | M1 ALoe
5l
(> 1 Complete substitution
@ A'“'“”’I(Z -1) [’5}"" forboth  andd | M!
x=-1-r=4 ad x=1-1=0 B1
Mi*
Al
1 o (1 16 Depends on the previous method mark.
7;[ r} - —;[[m]—[mﬂt}} Substitutes their changed limis in £ and | dM1*
2 2 subiracts either way round.
15 15
=—-2 — 2 or equivalent.
2m2 2mz 0 Al
0]
15
@
Alternative Solution 3:
MI: Applies =0 and obtains a value of .
ALt Shows that £ =2 for both y=3 and x=0
@® | M1: Applies y =0 and obtains a value of 7. Working must be seen in part (b).
AlL: For finding x=1
Note: Award M1AL1 for x =1.
© |B1: Bom % and % correct.  This mark can be implied by later working
M: Their 2 divided by their & or their &x—L Note: their & must be a function of ¢
dr dr dr ( d\] dr
their| &
a
M1I: Uses their value of f found in part (a) and applies m(N) = %)
n
MI: y - 3 = (their nommal gradient)x or y = (their normal gradient)x + 3 or equivalent.
L 1 1
AL L x-0) or y=3+_Lx or y-3= x-0) or (8ln2)y - 24In2 = x
Wz Y T w2y
y-3 1
or =L Youcanapplyisw here.
-0 sm2 R,
Working in decimals s ok for the three method marks. B1, A1 require exact values.
@ M1: Complete substitution for both y anddx . So candidate should write down J (2 1) [Lhen‘ %:]
Bl: Changes limits from x —>7. x=-1->r=4 and x=1—t=0. Note t =4and 7 =0 seenis Bl
M1*: Integrates 2’ correctly to give ﬁ
or integrates (2' 1) to give either @) g or ta(n2)(2) -1
Za(ln2)
Al: Correct integration of (2 — 1) with respect to £ to give g
AM1™: Depends upon the previous method mark. B
Substitutes heir linuts in ¢ and subracts either way round
i Exact answer 6F =3 oe =g op =2 o T3 ot o Lo —Gior equiviibct
2In2 In4 2In2 In2 o -
Converting to a Cartesian equation:
bl =t
& Applies x=0in their Cartesian |
equation...
y=3 .. to arrive at a correct answer of 3. [ A1
2]
Applies y=0 to obtain a value for
) x| M1
(Must be seen in part (b))
x=1 x= 1
2]
-~ 2277, 421 | ML
2 )in2 22,
© Jia2 )02 or equivalent | A1
1 -1
At4. x=0, 50 m() = ~812 = m(N) = —— Applies x=0 and M) =—= | M1
=) )= Sz e =D
1 1
-3= ~0) —
s R As in the original scheme. | M1 Al oc
equivalent
5]
@ Form the integral of their Cartesian | 1)
<quation of C.
For 2°** ~1 with limits of x=-1 and
Bl
M1+
Al
L i Depends on the previous method
Zm] | == () mark.| .
2L 22 gz Substitutes limits of -1 and their ¥,
and subtracts either way round.
= Sy 2 o equivalent. | A1
[6]
15
(@ | Alternative method: In Cartesian and applving s x
Area(®) _[ (2 ~1){dx} . where w=2-2v  MO: Unless a candidate writes j (27 ~1){ax}
boes sl Then apply the “working parametrically” mark scheme
- [l e =l e» 3
() | Alternative method: For substitution u=2'
i 1 Complete substifution
“[@-n(-2
Area(R) ,[(“ 1) ( z]"’ for both y anddr | M1
where u=2 = % 12 > iz
a ar
Sl L Both correct linits in ror | o)
both correct limits in .
u-1 If not awarded above. you can
s R s =Y
olreaCk) a2 award M for this integral
1 1
Y .
w2 w2
L
Either 2 71
Ly UL,
7{ l}[L TV
1 2/lm2
-1) > zaua) 124
" w
7o) -2
@02 5y | A
1 [ 3 Ln,,]x } ,[ SNGCiEE g Depends on the previous
e =3 (EJ’LF’TZJ] ) ~ method mark. *
| g Substitutes their changed limits i | TM1
w and subtracts either way round.
15 i 13
T 2m2 T2m2 2m2 2m2 7 2m2 0| Al
or equivalent
[61]




Q20.

Question No Scheme Marks
(a)
d : B . _ M1
= (In(3x)) — = tor any constant B -
Applying vuo'+uv’ In(3x) X 2x + x MI1. Al Al
4)
(b)
r_
Applying =
x3><4c05[:4xl—&sin (4x)x3x72 M1 Al+AL
Al
_ 4xcos(4x)—3sin (4x) Al
x4-
&)
(9 MARKS)
Q21.
Question No Scheme Marks
dx b MI1.A1
T - 2(apa
(d}-') 2sec (} + 12)
substitute y = T into their®: = 2sec? (E + 1) =8 MI. Al
4 dy 4 12
When y= E. =23 awrt 3.46 Bl
" : : 53 M1
(_'.»" - —) = their m(x — their 2v3)
4
T [ /
y— —) = —8(x —2v3) oe Al
(' 4) ( ¥ (7 marks)

Q22.




Question

x X

HMumber Scheme Marks
d d 1
L (W(5x-1))=Z((5x-1 )
@ 2 (4(sx-1) =& {(5-1)
1
=5x—(5x—1)73 M1 A1
2
dy 3
—-"=z_w'[5x—1}+5x2 (5x-1)7 M1 A1ft
X
dy 10 10
Atx=2, Zoayo+—=12+— M1
YO 3
:? Acceptawrt 153 | Al (6)
d (sin2x) 2x’cos2x—2xsin2x Al+Al
(b) —{ - ]: - M1
dx\, =x x Al
(4)
[10]
Alternative to (b)
—(si.nZ_rX.r_])z 2cos2xxx +si.n2:r><{—2)x_3 M1 AT + A1
X
- ,) A
=2x7 cos2x—2x " sin 2x [:2cof2x_25m}._x] Al (4)

Q23.




At _v:E,
4

b
|

dy 1 1
e . 2
2
1
—_—=—X
4 2
1 Fia
y=—x+—
g ol 4

dx  2sin(2y+7)

13

before or after substitution

B1

M1

Al

Question Scheme Marks
Humber
x=cos(2y+1)
dx :
—=—"2sin(2y+x M1 A1
= 2sin(2+7)
dy 1 dx
L4 Follow through their I, | Alft

(6)
[6]

Q24.




Question

Scheme Marks
Humber
3 +sm2x
@jy= 2+ cos2x
Apply quotient rule:
u=3+sin2x v=2+cos2x
d .
e 2cos2x Ev =—2sm2x
L
Applying l:_.u.r M
J 2 7 —_— ey . i
d-_} = 2c0s2x(2 + cos2x) _.51;1:121(3 ) Any one term correct on the Al
dx (2 +cos 2-"} numerator
Fully correct (unsimplified). | Al
_ dcoslx + 2cos’ 2x + 6sin2x + 2smn? 2x
(2 + -:-::pszx)3
_ 4cos2x + 65in2x + 2(cos” 2x + sin” 2x)
= (2+ -:052:}] For correct proof with an
understanding
e sy thatcos® 2x + sin” 2x = 1.
cos2x + 6sin2x + 2 . : g
= = (as required) No errors seen in working. | A1*
(2 + cos2x)
()
3 +s1 3
(b) |[When x5, y—-"2% _2_3 y=3 | Bl
2+cosm 1
At
Gsmax +dcosr+2 —44+32 m(T)=-2 | B1
7. 3) = =—05—=-2
(3 } el (2 + cos7)’ I
Either T: y—-3=—-2(x—3%) y—y =m(x—%) with “their
or y=—2x+¢ and TANGENT gradient” and their y; M1
3--2(%)+¢c = c=3+x: or uses ¥=mx+c¢ with “their
TANGENT gradient’;
T: J==—2x+(;=r+3} yv=—2x+ma+3 | Al
(4)
(8]

Q25.




Question Scheme Marks
Number
AtP, y=3 B1
dy 3 [ 18 |
— = 3(-2)(5-3x) (=3 — M1A1
2~ JEDE=HTE) Jor sy Al
dy 18
O i SR (O | M1
dx (5—3(2})J{ }
-1 1
N i} M1
s —18 o 18
N: y-3=3{x-2) M1
N: x-—-18y+52=0 A1
[7]

1"M1: *k(5-3x)" can be implied. See appendix for application of the quotient
rule.
2 M1 Substituting x = 2 into an equation mvolving their 2 -
1
their m(T)
4M1: y—y, =mix—2) with ‘their NORMAL gradient’ or a “changed” tangent

gradient and their y;. Or uses a complete method to express the equation of the tangent
m the form y =mx+¢ with ‘their NORMAL (“changed” numerical) gradient’, their

39 M1: Uses m(N) =—

¥ and x = 2.

Note: To gain the final A1 mark all the previous 6 marks in this question need to be earned.
Also there must be a completely correct solution given.

Q26.




Question

Humber Scheme Marks
3
(| y= Lo
x
i oy cps ) |
) du 2x 41
u =hix"+1) =2 —=— s
R i WG +) > | Al
u=In(x*+1) v=x
Apply quotientrule: ¢ gy oy dv_,
dr xX*+1 dr
& _ [%J{I) — In(x" +1) Applying w correctly. | M1
dx x Correct differentiation with correct Al
bracketing but allow recovery.
(4)
d-l" 2 1 2 i
— =73 - - 3 1 3
{dx PR In(x” + ]} {Ignore subsequent working }
(i) | x=tany
tan y —>sec:2y of an attempt to
differentiate ' using either the | M1*
dx —secy cosy
dy quotient rule or product mle.
d_y = sec’ ¥ | Al
dy 1 a_ ., ¥ : : 3
el {=cos’ y} Finding -~ by reciprocating 3 |t
For wrniting down or applying the identity
ﬂ= 1 sec’y=1+tan’y, dM1*
dr 1+tan’y which must be applied/stated completely in
.
dy 1 : For the correct proof. leading on from the
Hence, P (as required) previous line of working. Al AG
(9)
[9]

Q27.




Question

Scheme Marks
Humber
(@) | ¥ =secx = =(cosx)?
cosx
d_]-’ B -
3u ] —= £((cosx) " (smx)) | M1
L —1(cosx) > (—sinx) dx ({ ) ]]
—1(cosx) ™ (—sinx) or (cosx)~(sinx) | Al
dy | sinx | 1 sinx | Convincing proof.
E_ {wsz x} - [msx][wsx] - % Must see both underlined Stcps Al AG
(3)
(D) | ¥ =e™sec3x
Either e™ — 2¢¥
u=e" v = sec3x ! T MM
Seen | 563X — 3sec3xtan3x
% = 2™ . 3sec3xtan 3x or implied Bothe™ — 2¢** and Al
sec3x — 3sec3xtan3x
P Applies vu' + uv' cormrectly for their M
£= 2e™* sec3x + 3¢ secIxtan3x uu', v, v
2e™ sec3x + 3¢ sec3xtan3x | Al isw
(4)
. . dy
(c) | Tuming point = Do
dx
- Sets their & = 0 and factorises (or cancels)
Hence, e sec3x(2 + 3tan3x) =0 dx M1
out at least ™ from at least two terms.
{Note e =0, sec3x=0,so 2+3tan3x=0.}
giving tan3x=—2 tan3x==xk: k=0 | M1
=3x=-0.58800 = x={a}=-0.19600... Either awrt —0.196° or awrt —11.2° | Al
Hence, y= {b} = "% gar(3 x —0.196)
=0.812093... = 0.812 (3sf) 0.812 | Al cao
(4)
[11]

Part (c): If there are any EXTRA solutions for x (or a) inside the range —F < x < £, 1e. —0.524 < x < 0.524 or ANY

EXTRA solutions for y (or ). (for these values of x) then withhold the final accuracy mark.
Also ignore EXTRA solutions outside the range —% < x <%, 12 —0.524 < x < 0.524.
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Question

ey Scheme Marks
Q (i)(a) | ¥ = x*cos3x
[(u=x ¥ =cos3x
Apply product rule: 1 4y, dv _
i—=21‘ —=—3sm3x
Ldx dx
Applies vu' + uv' correctly for
their ., u', v, v’ AND gives an M1
expression of the form
d_1 T N, . axcos3x = fx sm3x
dx Any one term correct | Al
Both terms correct and no further
simplification to terms | A1
cosax’ or sin Bx .
(3)
In(x* + 1)
(b) = g
x4
| bt 1) - Somcthing, | L
2 du 2x x +1
u =Ihn(x +1) :‘>E= - e
o In(x?+1) - — Al
x+1
nru=]11(x3+1) 1»‘=xj+l-|
Apply quotient rule: { du Iy dv
B, B
lde  x®+1  dr _
2x \l : 5 . ovu —uv'
- x +1)—2xIn(x” +1 Applyine —— | M1
B [1.-_1/( ) - 2xIn(x* +1) pplying ——
dy [rz " 1}9 Correct differentiation with correct A1

bracketing but allow recovery.

(4)




Q29.

Nomber Scheme e
(a) —32=2w-3) => w= 1? oe MI1Al
(2)
dy 4 4
(b) = S5x(2x-3)"x2 or 10(2x-3) MIA1
When x =% , Gradient = 160 M1
] =1 1_.}’_(_33}
Equation of tangent is '160"'= 1, = IM1
x_ —_—
2
y=160x-112 cso | Al
&)
(7 marks)
(a) M1 Substitute y=-32 into y = (2w—3)" and proceed to w=____. [Accept positive sign used of y, ie y=+32]

(b)

Al Obtains wor x = 5 0¢ with no incorrect working seen. Accept alternatives such as 0.5.

Sight of just the answer would score both marks as long as no incorrect working is seen.

M1  Attempts to differentiate y = (2x—3) using the chain rule.

Sight of +4(2x—3)* where 4 is a non- zero constant is sufficient for the method mark.
Al A correct (un simplified) form of the differential.

dy dy
Accept. = —Sx{2x-— 3 xZor —— =10(2x-3)
Pt ——=5x(2x-3) s

M1  This is awarded for an attempt to find the gradient of the tangent to the curve at P
Award for substituting their numerical value to part (a) into their differential to find the
numerical gradient of the tangent

dM1 Award for a correct method to find an equation of the tangent to the curve at P. It 1s dependent
upon the previous M mark being awarded.

e e
Award for "their 160' = y=(32)

x —their '—'
5

If they use y = mx +c it must be a full method. using m= ‘their 160°. their *—" and -32.
An attempt must be seen to find e=...
Al cso y=160x—-112. The question is specific and requires the answer in this form.

You may 1sw in this question after a correct answer.
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Question Scheme Marks
Number
- d'l-’ ) 3
(1)(a) — =3x"xln2x+x x—x2 MIAIAL
dx 2x
=3x lnZ2ein
(3)
(1)(b) EI = 3(x +sin2x)’ x (1+ 2cos 2x) BIMI1AL
(3)
(if) —— = —cosec’y MIALl
dy
)y 8 M1
dx cosec’y
. 2 2 . dy dx Gk
Uses cosec’y =1+cot” yand x=coty m —or 1—10 get an expression in x
s
& : 1 1 cso | M1, A1*
e A ¥ 2] i 5 > LAlLT
dx cosecy l+cot™ y I+x°
(5)

(11 marks)




(1)(a) M1 Applies the product rule vi'+uv’ to x* In 2x.
If the rule is quoted it must be correct. There must have been some attempt to
differentiate both terms. If the rule is not quoted (nor implied by their working, with
terms written out u=....w'=.....v=.....v’=... followed by their vu’+uv’) then only
accept answers of the form

B ’
A xIn2x+x x= where 4, B are constants=0
%

: 1
Al One term correct, ¢ither 3x* xIn2x or x°x o 2

dy 1 ! '
Al Cao. dl =3x" xIn2x+x° x ——>x2. The answer does not need to be simplified.
X

For reference the simplified answer is % =3xIn2x+x’ =x’(3ln2x+1)

(1)(b) Bl Sight of (x +sin2x)*

M1  For applying the chain rule to (x+ sin 2x)*. If the rule is quoted it must be correct. If it is
not quoted possible forms of evidence could be sight of C(x+sin2x)* x(1+ Dcos 2x)
where C and D are non- zero constants.

Alternatively accept # =x+sin2x . u’= followed by Cu® x their '
Do not accept C(x +sin2x)* x 2cos 2x unless you have evidence that this is their 1’

Allow “invisible’ brackets for this mark. ie. C(x+sin2x)> x1£Dcos2x

dy : 2 d : S
Al Cao d_ =3(x+sin 2x)” x (1+ 2cos 2x) . There is no requirement to simplify this.
)4
You may ignore subsequent working (isw) after a correct answer in part (i)(a) and (b)

- g0 " . 2 :
(i1) M1  Writing the derivative of coty as ~cosec’y. It must be in terms of y

Al ‘;E =—cosec’yor 1= —coseczy%. Both lhs and rhs must be correet.
Ly

. ldy 1
M1 U T
sing = dy
dy

. dy il .
M1  Using cosec’y =1+cot’ y and x=coty to get Tor - just in terms of x.
X Y

Al cso £=— L <
dx 1+x°

Alternative to (a)(i) when In(2x) is written Inx+In2
M1  Writes x’In2xas X’ n2+x’Inx.
Achieves Ax” for differential of x’ In2 and applies the product rule vu'™+uv’ to x’ lnx.

Al Either 3x* xIn2+3x" Inxor x° ><l
x

Al A correct (un simplified) answer. Eg 33" xIn 2+ 3x In v+ x* x b
X

Alternative to (ii) using quotient rule

cos y

M1 Writes cot y as and applies the quotient rule, a form of which appears in the
I

formula book. If the rule is quoted it must be correct. There must have been some attempt
to differentiate both terms. If the rule is not quoted (nor implied by their working,

. . . . .ovu'—uv'
meaning terms are written out u=....u"=.....v=.....v'=... followed by their ———)
=
sin yxtsin y—cos y xtcos y
only accept answers of the form ——
(sin y)°
Al Correct un simplified answer with both Ihs and rhs correct.
dx  sinyx—siny—cosyxcosy
—= Y = — Y - :{—l—cmzy}
dy (sin ¥)
. dy 1
M1 Using —=——
Ty dy
dy
: 2 2 1 2 2 2 dy L
M1 Using sin” y+cos” y=1. —5—=cosec y and cosec”y =1+cot” yto get —or inx
sin” y dx by
dy 1
Al cso L= =
dx 1+x

Alternative to (ii) using the chain rule, first two marks

M1 Writes cot y as (tan y) ™ and applies the chain rule (or quotient rule).
Accept answers of the form —(tan y) ™ xsee’ y
Al Correct un simplified answer with both lhs and ths correct.

X -2 2
=—{tany) “xsec”y 1
dy Xx=coty=tany=—
x

Alternative to (ii) using a triangle — last M1

M1  Uses triangle withtan y = L to find sy
x

X 1
sin y = ——o
Vi+x®

and gelgur =] Jjust in terms of x
de dy




Q31.

2:1‘:;22:] Scheme Marks
d :
(a) —(cos2x) =—2sm2x B1
m
st e \Ex—lsinlx—coalxx?x : MI1A1
Applies —to — = . - = .
v Vx (Wx )
1
—2/xsin 21‘—%1 2cos2x
- X
3)
d 2 - 2
— i = &5CC .0 v _— sCC - <
(b) dx('ec 3x)=2sec3xx3sec3xtan3x(=6sec” 3xtan3x) | M1
=6(1+tan” 3x)tan 3x dM1
= 6(tan 3x + tan® 3x) Al
3)
(y) dx 2
(c) A‘=25111L?J:>d—=—cos[‘—] MIAL
J V
dy 1 o 1 - 1
- b : 2 - i ¢ ) B 2
dx :CG\_.[ ¥ ¢ fl_‘-_,iﬂzfl]] 2 e dM1
KRN l 3 3 2
- : Al
—= cao
dr 44— )
4
(10 marks)
: [x] dy 3 1 M1dM1A1l
y=3arcsin| — |=> —= i
Alt (c) 2) dx Y 2
(2
dy 3 N
Y )
. . . - dy A
M1 Rearranging to y = AarcsinBx and differentiating to — = ——
dr  \1-Bx?
dy C
dM1 As above. but form of the rhs must be correct cl_ =
'1' rf N L
1| i] @)
L2
Al Correct but un simplified answer




Notes for Question

B1 Award for the sight of% (cos 2x) =—2sin 2x . This could be seen in their differential.

. vu'—uv'  coslx
M1 Applies —t

0
v -\1’:
If the rule 1s quoted 1t must be correct. There must have been some attempt to differentiate both terms. If the
rule 1s not quoted (nor implied by their working, with terms written out u=_._u'=_.__ v=___ v'=___ followed

by their u) then only accept answers of the form
v

—

\f; x+Asin2x —cos 2xx Bx 2
1
(-u"; )* or x*

Al Award for a correct answer. This does not need to be sumplified.

Alt (a) using the product rule

B1 Award for the sight of% (cos2x) =—2sin 2x . This could be seen in their differential.

1

M1 Applies wvu'+uv'to x 2 cos2x . Ifthe rule is quoted 1t must be correct. There must have been some
attempt to differentiate both terms. If the rule 1s not quoted (nor implied by their working, with terms
written out u=.._uw'=..__v=.._ v'=__ followed by theirvu'+uv') then only accept answers of the form

1 3

+4x 2sin2x—Bx %cos2x

Al Award for a correct answer. This does not need to be sumplified.
1 3

By, o sinlx—:x 2 cos2x

M1 Award for a correct application of the cham rule on sec’ 3x
Sight of Csec3xsec3xtanix is sufficient

dM1 Replacing sec’ 3x =1+ tan” 3x in their derivative to create an expression i just tan 3x . It 1s dependent
upon the first M being scored.

Al The correct answer 6(tan 3x + tan’ 3x) . There is no need to write H=0
Alt (b) using the product rule
M1 Writes sec’ 3xas sec3x x sec3x and uses the product rule with u'= Asec3xtan3x and
v'= Bsec3x tan 3x to produce a derivative of the form Asec3xtan3xsec3x+ Bsec3xtan3xsecdx

dM1  Replaces sec” 3x withl+ tan’ 3x to produce an expression in just tan 3x . It is dependent upon the first M
being scored.




Notes for Question Continued

Al The correct answer 6(tan 3x + tan’ 3x) . There is no need to write 22 =6

Alt (b) using sec3x =

— and proceeding by the chain or quotient rule
cos3x

M1 Writes sec” 3x as (cos 3x}'2 and differentiates to A(cos Bx)_a sin 3x

. . 1 _ $3x)" x0—1x Acos3xsin3x
Alternatively writes sec” 3x as —— and achieves Lo B -’>< ;os i
(cos 3x)° (cos' 3)(}
sin 3x 1 2 5 3. . .
dM1  Uses —tan3x and - —sec” 3xand sec” 3x =1+ tan” 3x i their derivative to create an
COs3X cos” 3x

expression in just tan 3x . It 1s dependent upon the first M being scored.

Al The correct answer 6(tan 3x+ tan’ 3x) . There is no need to write 1 =6
Alt (b) using sec’ 3x =1+tan” 3x

M1 Writes sec” 3xas 14 tan” 3x and
uses chain rule to produce a derivative of the form A tan 3x sec” 3x
or the product rule to produce a derivative of the form C tan 3xsec” 3x + D tan 3xsec” 3x

dM1 Replaces sec’3x =1+tan” 3xto produce an expression in just tan 3x . It 1s dependent upon the first M
being scored.

Al The correct answer 6(tan 3x + tan’ 3x) . There is no need to write z =6

(c)
il -\
M1 Award for knowing the method that sin{ %] differentiates to cos{ %J The lhs does not need to be

correct/present. Award for 2sin [%J — A cosl%]

[y de 2 ) .
Al x= Zsm[i} = o B —cos{ LJ . Both sides must be correct
3) dv 3 \3

a

. : ¢ K . . 2y
dM1  Award for inverting their o and using sin” %4— cos
ay

x only. It 1s dependent upon the first M 1 being scored.
An alternative to Pythagoras 1s a triangle.

; : dy .
% =1 to produce an expression for cll m terms of
X




Notes for Question Continued

Candidates who write E — = do not score the mark.

2 cos[arcsiu[i]]
2
dy

e : does score M1 as they clearly use a correct Pythagorean
dr i 2 - | X || 1identity as required by the notes )
2, |1 —sin” | arcsin ;J s ¥ :

Al = = . Expression must be in its simplest form.
dr  44-x7

dy - 1
Do not accept E} = ———=0or — =——— forthe final Al

Lo | =

Q32.



Question

FiRERE Scheme Marks
(a) £(x) = 4x+1 D
x—2
i E )" My A (A
il vie V:m . (x -}zj_ ;1:1 +1)x1 et
— —9 =
&2y =
3)
9
(b) -2 =—l=x=. M1
(5.7) ALAl
3)
6 marks
. dx+1 9
Alt 1.(a) f) ==+
b . b .
Applies chain rule to get ' (x) = A(x—2)" Ml
. o2 -9
=-0(x-2}) "= i Al AT*
' (x-2)

()




Al

Al*

(b)
M1

Al
Al

Q33.

Applies the quotient rule to f(x) = d +j1 with u =4x+1and v=x-2. If the rule is quoted it must be
L. . vi'—uv'
correct. It may be implied by their u =4x+1v=x-2.u'=_ v'=_followed by ——
v
. 5
If neither quoted nor implied only accept expressions of the form ot LE Hf shxe A.B=0

(x-2)°
allowing for a sign slip mnside the brackets.

Condone missing brackets for the method mark but not the final answer mark.

Alternatively they could apply the product rule with # =4x+1and v=(x—2)" . If the rule is quoted

. ! . : -1 £
it must be correct. It may be implied by their u =4x+Lv=(x-2) .u'=..v'=. followed by

vit'+tuv' .
If 1t 15 neither quoted nor implied only accept expressions of the form/ or equivalent to the form
(x—2) ' xC+@x+1)xD(x-2)"
A third alternative 1is to use the Chain rule. For this to score there must have been some attempt to
4x+1 .
=.+
x—2 x—2

-

divide first to achieve f(x) =

before applying the chain rule to get

f'(x)=A(x-2)"
A correct and unsimplified form of the answer.
(x—2)x4—-(4x+1)x1

Accept - from the quotient rule
(x—2)°
4x-8—-4x-1 : : TEEr
Accept ﬁ from the quotient rule even if the brackets were missing mn line 1
x f—

Accept (x-2 ]_1 x4+ (dx+1)x—1({x=2 )_2 or equivalent from the product rule

Accept 9x-1(x— 2) from the chain rule

. - -2
Proceeds to achieve the given answer = ﬁ . Accept -9(x-2)"
X — & B
All aspects must be correct including the bracketing.
If they differentiated using the product rule the intermediate lines must be seen.
+ dx+1  4x-2)-(4x+1) -9

3

530 el (x-2)

Eg. (x—2)"'x4+([@x+Dx-1(x—2)"

(%]

Sets _—93 =—1 and proceeds to x =....
x—2)

The minimum expectation is that they multiply by (x —2)° and then either, divide by -1 before
square rooting or multiply out before solving a 3TQ equation.

: : -9 :
A correct answer of x = 5 would also score this mark following ﬁ =—1 as long as no incorrect
)
work 1s seen.
x=35
(5.7)orx =25, y="7.Ignore any reference tox =-1 (and y=1). Do not accept 21/3 for 7
If there 1s an extra solution. x > 2. then withhold this final mark.



Question
Number Scheme Marks
x=8£tan[2:<£]=;r B1*
8 8
(1)
dT 2,
4 =8tan2y+16ysec(2y) MIATAIL
'..'J
Cll' 7 5 T
ArP—=8tanli+16£sec'(2x£]={S+4:r} M1
dy 8 8 8
T
Y73 o1 T M1A1l
= accept y——=0.049(x—m }
x—a S+4x i 4 8 ( }
-
::>(S+-1fr}‘1==x+T Al
(N
(8 marks)

(b)

: T . T T
Either sub y =I§1nto x=8y tan(l_}'] =>x=8x Fy mn[l P E] =

T . T T
Orsub x=u. y=-g into x=8ytan(2y)= ;r=8>-<§tan(l><§]=frxl=ﬂ

This is a proof and therefore an expectation that at least one intermediate line must be seen,
including a term in tangent.

- T T
ALCCEpt as a mimimmn y = § = X=7 tan[:) =

Or ;T=:-T><l'all[§j=ﬁ \/

This 1s a given answer however. and as such there can be no errors.




M1

Al

Al

M1

M1

Al

Al

Q34.

Applies the product rule to 8ytan2yachieving Atan2y + By sec’(2y)

: : : dx
One term correct. Either 8tan2yor +16y sec’(2y) . There is no requirement for — =

dy
dx 2
Both lhs and rhs correct. e 8tan2y+16ysec (2y)
y

It 1s an intermediate line and the expression does not need to be simplified.

dx d 1 e e
Accept — =tan2yx8+8yx2sec’(2y) or Y- . or using mmplicit

dy dcr tan2yx8+8yx2sec (2y)

. - dy dy
differentiation 1=tan2yx8 d_ +8yx2sec’(2y)—
X
. z, dx dy ,
For fully substituting y =—1nto their l—or _lit to find a 'numerical’ value
dy ¢

Accept g =awrt 20.6 or 5 awrt 0.05 as evidence
dy dx

For a correct attempt at an equation of the tangent at the point ( H%)

The gradient must be an inverted numerical value of their —

dy
y T
1
Look for §
Xx—7 .
numerical —

dy
Watch for negative reciprocals which 1s MO
If the form y = mx +c1s used it must be a full method to find a ‘numerical” value to ¢.

A correct equation of the tangent.

w

y ——
Accept 8§ = orif y=mx+cis used accept m= and c=Z——Z

x—x 8+4x 8+4m 8 S8S+4r
Watch for answers like this which are correct x— 7= (8 + 4}T}l y— gJ

: y—0.39
Accept the decimal answers awrt 2sf y =0.049x+0.24, awrt 2sf 21y =x+4.9. ﬁ =0.049
x-3.

Accept a mixture of decimals and ©'s for example ZU.E{ V- %] =xX—T

]

: T
Correct answer and solution only. (8 +4m)y=x+ =

: 3 .
Accept exact alternatives such as 4(2+ 7))y =x+ 0.57" and because the question does not ask for

a and b to be simplified in the form ay = x+b. accept versions like

T T T
(8+4dm)y=x+—(8+4x)—7 and (8+4m)y=x+(8+4x [—— ]
) 8[ ) ( ) ( ) 8 8+4rm



Cuestion

i Scheme Marks
dy oo
@) | L=ge* 14218 ML, Al
dx
d d : 3 4x
Puts —=0togive x" =—2—e" Al %
dx
(3)
Bl
. Shape of y B1
(b) - y=-2-¢* cuts y axis at (0.-3) | B1
»=-2—¢* has asymptote at
P S asymp B1
(4)
(c¢) | Only one crossing point = 1)
. -1.26376, -1.26126 M1 Al
@ Accept answers which round to these answers to Sdp (2)
(e) = -1.26 and so turning point is at (-1.26. -2.55) e Alc??)

12 marks




(a)

M1 Two (of the four) terms differentiated correctly

Al Al correctd—y =4e™ 4+ 4x° +8
dx

d . .
Al*States or sets —~ =0, and proceeds correctly to achieve printed answer x* = -2 —e**,

dx

(®)

Bl Correct shape and position for y = x° . It must appear to go through the origin.
It must only appear in Quadrants 1 and 3 and have a gradient that i1s always = 0. The gradient should

appear large at either end. Tolerate slips of the pen.See practice and qualification for acceptable curves.

Bl Correct shape for y=—2—¢*"_ its position is not important for this mark. The gradient must be

approximately zero at the left hand end and inerease negatively as vou move from left to right along the
curve. See practice and qualification for acceptable curves.
4x

Bl Score for y=-2-¢™ cutting or meeting the y axis at (0.-3). Its shape is not important.

Accept for the intention of (0.-3)., —3 being marked on the y — axis as well as (-3.0)
Do not aceept 3 being marked on the negative y axis.
Bl Scorefor y=-2- ¢** having an asymptote stated as y ==2. This 1s dependent upon the curve appearing

to have an asymptote there. Do not accept the asymptote marked as *-2” or indeed x=-2. See practice
and qualification for acceptable solutions.

(<)
B1 Score for a statement to the effect that the graphs cross at one point. Accept minimal statements such as
‘one intersection’. Do not award 1f their diagram shows more than one intersection. They must have a

diagram (which may be incorrect)

(d)

M1 Awarded for applying the iteration formula once. Possible ways i which this can be scored are the sight

1
of ¥-2-e™, (L2 —e*1)3 or awrt -1.264

Al Both values correct awrt —1.26376. -1.26126 Sdps. The subseripts are unimportant for this mark. Score
as the first and second values seen.

()
M1 Score for EITHER rounding their value in part (¢) to 2 dp OR finding turning point of C by substituting a

4

value of x generated from part (d) into y =e* + x* +8x+5 in order to find the y value. You may accept

the appearance of a y value as evidence of finding the turning point (as long as an x value appears to be
generated from part (d) and the correct equation is used.)

Al (-1.26.-2.55) and correct solution only. It 1s a deduction and you cannot accept the appearance of a

correct answer for two marks.

Q35.



Cuestion

i Scheme Marks
sinx cosx 5
() | 2= =
COSX sinx sinx
Uses common denominator to give 2sin® x—cos® x =5cosx M1
Replaces sin®x by (1—cos” x) to give 2(1—cos’ x)—cos” x =5cosx M1
. i Al
Obtains 3cos" x+5c0sx—2=0 (a=3. b=3, e=-1) (4)
(b) | Solves 3cos® x+5cosx—2=0 to give cos x = Mi
cosx= 1 only (rejects cosx=-2) e
Sox=1.23 or 5.05 GepEil
4
(ii) Either Or
sind  cosf
tan & +cotf = , tan &+ cot 8 =tan & + Bl
cosd sind tan &
sin” @+ cos” @ :
_ ~..111I cos tan?6+1 S
sin @ cos & =
tan &
2 1 2
— = = MI1
sin 28 cos’ @x=&  gin20
" oy i e Al
=2cosec2d (s0o A=2) =2cosec2f (so A=2) @)
12 marks
Alternatives to Main Scheme
5 :
(i) (a) 2tanx— =—— does not score any marks until
tanx sinx
xtanx = 2tan’ x +1=5secx B1, M1
Replaces tan® x by (sec’ x—1) to give 2(secx’ —1)+1=5secx M1
! ) Al
Obtains 3cos* x+5c0sx—2=0 (a=3. b=35. e=-2) @
®) Solves 300-51 X+5cosx—2=0 to give cos x = M1
or 2sec” x—>S5secx—3=0=secx=..
cosx= % only (rejects cosx=-2) b
Sox=1.23 or 5.05 Rl
| @)
sing  cosé A A
ii tanfd+cotd =1 = +———F=— =
(i) e e cosf  sinf s ld %ﬂ%} a2l
x2sinf@cos @ = 2sin’ 8+ 2cos’ 9 =4 M1
Factorises 2(sin’ @+cos’8)=A=2=4 | Ml
Al

All above correct + a statement like ‘hence true”, *“QED’

(4)




D@

. SInX cosX 1 . o
Bl Uses definitions tanx = , cotx=— and cosecx = —— to write the equation i terms of
COsX sinx SH1X
cosx and sin x. Condone Scosecx = % as the intention is clear.
Ssmx

: 1 : _ .
Alternatively uses cotx = e and cosecx = g to write the equation in terms of tanx and sinx

This may be implied by later work that achieves 4 tan’ x+ B = C'sec x

M1 Either uses common denominator and cross multiples, or multiplies each term by sinx cos x to achieve an equation

of the form equivalent to 4sin’ x £ Becos’x = Ccosx . [t may be seen on the numerator of a fraction
Alternatively multiplies by tan x to achieve Atan” x+ B = Csecx

M1 Uses a correct Pythagorean relationship, usually sin’ x = 1—cos’ x to form a quadratic equation in terms of

cosx . In the alternative uses tan® x =sec’ x—1 to form a quadratic in sec x. followed by secx = to
cosX
torm a quadratic equation in terms of cosx
Al Obtains iK(Bcosz x+5cosx—2}= 0 (a=3, b=5, e=-2)
(i)(b)
M1 Uses a standard method to solve their quadratic equation in cos x from (i)(a) OR secx from an earlier line in (a)
See General Principles for Core Mathematics on how to solve quadratics
Al cosx= 1 only Do notneed to see -2 rejected
dM1 Uses arcos on their value to obtain at least one answer. It 15 dependent upon the previous M.
It may be implied by one correct answer
Al Both values correct awrt 3sf x = 1.23 and 5.05.
Ignore any solutions outside the range. Any extra solutions in the range will score A0.
Answers in degrees will score AQ.
(ii)
Bl Uses a defimition of cot with matching expression for tan. Acceptable answers are
smé@ cosf smnf 1 1 ) .
+——. +——.tanf+——_Condo : 7 on th .Eg Allow tan & —
c0s@ ' sin@ cosB  sn@  0U T tang o Cone @ HUSCOpY on the sign. g Alowtan tan &
costd
M1 Uses common denominator, writing their expression as a single fraction. In the examples given above, example 2
would need to be inverted. The denominator has to be correct and one of the terms must be adapted.
M1 Uses identities sin” @+ cos” @ =1 and sin26 = 2sin fcos @ specifically to achieve an expression of the form Si11;’
, 2 ) 1 sin @ . : . 3
Alternatively uses 1+ tan" @ =sec” @ = ———. tané = o and sin 28 = 2sin & cos & specifically to achieve an
cos”

a

expression of the form . Alme of ; achieved on the lhs followed by 4= % or 2 would 1mply this mark

sin 26 sin f cos &
Al Achieves printed answer with no errors.

Allow for a different variable as long as 1t 1s used consistently.

Q36.



Question
Number

Scheme Marks

@

(b)

&
I=

4:%::1 2+6v—+|6xv+31d—“' = 8x M1

] ¥ '_|

[dy 8x—2—6xy| : .
<| o = W J not necessarily reguired.

dy  8(-D-2-6(-1)1) 4
At P(-1,1 o ol A e Lo, L R
(-1,1), m(T) ST, 5 dM1 Al eso

So,m(N):"—<=§> M1

N: y—l=%[x+1) M1

N: Ox—4y+13=0 Al
[3]

(a)

(b)

dy |

dy . d
M1: Dafferentiates implicitly to include either ik}-‘a) or 3x° av . (Ignore | I}
dx

Al: [2.::+3y2] —>E 2+6y % | and (41‘2 — 8_1‘}. Note: If an extra “sixth” term appears then award AQ.
% X/

d
Bl: 6xy+322
ax

dM]1: Substituting x=—1and y =1 into an equation involving % Allow this mark if either the numerator

or denominator of ﬂ = w 15 substituted into or evaluated correctly.
6y +3x
If 1t 15 clear, however, that the candidate is intending to substitute x =1and y =—1, then award MO.
Candidates who substitute x =1and y =—1, will usually achieve m(T) = —4
Note that this mark is dependent on the previous method mark being awarded.

Al: For —g or —% or —0.4 or awrt —0.44

If the candidate’s solution is not completely correct, then do not give this mark.
. 1
M1: Appliesm(N) =— ——— .
i their m(T)
MI1: Uses y—1=(m,)(x——1) or finds ¢ using x=—1and y =land uses y=(m,)x +"¢c"
1 1 )
Where my =————— of my = —————— or m, = —their m(T).
their m(T) their m(T)

Al: 9x—4y+13=00r -9 +4y—-13=00r4y—-9x—-13=0 or 18x—8y+26=0 etc.

Must be “ =07. So do not allow 9x+ 13 =4y etc.

"- N 2 3
Note: m, = —‘ B 2N 1s MOMO unless a numerical value is then found for m,, .
\ 8x—2—6xy | :
Alternative method for mrr {a): Di ﬁerenuarmg with respect to y
[ dx dx
[—xl 2—+6 +|6xy— +3x" |=8x—
1% dy dy
: Y (dx _|
M1: Dafferentiates implicitly ) =)
dy dy d}- | dy :
\ & 5
Al: [2 r+3v —) | 2—+ 6) | and 4x — Sxd— Note: If an extra “sixth™ term appears then award AQ.
) @)
Bl 6xy+32Y
dx

dM1: Substituting x =—1and y =1 into an equation involving % or E Allow this mark if either the
¥

. dx 6y+3x°
numerator or denominator of — = ———
dy 8x-—-2-6xy

If it 15 clear, however, that the candidate 1s intending to substitute x =1and y =—1, then award MO.
Candidates who substitute x =1and y =—1, will usually achieve m(T} =—4
Note that this mark is dependent on the previous method mark being awarded.

1s substituted into or evaluated correctly.

Al: For —g of —% or —0.-41 or awrt —0.44

If the candidate’s solution is not completely correct, then do not give this mark.




Q37.

(@ r=x = T a3 * cs0 | Bl 1
o dx g ’ ( )
dv dv d¥ 0048

by —= ® — : i

O ST a e

At x=3
dr 0048 L )
—=—7>=0.00025 | cms™ 2.5=107 1
d 3(8%) t- ) Al (2)

> ds

c) S=bxr" = —=12x

(c) = Bl
o5 _as o, (008) o
d & & | 3

At x=3
ds ¢ 1 4
—=0024 (cms
= ( ] Al 3

[6]

Q38.




Cluestion

Mumber Scheme Marks
. S g L1z . 3 d} 7 ] dy
(a) Differentiating implicitly to obtain £y 3 and'or £hy E M1
2 dy
48y —+ . =54
= Al
: ,dy :
Oy —0x ;—181}' or equivalent | B1
3 2y dy
(48)° +0x ]E+181}'—54=0 Ml
. £A_ . fix P
d_.\= 54 :131.11 [ 18_‘ 63 2 Al ®
de 48y +9x | 16y +3x ]
(b) 18—6xp=0 M1
Using x= E or y= 3
:
s AN (3) i S &
16y°+9| =| y-34 = |=0 or 16‘—| +0x%| = |-54x=0 M1
W) Ly \ x) \x )
Leading to
16y +81-162=0 or 16+x*-2x* =0 M1
yt = % oo x'=16
3. 3 :
1=E.—? or x=2,-2 Al AL
Substituting either of their values info xy =3 to obtain a value of the M
other variable.
.3 3\:
k2 e N
[12]

Q39.




Question

Number Scheme Marks
(a) %=%mﬁ —7h? or equivalent — M1 Al
C 2
ar 1 2 T
At h=0.1, E=E,:-r((]|.1}—z(0.1) =0.04x 35 | MI1Al (4)
- dh dV AV x 1 T :
(b) —=—x—= X = or —=+ their (a) | M1
dd dr dh 800 lxh-—xh 800
dh & 25 1
At h=01. —= K= awrt 0.031
d 800 = 32 b 2)
[6]

Q40.




Question

Number Scheme Marks
1dy
y dx T L
(1
=_’-']111'42xt—] M1 Al
l-.
At x=2, Iny=2(2)In2 M1
leading to y=16 Accept y=c*=2| || A1
. 1 dy
.’I"‘lt 2.16 ——=21112__2
S 16 dx Ml
dx
[7]
Alternative
J-" . elr].u.r Bl
5 [1 ]
—(2xlnx)=2lnx+2x| — M1 Al
d_}' ( ( 1 2xinx
—=llhlx+lx[— g M1 Al
die § oz
dy 5
At x=2, — =(2In2+2)e'™?
T ) M1
=16(2+2In2) Al (7)

Q41.




Question

ri—— Scheme Marks
(a) | C: y'-3y=x"+8
Differentiates impliciily to mclude esther
lﬁ( dy _dy 1 + G +3$ I [d—} =J L
{E” i g g e (g 7))
Correct equation. | Al
A correct (condoning sign error) attempt to
[2_}!—3}£ =3 combine or factorise their © Z_L'E - 3E M
dx dr  dx
Can be implied.
, 3yt
i 3 z Al oe
de  2y-3 2y-3
(4)
(b) | y=3= 9-3(3)=x"+8 Substitutes y =3 into C. | M1
=8 = x=—2 Only x=-2 | Al
dy :
E =4 from correct working.
(-2.3) :>d_-}=ﬂ = E=4 Also can be ft using their 'x” value and y =3 mnthe | o4 ./~
' de 6-3 dx 2
correct part (a) of & e X
dr 2y-3
(3)
1(b) ﬁnal;—\l-.lr_. Note if the candidate inserts their x value and y =3 into % = 23;1' 3
y-
then an answer of % = their x° . may indicate a correct follow throngh.
[7]

Q42.




Question
e Scheme Marks
. ] r 16 29 Uses simular tnangles, ratios or
(a) | Similar triangles = == = trigonometry to find either one of these | M1
= WO eXpressions oe.
g Il o lﬁ[ﬁ]lh _ 4z h’ e Substitutes r = 3! into the formula for the Al
313 27 volume of water ¥.
(2)
. dF dv
b) | From the question, — =8 — =8| B1
(b) | From the question, dr dr
dv  12zk’  4xk’ v 12xh’  4xk’ -
dh 271 9 dh 27 9
. d¥  d¥
Candidate’s — = —: | M1;
dh_dv v 9 18 WAy T
dt dt  dh 4zh®  xh' 127 i’ 9 18
_ 8+ or 8x—— = 08 | A1
27 4rh” Th
1
dh 18 1 18 =
When h=12, &1 - =t B8 -
= dr 1447 8z TrrEaal L
Note the answer must be a one term exact value. (9)
Note, also you can 1gnore subsequent working
18
1447
[7]
Q43.
%Tﬁggp S5cheme Marks
E=—1E-]:r:u[[]l_5}(!_5’ M1 A
dr
dr
At t=3 E:—lﬁ]n(ﬂ.ﬁ]ﬂ_ii M1
=—2In05=1n4 M1 AT
[5]

Q44.



Question
Bmhir Scheme Marks
d
—(2%)=In2.2"7 Bl
4 ()
dy dy
In22"+2y—=2y+2x— M1 Al=Al
dx dx
Substituting (3. 2)
dy dy
Eln2+4—=4+6— Ml
¢ dx
y :
—=4n2-2 Accept exact equivalents | M1 Al (7
[7]
Q45.
Question
rigie S5cheme Marks
; . dy
(a) —2sm2x—3sm3Iy—=0 M1 A1
dx
dy 2sin2x 2sm2x —2smn2x
— = Accept : L — Al (3)
dx Isin3y —3sin3y  3sin3y
T 27
(b) At x=—, cos[—w+cos3y =1 M1
6 6 )
e A
cos3y= >
i
Jp=— Suyi= 5 awrt 0.349 | Al (3)
' dy 2sin 2 (= 2smn< 2
(c) At (E E] . Sfﬂ (rs]:_ 51-.11::__ M1
6" 9 dx  3sin3(%#) 3sin¥ 3
v—E =—E[I—£W M1
"o 37 6
Leading to 6x+9y—2m=0 Al (3)
[9]

Q46.




%ﬂﬁﬁp Scheme Marks
d4
— =15 B1
dt
, . dd
A=mr" = —=2ar B1
dr
When A=2
2
2=ar" = r=,|— (=0.797884 ) M1
ris
dh
d dr dt
dr
1.5=2ar— M1
dt
e S snang awrt 0.299 | A1
& 2mf2
[5]

Q47.



%ﬂﬁg:p Scheme Marks
e ¥ o eae dy ;
T = dye T =242y— Al correct RHS M1 A1l
Q (a) TR ) o
d(_i-(ve_wx)_ —J:rd_l_-]_ve 2x B1
» dy
e T =2y|—=242ye" M1
e 2yl
dy 2+42y¢
= A1 5
dx ee>-2y =)
dy 2+2¢°
(b) AtP | — = =—4 M1
dx e-2
Using mm' =—1
1
m'=— M1
4
1’—1—1[1'—0) M1
- 4 z
x—4y+4=0 or any integer multiple Al (4)
[9]
Alternative for (a) differentiating implicitly with respect to y.
coedx ol
e T=2ye T —=2—%2y Al correct RHS M1 A1
dy  dy
d ¥ a _ay dx
—|ye T )= -2y T — B1
d}' ( J ) d},
_ayy dx 2, |
2dye T |- =g D M1
{ }cl}-' g
E _ e—:.t_ 31,
dy 2+2y e "
dy 2+2ye™
L _ZZ2F° Al (5)

Q48.



e
KAy +y+27=0
(a) 4 .4 woo 2x 4|4y + 4x dy + 2y i 0 M1 Al Bl
| Hx B ' dx T dx -
dy
2x+4y+(4x+2y)—=0 dMl1
dx
dy  -2x-4y [ -x-2y]
—_ = — = — A]‘
dx 4x+ 2y { 2x+y ) 0 0e
[51
(b) dx+2y=0 M1
1
y=-2x X=—=—Yy Al
2
X+ 4x(-2x) + (=2x)" +27=0 [—311 +4[ | lm +y* +27=0 M1#
y 3,
—3x +27=0 -y +271=0
x’=9 ¥y =36 dM1#
x=-3 V= Al
When x=-3, y=-2(-3) When y=6, x=—%(6} ddM1*
y==6 x=-—3 Al cso
[7]
12
Naotes for Question
o S : : dy dy dy
(a) M1: Differentiates implicitly to include either 415 or ihd— (Ignore E = l)_
X

"

i ;
Al (¥¥)>(2x) and | . +)" +27=0> + z;.-ji= 0 ]
\ _ Tde

Note: If an extra term appears then award AQ.
Note: The "= 0"can be implied by rearrangement of their equation.

te: 2x+ 4y + 4x$ + gvﬁ dy
' de 7 dx

dv 7 ) )
Bl: 4v+ 4_,;;1 or 4[ V+ xd—1] or equivalent
’ dx a dx,

dy

dM1: An attempt to factorise out

. dy dy
e, _+dx+2y)—=—=_ or _+2(2x+ V) —=_.
Coat ) (2 + )

A

leading to 4:;% + 2}’3 = —2x — 4y will get Al (implied).

. dy
as long as there are at least two terms in d_1 .
X

Note: This mark is dependent on the previous method mark being awarded.

—-2x— 4y +2x + 4y
= or

Al: For

—2(x +2y) g A 2y

: or equivalent. Eg:
4x + 2y 1 s

—4x — 2y 4x + 2y

Zx+y

cso: If the candidate’s solution is not completely correct, then do not give this mark.




Notes for Question Continued

(b)

M1: Sets the denominator of their % equal to zero (or the numerator of therr ;ﬁ equal to zero) oe.
Y

: : 1 .
Al: Rearranges to give etther y=—2x or x= —E}-‘ . (correct solution only).
The first two marks can be implied from later working, 1.e. for a correct substitution of either y = —2x
: 2 1 .
mfo y~ orfor x = —E_y mto 4xy .

MI1*: Substitutes y=xdx ororx=pyor y=ftAdxtaor x=x2uyzb(A=0, u=0) mio
x* +4xy + y* + 27 =0 to form an equation in one variable.
dM1*: leading to at least either x* =4, 4>0 or ' =B, B>0
Note: This mark is dependent on the previous method mark (M1¥) bemng awarded.
Al: For x= —3 (1gnore x =3) orifywas found first, y =6 (ignore y =—6) (comrect solution only).
ddM1* Substitutes their value of x into y =+ Ax to give y = value
or substitutes their value of x into x* + 4xy + y* + 27 =0 to give y = value
Alternatively, substitutes their value of y mnto x =+ gy to give x = value
or substitutes their value of y into x* + 4xy + y* + 27 = 0 to give x = value
Note: This mark 15 dependent on the two previous method marks (M1* and dM1*) bemg awarded.
Al: (-3, 6) cso.
Naote: If a candidate offers two sets of coordinates without either rejecting the incorrect set or accepting the
correct set then award A0. DO NOT APPLY ISW ON THIS OCCASION.
Note: x =-3 followed later in working by y = 6 1s fine for Al.
Note: vy =6 followed later in working by x =—3 1s fine for Al
Note: x=-3,3 followed later n working by y = 6 15 AO, unless candidate mdicates that they
are rejecting x = 3

_ dy : _dx
Note: Candidates who set the numerator of — equal to 0 (or the denominator of their e equal fo zero) can
y

only achieve a maximum of 3 marks in this part. They can only achieve the 2, 3™ and 4® Method marks to
give a maximum marking profile of MOAOMIMIAOMIAQO. They will usually find (-6, 3) { oreven

(6,-3)3-

: dy
Note: Candidates who set the numerator or the denominator of E} equal to =k (usvally & =1) can only

achieve a maximum of 3 marks in this part. They can only achieve the 2* 3™ and 4™ Method marks to give a
marking profile of MOAOMIMI1AOMIAO.

Special Case: It 15 possible for a candidate who does not achieve full marks i part (a), (but has a correct
denominator for :—] ) to gain all 7 marks 1n part (b).
£

fﬂZM

Eg: Anincorrect part () answer o
4x+ 2y

can lead to a correct (— 3, 6) 1n part (b) and 7 marks.

Q49.




\Q:::f;gg:l Scheme Marks
P14y -y +5=0
3! > 3'In3 | Bl oe
Differentiates implicitly to include either
1 . : dy dy | M1*
iy . dy | dy +Ax— or thy—.
>t 3 1m3—[=—x' —2y—=—=0 -
{}b( J ™ - ‘:1}
- ¥—=>+y+x B1
(ignore) d ¥ T
Y+ xd—1 - 21-'ﬂ =0 |Al
) de T odx
{(1,3)=) 3" "m3+3+ 02 2% - o P o ISR i
dx dx differentiated equation or expression.
m3+3+ Y _6¥ -0 31m3=5Y
de  dx dx
dy _3+In3 dM1*
dx 5
i l{]nei +In3)= l]n(ies) Uses 3=Ine’ to achieve L 1]11|:'3es\] Al cso
dc 5 e ey dx 5 *
[71
-

Notes for Question

: . ! ;1 1
B1: Correct differentiation of 3™ . Ie. 3*7' — 3 'In3 or 3"~ =§[3”} e 5(3”}]113
-1 _ _(x-1)ln3 (x-1)In3 r-1 _ 1 xy _ 1 rin3 1 xln3
or 3 =g — In3e or 3 _5{3 }—EE — E(]nS)e
: . ! : dy dy dy )
MI1: Differentiates implicitly to include either +Ax—— or £ky——. (Ignore | — =|).
dx dx Ldx )
Bl: xy > +y+ xd—1
dx
: : dy -
1AL . +y+r2— Zyé =0 Note: The 1% A0 follows from an award of the 2*° B0.
Note: The "= 0"can be implied by rearrangement of their equation.
. B dy dy : e dy dy ) :
te; 3 " In3+y+x——-2y— leadmgto 3 'In3+y = 2y— - x— will get Al (1mplied).
S e g . |t (implied)

2" M1: Note: This method mark is dependent upon the 1 M1* mark being awarded.
Substitutes x =1, y =3 1into their differentiated equation or expression. Allow one slip.

3"4M1: Note: This method mark is dependent upon the 1% M1* mark being awarded.
Candidate has two differentiated terms in % and rearranges to make % the subject.

Nate: It 1s possible to gam the 3™ M1 mark before the 2** M1 mark.

s ;1 2%l
Eg: Candidate may write % N %]ni before substituting in x =1 and y =3
2y —x
nd 3 . dy | (1 R .
2"% A1: cso. Uses 3=Ine’ to achieve = glnl:\je ), [: 7]11(;:9 )., A=5and u=3

Note: 3 =Ine’ needs to be seen in their proof




Notes for Question

Aliter
Way 2

Alternative Method: Multiplving both sides by 3

F ey -y +5=0
3 +3xy-3)" +15=0

b f dy” dy
= 3"]113—[3!+3;]—6=;=0
{E{ Y xdﬂ;, J'-:11;

ti@ore)

.

dy dy
1.3 Fm3I+ 3N +BD2Z-63)=—=10
{1,3)=} (3)+ G-~ 60)

33+9+32 _18¥ - 0 = 94 3m3-15%
de  dx dx
dv _ 9+3m3 [_ 3+ml3]
& 15 | s
dy

= = l(].nej +In3)
& 5 :
dy

. _l 3 ‘_l 3
— 5{]11& +In3) = 5]11[3&]

3* - 3"In3

Differentiates implicitly to include either

dy dy
+Ax— or thy—.
dx " dx

dy
3ay = +3y+3x—
g 2 dx

dy

...+3v+3x£—6v;= 0
} dx " dx

Substitutes x =1, y =3 into their
differentiated equation or expression.

. _ dy 1.,
Uses 3 =Ine’ to achieve d._] = gl.n[\_%eJ]

X

B1

MI1*

B1

Al

dM1#

dM1#

Al cso

[7]

NOTE: Only apply this scheme if the candidate has multiplied both sides of their equation by 3.

dv 3y+3In3
NOTE: For reference, et AR b
dx 6y —3x

: : , dy i
NOTE: If the candidate applies this method then 3xy — + 3y + S_rd%_ must be seen for the 2™ B1 mark.
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St Scheme Marks
Number
X+ 2y —x—3) -20=0
(a) L. G0 P e | 1232 P oo M1 Al Bl
_ | i dx T dx =
3x” +21—‘—1—(2x—31-‘3}ﬁ=0 dm1
i T Adx
dy  3x +2y-1 1-3x" -2y
- =__" o — Al cso
dx 3y- -2x 2x -3y
[5]
dv 33y +2(-1 22 11
o |atP@3-2), mr) =P 32212 1
' dx 3(=2)* - 2(3) 6 3
. n 11 n
and either T: y —-2= £ (x-3) see notes | Ml
(11}
or (—2)=| —1(3) t+tec=c=__,
\ 3
T: 11x—-3y—-39=0 or K(11x-3y—-39)=0 Al cso
21
Alternative method for part (a)
(a) ,fifx_ L 2;=E+zx —E—a}réa M1 Al Bl
Ay dy dy dy =
2x—3y* + (3x* +2y - 1}E= 0 dM1
L d‘]-'
dy 3x*+2y-1 130" 2
—=—— o —— Al cso
dx 3y) -2x 2x -3y
[5]
Question Notes
g ; Iy? Ty — _ 3 _ 2y _
(2) Note | Writing down d—1 = L_ll M from no working 1s full marks.
General dx 3" —2x 2x -3y
» dy  3x" +2y-1 1-3x" -2y
Note | Writing down o A ¥ or #fﬂ)m no working is M1AOBOMI1AQ
dx 2x —-3y° 3y —2x
. ’ ; : : &5 . 3 . dy  3x +2y-1
Note | Few candidates will write 3x~ + 2y + 2xdy —1-3p°dy =0 leading fo E = 3,—1' 0.e.
2 V- 2x
This should get full marks.
: L . . dy s , dy (dy
(a) M1 | Differentiates implicitly to include either 2x— or —y° — +ky — . (Ignore l— = l).
2 dx g Todx Ldx
3 - 3 a2 d‘L'
Al (x —»3x" and -x-y —-20=0 — —-1-3y" d_ =0
m
Bl | 2xy =2y + zxﬁ
: ' dx
Note | If an extra term appears then award 17 AQ.




f [:H} = 2 _d'l*" 2 d-V 2 2 dl’ dl’
Note | 3x" +2y+2x— —1-3y"=— — 3x +2y—-1=3y = —2x—
ctd ’ dx Todx ’ T odx dx
will get 1 A1 (implied) as the "= 0"can be implied by rearrangement of their equation.
dM1 | dependent on the first method mark being awarded.
An attempt to factorise out all the terms in % as long as there are ar least fwo ferms in % :
. 2y dy
e L +(2x-3y | —=_.
(2r-3)2
Note | Placing an extra 3}—1 at the beginning and then including it in their factorisation is fine for dM1.
1-2y-3x’ . 3x° +2y -1
Al | For 1— or equivalent. Eg: 1—1
2x —3y° 3y’ —2x
cso: If the candidate’s solution 1s not completely correct, then do not give this mark.
isw: You can, however, ignore subsequent working following on from correct solution.
. ] . dy . .
(b) M1 | Some attempt to substitute both x =3 and y = -2 mfo their al which contains both x and y
to find m, and
e either applies y — —2 = (their m; )(x — 3), where m; is a numerical value.
* or finds ¢ by solving (—2) = (their m; )(3) + ¢, where m; 15 a numerical value.
Note | Using a changed gradient (i.e. applying —— or ——— 15 M0).
therr < their =
Al | Accept any integer multiple of 11x -3y —39=0 or 11x -39 -3y=0o0r —11x+3y +39=0,
where their tangent equation 1s equal to 0.
— A meesnnt calabiae e saniend feaen a ek d1.
isw | You can ignore subsequent working following a correct solution.
Alternative method for part (a): Differentiating with respect to v
. . L . : dx 3 L dx : dx
(a) M1 Differentiates implicitly to include either 2y— or ¥ >k — or —-x — — —
dy dy dy
e, ")
(Ignore | — =|).
dy ;I
Al Tl s B g e Y —-20=0 - - L. 3y°=0
dy dy
d:i-
Bl 2xy > 2y—+2x
: ey
dM1 | dependent on the first method mark being awarded.
: dx . dx
An attempt to factorise out all the terms in 5 as long as there are at least hwe ferms e
}! }!
= 2 | R -z . 3 2 1 y —
Al For # or eqm\-'alent. Eg: lﬁ—hl
2x —3y° 3y" —2x

cso: If the candidate’s solution is not completely correct, then do not give this mark.
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Question _—
Number Scheme Marks
dv s
. =80x, V=4gh(h+4)=4xh- + 16ah .
dv tahz B, a=0,=0 | M1
— =8xh + 167
dh Sth+167 | Al
r B Ir' 9
{d—V L = (87h+ 16-;'3'}ﬁ = 80 [Cand.idate-'s oL L 80x
dh dt dr ] dr dh ) dr
dh dv dv | dh 1 M oe
? 1 - dV
—=—— ¢ —= 80mx ———— - 807 + Candidate's —

{dz a  dn | & 87h + 167 il T 1
When h =6 {ﬁ =\l. 1 « 80; _;= 30}’5} dependent on the previous M1 dM1 J
dr | 8x(6) + 167 |~ 64r see notes

dh : i 10 80
— =125 (ecms™) 1250r — or—or — | Al oe
dt — 4 8 64
[5
q
Alternative Method for the first M1A1
u =4mwh v=h+4
Product rule: < dy dv
—=4r —=1
dh dh
dv Tahx B, a=0, =0 | Ml
— =4a(h+4) + 4xh
e e 4n(h+4) + 4rh | A1
e LI PRLRTLE = ]
M1 | An expression of the form zah = f, @ =0, § = 0. Can be simplified or un-simplified.
Al | Correct sumplified or un-simplified differentiation of 7.
eg. 8rh+16r or 4x(h+4)+4rh or 8x(h+ 2) or equvalent.
Note | Some candidates will use the product rule to differentiate I with respect to . (See Alt Method 1).
dv . : ) . :
Note Ty does not have to be explicitly stated, but it should be clear that they are differentiating their V.
( : dv| di . dv
M1 Candidate's — |x 2L _807 or 8071 = Candidate's —
" dh ) dr dh
i | : dr
Note | Also allow 2% M1 for [C_zmdidate‘s d—V xﬁ =80 or 80 = Candidate's —
. dh ) dt dh
Ir' b
Note | Give 2* M0 for [Candidate's - xﬁ =80t or 80k or 80t or 80k = Candidate's o
dh ) dr dh
dM1 | which is dependent on the previous M1 mark.
: : ! . : . dV
Substitutes 7 = 6 mto an expression which 1s a result of a quotient of their T and 80 (or 80)
5 i .
Al [ 12%0r = 01'? or g (units are not required).
Note SE as a final answer 1s AQ.
64w
L _ dr . -
Note | Substituting # =6 into a correct — gives 64 but the final M1 mark can only be awarded if this
i
1s used as a quotient with 807 (or 80)
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o Scheme Marks
Number
X* + 3 +10x + 2y —4xy =10
:@( : & " N
(a) x>, 2x+2y +10+?——l41+4—| See notes | M1 Al Ml
; X dx _ dx) =
dy Dependent on the
2 — 7 4 f] P _Ar)—— —
2x+10 -4y + (2y + 2 —4x) F P — dM1
dy  2x+10-4y
dx dx—-2y -2
L . dy x+5-2y [ -x—5+2y]
Simplifying gives — = — 4= —r Al csooe
g 2 dx 2x—y-1 { —2x+y+1)
) _ (3]
dy
(b) — =0=; x+5-2y=0 M1
dx
So x=2y-5,
2y -5 +y* +102y —5) + 2y —4(2y — 5)y =10 M1
4y* =20y + 25+ 3" +20y - 50 +2y —8y" + 20y =10
= - - :: — 3 y 3 -
gives -3y +22y-35=0 or 3y —22y+35=0 B R Al oe
see notes
Gy —T)(y—-5)=0and y= . Method mark ft_}r soln?mg a | qaM1
quadratic equation.
y=—.,5 ly=t—-.5 | Al cao
-3 ’ 3
[5]
Alternative method for part (b)
d
(b) {—‘_0:>JL X+5-2y=0 M1
dx
e x+5 ,
d 2
w0 EAEE N "x+5) (x+5)
;c-—["t | —10x—2[1 —4.:.-[’" =10 M1
. 2 o 2 L
» X +10x+25 ,
2+ TET2 1ox x4+ 5-2%% —10x = 10
4x* + x* +10x+25 + 40x + 4x + 20 —8x* — 40x = 40
: ) : 3x* — —-5{=
gves —3x" +14x+5=0 or 3x —1l4x-5=0 & etk 1 Al oe
see notes
Gx+1(x—5=0, x=_. ges = po
145 545 Solves a qua aw_au inds | o
y= Jj ) T at least one value for y.
,1-'=1._5 {}-‘z}zﬁ Al cao
3 3




Question Notes

(a)

(b)

M1

Al

M1
Note

Note

dM1

Al

cso:

M1

NOTE
M1

Al
Note

ddM1

Note

Al

Note

& |&‘

Differentiates implicitly to include either +4le—1 or y° =2 yd or 2y—2 31 (]gﬂore
dx X

= = dy dy
:r'+y-'—1r.:-x+2_1--—>2.:;+zyd';+1(>+2d-—1 and 10 >0

14
—4xy — 4y £ 4x£
dx
If an extra term appears then award 1 A0.
dy d dy d d dy
2+ 2y 2410422 4y ¥ 5 xr10-4y =—2pF 29 4,9
dx dx dx dx dx dx

will get 17 A1 (implied) as the "= 0"can be implied by rearrangement of their equation.
dependent on the first method mark being awarded.

An attempt to factorise out all the terms i

x+5-2y -x—-5+2y
or -

2x—y-1 - 2x+y+1

If the candidate’s solution is not completely correct, then do not give this mark.

{must be simplified).

Sets the numerator of their % equal to zero (or the denominator of their % equal to zero) oe.
i by

If the numerator involves one variable only then only the 1* M1 mark is possible in part (b).
Substitutes their x or their y info the printed equation to give an equation in one variable only.
For obtamning either —3y* + 22y —35{=0} or 3y° —22y +35{=0}
This mark can also awarded for a correct three term equation, eg. either —3y° + 22y =35
3y =22y =-35 or 3y’ +35=22y areall fine for Al
Dependent on the previous 2 M marks.
See notes at the beginning of the mark scheme: Method mark for solving a 3 term quadratic
s By-Ny-35=0=y=_.
22 £,/(-22)* - 4(3)(35)

b T A"
e 21 35 a1l 121 35
e y——y—-——=0= l —] -——+—=0=y=_
3 3 3
e  Or writes down at least one con‘ect ¥-root from their quadratic equation.

This 15 usually found from their calculator.

X+5

If a candidate applies the alternative method then they also need to use their y =

[§]

in order to find at least one value for y mn order fo gain the final M1.

7 ) 7 1. )
y= E .5, cao. (2.33 or 2.3 without reference to E or EE 15 not allowed for this mark )

It 1s possible for a candidate who does not achieve full marks in part (a), (but has a correct numerator

for 3—1 ) to gain all 5 marks in part (b).
X
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S Scheme Marks
Number
. dv
(a) | From question, V' =—mr, S=4mr d_ =3
I
4 .4 dv ) . : :
%Tf_—:rr = » —=4mr d—y=4}n-' (Can be implied) | B1 ce
_ 3 dr dr
[ - 1 - |’. ) -
-{£x£= L v {4;”'2]£=3 [Candidate'sd—V L 5
Ldr dr  dr | dr : )
& v v I e | RS
St e e o s d= _ or 3+ Candidate's —
{da‘ dr dr JL = B )4m | 4.??:‘"} dr’
W e, e 1 {= 3 wq dependent on previous M1. | .
dr  4r(4) 647 see notes
dr 2 :
Hence, v 0.01492077591__(cm’ s™) anything that rounds to 0.0149 | Al
[4]
(b) ds ds dr ' ds 8 r » Candidate's s M1; oe
{ = = 8&mr x r — or 8ar = 0.0149... . ’ sl | s
dr dr dz dr
dr 6
When r=4cm, —=81(4)x —— or — or 8x(4)=00149__
dr 4x (4) 4
d—S 2 -1 .
Hence, i 15 (em™s™) anything that rounds to 1.5 | Al cso
[2]
6
Question Notfes
(a)
dF : R :
B1 pre 4xr- Can be implied by later working.
=
(. dv') dr . av
M1 | | Candidate's — |x— =3 or 3+ Candidate's —
\ dr /) dt dr
dM1 | (dependent on the previous method mark)
Substitutes r = 4 into an expression which is a result of a quotient of “3” and their % :
Al anything that rounds to 0.0149 (umits are not required)
: dr
(b) M1 87 = Candidate's o
;
Al anything that rounds to 1.5 (units are not required). Correct solution only.
Note | Usmng 3?— =0.0149 gives %— 1.4979 . which 1s fine for Al
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Question
g Scheme Marks
dy
a) —=3"In3
(@) = Bl )
dy  .r x
) 2 =3m3+3"m3 M1 Al
dx
d '
Atx=0, Z-2m3 Al
dx
y=2xIn3+2 Accept equivalent equations | M1 Al (3)
(6)
Q55.
Cluestion
T Scheme Marks
(a) V=arh (01' base (m‘]}x height) Bl (1)
Ash=r V=g %
dr
(b) —=377r" Bl (1)
(c) I”=J‘22r“d.r=]n(2+r2]+c Require C for the A | M1 Al
+ ¢
t=0F=3=3=mn2+C M1
V=ln(2+1)-;n2+3 Al @
(d) F=In3-In2+3 |[= 3.40546 ) M1 Al
1
;-:i[—(m3—1n2+3)g1_n}3 awrt103 |[M1A1L ()
T
Gp do. = 8 M1
d dF dr
2
370’ (2 +17) Al @
® T__2 00670 t0.067 | MIAl (2
—_ = L) AW i
&t 9 s

(14)




Q56.

Question Scheme Marks
Number
(a) p=1.5 Bl
(1)
(b) 2.5 = 7.5e~% M1
1
g X
.~ M1
= | 1
—4k =In(3) dM1
—4k = —In(3)
1 .
k= 1111(_3_} Al*
See notes for additional correct solutions and the last Al
(4)
(©) an_ . B
T —kpe ft on their p and k& MIALE
1 1
— 5 n3 7.5e 3" — _06In3
1
—Z(In3)t _ . ; MIA1L
4 = —— =(0.32
¢ 75 Ling
—~(In3)t = In(0.32) dM1
=4.1486.... 415orawrt4.1 | Al
(6)
11Marks
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Question

Scheme Marks
Number
(a) | Either y =2or(0, 2) B1
(1)
(b) | When x=2, y=(8—-10+2)e” =0e~ =0 B1
2x*—5x4+2)=0 = (x-2)(2x-1)=0 M1
Either x =2 (for possibly B1 above) or x=1. A1
(3)
(c) % = (4x-5)e* —(2x* -5x+2)e* M1ATA1
-
(3)
(d) | (ax=5)e" = (2> =5x+D)e™ =0 M1
2 —9x4+7=0=02x-Nx-1=0 M1
x=1.1 Al
When x =1, y= 9e™  when x = L, J=we ddM1AT
(5)
[12]

(b) If the candidate believes that e = 0 solves to x = 0 or gives an extra solution
of x = 0, then withhold the final accuracy mark.

(c) M1: (their u"e™ + (2x° —5x + 2)(their v"

Al: Any one term correct.

Al: Both terms correct.

(d) 1* M1: For setting their % found in part (c) equal to 0.

2" M1: Factorise or eliminate out e correctly and an attempt to factorise a 3-term
quadratic or apply the formula to candidate’s ax” + bx + ¢.

See rules for solving a three term quadratic equation on page 1 of this Appendix.

3™ ddM1: An attempt to use at least one x-coordinate on y = (2x” —5x+ 2)e™.
Note that this method mark is dependent on the award of the two previous method
marks i this part.

Some candidates write down corresponding y-coordmates without any working. It
may be necessary on some occasions to use your calculator to check that at least one
of the two

y-coordinates found is correct to awrt 2 sf

-1

Final Al: Both{x=1}, y=—e” and {x=1} y=9e7. cao

Note that both exact values of y are required.
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Question

Number Scheme Marks
0
(a) P=&Ucn.=@=zoa M1,Al
1+3e”” 143
(2)
800
(IJ) 250 =m
250(1+3e™) =800e™" = 50e"=250, =" =5 MI1.A1
e (5) M1
=—In|( 3 /
0.1
t=10In(3) Al
(4)
800  dP  (1+3e™)x800x0.1e* —800e™ % 3% 0.1¥
©) p=%:>—=(+e )% ><l S mr?e x3x0.1e MLAT
1+ 3e™ dr (1+3e™7)
At =10
P _ tl—ﬁe)xsﬂe::4ue1 _ 80 NI
dt (1+3e)? (1+3e)?
(4)
0.1¢
(d) P= 180{};31; . _GSEO - G el =@ =266 . Hence P cannot be 270 Bl
+ae” e 1+
(1)

(11 marks)




(a)

: i : 800

M1  Sub#=0into P and use e’ =1 in at least one of the two cases. Accept P=1—%
+ 2

as evidence
Al 200. Accept this for both marks as long as no incorrect working 1s seen.
(b)

. . 800e™¥ . o
M1 Sub P=250 into P=———_,-. cross multiply. collect terms in " and proceed

1+3e™

to Ae*“ =B

Condone bracketing issues and slips in arithmetic.

If they divide terms by "' you should expect to see ce™®" =D
A R L,

M1 Dependent upon gaining " = E . for taking In’s of both sides and proceeding to
Accept ™ = E= 0.1t =In E =t = ___It could be implied by ¢ = awrt 16.1

Al t=10In(5)
Accept exact equivalents of this as long as a and b are integers. Eg. 1 =351n(25)

is fine.



(c)

M1  Scored for a full application of the quotient rule and knowing that

%eu'h = ke and NOT ke

If the rule is quoted it must be correct.

0.1t 0.1¢ 0.1z

It may be implied by their 1 =800e™,v=1+3" 1= pe®f v = ge

vi'—uv'
followed by ———.
v
If it 1s neither quoted nor implied only accept expressions of the form
(1 I geﬂ.ll' ) - pEU.L‘ i BUGE&L‘ x Q'E'D'“
(1434
Condone missing brackets.

You may see the chain or product rule applied to

. . e d -
For applying the product rule see question 1 but still insist on Ee{"h — k01

For the chain rule look for

800" 800 dp -2
sl = T =800x (¥ +3) x 0.1

C1e3e™ 3T
Al A correct unsimplified answer to
dP _ (1+3e")x800x0.1e™" —800e"" x3x0.1e™"
dt (1+ 3

M1  For substituting { =10 into their L NOT P
t

Accept numerical answers for this. 2.59 1s the numerical value if — was correct

g dP -2 50
e ot —or equivalent such as — =80e(1+3e) ~. =

Al —_—= —_—
dt  (1+3e)” dr 1+ 6e+9e”

Note that candidates who substitute f =10 before differentiation will score 0 marks

(d)
Bl Accept solutions from substituting P=270 and showing that vou get an
P e e 3 e
unsolvable equation
800 .
Eg. 270= T23.0% = —27 =™ = 0.1¢ = In(-27) which has no answers.
+ 3¢
800" . .
Eg. 270=—— = 27=¢"= e%lf /6% is never ne zative
: 1+3e™™ :

Accept solutions where it implies the max value 1s 266.6 or 267. For example

: 800 . . :
accept sight of —— . with a comment ‘so 1t cannot reach 270, or a large value

of 7 (> 99) being substituted in to get 266.6 or 267 with a similar statement. or

a graph drawn with an asymptote marked at 266.6 or 267

Do not accept exp's cannot be negative or you cannot In a negative number
without numerical  evidence.

Look for both a statement and a comment
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Question

Number Scheme Marks
(a) % =0.48x —0.67h M1 Al
V =9rh :*o£=93rﬁ Bl
dt dr
9ﬁﬁ=0.48fr—0.6xh M1
dt
: dh E
Leading to TSE=4—:‘}J * cso | Al (5)
(b) J- "}_ dh=J*1dr separating variables - M1
4—5h |:
~15In(4-5h)=1 (+C) MI Al
-15In(4-5h)=r+C
When t=0, h=0.2
—15ln3=C M1
t=151n3-15In(4-5h)
When h=0.5
3
t=151113—151111.5=15h1[1—q)=15]111 awrt 10.4 4 M1 Al
Alternative for last 3 marks
05
=T i8S infs-5
t [ 15In(4 }h)]u
=—15In1.5+151In3 M1 M1
rs 3 =
=15111[HJ=15111: awrt 104 | A1 (6)
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Question .
e Scheme Marks
@ f'(x)=50x"e”™ + 50xe™ oe. MR
Puts £'(x) = 0to give x =-1 and x = 0 or one coordinate dMI1A1
Obtains (0.-16)and (-1. 25¢>-16) CSO | Al
()
(b) Puts 25x°e™ —16=0= x" =£—ie“h = x=i%e“" B1*
(1)
: g 4 <
(c) Subs x,=0.5 into x=—¢ " = x; =awrt 0.485 MIALl
5
= x, =awrt 0.492. x; = awrt 0.489 Al
(3)
(d) o=0.49 Bl
£(0.485) =—0.487, £(0.495) = (4+)0.485 sign change and deduction Bl
(2)
(11 marks)

Notes for Question

No marks can be scored in part (a) unless you see differentiation as required by the question.
(a)
M1 Uses vi'+uv' . If the rule 15 quoted it must be correct.

It can be implied by their u = ...v=....u'=....v'=... followed by their vu'+-uv'
If the rule is not quoted nor implied only accept answers of the form A4x’¢™ + Bxe™
Al £'(x) = 50x%e™ + 50xe™.

e e 2 2; 2
Allow un simplified forms such as f'(x) = 25x" x 2e™ +50xxe™

dm1 Sets f'(x)=0, factorises out/ or cancels the ¢’* leading to at least one solution of x
This 1s dependent upon the first M1 being scored.
Al Both x=-1and x =0 or one complete coordmate . Accept (0.-16)311d {-1. 25¢7 -16}01‘
(-1, awrt—12.6)
Al CSO. Obtains both solutions from differentiation. Coordinates can be given in any way.
x=-10 y =2—‘?— 16. —16 or linked together by coordinate pairs (0.-1 6)311d (-1 . l_"'se'z-lﬁ) but
o2

the “pawrs’ must be correct and exact.




Notes for Question Continued

(b)
Bl

(c)
M1

Al
Al
(d)

Bl
Bl

This 15 a show that question and all elements must be seen
Candidates must 1) State that f{x)=0 or writes 25x¢** —16 =0 or 25x%c** =16
2) Show at least one intermediate (correct) line with either

9 : » 16 16
x” or x the subject. Eg x’ =—e ", x=,[—e > oe
25 25

or square rooting 25x°c” =16 = Sxe* =4
or factorising by DOTS to give (5xe™ +4)(Sxe” —4)=0

—X

3) Show the given answer x =1 Ze

| e

Condone the minus sign just appearing on the final line.
A ‘reverse’ proof 1s acceptable as long as there 15 a statement that f{x)=0

. g 4 _
Substitutes x,= 0.5 mto x=—e " = x; = ...
5

This can be implied by x; = %e_ﬂ's , or awrt 0.49

x, =awrt 0.485 3dp. Mark as the first value given. Don’t be concerned by the subscript.

x, = awrt 0.492. x; =awrt 0.489 3dp. Mark as the second and third values given.

States a =0.49
Tustifies by

either calculating correctly £(0.485) and £(0.495)to awrt 1sfor 1dp,

£(0.485) = —0.5, £(0.495) = (+)0.5 rounded
£(0.485) = —0.4, £(0.495) = (+) 0.4 truncated

giving a reason — accept change of sign, =0 <0 or £(0.485) x £(0.495) <0

and giving a nunimal conclusion. Eg. Accept hence root or o =0.49
A smaller interval containing the root may be used, eg £(0.49) and
£ (0.495). Root = 0.49007

or by stating that the iteration 1s oscillating

or by calculating by continued iteration to at least the value of x;= awrt 0.491 and

stating (or seemg each value round to) 0.49

Q61.




[ Sere —
(a) g-fzﬁr“ﬁsm:]ﬁf\!r“& Cos 3x MIAL
X
%ﬂ' e (asindr+ 3cos3a) =0 Ml
dr
Al
tan 3¢ = _ﬁ i
o S oW MIAI
)
dy
b} Atx=0 —=1 Bl
ol dx
Equation of normal is —]—= sl of any equivalent ,,.=_]__,_, MIAL
3 x-=0 7 3
(3]
{9 marks)

{a) M1 Applies the product rule vo'=uv' to ™ sindx. If the nule 1s quoted it must be correct and there
muist have been some attempt to differentiate both terms. IF the rule 1s not quoted (nor implied

by their working, 1e. terms are written out u=....u'=.._.v=....v'=.__followed by their

I ;
vt v ) only accept answers of the form [d—y = A sindx+ e xxHcosdx
X

Al Conrect expression for % = ﬁr"ﬁslnﬂ.\wﬂr' " oos 3
r

Ml Sets ﬂleir% =1, factorises out or divides by e producing an equation in sindx and cos3x

X
3
Al Achieves either tandx = —f3 or tandr=——=
NG
M1 Correct order of arctan, followed by +3.
o 3 - - -
Accept 3.-(:% = _r:% or 3x =T’T:> x =?’T bt not = arctam{T‘ﬁ]

Al CEbx= %T Ignore extra solutions outside the range. Withhold mark for extra inside the range.

(bl Bl Sight of 3 for the gradient
M1 A full method for finding an equation of the normal.

Their tangent gradient o must be modified o . and used together with (0, 0).
m

Eg SN S = x-0 or equivalent s acceptable
their'm'  x-0
1 { 1 _y-0
Al p=——x or any correct equivalent including —— == i
g 3 i 3 x-0

Alternative in part (a) using the form &sin(3x+a) JUST LAST 3 MARKS

Ty st -
(a) icjl-t E ﬁr“ﬁslnlw?-r“ﬁ 00E 3 MIAL
X

% =0 e (fFsindr+3cos3a) =0 M1

dx
(ﬂ}sin(&w%] =0 =
L2 MIAL

R Tn

1)

Al Achieves either (12 }Sln(3.r+%] =0or [Jﬁ]cus(&r—%} =0
M1 Correct onder of arcsin or arcos, eic o produce a value of x

Eg accept :].r+%=UDl’JE’UI.’ X x=..

5 r
Al Caox =T Ignore extra solutions outside the range. Withhold mark for extra inside the range.

Alternative to part (a) squaring both sides JUST LAST 3 MARKS

o G T
{a) i:l-t =3 sinde + 3% cos e MIAL
X
%:D f'ﬁ{ﬁsln:].r+3ms!3.rl =0 M1
dx
JAsindx=-3cos 3= tos® (3x) =%|:n‘:iinE (3x) =—i Al
L M1
_::Earrusl_ E} oe
o Al
L
g
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Question Scheme Marks
MNumber
d 3 M1
alli —{In{Ax)) =—
fa)li) d.'r( (3x)) o
d = 1+ 113
— [ Inf3x)) = In(3x) x—x 2 + ¥ x— Mi1AlL
e 2 3x
(3
(1)
a2 . » .
E: (2x=1) x—lt]—|_I—l[?.|¥3}><a(2.r—l] ®2 MIAT
dr (2x-1)
dy _ 8B0x
de~ (2x—1)° o
3
B x=3tniy :?:awz_y MIAI
.F
|
e Gsec 2y il
Uses sec’ 2y=1+ian’ Zyand uses tan 2_;-':%
dy 1 3 MilaAl
o0 —===—= —}
dx 5“1_[-_'?]3] 18+2x°
3
(%)
(11 marks)

Note that this is marked BIM1A1 on EPEN

(a)fiy M1 Avtempts to differentiate In(3x) to E Mote that %is fine.
X Ak

1
ML Aliempts the product rule for % In(32)  If the rule is quoted it musi be comrect. There must have
been some attempt to differentiate both terms.
IT the rule 15 not quoted nor implied from thedr staing of o, u', v. v" and their subsequent
expression, only accept answers of the form

Inf3x) s Ax T+ 57 xf. AB=0
X

Al Any correct (un simplified) form of the answer. Remember o isw any incorrect further work

I 1 5, .z, 3_ In@x 1 11
— i In(3x)) =ln{3x) x—x "+ ¥ x—= —+ =x*{=Inix+1
el i )

Note that this part does not require the answer to be in its simplest form

i) M1 Applies the quotient rule, a version of which appears in the formula booklat. IF the formula is
quoted it must be correct. There mist have been an attemt to differentiate both terms. I the
formula is not quoted nor implied from their stating of w, u', v, v" and their subsequent
expression, only accepd answers of the form

(Zx=1) =210 (1-108 = C{2Zv-1)*
[23’— l]l)m T 23

3 &
Al Any un simplified form of the answer. Eg %E: RO i T e e
X

((Zx-17)
= ; ] § dy Bilx
Al Cao. It must be simplified as required in the question —= ———
de  (2x-1)

(b) M1 Knowsthat 3tan 2 pdifferentiates o Csec” 2y The Ihs can be ignored for this mark. If they

dsin2y

write3tan 2 y as this mark is awarded for a correct attempt of the quotient rile.

oS gy
% dx 3 1, Oy
Al Writes down d—:ﬁsm: 2 yor implicitly to get | = Gsec Z_r'd—'
iy X

cos2yxGeosd y—3sin2yx—2sin 2y
rost 2y

§
Accept from the quotient nule ——Or even
e a cos 2y
M1 Anattempt to invent ‘their % (e] reach%:ﬂ_v] . of changes the subject of their implicit
i x.

differential o achieve a similar result gl =fy
X

ML Replaces an expression for sec® 2 yin their ? or %wﬂh x by attempting o use
lv x
2 2 . - ’ L e | X
sec” 2y=1+1an” 2y Alternatively, roplaces an expression for ¥ in o t]r—l-— v.ilh?lrclan[;]
Iy dx 3
Al Any correct form of Eln terms af x. Q: : ﬁ: : — ar l
dr e g4 r'g]‘; de 18+2x Gsocztuctan%}]
Question Sch Mark
Number cheme arks
(@) (i) Alt using the product rule
Writes l—lU.r] as (1-10.x0(2x—1)~ and applies vir' +uv’.
See (a) (1) for rules on how o apply
(21" %10+ (110} x —5(2x—1) " x 2 MILAL
Simplifies as main scheme (o B0xiZx—1)"" or equivalent Al
(3

{b) Alternative using arctan. They must attempt to differentiate
to score any marks. Techaically this is M1A1MI1A2

Rearrange .1':3Iﬂn?_l«'l[]_li:lialclaﬂ['—;] and attempt to differentiate MIAL
2 A 1 1 1 1
Differentiates toa form T = — - —ar p oo M1 A2
1+ |'5}= Z [:I-r('?'-‘] 3 G|,J+('§,'-"1 By

(a)
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Question .
Niinher Scheme Marks
(a) % =2x3sec3ysec3ytan3y = [6 sec’ 3y tan Sy] ‘oe :l::il ] MI1A1 (2)
, ) M1
Uses d—}=—t0 obtain d = - :
(b) dx dx dx Gsec”3ytan3y
dy
tan® 3y =sec’ 3y—-1=x-1 Bl
Uses sec’ 3y=x and tan” 3y= sec’ Jy—1=x-1 to get For X m just x. | M1
: 5
dy 1
6x(x—1)°
2 + PR |
© d %, B O—[ﬁ(;\—l)‘. .+3.1(..1 1) *] MIAL
dx” 36x(x-1)
d?y 6—9x 2= dix
D - T = 3 dM1A1
dx® 36x"(x-1)7 12x°(x-1)*
)
(10 marks)
Alt 1 o o .
x=(cos3y) " = —=-2(cos3y) " x—3sinly MI1A1
ta (a) :
Alt2 q
x=sec3yxsecly = * = sec3yx3sec3ytan3y+sec3yx3sec3iytan3y Mo
to (a) : d}: : : : : :
Alt 1 a2y ) .
Y I DD+ () (-1 7Y M1A1
To (o) dx
=12 (=) I x(- 1)+ (~)(x—1)] dM1
=$x (=) ¥[2-31] oe Al
()




Notes for Question

(a)
M1 Uses the chain rule to get 4sec3ysec3ytan3y = (A sec” 3y tan 3_1*) .
There 15 no need to get the lhs of the expression. Alternatively could use
the chain rule on (cos 3}!)_3 = Alcos 3'1-')_3 sm3y
or the quotient rule on L = i, ST 3
(cos3y)” (cos3y)
d : : e
Al d—r = 2x 3sec3ysec3ytan 3y or equivalent. There 1s no need to simplify the rhs but
y
both sides must be correct.
(b)
y 1 _ dy _
M1 Uses — = — to get an expression for — . Follow through on theirr —
dx dr dx dy
dy
Allow slips on the coefficient but not trig expression.
B1 Writes tan’ 3y =sec’ 3y —1 or an equivalent such as tan3y = ysec’3y—1and
1
uses x =sec’ 3y to obtain either tan’ 3y = x—1 or tan3y =(x—-1)2
All elements must be present.
Jx
1
Accept Jx-1 cos3y=—=tan3y=+/x-1
Jx
1
If the differential was in terms of sin3y,cos3y it is awarded for sin3y = :}:l
X
y) 2 i dy .
M1 Uses sec’3y=x and tan® 3y =sec’ 3y —1=x—1 or equivalent to get Y i
qust x. Allow slips on the signs in tan’ Jy= sec’ 3y—-1.
It may be implied- see below
Al* CSO. This 1s a given solution and you must be convinced that all steps are shown.

Note that the two method marks may occur the other way around

1 »
Eg. o 6sec’ 3ytan3y = 6x(x—1)> = ., s

1

Scores the 2° method
Scores the 1™ method

The above solution will score M1, B0, M1, A0




Notes for Question Continued

Example 1- Scores 0 marks in part (b)

dx , dy 1 1 1
—=06sec” Iytandy = —= = = " = = -
dy ¥ Gsec” 3xtanldx  Fgeg’ S_x-Jsec' 3x-1 6x(x — 1)?

Example 2- Scores MIBIM1AOQ

dx dy 1 1 1

X )
=lsec” 3ytandy=-——= = = - =
dy dx 2sec”3ytan3y 2gec? 3yafsec’ 3y -1 "x(:r—l}%

(c) Using Quotient and Product Rules

1 ! l
M1  Uses the quotient rule u with ¥ =1and v =6x(x—1)° and achieving
v
N sl
u'=0and v'=A4(x-1)? + Bx(x-1) 2.
If the formulae are quoted, both must be correct. If they are not quoted nor imphed by their

working allow expressions of the form

| _0-[4x-1}+ Bx(x-1)7] S 00— A(x—1)}+Bx(x-1)*?
i ( l]l NS Cx*(x—1)

6x(x—1)*

') 1 1
d’y 0-[6(x—1)* +3x(x—1)?
Al Correct un simplified expression J_r = Litzg) i

. oe
dx 36x (x-1)

1
dM1  Multiply numerator and denominator by (x —1)° producing a linear numerator which is then
simplified by collecting like terms.
1
Alternatively take out a common factor of (x—1) ? from the numerator and collect like terms from the

linear expression
This is dependent upon the 1% M1 being scored.
L . dy 2-3x
Al Correct simplified expression —-= - - 0¢
dx®  12x%(x-1)?




Notes for Question Continued

(c) Using Product and Chain Rules

1 1

dy i
M1 Writes —1 = = Ax(x—1) ?and uses the product rule with u or v = Ax7" and

=

6x(x—1)
=l
voru=(x-1) *_If any rule is quoted it must be correct.

If the rules are not quoted nor implied then award if you see an expression of the form
af1 1 :
(x—1) 2xBx'+C(x—1) 2xx*

-

Al E =T DD+ D (- 1)

—_— E] o i - -
dM1 Factorises out / uses a common denomunator of x 1(:{'—1)—"" producing a liear factor/numerator which

must be simplified by collecting like terms. Need a single fraction.

.‘

- : y o
Al Correct simplified expression T =4x (x- ? [2—-3x] oe
2 3

(c) Using Quotient and Chain rules Rules

L] ] 1
: viu'—uv' - o
M1 Uses the quotient rule ————with # = (x—1) ? and v = 6x and achieving

'!:l
=l
u'=A(x-1) *andv'=B.
If the formmlae 1s quoted, 1t must be correct. If it 1s not quoted nor implied by their working allow an
expression of the form

l\ﬁ | _oxx-pi-pe-p?

2

Ex~
1 it il
\d\‘;;/ ﬁxx—?(.r—l}l—(.r—l}lxﬁ
Al Correct un sumplified expression —%5- = = :
& (6x)

3
dM1  Multiply numerator and denominator by (x —1)° producing a linear numerator which is then
simplified by collecting like terms.
3
Alternatively take out a common factor of (x—1) ? from the numerator and collect like terms from the
linear expression
This is dependent upon the 1¥ M1 being scored.
) _ =
dy 2-3x dly (2-3x)x7(x-1)
Al Correct simplified expression } = s oe ']: = ( i )

& DPx-p & 12




Notes for Question Continued

(c) Using just the chain rule

d ; 1 ]. 3 ——E i
M1 Writes — = = = (3 6x” —36x") 2 and proceeds by the chain rule to

1 -
6x(x—1)2  (36x" —36x7)7

N
A(36x° —36x7) 2(Bx’ —Cx) .
M1 Would automatically follow under this method if the first M has been scored

Q64.
[rlll:ﬁtt:z: Scheme Marks
(a) | 6=20+ Ae™ (eqn *)
{t=0.6-=90 =} 90=20+ 4e™® Substitutes f = 0and & =90 into eqn * | M1
W=20+4 = A=70 A=T70 | A1
(2)
(b) | =20+ 70
{t=5.6=55=} 55=20+70e7*® Substitutes f = S5and # =755 into eqn *
35 a and rearranges eqn * to make € the | M1
70 subject.
3 Takes ‘“Ins’ and proceeds
In(3)=—5k p dmt
[TUJ to make “+5k’ the subject.
~sk = n(})
—5k=Inl-In2 = -5k=—-In2 = k=12 Convincing proof that k =1In2 | A1 =*
(3)
()| 6=20+70e7™?
s tae™ where k=1n2 | M1
e, — L2 (r0)e ™2 -
dr 5 ~141n2¢7™ | A1 oe
When =10, 3 _ _141m2¢2%
dr
E = —1]112 = —2426015132__
dr 2
Rate of decrease of 8 =2.426 "C/min (3 dp.) awrt = 2426 | Al
(3)
(8]
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Question

A Scheme Marks
(@)
Crosses x-axis = f(x)=0 = 8- x)lnx=0
Either (8 —x)=0 or lhx=0= x=8.1 Either one of {x}=1 OR x={8} | B1
Coordinates are A(1, 0) and B(8_0). Both A(l,{D}} and 5(8. {0” B1
2)
(b) Hu=B-x) v=lx
Apply product rule: - dy . dv 1 vu' + " | M
dr dc x
. 8—x
f'(x) = —lnx + Any one term correct | Al
Both terms correct | Al
3)
(€) | £(3.5) = 0.032951317...
f'(3.6)= —0.058711623... Attempts to evaluate both M
Sign change (and as f'(x) 1s continuous) therefore f'(3.5)and £'(3.6)
the x-coordinate of O lies between 3.5 and 3.6.
both values correct to at least 1 sf, A1
sign change and conclusion
(2)
)| A0 F@ -0 = -hx+°X_0 Setting £(x) = 0. | Ml
SR 8 _ 1= 0 Splitting up the npmerator M
X and proceeding to x=
8
= —=Ihx+1 = 8 =x(lnx+1)
x
: For correct proof
= x= Inx+1 s s | No errors seen in working, Al
(3)
Question
P S5cheme Marks
s 8
Iterative formula: =—
(e) | terative Tormula:  x,, )
3 An attempt to substitute
Hn=— x, =3.55 into the iterative formula. | M1
In(3.55) +1 e
Can be implied by x; = 3.528(97)...
x, =3.528974374 . Both x = awrt 3.529 Al
x, =3.538246011.. and x, = awrt 3.538
x; =3.534144722
x =3.529, x; =3.538, x; =3.534, to 3 dp. X . Xy, x; all stated correctly to 3 Al
dp
(3)

[13]
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dx dy
and —
dt dt

M1: Apphles their & divided by their L , where both L and =
dr ’ dt dt dt

Bl: Both

are correct. Note: that this mark can be implied from their working.

4 : : . .
Al: — orany equivalent correct rational answer not mvolving surds.
72

Allow 0.05 with the recurring symbol.

are trigonometric functions of 7.

Q_uesnon Scheme Marks
Number
x=27sec’t, y=3tant, 0<t< g
de  dy
s e At least one of f ::urd—J correct. | B1
(a) d—:Blsecgrsecrtanf, d} =3sec’r 42 : ’ :
r ' Both d and =L are correct. | B1
dr dt
; -ap? , 20 _ Cody . odx
di: S = ! o G LT Applies their = divided by their & m;
dx 8lsec’rtant 27secttant 27tanf 27sint di dt
) 3gec” (£ ( ' 4
Arr=£= diz _5‘9.(‘(5] =i{=i=i} — | Al cao cso
6 dr 8lsec’(Z)tan(%) 72 54 1 72
[4]
= E w2 (F<3) ((«\a
(b) {l—tan‘z:sec'f}:>1+li] =| 3l :"H =ti] M1
.3 ) \27/) \27)
X . l
1+ %X o 9+ =x :>1={x‘ 9}3 Al* cso
a=27andb=216 or 27<x<=216 a=27 and b =216 | B1
[31
125 132 125 (o2 : [ 2
F] 7 [ 2 F xT—9)? E i
(c) V= ;rJ (x‘ —9}‘ ‘ dx or :.rJ [x* —9)(13; of jTJ. (’" } o ‘;'Er.r[,Ji 9) Bl
T g B Ignore limits and dx . Can be implied.
_ = 3 =
g 125 Either *.4x*+ Bx or —x? oe | Ml
3 = 5
= {T}|:—I —~ 91} .
5 n 3 3
e ?x3 —9x oe | Al
((3 5 ‘"L 5 ) Substitutes limits of 125 and 27 into an
B {E}l ?(125): e ] - [ 3(2?)’ -9(27) H integrated function and subtracts the | dM1
A P 4. correct way round.
= {.’E’}((IS?S —1125) — (1458 - 343}}
4236 4236
— R o IO : T or 84727 | Al
[51
12
Notes for Question
de dy . o . }
(a) Bl: Atleast one of ar c:-rdi correct. Note: that this mark can be implied from their working.
t




Notes for Question Continued

Note: Please check that their % 15 differentiated correctly.
t

Eg Note that x = 27sec’t = 2?((}05:‘]_3 = % =- 81(005;?)_] (—sin?) is correct.

(b) M1: Either:
e Applying a correct trigonometric identity (usually 1+ tan’f = sec’ # ) to give a Cartesian equation in
x and y only.
+ Starting from the RHS and goes on to achieve +/9tan’ by using a correct trigonometric identity.
e Starts from the LHS and goes on to achieve y/9sec’f—9 by using a correct trigonometric identity.
-
Al*: For acorrect proof of y = (x? - 9)' :
Naote this result 15 printed on the Question Paper, so no incorrect working is allowed.
Bl: Both a=27 and b =216. Nate that 27 < x = 216 1s also fine for B1.
(©
B1: For a correct statement of ,fr.[ ( - 9'}5 or ,’EJ‘(JJ% N 9.} . Ignore linits and dx. Can be implied.
: : : : : : e 32
M1: Either integrates to give + 4x* + Bx, 4=0,  B= 0 or integrates x° correctly to give Ef oe
3 32 3
Al: 2% —9x or. ——9x oe.
5 3
3,
dM1: Substitutes limits of 125 and 27 mto an integrated function and subtracts the correct way round.
Note: that this mark 1s dependent upon the previous method mark being awarded.
4236
Al: A correct exact answer of d or 84721
Note: The 7 in the volume formula is only required for the B1 mark and the final Al mark.
Note: A decimal answer of 2661 .557_.. without a correct exact answer 15 AQ.
Note: If a candidate gams the first BIM1A1 and then writes down 2661 or awrt 2662 with no method for
substituting linuts of 125 and 27, then award the final M1AO.
(a) Alternative response using the Cartesian eguation in part (a)
- | d & =
| Y \l ] 2 —l/ “ —1=:K]' 1(.’( _9}_ Ml
. )] 3 | dl’ 1 3 . ] d
Way2 [ qy=|x -9 :H-E:E[ x* —9 Ex P, By
I._ \ 4 J \ \ A _1 = _( xT 9) 2 _x_; 1 oe Al
dx 2 \ J
T 3 i :"T‘
Arr:’—.x=2?sec-[—]=z4 3 _
6 .6 3 Uses t = to find x and substitutes
. e B : 6 dM1
&y 1 (0 2% e 5 S, n e T
1 (24\5]:_9 ‘_(34J§)J eir x into an expression for &
] A B & X
dy 1(1 ‘]f' 1 ] 1 1
So, =2 —=—|—<=||—&|=— — | Al cao cso
dx 2LJ§,[_3J} 18 18

Note: Way 2 1s marked as M1 Al dM1 Al
Note: For way 2 the second M1 mark is dependent on the first M1 being gained.




Notes for Question Continued

(b) Alternative respm:ses for M141 in part (b): STARTING FROM THE REHS
J -J For applying 1 + tan”t = sec”t oe
Way2 | (RHS =} (x* -9 =/(27sec*t)' =9 = \f9sec?r—9 = \/otan’ M1
{ } [ ) ( ) to achieve w.|'9tan' t
=3tans =y {= LHS} cso Correct proof from (x - 9} toy | Al*
M1: Starts from the RHS and goes on to achieve +/9tan” ¢ by using a correct trigonometric identity.
(b) Alternative responses for M141 in part (b): STARTING FROM THE LHS
Way 3 S _ For applying 1 + tan®t = sec’r oe
{LHS =} y = 3tant = ,[(9tan" ) = J9sec’t -9 ' i M1
: to achieve +/9sec™ -9
= €s0 Correct proof from y to (x' e 9}3_ Al*
MI1: Starts from the LHS and goes on to achieve +/9sec’t—9 by using a correct trigonometric identity.
(c) Alternative response for part (¢) using parametric intesration
e 3tanf(81sec’ tanz) dr
V= ;.rJ.Qtan: t(81sec® tsect tant) dr i A (B ecntachtan) Bl
Ignore limits and dx . Can be implied.
={x}| 729sec’ ttan’ rsecrtant dt
= {x} | 729sec’ t(sec’ t — 1)secrtant dt
={x} | 729(sec* ¢ — sec® t)secttant dr
={x} | 729(sec’ ¢ — sec’ t)secttant dr
- & . +A4sec’t + Bsec't | M1
={ﬂ'} [— ecr‘——sectﬂ S
5 § 729 —sec t——sec' | | Al
e 3 |
N i : 5 i
105Y 175V 1. 1) Substitutes secr = — and secs =1 into an
V= {r} ?zg[—l— ——['—] - ?29[ -1 ——1"1 _ . & dmM1
S\3) 33 5 3 mtegrated function and subtracts the correct
¢ ' way round.
(250 [ 27
= 7297 [—J - [——
243 . 15,
4236 47367
=227 or 84727 . 84727 | Al
[5]

Q67.




S oy Scheme Marks
Number
dN kt—1)(5000 - N
| )( }; t>0, 0<N <5000
dr 3
1 k-1 [ s )
(a) —  dv = ( ) dr <or = lk -= de See notes | B1
5000— N t _ =
—In(5000 - N) =k —Int; +¢ See notes | M1 Al; Al
then eg either... ar.. or...
—kt + ¢ =In(5000 - N)—Int | kt+ ¢ =Int—In(5000 — N) | In(5000 - N) =—kt + Int +¢
(5000 — N\ L &) Sgee
—kt+c=lnf] ——— h—c:]_n[i SGGD_NZEH Int +¢
[_ ) 5000 — N_,.]
5000 — N e t "
-k +c — a e i —_ v = e
e - 5000 — N 5000 — ] te
leading to N = 5000 — Are™ with no incorrect working/statements. See notes Al* cso
(5]
-k :
®) {f =1, N =1200= } 1200 = 5000 — Ae At least one correct statement written B1
{t=2 N=1800=} 1800 = 5000 — 7 Ja down using the boundary conditions
So Ae™" =3800
and  24e* =3200 or Ae™* =1600
et 3800 2eF 3200 An attempt to eliminate 4
Eo T e or e - g ; M1
= 20" T 3200 e 3800 by producing an equation in only k.
2 S - S8
; ‘ o At least one of 4 =9025cao0
7600 ) 19 - .
k=Iln| — ralent k:]n[— : Al
t-. 3200, . {eg LB ,} or k= lnl 76001 o exact equivalent
) . 3200,
s Both 4 =9025 cao
A =3800(e") =3800| — | = | A4=29025 (7600 : Al
. 8 ) or k= lnl Sainaial l or exact equivalent
- .. 3200
[4]
Alternative Method for the M1 mark in (b)
& 3800
g =—r
A
(3800 An attempt to eliminate k
EA[_ A J = 3200 by producing an equation mn only A4 Ml
[ -u3) |
(c) -!lr =5, N=5000-9025(5)e *
N = 4402.828401... = 4400 (fish) (nearest 100) anything that rounds to 4400 | B1

(1]
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Question Notes

(a)

(b)

(e)

Bl

M1

Al
Al

Note
Al

NOTE

Bl
M1

Al

Al

Note

Note
B1

Separates variables as shown. dN and dr should be in the correct positions, though this mark can be
mmplied by later working. Ignore the integral signs.
Either :/i]n(SOOO —N) or ixl]n{N— 5000) or Kkt —Inf where A =0 15 a constant.
For —In(5000 — N) =kt —Int or m@mo—N)=—h—mror—%mﬁmﬁ—Npﬂ—%MIoe
which is dependent on the 1% M1 mark being awarded.
For applying a constant of integration, eg. + ¢ or + Ine® or +Inc or.4 to thewr integrated equation
+ ¢ can be on either side of their equation for the 2*! A1 mark
Uses a constant of integration eg. “c™ or “ Ine® ™ "Inc" or and applies a fully correct method to
prove the result N = 5000 — Are™ with no incorrect working seen. (Correct solution only)
INMPORTANT
There needs to be an intermediate stage of justifying the 4 and thee™ in Are™ by for example

o either 5000 N =g "¢

e ar 5000 - N =re ¥*¢

s or 5000 — N =te™ef
or equivalent needs to be stated before achieving N = 5000 — Are™

At least one of either 1200 = 5000 — 4e™ (or equivalent) or 1800 = 5000 — 24e7* (or equivalent)

e Either an attempt to elinunate 4 by producing an equation in only k.
* or an attempt to eliminate & by pmdu-::i.ng an equation in only 4

i
At least one of 4 =9025cao0 or k= In @

or equrvalent
\ 3200

']

Both 4 =9025 cao or k= ]11[@ or equivalent

o S

Ir 9 ‘I s g ™\
Alternative correct values for kare k = [31 =— ]n{ 5 1 or k =In7600 — In3200
( 3800 :
or k= —]n[ . ] or equivalent.
9025,
k = 0.8649__. without a correct exact equivalent 1s AQ.
anything that rounds to 4400
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Question

Number Scheme Marks
(a) ¥V, =-0224 . y,,=(+)0.546 M1
Change of sign=Q lies between Al
(2)
(b) AtR Y xsin i 2 |+3x7-3 MIAL
. ——=-=2xs1| — - 11:
dx 2
. |'J 1 2 2 .l 9 ]. 2 5
—2.1'5111[ —x |[+3x -3=0= x= 1——x5111[ —x ] cso | MIATL*
L2 3 2
(4)
T
(c) .1'1=\fl+—><:1.35u1[—><1.3"J M1
3 2
x =awrt1.284 x, =awrt1.276 Al
(2)

(8 marks)




(a)
M1  Sub both x=2.1 and x =2.2 mto y and achieve at least one correct to 1 sig fig
In radians y,; =awrt—0.2 y,, = awrt/truncating to0 0.5
In degrees y,, =awrt3 y,, =awrt4
Al Both values correct to 1 sf with a reason and a minimal conclusion.
vy, =awrt—0.2 y,, =awrt/truncating to 0.5
Accept change of sign. positive and negative. y,, X ¥,, =—1as reasons and
hence root. Q lies between 2.1 and 2.2, QED as a minimal conclussion.
Accept a smaller interval spanning the root of 2.131528. say 2.13 and 2.14, but

the Al can only be  scored when the candidate refers back to the question. stating that
as root lies between 2.13 and 2.14 it les between 2.1 and 2.2

(b)
: . dy (1 > 2 .
M1  Dafferentiating to get i =810 —X7 |+ 3x" —3where ... 15 a constant. or a
X 2

linear function in x.

d cufel
Al L= oxsinf=x? |+3x2-3

dx 2

. dy & :
M1  Sets their — =0and proceeds to make the x of their 3x~the subject of the
X
formula

: d : i
Altematively they could state Ey =0 and wrnte a line such as

s £ 2 : :
2x 5111(5 IZJ = 3x" — 3. before making the x of 3x”the subject of the formula

Al*  Correct given solution. x = \/ 1+ %xaiﬂ{%xﬂ ]

Watch for missing x's in their formula

M1  Subs x= 1.3 into the iterative formula to find at least X, .

This can be implied by X, = awrt1.3 (not just 1.3)

-

=
or x =\/1+§x1.351'11[%><1.33]01' x, =awrt1.006 (degrees)

Al Both answers correct (awrt 3 decimal places). The subscripts are not important.
Mark as the first and second values seen. x, =awrt1.284 x, =awrt1.276
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Question

T Scheme Marks
(a) f(x)=0=x"+3x+1=0
—314/5
= x=4=au‘1‘t -0.382,.-2.618 MI1Al
(2)
(b) Uses v+ uv' f'{x)= & (2Zx+3)+(x +3:¢'+1)e"" X2X MIAIAL
(3)
(c) e (2x+3)+(x* +3x+ l)e": x2x=0
= € {227 +6x" +4x+3} =0 M1
= x(2x" +4)=-3(2x" +1) M1
oy _1 g
2(x"+2)
(3)
. 3(2x"
(d) Sub x,=-2.4into x_, = gl
2(x " +2)
x, =awrt—2.420. x, =awrt—2.427 x; =awrt—-2.430 MI1A1 Al
(3)
(e) Sub x=-2.425 and -2.435 mto f'(x) and start to compare signs
£Y(—2.425) = +22 4, f'(-2.435) =—15.02 M1
Change in sign, hence f'(x) =01n between. Therefore a=- 2.43 (2dp) Al
(2)
(13 marks)
Alt () x:—é'[—‘zfq_—'jl = 2x(x* +2)=-32x7 +1) =2x’ +6x" +4x+3=0 M1
2x"+2)
fy{x)= & {23(3 +6x7 +4x+ 3} =0 when 2x° +6x* +4x+3=0 M1
Hence the minimum point occurs when x= E-.comh)] Al

(2x% +4)




Question 1e
Number Scheme Marks
Alt1 (o) Sub x= - 2.425 and -2.435 into cubic part of £'(x) = 2x° + 6x” + 4x + 3 and start
_ to compare signs
Adapted £'(—2.425) =+0.06, f'(—2.435) =—0.04 M1
Change m sign, hence f'(x) =01n between. Therefore a=-2 .43 (2dp) Al
(2
Alt2 Sub x=-2.425,-2.43 and -2 435 into f(x)=(x e L 1}8’1 and start to compare
(® sizes
£(—2.425)=—1412, f(-2.435)=—141.2, f(-2.43)=—1413 M1
£(~2.43) < £(=2.425), f(~2.43) < £(=2.435) . Therefore a = - 2.43 (2dp) Al
(2)
Notes for Question
(a)
M1 Solves x” +3x+1=0 by completing the square or the formula, producing two ‘non integer answers. Do

not accept factorisation here . Accept awrt -0.4 and -2.6 for this mark
Al Answers correct. Accept awrt -0.382, -2.618.
Accept just the answers for both marks. Don’t withhold the marks for incorrect labelling.

(b)

M1  Applies the product rule v '+ uv' to (.‘r: +3x+ 1}8“1 :
If the rule 1s quoted it must be correct and there must have been some attempt to differentiate both terms.

If the rule 1s not quoted (nor implied by therr working, ie. terms are written out
u=.. w=__v=__v'=._ followed by their vu+uv’ ) only accept answers of the form

[%] =f'(x)=e" (Ax+B)+(x* + 3x+1)Cxe"

Al One term of f'(x) = & (2x+3)+(x" +3x+ 1}9"1 % 2X correct.
There 1s no need to sumplify
Al A fully correct (un simplified) answer '(x) =e" (2x+3)+(x" +3x+1)e" x2x

(c)

M1 Sets their f'(x) = 0 and either factorises out, or cancels by € to produce a polynomual equation i x

M1 Rearranges the cubic polynomual to Ax" + Bx = Cx” + D and factorises to reach
x(Ax" + B) = Cx* + D or equivalent

Al* Correctly proceeds to x =

3%+

. This 15 a given answer
Iyt 4?2
2(x"+2)




Notes on Question Continued

M1

M1
Al

(d)

Al
Al

(e)

Al

(c) Alternative to (c) working backwards

32x" +1

Moves correctly from x = _M to 2x° +6x" +4x+3=0
2x"+2)

States or implies that £'(x) =10

Makes a conclusion to tie up the argument

3(2x% +1)

For example, hence the muimimum pomt occurs when x =-———
(2x~+4)

3(2x,+1)

Sub xy=-24imnto x,,= )

Y7 A2
This may be implied by awrt -2.42, or X, = ‘%
IO

Awrt. x, =-2.420.

The subscript 1s not important. Mark as the first value given

awrt x, =—2 427 awrt x; =—2.430

The subscripts are not important. Mark as the second and third values given

Note that continued iteration is not allowed
Sub x=- 2425 and -2 435 mto f'(x) . starts to compare signs and gets at least one correct to 1 sf rounded
or truncated.

Both values correct (1sf rounded or truncated), a reason and a ninimal conclusion
Acceptable reasons are change in sign, positive and negative and f'(a)<f'(b) <0

Mimimal conclusions are hence « = —2.43 | hence shown, hence root

Alt 1 using adapted f'(x)

(e)

M1 Sub x=- 2.425 and -2 435 mto cubic part of f '(x), starts to compare signs and gets at least one correct to
1 sf rounded or truncated.

Al Both values correct of adapted f'(x) correct (1sf rounded or truncated). a reason and a mimimal

conclusion

Acceptable reasons are change in sign, positive and negative and f'(a)xf'(b)<0
Minimal conclusions are hence e = —2.43 | hence shown, hence root

Alt 2 using f(x)

(e)

M1 Sub x=-2.425 -2.43 and -2 435 into f(x), starts to compare sizes and gets at least one correct to 4sf
rounded

Al All three values correct of f(x) correct (4sf rounded ), a reason and a minimal conclusion

Acceptable reasons are f(—2.43) < £(—2.425), f(—2.43) < £(—2.435) , a sketch
Minimal conclusions are hence e = —2.43 | hence shown, hence root
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Q71.

Question Scheme Marks
Number
(a) R =122+ 32 M1
R=+130r3.61... Al
3
tana = 2 M1
@ =0983 .. Al
(4)
(b) f'(x) = 2e®*cos3x — 3e**sin3x M1ATA1
= e?*(2cos3x — 3sin3x) M1
= e**(Rcos(3x + a)
= Re?*cos(3x + a) A1" cso
(3)
Fp) == thaf3xva) =9 M1
(c)
T
x=0.196... awrt 0.20 Al
(3)
12 Marks




Question

M Scheme Marks
(a) | y=secx = = (cosx)™
CosX
Writes secx as (cosx)” and gives
, ) ., M1
% = —1(cosx)>(—sinx) % =t ({cos x) " (sin .r)}
—1(cosx) > (-sinx) or (cosx)(sinx) | A1
dy _ [smx | (1 ] smx ) N Convincing proof.
dr  lcos’x] lecosxlcosx) =——— Must see both underlined steps. Al AG
3)
(b) | x=sec2y, y=(2n+1)5.nek.
dx _ S Ksec2ytan2y | M1
dy <3 " 2 5&(:2_].-‘1:1112}' Al
(2)
(c) | dv 1 . dy 1
—_—— Applies —= — | M1
dr  2sec2ytanly dx (%}
%= ﬁﬂy Substitutes x for sec2y. | M1
Attempts to use the identity
3 4 end -
l+tan" d=sec’ 4 = tan*2y=sec 2y —1 1+ tan? A —sec? 4 M
So tan’2y = x° -1
. S - L AN Al
dx oy, (x*-1) dx 2:::-.,||'||::lr2 -1)
(4)

[9]
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