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Implicit Differentiation (Sheet 2) Mark Scheme

Q1.
Question
Number Scheme Marks
; ﬂ_ Bl
y dx
Wh 3 | 1 )
=2Inx+2x| ~ | — M1 Al
\ X/
At x=2, Iny=2(2)In2 Ml
leading to y=16 Accept y=e*=2| || A1
1 dy
At (2.16 —_——=2In2+2 L
( ) 16 dx MI
dy ,
L -16(2+2n2 -
dx ( ) Al (7)
(7]
Alternative
y =elrinr Bl
i(l\'hl.\')=:hl.\'+:.\'l—l-J —1 M1 Al
dl' \ X
1 ' ’ l ) 2xinx
b A Zhn'fltt-—')c" : M1 Al
dx |\ X )
At x=2, iil:(llul—l)c"": L v
dx
=16(2+2In2) Al (7
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Q2.
uestion
Q Scheme Marks
Number
(a) X¥-4y' =12xy (eqn=*)

Substitutes x=—8 (at least once) into * to

4 1y
_512—4)" = —06 ‘_//'/’ obtain a three term quadratic in ; 11

Condone the loss of =0.

4)* —06y+512=0
¥ =24y +128=0

(v—168)y-8)=0
An attempt to solve the quadratic in y by

24+ 5753029 either factorising or by the formula or by | dM1

V= completing the square.

2
Both y=16 and y=8
v=16 or y=38 Al
’ or (-8 8) and (-8, 16).
(3]
Differentiates implicitly to include either .
_ . - - +h& or 12x2 Topore & = |
() [iﬁ 3x -8y d :=| 12y + 12.1'd;1 ; i e ENOTE _
|_Z&( dx de | Correct LHS equation; | Al
Correct application of product rule | (B1)
ﬂ = ﬂl not necessarily reguired
.__d'f.' 123{—8}' J L I L L
. o odv e -1y o6 Substitutes x=—18 and ar leqsr one of their
@(-8,8), —=—-—" =—"—=-3 . ! ) a | dM1
dx 2(-8)+8(8) -3 — y-values to attempt to find any one of L.
@ (-8 16) £= 6 -12(186) _ i _ 0 One gradient found. | Al
T oy 12(-8)+8(16) 32 T Both gradients of -3 and 0 correctly found. | Al cso
[6]
9 marks
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Q3.
S:.l:lj:;:: Scheme Marks
(@) | 3x'-)y'+xy=4 (egn=)
<i§ ! 61—2}'%—| y—.r%: -0 M1 Bl Al
dv 8 —Gx—y 8
73T 3oy T3 Ml
giving —18x — 3y =8x— 16y
giving 13y =26x M1
Hence, yv=2x =y -2x=0 Al cso (6)
(b)) | AtP& Q, y=2x. Substituting into eqn *
gives 3x° - (2x)° + x(2x) = 4 M1
Simplifying gives, ¥’ =4 = x=%2 Al
y=2x = v=+4_ hence coordinates are (2.4) and (-2.—4) AL (D
(9 marks)
Q4.
%‘:ﬁ;ﬂg‘ Scheme Marks
. . dy
(@) —2sin2x-3sm3y—=0 M1 A1
dx
ﬂ__Zsian Revent 2sn2x —2smn2x Al 3
dx 3sm3y £ —3sin3y  3sin3y )
Vs 2T
(b) At x=—, cos(—]+cos3y=l M1
6 6
, 1
cos3y=— Al
2
3y=L=,-Z awrt 0.349 | A1 3)
3 9
© At(f, f]. 3:—2@2(%)?25?‘1%:—3 M
6 9 dx 3sin3(%) 3sm¥ 3
2
il =~:—(r—£J Mi
9 30 6
Leading to 6x+9y-27=0 Al (3)
[9]

]3]
BE
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Q5.

Question

Number Scheme Marks

1 —3n—4} +64 []

(a) {—x: 1— 3\ +_“n—J —S1—= M1

M

2x -3y +(=3x —8}}—= dM1

' dr ”71—31 31
- o.e | Al cso

== or
‘1‘3“3“3“81
B

(b) 4d—J =0 :}1- x—3y=0 M1

p o _31[%1]_4'%1 | +64=0 ‘—1| —?| 3Y |1 -4y +64=0 dM1

: serfedis Y o - e R
X -2y —%\' +64=0 :z——jt +64=0 E|‘l"—%|l"—-1_‘l"+ﬁ4=0 = —?_1"+64=CI

N AT . 256 e %
— X =—:J —5 _1=—;I or——i =YV =—= l\-=_m_? Al eso

(24 16) ! 15" 24 16 24 16 ddM1
— :mcll — - — X y X e —— N U —

3 by > > b} ) 2 cso | Al

11
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Q6.
3: :f;::::l Scheme Marks
X' 4y +10x+ 2y -4y =10
[ | d dv | dy |
. 12N 2.\'+2\—'——+10+2—‘-—|4\'¢4r;=0 See notes | M1 A1 Ml
(a) “k ’ Y i el d\{‘ 0 ee notes Ml
dy Dependent on the
I —4v+(2v+2-4Y)=% =
2x+10-4y + 2y + 2 -h)d\‘ 0 st M1 mik. dM1
dv  2x+10-4y
dx 4x-2y -2
. : 5-2y [ -x-54+2y]
Sumplifying gives I, ) -|= . 2 : Al csooe
dc  2x-y-1 | -2x+y+1]
. , 5]
(b) vlg-'l=0=l» X+5=-2y=0 M1
[dx |
So x=2y -5,
Ry =57 +y +10Q2y -5 + 2y -42y -5y =10 M1
4y° =20y + 25+ y° + 20y - 50 +2y -8)° + 20y =10
3 . 3y* — 22y +35{=0}
gives —3)° +22y-35=0 or 3)° -22y+35=0 > Y+35=05 | A1 e
see notes
Gy-7)y-5=0and y=.. Method mark for solving a | .\ 0y
quadratic equation
7 PR
y==_5 {y=}=.5] Al cao
3 3
[5]
Alternative method for part (b)
e 0
(b) L M1
| dx _l
r+5
So y= X+
i fx5Y x+5) , (x+5
F | 2] s10r 42| T2 x| 2 l=10 M1
\ 2 \ 2.) 857
) 2L P .
x” +M+IO.\'+ X+5-2x"-10x= 10
4x* + x° +10x+25 + 40x + 4x + 20 —8x* — 40x = 40
2 . 3x* —14x - 5{= 0}
gives —3x° +14x+5=0 or 3x* —-14x-5=0 T =0} Al oe
see notes
Bx+1)(x-5)=0, x=_. i . —_—
~§4+5 545 Solves a qua hciau nds | o
o P at least one value for y.
7 7
y==.5 {y=}=.5| Al cao
3 3
(5]
10
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Q7.
Question Scheme Marks AOs
a = d ’ d »
@ Either 3y~ —:»;iju'—'1 or 2xy — 2.‘(;14- 2y M1 21
dx dx
d » d '
z.w.-—z.rd%r—z;~+ﬁyd-—l=a Al 1.1b
d '
16,1~—21-]|d'—1_=2;-—2x M1 2.1
dy 2y-2x vy-—x
—= = * Al* 1.1b
dx 6y—2x 3y—x
(4)
(b) ( dy )
At Pand Qi —w@=>| Deducesthat3y—x=10
\ dx / J 3 7
\ M1 2.2a
]. g 1 T -
Solves y = 3¥ and x~ —2xy+ 3y =50 simultaneously M1 31a
=x=(1)5J3 OR=y=()53 Al 1.1b
= =13
) 1
Using y =3¥ =>x=_ AND y=_ dm1 1.1b
~ 5 _
P= | —2 _—E k. Al 273
(5)
() Explains that you need to solve y=x and x — 2xy + 3}=: =50 Bift >4
simultaneously and choose the positive solution B
(1}
(10 marks)
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]3]
BE

Q8.
Question Scheme Marks AOs
@) i(_’,y: =6vi
dx dx
or M1 2.1
L (@) =ax P+ g
dx
; dy dy
3px +gx—+qgv+6y—=0 Al 1.1b
px’ +gx——+qy+6y—
dy n dy
(q.r+6_1')-i=—3px'—q_1‘=>;1=... dM1 21
dx dx
dy —=3px’—gqy
dx gx+06y
(4)
®) p(-1) +g(-1)(—4)+3(—4) =26 M1 | L1b
191’—:-26.1'+123=0:>m=—% Bl 22a
3p(-1) -g(—4) 26 (-1)+6(—4) 19
2L At 38 o AGARECH 19 M1 | 3.1a
g(-1)+6(—4) 19 3p(-1) +g(—4) 26
p—4g=22 57Tp—-102g=624=>p=....qg=... dM1 1.1b
p=2 g=-5 Al 1.1b
(5)

(9 marks)
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Q9.

Question

Number Scheme Marks

¥l -y +5=0

> 3'In3 | Bl oe
Differentiates implicitly to mnclude either

. ' dy dy | M1*
[)‘b( [ dy ) dy *Ax-= or tky-=~
3"‘ln3+[\' X— |=-2y==0
].)b( J % dx ‘ “dx dx c(l;‘
Xy— +y+x— | Bl
(ignore) , 3 i
,+)'+A‘—l—’1d‘ 0 Al
’ dx dx
: dy dy Substitutes x =1, y =3 mto th
(1.3)=) 3" "3 43+ T - 202 = 0 oA S
dx differentiated equation or expression
53534 2 6 a0 53N 5"_‘
dx dx dx
2 _ 3+In3 M1
dx 5
d 1 3 ; dy 1
. 4 —(lne +In3)= —1n|3e ) Uses 3 = Ine’® to achieve — = —In(3e’) | Al cso
dc 5 dc: 5

{71
b

Notes for Question

Bl: Correct differentiation of 3" . Ie. 3" = 3 'In3 or 3" ' =—(3") > (3’)1:13

L
3

or 3x-l=e(x-l)h3_’ ln3e(x-l)’.'nj or 3x-!= (3:)=_1_e1h3__) _(hlg)e!hl

|_~|...

9

—-../

M1: Differentiates implicitly to include erther = Ax 3—‘ or *k\ e (Ignore
X

Bl: xy—=>+y+ \d—‘

dx
t dy dy g o od
1"AL: . +y+ \'-d'— - 2) -c-l-— =0 Note: The 17 A0 follows from an award of the 2™ BO.
X X
Note: The "= 0"can be umplhed by rearrangement of their equation.
18 3 ' In3+ y+ Y _ 2\'21 leadngto 3 'In3+y = Zt'g—' - x¥ win get Al (imphed).
dr T dx K T dx dx

2°4 M1: Note: This method mark is dependent upon the 1* M1* mark being awarded.
Substitutes x =1, y = 3 into their differentiated equation or expression. Allow one slip.
3"4M1: Note: This method mark 15 dependent upon the 1% M1* mark bemng awarded.

>
Note: It 1s possible to gamn the 3" M1 mark before the 2 M1 mark.
' y+3"'In3 ,
Eg: Candidate may write :‘— = ‘f—lﬂ before substitutingin x=1 and y =3
X 2y -x

Candidate has two differentiated terms in i—‘ and rearranges to make g‘— the subject.
=

\

2*4 A1: cso. Uses 3=Ine’ to achieve —gl = %ln(Sel). (: —1_-ln(,11e3) ,A=5and u=3|
X A )

Note: 3 =Ine’ needs to be seen in their proof.
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Q10.
Sﬁggf Scheme Notes Marks
ax* y"' dxy + 27 =10
(a) d ]| 2 dy o dy _
Way 1 o J&A 3y = Ay hdr +2 lllzdx 0 MI Al M1 Bl
. s ez P v dy
B-2) - 34y AAY - AH-2) 2 In2-==10 dependent on the first M mark | dM1
e dx e
d d 1
16482 16 +8%2 +16m2~Y =0
dx i dx
: 32
32 i r 4 or exact equivalent | Al cso
ey —40+16n2 40 -16n2 —5+2In2 —5+Ind
NOTE: You can recover work for part (a) in part (b) [6]
- 2 40 -16In2 i i
) EE s 40 1-31:5]:1_ or - Applying m, m, to find a numerical m_ Ml
j Can be implied by later working
s y-_4- E’IM.\“I --12) Using a numerical
\, 32 A m (#m ). either
e (40— 162, y—4=my(x--2)
Cutsyaxis = x=0= y-4= | T |[)] and sets x=0 in their | M1
o normal equation
A0-16m2Y ) or
4= Tﬂ‘f—]""f 4 = (their m -2} + ¢
I 40 —161n2 104 — 16In2
S =4+ — M p=—
| 16 16 |
13 104 13 13
viorc)= In2 In2 or In2 or ~1n24 Al cso isw
2 L6 2 2
Note: Allow exact equivalents in the form p — In2 for the final A mark [3]
| )
@ L PR I S R Bi
Way2 | |dy | dy ooy e M1A1 M1 Bl
Aol dx v L At
8{—).}1— — X4y - 4{4]l— —4=-23+ 2 In2=10 dependent on the first M mark | dM1
dy dy
; 32
32 ? £ o or exact equivalent | Al cso
der —-40+16In2 40—-16?2 —5+42In2 —5+In4
Note: You must be clear that Way 2 is being applied before you use this scheme [6]
Question Notes
(a) Note | For the first four marks
Writing down from no working
o ¥ M8 B oresMIAIMIBI
dx 3y - dx+ 2" In2 3 +Ax-2"In2
. Y 8z -4y o — B scores M1AOM1B1
de -3 4x+ 2’2 37 +4x-2"In2
Writing 8xdx — 3y dy — Aypde — 4xdy + 27 In2dy = () scores MIAIM1B1
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Question Notes Continned

p |
(a) 1M1 | Differentiates implicitly to include either + ﬁ‘mr%'r or -y >+ if% or 2¥ —y 1+ y2* cd

{Ignore (% =]}. A, g are constants which can be 1

1% A1 | Both 4x* —3° 931—3}-2% and =0->=10

Iy d d d & d
Note |eg 8- 3p' > —dy-dx= + 222 5 32 ax T 2m2Y -4y s
dx { dx e { dr
} } dy dy dy }
or eg 16 43{1*: 16482 +16m2% > - 48% 18 y16m2™ =32
i

dx dx the dx L

will get 1" A1 (implied) as the " - ()" can be implied by the rearrangement of their equation.

dy dy dy dy
M1 | —4xy »—4y—4 4y —4 —4y+4 4y+4
Xy y—4xr = or dy—4x or ) X o 4y +4x

. 1 _ 1

B |2 >2’1n2[1': or 2% ™2y
L i

Note If an extra term appears then award 17 A0

3™ dM1 dependent on the first M mark

dv
For substituting x =—2 and y — 4 into an equation involving +
i

Note M1 can be gained by seeing at least one example of substituting x = —2 and at least one
example of substituting v = 4 unless it is clear that they are instead applying x =4 and y = -2
Otherwise, you will NEED to check (with your calculator) that x = — 2, y — 4 that has been

il
substituted into their equation involving L*:
i
Note Al cso: If the candidate’s solution is not completely correct, then do not give this mark.
Note isw: You can, however. ignore subsequent working following on from correct solution.
(b) Note The 2™ M1 mark can be implied by later working.
yv—4 -1

Eg. Award 1 M1 and 2™ M1 for = —
their m; evaluated at x =—2 and y =4

13
2In2

{In2) which is in the form p + qln2

Note Al: Allow the alternative answer { y= } ]-n[%] +

(2) 1**M1 | Differentiates implicitly to include either + 4 },ﬁ or 4x* — | .-i.:cE
Way 2 dy iy
{Ignore [

dx

1 _]}_ A is a constant which can be 1
oy

1" A1 | Both 4x’ -y’ — xx‘lL_“_:;}-z and =0 =0
dy

M1 —4:71\.'—}—4‘1..'{]'{ —dx or 4}'{]'[ —4x or —4}?{1[ +4x or 4ydx + 4x
' dy dy dy dy

B 2= 2"In2
3" dM1 | dependent on the first M mark

For substituting x = —2 and v = 4 into an equation involving L:—'L
ay
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Q11.
d /: 48
-1—‘< & ) = hl 272 Bl
C
9 X 2] d." 2 ) 9 d.v
In2.2"4+2y—=2y+2x— M1 Al=Al
dx dx
Substituting (3. 2)
dy dy
Sh2+4—=4+6— M1
dx dx
% =4In2-2 Accept exact equivalents | M1 Al (7)
dx
(7]
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