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Implicit Differentiation 2 - Edexcel Past Exam Questions MARK SCHEME

Question 1
Question
Number Scheme Marks
1. (a) ﬁx 2+6yd—y+ 6xy+3x2d—y =8x M1Al Bl
& dx dx | =
dy 8x-2-6xy ) .
S not necessarily required.
dx 6y +3x
dy 8(-1)-2-6(-1)(1) 4
At P(-1,1), T)=— = R
(-L1), m(T) = = = 3Dy 5 dM1 Al cso
[5]
-1 9
® | So.mN)=— 1=~ Ml
-4 4
9
N: y—1=z(x+1) Ml
N: 9x-4y+13=0 Al
[3]
8

(a) M1: Differentiates implicitly to include either :ky% or 3x’ % . (Ignore (% =] ).

Al: (2x+3y2 ) - (2+6y %) and (44\:2 - 8_x) . Note: If an extra “sixth” term appears then award AQ.

B1: 6xy+3x2d—y.
dx

dM1: Substituting x =-1and y =1 into an equation involving % Allow this mark if either the numerator

8x-2-6xy

v a3 is substituted into or evaluated correctly.
y+3x

or denominator of d_y -
dx

If it is 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 - N or — = or —0.4.1 or awrt —0.44
9 18
If the candidate’s solution is not completely correct, then do not give this mark.

1
M1: Applies m(N) == —————.
®) pplies m(N) = - & (T

M1: Uses y—1=(mN)(x——1) or finds c using x = —land y =land uses y=(m,)x + "c",

Where my = - or m, = —their m(T).

their m(T) ™ their m(T)
Al: 9x-4y+13=0o0r -9x+4y-13=00r4y-9x-13=0 or 18x -8y + 26 =0 etc.
Must be “=0". So do not allow 9x+ 13 =4y etc.
6y +3x’
8x-2-6xy

Note: m, = - ( ] is MOMO unless a numerical value is then found for m,, .
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Implicit Differentiation

Question 2
Question
Number Scheme Marks
¢ E 1 D g 2 dy ; 2 d\'
(a) Differentiating implicitly to obtain +qy~—— and/or =bx a M1
2 dy
48y° —+ . -54 ..
L3 Al
5 , dy :
Ox"y —9x° 34-181}' or equivalent | B1
2 ndy
(48)° +9x )a+181}'—54=0 M1
dy _ >4T181'T._ [' b 181—6.0'\ ] Al 3
de  48y"+9x" | 16y +3x°
(b) 18—-6xy=0 M1
Using x =2 or y= 3
b x
(.. ) (. \ - ‘..3 5 .
16,\'3+9[ i] y—54| £l J=0 or l6| iI +9.\*’[ 2]—54A'=0 M1
\J. R \ X/ €7
Leading to
16y* +81-162=0 or 16+x*-2x*=0 M1
81
£riS D 4
) T or x =16
33
) =Sy or x=2,-2 Al Al
Substituting either of their values info xy =3 to obtain a value of the
: M1
other variable.
f 3o 3
2 Ay Fei
32 wo [n o
(12]
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Implicit Differentiation

Question 3
g:;::::,‘ Scheme Marks
¥ +axy+y +27=0
(a) gx 2x + 4v+4xg +7}ﬂ=0 M1 Al Bl
Hx 3 dx dc — —
dy
2x+4y+(4x+2y);’t-=0 dM1
dy =-2x-4y | =-x=2y
dr  4x+2y {_ 2x+y } oyl
5]
(b) 4x + 2)' =0 M1
y=-2x x=-—lv Al
3
X+ 4x(=2x) + (-2%)° +27=0 (—-%—y] +4(-—%—y]y+y: +27=0 M1+
- 3 2
—-3x-+27=0 —zy- +27=0
=9 V=36 dM1*
When x=-3, y==2(=3) When y=6, x:—%(G) ddM1#*
y=6 x=-3 Al cso
(7]
12
Notes for Question

(a) M1: Dafferentiates implicitly to nclude ether 4x% or 1&;\*%. (Ignore (ﬂ =] ).

Al (x*)—(2x) and (...+y: +27=0-> +2y%=o ]

Note: If an extra term appears then award A0.
Note: The "= 0"can be implied by rearrangement of their equation.

dy dy dy dy

BI1: 4y+4xdi or 4(y+xﬁ] or equivalent
dx dx

g dy . dy
dM1: An attempt to factorise out d._:' as long as there are at least two terms in a‘ .

1e. .+ (4x + "v)d'}

Note: Th;smarkxsdependentonthepmimsmethodmark being awarded.

=2x - y ~2x 42y - =2y

Al: For —=— 2% 4 or equivalent. Eg: L e or 2x +2y) e
4x + 2y -4x -2y 4x + 2y 2x+Yy

cso: If the candidate’s solution 1s not completely correct, then do not give this mark.

d}l
2(2 N—=__
or ..+ Jc+_1)clJr

1e.. 2 4y + 4x— + 2y— leading to 4x— + 2y— = —=2x -4y will get Al (implied).
ie: 2x+ 4y +dx——+ ‘dr eading to 4x—= +2y— X = 4y get Al (implied)
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Implicit Differentiation

Notes for Question Continued

(b)

M1: Sets the denomunator of their % equal to zero (or the numerator of their % equal to zero) oe.

Al: Rearranges to give etther y =—2x or x= —%y . (correct solution only).
The first two marks can be imphed from later working, 1.e. for a correct substitution of either y = —2x
into y* or for x = —%y into 4xy .

MI1*: Substitutes y=*Axororx=zuyory=tAxtaor x=zuy+b (A=0,u=0) mto
x? +4xy + ¥ + 27 =0 to form an equation in one vanable.
dM1*: leading to at least either x* =4, 4>0 or =B, B>0
Note: This mark 1s dependent on the previous method mark (M1*) being awarded.
Al: For x= -3 (ignore x = 3) orif y was found first, y =6 (ignore y =-6) (correct solution only).
ddM1* Substitutes their value of x into y = = Ax to give y = value
or substitutes their value of x mnto x* + 4xy + y* + 27 = 0 to give y = value.
Alternatively, substitutes their value of y into x = = uy to give x = value
or substitutes their value of y into x* + 4xy + »* + 27 = 0 to give x = value
Note: This mark 1s dependent on the two previous method marks (M1* and dM1#) being awarded.
Al: (-3, 6) cso.
Note: If a candidate offers two sets of coordinates without either rejecting the incorrect set or accepting the

correct set then award A0O. DO NOT APPLY ISW ON THIS OCCASION.
Note: x =-3 followed later in working by y = 6 1s fine for Al.

Note: y =6 followed later in working by x = -3 1s fine for Al
Note: x =-3 3 followed later in working by y = 6 is A0, unless candidate indicates that they
are rejecting x =3

Note: Candidates who set the numerator of % equal to 0 (or the denomunator of their ;ﬂ equal to zero) can
X y

only achieve a maximum of 3 marks in this part. They can only achieve the 2*, 3" and -:1" Method marks to
give a maximum marking profile of MOAOMIMI1AOM1AQ. They will usually find (-6, 3) { oreven

(6,-3)}.

Note: Candidates who set the numerator or the denominator of % equal to =k (usually k =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 MOAOMIMI1AOM1AOQ.
Special Case: It 1s possible for a candidate who does not achieve full marks in part (a), (but has a correct
denomunator for :—‘ ) to gam all 7 marks m part (b).

x

2x -4y
4x+2y

Eg: An incorrect part (a) answer of % = can lead to a correct (- 3, 6) in part (b) and 7 marks.
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Implicit Differentiation

Question 4
g:;:::: Scheme Marks
¥ lixyy-y'+5=0
3!-1 N 3!-Iln3 Bl oe
Dafferentiates implicitly to mclude elther
i>-< 3" ‘ln3+(\+rd_‘) 7‘d_‘ 0 sax Y or+hd M1+
Hx d “dx d‘v
1 Xy—> +y+x— | Bl
(ignore) ) ' m
dy dy Al
et Yt X = 2y===
’ dx = idx
{(1.3)=} 3" "m3+ 3+(1)_ = 7(3)__ 0  Substitutes x=1, y=3 mto their | .,
differentiated equation or expression.
In3+3+ i‘—-6£il= 0 =>3+In3= 52‘—
dx dx dx
dy % 3+In3 e
dx 5
e l(hN’ +In3)= lln(?»?’) Uses 3 =Ine’ to achieve . lln(3e’) Al cso
de 5 S dc 5
[7]
-

Notes for Question

Bl: Correct differentiation of 3"™' . Ie. 3" - 3*'In3 or 3 "=%(3')—>

1
—(3")In3
1)

or 31 = elr-DR3 _j 13 o(r-D3 oo 3x-l=§(31)=_;_e1h3_) %(lns)exhl

M1: Differentiates implicitly to nclude either tix% or :ky%. (Ignore (d -)).
: ; X

24 M1: Note: This method mark is dependent upon the 1* M1* mark being awarded.
Substitutes x =1, y

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

X X

Note: It is possible to gain the 3" M1 mark before the 2* M1 mark.

y+37In3

2y -x

Eg: Candidate may write & =

n before substitutingin x=1and y=3
X

2" A1: cs0. Uses 3 =Ine’ to achieve % = %ln(.%e’). (: %ln(;te’) , A =5and/1=3)
=

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

Bl: y—>+y+ \'%
1AL .+y+ r%— 2\%- 0 Note: The 1% A0 follows from an award of the 2* BO.
Note: The "= 0"can be implied by rearrangement of their equation.
1e: 3"'ln3+y+x£—2y$ leadmgto 3" 'In3+y = 7vd' ¥ will get A1 (implied).
dx dx dx dx

3 into their differentiated equation or expression. Allow one slip.
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Implicit Differentiation

Notes for Question Continued

Aliter
Way 2

Alternative Method: Multiplymg both sides by 3
¥ +xy-y +5=0
3 3y -3y" +15=0
3" - 3"In3 | Bl
Dafferentiates implicitly to mnclude either
. dy Mi1#*
) ) +ix— or +hy—
gx 3’ln3+[3v+3xd+‘J-6yd‘+=0 hdu o hdr
Hx . dx dx dv
; 3xy > +3y+3x— | Bl
(ignore) X) ) tdr
- +3y +3xd—-6\d—‘= o |Al
dx dx
dy dy Substitutes x =1, y = 3 to their
1.3 3'In3 3+ l-'——63—'—=0 . : i ¢ *
{( )=} +33)+ XD @) differentiated equation or expression. s
3ln3+9+3d—-18d—‘—- 0 = 9+3n3= lSd—‘
dx dx dx
dy  9+3In3 3+1In3
— = = *
s = o
L —(lne +In3)
dx
dy 1 1 d 1
— = —(lne’ + In3 ) = —In(3¢’ Uses 3 =Ine’ to achieve — = —In(3e’) | A1
- )= 2ia(3¢) e 2= ln3e) | At eso
(71
-

NOTE: Only apply this scheme 1f the candidate has multiplied both sides of their equation by 3.
NOTE: For reference, & o 32+ 3'In3
dc 6y-3x

NOTE: If the candidate applies this method then 3xy — + 3y + 31‘% must be seen for the 2** B1 mark.
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Implicit Differentiation

Question 5
Question
Numl Scheme Marks
X+ 2xy-x-)"'-20=0
dy 2 dy , dy
— = X +|2y+2x— |=1=3y" —=0 M1 Al Bl
T e ae{reag)-rg e
3x? +2v—l+(2x—3v:)£=0 dM1
b T dx
dy ? y2y - -3 =2y
& _ X -l 1= - Al cso
dx 3y -2x 2x - 3y°
[5]
, 2 ) 2
(b) At P(3,-2), m(T) = & _30r+2:2)-1 +,2( 2) l;: 2 1
dx 3(=2) -203) 6 3
and either T: y--2= 1?1 (x-3) see notes | M1
11
or (-2)= ? B)+c=>c=..,
T: 1lx—-3y-39=0 or K(11x-3y-39)=0 Al cso
(2]
-
Alternative method for part (a)
(a) B gt 2,\'£+2x —$—3y’= M1 Al Bl
dy dy dy dy o
2x =3y + (3x* + 2y - 1)%: 0 dM1
".-
dy 3x*+2y-1 1-3x% -2y
—_— = = - o - Al :
& 3y —2x 2x-3)° o
[S]
Question Notes
(a) ) B dy 3 +2y-1 1-3x" -2y .
Note | Writing down — = ————— ~————— from no working 1s full marks.
General | Note [ Wrtng & 3y-2x 2x - 3) .
) dy 3x*+2y-1 1-3x% -2y
Vi Writing down — = ———— ~———————= from no working is M1AOBOM1A0
Sl = dx 2x -3y° 3y" -2x g
& 2 2 dy 31': +2y-1
Note | Few candidates will wnite 3x* + 2y + 2xdy —1-3y“dy = 0 leading to E = 3—, oe.
Yy —2x
Ths should get full marks.
(a) M1 | Differentiates implicitly to include either 2x% or —y’ - iky’%. (Ignore (% =]).
Al [ ¥ 53 and -x-)"-20=0 - -1-3)? %=
dv
Bl | 23 =22y + 2x—
3 ] dr
Note | If an extra term appears then award 1” A0.
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Implicit Differentiation

(a) . 2 dy 2 dy 2 . dy dy
Note | 3x° +2y + 2x== =1=3y'== = 3xX° +2y=-1= 3y’ == = 2x—=
ctd i s 7 dx . Tk
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 factonise out all the terms in % as long as there are at least two terms in % 4
2 dy
1 ..+ (2x-3y ) =—=..
( > )dr
Note | Placing an extra :‘— at the beginning and then including 1t in their factorisation 1s fine for dM1.
X
1-2y-3x° . 3x* +2y -1
For ————— orequvalent. Egg ————
- 2x - 3y° 8 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.
(b) M1 | Some attempt to substitute both x =3 and y = -2 mto their % 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.
e or finds ¢ by solving (—2) = (their m, )(3) + ¢, where m; is a numenical value.
_ St : -1 e
I Using a chan dient (1.e. appl or - 15 MO).
Note ¢ ged gra pplying S ® B ®
Al | Accept any integer multiple of 11x -3y —39=0 or 1lx-39-3y=0o0r —-1lx+3y +39=0,
where their tangent equation 1s equal to 0.
cso | A correct solution is required from a correct g
isw | You can 1gnore subsequent working following a correct solution.
Alternative method for part (a): Differentiating with respect to y
: ; S . . dx 3 5 dx _ dx
(a) M1 | Dafferentiates implicitly to include either 2}'; or X’ >tk ; or =x— - g
dx
e|—= )
o5
Al 25>30¢% ana -x—y' -20=0 - —£—3y:=0
dy dy
B1 2xy — Zyg +2x
dy
dM1 | dependent on the first method mark being awarded.
An attempt to factonse out all the terms in % as long as there are ar least hwo terms % :
1-2y-3x . 3 +2y -1
For ————— or valent. Eg: ——
- 2x -3y° e S 3y" -2x
cso: If the candidate’s solution is not completely correct, then do not give this mark.
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Implicit Differentiation

Question 6
Question X
Number Scheme Marks
X+ +10x+ 2y -4xy =10
iy dy dy dy
L2y 2X+2y—+104+2—= =| 4y +4x—|=0 M1 A1 M1
(a) {)k } Y i . [ ) dx] 0 See notes Ml
dy Dependent on the
2 —4v+(2v+ 2 —-4Y)= =
2x+10-4y+(2y +2 4x)dx 0 first M1 mark. dM1
dv _2x+10-4y
dx 4x-2y -2
SRS . dy x+5-2y -Xx=5+2y
Sunplifying gives L A — 4= : Al cso oe
dv 2x-y-1 -2x+y+1
3]
d.v
(b) = =0} x+5-2y=0 M1
dx
So x=2y-5,
@Ry -5+ +10Q2y - 5) + 2y —4(2y - 5)y =10 M1
4y =20y + 25+ y° +20y =50 +2y -8)° +20y =10
2 _22y N
gives —3)7 +22y-35=0 or 3)° -22y+35=0 3 =2yt il Al oe
see notes
Method mark for solving a
3y-MN(y-5)=0and y=.. : .
By -Dy-5) ) e e ddM1
7 7
y==.5 {y=}=.5| Al cao
3 3
[5]
Alternative method for part (b)
(b) {ﬂ'-:o::.} X+5-2y=0 M1
dx
X+35
So y= :
Y 2
x’+(r+5) +10x+2(x+5]-4x(x+5]=10 M1
2 2 2
2 ¢ XXIOXHD o b x+5-2¢ —10x= 10
4x* + x° +10x+ 25+ 40x + 4x + 20 —8x* — 40x = 40
gives —3x* +14x+5=0 or 3 —14x—-5=0 3 —Mx—5{=0} | ,) o
see notes
Bx+1D(x-5=0, x= Sol drati d find
445 545 olves a qua uc_an .s ddM1
y= > '3 at least one value for y.
y=1,5 {_v=}l,5 Al cao
3 3
5]
10

www.natkermaths.com




Implicit Differentiation

Question Notes

(a)

(b)

M1

Al

M1
Note
Note

dM1

Al

Note

Al

Note

. e : dy dy dy (dv ]
Differentiate i to include either +4x— ;" = 2y—=or 2y —2-=. = =|).
erentiates implicitly to inc 1dx or y y ™ or 2y — = (Ignore e )

x’+v’+1o.r+2v—>2x+zyﬂ+1o+zﬂ and 1050
g : “dx dx

-4xy = 4y i4x’£
dx

If an extra term appears then award 1% A0.

2.\'+2vﬂ+10+?_i —4v—4x£ - 2x+10-4y =—2v$—2ﬂ+4xﬂ
“ dx dx ) dx ¥ “dx dx dx

will get 1" A1 (1mplied) as the " = 0"can be implied by rearrangement of their equation.
dependent on the first method mark being awarded.

y

An attempt to factonse out all the terms in % as long as there are ar least two terms 1n % .
X+5=-2y -X=3 + 2y
Y 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 2—‘ equal to zero (or the denomunator of their % equal to zero) oe.
s y

If the numerator involves one variable only then on/y the 17 M1 mark is possible in part (b).
Substitutes their x or their y into the printed equation to give an equation in one variable only.
For obtaining either —3)* + 22y - 35{=0} or 3)° - 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

e By-Ny-5=0>y=..
22 :,’(— 22)* —4(3)(35)
2(3)

R Sl 1y 121 35
e YV-——y-——=0|y-—| ~——+—=02y=_.
3 3 3 YR

e Or writes down at least one correct y- root from their quadratic equation.
This 1s usually found from their calculator.

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 in order to gain the final M1.

e y=

X+5

o

y= % .5. cao. (2.33 or 2.3 without reference to % or 2% 1s 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—‘ ) to gain all 5 marks in part (b).
X
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Question 7

Implicit Differentiation

Question a
Rt Scheme Marks
................ ¥-dy-dy +64=0
dy) dy Mial
AN Dx=— | —8y== e
(a) { .:} 2x l3‘ +3rde S}dx_ o M1
2x -3 -3x-8y)—= dM1
___________________ e e e e o
dy 2x-3y 3y-2x at
O O X8 IBY e ol s
..................................................................................................................... —
(b) {%=0:}21—3\=0 M1
2 3
T s i
X —3x Ex -4 x| +64=0 5V -3 — yv—4y"+64=0 dM1
x - 2x -£x+64 0:-2x2+64 0 2,1*2-2*:-41 +64= 0:-—51 +64=0
R - S LS (B SRR v SRR 47 I
., 576 24 24 , 256 16 16
=>DX'=— =D X=— 0of —— DYyV=— D y=— 0of —— Al cso
2 5 5 ’ 2 T 5 5
2( 2 2(2 ' '
When x=+ 2% \=ll"—,4) and—lt"—d'} Whes, p=is. r=2(§} and-é[EJ
_________________ 53‘335 52)2)
( 24 16) (24 16] 4 2 16 daM1
—.— | and [—— ——or x= , y=— and x=——_ y=—— e
39, .S 5 5 > 5 cso | Al
..................................................................................................................... [6]
11
Alternative method» for part | | P SO SO N SR P
w | o, oax [ooa MIAL
—=; 2x——|3y—+3x| -8y=0 o
@ {lk o (Mot 272 M1
(2x 3}')3-3*( 8y=0 dM1
___________________________ o SR A SR R AR SRS
dy  2x-3) 3y-2x Al
................... G 3By BB e
[5]
Question Notes
a d 2x-3y 3y-2
] Ko i e~ i = it
y Iy — =2
Note | Writing down d—l —— 3 T 3y-2x from no working 1s MIAOBIM1AQ
............................ B 3E B Mt et e e et ee e ettt reeeaae
- dy 2x-3y
Note | Few candidates will write 2xdx — 3ydx — 3xdy —8ydy =0 leading to — = .oe.
dr 3x+8y
This should get full marks.
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Implicit Differentiation
. . 3 . . . dy 2 .dv dy »
(a) M1 | Differentiates implicitly to include either =3x— or —4y” — +ky— . (Ignore | — = ).
dx dx dx
5 2 d )
Al |Bothx"—2x and . -4y " +64=0— —8}'d+:=0
.Note | Ifanextratermappearsthenaward AO.
dy dy dy dy
Ml | -3xy— —3x—"— 3y or —3xi+ 3y or 3.1';‘— 3y or 3x;‘+ 3y
dx dx dx dx
. dy dy dy dy
Note | 2x-3y-3x—-8y— = 2x -3y=3x—+8y—
: dx ) dx ) dx ) dx
__________ will get 1% A1 (implied) as the "=0"_ can be implied by the 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 at least two terms in ;? .
d g S :
ie. .+(-3x- 81‘)—d— =. or ... =(3x+ S})d— . (Allow combining in 1 variable).
'y X
Al 2x -3y ¥—2% or equivalent
: 3x+8y -3x-8 B )
Note | cso If the candidate’s solution is not completely correct. then do not give this mark.
.Note | You cannot recover work forpart (a)inpart(b). .
dy dx
(b) M1 | Sets their numerator of their a" equal to zero (or the denominator of their ™ equal to zero) o.e.
. y
n " : . dy ) - dy dy >
Note | 1¥ M1 can also be gained by setting o equal to zero in their “2x—3y — 3.\’5 - 8}’5 =0
Note | If their numerator involves one variable only then only the 1 M1 mark is possible in part (b).
Note | If their numerator is a constant then no marks are available in part (b)
Note | If their numerator is in the form +ax” +5y=0 or +ax+5y” =0 then the first 3 marks are
_________ possiblein part(b).
» 2x-3y
Note L — =0 is not sufficient for M1.
1
Alft | Either
2
e Sets 2x — 3y to zero and obtains either y = %x or x= % ¥
e the follow through result of making either y or x the subject from setting their numerator
of their d—l equal to zero
R N U S —S—
dM1 | dependent on the first method mark being awarded.
Substitutes either their y = ?x or their x = 4 into the original equation to give an equation in
wememeennOBevanableonly.
o e 24 24 16 16 : .
Al | Obtains either x = 5 or = or y= ] or — 5 (or equivalent) by correct solution only.
. 48
i.e. You can allow for example X = E or 4.8, etc.
= 576 s 256 N . .
Note | x= o (not simplified) or y = ey (not simplified) is not sufficient for Al.
2 )
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Implicit Differentiation

(b) ddM1 | dependent on both previous method marks being awarded in this part.
ctd Method 1
Either:
: B e . 2 ’ o ! 3
e substitutes their x into their y = Ex or substitutes their y into their x = Y. or
2 3 i
e substitutes the other of theiry = gx or their x = 3V into the original equation,
and achieves either:
e exactly two sets of two coordinates or
e exactly two distinct values for x and exactly two distinct values for y.
Method 2
Either:
e substitutes their first x-value. X, into X° — 3y — 4};' + 64 =0 to obtain one y-value, A and
substitutes their second x-value, x, into X =3xy -4y +64 =0 to obtain 1 y-value y, or
e substitutes their first y-value, , into X' =31 -4)" + 64 =0 to obtain one x-value x, and
substitutes their second y-value, y, into X' —3x-4)" +64=0 to obtain one x-value X,
| Note | Three or more sefs of coordinates given (without identification of two sets of coordinates) 1s ddMO. |
2 ' p)
Al Both [ —?4 i E] and (—'T - 2) , only by cso. Note that decimal equivalents are fine.
3 D ;
. 2 16 24 6 . . .
Note | Alsoallow x=—_, y=— and x=- ? V= —? all seen in their working to part (b).
b >
2
Note | Allow x = i—% y= zﬁ for 3 Al
b)
24 16 24 ' 24
Note | X=2—, y=Z— followed by eg. (E . 74] and [— ﬁ E —74]
> > b J
(eg. coordinates stated the wrong way round) is 3™ A0.
Note | It is possible for a candidate who does not achieve full marks in part (a), (but has a correct numerator
for 3—1) to gain all 6 marks in part (b).
X
Note [ Decimal equivalents to fractions are fine in part (b). ie. (4.8 ; 3.2) and (—4.8 ,—3.2) :
24 16 2416
Note ( ? . ?} and [—? - ?] from no working is MOAOMOAOMOAO.
Note | Candidates could potentially lose the final 2 marks for setting both their numerator and denominator
to zero.
Note | No credit in this part can be gained by only setting the denominator to zero.
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Implicit Differentiation

Question 8
g Scheme Notes Marks
Number
2x'y + 2x + 4y —cos(ry) =17
@ ixl g4x\-'+2x1£ +2+ 4$+frsin(/ﬂ')ﬂ=0 Ml Al Bl
Way 1 X j \__ dx | dx Tdx — =
i—‘[ 2 +4 + wsin(7ry)) + 4xy+2=0 dM1
= )
dy —4xy -2 4xy +2 Correct answer
- = < - or - - - Al cso
dx 2x° + 4 + rsm(7y) - 2x* — 4 — gsin(Ty) or equivalent
[5]
. e ]
dy _4(3)3) -2 _8 Substituting x =3 & ) -
(b) ‘At\'3.l—l ”Lr=;= — = - - = % M1
72} dc 23 +4+asin(iz) | 2+7 . . dy A
a7 into an equation involving —
-
2+ Applying ;m = ~! to find a numerical m,
my, = 3 tomg - [ M1
Can be implied by later working
1 2+ x)
At . |(x-3)
L 1
M 7 7 P G —
. l= -—+Tl(3)+c: =l_66+37 ) > my(x — 3)or
2 \ 8 ) 2 8 1
N , y=mX+C where — = (their m)3 + ¢ /
:>y=(22-.-;rjx_l_66-.-3ir 'N 2 x o
8 ) 2 8 with a numerical 7, (= mT)where m, is
) interms of /7T andsets y=0 in
Cutsx-axis > y =0 ) .
their normal equation.
1 (2+x
= | 2 )(x - 3)
-4 3T +62 3r + 62 67 +124 62 + 37
> {1=22+,1+3 :} Yy T+22 O 2meas | 22+x |DlOS
[4]
9
@ .39 (mﬂwﬁ\ +225 5 44 msin(zy) =0 Ml Al Bl
Way 2 & l “dy J “dv ’ e e =
\ v p e
dx 2 .
d—[4xy+ 2)+2x" + 4+ asin(zry)=0 dM1
J:
d}’ _4)-}' -2 4.\..\' +2 C orrect answer
- =72 - or 3 - . Al cso
dr 2" + 4+ 7sin(7y) - 2x" —4 - xsin(my) or equivalent
[5]
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Implicit Differentiation

Question Notes
() Note  Writing down from no working
b —hy-2 fry+2 MIAIBIMIALI
N Sueses - 3 - £ £
dr  2x" + 4+ rsin(my) - 2x" — 4 — wsm(wy) paass
b xy+2 MI1AOBIMIAO
*« — = 5 - 111
dr  2x" +4+ 7sm(ry) SEENES
Note  Few candidates will write 4xydx+ 2x’dy + 2dx+ 4dy + 7sin(7y)dy = 0 leading to
Y o ivalent. This should get full mark
dx 21‘3 +4+ rsm(71y) M e N
Question Notes Continued
(a) 2 d_" ﬂ . ) —
Way 1 M1 | Differentiates implicitly to include either 2x° ra or 4y —» 4d1 of —cos(7ry) — % Asin( m) =
(Ignore I E = l). A 1s a constant which can be 1.
st 2 ) ) = 2 d} " ) d-} i G
IHAl | 2x+4y —cos(my)=17 — 2+4— + gsin(wy)—=0
dx dx
Note | 4xy+2x'—= 2 +2+ 4d— + ﬁsm(ﬂw); - 2x*= dy + 4d—+ 7rsm(m)—= —4xy -2
dx dx dx dx dx dx
will get 1¥ A1 (implied) as the "= 0" can be implied by the rearrangement of their equation.
Bl 23y >4y + 2x22
dx
Note | Ifanextra term appears then award 1% AQ.
dM1 | Dependent on the first method mark being awarded.
An attempt to factorise out all the terms in 21 as long as there are ar least fwo terms in :} 43
X X
ie. 2(2.1'2 +4+ gsin(ry)) + .. = ..
dx ’
Note | Writing down an exfra % = ... and then including it in their factorisation is fine for dM1.
Note | Final Al cso: If the candidate’s solution is not completely cormrect. then do not give this mark.
Note | Final Al isw: You can. however. ignore subsequent working following on from correct solution.

(a) Way 2 | Apply the mark scheme for Way 2 in the same way as Way 1.

(®) I¥MI | M1 canbe gained by seeing at least one example of substituting X =3 and at least one example of
substituting y = % Eg "—4xy"—"_6" in their % would be sufficient for M1, unless it is clear
that they are instead applying x = % S P=3.

3 M1 | is dependent on the first MI.
Note | The 2** M1 mark can be implied bv later working.
- -1
Eg. Award 2* M1 3 M1 for —— =
—x  their my
Note | We can accept sm T or sin[%] as a numerical value for the 2 M1 mark.
But, sin7 by itself or sm( J by itself are not allowed as being in terms of T for the 3 M1 mark.
(@
The 3** M1 can be accessed for terms containing ﬂsm[ 7) .

www.natkermaths.com




Implicit Differentiation

Question 9

Question

Number Scheme Notes Marks

A~y - Axy + 27 =0

d . d d d
(@) J ‘v 18; 3y° Y Ay - Ax 4 +2'In2 v 0

Wayl || | dx & & M1 Al M1 Bl

&-2) 3(4)2(1'1: A4) — A Z)dl': A ln?.(:':—() dependent on the first M mark | dM1
4 { (

dy d i
16 - 482 16+ 8% +16m2% =0
dx dx

(X
; 32
2 = — 2 or or 8 or or exact equivalent | A1 cso
dx —-40+16In2 40—-16ln2 —5+4+2In2 —5+In4
NOTE: You can recover work for part (a) in part (b) [6]

|
- 40 -16In2 ; ;
®) eg my = 40 :—3126ln2 or > Applying m, m, to find a numerical m M1

Can be implied by later working

. y_4- (40_161112)(1'—— 2) Usinganumqical
32 m, (# m. ), either
. 40— 16m2), y-d4=my(x--2)
Cutsy-axis > x=0= y-4= [TJ(Z) and sets x=0 in their | M1
o normal equation
A-16m2Y, | or
4= [VT)(—2)+" 4 = (theirm X-2)+ ¢
J 40 - 162 104 - 162
D=4+ ———— S0 y=—-—1-— 2
| 16 16
13 104 13 13
y(ore)= > In2 Y In2 or ) In2 or —In24 > Al cso isw
Noté: Allow exact equivalents in the form p - In2 for tﬁe final A mark . [3]
I 9
@ L P . PN v o B
way2 | |dy |y O gy TS M1 Al Ml BI
p dx p 2 (h , 4 -
8(—).)1— - 34y - 4(4)l— —4-2)+2"In2=0 dependent on the first M mark | dM1
dy dy
; 32
2 = — 2 or or = or . or exact equivalent | Al cso
dx  —40+16n2 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 Yo Ay 8 B W oresMIAIMIBI
dx 3y - 4x+ 2" In2 3" +4x - 2"In2
e W ®rdy o W8 oresM1AOMIBI
dr -3y - Aax+ 2’2 3 +4x - 22
Writing &xdx — 3y*dy — 4ydx — 4xdy + 2*In2dy = 0 scores MIAIM1B1
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Implicit Differentiation

Question Notes Continued
(a) 1" M1 | Differentiates implicitly to include either + 4x% or -y -+ 1)? % or 29— + u2* dy
C C
(Ignore [% =)). A, pe are constants which can be 1
1" A1 | Both 4x’-)* — 8x —33!2% and =0 >=0
ly d d ,d dy d
Note eg 8 -3y & 4y~ Ax Y 2m2? 3y° Y Py 2rme® - 4y - 8x
dx dx dx dx dx dx
1 i dy d iy i
or eg 16-48 16482 +16m22 > - 487 182 1 16m2 =32
dx dx dx de  dx i
will get 1 A1 (implied) as the " - ()" can be implied by the rearrangement of their equation.
d dy dy d
2" M1 —4xy > —4y—4x Y or 4y — 4x Y or - 4y + 4x Y or 4y +4x Y
dx dx dx ‘
: i\ . |
B1 25 lnztl': or 27 ™ p2Y
C {
Note If an extra term appears then award 1° AQ
3**dM1 | dependent on the first M mark
dv
For substituting x =—-2 and » - 4 into an equation involving I.}x
dx
Note M1 can be gained by seeing at least one example of substituting x = —2 and at least one
example of substituting y = 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
substituted into their equation involving dl':
{
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.
-4 -1
Eg. Award 1 M1 and 2 M1 for 2 = —
their m; evaluated at x=—2and y =4
Note Al: Allow the alternative answer {y = } h\[%] + %(In 2) which is in the form p + gIn2
yA A || A
: @) 1** M1 | Differentiates implicitly to include either + 4 yE or 4x* —> | Axﬁ
Way 2 dy dy
(Ignore [% _] ). A is a constant which can be 1
ay
1" A1 | Both 4x* -y’ — Xx-dd—/t -3y* and =0->=0
¥
dx dx dx dx
2" M1 —4xy—>—-4y —4xor 4y —4x or —4y — +4x or 4y +4x
dy dy dy dy
B1 2Y 5 2"In2
3™ dM1 | dependent on the first M mark
For substituting x =—2 and y = 4 into an equation involving i&
day
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