Implicit Differentiation

Implicit Differentiation - Edexcel Past Exam Questions MARK SCHEME

Question 1: June 05 Q2

Question Scheme Marks
Mumber
dy A dy
2x4| 2x—+42y |-b6y—=0 M1 (A1) Al
X [ X ,vx L rm (AD)
dy :
—=0 = x+y=0 or equivalent M1
dx
Eliminating either vaniable and solving for at least one value of x or v. M1
=2y =37 +16=0 or the same equation in x
yv==2 or x=12 | Al
(2.-2).(-2.2) Al
[7]
Note: £= Yy
dx 3y—x
Alternative
3y" = 2xy—(x" +16)=0
2xE+/(16x" +192)
V= -
i 6
1.1 &
dr 37 3 (162 +192) MIALZAL
dy B
Yoo —= -1 [ M
dx (16x° +192 |
64x =16x" +192
x=%12 M1 Al
(2.-2).(-2. 2) Al
[7]
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Implicit Differentiation

Question 2: Jan 06 Q1
Question Scheme Marks
MNumber
Differentiates M1
. 6x+8y % -2 Al,
to obtain : .
_______________________ +(6xZ+61)=0 +(B1)
E _2-6x— 6y
dx 6x + 8y
Substitutes x = 1, y =— 2 into expression involving % . togive % == M1, A1
Uses line equation with numerical “gradient” y - (- 2) = (their gradient)(x - 1) M1
or finds ¢ and uses v = (their gradient) x + ""
Togive 5y+4x+6=0 (orequivalent=10) Al 71
Question 3: June 06 Q1
{hjl:_-:renst:lr;n Scheme Marks
Differentiates implicitly to include either
dy . dy (dy ), |M1
ﬁ 6x—4yd—y—2—3d—y=ﬂ th,ra Dr_BE.{Ignore |ka =1.)
Hx dx dx _ A1
Cormrect equation.
[dy  6x+2 _ .
{ ax ~ dys 3} not necessarily required.
Substituting x = 0 & y = 1 into an equation
At (0, 1), % _ % _% involving & ; | gm1:
X A to give 2or = | A1 cso
_ T —_1 Uses m(T) to ‘correctly’ find m(N). Can be
Hence m(N) = 2 2 ft from “their tangent gradient”. AW oce
Either N: y-1=—-%(x-0) _ y—‘l:m{x—[l}_with
‘their tangent or normal gradient’; M-
. . or uses y =mx +1 with ‘their tangent or !
or N y=—<{x+1 o
normal gradient’ ;
Correct equation in the form
N: 7x+2y—-2=0 ‘ax+by+c=0", | A1oecso
where a, b and c are integers.
[7]
7 marks
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Implicit Differentiation

Question 4: Jan 07 Q5
Question Scheme Marks
Number
(a) sinx +cosy =05 (egn =)
MK dy Differentiates implicitly to include
§ A —einv—y _ m . .
iLﬁ”( x} COoSX smydx ] ( eqn#) isiny%.{lgnme{% =:|_) M1
dy cosx COSX
dx  siny siny | Al cso
2]
Candidate realises that they need
to solve ‘their numerator’ =
dy COSX _ 4 . .
(b) £=U = sny 0 = cosx=0 ...or candidate sets £ =0 in their | M1y
{eqn #) and attempts to solve the
resulting equation.
. . of x bothx=-%, % or x=280" or
giving X =-—2Z =z —_—
= = awrt x = +1.57 required here Al
When x = -3, sin(-F]+cosy =05 Substitutes either their Mi
When x = 2, sin(Z)+cosy =05 X =% or X =—Z1nto eqn *
= c0sy =1.5 = v has no solutions Only oneof y = JI“ ar —_? or 120° Al
=cosy=-05=>y=%For-& or 120" or awrt -2.09 or awrt 2.09
In specified range (X, y) = (%, &) and (£, — &) Only gxa-.;.t coordmatesz of Al
R : (3.5)and (3, - %)
Do not award this mark if
candidate states other
coordinates inside
the required range.
[3]
T marks |
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Question 5: Jan 07 Q6

Implicit Differentiation

Sﬂrer?;:eﬂrn Scheme Marks
Y=2x — e:clni
(a) % =In2 " :—i =In2.e™* | Ml
Way 1
Hence % =In2.(2")=2"In2 AG 2'In2 AG | Al cso
2]
Aliter
fx ) Takes logs of both sides, then uses
Iny =In{2*| leadsto Iny =xIn2 :
(2) ny =in{2) leadsto Iny =xn the power law of logarithms. ..
Way 2 M1
1 E 2 ... and differentiates imphicitly to
y dx give %%=In2
d}; X X
Hence i =yIn2=2"In2 AG 2°In2 AG | Al cso
2]
4 Ao 2[::’; M1
%) y (%) I
=27 = —==2x2""In2 i)
(b) y ax - X n | 2){:2 n2 |
or 2x.y.In2 if v 15 defined
. . . dy
Substitutes x = 2 into thewr s
- dy a i
Whenx=2, — =2(2)27In2 which is of the form +k2* | M1
or Ax 2%}
? = 64In2 =44 3614 64In2 orawrt 444 [ Al
X
[4]
6 marks
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Implicit Differentiation

Question 6: Jan 08 Q5
Question .
Nistibes Scheme Marks
(a) X —4_1': =12xy (eqn *)
x=-8 = —512-4y* =12(-8)y Substitutes x =—8 (at least once) into * to
_£19_4v? — _ 06 / obtain a three term quadratic in y . | M1
12-4 96y Condone the loss of =0.
4y* -96y+512=0
¥ =24y +128=0
(y-16)(y-8)=0
An attempt to solve the quadratic in y by
either factorising or by the formula or by | dM1
V= 24+/576—4(128) completing the square.
. 2
Both y=16 and y=8.
y=16 or y=8. . R v ¢
or (-8.8) and (-8.16).
[31
Differentiates implicitly to include either i
] . b, ) +hy® or12x2 . Ignore & = |°
(b) I’i = !> 3x -8y dl;= ' 12y + 12.\";‘41 A as - “EHOTE g _
|_)§( ] dx | dr ) Correct LHS equation; | Al;
Correct application of product rule | (B1)
ﬂ = ﬂl not necessarily required
ldr  12x+8y | :
@ (-8.8) dy  3(64)-12(8) 26 Substitutes x=—8 and at least one of their
@(-%.5). dx  12(-8)+8(%8) -32 — y-values to attempt to find any one of 2. abil
@ (-8.16) d_1 N 3(64)-12(16) _ i -0 One gradient found. | Al
- U 12(-8)+8(16) 32 Both gradients of -3 and 0 correctly found. | Al cso
[6]
9 marks
Question o
Niimribes Scheme Marks
Differentiates implicitly to include either -
Aliter 1 : - it & or 12y&  Ignore & = |°
(b) [éx l 3x* 2— 8y: =’ 12_vd—r_— 12x & Ve - 1E00IC 5 . -
Way 2 |)§( J d L. b Correct LHS equation | Al;
Correct application of product rule | (B1)
[y 3 -12y] _ .
E = m [ not necessarily required.
N Substitutes x =—8 and at /east one of their
@ (-8.8). dy 5 369 -1268) = 9 Z.-3. y-values to attempt to find any | 4npg
= LR x b 2 _—
de 12(-8)+8(8) -32 one of % or &
' 412 i
@ (-8.16), & Jen-de 0 0. One gradient found. | Al
dv  12(-8)+8(16) 32 _
Both gradients of -3 and 0 correctly found. | Al cso
[6]
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Implicit Differentiation

lgﬁflilr)l:rn Scheme Marks
Aliter
(b) X’ -4y =123y (eqn )
Way 3
4y +12xy-x’=0
—12x £ [ 144x7 —4(4)Y(=°
yo 122 N 1447 —4(4)(—x")
8
_12xt ,(144.1‘3 +16x°
- 8
—12,\‘i4,'9. 24X
. XT+X
8
y=—2x=1{0x’+x)
A credible attempt to make y the subject
% % and an attempt to differentiate either —3x M1
= =-3zx1{i)(ox?+x) *:(18x+3x?) T
S LS \ or (0x" +x7 ).
2 dy 3 (02 2 S\ F (ary
dy 3 18x+3x — =2k +x) *(g(x)) | Al
—_— i —— i - dx 2 \
dx 2 409x* +x%) dv ) oy -
—=-3+1(1)(9x" +x*) *;(18x+3x*) | Al
dx - - \=7) \
dy 3 18(-8) +3(64
@x=—"8 —=-_1% 5) (_ ) = Substitutes x =8 find any one of £ | dM1
dr 2 49(64) +(-512))}
il 2B 318
2 4,/(64) 2 32
.4y 3 o 3 .. 0 One gradient correctly found. | Al
de 9, T Both gradients of -3 and 0 correctly found. | Al
(6]
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Implicit Differentiation

Question 7: June 08 Q4

2:::;2:’: Scheme Marks
(@) | 3x*-»'+xy=4 (eqn=*)
. COURPRPS. ) v+ xﬂn’= 0 M1 Bl Al
5. " dx de | <
d_1=§=>—6x—1 =§ M
d« 3 x—2) 3
giving —18x —3y =8x—16y
giving 13y = 26x M1
Hence, y=2x=>y-2x=0 Al cso (6)
(b) | At P& Q. y=2x. Substituting into eqn *
gives 3x° — (2x)* + x(2x) = 4 Ml
Simplifying gives. ¥’ =4 = x==+2 Al
y=2x = y=x4_ hence coordinates are (2.4) and (-2,—4) Al (3)
(9 marks)
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Implicit Differentiation

Question 8: Jan 09 Q1
Question Mar
Humber
(@) | ¢ »-3y=x'+8
Dafferentiates inplicidytoinctudeeithcr
X dy _ dy Y o 3® (d_' -) M
{Ex 2y —3g =3 s B - (Ignore x )’
Correct equation. | Al
A correct (condoning sign error) attempt to
(2}'-3)9;-3r1 combincorfactoriscthcir‘Zy-c—b—'—3ih'—". M1
dx dx dx
Can be implied.
dy 3 3
de 2y-3 2y-3 Al e
(4)
(b) | ¥y=3= 9-33)=x"+8 Substitutes y =3 into C. | M1
I’-—s —) x-—z Onlyx--.?. Al
dy
— =4 from correct working.
dx
(-2.3) =;:: 34 N %- Also can be ft using their 'x” valueand y =3 mthe | 51 /~
6-3 2
correctpan(a)ofdy 3%
2y-3
, ®)
1(b) final A1y . Note if the candidate inserts their x value and y =3 into %=23’3.
J‘—
then an answer of %= their x* . may indicate a correct follow through.
7]
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Question 9: June 09 Q4

Implicit Differentiation

Question

Skanbar Scheme Marks
Q (a) e™ dy 2ye¥ =24+ Zyi‘-'- Al correct RHS M1 A1
dx dx
d - - dl' -2
—(ye™ )=t =—=2ye™ B1
dx ( ) dx
-2 dy s
e =2y)=—=2+2ye™ M1
(e-2)8
dy 2+2ye
o A i) Al :
de e7'-2y )
) 242a°
b)| AtP. o B M1
dx e-2
Using mm' =-1
1
m'=— M1
4
y- =l(x-0) M1
4
x—4y+4=0 or any integer multiple Al (4)
(9]
Alternative for (a) differentiating implicitly with respect to y.
2 - d dx
e =2ye” ——t-=2—l+2y Al correct RHS M1 A1
dy dy
d x 3 e dx
—(ye " )= " -2ye " — B1
dy( ) ¥ dy
2x dx Iy
2+2) —=c -2y M1
( i
dr  e™-2y
dy 2+2ye™
dy 2+2ye™
dy _2+2ye Al (5)
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Question 10: Jan 10 Q3

Implicit Differentiation

Question
Nisiribcir Scheme Marks
> ; dy
(a) —2sm2x—3sm3y;=0 M1 A1
d_y=_25?n2x - 251*123( , —2§m2x A 3)
dx 3sin3y —3sin3y 3smn3y
/4 2
(b) At x=—, cos(—J+cos3y=l M1
6 6
3 : Al
cos3y=—
4
3y=2=y,-% awrt 0349 | A1 3)
3 9
d 2sin2(% 2sin ¥ 2
©) At(l, E), S sfn () e 1
6 9 dx 3sin3(%) 3sn¥ 3
2
y—£ = -—(x-l) M1
9 3 6
Leading to 6x+9y—-27=0 Al (3)
[9]
Question 11: June 10 Q3
Question
Numbor Scheme Marks
d
—(2*)=In2.27
ro Bl
1112.2"4-2)'£=2y~4-2xﬂ M1 Al=Al
s dx
Substituting (3. 2)
dy dy
Sn2+4—=4+6—
. dx ’ dx L
dy e g
-(E =4ln2-2 Accept exact equivalents | M1 A1 (7
(7]
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Question 12: June 11 Q5

Implicit Differentiation

Question
Number Scheme Marks
y dx
=’lnr+2x(l] — M1 Al
X
At x=2, Iny=2(2)In2 Ml
leading to y=16 Accept y=e"=2| || Al
1 dy
At (2.16 ——=2In2+2
(2.16) e + M1
dy
—=16(2+2In2
gl ) Al )
(7]
Alternative
y ellhx Bl
d 1
—(2xInx)=2Inx+2x| — — M1 Al
dx X
d" 1 )) 2xinx
—={2lnx+2x| —||¢ M1 Al
= ( X x(x. ¢
At x=2, ﬂ=(.’.1n}_.;.:g)¢ﬂ-: M1
dx
=16(2+2In2) Al (7)
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