Parametric Differentiation

Parametric Differentiation - Edexcel Past Exam Questions MARK SCHEME

Question 1: June 05 Q6

dx 3 d'lr' .
(a) —=—2cosec” t,— = 4sintcost both
dr
dy —2sinfcost .3
—=———— (=-2sm rcosrjl
X cosec™
(b) Atr=% x=2.y=1 both x and v
. . dy . . 1)
Substitutes ¢ =% into an attempt at — to obtain gradient | —= |
dx 2)
. . 1, \
Equation of tangent is v—1=- 3 (x—2)
Accept x+ 21 =4 or any correct equivalent
(c) Uses 1+cot’ t = cosec” ¢, or equivalent. to eliminate ¢
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Question 2: June 06 Q4

Parametric Differentiation

Question

Number Scheme Marks
(a) x=sint, y=sin{t+g)
Attempt to differentiate both x and | 44
E=cnst, d_y=c05“+§,l y wrt t to give two terms in cos
dt dt Correct Zand & | A1
. Divides in correct way and
When t==, substitutes for t to give any of the
) 6 four underlined oe: A1
dy _cos(F+ z) 3 _ L—awn 058 Ignore the double negative if
dx cos(z) L f3 ' candidate has differentiated
— 2 sin — —Cos
when t-%, x-1y § The point (4, % or(3, awrt 0.87) | B
Finding an equation of a tangent
with their point and their tangent
T 5 [x—-‘] gradient or finds ¢ and uses | di1
T z y = (their gradient)x + "c".
Correct EXACT equation of | Al oe
tangent oe
o Lo j(ecm D L4
2 2
or T [y =X+ 5 ]
[6]
e TV _ o x cin X Use of compound angle formula ]
= t+Z)=sint Iy tsinZ /
(b) y=sin(t+Z)=sint cost + costsini for sine. M1
Nb: sin®t + cos’t=1 = cos’t=1-sin’t
: Use of trig identity to find costi
~x=sint gives cost= f(1-x7) © o1 g iaen '?' om 1w
: terms of x or cos~t in terms of x.
y:@sint + zcost
Substitutes for
gives y=Lx+1 (1—){2] AG sint, cosg, cost and sin} to | A1 cso
give y in terms of x.
[3]
9 marks
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Parametric Differentiation

Question
Number

Scheme

Marks

Aliter
(a)
Way 2

x=sint, y=sin(t+I)=sint cosZ + costsinZ

dx cost, P _ cost cosE — sint sing
dt

When t X dy _cosgcos§ —singsing
cos(3)

1
= = =+ =—=awrt 0.58
S SE

af
|
o5

or F=f(3)+c = e=3-

ol

orT: [y=§x+ ]

(Do not give this for part (b))
Attempt to differentiate x and v
wrt t to give X in terms of cos

and Zin the
form+tacost £ bsint

dx dy
Correct $-and —

Divides in correct way and
substitutes for t to give any of the
four underlined oe:

The point (% %

—

or(L, awrt 0.87)

Finding an equation of a tangent
with their point and their tangent
gradient or finds ¢ and uses

v = (their gradient)x + "¢" .
Correct EXACT equation of
tangent oe.

M1

Al

Al

B1

[6]
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Parametric Differentiation

Sﬂ;ﬁ;gﬁ Scheme Marks
Aliter
(a) y=Lx+1 (1-x%)
Way 3 Attempt to differentiate two terms |
dy 3 1 1Y, 22 . using the chain rule for the second M1
_:_‘[_ll_ﬂ'_x ) " (=2x) term.
dx 2 202 A1
Correct &
dy _ ﬁ 11][11[1_(0 . )“%(_2(0 5)}=i Correct substitution of x =d§ N
dx 2 \2/\2, ' ' J3 into a correct d_y
X
When t==  x =% . sz?’ The point (é, %) or(L, awrt 0.87) | B1
Finding an equation of a tangent
with their point and their tangent
Ty _E L (x—1) gradient or finds ¢ and uses | dM1
2 2 y = (their gradient)x + "¢".
Correct EXACT equation of | Al oe
tangent oe.
Aliter o
e . I P R Substitutes x =sintinto the | | .
(b) X =sint gives y =2~sint + 3 (’l sin“t) equation give in y. M1
Way 2
Nb: sin®t + cos®t=1 = cos’t=1-sint
Use of trig identity to deduce that
— (1 _ =in? . B
cost = ,f(1-sin’t) cost = JHTmzt} M1
. 3 . y
gives vy =§5lnt + zcost
H - N tsing = sinfti Using the compound angle ’
ence y =sint cosZ + costsinZ = sin(t+Z) formula to prove y =sin(t ) Al cso
[3]
9 marks
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Parametric Differentiation

Question 3: Jan 07 Q3
Eﬁfﬁ;gﬂ Scheme Marks
(a) x=7cost-cos7t, y=7sint-sin7t.
Attempt to differentiate x and v
with respect to t to give
de o 1 + 1
ax_ —7sint + 7sinT7t, dy _ Tcost — 7TcosTt & in the form*Asint = Bsin7t | Ml
dt ¥ in the form+Ccost + Dcos Tt
Correct Zand < | Al
~dy _7cost-7cosit . . %fr'
“dx  Tsint+ 7sinTt Candidate’s o | B/
[3]
(b) dy _7cosg -7cos§ Substitutes t = & or 30 into their

M
When t==, m(T)=-Y -
e b= D = g = Tsings Teink

I 73
_ __?=£=

awrt —1.73

1

- 1
Hence m(N) = —= or —= =awrt 0.58
-3 3
When t=%,
x=?m5§—cos%=’—§5—{—;l}=i1'2§=4\,|’§
y=T7sinZ-snZ=I-(-1]=4=4

N: y—4= ﬁ(x—ttﬁ]

N: y=-_x or y=%x or 3y=43x

or4-L(4fB)+c = c=-4-4-0

or y=%x or 3y=q"§x

Hence N: vy =:|?5)(

dy P
& EXpression;

to give any of the four underlined
expressions oe
(must be correct solution only)

Uses m(T) to “correctly” find
m(N). Can be ft from “their
tangent gradient™.

The point (443, 4]
or(awrt 6.9, 4)

Finding an equation of a normal
with their point and their normal
gradient or finds ¢ by using

y = (their gradient)x + "c".

Correct simplified
EXACT equation of normal
This is dependent on candidate

using correct {-’-H@, 4

M1

Al cso

At oe.

Bl

[6]
9 marks
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Parametric Differentiation

Question 4: June 07 Q6
Stlllr?\%:?rn Scheme Marks
(a) x=tan’t, y =sint
x = 2(tant)sec’t, ay = COS{ Correct2 and dy B1
dt dt dt
zcost -
.dy  cost | _cos't [ their &
~dx 2tantsec’t | 2sint) +cost F
theira A1
3]
: 5 :
(®) When t=%, x=1, y== (need values) The point {1, ) or(1, awrt 0.71) B1. B
These coordinates can be implied.
(¥ =sin(£) is not sufficient for B1)
When =2 mm=3_ 08¢
4 dx 2tanisec” £
1 1 1
1 2
= T = = £ : =2T"2 = =% any of the five underlined B1 aef
2|+ 2((3) 202 4v2 8 expressions or awrt 0.18
Finding an equation of a tangent
T y—Lt=—t(x=1) with their point and their tangent M1y
' NN ‘ gradient or finds ¢ by using | a€f
f y =(their gradient)x +"¢" .
T: y=-x+=2 or y_aaéx+gﬁé Correct simplified | A1 aef
e EXACT equation of tangent | cso
org=sg)+¢c = c=f-F =3¢
Hence T: y=gpx+g% o y= Ey+2E

/

AN

Note: The x and y coordinates
must be the right way round.

A candidate who incorrectly differentiates tan® tto give

2 =2sec’t or & =sec*tis then able to fluke the

correct answer in part (b). Such candidates can

potentially get: (@) BOM1A14 (b) B1B1B1M1AOD cso.
Note: cso means “correct solution only”.

Note: part (a) not fully correct implies candidate can
achieve a maximum of 4 out of 5 marks in part (b).
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(c)
Way 1

Aliter
(c)
Way 2

x=tan’t = sm;t y =sint
cos®t
_sin’t
1-sin®t
2
s .
T-y°

Y - Tex

1+cot?*t = cosec?t

sin® t
Hence, et lz
Xy
Hence, y> = 1- l X
(1= x) 1+ x

Parametric Differentiation

Usescos®t = 1-sin®t

Eliminates ‘t’ to write an equation
involving x and y.

Rearranging and factorising with
an attempt to make y* the subject.

X

1+ x

Uses1+cot*t = cosec?t

Uses cosec’t =

sin® t

Eliminates ‘t’ to write an equation
involving x and y.

1 X

1-—-
(1+X) 1+ X

M1

M1

ddM1

A1
[4]
M1

M1
implied

ddmM1

A1
[4]

1
+x

is an acceptable response for the final accuracy A1 mark.
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Aliter
(c)
Way 3

Aliter

(c)
Way 4

x =tan®t y =sint

1+tan®t = sec?t

cos’ t
— ’l
1-sin* t
Hence, 1+ = ! =
=¥
2 1 X
Hence, y* = 1- 2
(1+x) 1+x
y* =sin’t = 1-cos’t
1
== 1—
sec’t
B 1
(1+tan®t)
Hence, y* = 1- L o s
(1+x) 1+ X

Parametric Differentiation

Uses1+tan®t = sec?t

1

Uses sec’t = -
cos’ t

Eliminates ‘t’ to write an equation
involving x and y.

1- 1 .
(1+X) 1+ X
Usessin’t = 1—cos  t

Uses cos’t = -
sec?t

then uses sec’t = 1+ tan®t

1 X

1-—
(1+X) 1+ X

M1

M1

ddmM1

Al

[4]

M1

M1

ddmM1

A1
[4]

X

% is an acceptable response for the final accuracy A1 mark.
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Aliter
(c) x=tant
Way 5

y =sint

x=tan’t = tant =.fx

Parametric Differentiation

Draws a right-angled triangle and | p11
%) places both+fx and 1 on the
J; triangle
'
N
1 Uses Pythagoras to deduce the
hypotenuse | M1
X Eliminates ‘t’ to write an equation
Hefce. Jy make 1= x involving x and y. a1
Hence, y? = —— X_| a1
1+ x 1+ x
[4]
12 marks
1% is an acceptable response for the final accuracy A1 mark.

There are so many ways that a candidate can proceed with part (c). If a candidate produces a correct
solution then please award all four marks. If they use a method commensurate with the five ways as
detailed on the mark scheme then award the marks appropriately. If you are unsure of how to apply the
scheme please escalate your response up to your team leader.

/

Takes out brackets.

Writing down

1

C+D@+2) <) (+2)

means first M1AO in (b).

Writing down

1

C+DE+2)  @<D) (=2

means first M1A1 in (b).
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Question 5: Jan 09 Q7

Parametric Differentiation

l-lumt::'n Scheme Marks
(@) [ Atd, x=-1+8=7 & y=(-1)"=1= A7) A(7.1) | B1
(1)
(b) x-t’—&, )'-rl,
-d1-3:2-8, b
dr dr
&y u Their 2 divided by their & | M1
Cdx 3-8 Correct £ | A1
P . B W Substitutes for £ to give any of the
3(-1)"-8 3-8 =5 .3 four underlined oe:
T: y—(their 1) =my (x—(their 7)) Finding an equation of a tangent with
orl=37)+c = cml-% = -% or finds c and uses | dM1
¥ = (their gradient)x + "c".
HenceT: y=3x-%
gives T: 2x—5y-9=0 AG 2x—-5y—-9=0 [ A1 cso
(3)
(© | 2% -8 -5 -9=0 Substmmanofbothx-t’:'&and Mt
y=tmtol
26° -5 161 -9=0
(t+Df(2r* -7t-9)=0} A realisation that
. dmi1
(t+1){(t +1)2t-9) =0} (r+1)1s a factor.
{t=-1(atA)} r=% atB t=% | Al
) Candidate uses their value of 7 to
x=(3) -8(§)=F-36=4 = 55.125 or awrt 55.1 find either the x or y coordinate M1
)'=(§)1=%1=20.250rm20.3 One of either x or y correct. | Al
Both x and y correct. | Al
Hence B(%.%) awrt (6)
[12]
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Question 6: June 09 Q5

Parametric Differentiation

dx 2x3V3 2

%‘:;;E:rn Scheme Marks
dx . dy
—=—4smlt. —=0cost
Q (a) & & B1, B1
dy  6cost (_ 3 ) a3
dx 4sin 2t 4sinr
T 3 v3 .
At r= 5 m=-— et accept equivalents, awrt —~0.87 Al (4)
x -
(b) Use of cos2t=1-2sin’¢ M1
cos2t ==, sint=2
2 6
IS 3( ﬁ) M1
2 6
Leading to y=1(18-9x) (=3V'(2—x)) cao Al
-2<x<2 k=2 B1 (4)
(c) 0<f(x)<6 either 0<f(x) or f(x)<6 B1
Fully correct. Accept 0< y <6, [0.6] B1 (2)
[10]
Alrernatives to (a) where the parameter is eliminated
4
@ y=(18-9x)
dy 1 =
'd-;=—2'(18—9.f)-><(—9) B1
2
Att=£.x=cosi=—l B1
3 3
dx 2 v'(27) 2 LA 4)
@ ¥ =18-9x
dy
2y—==9 B1
T odx
Att=2, y=6sinZ==3y3 B1
3 3
dy 9 V3
o e = M1 AT  (4)
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Parametric Differentiation

Question 7: June 10 Q4

Nombor Scheme Marke
(a) %=Esﬁ1tcasr, E=25v.=:t:21‘ Bl B1
dy _ sec’t [_ 1) or equivalent | M1 Al (4)
dx sinfcost sintcos f 1
3
(b) Atf:£= x=—_ v=2+3 Bl
3 4
2 T
dv_ "3 16 M1 Al
dx T T 3
5l —cos —
16 3
! Y3 4J|
3
yv=0 = x=§ M1 Al (6)
[10]
Question 8: Jan 11 Q6
b — i
dc 1 dy
a —-:-—, ;=2f
(2) dr t dr
= 2
Using mm'=-1.at t=3
T M1 A1
18
y=T=-2 (x-In3) MIAT  (6)
18
(b) | x=Int = t=¢" B
y=e*-2 M1 A1 (3)
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Question 9: June 11 Q7

Parametric Differentiation

%‘:1:';:: Scheme Marks
| . V'S
(a) tand=v3 or sm0=T Ml
T
8= = awrt 1.05 | Al (2)
(b) —di=sec:0. — =cosf
de
dy cosé :
= =cos 8 y
dx sec 8 ( ) MI-&l
sf(x) 1 T
At P. m = cos ? = § Can be mplied | Al
Using mm' =-1. m' =-8 I: M1
For normal y—3V3=-8(x—V3) Ml
AtQ, y=0 —4V3=-8(x—13)
leading to x=143 (k=1%) 1.0625 | A1 (6)
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