Parametric Differentiation - Year 2 Core PMT

Question Scheme Marks AOs
1(a) y = cosec’d = g—; = —3cosec?dcosecd cot @ B1 1.1b
dr _dy , dx
4" do do M1 1.1b
3
d_y _ —3cosec’@cot @ Al 1.1b
dx 2cos 260
3)
(0) y:8:>cosec39:8:>sin30:%:>sin9:% M1 3.1a
—3cosec? (”j cot[ﬂj
6 dx 2 cos(hj
6
or
M1 2.1
A
-3 cosfd —3x8x
. 1 dv sin®e i 2] %
sm<9:—:>d—zsm _S'? = 1
v 2(1-2sin’9) 2(1_2Xj
4
— 243 Al 2.2a
3)
(6 marks)
Notes
(@)
B1: Correct expression for d_yseen or implied in any form e.g. _3_0—(4)59
do sin” @

M1: Obtains 3—2 =kcos20 or acos’ @+ Bsin® @ (from product rule on sinfcosb)

and attempts dv_dy  dr
dx do dé
Al: Correct expression in any form.
—3cos ¥ 3

May see e.g.

2sin“@cos20’  4sin* @cos@—2sin® Htan @
(b)

M1: Recognises the need to find the value of sin & or & when y = 8 and uses the y parameter to

establish its value. This should be correct work leading to sin & =% ore.g. d :% or 30°.

M1: Uses their value of sin& or 6 in their g_y from part (a) (working in exact form) in an attempt
X

. d T
to obtain an exact value for d—y May be implied by a correct exact answer.
X
If no working is shown but an exact answer is given you may need to check that this follows their
d
dx’
Al: Deduces the correct gradient
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?=§(x—1)2—%+1—21=£(x—1)2+5*

7 Xt =3 2

Question Scheme Marks | AOs
4e) d & 4sec’t tant
y _ dt _4sectian M1 1.1b
Attempts —=——=————(=2tant
P X T peagry | ) Al | 11b
dt
7 dy
== X _2x=3y= M1 2.1
At t T Uy 2,x=3,y=7
Attempts equation of normal y—7:—%(x—3) M1 1.1b
y=-—gx+a * Al* | 21
(5)
(b) _ 1V
Attempts to use sec’t=1+tan’t = y2 3 =1+(X21] M1 3.1a
x—1)°
:>y—3:2+%:y:%(x_1)2+5 * Al* 2.1
(2)
(b) Alternative 1:
y:%(x—1)2+5:%(2tant+1—1)2+5
1 , , M1 3.1a
=§4tan t+5:2(sec t—1)+5
:Zsec2t+3:y* Al 2.1
(b) Alternative 2:
x=2tant+1=>t=tan [XT_lj =y= 25ecz(tan_l(XT_1D+3
. M1 3.1a
=y= 2(1+tan2[tanl (%D}LB
Ly X22) 43= 2 (x-1) +5* Al | 21
(b) Alternative 3:
2
%:Ztant:x—lzy:j(x—l)dx:x?—x+c
, M1 3.1a
3 11
(3,7)—)7—7—3+C3C—?
2
LI Ezi( 2_2X)+11 1 Al | 21

PMT



Parametric Differentiation - Year 2 Core

(©) Attempts the lower limit for k:
1 2 1 2
i(x—l) +5:—§x+k:>x -x+(11-2k)=0 M1 21
b’ —4ac=1-4(11-2k)=0=k =...
43
(k _)? Al 1.1b

Attempts the upper limit for k:

T

=" - -1 v= 2 -
(x,y)t;g.t_ 7= X 2tan( 4j+1 1y Zsec( 4j+3 7 M1 ’1

1 1
(-1, 7),y=——x+k:>7=§+k:k=...

2
13
(k _)7 Al 1.1b
43 13
- < — .
g < k< > Al 2.2a
(5)
(12 marks)
Notes:
(@) Must use parametric differentiation to score any marks in this part and not e.g. Cartesian form
dy
M1: For the key step of attempting g—i = g—)t( There must be some attempt to differentiate both
dt
parameters however poor and divide the right way round so using Sl_i =% scores MO.
. - dx ., ady ) o dx dy_ dy
This may be implied by e.g. i 2sec’t, a 4secttant, t= 7] = 0t =4, qt 8= I 2
2
Al: ¥ :w. Correct expression in any form. May be implied as above.
dx 2sec?t
Condone the confusion with variables as long as the intention is clear e.g.
&
dy _dt _ M(z 2tan x) and allow subsequent marks if this is interpreted correctly
dx dx  9gec?x
dt
M1.: For attempting to find the values of x, y and the gradient at t = %AND getting at least two correct.
. dy B L dy dy o7
Follow through on their ™ so allow for any two of x=3, y=7, o 2(orthe|r&att = Zj
Note that the x =3, y =7 may be seen as e.g. (3, 7) on the diagram. There must be a non-trivial
% for this mark e.g. they must have a g—ito substitute into.
M1: For a correct attempt at the normal equation using their x and y at t =% with the negative
. . dy T . dy
reciprocal of their &att =7 having made some attempt at o and all correctly placed.
For attempts using y = mx + ¢ they must reach as far as a value for ¢ using their xand y at t =%
with the negative reciprocal of their %att = % all correctly placed.

Al*: Proceeds with a clear argument to the given answer with no errors.

PMT
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(b)

M1: Attempts to use sec’t =1+tan’t oe to obtain an equation involving y and (x—l)2

2
E.g. asabove ore.g. y=2sec’t+3= 2(1+tan2t)+3=2[1+()(7_1j ]+3 for M1 and then

1 2 s
y:E(x—l) +5* for Al

Al*: Proceeds with a clear argument to the given answer with no errors
Alternative 1:

M1: Uses the given result, substitutes for x and attempts to use sec’t =1+ tan’toe

Al: Proceeds with a clear argument to the y parameter and makes a (minimal) conclusion e.g. “ =y”
QED, hence proven etc.

Alternative 2:

M1: Uses the x parameter to obtain t in terms of arctan, substitutes into y and attempts to use

sec’t =1+tan’t oe

Al: Proceeds with a clear argument to the given answer with no errors
Alternative 3:

M1: Uses g—ifrom part (a) to express g—i in terms of x, integrates and uses (3, 7) to find “c” to reach
a Cartesian equation.

Al: Proceeds with a clear argument to the given answer with no errors
Allow the marks for (b) to score anywhere in their solution e.qg. if they find the Cartesian
equation in part (a)

(c)

M1: A full attempt to find the lower limit for k.

%(x—l)z +5=—%x+k =X —x+(11-2k)=0=b"—4ac=1-4(11-2k) =0 =k =...

Score M1 for setting %(x —1)2 +5= —%x +k, rearranging to 3TQ form and attempts b’ —4ac..0

e.g. b’ —4ac>0 or e.g. b’ —4ac <0 correctly to find a value for k.

Al: k = %3 oe. Look for this value e.g. may appear in an inequality e.g. k > %3 k < %3
An alternative method using calculus for lower limit:
y =%(x—1)2 +5:>3—§= x-1, x—1=—%:> x=%
x:%: y:%(%—ljz +5:%
y=—%x+k:>%=—%+k:> k=..
Score M1 for 3—); ="a linear expression in x”, sets = —%, solves a linear equation to find x and
then substitutes into the given result in (b) to find y and then uses y = —%x +k to find a value
fork. Al: k :%Soe. Look for this value e.g. may appear in an inequality e.g. k >%3, k <%3
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An alternative method using parameters for lower limit:

1 2 1
y=—§x+k:>23ec t+3=—§(2tant+1)+k

= 2(1+tan2t)+3= —%(2tant+1)+k — 2tan t+tant+5.5—k =0
b2—4ac:0:>1—4><2(5.5—k):03k:%s
Score M1 for substituting parametric form of xand y into y = —%x+ k, uses sec’t =1+tan’t

rearranges to 3TQ form and attempts b’ —4ac...0 or e.g. b’ —4ac>0or b’ —4ac<0 correctly to

find a value for k.
_ 43 . . . . 43 43
Al: k= ?oe. Look for this value e.g. may appear in an inequality e.g. k > 5 k < 5

M1: A full attempt to find the upper limit for k. This requires an attempt to find the value of x and the

value of y using t = —%, the substitution of these values into y = —%x +k and solves for k.

Al: k= % Look for this value e.g. may appear in an inequality.
Al: Deduces the correct range for k: %3 <k < %

: . 13 43 13 43 43 13
Allow equivalent notation e.g. (k < > and k >?j, (k < ?mk >?], (? ?}

But note.g. (kg%, k>§j, [kg%uk>§j, [kg% or k>§} and do not allow if in

terms of x.

Allow equivalent exact values for % %

There may be other methods for finding the upper limit which are valid. If you are in any
doubt if a method deserves credit then use Review.





