Pure Mathematics

Parametric Equations - Answers

1.
i d . : d 1f BOMOAO
@ —yz—ZstITECosf 501 Bl NB—r:E-:osr dv
dt d SC3 for d—'} =1-x from correct Cartesian
X
dy equation seen in part (1) or part (11)
dy _dr B1 for substitution of x = 2sinf
— = their=— oe M1
@l
dt
—2sin 2t + 2cost . Al
—— =0l
2cost
—4sinfcost+ 2cost  2cost(—2sinf +1) d
7 cos or 9 cost an Al or equivalent infermediate step
completion to 1 — 2sini www
Fis
(1, 1%) Br |NBI=_ from 1 - 2sinf = 0
151
(ii) may be awarded after correct substitution | or (y =) x + cos2t
(y=) 1 —2sin’t + 2sinr B1 forx _
eg (¥ =) 1 —*/y—sin’t + 2sint
substitution of sint = %5x to eliminate ¢ M1 substitution of 1 = sin'l(".-"gj to eliminate ¢
y=1+x-— 1ox” oe isw Al or B3 www y=x+ cosZ(sin'l(r.-"g)) 0e 15W
131
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(iii) 2 <x<2orx>-2(and)x < 2orl xI < Bl cao
2
sketch of negative quadratic with endpoints in M1 RH point must be to the night of the
1* and 3™ quadrants maximum
positive. y-intercept and one distinguishing Al one from: endpoints (-2, —3) and (2, 1),
feature 1sw vertex at (1, 11;"2:11 y —ntercept 15 (0, 1), x-
intercept 1s (1 —3, 0)
[3]
2.
(i) x=sec ¢, y=2tan ¢
dy dy/dé 2sec’6 MIA1 | M1 for therr (dv/d&)+secftané in terms of &
dr dx/d@ secOtand Al cao (oe) allow for unsimplified form even 1f subsequently
cancelled incorrectly 1e can 1sw
2sect 2 cosd 2 1 g% Al cao www (NB AG) —must be at least one intermediate step between
= = T = = ADsael 9]
4 in £ 2secd : 2
tan& cosd s s (oe) and either —— or 2cosec#
tan & sin @
[3]
(ii) Y =sec’d=1+tan’f=1+% yl M1 sec f=1+tan & {oe) used
— :L.':' =4 -1 =4x"—4* Al www NB AG
[2]
OR | 4tan" @ =4dsec- -4 B1* Correct substitution of x and y into the given answer
— 1=tan’ & =sec. @ which is true Bldep* | Dependent on previous mark — must simplify/remove the factor of 4
from each term and state that the correctly derived trig 1dentity 1s true
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i dy 2 dx 1 . B1, B1
® i=2[+_]——3; i=—7 oe so1 ISW
dt t dt -
2 ., (, 1y 28-2 L, 2° S t not involve (implied)triple- 2-2t77
——Zror—it 2L ,—z'[ 2-2 oe B1 ;‘;W I\I.f_lus.t not u:q,ohle- (_unphed) triple !
- o) =t P, ckers’ e g. fractions with neg powers. .. _?
[3]
(ii) . . v
(Any of their expressions for —)=0or
; dx
d M1
their & =0
dt
t =1—>(stationary point) = (0, 3) Al Not awarded if %is wrong in (i) and
used here BUT allow recovery if only
explicitly considering Z—l =0
I
Consider values of x on each side of their critical M1
. ) dy
value of x which lead to finite values of a‘
Hence (0, 3) is a minimum point WWW Al Totally satis; values of x must be close to
0 & not going below or equal to x =-1
[4]
(iii) 1 L
Attempt to find 1 from x = ?—1 and substitute into M1
the equation for y
2 - .
V= Tl +(x+1)" oe(can be unsimplified) ISW Al
X+
[2]
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(M EITHER

x=e" y=te" Bl soi

dy/dr = 2te* +&* M1 Therr dy/df+dx/df m terms of ¢

= dy/dx = (2te¥ + e™)/3e™ Al oe cao allow for unsimplified form even if subsequently cancelled
mcorrectly 1e can isw

when r=1, dy/dx = 3e’3e’ = 1/e Al cao www must be sumplified to 1/e oe

OR

Inx 5my, x° lnx Bl Any equivalent form of y in terms of x only
3t=lnx, y= ? e = 3
dy /= l 2 l lox E Y M1 Differentiating their y provide;d not eaéed e ne?d a product including
3 0x 9 In fx and x¥ and subst x = e to obtain dy/dx in terms of ¢
1 2 Al oe cao
3¢ 3¢
dy/dx = 1/3e + 2/3e =1/e Al www cao exact only must be simplified to 1/e or &
[4]
(i) 3t=lnx= t=(lnx)/3 Bl Finding ¢ correctly in terms of x
y=(Inx)/3e®=97 M1 Subst 1 y using therr ¢
= 11’; Inx Al Required form ax” Inx only
3
NB If this work was already done mn 5(1), marks can only be scored in
5(11) if candidate specifically refers in this part to their part (1).
[3]
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O (2o, 2
dx dx
L)y & B!
. L ) dy M1 . "
Substitute (-1.—1)for (x. y) & attempt to solve for i or solve then substitute
Obtain & = -1 Www Al
dx
[4]
® | @ _ ; dy M1 L
Tangent parallel y-axis — & 0or Ll —® Of — =0 Accept clear mtention
- i dx dx
Obtaint=10 Al
(—1.0) with no other possibilities Al Accept x=-1y=0
_ [3]
® @ State or imply or use dy _dx Ml
dr dt
Produce 3t° +1=4r oe Al
1 Al
=—orl
3
[3]
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Cartesian equation mayv be used in parts (i) - (iii) and corresponding marks awarded
(i) Sub parametric eqns nte y = 3x & produce f = —2
OR sub t=-2 into para eqs, obtain (-1-3) & state y =3x

OR other similar methods producing (or venfying) t =-2 Bl

Walue of r at other point 15 2 B1 2 t = %2 1s sufficient for B1+B1
dv
. dy =
(ii) Use (not just quote) ¥_= M1
dv &
—1 —! 2+ y!
= —(r+1) Al or 2 or —3
Attempt to use —% for gradient of normal M1
&
Gradientnormal = 1 cao Al
Subst f=-2 into the parametric eqns. M1 to find pt at which normal is drawn
Produce y=x-—2 asequation of the normal WWW Al 6 ‘A’ marks in (ii) are dep on prev “A’
(iii) Substitute the parametric values into their eqn of normal M1
Produce ¢=10 as final answer cao Al 2 This 15 dep on final Al mn (1)

NB. If y=x-2 is found formuitously in (i1) (& .. given A0 in (i1)). vou must award A0 here in (ii1).

(iv) Attempt to eliminate ¢ from the parametric equations M1
. 1
Produce any correct equation Al eg X=
yv+2
1, 1-2x ; o
Produce y=——2 or y= ISW Al 3 Must be seen in (1v)
X . x

{N.B. Candidate producing only y =i — 2 1s awarded both Al marks.}
X
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(a) | Atd, x=—1+8=7 & y=(-1)>=1 = A(7.1)

(b) x=r-8,. y=t,

HenceT: y=3x-%

2

gives T: 2x—5y—-9=0

E:azf—sﬂ ﬂ=21r
dr dr
d_1 2t
dx 3°-8
At4, m(m)=—2CD =
3(-1)’-8 3-8

T: y—(their 1)=m, (x—(their 7))

or1=4(7)+¢c = e=1-%¥ =

AG

A(7.D)

Their & divided by their &

dy
Correct -

Substitutes for r to give any of the
four underlined oe:

Finding an equation of a tangent with
their pomnt and their tangent gradient
or finds c and uses

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

2x-5y-9=0

B1
(1)
M1
Al
dMm1
Al cso
(5)
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(€)| 27 —8)—5t"—9=0

20 -5t —16t-9=0

(+D{@r -7t-9)=0}

+D{+D(2t-9)=0}

{tr=—1 (at4)} t=2 atB

(% 6=4L = 55125 or awrt 55.1
1

)’ -
y= (g] —%:20 25 or awrt 20.3

Substitution of both x = — 87 and
y=tinto T

A realisation that
(t+1)is a factor.

Candidate uses their value of ¢ to
find either the x or y coordinate

One of eirther x or y correct.
Both x and y correct.

awrt

M1

dm1

Al

ddm1

Al
Al

(6)

8.
dx .
—=—4sin2t.
(a) &
dy  Gcost [_
dx 4sin 2t
ATF—E m=— 3, =—L3
3 4x% 2

.
— = Hcost

45'111.?}

accept equivalents. awrt —0.87

B1, B1

M1

Al

(4)
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(b)

(c)

(a)

M1

Use of cos2t=1-2sin" ¢t
cos2t=2, sint=2
2 6
X 1- g(i) M1
2 6
Leading to y=1(18-9x) (=3 x-"[E—x)) cao Al
—2<x<2 k=2 B1 (4)
0<f(x)<6 either 0<f(x) or f(x)<6 B1
Fully correct. Accept 0=y <6, [CJ. 6] B1 (2)
&_; : Y _ 6
dt dr
their & divided by their & to give & in terms of ¢
dt dr dx M1
dy 61 6 , 2 : :
D> L —= 2" =— or their Y multiplied by their a to give & in terms of ¢
dx 3 3t t dt dx dx
GIT sumplified or un-sumplified, in terms of 7. See note. | Al 15w
il Case 1% M1 ; dx dy — 2]
Award Special Case 1** M1 1f both ¥ and & are stated correctly and explicitly.
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l.. 1 N 5 s . o
(b) ~|.-I— 3 :>j- P| - -7 ‘ X=—.y= ~7 o1 P|L —> -7 | seen or implied. | Bl
dy 2 . . . oody
— =—"—  and either Some attempt to substitute = 0.5 into their —
de (Ly dx
which contains 7 1n order to find m_ and either
. 1 _ ||_ 1] — IIE"(IT _H ﬁH‘)

7= (18")("- 3" + ¢

So, y = (their m_)x +"c"

applies y — (their y,) = (their m )(x — their x,) | M1

or finds ¢ from (their y_) = (their m_)(their x_) + ¢

and uses their numerical c iny = (their m )x + ¢

T: y=8x+13 y=8x+13 or y=13+8x | Al cso
Note: their x,, their y, and thewr m, must be numerical values mn order fo award M1 [3]
©
g Xt 4 :}. y=5-- 6 _ An attempt to elinunate 7. See notes. | M1
| 3 x+4 . o
3 Achieves a correct equation in x and y only | Al oe.
- 18 _ S(x+4)-18
x+4 x+4
S5x +2 Sx+2 . :
So, y= X , { > —4} y=22 (or implied equation) | A1 cso
x+4
[31
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10.
(@)

E = 4sec’t. 3—1 =104 3cos2f

Either both x and y are differentiated
correctly with respect to ¢

- I~ =
dr 16 1643

from a correct solution only

Codv o . dx
or therr — divided by their —
' ar YRSy | M
dy IU\E cos 2t [ 5 . or applies ¥ multiplied by their —
B el -l: E\E cos2fcos 1 dr ) dx
X sec” f '
' Correct % (Can be implied) | Al oe

(5 15) 7|
AIPldl 3,—1, f=—¢
{ X ¥ 2, 3]

dependent on the previous M mark

E _ 1043 cos( ) Some evidence of substituting M1
dx 4sec’(5) f :% or I =060 into their %
'J_ 161'{_ Al cso

[4]
(b)
{m 3c0s2t=0=r=2"
4‘;
_ ()
At least one of either X = 41'311' ZJ or
: () R F AN o
So x = 4tan| — 1:5\551112— ey M1
l 4 J |'\ !‘ 4J/'| I'|-':5"Jr§5:iﬂ.i Etgh ar X = _1' ar I]_.':SJ;
or y=awrt 8.7
Coordinates are |:45~,|'§] {4‘iﬁ} or 1-=4=_I'=SNE Al
[2]
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