(@)

(b)

(@)

(b)

(i)

(ii)

A curve is defined by the parametric equations

2 -2
x=3¢, y=e—e

o dy
Find — in terms of r.
dx

[2 marks]

The point P, where t = 0, lies on the curve. The tangent at P crosses the y-axis at
the point (. Find the coordinates of Q.

[3 marks]
Show that the Cartesian equation of the curve can be written in the form
Jox?y = (x2 — k) (x? + k)
where £ is an integer.
[3 marks]
A curve is defined by the parametric equations
x=(-17° . }-‘:3:‘—% t#0
Find d—‘ in terms of .
' [3 marks]

Find the equation of the normal at the point on the curve where =2, giving your
answer in the form ax+by +c¢=0, where a, b and ¢ are integers.

[3 marks]



Qs Solution Mark | Total Comment
(a)(i) x = 3et y=e?t —e72t
When t =0, Pis (3,0)
ax _ ot ay _ o a2t —2t B1 Both correct
i 3e T 2e“" 4+ 2e
Q_M B1ft 2 From & = get and &L = pe2t + co~2t
dx = 3€t dt dt
(i) Whent =0, % =§ B1 From correct work
TangentatPis y—-0= %(x -3) M1 Using their% and their co-ordinates of P
Qis (0,—4)) A1 3 CSO but allow x = 0,y = —4 seen

Candidates may get a form of the Cartesian equation in either (a)(i) or (ii). In this case they could earn
marks for part (b) if no work attempted there.

2 2 .
(b) From x = 3et et == or (5) B1 ort=1In (1) Pl later
9 3 3
OE
Xy 2 X\ 72
Y= (§) - (5) M1 Finding a correct Cartesian equation.
52 9 ACF eg. y= E?2111(3 _ e—zlni;
YRS TE
9x?y = x* - 81 3
9x2y = (x? = 9)(x* +9) A1 Format given — be convinced.

dx 5
@) (5 =) 3(t-1) B1 ACF eg 3t2—6t+3
d
(—y =) 3+ 16t ° B1 ACF
dt
-3 dy
d_y = ﬂ B1ft 3 ACF: must see 2 = -+ but ft on their dx’/dr
de — 3(t — 1)? dx /a
' provided numerator is of the form 3 + kt 3
and denominator is a quadratic in 7.

. dw d . dy : .
Accept missing d—: and/or d—f or poor notation but must see é = ... on final line
If answer left as the product 3(;1) = X 3 4 16t~* with missing brackets then BO(ft) but can score the next B1
in part (b).

(b) 348 5 d .
Att=2, m= 3)(132 = 3 B1 From a correct d—i PI by next line.
Gradient of normal = —%
(Normal is) y —4 = _E(x - 1) M1 Use of their —éwith x=landy=4

3x+5y—-23=0 A1 3 | Integer coefficients with all terms on one
side (in any order) and = 0 on the other.

If y = mx + c is used they must use x = 1 and y = 4 to find a value for ¢ to earn the M1 mark.

An answer such as 0 = =10y — 6x + 46 would score A1 but 5y = —=3x + 23 or 3x + 5y = 23 is A0.




(a)

(b)

(c)

A curve C is defined by the parametric equations

4 — 02—6.’ (33"
X—=m———,. = —, f 0
' 4 Y 7
. dy . . 2
Find the exact value of 1— at the point on C where ¢t = 3
ax
[5 marks]
. 02—6.f 3 e
Show that x = ——— can be rearranged into the form ¢ = ———.
4 J 2,/(1 —x)
[2 marks]

Hence find the Cartesian equation of C, giving your answer in the form

&

F(0)[1 — In(f(x))]

'1.‘ =

[2 marks]



Q7 Solution Mark | Total Comment
(a) dx _ 6 927‘“ B1 ACF :362—6{‘
7)) = ~(=0—; 2
3t 3t
(%) — % M1 From quotient rule
t t
B 3e3 .3t —e3t.3 Al ACF - ote3t_ge3t e3t o3t ¢
(3t)2 ' at2 © T T3 O
2 2 2 : )
d_}’ _ (9.§.e —3e%)/4 ml Usingi—‘; = i—f / % and clear evidence of
dx %9‘2 an attempt to substitute t = % (must be
1. this) done in either order.
=3e Al 5 is or &
2 CAO : Accept this or — or 0.5e* only
_E.,Z—BE
(b) — = 4x =4 -’ leading to
o6t — 4 —24;:( M1 Any correct expression for e “®‘or e®f,
e
2
p6t — €
4(1=x)
03t = € Al 2 AG Must see inversion step and
2Vl —x be convinced they haven't worked
backwards
3t —__ ¢
(¢) |From (b) et = —
e
In(e®*) =1In (—)
€ 2V1—x
3t=Ine—1In(2vV1—x) M1 Find 3t (or t) in terms of x;
must have used laws of logs correctly on
both sides (possibly Ine = 1 at this stage)
e
Al | 2 -

YT T=x [1-In2v1—=x]

= . . n
Fromy = <, must be in this form




(a)

(b)

(c)

A curve is defined by the parametric equations x = cos2¢, y = sint.
. _ T
The point P on the curve is where t = r

Find the gradient at P.
[3 marks]

Find the equation of the normal to the curve at P in the form y = mx + c.
[3 marks]

The normal at P intersects the curve again at the point Q(cos2¢, sing).
Use the equation of the normal to form a quadratic equation in sing and hence find

the x-coordinate of Q.
[5 marks]



Q5 Solution Mark | Total Comment
(a) dx SO
—=|—2sm?2t — = |cost B1 Both correct
dr
dy | cost ML Correct use of chain rule with their
dv ) —2sin 2t derivatives of form asin2t, bcost
T . 1
Att :/E gradient m, = -5 Al 3
(b) Gradient of normal m, =2 B1ft ft gradient of tangent; m1, = J;—;
" . For my . allow their m; with a change of
27 (T : ‘
(J" —cos ( _’] ] =y ( xX— 511'1( /_]J M1 sign or the reciprocal at
6 6 (sinZ.cos%) or (4.1)
v =2xv— i Al 3 Must be in this v = mx+¢ form
] 5 .
Alternative for M1
(7 27 Use y = mx + ¢ to find ¢ with their
sin| — |=2cos| — |[+¢ _ - . -
6 6 gradient my at (sin%.cos3%) or ($.4)
(c) cos2g =1-2sin’g B1 Seen or used in this form
| Use parametric equations and candidate’s
sin g :2(1—25'm2 (_})—; M1 cos2g in the form +1+ ksin® g
8sin’ g+2sing-3=0 OF Al Colle;t like terms; must be a quadratic
equation
_ 1 _ 3 Must come from a correct quadratic
(sm q= 2) simg — —1 Al equation with the previous 3 marks
awarded
1
(x=) "3
Al 5 Previous 4 marks must have been awarded
Total 11




7. The curve C has parametric equations

x=-3+6sinf y=43cos20 —§< 9*1%

where @ 1s a parameter.

: : dy .
(a) Find an expression for I‘ in terms of 6.

: 2)
The curve C cuts the y-axis at the point A4.

The line / 1s the normal to C at the point A.

(b) Show that an equation for /7 1s

\/§x—4y+ 8/3 =0
(6)

The line / intersects the curve C again at the point B.

(c) Find the coordinates of B. Give your answer 1n the form ( p. q V3 ) . where p and ¢
are rational constants.
(Solutions based entirely on graphical or numerical methods are not acceptable.)

(6)



) Lody -
dv  —(D(@\Bsin20 [ -43sin26 8 om0 their g7+ theirgs | Ml
(@) dx Gcos & 17 3cosd 3 Correct simplified Al isw
' ' or un-simplified result |~
2
b . . | ; sets X =0 to find ¢ or siné ¢ ses
®  s0=) 0= 3r6sino=sing=tm g2 | Sets ¥=0tofind forsnfanduses |y )
2 6 their ¢ or smé to find y
T
Vi :45005(:’j = 243 {(= 4(0.243)} Vv, = 2\/§ or \/1_2 or awrt 3.46 | Al
E Y.
Substitutes =2 or 30° or
p ) k. b = -_ ]
dv —4B3sin(2(2)) —4\5(% 43 4 0 o
III = —= = — = - = _——_—— T 3
T dy 3cos(%) 3 (ﬁ] 3 NE) sin@ = L into their =X
: 2 dx
Can be mmplied.
So. m, = c_ o 2 Correctly applies ;= — ; M1
4\/§ 4 ’ their 2,
o v _25i=-Y (0 v — (their y,) = (their my)(x —0) or
\/: v = (their m, )x + (their »,) | M1
¢ - T’ x+ 243 with a numerical m,, (= m,)
471} —8J§ = -\ﬁ\ = \/gx— 4)_* 1+ S\E =) * Correct proof | A1*
©
Substitutes x = —3 +6sin& and
c) . . . .
W'(av 1 \E(—3 +6sin 9)— 4(4\/5 cos 2!9) + S«ﬁ = y= 4\/§COS 26 into the normal equation Ml
to form an equation in ¢ only
—3+6sin6—-16c0s268+8=0
3. 6sin@ 16(1_2sin’6) +8 =0 dependent on .the previous M l‘.nizl'k IML1
Applies cos26=1-2sin" &
5 : .. . . . _ Correct 3TQ in sm# _
32sin" @+6sind—11=0 or 32sin* &+ 6sind =11 s ) o Al
€.2. 32sin” @+6sind—11{=0}
dependent on the first M mark
Correct method (e.g. factorising,
(2smE&—-1)(16smmf+11)=0 = smé=... applying the quadratic formula, | dM1
completing the square or calculator)
of solving a 3TQ to give siné =...
{siné':i b osinf = _i
L 2 | 16
. 5 ) Either x or v is correct | Al o.e.
So, B(x.y):Bf—ﬂ.lﬁ' '
. 8 32 ) Both x and y are correct | Al o.e.

(6)
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Diagram not
drawn to scale

Ak, 2)

=V

NS

Figure 2

Figure 2 shows a sketch of the curve C with parametric equations
x=1+r—35smnt, y=2—4cost, —n<t<nm

The point A4 lies on the curve C.
Given that the coordinates of 4 are (k, 2), where & > 0

(a) find the exact value of &, giving your answer in a fully simplified form.

2)

(b) Find the equation of the tangent to C at the point 4.
Give your answer in the form y = px + ¢, where p and ¢ are exact real values.

®)



5. x=1+t—5sint, y=2—-4cost, — 7 <t <m Alk,2), k>0, lieson C
(a) {When v=2,} 2=2—-4cost =t = —%, Sets y =2 to find ¢
- - - - and some evidence of using | M1
k(or x)—l+——55i11[—} or f(or x)—l———SSin[——] their 7 to find x= ..
2 2 2 2
12— —
{Whent:—z,k:-(),} so k=6-2 or d k (or x):6—£ or = Al
2 2 2 2
[2]
Sdx  dy .
At least one of — or — correct (Can be implied) | Bl
dx dy ) dr  dr
(b) — =1-5cost, — =4sint d ™
dt dr Both = and & are correct (Can be implied) | Bl
dr dr
dv  4smr . dy . Cdx
I 1_Scoss Applies their o divided by their o and
(7 . .. _dy
4sin| —— substitutes their 7 into their— | M1
atf:_z d_‘——z _,4} dx
’ T Note: their 7 can lie outside -7 <r< 7
1—-5cos| —— )
2 for this mark
_ . Correct straight line method for
oy 2= 4{ xf ( 6— T U an equation of a tangent where
’ 2, ny. (# m,,) is found using calculus M
or T Note: their £ (or x) must
*2=(4 6_5 te= y=—dx+2+4 6_5] be in terms of 7 and correct
' bracketing must be used or implied
dependent on all previous
{v-2=—4x+24-2r =} y=—-4x+26-2x marks in part (b) | Al cso
y=—A4x+26-27
(p=-4, g=26-2m) [5]




1.

The curve C has parametric equations

6
x:3f—4, _\):5——3 =0
t

(a) Find % in terms of 7

x (2)
The point P lies on C where ¢ = %

(b) Find the equation of the tangent to C at the point P. Give your answer in the form
¥y = px + q. where p and ¢ are integers to be determined.

)
(¢) Show that the cartesian equation for C can be written in the form
b= ax+b’ o4
’ x+4

where a and b are integers to be determined.

€)



1. x=3—-4, v=5—=_, >0
t
dx dy
a — =3, —=06r"
@ dz dt
_dy . . _dy .
their < divided by their £ to give =Y in terms of 1
dr dt dx M
dy  6r 6 2] dy dt dy
— = =—=2t == or their — multiplied by their — to give — in terms of 7
& 3 | 3 7 dr dx dx
- . simplified or un-simplified. in terms of 7. See note. | Al isw
2
i s 1 e dx dv . (2]
Award Special Case 1°** M1 if both o and o are stated correctly and explicitly.
t t
[ 1 1 5 5 5 — _
(b) === Pl —=,-7 x=—=,y=-Tor P| —=, -7 seen or implied. | Bl
| 2] 2 2 2
dy 2 . . . _dy
— =——and either Some attempt to substitute 7 = 0.5 into their —
dx (1) x
which contains 7 in order to find »;_ and either
. 1"_"_7":"8"(,\'—"_%”) . T
i < applies y — (their y,) = (their m )(x — their x,) | M1
« " 7"— ("8")(”*?') +c or finds c from (their y,) = (their m_)(their x,) + ¢
So, y = (their m )x +"c" and uses their numerical c m y = (their m_ )x + ¢
T: y=8x+13 y=8x+13 or y=13+8x | Al cso
Note: their x,, their y, and their 7, must be numerical values in order to award M1 [3]
 x+4 < 6 An attempt to eliminate 7. See notes. | M1
P [ — :
Way1l | L7 xrd : on
J 3 Achieves a correct equation in x and y only | Al o.e.
- s 18 ~ S(x+4)-18
T x+4 x+4
5x + 2 Sx T .
So. p=2 i {x > _4} y=22 (or implied equation) | A1 cso
x+4 ) x+4

[31



y A .
Diagram not

C drawn to scale

P(k, 8)

=V

Figure 4
Figure 4 shows a sketch of part of the curve C with parametric equations

T
x=30sinf, y=sec’d, 0<O< 5

The point P(k, 8) lies on C, where k 1s a constant.

(a) Find the exact value of k.

@)

The finite region R. shown shaded in Figure 4. i1s bounded by the curve C. the y-axis.
the x-axis and the line with equation x = £.

(b) Show that the area of R can be expressed in the form

ﬁ 2 2
;LJ (Hscc“ f + tanfsec” Q)dﬁ

[

where /. a and £ are constants to be determined.

“)

(c) Hence use integration to find the exact value of the area of R.

(6)



1 1
(a) {When v=8.} 8 =sec’# = cos’ 0 = 3 =056 == =6 = g Sets v =8 to find &
- J and attempts to substitute their & | M1
T\. (~«x i 36si
I (or x) = 3(— '5111[ —J mto x =38sinf
3) 3
3 \Eﬁ 3z
so k(or x) = or Al
2 2 s
Note: Obtaining two value for & without accepting the correct value is final AQ [2]
dx : 30sin6 — 3siné + 3@cos
b — =3sinf + 36cosH . . Bl
®) de ’ ’ Can be implied by later working
. ; . N dy
dx _ Applies (+Ksec’ @ || their —
{j‘y@ {d(?} } :j(secjﬂ)(351116+ 36’c059){d6?} ( )l dﬁ’,J M1
: - Ignore integral sign and d&; K 10
Achieves the correct result no errors in their working, e.g.
=3 Esec2 6 +tanfsec’ € d6 bracketing or manipulation errors. | Al *
Must have integral sign and dé& in their final answer.
T _ ;
x=0and x=k = g=0 and f=— a=0 aud/j‘zg or evidence of 00 and 1.'9; Bl
D 3 3
Note: The work for the final B1 mark must be seen in part (b) only. [4]
. 2(#) = their [ 3ec” 6d6. [Note: g(6) [sec’ #]
,(C) . { jsec‘ﬁd(ﬂ } = Jtan0— E[ﬂné‘{dt?} E _
Way 1 dependent on the previous M mark
Either Afsec 68 — ABmuH—BJtan 0,.4>0,B>0 dM1
or fOsec’d — Atanf— jiﬂll@
= ftanf—In(secH) @sec” @ — Otan@— In(sec @) or Otand+ In(cosd) or
or = ftand+In(cosd) ABOsec” @ — A0tanO— A In(sec ) or A0tanf+ Aln(cosd) | Al
Note: Condone #sec’® — ftanf—In(secx) or Gtand+ In(cosx) for Al
i tan@sec’ @ or Atanfsec’d — +Ctan’ @ or +Csec’ _
jpn@sec* ade o ‘ M1
or + Cu~, where u# =cos@
1 2 i 1 2 2 1 2 1 2 2 1 2
= —tan" 6 or —sec tanfsec” @ —> —tan @ or —sec” & or — or tan” & — —sec” &
2 2 2 2 2cos” 8 2
1 N2 cohar _ . 05,2 wrhere g —
or % where 2 — cos @ or 0.5u -, where # =cos€ or 0.51~, where # = tan® Al
L1 2 L 2 A (3
1 or Atanfsec” 8 — italr @ or isec2 g or A 3
or —u" where u = tan® 2 2 2cos @
2 or 0.54u %, where u =cos8 or 0.51°, wWhere i = tan&
[ 3 3 s LT
{Area(R)} =| 36tand-3ln(secd) + ';tanz 6} or { 36tan & - 3In(secd) + ';sec‘ 8}
L - 0 - o
NNE AN EP ( (7) 3,.) (3)
=33 ,J-\/.: M2+ () | =(0) or |3 TB-3m2+ 3 |- 7]
:2+\E:r—%l112 or 2+J: +2|1r1\ or gf\ﬁﬁ'f]nS or 1(’1 i | Al
7 3 2 5 o I/ e il lt ZJ 2 - lnge J o.e.
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yA

=V

Figure 2
Figure 2 shows a sketch of the curve C with parametric equations

x = 4tant, _1f:5\/§sin2r, Ogr<§

The point P lies on C and has coordinates (4\/5 , %]
(a) Find the exact value of d at the point P.

dx

Give your answer as a simplified surd.

4)

The point Q lies on the curve C, where % =0
ax

(b) Find the exact coordinates of the point Q.

)



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

dx
=4sec”t, — = 10+/3cos 2t Cody :
“,r(:; 1 dar sec” \/_COS or their % divided by their % M1
. dv . ot
dv  10+4/3cos2s [ 5 3 or applies — multiplied by their —
— = 4= —\E cos2fcos ¢ dr dx
dx dsec’t 1 2

Correct j—l (Can be implied) | Al oe
X

{M P[i 443, %] 1= %}

dependent on the previous M mark

dv 103 cos(2) Some evidence of substituting M1
dx 4sec? () t=" or t=60" into their ¥
3 dv
5 15
_ 15 > -——
v_ S - — 16 3o 16\/5 Al cso

—_= —— 3 Q1
16 1633

from a correct solution only

L]
T
(b) {IO\ECOSZI —0::—’1}
. 7
At least one of either x = 4tan[z} or
(7 [ (=)) )
So x = 4ta11[ —] , ¥ =54/3sin 2[ —] e M1
A4 l \4,,J _1,~—5-\/§gj11{2[§ } or x=4 or 1:§\E
or y=awrt8.7
Coordinates are (4 '?ﬁ) (4. sﬁ) or y=4 y= S\E Al
[2]
(11) (a) (v =4sin>8 :>} dx — 8sinfcos@ O v =4sin26 or dx=38sinfcosodd Bl
Way1 | ! ' do do
) 4sin” @ )
.8smBcosd {dH} o1 ——— . 4smm 26 | d€ M1
4-4sin’ @
tand. 8smEcos - dé?} tand. 4sm26 2(dﬁ} ( : S+ Ktan@or + K s @ M1
4—x, .cosd/) | —
ISSm 6de I85i1129d9 including d@ | Al
. 3 ; \ﬁ P Writes down a correct equation
=4sin" @ or —=sin" G or sinf= = 0=— ) ] , p
: 2 3 involving x = 3 leading to 8 = 3 and | Bl
[ _ _ql . LT
{,\ =0—->60=0 f no incorrect work seen regarding limits
_ _ [5]
B 1- COS"H] l Appliescos26=1—2sin’ &
_ _ A Acos? _ ppliescos2 sin _
@ () {8}_[[ 2 a6 { JAH deos G)dﬁf to their integral. (See notes) Ml
) . For +a@+ #sin26, a.f=0 | Ml
58'[i@—ismze] {= 46 -2sin20) : 11
{ % 24 ) % sin” 0 — [ ;9— Isinl@ Al
{ z o 1 1 ?T‘ [ 13 )
389111"9d6:8—67—511129 =38 1—{£ J (0+0) J
1 27 4 [ 6 42 ,
= ;;3' — \ﬁ ‘ “two term” exact answer of e.g. i? \/g or (47 — %\/_J Al oe.




S.

A curve C has parametric equations

5
x=4r+3 y=dre8+ o 1£0

: dy : . .
(a) Find the value of d—‘ at the point on C where 7 = 2, giving your answer as a fraction
x

in its simplest form.

©)
(b) Show that the cartesian equation of the curve C can be written in the form
. x° +ax+b; x#3
) x =3

where a and b are integers to be determined.

C)



(a)

(b)

 Note: You can mark parts (a) and (b) together.
x=4+3, y=4+8+—
de . dr 5 IR N f 1 dv s T
= di:él—lr“ Both —=4 or—== and di:il——r‘ B1
de e 2 . d t...d L SU de 2
42 d
dy _ 2 135 5 1 Candidate’s = divided by a candidate’s & | Ml
So, —= =1—-—f" =1 — t 0.¢
_______ N N N0
: dy 27 27 -
{Whenr=2.} 2_2L —— or 0.84375cao | Al
I S SO  N
[3]
[~]
x — 3 (x-3 3 o .
t=—— = V= 4L )t 8+ — Eliminates 7 to achieve
4 4 xr—3 .. Ml
2 n an equation in only x and v
_______________________ S R
y=x-3+8+ S
x—3
yo = Nx=3) +8x=3)+10 P(x=3) = (x = 3)(x=3) +8(x—3) + 10
x-3
See notes | dM1
x+5)(x=3)+10 x+5)(x-3 10
oy G po G 10
____________________ s S
hyos Correct algebra leading to
XT+2x — 2
} = =2 = — he X — 5 /
Y="13 {a=2and b=-5} ‘1-‘:i or a=2and b=-5 | Al
3 x—3 cs0
[3]




