Questions
Q1.

The curve C has parametric equations
E_}'
x=3t-4,y=5-1, t>0

(@) Find & in terms of t

|
The point P lies on C where t = 2

(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 q are integers to be determined.

(c) Show that the cartesian equation for C can be written in the form

ax +h

y= _1‘.'+'—1, x> -4

where a and b are integers to be determined.

(Total for question = 8 marks)

Q2.
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Figure 2
Figure 2 shows a sketch of the curve C with parametric equations
. T
x =4tant, y = 5+/3sin2t, Ug:‘{;
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The point P lies on C and has coordinates [
dy

(a) Find the exact value of dx atthe point P.

Give your answer as a simplified surd.

dy
The point Q lies on the curve C, where dx =0

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

(Total for question = 6 marks)

Qs.

The curve C has parametric equations
= g
x=2cosf, y=3cos2t, O0<SIs®
dy

(a) Find an expression for dx in terms of t.

2t
The point P lies on C where t= 3
The line /is the normal to C at P.

(b) Show that an equation for / is

2x—23y—-1=0

The line / intersects the curve C again at the point Q.
(c) Find the exact coordinates of Q.

You must show clearly how you obtained your answers.

(Total for question = 13 marks)

Q4.

A curve C has parametric equations



x=2sint. y=1-—cos2f, —

b | A
'x
b
A
ba | M

dy T

(a) Find dx at the point where t= 6

(b) Find a cartesian equation for C in the form
y=1(x), - k< x<k,

stating the value of the constant k.
(c) Write down the range of f(x).

(Total 9 marks)

Q5.

A curve has parametric equations

. T
x=tan’1, y =sin{, U-::.r-::?,

e

dy

(a) Find an expression for dx in terms of t. You need not simplify your answer.

T

(b) Find an equation of the tangent to the curve at the point where t = 4 .

Give your answer in the form y = ax + b, where a and b are constants to be determined.

(c) Find a cartesian equation of the curve in the form y? = f(x).

(Total 12 marks)

Q6.
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Figure 3

Figure 3 shows a sketch of the curve C with parametric equations

T
t+ =

x=4cos( f?.], y=2sint, 0<st<2m

(a) Show that
x + y =3 cost

(b) Show that a cartesian equation of C is

(x+yP+ay=b
where a and b are integers to be determined.

Q7.

A curve C has parametric equations

Show that all points on C satisfy

(Total 5 marks)

te B

(Total for question = 3 marks)



Q8.
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The curve C shown in Figure 3 has parametric equations
x=1£-8ty="*t

where tis a parameter. Given that the point A has parameter t = -1,

(a) find the coordinates of A.

The line | is the tangent to C at A.
(b) Show that an equation for | is 2x — 5y - 9 = 0.

The line | also intersects the curve at the point B.
(c) Find the coordinates of B.

Q9.

o -

Figure 3
Figure 3 shows the curve C with parametric equations
x=8cost v =4 sin 2,

The point P lies on C and has coordinates (4, 2V3).
(a) Find the value of t at the point P.

g5t =

ko | =

(1)

()

(6)
(Total 12 marks)



The line /'is a normal to C at P.
(b) Show that an equation for /is y = —xV3 + 6+3.

The finite region R is enclosed by the curve C, the x-axis and the line x = 4, as shown shaded in Figure 3.

(1 =

64

sin’t cos t dt.

l.Nl"-'q

(c) Show that the area of R is given by the integral

(d) Use this integral to find the area of R, giving your answer in the form a + bV3, where a and b are
constants to be determined.

(Total 16 marks)

Q10.

Figure 2

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

x=5f-4, y=19-#)
The curve C cuts the x-axis at the points A and B.
(a) Find the x-coordinate at the point A and the x-coordinate at the point B.

3)

The region R, as shown shaded in Figure 2, is enclosed by the loop of the curve.
(b) Use integration to find the area of R.

(6)

(Total 9 marks)

Q11.
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The curve C has parametric equations
x=In(t+2), vy

= ., ==
(t+1)
The finite region R between the curve C and the x-axis, bounded by the lines with equations x =1, 2 and x
=1, 4, is shown shaded in Figure 3.
(a) Show that the area of R is given by the integral

: 1
j . S
o (t+1)(r+2)

(b) Hence find an exact value for this area.

(c) Find a cartesian equation of the curve C, in the form y = f(x).

(d) State the domain of values for x for this curve.

(Total 15 marks)
Q12.

A curve C has parametric equations

3
x=4+3, y=4t+8+ —. t#0
' 2t
dy

(a) Find the value of dx at the point on C where t = 2, giving your answer as a fraction
in its simplest form.



(b) Show that the cartesian equation of the curve C can be written in the form

X +ax+b
e . ixE3

x—3

where a and b are integers to be determined.

(Total for question = 6 marks)

Q13.

vh

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

x :4511'{: +%), y=3cos2t, 0<£t<2n

dy
(a) Find an expression for dx in terms of t.

dy
Find the coordinates of all the points on C where dx =0

(Total 8 marks)

Q14.
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Figure 2
Figure 2 shows a sketch of the curve with parametric equations
- . - ’ j"l_l'
x=2cos2t. y=6smnf, 0<r< o
T
e
(a) Find the gradient of the curve at the point where 3
(4)
(b) Find a cartesian equation of the curve in the form
y=1(x), —k<x <k
stating the value of the constant k.
(4)
(c) Write down the range of f(x).
(2)

(Total 10 marks)

Q15.
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Figure 3
The curve shown in Figure 3 has parametric equations
x=t-4sint,y=1-2cost, -2 <t<?,
The point A, with coordinates (k, 1), lies on the curve.
Giventhat k>0

(a) find the exact value of k,

(b) find the gradient of the curve at the point A.

There is one point on the curve where the gradient is equal to — %,

(c) Find the value of t at this point, showing each step in your working and giving your answer to 4 decimal
places.

[Solutions based entirely on graphical or numerical methods are not acceptable.]

(Total 12 marks)

Q16.
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Figure 2 shows a sketch of part of the curve C with parametric equations

1
x=1-2¢ y=2-1
The curve crosses the y-axis at the point A and crosses the x-axis at the point B.
(a) Show that A has coordinates (0, 3).
(2)
(b) Find the x coordinate of the point B.
(2)
(c) Find an equation of the normal to C at the point A.
(5)
The region R, as shown shaded in Figure 2, is bounded by the curve C, the line x = -1 and the x-axis.
(d) Use integration to find the exact area of R.
(6)
(Total 15 marks)

Mark Scheme

Q1.



Question
Niiialies Scheme Notes Marks
x=3-4, y=5—§, i>0
(a) E=?p, E=IISF'2
dt dr
d d
it R oy e oy mive: S i Aermeoct)
i di dx M1
by 6t € 2 , d
P L —_]* or their 4y multiplied by their & to give Y in terms of ¢
de 3 3 ¢ dt dx dx
-1
ﬁ!lT, simplified or un-simplified, in terms of . See mote. | Al isw
2
Award Special Case 1°' M1 if both ;E and j—y are stated correctly and explicitly. 2]
i t
Note: You can recover the work for part (a) in part (b).
Writes d__}' in the form =4 —, and writes d_y asa
(@) pelii 18 ::E_ 18 18 x+4) .d.x M1
Way 2 x+4  dx (x+4)° () function of 1.
Correct un-simplified or simphified answer, B
: Al isw
in terms of . See note.
(2]
1 3 3 5 5 : T
f=— = P|——, =T x= L ?an——,—?)seenm:mhcd. El
{b}{zJ}[zJ 4 [2. d
o and either 5 ttempt to substitute § = (0.3 into thei Y
R ‘jﬁ Some attempt to substit Sinto lta
T
2 which contains t in order to find s and either
- -P i I'|_?1'| = FIH“(I‘ _ll_ f"] . ] ; 1 :
E: applies y - (ther v} = (thewr m_)(x - thar x,) | M1
= =TT =("8")" %"} be or finds ¢ from(their v, ) = (their m Ktheir x ) + ¢
So. y = (ther m }x +"c" and uses their numerical c iny = (their m )x +¢
T: y=8x+413 y=&x+13 or y=1534 8x | Al cso
Note: their x., their y. and their m, must be numerical values in order fo award M1 [3]
x4 1 ) 6 An attempt to eliminate . See notes. | M1
(©) =3 T4 3
Way 1 L 3 J Achieves a correct equation in x and yonly | Al oe.
Te—— I8 _Mata) -1
x+4 i+4
So, y= xd 2 {x}—d-} V= x+2 {or implied equation) | Al cso
xr+4 x+4
3]
© . B - 1% : An attempt to eliminate 7. See notes. | Ml
Way 2 "5 ¥ e 5-y - Achieves a correct equation in x and y only | Al oe.
x5 -=18=5x-xp1+20-4p=18
i . , Sx 2 Sx+ 2 N .
= x+2=wx+ 4}] S, p= y {x}—d} y= (or implied equation) | Al cso
x+4 x+4
[3]
Note: Some or all of the work for part (c) can be recovered in part (a) or part {b) 8




%ﬁ;ﬁl Scheme MNotes Marks
A full method leading to the value M
(c) 3l -Ada+ b 3af da-b Aa-h suve of a being found
ot y= = =d a= ™
Way 3 Y—4+4 ¥ ¥ L7 y=a_4ﬂ3 B g i | wy
4a-b
=6 = b=4{5)-6(3) =2 Both g=5 and 5 =2 | Al
[3]
Question Notes
p
| ﬁ]
a Note oo
@ Condone ¥ - 7 for A1
ch -
dv
Note You can ignore subsequent working following on from a correct expression for l_::: in terms of f.
i
b { Using a changed gradient (i.e. applyi -~ or or (ﬂ ;1 "’) is MO.
(b) Note g ped pradicat (L. Apahyng o ¥ T e ® wir - |)
Note Final Al: A correct solution is required from a correct %
Note Final Al: You can ignore subsequent working following on from a correct solution.
{c) Note 1" M1: A full attempt to eliminate ¢ is defined as either
» rearranging one of the parametric equations to make ¢ the subject and substituting for ¢
in the other parametric equation (only the RHS of the equation required for M mark)
* rearranging both parametric equations to make ¢ the subject and putting the results equal
to each other.
Note Award M1A1 for 3 g T 4 or equivalent.
. J"

Q2.




%: E;::rﬂ Scheme Notes Marks
x =4d1anf, _}J—Sﬁﬁxinlr, {HT;F::%
Either both x and y are differentiated
correctly with respect to 7
dx ., dy
(a) — =4gecr, —_=1{}\Ems’fr ) dy d
Way 1 ds di o1 their — dmdedbw their = Mi
2 . dy SieE i i
dv m.ﬁ cos 2t g ] or applies — multiplied by theirr —
“—=——— 4= —+3coslicos"{ dr dx
dx dzec s 2 &
Correct i (Can be implied) | Al ce
It P" 44’ b | =
| 3)
_ dependent on the previous M mark
dy 1043 cos(4F) Some evidence of substituting i
dx 4sec’ (£) t=T or t =60 into their 5
3 dx
: 5 13
dy 15 o G
o e r - Al cso
& 8 163 16 | 1643
from a correct solution only
_ - [4]
(b) ]Jlﬂﬁcc-s?r' J ::r:>r=ﬂ
_ [x)
At least one of either x = 4tanl IJ or
() e At e
So x=4tan| — :}'=5ﬁsm 2t — ey M1
|4] \ 4“ y=>5 35ini2l§]i or x=4 or .L:S'J'E
or y=awrn 8.7
Coordinates are (4. 5.3 (4,543) or x=4,y= SuE Al
[2]
]
Ouestion  Notes
| 10+ 3cos 2t
(a) 1741 Comrect — Eg. ———— or 2 3 cos2tcos’f or —n.l"_ms t(cos® f—sin )
dx dsec”f 2 2
of anv equivalent form
q 10 15
Note Give the final A0 for a final answer of —3—-\@ without reference to ——-u"'_ of _T
Note Give the final A0 for more than one value stated for 3—1
2
(b) Note | Also allow M1 for either x = 4tan(45) or ¥ = 5/3sin(2(45)|
Note M1 can be gained by ignoning previous working in part (a) and/or part (b)
Note Give Al for stating more than one set of coordinates for 0.
Note | Writing x=4 y= SvG followed by (5 J3 ?4'] is AD.




%: E;::rﬂ Scheme Notes Marks
x =4ani, _L'—S‘JE:GI]‘IZ!, U:—I;h:%
(@) tan{ I ginf = o cosf= 2 —»y= 4[}J§x
Way 2 4 J+16) Joir1e ~ x+16
i. ﬂ=40'~.ﬁx v=x:+16.:
du dv (
D_a3 Zox
1 dx dx '
) ) A +16)+ B |
& 204307 +16)— 2x(a0v3 x) I 404316 - x%) | (X +16)
dr (x +16) | &'+16) | T
Caorrect d_ simplified or un-simplified | Al
=
dependent on the previous M mark
dy 4[;,]5(43 +16)— g(}.ﬁ{q.g} Some evidence of substituting M
dx (48 +16)° x =4+ 3 into their &
dx
5 : 15
2.5 o 6 T 163 | Al oo
da. lfmlr ;
firrom a correct solution only
_ [4]
I:a) o ; I|' _-_ri.l
Way3 |7 =7V3isin| 2fan ¢ ]r
dy ( (3 1 )
R | V. - = + 4cos| 2tan™ —J l Mi
- { f oy . 1 a™ | g
d_.l=5 3':"5'[2“":‘_Ll£|j 2 |1J dx l& -.4,_J 1+x*/
dx | 4./ 1+(%) w4 dy . y g "
ki Correct d_ simplified or un-simplified. | Al
X
dependent on the
d I previous M mark
d:l 3 3.:.55| Ttan” l|\,f_:|j| “ = {: | ”| |i JJ Some evidence of substituting | d01
‘ Fes 415 into their &
dv
4 : 15 > 3 2
¥ EINEY - - or —
= ——43 or 16 f’r_\ﬂ Al cso
dx 16 16v3 g
from a correct solution only
[4]

Qs.




Question Scheme Marks AOs
(a) d d}/
Attempts é:dx—df M1 | 11b
vz
dy f3sm2¢ 5
—=———— (=2.f3cost Al 1.1b
dx sint ( {3 )
(2)
(b) ) 27 . dy  f3sin2¢
Substitutes f="—in = =" —(f3) M1 o
3 dx st
) .
Uses gradient of normal = _W = E M1 21
dx
Coordinates of P = (—1_.—%} Bl 1.1b
Correct form of normal y+£=i{x+1) M1 2:3
2 B
Completes proof = 2x—-23y-1=0 * Al* | 1.1b
()
(©) Substitutes x =2cos tand y = 3 cos2t into 2x—23y—-1=0 M1 3.1a
Uses the identity cos2f=2cos” f—1 to produce a quadratic in cost M1 3.1a
= 12cos” t—4cost—5=0 Al 1.1b
Finds cmt:%,% M1 2.4
; : 3
Substitutes their cosr :gm’m x=2cost, ¥ =J3_rcc-52r . M1 1.1b
5 7
=l —.—f3 Al 1.1b
Q (3 18 Jﬂ}
(6)

(13 marks)




Notes:

(a)

Alternatively candidates may apply the

Aftempts —= and achieves a form &
dx sint

M- dy %1‘ sin 2f
o dx,
Vo

double angle identity for cos2r and achieve a form g ntoast

st

: 352t
Al: Scored for a correct answer, either ~———— or 2.f3cost
sinf

(b)

L £ A _dy . i
M1: For substituting ¢ = ?ﬂ 1n their al which must be m terms of ¢

s _ , : dy .
M1: Uses the gradient of the normal 1s the negative reciprocal of the value of é This may be

seen in the equation of /.

B1l:  States or uses (in their tangent or normal) that P = [ =L _T]

, T
M1: Uses their numerical value of —1/% with their (—1.—%] to form an equation of the

normal at P

Al*: This is a proof and all aspects need to be correct. Correct answer only 2x—2./3y—1=0




(©)

Mi1:

Mil:

Al:

Mil:

Mil:

For substituting x = 2cos tand y = VG cos 2t into 2x—24f3y—1=0 to produce an equation
in ¢. Alternatively candidates could use cos2f =2cos”t—1 to set up an equation of the form
y= A+ B.

Uses the identity cos2f=2cos” t—1 to produce a quadratic equation in cost

In the alternative method it 1s for combining their y = Ax* + B with 2x—2.3 y—1=0to get
an equation in just one variable

For the correct quadratic equation 12cos”t—4cost—5=0

Alternatively the equations in x and y are 3x” =2x=5=10 13-\/@. Vi +4 y— 73 =0

Solves the quadratic equation in C0S/ (or x or y) and rejects the value corresponding to P.

4

: : 5 . 3]
Substitutes their cost = = or their t=arccos [El mx=2cosfand y= ~f§ cos 2t

If a value of x or y has been found it 1s for finding the other coordinate.

T e - 7
0= { = s J CAllow x= % Y= 1_‘74 J3 but do not allow decimal equivalents.

Q4.




Q_uestinn Scheme Marks
Number
x=2sint, y=1-cos2s [=Esi.n:r}. LA
2 ¥
e & & At least one uf% Dl'% comrect. Bl
(a) —=2cosf, —=72sam2 or =— =4dsmicoss
de dr dr dx dy Bl
Both — and —— are correct
dr dr
go, 9 _2sn |_ dcostsinf _, o, Kbt s e
dv 2cost 2cost dr dr Mi
jm[ji] and substitutes t = mtmhmi.
st 2. §4:21 : i
6 dv Icus{i] Coneﬂvalmforﬁofl Al can cso
6 dr
[4]
b} y=1=-cos2t=1-{1-2%n"1) Ml
=2sin’ f
riis 3 2 r 3% 1.:
So, }'=2[l] or }':L or y= Z—:[l — [E] y=— orequvalent | »q .oqjow
TR gl 2; 2
Either k=2 or -2 <x<2 Bl
[31
ich Range: 0<f(x)<2 or D£y<2o0or 0<f<2 See notes | B1 Bl
[2]
9

Notes for Question

(a)

B1: A.tleastcuenf% ur% correct. Note: that this mark can be imphed from their working.
Bl: Both % and % are correct. Note: that this mark can be implied from their working.

M1: Applies their %mmmwm % and attempts to substitute ¢ =%i.nm their expression for %
Thus mark may be unphed by thewr final answer.
dv  sm2r 1 ;
Je. —= followed by an answer of — would be M1 (mmphed)
de  2cost by 2 (
A1: For an answer of 1 by correct solution only.

d -
Note: Don’t just look at the answer! A number of candidates are finding a&l =1 from incorrect methods.
X

’ oo B . dy . : dy dv  dx

Note: A & givided 9 is Mo, ev PO A

ofe: Applying d:d,' by their = MO, even 1if they sta S
Special Case: Award SC: BOBOAIAL 6 B n_2casr, P n_3uinde lesdingto D . —2W2
dr dc  —2cosr

which after substitution of ¢ =f§_gie1ds %l;l
N

Naote: It 15 possible for vou to mark part{a), part (b) and part {c) together. Ienore labelling!




MNotes for Question  Confinued

(b) | M1: Uses the correct double angle formula cos2r =1-2sin°f or cos2r=2cos’ r=1 or
cos2f=cos f—sin’ 7 in an attempt to get y 1 terms of sin’ ¢ or get y 1 terms of cos’ 7
or get y i terms of sin’ ¢t and cos’t . Writing down y = 2™t 15 fine for M1.
Al: Achieves y ='%uruu—5u:u;}11.ﬁed equivalents in the form y = fix). For example:
. 2 : R
e _1-=2(£] or J'=2—E[1—[£}] or ;r=1—4_r+£
2 2 4 4
and you can 1gnore subsequent workang 1f a candidate states a correct version of the Cartesian equation.
IMPORTANT: Please check working as this resulf can be fluked from an incorrect method.
Award A0 ifthere is a +¢ added to their answer.
Bl: Either k¥ = 2 or a candadate writes down —2 < x < 2. Note: —2 < k < 2 unless k stated as 2 15 BO.
{c) Note: The values of 0 and/or 2 need to be evaluated in this part
B1: Achieves an inclusive upper or lower linut, using acceptable notation. Eg- fix) =0 or f(x)= 2
BlL: 0=f(x)<2 or 0=y<2 or 0f<2
Special Case: SC: B1BO foreither 0 <f(x)<2or 0<f<2 or 0<y<2 or(0,2)
Special Case: SC: BlBlOfor 0« x< 2.
IMPORTANT: Note that: Therefore candidates can use either v or £ 1 place of £(x)
Examples: 0<x< 2 15SC:B1B0 0< x<2 15 BOBO
x =0 i1sBOBO x< 2 15 BOBO
f(x) > 0 is BOBO f(x) < 2 15 BOBO
x>0 15 BOBO x < 2 15 BOBO
0 = f(x) = 2 1s BOBO 0<f(x)= 2 1sB1B0
0= f(x)<2 1sBIBO. f(x) = 0 is B1BO
f(x) = 2 15 B1B0 fix) =0 and f(x)< 2 15s B1B1. Must state AND {or} ~
2 =f(x)= 2 1s BOBO f(x) 20 or f(x) = 2 1sBI1BO.
If(x)} < 2 15 BIBO |f(x)] = 2 1s BOBO
1< f(x)<2i1sBIB0 1 <f(x)<2 15 BOBO
0< f(x) < 4 s B1BO 0 < f(x) < 4 15 BOBO
0= Range < 2 1s R1BO Range 15 m between 0 and 2 15 B1B0O
0 < Range < 2 15 BOBO. Range = 0 15 B1B0
Range < 2 is BIBO Range > 0 and Range < 2 is BIBO.
[0.2] 1s B1B1 (0,2) 1s SC B1BO
Aliter | &% _ o e, W oogn SoBI, BI.
@ | dr dr
Way 2 —x (=) _ dy -
At t="_ E‘Ecnslg.].--\ﬁ Eu"sm[ - ]-\E

So implied M1, A1




Notes for Question Continued
Aliter \ v Correct differentiation of thewr Cartesian equation. | B1fi
{a) 1 =:I: —— =X dv
Way 3 & dx Fmd5$=x.unuglhe:meft€anesmnequahnnouly_ Bl
Finds the value of “x" when r=i
x dy T &
Att=., ;=35m[——] o | ML
z and substitutes this ultnihei:d—"
X
d}.
| Correct value for Eufl Al
_!m:;; y=1-cos2t =1—(2cos’t —1) M1
Wav 2 = 1 - . 2—y
L _'v'=2—3cus‘r=>ms'r=—q'z=:»1—sm'.r=TJ
x¥ 2=y - i
1-|5] === (Must be mn the form y = f(x)).
% 2
.m-=3—2[1 _[5] ] Al
Allter | o _oging = ¢ =su1“{'—]
(b}
Way 3 Rearranges to make  the subyect Mi
_ ¥ and substimfes the resuli mto y.
So, _v=l~m[25m'l[';ﬂ 5
z .l'=1—rﬂs[25in'1['?]] Al oe
AN y=1—-cos2f = cos2f=1—-y = r=lcus"(1—1']
{h} - - ! -
Way 4 ;41 to make ¢ the subject
. S0 x— P Rearranges to (2 1
* 12-3111[2-:-:-5 @ '1'}] and substitutes the result info y. Bk
So. ]'=l—(‘0ﬁ[25iﬂ_l[§]] .r=]—~m.s[25in"[—'}“ Al ge
dv : 1., f 1.5
A]j:::; -di-=251nr=r::-_v=5r'+r *1_=-"-'=-".‘r'=5-‘"+f Ml
Wav5 | Eg wl - f=0 (nb:—£ < r< £), 5
- & wheneg b:-f<t< D l Full method of finding ;.-=%1" Al
eml. J=1 1=l =l =ngr using a value of r % < 1= £
. dy : Toomeoin ;
Naofte: -&1-_=lsmr=x Pk , with no attempt to find ¢ 15 M1AD

Q5.




Question

NiiiEibies Scheme Marks
(a) x=tan’t, y=sint
ax... 2(tant)sec’ Y _ cost correct® ana & | B1
di t df dt
=cost -
_dy _ cost | _ ccs“f’l theirg: |
“dx 2tantsec®t | 2sint +cost F
theirz | A
[3]
SR e 1 .
(b) When t==, x=1, Jr’=—j_;_ (need values) The point (1, =) or(1, awrt 0.71) B1. B1
These coordinates can be implied.
(¥ =sin(Z) is not sufficient for B1)
when t=% mm=3_ 5%
4 dx 2tanisec £
: . .
o o F o F e N N2 . .
= — = i = =— any of the five underlined
24| 23 2.(1(2) 442 8 expressions or awrt 0.18 | 21 3€f
|rl =
Finding an equation of a tangent
T y——L=_1(x-1) with their point and their tangent | M1y
£ 47 gradient or finds ¢ by using | 2ef
/‘ ¥y =(their gradient)x + "c" .
y=-Ltx+2 o y=Lx4+3E Correct simplified | A1 aef
4B Ap — 5 = EXACT equation of tangent | eso
Dri,=$:j1_|—c — c=jﬁ:—$ =iF
Hence T: y=gpx+gp of y=£x 432
[3]

/

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

\

A candidate who incorrectly differentiates tan” tto give
&~ Zsec’t or & =sec’tis then able to fluke the
correct answer in part (b). Such candidates can
potentially get: (a) BOM1A14 (b) B1B1B1M1AD eso.
MNote: cso means “correct solution only”.

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




Way 1

Aliter
(c)
Way 2

x=tan’t = . y=sint
cos” t
_ sin’t
1—sin®t
102
X=—
T—y°

(=)
o

V' =1x

1+ cot®f = cosec?t

Hence, 1+1 =

Hence, y~= 1-—

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 ‘' to write an equation
involving x and y.

1 x
T1—- a —
{1+ x) 1+ X

M1

M1

ddnm

Al
[4]
M1

M1
implied

ddm

Al

X

L is an acceptable response for the final accuracy A1 mark.




Aliter
(c)
Way 3

Aliter
(c)
Way 4

x=tan®t y =sint

T+tant = sec?t

1

" Cosit
1—sin’t
Hence, 1+ % = ’
=¥
Hence, y* = 1- ! or
(1+ X) 1+ X
y* =sin"t = 1—cos’t
- 1
sect |
G 1
(1+tan® 1)
Hence, y* = 1- ] - .
{1+ x) +X

Uses1+tan®t = sec?t

1

Uses sec?t = -
cos

Eliminates 'f’ to write an eqguation
invalving x and .

; 1 X
- o e
(1+ X) +X
Usessin®t = 1-cos®t
Uses cos’t = ——
sec?t

then uses sec®t =1+ tan®t

1 X
1+x

M1

M1

ddm

Al

M1

M1

ddh1

Al

I3

% is an acceptable response for the final accuracy A1 mark.




Aliter

(c) x=tan®t y =sint
Way 5
x=tanft = tant =fx

Draws a right-angled triangle and | 1
places both+fx and 1 on the

Jx triangle

p Uses Pythagoras to deduce the |
hypotenuse | M1

Hence, y = sint = Jx Eliminates ‘¢’ fo write an equation |
T involving x and y.
Hence, y* = . X a1
T+ x T+x
[4]
12 marks

% 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.

Q6.




ﬁmshon Sl Mar
r=4cns[i+%}, ¥ =2smnt
Main Scheme
(a) x:d[cnsrms[i]—ﬁnrsin[E]] ms[r +£]—rmsrms[£]isinrsin[£l M1 oe
G & 6 [ 6
el 3 E—— : Adds their expanded
So. {r+_1}—4{msnm(ﬁ] sm:m[ﬁ]]+25m! Ottt i of ) o 2sint dM1
= 4[[£]cusr -(llsmr] + 2sint
2 2,
=2+3cost * Correct proof | Al *
31
(a) Alternative Method 1
Yy = o fx T P s e
= 4[1:05!1:05[—} - mrm[-—]] cos[r - —] e cﬂsrms[—] x smrsm[—] M1 oe
] i1 (4] 6 6
= 4[[£]oos! —[%]smr}= 2+3cosr - 2sinr
So, x=2+3cosr -y Forms an equation inx, y and r. | dM1
I+}':2u"§cnsf * Correct proof | Al *
3]
Main Scheme
(b X+ y -+[l]3=1 Applies cos’r + sin’ 7 =1 to achieve an S
: E\E 2 equation contamng only x’s and y's.
Sy ¥
12 4
= (x+ P+ 3*=12 (x+ 3+ 3'=12 | Al
{a=3b=12} 121
(b Alternative Method 1
(x +¥F=12cos't =12(1-sn’ ) =12 — 125m’*¢
So, {x+yf =12—3y: Applies ms':+sm.'.' =1 tc-achmve?n Ml
equation contammng only x's and 3's.
= (x+y)F+3y=12 G+ + 3y =12 | Al
[2]
(b) Alternative Method 2
(x+ _}r}:= 12¢0s t
As 12cos’t +12sin’t =12
then (x+y)' + 3y'=12 M1, Al

(2]
5




Question  Notes

(a) M1 ms[r+%J—}m5rm{.%]:smrsm[gj or cm[r+%]—; i?}cmri[%jsiﬂ:

Note | If a candidate states cos( 4 + B)=cosdcos B * smmAsm F _ but there 15 an ervor in irs application
then gmve ML,

Awarding the dM1 mark which is dependent on the first method mark

Main dM1 | Adds thewr expanded x (whach 15 in terms of 7) to 2sin ¢
Note | Wnhng x + y = .. 15 not needed 1n the Main Scheme method

Alt 1l dM1 | Forms an equation i x, v and 7.

[ ) RE4 ; :
Al* | Evidence of msl i | and sml - | evaluated and the proof is comrect with no errors.

Note | {x+y}= 41’.‘051: +% l + 2ant by itself is MOMOAD.

(b) M1 | Applies cos’r +sin’r =1 to achieve an equation containing only x’s and y's.
Al |leading (x + ¥)" + 33" =12

SC | Award Special Case B1B0 for a candidate who wnites down either
s (x+) + 3y =12 from no working
 a=30=12, but does not provide a correct proof

Note | Altemative method 2 1s fine for M1 Al
Note | Writing (x + ¥) =12cos" r followed by 12cos’t + a(4sin° 1) =b = a=3,b=12 isSC: BIB0

Note | Wnting (x + ¥ =12cos’t followed by 12cos°t + aldsin’ )= b
o stafes a=3 b=12
e and refers to either cos’r +sm’r=1 or 12cos’ 1 +12sm’r =12

* and there 15 no incorrect working

would get M1A1

Q7.
Question Scheme Marks AQs
25 Y (4 Y
2.2
) e a g +£r3+1 M1 | 3.1a
_(2—2:‘2)2+15r2 :4+8r3+4:"
- (rj +1)2 (.rz +1)2 e 5
A 120 +1) 4A(2+1)
(.+ :)=[+2=4* Al* | 21
(fz+1) (r2+l]
(3)




M1: Attempts to substitute the given parametric forms into the Cartesian equation or the lhs of the

Cartesian equation. There may have been an (incorrect) attempt to multiply out the (x—3)  term.

dM1: Attempts to combine (at least the lhs) using correct processing into a single fraction, multiplies

out and collects terms on the numerator.
Al*: Fully correct proof showing all key steps

Question Scheme Marks AQs
Alt fj';'j y J;_I
X=— St by =P 15 F ——1
N
. 16[:5 l} M1 | 3.1a
po M , 16t x—1
2 +1 N 5.p ¥
(£ +1) { 1+IJ
x—1 _
15{5_’(] ; 2
J-‘G;_l—lﬁ[ ><[ (x=1) ] =y'=(5-x)(x-1) | aM1 | 1.1b
e | 5—x+x-1 )
[ +1|
r—1 J
v =(5-x)(x-1)=>y’ =6x-x"-5
=y’ =4—{1‘—3]: or other intermediate step Al? 21
=(x-3)"+)* =4*
(3)
(3 marks)
Notes

M1: Adopts a correct strategy for eliminating f to obtain an equation in terms of x and y only. See scheme.

Other methods exist which also lead to an appropriate equation. E_g using [ = =

dM1: Uses comrect processing to eliminate the fractions and start to ssmplify

A1¥: Fully correct proof showing all key steps

Q8.

1




Question

Kimber Scheme Marks
(a) | At4, x=—148=7 & y=(-1)'=1= A(7.1) A(1.1) | B1
(1
{h} I—P—E", _'I'—.I'Jr
E-sﬁ’-a, d_ o
dr i
dy 2 Their 2 divided by their £ | M1
dr 3r-8 Correct £ | A1
T . I T Substitutes for  to give any of the
-1y-8 3-8 -5 3 four underlined oe:
T: y—(their 1)=mir (x—(their ?]] Finding an equation of a tangent with
orl=37)+c = c=1-5 = -3 or finds ¢ and uses | dM1
¥ =(therr gradient)x + "¢".
HenceT: y=3x-%
gives T: 2x—5y—-9=0 AG 2x—5y—-9=0 | Al cs0
(3)
(© | 26 -8 =512 =9=0 Suhmnﬂnnufbcﬁx-f’:_ﬂrmq i
y=1mtol
23 - 502 -16t-9=0
¢+v{er-7-9-) i
(t + D{(t +1)(2t —9) = 0} (r+1)1s a factor.
{t=-1(at )} r=% atB t=% | Al
Candidate thetr value of fto
x-{%f-ﬂ{%}-?-ﬁ-!‘l = 33.125 or awrt 55.1 ﬂniﬂlhﬂuslehix;ycmr:mm damt
}'=({.—}1=3}=2{}.25mm20_3 One of either x or y correct. | Al
Both x and y correct. | Al
Hence B($. %) awrt (6)
[12]

Q9.




Question

Wb Scheme Marks
(@) | AtP(4.23) either 4=8cost or 23 = 4sin2¢ M1
=only solution 1s =% where 0. ¢, £ Al
(b) | x=8cosr, y=4sn2¢
dv
— =—8s1n — =8cos 2t M1 Al
dt
dy S8cos(iE)
LY i L A, o
de —8smn(Z) e
; :
= I W——
- (-8)(E) 3 |
Hence m(N) = —\E or _—1 M1
F
N: p=2B==ifi{x=4) M1
N: y= B+ 6-4’?: ) Al cso (6)
4 3
(c) | A=[ydec=[4sin2r(-8sinr)dr M1 Al
A= .[—3251'112:.3111! dt = .r—32 (2sintcost).sing dr M1
A= r—ﬁﬂr.sin: toost dr
A= jfrii.sinlrcosr dr (%) Al (4
[sin’r |* ]
(d) | 4= 164 or ~_I=54[—' MI1 Al
31 3 _.-£
(1 (15485
4= 64 ——|—£{£‘ Ml
el R T
4=54{%—l-ﬁl=%—s~f§ Al (%)
(16 marks)

Q10.




%l::en?ggp Scheme Marks
@  y=0= t(9-1)=1(3-1)(3+1)=0
r=0,3,-3 Any one correct value | B1
At =0, x= 5{[!)2 —4=—4 Method for finding one value of x | M1
Att=3, x=5(3) —4=41
(Atr=-3, x=5(-3) —4=41)
Atd x=—4-atB x=41 Both | Al (3)
dx
(b) 3 =10t Seen or implied | B1
J.ydx =J.y%dr= [#(9—#* J10rar M1 A1
= [(90r* —10* ) ar
= 9':: 2 ”;f (+€) (=308 -2¢ (+C)) Af
s 5 3
Nr 0 | _aoxat—2x3" (=324) M
83 &
A4=2[ydc=648 (units’) Al (6)
[9]

Q11.




Question

Nisaber Scheme Marks
dx 1 dx 1
{a) [l =In(f+2), 3 =r+1_l S Must state T3 Bl
Area = ! dx
m4 T, Tt a_..“— L ML
Area(R) = j die;= j | ot ot Idt Iznere limits.
w2 i+1 olt+1 Ne+2) ERTEE
J'; x| —— |dr . Tgnore limits | Al AG
el ) Les2)
Changing linuts, when: o
x=In2 =h2=In(t+2) = 2=t+2 =1=0 changes limits x — ¢ B1
) A )
y=In4 =nd4=Inr+2) = 4=1+2 =r=2 sothat In2 —0 and Ind —2
Hence. Area(R) = I ;dr
o (f+1)(+2)
[4]
(b} : | = 4 + 4 i with 4 and B found | M1
LE+DiE+2) ) (t+D  (t+2) (t+1) (£+2)
l=di{t+2y+ Bz +1)
Leti=-1 l=4d{l) = 4=1 Finds both 4 and B correctly.

Can be implied. | Al
lett=-2, 1=R(-1] = B=-1 (See note below)
j_;d‘; - | L1 &

o (E+D(t+2) Jo (f+1) (1+2)
Either £aln(?+1) or =bln{r+2) | dM1

[m(r+1j:-1n(.r+2)]j

(m3-In4)—(Inl-In2)

In3-In4+m2=m3-In2=In{$)

Both In terms correctly ft.

Substitutes borl limits of 2 and 0
and subtracts the correct way round.
m3-ind4<2or n(2)—In(i)
or n3-In2 or In{3|

(mmst deal with In 1)

Al

ddM1

Al aefisw

[6]

/ 1 1

Takes out brackets.

Writing down

C+0@+2) (<D

means first M1AO in (b).
(£+2)

Writing down :

(+10+2) (<D

means first MIAT in {b).
(t+2)




Question

Nt Scheme Marks
x=In(t+2]}, '|'=i
i i+l
. 3 = > Attempt to malke 7 =... the subject | M1
© Sian L giving t=e* -2 | Al
1 ) Eliminates f by substituting in v | dM1
: e 241 g 1l=E"—1 giving y=—— | Al
e'—1
[4]
f+1== = f=—=1 of t=i2¥ A K he subject | M1
i I+l=— i I'=— ! f= t
-”?f*'f ” p 3 Attempt to make r = ... the subject |
o) 1-y o 1 1-y
Way 2 yi+l)=1 = yi+y=1 = yi=1-y =i="o ving either f=—-1 or f=—— | A1
¥ y ¥
x=In i—1— 2| or x =]:1: -y 2 ! Eliminates ¢ by substituting in x | dM1
] Lo ]
x=Inj = +1]
¥y )
e’ =1—1
-'1.
g —1=l
y
y= _1 giving h]'=L Al
e -1 e’ —1
[4]
(d) Domain: x>0 x>0orjust=0 | Bl
[1]




Question

Nt Scheme Marks
Aliter Attempt to make r+1= ... the subject | M1
.- X _ g + o . @ .
1'1';5}-% © o = t+l=e 1 giving 1 + 1 =f_‘1 -1 | Al
1 1 Eliminates 1 by substituting in v | dM1
¥ =l -
f+1 e —1 giving y= Al
e -1
[4]
_—Hr'fe’;‘ ; 1 ek Qo 1+y Attempt to makel t+2=__ the m;bjecr M1
‘-.C E+ =_. =_._ = 3 3 + LT A it _J- §
Way 4 h! 1 3 Either r+ 2 = ) +lor t+2= » Al
[ '_ 1+ i T
x=ln|—+1| or x=lnj— I Eliminates f by substituting in x | dM]1
Wy v
X= ]11i —+1
() I'|_' |
9‘=1—1 = .a=:'—1=l
¥y ¥
1 :
= giving y = Al
et -1 e’ —1
[4]

Q12.




Question
MNumber

Scheme

Marks

(a)

()

| Note: You can markparts (a) and (b) together. ]

x=4f+3, _w:=4:r+5+i
2f

oy By I pak Eoaa¥o b E=4—§r‘=

| dt 2 T x4 a2

3

e | - £ !
2 [_ 3.4 e b] } Candidate’s d divided by a candidate’s %
4

dar

{(Whent=2,} === Z or 0.84375 cao

El

M1
0.8,

Al

 Way 2: Cartesian Method

.
dy i 10 dx (x—3)

a  (x-3) dy

e e -
{‘Whmr=2,x=11} ':1—'}=d—_II| a7 or 0.84375 cao

El

M1

 Way 3. Cartesian Method 0000
& (2x+2W(x—3—(x" +2x—3)
a (x—3)

x—6x— l.l

dy _ f'(x0)(x-3)-U(x)

dx (x—3)° :
e where T =their "X + v+ 2", W) =1 =3
Vv 27 27

{Whent=2,x=11} —==27 i

M1

-
|
"

: ,? : x—3
b= = y=4 +B4—— Eliminates f to achieve
? an equation in only x and ¥

.
|k
|

y=xr-3+8+

’ x-3

;.-=[’*"3]{“33‘*;'[1"3}”“ or Y(x-3)=(x—3)x—3)+8(x—3+10
r_

- (x+5)(x—3)+10 B (x+3¥x-3) " 10

See notes

Correct algebra leading to

2 +2x-5 =
y=——— o1 a=2and h=-5




Question

Number Scheme Marks
(b) .-'ﬂteu:;l.rh'e Method 1 of Equating Coefficients
=r;—+x3+b = yx-=x"+amx+b

Vix=3=(4t+3) + 2(4+3) -5 = 161+ 32t +10

K +ar+b=(4t+3) +a(dt+3)+ b SRS |

(G rataed St6ael) T etonimenty amis| M

£ Medasn S e e,

constant: 9+ 3a+b=10 —=b=-5 e R i s 8 T

.................................................................................................................... "““f:;-r

(b) | Alternanve Method 1 uf Equ'lu'.gz Cae RERRMS oo s et L e L st S o) e

-3 5
= .> y= 4[ — | +8+ : Eliminates f to achieve
| J T | : :
L J gl ; J an equation in only x and ¥

x—3 2" (x-3)
1(x N=(x+9x-3+ 0= X +ax+b=(x+Hx-3) + 10

Correct algebra leading to

2+ 2x-5 or equating coefficients to g e
= ¥= 1—73 give d=2and b=-5 y=—"" or a=2and b=-5

x—3

M1

dhI1

Al
cs0




Quesdon Notes

(a) Bl E=4 and E=4—Er{ or E= SF;T:' or ﬂ= 4 - 5(2673(2). ete.
df df 2 dt 2 di
Note % can be simplified or vo-simplified.

(b)

. Note |

You can imply the Bl mark by later worldng. . .

dy dx ' df
Candidate’s —» divided by a candidate’s — or L multiplied by a candidate’s —
di ) dt dt dx

M1
Note M1 can be also be obtained by substituting f =2 into both their E and ther E and then
... | dividing their values the comect wayround.
Al Z_ or 0.84375 cao
32
.Ml | Elinunates ftoachieve anequationinonlyxandy. .. ...
dM1 dependent on the first method mark being awarded.

__Note | Condone “invisible” brackets fordM1.
. ) . _ X +2x-5 -
Al Correct algebra with no incorrect working leading to }-‘=? or a=2and b=-5
" Note | Some examples for the award of dM1in (b): T
10 T—3x-3)+8+10
aMOfor y=x—-3+8+ 0 5 o FTNE-N+EI0 o ibe 48—+
x—13 x-3
r-3x-3+10
T Gy B sy IR, e b it
-3 x-3
LT I, W . . 5.t TS T
: x—3 g -3
10
dMO for y=x+5+ = ¥x-3)=x(x-3+5x-3)+ 10{x—3). Should be just 10.
I_
5 0 +2x-5 ; : i
Note y=x+5+ P - V= = with no intermediate working is dM1AL.

Fither: (ignoring sign slips or constant slips, noting that k can be 1)

¢ Combining all three parts of their x — 3 + 8+ [ 1{53] to form a single fraction with a
==X

common denominator of TR(X—3). Accept three separate fractions with the same

denominator.
(10 x—3)
s Combining both parts of their v +5 + ] . (where x + 5 is their 4[T,f + &),
I X — I \

to form a single fraction with a commen denominator of TE(X—3). Accept two separate

fractions with the same denominator.

s Multiplies both sides of their y=x -3 +§+l£] or their y=x+5 + | = Jb}'
= (pa, — T Lz,

Tk(x—3). Note that all terms in their equation must be multiplied by Th(x—3).

Q13.



Question Se M
Number
z=4m|r+—] y=3cos s 0, r<ly
() == eos| 1+ 2 %=—ﬁsmz.l Bl Bl
Sﬂ.%= —ﬂlmll
4ml;+£l Bl\ro:
E]|
dy
(1] u=>} —6sin2r =0 M1 oe
d“ ¥
cof A
= = 2ol =2 = =
wi=0, x 4m|l6| 2, y=3leesO=3 (2.3 M1
(2% 3
@ =X zadmlT}n%.yrkﬂskﬂ—l—iﬂﬁ,—l}l
. (7x)
=7, x=4m|-a-r—-2 y=leog 2r=3 = [=1.3)
@::%.r:lml% ="’[';E} , ¥y=3cosIr=-3 = (-243 -3 AlAlAL
[51
8
dx dy
(a) Bl: E.I‘MEMD{; 44:1:5|:+6I| ;:—ﬁm . They do not have to be simplified.
B1: Bod:l%aﬂl:famm They do not have to be simplified.
Any of both of the first two marks can be imphed.
Drom”t woorry too much about their notation for the first two B marks.
Bl: 'I‘IJne-n'E :ﬁ\dﬂhd.hgdrﬂE of Md_'l-' ; Mote: This is a follow throngh mark
dr de dr .‘El
| dr
i ive difl ot
= ZJ_MH.’!mr:: == =23 cosr - Psing
2 dy <
=¥Teos"r - 1) = ;:3{—atm.rmr]
or y=3cos 1 —3sin ¢ = %:—ﬁmsranr—ﬁmn.rmr
of y=3¥1-2sm%) = —-3-: &cosismi)
(bl

M1 Candadate sets then numerator from part (a) or their %:walmﬂ.

Mote that their numerator must be a trig function. Ipnore % equal to 0 at this stage .
M1: Candidate substimates a found value of f, to attemgpt to find either one of x or y.
The first two method marks can be implied by ONE correct set of coordinates for (x, v)or (v, r) interchanged.

A cofrect poanl cosung from NO WORKING e be awanded MM
Al: At least TWO sets of coordinates.

Al: At least THREE seis of coondinates.
Al: ONLY FOUR correct sets of coordinates. If there are more than 4 sets of coordinates then award AD
Note: Candidate can use the diagram’s symmetry to wnite down some of their coordinates.

Note: wm::-t:m[%]:: .y =3c0s 0 = 3 is acceptable for 2 pair of coordinates.

Also it is fine for candidates to display thewr coordinates on a table of values_

Mote: The coondinates most be exact for the acouracy marks. Ie (346 -3) or (-3.46.__, -3) 15 AD.
d_.

MNote: E}a 0= sing =0 ONLY is fine for the first M1, and potentially the following M1A1ADAD.

Note: %=U=ﬁm:=ﬂﬂNLY|sﬁmmmcﬁ:uH1 and potentially the following M1ATADAD.

Note: %:ﬂ:ﬁtﬁm:ﬂ& eosf =0 has the potential to achieve all five marks.
Note: It 15 possible for a candadate to gain full marks in part (b) if they make sign ermors in par (3).

Someeuhdmsmayuxy im_:balmmwlhe}-mﬂammpmmui
Thiey wll then deduce that ¢ =0 or & and proceed to find the r-coordinate of their maximmam pomt. These
candudates will recesve no credit until they attempt to find one of the x-coordmates for the maxnmum point.

MIMI: Candidate states y =3 and aftempts to substitute 1 =0 or xm4=4m|;+§'|

MI1M1 can be imphed by candidate stating either (2, 3) or (2, -3).
Note: these marks can only be awarded topether for a candidate usmg this method

Al: For both (2, 3) or {-2,3).

ADAQ: Candidate cannot achieve the final two marks by using this method. They can, however, achieve these
miarks by subsequently solving thed numerator equal to 0




Q14.

Question
M Scheme Marks
o] (a) —=—4sm 2., ——=0¢ost B1, B1
dy  Gcost [_ 3 } M
dx 4sm2t | dsinr
At 1= = m= I accept equivalents, awrt —0.87 Al 4
3 ax¥d 2 kot : . w
(b} Use of cos2t=1-2sin’ ¢ M1
cos2r=2, sinr=2
1:1_;[-*_'] M1
2 6,
Leading to y=4(18-9x) [=3*.,1'{.‘—:x}) cao Al
-2sx=<2 k=2 B1 (4)
(c) 0=<f(x)=<6 either 0 <f(x) or f(x)<6 B1
Fully correct. Accept 0y <6. [0, 15] B1 (2)
[10]
Alternatives to (a) where the parameter is eliminared
® y=(18-9x)}
dy _1 o
=5 (18-9%) T x(-9) B1
5l
Atr=£, x=cus£=—1 B1
3 3
E “lx : x—0= —ﬂ
@ ¥ =18-9x
dy
2y—=-=9 E1
dr
atr=£ }=ﬁgm—=*\‘a 51
dy 9 V3
— o M1 AT (4)
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— Scheme Marks
i 2z 2n 3
X=r—4dsint, y=1-2cost, y EJ:%T A(k_1) hes on the curve, k>0
(a) {"Ju'hrm_v=L}1=‘l—21:4;:5|r=:«a*=—£~£
212 Sets y=1 to find r Ml
T X " x and uses their 1 to find x.
Florx)=——4sm|—| or x=———4sm| - —
2 2 2 2
{"iii«’l:.a-:l.r:—f._k:=~IZII,}sr:ul'=4—£4:'-rﬂ'_}r xork=4-= | Al
2 2 2 2
(2]
& ; Atleastmenf% m‘% correct. | Bl
i) — =1-4cost, %=35im o E
Both — and = are correct. | Bl
dr dr
1 FL d
So, .. It Applies their . divided by their =
dr 1—4cost dr df M-
and substifutes their t intoﬂ:leh'ﬂ.
zm[—i] a
x dy . 2
Att=——, —=———— ¢ . == dy
2 dx 4@5[ fr} Correct value for —of -2 | Al
Ty dv
2 can Cs0
[4]
2sint 1 - dy 1
C —_— Sets theirr — =~ M1
© 1-4cost 2 dx 2
gives dsinf — 4cosr = -1 See notes | Al
So 4E5m[r—§]_=—l or —4ﬁcm{r+%1.=—l See notes | M1 Al
r=5il:|'1[ - ]+£ or |!‘=ca-5‘i[ 1 ]-E- See notes | dM1
2] 4 w2) 4
t = 0.6076875626... = 0.6077 (4 dp) anything that rounds to 0.6077 | Al
[6]
12
Cestion  Nofes
VERY IMPORTANT NOTE FOR PART (c)
(c) NOTE | Candidates who state t = 0.6077 wath no intermediate workang from 4sint — 4cost = —1
will get 2 M0, 2 AD_ 3" MO, 3™ AD.
They will not express 4sin? — 4cost as either -hEsin[r—%] or —4£¢05[r+%] 2
OR. use any acceptable alternative method to aclueve ¢ = 0.6077
NOTE | Altemnative methods for part (c) are given on the next page.




Question  Alternative Methods for Part (c)

{c) | Alternative Method 1:
T ¥
. setstheir 2 - -1 [ ap
1—4cosr 2 dr 2
ESAIIJF ; 1 2 4 - 1 H OfTect ﬁ
eg. |——— | =— or (4sinr) = (4cost - 1) Squanng o giveac equation.
1—dcost 4 This muark can be implied | Al
or (4smr 1 = {4cm:}:ﬂc. by a “squared” correct equation.
Note: You can also give 17 Al in this method
for 4sinf — 4cost = —1 as in the main scheme.
Squares their equation, applies s’ ¢ + cos” t =1 and aclueves a
three term quadratic equation of the form tacos’t heost tc=0 | M1
or *asin’t+ bsint +¢=0 oreg +acos’t+heost = ¢ where a=0 b= 0 and c= 0.
e Either 32cos’7-8cosr—15=0 = = e == Ul
7 correct t ;
e or 32sin’t + 8sinf —15=0 o Gt s i
Bx.f1984 1+ .31
s FEither cosr= = = r=005"(_.) which is dependent
o4 5 on the 2™ M1 mark. M1
Uses correct algebraic
-9+ gk y i
- S 8_54.,{' 1984 _ l_aqln' 31 e il ) processes to give f=__
r= 0.6076875626... = 0.6077 (4 dp) anything that rounds to 0.6077 | Al
[6]
() | Alternative Method 2:
25 1 y 1
L IROR.. Sets their @ =—— | Ml
1—4cosr 2 de 2
- 1 Squanng to give a correct equation.
eg- (Asint—demt) = \-1) This mark can be implied by a correct equation. 41
Note: You can also pive 1% Al in this method
for 4sint — 4eost = —1 as in the main scheme.
So 16sint — 32sintcost + 16c0s™f = 1
Squares their equation, applies both
sin®t + cos’t =1 and sin2f = 2sinrcost and -
: : then aclieves an equation of the form
leading to 16 -16sin2r =1 tathsnli=*+c¢
16 —165m2f = 1 or equvalent | Al
o which is dependent
{mz,r:E::I r:m—[_.__j on the 2* M1 mark. | dM1
16 J 2 Uses correct algebraic processes to give 1=,
r= 0.6076875626... = 0.6077 (4 dp) anything that rounds to 0.6077 | Al

[6]




Question  Notes

(a)

(b)

(c)

M1

Note

Al
Note

Note
Bl
Bl

A1

Note

Note

Al

1301
1" A1

2% N f1

Note

™ an
4™ a1

Note

Note

Sets y=1 to find r and vses their r to find x.

M1 can be implied by either x or k=4 - = or2429._ or = -4 or —2429..

.

xork=4-2 or . S g
2 2

A decimal answer of 2,429 (without a correct exact answer) 15 AQ.

Allow A1 for a candidate using r=§ to find r=§-4 and then statmg that & must be 4 -% 0.8

At least one of % ar% correct. Note: that this mark can be implied from thewr working.

Both ;IE and ‘f—i: are correct. Note: that this mark can be unplied from thewr working
'y

Apples thew % divided by their % and attempts to substitute thewr £ into thewr expression for % :
Thus mark may be umphied by their final answer.

dy Zsinf
Le i=ir followed by an answer of —2(&0111;:—%} mi(fmm::%)

dv 1-—4cos

P dy dv dy dx
4 Iving — divided by ther — 15 MO, even if they state — = — + — |
APPY g1;l.|‘ by dr ) de dr dr

Using f = —% and not 1 = -i—}r ] to find a correct %of —2 by correct selution oniy.
F.s X

If a candidate uses an mcorrect ;lﬂ expression wm part () then the accuracy marks are not obtamable.
X

Sets I:Iljei.rE =—
dx

| e

Rearranges to give the correct equation with sinr and cosr on the same side.

; . , 1 1
eg. 4simf —4cost=-1 or 4cosr —4smr= 1 or sm.r-msr=-z Oor COSt—=smi= —

or 4smr-4cosf+1=0 or 4cosf—4smr-1=0 or smr—ccrsr+%=ﬂetc_are fine for Al.

Rewntes £Asint + grcost in the form of either Reos(t £ @) or Rsm(t £ )
where R=1lor0 and o =0

Correct equation. Eg. 4&5&11[!—%]= -1 or —4EEDE[I+§] =-1

] 1 1
of ﬁsln[r—£]=—— or ﬁcm[r +£] = —, efc.
4 4 4 4

Unless recovered, give A0 for 4\4551'11{!—45“}= -1 or —4£cns{1+45°} =—1 et
which is dependent on the 2" M1 mark. Uses correct algebraic processes fo give t =
anything that rounds to 0.6077

o

] 2
Do not give the final Al mark in (¢) if there any extra solutions given in the range ——* < 1 < .

5 - . . 7 5 2x 2x
You can give the final A1 mark in (c) if extra solutions are given outside of - T E-olf o T

Q16.
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