Questions
Q1.

The hyperbola H has equation

X7 Y

16 4
The line | is a tangent to H at the point P (4 cosh a, 2 sinh a), where a is a constant, a # 0
(a) Using calculus, show that an equation for | is

2ysinha-xcosha+4=0

The line | cuts the y-axis at the point A.

(b) Find the coordinates of A in terms of a.

The point B has coordinates (0, 10 sinh a) and the point S is the focus of H for which x > 0

(c) Show that the line segment AS is perpendicular to the line segment BS.

(Total for question = 11 marks)

Q2.

The hyperbola H has equation

where a and b are positive constants.

21
The hyperbola H has eccentricity 4  and passes through the point (12, 5).

Find

(a) the value of a and the value of b,

(b) the coordinates of the foci of H

(Total for question =5 marks)



Q3.

o2 2
el 3/
The ellipse E has equation 25 9 =1

The line L has equation y = mx + ¢, where m and c are constants.
Given that L is a tangent to E,
(a) show that

c?-25m?=9

(b) find the equations of the tangents to E which pass through the points (3, 4).

(Total for question = 9 marks)

Q4.

The line with equation x = 9 is a directrix of an ellipse with equation
x y’
—+—=1
a 8

where a is a positive constant.

Find the two possible exact values of the constant a.

(Total for question = 6 marks)
Q5.

An ellipse has equation

-—L]._—-zl
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The point P lies on the ellipse and has coordinates (5cos 6, 2sin 8), 0 < < 2
The line L is a normal to the ellipse at the point P.

(a) Show that an equation for L is

5x sin 6 — 2y cos 6 = 21 sin 6 cos 6

Given that the line L crosses the y-axis at the point Q and that M is the midpoint of PQ,

(b) find the exact area of triangle OPM, where O is the origin, giving your answer as a multiple of sin 26

(Total for question = 11 marks)



Q6.

The hyperbola H has equation

The line | is a normal to H at the point P (asec6, btan6), 0 < 6 <2
(a) Using calculus, show that an equation for | is

axsing + by = (a2 + b?tané

The line | meets the x-axis at the point Q, and the point M is the midpoint of PQ.

(b) Find the coordinates of M.

(c) Hence find the cartesian equation of the locus of M as 6 varies, giving your answer in the form y2 =

f(x).

(Total for question = 12 marks)

Q7.
A hyperbola H has equation

x° Yy

a” 9 where a is a positive constant
The foci of H are at the points with coordinates (6, 0) and (-6, 0)
Find

(a) the exact value of the constant a,

(b) the equations of the directrices of H.

(Total for question = 6 marks)



Q8.

An ellipse has equation

:+',=1 a>0,.b>0

The line | has equationy = mx + cwherem<0and c>0

Given that | is a tangent to the ellipse,

(a) show that c? = b? + a?m?

The tangent | meets the positive x-axis at the point A and the positive y-axis at the point B.
The origin is O.

Given that m varies,

(b) show that the minimum area of triangle OAB is ab.

(Total for question = 11 marks)

Q9.
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The hyperbola H has equation a b

X '
=]
and the ellipse E has equation @~ &

wherea>b>0

The line | is a tangent to hyperbola H at the point P (a sec 6, b tan 6), where
(a) Using calculus, show that an equation for | is

bx sec 6 — ay tan 6 = ab

Given that the point F is the focus of ellipseE for which x > 0 and that the line | passes through F,

(b) show that | is parallel to the line y = x

(Total for question = 9 marks)



Examiner's Report

Q1.

Most tried to find the equation for the tangent to the hyperbola by using the parametric form of x and y.
This proved to be easier than differentiating implicitly or explicitly. In establishing the printed result, some

cosha
candidates jumped from (y — 2sinha) = 2=smha (X — 4cosha) to 2ysinha — xcosha + 4 = 0 with no
intermediate work and thereby lost the final accuracy mark in this part.
Part (b) was very straightforward for the majority of candidates although there were a few who found
where the tangent crossed the x-axis instead of the y-axis.
In (c), provided that the candidate used the correct eccentricity equation, it was relatively straightforward
to find the correct value for ae although some multiplied e by 16 rather than 8. It was then relatively easy
to find the gradients of AS and BS and prove these lines were perpendicular or to use vector AS and BS
and prove the scalar product to be zero. The only problem was that some forgot to give a conclusion.

Q2.

This was a good source of 5 marks for many students. In part (a), almost all students used the correct
eccentricity formula and substituted x = 12 and y = 5 into the hyperbola and solved the resulting
simultaneous equations in a and b. There were occasional processing errors and some gave the positive
and negative values for a and b. The majority of students knew how to find the foci in part (b) and a follow
through mark was available for those with earlier errors. A significant number of students gave only the
positive focus.

Q3.

In part (a) the majority of students substituted the general equation of the straight line into the equation of
the ellipse and then used the property of equal roots for the resulting quadratic in x. The second most
popular method was to find a general tangent to the ellipse using the parametric form (5 cos 6, 3 sin 6) to

3cosd 3 ( 3 Y ( 3«:050\}'

y=————X+— : J—35— .
give S5sin @ sin@ and then to show \ 118 \ Ssmé& ) A small number of
students took more laborious routes involving implicit differentiation and simultaneous equations and such
methods were met with varying degrees of success. It is worth pointing out here that students cannot
simply quote the general result a?m? + b? = ¢ and expect to gain any marks. This was, after all, the result
they were being asked to prove.

Many fully correct solutions were seen in part (b) and the main method was to substitute the given point
into the general straight line and then solve this simultaneously with the result achieved in part (a). There
were a large number of students who thought the point (3, 4) was on the ellipse and proceeded to find the
equation of the tangent to the ellipse at that point.

Q4.

Most used the correct equations for the directrix and the eccentricity and were then able to proceed to
eliminate either a or e to obtain a quadratic in one variable. Most then succeed in finding the two values of
a although there were a number of candidates who multiplied their value of e by 81 and not 9.



Q5.

Most got (a) fully correct although the occasional student lost an x somewhere in the middle but "found" it
again at the end as the answer was given.

In (b) most correctly found the coordinates of Q and many then went on to find the coordinates of M
although some made errors in calculating the y coordinate. There were then many different ways of
finishing the question. The first method was to find the coordinates of the point (which can be called L)
where the line given in (a) cuts the x-axis and then find the areas of the triangles OPL and OML and add
them together. Alternatively some used the determinant method to find the area of the triangle required.
The next method did not need the coordinates of M but used triangle OPQ and then used the fact that
area of triangle OPM was half of this due to the fact that distance PM = %2 x distance QM — this was quite
popular. Very few used the method of finding distance OP and then the distance from the point M to line
OP. The most common error was to work out the area of triangle OQM but not explain why this area was
the same as area of triangle OPM (due to distance PM = distance MQ)

Q6.

dy

Differentiation of the Cartesian equation and the parametric equations to find dx were equally popular
bsec’ @ b

and few errors were made. Students who simplified @sec@tané initially to obtain @siné generally
found the later algebra easier. Writing down the equation of the normal was well done though a small
number of students wrote down the tangent equation. Most solutions managed to manipulate their normal
equation correctly to reach the printed answer.

Calculation of the intersection of this normal with the x-axis (point Q) generally caused no problems.
There was no requirement to simplify the trigonometry but students who did generally found later parts of
the question easier. Finding the mid-point, M, of the line from a point on the hyperbola to Q was generally
successful though a few solutions subtracted the x coordinates. Final answers for M were of varying
degrees of complexity thus causing problems later.

Part (c) was a discriminator with a high proportion of students not attempting or making little progress in
converting the parametric coordinates of M into a Cartesian equation. Making sec6 and tan@ the subject
of the equations was the easiest method but using an incorrect version of 1 + tan?6 = sec?8 was a costly
error for a number of students. A few solutions used sin?6 + cos? 6 = 1 though this resulted in more work.
Making y? the subject of this equation was challenging (or ignored) for many and final answers varied in
the amount of simplification shown.

Q7.

Although a few slips were seen the majority of candidates emerged with all six marks here. In the first

part, V27 was occasionally given for the value of a. In part (b), a few candidates did not give their
answer as equations for the directrices. Weaker responses included those using incorrect identities such
as the eccentricity formula for an ellipse. A very small number confused e with the base of natural
logarithms.



Q8.

This question on an ellipse was fairly discriminating, particularly in part (b), but a substantial number of
candidates scored most of the marks here.

In part (a), most eliminated y and expanded (mx + c)? correctly but then some did not realise the need to
use the discriminant. Those that did, often went on to achieve the given answer with no errors although
some got bogged down in the algebra. It was rare to see the alternative verification of the result using a

dy

parameter. Some weaker responses merely found dx or attempted the equation of the tangent but made
no further progress.

Some candidates did not offer an attempt for part (b) but it was relatively common to see the correct
coordinates for the intercepts and an appropriate expression for the area. Some could not progress from
this point but many did use the result in part (a) to establish an expression for the area in one variable,
usually m. Those who did further work usually differentiated their expression correctly, set it equal to 0
and solved for m. The last mark proved quite hard to score since many did not correctly handle the fact

b

"
that m was negative and that the minimum area occurred when a. A significant number of

_ab

A=
candidates were successful using parametric coordinates. Those who obtained the correct sin2é
often went on to score all the marks provided they had a valid argument to show that this produced a
minimum area of ab.

Qo.

Part (a) was answered well with most students scoring full marks. Few errors were made differentiating
bsec™ 6 b

implicitly to reach a gradient of asecftané or asiné. Most students applied the formulay — y; = m(x —
X1) to write down the equation of the tangent and then rearranged using sec?6 - tan?6 = 1 to reach the
printed answer. There were occasional careless errors. A few solutions preferred the y = mx + ¢ approach
to produce a tangent equation though this did require a lot more manipulation.

Part (b) proved to be a major challenge for students and few correct solutions were seen. The approach
for many seemed to be to write down any formulae they knew and then play around without any obvious
coherent strategy. A simple diagram may well have helped understand the overall direction in which to
proceed. Often a maximum of two marks were scored by writing the focus as (ae,0) and applying these
coordinates in the tangent equation to obtain esec 6 = 1 or cos 6 = e. Occasionally tae was written down
and it was quite a search to see that only the positive one was being used.

There were few errors writing down a formula for the eccentricity of the ellipse though it was not always

applied in a convincing way. The easiest way to the answer was to write the answer to the gradient from
, b b

part () as 95 aVl-cos’@ avl-e'  The application of the eccentricity formula soon reaches a

gradient of value 1. Solutions which used the eccentricity formula at an earlier stage to reach
a

Va' -5’ often stopped as tan 6 was not calculated. The approach in which the equation of the

T
tangent was simplified to V' =X—va- —b" \as the least popular, but when done this way was generally
successful



Mark Scheme

QL.

Question

Scheme

Marks

(a)

4‘ 2cosha

& _ 4¢1 _7
d‘9—-1smha and 5 cosha so =520

M1: Differentiates x and y and divides correctly
Al: Correct derivative in terms of a

f) y!
OR—I—"U = s x 4cosha

16 4 4}' Ssinha

M1: Differentiates implicitly to obtain px —gyy'= 0and makes y'the subject
Al: Correct derivative in terms of o

OR v=@_:> X 4cosha _1cpsha
) ) W16 2i6cosh? a-16 ( Ssmha

M1: Differentiates explicitly to obtain y'= JLw
X* =

A1l: Correct derivative in terms of o

MIAIL

Equation of tangent 1s (y —2sinh ) = 282 (x —4cosh &) (I)

M1

Correct straight line method using theu' gradient in terms of o

2ysinh @ —4sinh’ & = xcosha —4 cosh’ & (II)

2,\'sinhar+4(<:osh2 o —sinh’ a)—xcosha =0=2ysinha—xcosha+4=0*%

Al*

See use of cosh’ @ —sinh® @ =1to give printed answer — there must be some
working to establish the printed answer: (I) to = is A0, (II) to ~is Al

)

(b)

M1: Uses x =0 in the given equation to

Puts x =0 to give 4 is ( 0 find y

5
\ ’sinha'}

- i
Al: y=gz0r V=557

MIAl

(c)

Uses the correct eccentncm formula to
obtain a value for a°¢® or ae

Or finds a value for e and multiplies by a.
Or finds a value for ¢ and multiplies by a

TR o (e: —1‘):> a‘e’ =20

M1

Correct value for ae
Allow correct answer only

20 or 245

Al

2

Sha St — _10siha
SFor Gradient BS N

(25 2 ]

2 |or BS=
[—10sinha

smha

5

Gradient AS =

Or AS=

Bl

At least one correct gradient or vector (allow as “coordinates™) in terms of sinho
(allow if also in terms of @ and or ¢)
2
sinha 10sinha
or dearal ae or deoral

E.g Gradient AS = or Gradient BS= —

M1: Multiplies their AS and BS gradients or

uses scalar product e.g. SB.SA in terms of
sinha only and must be seen explicitly.

2
snlha lOsinha=_1

25 25

y . Al: Product = -1 or scalar product = 0 with
so AS and BS are perpendicular ; :

no errors and conclusion

MI1A1l

®)

Total 11




Q2.

Question

awrt 4. 47 Do not allow £ in either case

Nt Scheme Notes Marks
L oeni
a: b
(a) Substitutes the given point into the
12?32 (21 ? | | hyperbola with the 12 and 5 correctly
Ol 7 =1and 5" =a’ [%] -1 \ positioned and substitutes the given value | M1
3 % / | of e into the correct eccentricity
equation.
2 5 , 144 80 3
b =—a =>—-—-—=1=aora = ) ]
16 a a Solves simultaneously to obtain a value
= = Ml
45 25 foraora orborb
of ———==0=bordb’ =
» b
a=8 b=y20 Allow equivalents for Ji)e.g_ Z\E.or Al Al
awrt 4 47 Do not allow + in either case
G
(b) (£ae.0) (+7~/—_ 0) Both (.follow through their a). Must be Blf
coordinates.
1)
Total 5
Alternati\‘e to (a):
12 =asecd s J_ Substitutes the given value of e into the
5—btan O and 5’ =a’ l =1 correct eccentricity equation and
3 . substitutes the given point into the Ml
b_N5 b i - SO ) 5 correct parametric form and elininates
a 4 a 12 35 |aandb
5
COS@C9=ﬁ=>G=--- orb=_.. Solves to obtain a value for a or b Ml
e b=J)_O Allow equivalents for \li)e.g. ?A/gor Al Al




Q3.

estion
CIZ\IlllmJber Scheme Notes Marks
@ x* (mx+c )2 Uses E and L to obtain an Mi
25 + 9 =1 equation in one variable
9x? + 25(7712.\*2 +2emx+c’ ) =225
(25m +9)x* +50cmx +25¢ =225 =0 Comrect quadratic with terms | |
~ : collected
b = 4ac = (50cm)’ =4(25m* +9)(25¢* —225) | Use of 5 = 4ac Ml
2500c’m® = 4(625¢*'m* —5625m” +225¢* —2025)
225¢* —5625m* = 2025
B _ el Achieves printed answer with Al*
110 errors
Use of the unproved general case a*m?* + b* = ¢ scores no marks
I @
See end of scheme for alternatives
(b) ) Uses the point (3. 4) and solves
c=4-3m=(4-3m) - 25m* =9 simultaneously to obtain an Ml
equation in one variable
16m° +24m—7=0
1 7 M1: Solves their quadratic to
(4m-1)(4m+7)=0=>m=—, —— obtan 2 values for m MI1Al
4 3 Al: Correct values
1 13 7 37 ;
M=—oC=—, M=——>DC="— Finds at least one value for ¢ Ml
4 4 4 4
1 13 7 37 .
y=—X+—. y=——X+— :
2 2 2 Correct equations Al
(©)
(h) 4—c (4—c) Uses the point (3. 4) and solves
Way 2 m= =c*-25 ( —] =9 simultaneously to obtain an Ml
3 equation in one variable
16¢° —200c +481=0
, 37 13 M1: Solves their quadratic to
(4c-37)(4c-13)=0=c=—, — obtain 2 values for ¢ MI1A1l
4 Al: Correct values
C=£:, X . 37 = ¥ Finds at least one least one Ml
4 4’ value for m
1 13 7 37 .
Yy=—X+— y=——X+— :
] X PRt y + 2 Correct equations Al
Generally if candidates assume (3, 4) lies on the ellipse they score no marks
&)
Total 9




Alternatives to (a)

Tangent at (5cos8,3smn 6)is M1: Full attempt at a general tangent
__3cosé - 3 AlL-C MIAI
. Ssind  sinf e
Way 2 3 Y
2 2 COos™ - B . > - el
c=-25m" =——-25 — Substitutes their ¢ and m into ¢* —25m* M1
sm” @ 25sin” &
c?—25m* =9* Achieves printed answer with no errors Al*
2 3 2x 2y dy
e E et
25 9 25 9 dx
dy  9x _ Ox
dx 25y 25y
9 25mc 9c
=- =mx+c>x=—-—-——and y= ——
25m 9+25m*° 9+25m"
Way 3 | MI: Differentiates implicitly. uses &-‘— =mand y =mx+cto obtain x and y in terms of
x
mand ¢ MIALl
s
Al':":_ch‘and 1v=9—c‘
9+25m- T 9+25m°
) 2 5a, 12 2 . ] )
o ey, SOWT 9e _—1 | Substitutes their x and y in terms of Ml
25 9 (9+25m*)"  (9+25m*) m and ¢ into E
25m3c? +9¢% = (9+25m*) = ¢ —25m* =9* Ackiryes pomisd mwer wphion | gq0

SIT01S




Q4.

Question
Number

Scheme

Marks

+2_19 and a*(1-¢*)=8
e

Both equations correct

Bl

a*-81a° +648=0 or
8le* —81e° +8=0

M1: Eliminates an unknown to
. - 2 bl
produce a quadratic in @~ or e

Al: Correct three term quadratic
in any form with terms collected

MIAL1

(a®-72)(a®-9)=0=a"=_.
or
(96 -8)(9¢°-1)=0= e’ = .

Uses a standard method (see
notes) to solve quadratic as far as

a*=.. or ¢ =.. (Mustbe

a’ =... or & =_.. at this stage not
a=_...or e= ... but this may be
implied by later work)

May be implied by correct
answers only.

M1

a=3and a=6\/§

M1: Complete method to find a.

Either square roots from a” = ...

or square roots from e* =.._. and
uses a = 9e at least once

Al: cao (both answers correct). Do
not accept =+ for either of the
answers unless the negative 1s
rejected later.

MIAIL

(6)

Total 6




Q5.

?\T‘::::;:rn Scheme Notes Marks
x? y? :
—+-—=1 P(5co0s6.2sm6)
25 4
(@) £=—5si116. £=2cos6
dé dé .
Correct derivatives or correct
or p S i B1
implicit differentiation
2 2xdy.,
25 4 dx
dy _ 2cos @ Divides their derivatives correctly Ml
dx -5smé or substitutes and rearranges
5smé 2 5
My= S5 Correct perpendicular gradient rule | M1
2cosé
SGad Correct straight line method (any
y—2sinf = 7 (x—5cos8) complete method) Must use their Ml
2cosd gradient of the normal.
S5xsinf—-2ycosf =21sinbcos* cso Al*
&)
() 71
AtQ.x=0:_v=—-Tsin9 B1
( 2s1n 6 —4si -
M is l O+ 20088 = B S } Correct mid-point method for at
= - least one coordinate Mi
( (5 17 1 Can be implied by a correct x
t =[j°°56~ —Tsmejl‘ coordinate
o &L .
L cuts x-axis at—g- cos @ B1
Area OPM = OLP +OLM M1: Correct triangle area method
121 .- using their coordinates MIAl
—.—cosf2smmf+—.—cosbf.—siné ; .
275 I 4 Al: Correct expression
105 . : %
= l—g-sm 26 Or 6.5625s1n26 must be positive | A1(6)
Total 11

ALTs for (h)




Using Area OPM

See above for BIM1 BIM1
M1: Correct determinant with their MIiAl
0
. coords, with 2 or 3 points. _ should be
1{0 Scosf 3cosé 0 0
Area AOPM “ 9o 2sim@ ~Ysng 0 at both or neither end.
h A1: Correct determinant (There are
more complicated determinants using
the 3 points.)
- ’0+55in¢9cosc9+0—0 Sssinecose—o
=2 l T Al Al
105 .
=——-s1mé&cosf
4
LYY Al
16
Using Area OPQ:
21 .
AtQ.x=0=>_1f=—Ts1n6 Bl
1Pcosé 0 Can be implied by the followi
Area AOPO =— . - 1mp v the following MIA1L
Q 2(2sinf -3sinf line
1. .105... : ; ;
=—X——sin 8cosé OQ 1s base, x coord of P1s height | Al
=l§sin 26
1 Ml
Area OPM = = Area OPQ
=-l—o—>—sin 26 ML
16
3 AtQ.x=0 =>y=—%sint9 Bl
5 in6—si ' \ Ml
‘Mis(0+3cos¢9.25m9 251.119) {={2C059 ——smGJ)
3 2 2 j
OP =/4sin> 6+ 25¢c0s2 6 (=\/4+21cos:6) Bl
—co X_Zsine +£sin0 2sinG
il Scosé 4 _ 4
{4sm30 ; \/4+21cos:é
25c0s’ 8 * 25c0s’ 6
Esin9 MIAIL
Area =lx——><\/4+21c0529
2 ’4+21c0530
25c0s* 6
=E§sin26 i
16




Q6.

Question
Number Scheme Notes Marks
2 ¥ 32 ~
a b
(@) 2 3 ‘a2 Y3 =
dy bsec* @ bx bx| x 2 | Correct tangent gradient in any
- = : of — or —| —-1 oo Bl
dx asecftanéd ay ala )
= _asec Gtanﬁ L iy l Use parametric _forms and the M1
: bsec:d | b J correct perpendicular rule
M1: Correct straight line method
using their my
— a . o 4 Use of y = mx + ¢ must include
| t —_——_— _— )
k! an bsm (x—asecd) o A S MIiAl
Al: Correct equation any
equivalent to that shown.
by—b* tanf =—axsinf+a’ tanf
axsing+by=(a’ +b* |tan6* Completes to prmted. answer with Al*
at least one intermediate step
3
() (a*+b*)tan 8| (a*+b*) |
y=0=x= - = secd l Correct x coordinate Bl
asmé a |
1P ... \ b ) M1: Correct midpoint method for
Mis| ;‘ secf +asecé |. 5 tan e \ their x coordinate
|2 a 32 , -
o= s Al: Correct coordinates for Af, any | MI1Al
= 1 28l n D] G equivalent accepted. Need not be in
2a 2 , coordinate brackets.
(3)
(c) M1: Correct attempt to
% : 5va x ., | eliminate & using
sec9=$,tan9="—'v=>l+l~—yl =' ._ax = t coordinates of M Mi1A1
2a”+b° b . b \ 2a"+b" ) )
A1: Correct equation
e X ( 4a* i dM1: Makes )” the subject ——
ST PR T o Al: Correct equation in the .
41 (2a° +b ) .
\\ required form
)
Total 12




Q7.

Question
Number

Scheme

Marks

(a)

ae=6, a'(e-1)=9

Both correct equations needed but
need not be shown explicitly

Bl

e=§=>36—a3=9=>a=...

a
Or

6 36 2

a=—=>36——=9=e=
e e

—=a=

5
e

N

3

Eliminates e from their 2 equations
to obtain an equation in a and solves
for a or @

or
Eliminates a from their 2 equations
to find e and then finds a

Ml

a=+27 or 33

Correct exact value.
a= iJ2—7 1s AQ unless
—\/2_7 1srejected.

Al

3)

(b)

e:—1=2-

27

NE) 3

Finds a numencal value for e using a correct identitv.
This mark can be awarded if e has been found 1n part (a) or may be seen as

a
part of their calculation to find F

M1

Obtains a numerical value for x
using a correct equation for at least
one directrix with their @ and e
(s1gns can be 1gnored)

Ml

Twa correct equations. Allow
equivalents but must be simplified.

5 9
So allow x= t; _x= +4.5

Al

3)

[Total 6]

Note: Use of b’ =a’ (1 —e" ) can score (a) BO M1 A0 and (b) MO (if used again) M1 A0




Q8.

Complete to obtain the GIVEN result with no errors seen.
At least one intermediate step should be shown.

Question
Number Scheme Marks
(a) 2 +c)
- > ( +
Way 1 o2 R )
a b Mi
Eliminates y from the equation of the ellipse and attempts to expand (mx +¢ )2
x mx +2emx+c
=+ = =1
a b Al
Correct equation with the (mx + ¢)* expanded correctly
da'm’c® =4a*(b* +a’m’ ) -b°)
Uses disciminant = 0 or equavalent dMI
Dependent on the first method mark
a‘m’c® =b’c? -b* +a*m’ct —a'm® x b’
ct =b*+a’'m* * Al cso

bcos@ . bcos#
m= — = y—bsmf= —
—asmé —asin

bcos@ b bcosé b
= X+ =m=

(x—acos@)

=y J 5

© —asmf sné —asmé sin &

M1: Forms the equation of a general tangent and “extracts” ¢ and m
Al: Correct c and m

Cohicos ey Substitutes their 7 into 5* + a’m” or
2 .. 7% -~ ' :
b*+am =b"+a’ I equivalent work. Dependent on the

2

\ —asing )

first method mark

. ., Db*cos’@+b'sin’8 B
b +am = =

sin’ & sin® &
B +atm’=c"*
pletes correctly with conclusion e.g. tick.




(b)

x=0=>y=c, _1'=0$x=—i or |(Ai1s )|¥ —i- 0.| (B1s )(0.c)
. m /

Way 1 m Bl
Correct values for the intercepts or correct coordinates.
AOAR — C‘_3 ( C‘_’ " Correct expression for the area
RS o ol (allow + or — here ) B1
Uses ¢ =b*+ a*m” in the area
: 5 M1
B +ant? Bt aimd expression to eliminate c.
=-— ' Correct expression (may be
2m \ 2m ; s
' unsimplified) Al
(allow + or — here )
4 » L a4 d4 2mx2a'm-2(b’ +a'm’)
=== = 3
dn 2 2 dm 4m- dM1
Differentiates wrt m (must be correct differentiation for their 4).
Dependent on the previous M
2 b Equate their derivative to 0 and
At min m” = - m=(%)— solves for m* or m. Dependent on ddM1
a a all the previous M’s
= b2 + b: |
Min area =- T ab (units” | Correct completion with no errors. Al
a
(@)
otal 11

x=0=>y=c. _1'=0$x=—i or (Ais )\v = 2 0I| (B1s )(0.c)
m . m )

Correct values for the intercepts or correct coordinates.

-

Area AOAB=-5"| or £— Correct expression for the area
2m\  2m ) (allow + or —here )

Uses ¢ =b* + a*m’® i the area
expression to eliminate c.

2 o) 2 2 5] 2 \
b +am b +am
=— or

= Correct expression (may be
2m

unsimplified)
(allow + or —here )

2m

Correct completion of the square
in the numerator.

Dependent on the previous M

1s mmnimum whenam +5=0

Correct argument for establishing the minimum
Dependent on all the previous M’s

Correct completion with no
errors.

Min area =ab (units?




) y e %)
Wav 3 x=0=> vz—abc-os 8+bsin8l = _b, ]
y asmé \ smé)
bsi 30; ( | o
}‘=0=>1'=—a = +acos6?l= - ]
bcos@ cosé )
Correct value for one of the intercepts or correct coordinates.
O L 9+bsme] .
asmé . smné& )
y:O:y:&-}-acogH': a ]
bcos€ cosé& )
Correct values for both intercepts or correct coordinates.
t 4 b Correct method for the area using M1
Area AOAB A= 5 - their intercepts
2 cost s Correct area (may be unsimplified) | Al
4 —2ab(cos’ 6—sin’ & T
B o i MV
dé 4sin” fcos™ & 4 dM1
Adopts a correct strategy for finding 6 at the minimum
Dependent on the previous M
4. = ab Uses their value for 6 to find the
. rsin . cos X minimum value. Dependent on | ddM1
T4 4 all the previous M’s
=ab (units®) Cso Al
Alternative for last 3 marks:
Aosa ADAR, s 9B 70D
2smnfcosf sl
And the minimum will occur when sin 26 is maximum i.e. whensin 26 =1 | dMl
Score this mark for a valid argument for determuning the minimum
Dependent on the previous M
A Completes the process of finding
A, =— the minimum. Dependent on all | ddM1
1 the previous M’s
~ab (units?) Correct completion with no Al

€IT01IS.




x=0=>y=c. y=0=>x=——c- or (Ais )" 1 OI‘ (B1s )(0.c)
m \ m /

Correct values for the intercepts or correct coordinates.

a2

¢ | &, Correct expression for the area
Area AOAB=——| or — xp
2m\  2m | (allow + or —here )

Uses ¢ =b* + a*m” in the area
expression to eliminate m.

Correct expression.
(allow + or — here )

4(c*-b*)

Differentiates wrt c.
Dependent on the previous M

Atmin 2¢* - 2b° —¢* =0=> ¢ =20
Equate their derivative to 0 and solves to obtain ¢ in terms of b
Dependent on all the previous M’s

. 2ab* W
Min area =a—_=ab (units~

2325 b

Correct completion with no
errofrs.

There will be other valid methods in part (b). Generally. the first 4 marks are for obtaining an
expression for the area of AOB and then applying the result in part (a) to enable progress to be made in
establishing the minimum or for using the general tangent in terms of 6 to find the intercepts and hence
the area of AOB. The final 3 marks are for selecting and implementing a correct strategy for proving
that the minimum area 1s ab.

There may also be other valid methods 1n part (a).

If vou are in any doubt whether a particular method is valid then please seek advice from your
Team Leader.




QOo.

Question
Number Scheme Notes Marks
2P
2 B
(@ 2x 2ydy _ B dv _blasecd ([ b ) MI: Attempts to
T Bd & Phma\ . aemd) differentiate implicitly
or parametrically or
2 directly to obtamn
dy i R dv  bsec’d dy
;‘=bsec'9,—1=asec9tan6’:>—')-=L =
dé dé dx asecftanf . M1A1
or
_ S | ; Al: Correct dervative
dv b 2x{x* _|? absecl; , = !
GoE ;_1 ;1=_. } r*‘ll _a se:c (sec? -1)2 asaﬁmc'n.onofe
a* dc 2 a*la® ) a’ " | Any equivalent form
Correct straight line method
yv—btanf=———(x—asect) Must be complete 1¢ y=mx+c¢ dM1
asmé '
used needs an attempt at ¢
aytan 6—abtan’ 6 = bsec 6(x—asec8)
Reaches printed answer with at
bxsecf—aqytan&=ab* least one intermediate line of Al* cso
working
@
(b) - Correct focus (may be implied but
Fxlue.0) if y coordinate = 0 not used give | Bl
BO
abesescti= b= s cosd) Substmue the coordinates of the M
focus into /
b b 2 Uses the gradient of / to obtain an
B —_— = expression for m in terms of a. 5 | Ml
asmé axll—cos' e ax]l—e’ and e
G 3 5 Use of the correct eccentricity
Foranellipse 5" =a"(1-¢") formula for an ellipse in their M1
expression for m
_a 1-¢’ _ . o Correct completion with no errors \
So m ——a o Iso /s parallel to y = x sd condlisicn Al cso (5)
Total 9




(b) Way 2

I; : ]
_) =135;m(9=2 sm@:2 Bl
asin 8 a a
secd = —cos = —‘ll— = F Attempt sec& M1
by sec8—aytan 6 = ab = bx —ab—=>y=__ | Substitute for sec6and usesy =0 M
4-" -5 and makes x the subject
= x=+a -b’
T - 5 T Use of the correct eccentricity )
Foranellipse 5" =a"(1-¢" | = ae= Ja' b finala Bor an el M1
So tangent passes through (ae, 0) which is F Cartect ey ctawi i Exats Alcso
and conclusion
(b) Way 3
Focus 1s (ae.0) Bl
' 2_72)\ o) Use of the correct eccentricity
= *=b°),0 . 4 /
|| @ 9] formula for the ellipse b
Eqn of line: bxsec@—aytan8 =ab
So b, h a’ —b*)sec6—0=ab Line passes thro’ the focus M1
b
sec9=—a—:>tan8=_ﬂ— .
at—h? ot — b Attempts sec& and tan & M1
X—y= Jaz -5 Correct completion with no errors
OR Sub sec& and tan & into gradient to get 1 and conclusion
Alcso

". Parallelto y=x

3




