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1. An ellipse has equation ic_6 + y? =1 and eccentricity e,
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A hyperbola has equation x_2 - Jb}_z =1 and eccentricity e,
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(a) show that a’ =35’
“4)

Given also that the coordinates of the foci of the ellipse are the same as the coordinates
of the foci of the hyperbola,

(b) determine the equation of the hyperbola.
3)

Batositereses
500

3%1&%
SBTRS
Basesaeises

KRG

b vess

00
2%

9%
0%
o
o’
J
R
KR RKK

K2

<
55

:& W,
ooy
RRLRRRRS

LK
SRR
Batotoseseses
Satososeses
fatotoseseses
Sadooseses
fadodosesetet
LK
Satososeses QK
SRRXXXS K%K
SRSt TR SeSetotole
SR SRR
G S
SRRXXKS K%K
DK KK
XXX KX
XRXL XS
LR L8RS
Sadotoseses Sodososetes
esosso g 00055
KL S
Satososeses Sofoseseses
SRRXXKS S8
Sadotoseses Sodososetes
piosesosoro QD ot tetetes
XKL KRR
IRRLL RS
BatototosotoTRotolote%es
Sadotoseses Sodososetes
Batotososo SR SoloSe%es
Bososoro s o%o%e%e%es
XXX XXX
KGR S8
P08 ¥ oS QIDION " w30
br—~aSo B Netero b
RS

\ e
R IRIDRTASIEI
RIILILXLLLLLILILILLLLLL

o2e?

boge
prote-a-ateld

S
:’:"""
X "‘Q
QIR
SURKK
KRR

KK
SBEK SRKEK
o S KR




SR pstatosor ¢ \
2RIKS 25K
SRR RHKK
URALREL RS
RKKKK KKK
2R Sotetotoe!
2RI 3RS
%5
SRALLRS  SLLRS u i i u
ootetels SRKKKK 1 1
2R Sotetotode!
KERREK LKL
URAULRL LR
ORKKKK KKK
2K Sotetotote!
e 3RS
a 55
. e
J e
S 55 ITGKS
KX KWK
o o ¥
SR S
>, s
dogeTetedes
IR
0.0‘4‘0’0
RIS

pfetetotetese’
c

RIKAKAKZ

K
XK
LS

N

o

o
XX
5

000
IO

OO
QR
¥

i
X
& ’VAVA :
U
LR

o
G ITRARKR
G RRRRRIIILLRRS

K
096%%%
03009
9%
K8
IIEL
(00,000,
KRR
IKKEL
9% XX
KRR
SRS
9% XX
KRR
QKL
00,0099
9% <
KRR
KKK

XXX
3
%%
500 (6 N
XX,
55

0% /0:0
&
)&

%
%
%%
SRR
XA
%00 S
%
SRS %
Bo%ai %%
SSRIERK KXW
0SS B
030200 T 020 1% %059
oS S5
KA s
SIS oSt
SRLRL LOPR
SRR SRS
TR oS
@S e R oo %%
N RS
R3S
S
X
SRTRRS
S5558
JRRRKS
SRR

QL

%
%5

%
oot

o2

o2

12052 0%
hodotetels!

%5

S0RREL 28RS
SR SR
2RI 250K
355 25K5
SRR S8
LRI SRR
2GR 250K
<5 255
SIS K
SR SR
SR 255
KERRXK KX
SRS &K
SR 255
KERREK X
SRR Dosoes
RS 255
p0%%08 SRR
>
w
& T
%0 ~0%8} X2
O8NS &
295 @ )59 ]
S !
o%07¢
XSy X D% s
S S
Z e
5 S B ]
QoM SRS
<5 SIS
g & 4%
- N
o ¢
2
3l 9%
o 9% &%
05057 0 o TR o= 0%
<3 XS b5 g,
) -
SIS SRS
QSRS 5 B
S eSS PSS! roa:
gy 5 S
s o 3o S5
gadald
QS %ot
Sl KGR
RS &
%8 TS
5 KRR
SXIIAS bases < & ok
SRPEEES
&
S
P
0 2 oo
oS
SIS
SRS
&8
RHERKS
Bove; ate!

¢
5
1]
]
55
oot

< [ %
X
o KRE
S
(A’A.:‘. :‘:"“‘:’:
o< %8, & o2e)
25 T S XS
350 ~ N 8% % o%
% (009
SRXRLKS AT
KIBBEE  JEBIEK
096%%6%% 096%0%%%
KIRREK LRI
KIBIRE JEBIKK
096%%6%% 090%0%%%
QX [90%%%
SR S i i
SRELBK SELBRe otal 1or Question 1 1S / mar
IR KRKRKX 096%0%%%
SRR KRS
029,099, [9.0,9.0.9.0]

3
(. Turn over »



r

the equation

2. During 2029, the number of hours of daylight per day in London, H, is modelled by

H=03sin | = | —4cos | = |+11.5 0<x<365
60 60

where x is the number of days after 1st January 2029 and the angle is in radians.

(a) Show that, according to the model, the number of hours of daylight in London on
the 31st January 2029 will be 8.13 to 3 significant figures.

(b) Use the substitution ¢ = tan(&j to show that A can be written as

at’> + bt + ¢
H=""7"°
1+ ¢

where a, b and ¢ are constants to be determined.

(c) Hence determine, according to the model, the date of the first day of 2029 when
there will be at least 12 hours of daylight in London.

(1)

(2)
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3. With respect to a fixed origin O, the points 4 and B have coordinates (2, 2, —1) and :
(4, 2p, 1) respectively, where p is a constant. %
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For each of the following, determine the possible values of p for which,

(a) OB makes an angle of 45° with the positive x-axis
3)
4

(b) O_A) X O_B) is parallel to | = p
2

A oot

3)

(c) the area of triangle OA4B is 3 J2
3)
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r

4. The velocity vms ', of a raindrop, ¢ seconds after it falls from a cloud, is modelled by
the differential equation

Q=—O.1v2+10 t>0

dr

Initially the raindrop is at rest.

: . o d - .
(a) Use two iterations of the approximation formula ay ~ % to estimate the

n

=

velocity of the raindrop 1 second after it falls from the cloud.

)

Given that the initial acceleration of the raindrop is found to be smaller than is I8
suggested by the current model, L
(b) refine the model by changing the value of one constant. 3
(1) S
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-
5. The rectangular hyperbola H has equation xy =36
(a) Use calculus to show that the equation of the tangent to A at the point P | 6¢, 6 is
t
vt +x=12t
3
The point Q| 12¢, 3 also lies on H.
t
(b) Find the equation of the tangent to H at the point Q.
(2)
The tangent at P and the tangent at O meet at the point R.
(c) Show that as ¢ varies the locus of R is also a rectangular hyperbola.
C)
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6. The points P, Q and R have position vectors | =2 | , | 1| and | O | respectively.
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(a) Determine a vector equation of the plane that passes through the points P, Q and R,
giving your answer in the form r = a + Ab + uc, where 4 and u are scalar parameters.

(2

(b) Determine the coordinates of the point of intersection of the plane with the x-axis.

(C))

BBIES

10
5
K

Do
190%%
o2
58
SRR

IR
IgOasesesesesesssesetetetet

QRILLLYL
o
[

LK
B
S5
3
R

dododeds
K
S

posess
@ ot
M
0o
¢
o

Q&%&b

¢
X
4@;&

<
%

L4
5
2
SR

=

100 %
5%%
¢

K
f

XX

o

%0
KKK
28

O

< o
SO
3K
5
S
5

XL

X
3258

KX XS
peosoisior e - & 45
RS IR
S5 a5
S 00 L%
SRS =

XX
33555
IRRR

R

2o20%

16



XX Ratotetote ol ¢ \
% SRERKS
S05esesess Bessonatets
SRR KHLRRL
SRLLLS SREKES
SRLXLS SRRRKS
pasesete! SRS
%5 %5
9050505038 SRR i i
SRLLLS 3XXRRS u 1 1mnu
SRLLLS SRLRKS
besesesetes Poseatese
KRR KRR
K5 SRLLRS

555

QL
QL
XXX

K2
X

o
%
5

%
5

5
¢
A

X
o0
= %
»
%
<

,
X
RRKS

K

%
255

X

 C

10ea%0%

o%
RS
;% X0
2355

X
<
5IRIRS

o
oS

be%es
%
0958,
5

X
9%
o

090 % % %% % %%

QRRRR

CRRXRK,
0,:.0.

%

XX
XX

QL

%
3XXXS

0
K
20505008

X X

%
%%
5L

boseseses
355
SRXRRS

19%%
X
o0

%
SRR

196%%%

120500050 %%

XX
XX
SRS

QLK

K IRERKKKK
%

SRERRS
8

o
QR

Sor
9 L@ Nese
Teteel

b%e%

Dotodel
RLKS

0507070705057 % %% % %%
%5
35

pasesestetetotose!
%

QLIRS
K

9

9580 » 1959]
508 ==
O 100
ST
908,81 20%9]
587 % %%
S5
S 0

SETK SR
bose 1588 PN

BELS Sl
SRRRLLS SRS
Sotoreseses botoseses

KK L
SRRRRLS SR
Sotoreseses botosoreses

SR SRS
% oS

KK LK

SRRIIE SRR
botoseseses botosoreses

% 35

SRR S8

SRLLLLS S
bogoseseses botososeses

3% 3559

SIS 3888

5 SRS
botososeses

SR SeSotototel

SRRRRS

KRR

LXK

botososeses

botososesed

SRRRRS

Fatetetetele

RS

botososeses

botosesesed

fotorstoete

DO o

SEREERS

R0 T et

<
0203
S
ode;
e

%
'
X

(X
5
L]
%3
KK
RRKS

%
&
o
KX
' i
.

A
RRLLELEES
EPLICS
DS

S0 % 4 Ko %
o2t o

%%

%%

KKK
XK
IR
KD
20308

00,
X KK
X
ndS
>
%%

St S

QR

DS, ravid
o909

0% % %
QRRKS
g

s, v o
XY
boseseses

q&gv %

LIS

XX
2%

0%

%
%

o
00

KRS

oY% %
QR
2L

0% % %%
QK
RRRRRS:

o5
9

QIR

o otetototetotetel

X
55
b9%e%:

2%%%

0000

S
XX
X XK

o5

17
(. Turn over »



255 25235555
r N BB B
So%eo0es 2RIK
SRR SRR
LK 2K
KRIRRRL RN
KRR LR
KHHRRK KEXRRK
. . RHHHLL RILLL
Question 6 continued TS S8
R e Setotetel
KRR LR
KLRHLR KR
KRIRRRL RN
KRILRRL LR
KGR K
SRS KK
SRR SRS
QIS IS

DeSor-— ¢!

Y @ %

o%

0%
STENOYN
X

bo%;

X

AR
WK KRS
KKK KX
SRR KR,
RS KKK,
35 e Setotetel
KRR SRR
oSSl TR S otete%e%s
355 e Setoteel
KRR
DeSototetels
e Setotetel
KRR
KRR
Do Sototetets
o Setotetel
KRR
KRR
DeSototetels
o Setotete!
KRAILHL
prosesetete’
SRLLIX
DR 7%
D%l %8
RS
SRERERS
D000 w500
RIS
SRS
0%« a%e?
plodesem-ded
PIOS = 499%
Jo%e;
&
<X
b2t
25
potia
250
Do
oo
25
S
5
%
&
25
KRS
po
poo
poo
PO
poo%e
oo
poo
poo%
88
%
poo
KL
pooX
&
25
plote:
:’:‘/A
‘:’
fotel @
LR
&
Dooive
%07,
XK
2
KRR
SRRXXK
SR,
K
ERKKK
SR
KL
S tetotete!
SRKKKK
SRS
255 SRS
SRR SRIRREL
o Sototete! dSetotete!
LRLRKKR RS
QIR SRRREL
o Sootete! dSetotetel
LILRKKR RS
QRKKKK LEKXKL
oSotoes S Setotetel
QRLEAXK %eteds
5SS
% .0.( - el
KL
Doy
&
ﬁ% S
25 S
Kt
ST
SR
SXRIXS

(x>
2K
5
PR
s
K

[95%+"-%
SR

18



SR pstatosor ¢ \
2RIKS 25K
SRR RHKK
URALREL RS
RKKKK KKK
2R Sotetotoe!
2RI 3RS
%5
SRALLRS  SLLRS u i i u
ootetels SRKKKK 1 1
2R Sotetotode!
KERREK LKL
URAULRL LR
ORKKKK KKK
2K Sotetotote!
e 3RS
a 55
. e
J e
S 55 ITGKS
KX KWK
o o ¥
SR S
>, s
dogeTetedes
IR
0.0‘4‘0’0
RIS

pfetetotetese’
c

RIKAKAKZ

K
XK
LS

N

o

o
XX
5

000
IO

OO
QR
¥

i
X
& ’VAVA :
U
LR

o
G ITRARKR
G RRRRRIIILLRRS

K
096%%%
03009
9%
K8
IIEL
(00,000,
KRR
IKKEL
9% XX
KRR
SRS
9% XX
KRR
QKL
00,0099
9% <
KRR
KKK

XXX
3
%%
500 (6 N
XX,
55

0% /0:0
&
)&

%
%
%%
SRR
XA
%00 S
%
SRS %
Bo%ai %%
SSRIERK KXW
0SS B
030200 T 020 1% %059
oS S5
KA s
SIS oSt
SRLRL LOPR
SRR SRS
TR oS
@S e R oo %%
N RS
R3S
S
X
SRTRRS
S5558
JRRRKS
SRR

QL

%
%5

%
oot

o2

o2

12052 0%
hodotetels!

%5

S0RREL 28RS
SR SR
2RI 250K
355 25K5
SRR S8
LRI SRR
2GR 250K
<5 255
SIS K
SR SR
SR 255
KERRXK KX
SRS &K
SR 255
KERREK X
SRR Dosoes
RS 255
p0%%08 SRR
>
w
& T
%0 ~0%8} X2
O8NS &
295 @ )59 ]
S !
o%07¢
XSy X D% s
S S
Z e
5 S B ]
QoM SRS
<5 SIS
g & 4%
- N
o ¢
2
3l 9%
o 9% &%
05057 0 o TR o= 0%
<3 XS b5 g,
) -
SIS SRS
QSRS 5 B
S eSS PSS! roa:
gy 5 S
s o 3o S5
gadald
QS %ot
Sl KGR
RS &
%8 TS
5 KRR
SXIIAS bases < & ok
SRPEEES
&
S
P
0 2 oo
oS
SIS
SRS
&8
RHERKS
Bove; ate!

¢
5
1]
]
55
oot

< [ %
X
o KRE
S
(A’A.:‘. :‘:"“‘:’:
o< %8, & o2e)
25 T S XS
350 ~ N 8% % o%
% (009
SRXRLKS AT
KIBBEE  JEBIEK
096%%6%% 096%0%%%
KIRREK LRI
KIBIRE JEBIKK
096%%6%% 090%0%%%
QX [90%%%
SR S i i
SRELBK SELBRe otal 1or Question 6 1S 6 mar
IR KRKRKX 096%0%%%
SRR KRS
029,099, [9.0,9.0.9.0]

19
(. Turn over »



Figure 1

Figure 1 shows a sketch of the curve with equation y =|x>— 8| and a sketch of the

=V

straight line with equation y = mx + ¢, where m and c are positive constants.

The equation
|x*— 8| =mx+c

has exactly 3 roots, as shown in Figure 1.

(a) Show that

m —4c+32=0

Given that ¢ =3m

(b) determine the value of m and the value of ¢

(c) Hence solve

X =8| =>mx+c

2

3

(&)

20

XXX

=

ﬁﬁgg
5

g

O
soeseteletel
\Q<§‘5
R
3&%&. <

XX
0resesatete
N
AN
X
o
ot

5

<N
SN
Sy
SRS

Sogesnse
)

oS-
X

e
X%
&

00 et
LTI,
SR
SRRF
RIS
D% reveod
bo%eraTete

X Y
K
SR
XK
53
s

(00X
oo
555
ot

%
X

5
s
0%@”@’

O

000000
0
20202

XXX
s




XX Ratotetote ol ¢ \
% SRERKS
S05esesess Bessonatets
SRR KHLRRL
SRLLLS SREKES
SRLXLS SRRRKS
pasesete! SRS
%5 %5
9050505038 SRR i i
SRLLLS 3XXRRS u 1 1mnu
SRLLLS SRLRKS
besesesetes Poseatese
KRR KRR
K5 SRLLRS

555

QL
QL
XXX

K2
X

o
%
5

%
5

5
¢
A

X
o0
= %
»
%
<

,
X
RRKS

K

%
255

X

 C

10ea%0%

o%
RS
;% X0
2355

X
<
5IRIRS

o
oS

be%es
%
0958,
5

X
9%
o

090 % % %% % %%

QRRRR

CRRXRK,
0,:.0.

%

XX
XX

QL

%
3XXXS

0
K
20505008

X X

%
%%
5L

boseseses
355
SRXRRS

19%%
X
o0

%
SRR

196%%%

120500050 %%

XX
XX
SRS

QLK

K IRERKKKK
%

SRERRS
8

o
QR

Sor
9 L@ Nese
Teteel

b%e%

Dotodel
RLKS

0507070705057 % %% % %%
%5
35

pasesestetetotose!
%

QLIRS
K

9

9580 » 1959]
508 ==
O 100
ST
908,81 20%9]
587 % %%
S5
S 0

SETK SR
bose 1588 PN

BELS Sl
SRRRLLS SRS
Sotoreseses botoseses

KK L
SRRRRLS SR
Sotoreseses botosoreses

SR SRS
% oS

KK LK

SRRIIE SRR
botoseseses botosoreses

% 35

SRR S8

SRLLLLS S
bogoseseses botososeses

3% 3559

SIS 3888

5 SRS
botososeses

SR SeSotototel

SRRRRS

KRR

LXK

botososeses

botososesed

SRRRRS

Fatetetetele

RS

botososeses

botosesesed

fotorstoete

DO o

SEREERS

R0 T et

<
0203
S
ode;
e

%
'
X

(X
5
L]
%3
KK
RRKS

%
&
o
KX
' i
.

A
RRLLELEES
EPLICS
DS

S0 % 4 Ko %
o2t o

%%

%%

KKK
XK
IR
KD
20308

00,
X KK
X
ndS
>
%%

St S

QR

DS, ravid
o909

0% % %
QRRKS
g

s, v o
XY
boseseses

q&gv %

LIS

XX
2%

0%

%
%

o
00

KRS

oY% %
QR
2L

0% % %%
QK
RRRRRS:

o5
9

QIR

o otetototetotetel

X
55
b9%e%:

2%%%

0000

S
XX
X XK

o5

21
(. Turn over »



255 25235555
r N BB B
So%eo0es 2RIK
SRR SRR
LK 2K
KRIRRRL RN
KRR LR
KHHRRK KEXRRK
. . RHHHLL RILLL
Question 7 continued TS S8
R e Setotetel
KRR LR
KLRHLR KR
KRIRRRL RN
KRILRRL LR
KGR K
SRS KK
SRR SRS
QIS IS

DeSor-— ¢!

Y @ %

o%

0%
STENOYN
X

bo%;

X

AR
WK KRS
KKK KX
SRR KR,
RS KKK,
35 e Setotetel
KRR SRR
oSSl TR S otete%e%s
355 e Setoteel
KRR
DeSototetels
e Setotetel
KRR
KRR
Do Sototetets
o Setotetel
KRR
KRR
DeSototetels
o Setotete!
KRAILHL
prosesetete’
SRLLIX
DR 7%
D%l %8
RS
SRERERS
D000 w500
RIS
SRS
0%« a%e?
plodesem-ded
PIOS = 499%
Jo%e;
&
<X
b2t
25
potia
250
Do
oo
25
S
5
%
&
25
KRS
po
poo
poo
PO
poo%e
oo
poo
poo%
88
%
poo
KL
pooX
&
25
plote:
:’:‘/A
‘:’
fotel @
LR
&
Dooive
%07,
XK
2
KRR
SRRXXK
SR,
K
ERKKK
SR
KL
S tetotete!
SRKKKK
SRS
255 SRS
SRR SRIRREL
o Sototete! dSetotete!
LRLRKKR RS
QIR SRRREL
o Sootete! dSetotetel
LILRKKR RS
QRKKKK LEKXKL
oSotoes S Setotetel
QRLEAXK %eteds
5SS
% .0.( - el
KL
Doy
&
ﬁ% S
25 S
Kt
ST
SR
SXRIXS

(x>
2K
5
PR
s
K

[95%+"-%
SR

22



SR pstatosor ¢ \
2RIKS 25K
SRR RHKK
URALREL RS
RKKKK KKK
2R Sotetotoe!
2RI 3RS
%5
SRALLRS  SLLRS u i i u
ootetels SRKKKK 1 1
2R Sotetotode!
KERREK LKL
URAULRL LR
ORKKKK KKK
2K Sotetotote!
e 3RS
a 55
. e
J e
S 55 ITGKS
KX KWK
o o ¥
SR S
>, s
dogeTetedes
IR
0.0‘4‘0’0
RIS

pfetetotetese’
c

RIKAKAKZ

K
XK
LS

N

o

o
XX
5

000
IO

OO
QR
¥

i
X
& ’VAVA :
U
LR

o
G ITRARKR
G RRRRRIIILLRRS

K
096%%%
03009
9%
K8
IIEL
(00,000,
KRR
IKKEL
9% XX
KRR
SRS
9% XX
KRR
QKL
00,0099
9% <
KRR
KKK

XXX
3
%%
500 (6 N
XX,
55

0% /0:0
&
)&

%
%
%%
SRR
XA
%00 S
%
SRS %
Bo%ai %%
SSRIERK KXW
0SS B
030200 T 020 1% %059
oS S5
KA s
SIS oSt
SRLRL LOPR
SRR SRS
TR oS
@S e R oo %%
N RS
R3S
S
X
SRTRRS
S5558
JRRRKS
SRR

QL

%
%5

%
oot

o2

o2

12052 0%
hodotetels!

%5

S0RREL 28RS
SR SR
2RI 250K
355 25K5
SRR S8
LRI SRR
2GR 250K
<5 255
SIS K
SR SR
SR 255
KERRXK KX
SRS &K
SR 255
KERREK X
SRR Dosoes
RS 255
p0%%08 SRR
>
w
& T
%0 ~0%8} X2
O8NS &
295 @ )59 ]
S !
o%07¢
XSy X D% s
S S
Z e
5 S B ]
QoM SRS
<5 SIS
g & 4%
- N
o ¢
2
3l 9%
o 9% &%
05057 0 o TR o= 0%
<3 XS b5 g,
) -
SIS SRS
QSRS 5 B
S eSS PSS! roa:
gy 5 S
s o 3o S5
gadald
QS %ot
Sl KGR
RS &
%8 TS
5 KRR
SXIIAS bases < & ok
SRPEEES
&
S
P
0 2 oo
oS
SIS
SRS
&8
RHERKS
Bove; ate!

¢
5
1]
]
55
oot

< [ %
X
o KRE
S
(A’A.:‘. :‘:"“‘:’:
o< %8, & o2e)
25 T S XS
350 ~ N 8% % o%
% (009
SRXRLKS AT
KIBBEE  JEBIEK
096%%6%% 096%0%%%
KIRREK LRI
KIBIRE JEBIKK
096%%6%% 090%0%%%
QX [90%%%
SR S i i
SRELBK SELBRe otal 1or Question / 1S 6 mar
IR KRKRKX 096%0%%%
SRR KRS
029,099, [9.0,9.0.9.0]

23
(. Turn over »



The Taylor series expansion of f(x)about x = a is given by
— )2 a4\
f(x) = f(a) + (x — a)f"(a) + %f"(a) Foot Mf(r)(a) +o
! r!
(1) (a) Use differentiation to determine the Taylor series expansion of Inx, in ascending

powers of (x — 1), up to and including the term in (x — 1)

“4)
(b) Hence prove that

(2

(i1) Use L’Hospital’s rule to determine

1
i
) (x + 3)tan(6x)cosec(2x)

(Solutions relying entirely on calculator technology are not acceptable.)

(C))
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r

9. A particle P moves along a straight line.

At time ¢ minutes, the displacement, x metres, of P from a fixed point O on the line is
modelled by the differential equation

2
s X ot 16k = 4f sin 2t (1)
dr? dr

(a) Show that the transformation x = ¢y transforms equation (I) into the equation

2
&y, 16y = 4 sin 2t
dr?

(b) Hence find a general solution for the displacement of P from O at time ¢ minutes.
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Question 9 continued
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(Total for Question 9 is 13 marks)

TOTAL FOR PAPER IS 75 MARKS
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