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1. An ellipse has equation X2

2
A hyperbola has equation x_z -
a

Given that e, X e, =1

(a) show that @’ =3b°

2

2

Y

1 and eccentricity e,

1 and eccentricity e,

“)
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.
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2. During 2029, thefiiumbenonliouisiondaylightpendaymEondontHh is modelled by

the equation
. X X
H=03sin| — | —4cos | — | +11.5 0<x<365
60 60

wher fte@ 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 anuary 2029 will be 8.13 to 3 significant figures.

1)
(b) Use the substitution ¢ = tan(&] to show that A can be written as
" at*> + bt + ¢
1+#
where a, b and ¢ are constants to be determined.
(2)
(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.
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3. With respect to a fixed origin O, the points 4 and B have coordinates (2, 2, —1) and
dr ectively, where p is a constant.

R
For each o

¢ following, determine t_or which,

(a).makes an angle of 45° with the positive x-axis L Suggeshs
. Mol ther 1 p valve

for  eath poft.
(b) O_A) ><.is parallel to | —p
2

(c) the area of triangle OAB is 3 V2
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Question 3 continued
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4. The velocity vms ', of a raindrop, ¢ seconds after it falls from a cloud, is modelled by

the differential equation

@=—0.1v2+10 t>0

dr

I CTEVATY
~ yn+l_y

: . ot d :
(a) Use two iterations of the approximation formula 4 . to estimate the

n

velocity of the raindrop 1 second after it falls from the cloud.
3
Given that the initial acceleration of the raindrop is found to be smaller than is
suggested by the current model, n
Yens f

(b) refine the model by changing the valueof one constants v ooad t-
1

a. T o 2 \weiahons

Rﬁmﬂm‘f O -1 Secono.
‘ul—’n - W

Mot wseful

a a vm.=v.,+h{35,., o

(a\tulanvg
\

_waWiown SO

/ MuS wok ouv AL

Vl’vo"h_g_:-_’.,

v -0 01 : 10

V,: o)+ (10

fdv) - -o-|.141o=.
lac/,

\PE .+ h.

\It".* f-%.

.

.

10
— AR AR TR
P 6 5 4 9 7 A 01 0 3 2

O

SIS
S

O
i
y

st




oo T
KX X
S
e

SRR
XX

<>
%’0
35KXK

XIS
oq%ﬁp

¢
el
=
%

%

%?%
2%
S

%
X X
nS
RS
%!

L4

O
0

%
0
%!

<

OO
R
R
AR
%
K
SR

>
o393
[S
S
%
%’

0

X
A
2

K
XX
Potote!
] .fg
o
L
2K

90 0%
S Rpmsss
SIS
o
P00 0094
CREGPLL
foses —2se
PO 8 50
Kt 50
LIPS
ProgtTeTere s
QRLEESCX)
X g <
(000 a%e%
e aote
:‘f“" :::
XXX

O
588

%
s
25!

X
08

“
%
S

X
F
NS
Sote;
KRS

QR
0

25

.4é

%
5

0
<X

S

s

<>
Do
®
b
ok

190%%%
SIIKKL
d%0g-a%e"
Y

o
R

R

X XX QRRKKX
2 OSEIKIEKNE
R SORIR IR
Do odotetotelotetoteotetete%s
Cotototetotetetetetotetetet
RLREZERLRLRRRRE

www.mymathscloud.com

e N
Question 4 continued
b OV ot
oL
. ut abowe O
(Total for Question 4 is 6 marks)
. J

11

ormm AR AR O 0 T R T over v
P 6 5 4 9 7 A 01 1 3 2



r

5. The rectangular hyperbola H has equation xy =36

(a) Use calculus to show that the equation of the tangent to H at the point P (6@ é) is
t

vt +x=12¢

3
. 3 .
The point Q| 12¢,— | 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.
Gom pawve C))
welhuents ("
0. xy-36 - > y-¢
c*:36 Conics
. unsue of C vake
c - 6 S0 Chet LS Ellipse Parabola Hyperbola R:c “::u:ar
‘\NM« yperboia
R Standard Form 'Lz+yj =1 y:=4ax x—z-'v—zz 1 xy=c
puomeme pon (@b, €)= (B, : =
Parametric Form | (acos@, bsiyg) /KF, 2at) (i?::scheé,bb!t?ni)g) (cr. ?)
o
oo C= + 6
Eccentricity B Z_,<( l]— ez)< e=1 o 217‘,[2 —1) e= \/5
Foci (tae,}/ ¥ 0) (+ae, 0) (#V2e, +42¢)

«<

x+y=t\/§c

36 . 365 ! Directrices y/t% x‘\x x:tg
e 4

Asymptotes

a 36t -36

(=
ax 2

Conveat
Peomemt  form (::!.'- Gt]

dy -3 - 36 -1

u' ‘6‘:); l/ 3’(\‘:‘ t"'

M “Ye

tmsg..b :

Y- e Bl er)

t%y - 6t = -1 (a-&)

(:lﬂ“f;t - oLt bt

Yt Aot 1Aty (swa)

J

12

.
P 6 5 4 9 7 A 01 2 3 2

O

33883
QRIS
JRLLLLLS
SRR

XX
%%
X

/

o

s
‘0



%

Question 5 continued
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Question 5 continued
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6. The points P, Q and R have position vectors | =2 |, | 1| and | O | respectively.
4 -5 3

(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.
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Question 6 continued
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7.
M odulus gloph :
ot 8
c - (2-8)
Figure 1
Figure 1 shows a sketch of the curve with equation y =|x*— 8| and a sketch of the
straight line with equation y = mx + ¢, where m and c are positive constants.
- & 0
The equation .
o )
|x*— 8| =mx+c a: A8 € voots
has exactly 3 roots, as shown in Figure 1.
(a) Show that
m’ —4c+32=0
(2)
Given that ¢ =3m
(b) determine the@alule' of m and the'value of ¢
L - ) 3)
1 vole ealin
(c) Hence solve OVI\lJ IW
|x* =8| > mx+c
3)
6.~ (x*-8) : mase
- 48wt
X+ ma r -8 0
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Question 7 continued
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8. The Taylor series expansion of f(x)about x = a is given by
_ 2 _ r
f(x) = £(a) + (x — a)f’(a) + %f”(a) bt Mfm(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
hm(mszl
x>y —1
(2)
(i1) Use L’Hospital’s rule to determine
lim !
>0 { (x + 3)tan (6x)cosec(2x)
(Solutions relying entirely on calculator technology are not acceptable.)
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Question 8 continued
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9. A particle P moves along a straight line. s

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

d*x dx .
£ —— —2t — +2x+ 16t°x = 4¢> sin2¢ 1)) =
dr* ds S

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

2 S
S 6y =4 sin2s @

dr? >
=z
®) =

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