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The rectangular hyperbola H has equation xy = 64
. 8 :
The point P(Sp, —) , where p # 0, lies on H.
p

(a) Use calculus to show that the normal to A at P has equation

px—py=8(p'—1)
5)

The normal to H at P meets H again at the point Q.

(b) Determine, in terms of p, the coordinates of O, giving your answers in simplest form.
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Question 5 continued
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7. The parabola C has equation y* = 4ax, where « is a positive constant.
The line / with equation 3x — 4y + 48 = 0 is a tangent to C at the point P.
(a) Show thata =9
“)
(b) Hence determine the coordinates of P.
(2)
Given that the point S is the focus of C and that the line / crosses the directrix of C at the
point A4,
(c) determine the exact area of triangle PSA.
C))
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Question 7 continued
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8. The hyperbola H has Cartesian equation xy = 25
The parabola P has parametric equations x = 10#, y = 20¢
The hyperbola H intersects the parabola P at the point 4
(a) Use algebra to determine the coordinates of 4
3)
The point B with coordinates (10,20) lies on P
(b) Find an equation for the normal to P at B
Give your answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers to be
determined.
()
(c) Use algebra to determine, in simplest form, the exact coordinates of the points where
this normal intersects the hyperbola H
(6)
.
24

P 6 6 6 4 0 A 0 2 4 3 2

V3IdY SIHL NI 31IHM LON Od

Fsiiionaa:



Leave
blank
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4.

A rectangular hyperbola A has equation xy = 25
. 5 . .
The point P| 5t, 7 t # 0, is a general point on H.

(a) Show that the equation of the tangent to H at Pis t’y + x = 10t
“)

The distinct points Q and R lie on H. The tangent to H at the point Q and the tangent to
H at the point R meet at the point (15,-5).

(b) Find the coordinates of the points O and R.
C))
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6. The parabola C has Cartesian equation )* = 8x
The point P(2p’,4p) and the point Q(2¢°,4q), where p,q # 0, p # g, are points on C.
(a) Show that an equation of the normal to C at P is
y+px=2p +4p
5
(b) Write down an equation of the normal to C at O
ey
The normal to C at P and the normal to C at O meet at the point N
(c) Show that N has coordinates
(2(p* + pg + ¢* + 2),-2pq(p + 9))
)
The line ON, where O is the origin, is perpendicular to the line PO
(d) Find the value of (p + ¢)* — 3pg
)
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Question 6 continued
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6. The curve H has equation
_ 2
xy=a x>0
where a is a positive constant.
The line with equation y = kx, where £ is a positive constant, intersects H at the point P
(a) Use calculus to determine, in terms of @ and £, an equation for the tangent to H at P
“4)
The tangent to H at P meets the x-axis at the point 4 and meets the y-axis at the point B
(b) Determine the coordinates of 4 and the coordinates of B, giving your answers in terms
of a and k
(2)
(c) Hence show that the area of triangle 4OB, where O is the origin, is independent of k&
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Question 6 continued
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8. The parabola C has equation y* = 20x

Leave
blank

The point P on C has coordinates (5p°, 10p) where p is a non-zero constant.

(a) Use calculus to show that the tangent to C at P has equation

py—x=5p’

O O A AN,
548958 : 1% 505
X X XX X X XX X K.

Q fi
The tangent to C at P meets the y-axis at the point 4. %
<
(b) Write down the coordinates of 4. \i
M :
The point S is the focus of C. \X/
(¢) Write down the coordinates of S.
1)
The straight line /, passes through 4 and S.
The straight line /, passes through O and P, where O is the origin.
Given that /, and /, intersect at the point B,
(d) show that the coordinates of B satisfy the equation
2x°+y" = 10x
)
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Question 8 continued
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3. The parabola C has equation y* = 18x

The point S is the focus of C

(a) Write down the coordinates of .S

1)
The point P, with y > 0, lies on C
The shortest distance from P to the directrix of C is 9 units.
(b) Determine the exact perimeter of the triangle OPS, where O is the origin.

Give your answer in simplest form.
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Question 3 continued
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7. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
The rectangular hyperbola H has equation xy = 36
The point P(4, 9) lies on H
(a) Show, using calculus, that the normal to H at P has equation
4x -9y +65=0
C)
The normal to H at P crosses H again at the point O
(b) Determine an equation for the tangent to H at O, giving your answer in the form
y =mx + ¢ where m and ¢ are rational constants.
)
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6. The parabola C has equation y* = 36x /
S
The point P(9¢>, 18¢), where ¢ # 0, lies on C i",
(a) Use calculus to show that the normal to C at P has equation Q“/;
0%
y+1tx =91+ 18¢ 3
“)
(b) Hence find the equations of the two normals to C which pass through the
point (54, 0), giving your answers in the form y = px + ¢ where p and ¢ are
constants to be determined.
C)
Given that
* the normals found in part (b) intersect the directrix of C at the points 4 and B
» the point F is the focus of C
(c) determine the area of triangle AFB
3)
L J

20

R0 00 00 A o
P 7 3 3 3 4 A 0 2 0 3 6



Stsatold 0"0‘:‘0'0’0'0‘0’0’:’;:’0’:’::00:
X XS
R

QKA
+96%%
(oeSetosavient

X
XX
Ao,‘o oo

1500000 %%
05%% %%
0,0,:: e

AKX
0.:’0‘0.0.:’000

35
o
5
o
b398

SRS

>
XK
X5
R o8
oo

oS etuete:
KRR

o9e%%
ol

O 0.0
0.0, 0. 0. 0.0,
P39 P0%0g8

X
25
e

“
KR
%!

>
by

0
020

<
oo

XX
o%!

XX

<
RRKS

<
02

O
020
X

¢
%
%S
99059 o
et

0‘00
S9505¢
2%

%
2%

P505000%9
ot
ot tototeteted = o
ootetetete!
R
KR

&

::‘00
XK
!

1005

XXX
%’0 X

7

Question 6 continued

O0mm

P 7 3 3 3 4 A 0 2 1 3 6

21

Turn over »



(__‘K)_Q_% Tan

6. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
The rectangular hyperbola H has equation xy = 20
: 2Ja : : :
The point P| 2t:/a , , t # 0, where a is a constant, is a general point on A
t

(a) State the value of a
1)

(b) Show that the normal to H at the point P has equation

ty—fx-235(1-1*)=0

“4)

The points 4 and B lie on H

The point 4 has parameter ¢ = ¢ and the point B has parameter ¢ = 1 , where ¢

is a constant. 2c

The normal to H at 4 meets H again at B

(c) Determine the possible values of ¢
“4)
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8. A parabola C has equation y* = 4ax where a is a positive constant.
The point S is the focus of C
The line /; with equation y = k where £ is a positive constant, intersects C at the point P

(a) Show that

QN\/oq//\ 2 3:‘\,\;5 atotutetntes

| VAUV SIHLNIZLIEM L

ps = K +4a
4a (3)
The line /, passes through P and intersects the directrix of C on the x-axis.
The line /, intersects the y-axis at the point 4
(b) Show that the y coordinate of 4 is ﬂ
k? + 4a? A3)
The line /; intersects the directrix of C at the point B
Given that the areas of triangles BP4 and OSP, where O is the origin, satisfy the ratio
area BPA : area OSP = 4k*: 1
(c) determine the exact value of a
)
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3. The rectangular hyperbola H has Cartesian equation xy = 9
The point P with coordinates (3t, %) , where ¢t = 0, lies on H

(a) Use calculus to determine an equation for the normal to H at the point P

Give your answer in the form #y — ’x = f(?)

“)
Given that =2
(b) determine the coordinates of the point where the normal meets H again.

Give your answer in simplest form.
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8. The point P(2p°, 4p) lies on the parabola with equation y* = 8x

2
(a) Show that the point Q | —, — |, where p # 0, lies on the parabola.
p-p

ey
(b) Show that the chord PQ passes through the focus of the parabola.

“)
The tangent to the parabola at P and the tangent to the parabola at Q meet at the point R
(c) Determine, in simplest form, the coordinates of R

)

)
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3. The hyperbola H has equation xy =¢° where c is a positive constant.
The point P (ct, %), where ¢ > 0, lies on H.

The tangent to H at P meets the x-axis at the point 4 and meets the y-axis at the point B.
(a) Determine, in terms of ¢ and ¢,
(1) the coordinates of 4,

(i1) the coordinates of B.

“4)
Given that the area of triangle AOB, where O is the origin, is 90 square units,

(b) determine the value of ¢, giving your answer as a simplified surd.
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(Total for Question 3 is 6 marks)
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7. The parabola C has equation y* = gx

The point P %tz, %t , where ¢ # 0, lies on C.

(a) Use calculus to show that the normal to C at P has equation

3tx+3y=t"+2t
3)

The normal to C at the point where # = 9 meets C again at the point Q.

(b) Determine the exact coordinates of Q.

C))

WV,

20

— R0 R0 A
P 7 4 3 0 9 A 0 2 0 3 2

| [

SO

%

X

e

NOQG
S

o500 X0

S
Pt Siate!
<

25
&
SN
Sosezery
e
S



S

K&
o5
o
b9%

s
QQ’ XX
O 0,0.0.0°0.9.9.9°0.

6
X
0ol
28
K

2555
LRLRRLRLRRK

0
5
q&y

5

-

2
S
s
<

(‘

XXX
%2’

~

¢
%
5
2%
5

G0 0000000 0000009909,
R RRIIRELINNESS
e o totototatete st totorototet
Vﬁ%%%"@f?*@ﬁ»\%f
' SRR
RIS
ZRERRZRRRRZRRK

000,00
Satetetets
NOT
Do

00020200,
CRRXRE

o
LKL

0

x
<

%

O
35
'0‘1‘
o2,
000

9%6%%
%ﬂﬁg
XX

o
o%
e

o7

KK

£599%
55
9959,
K
XXX

5
KL
K
RRRL

oS
5%
%
09%¢

o
2K
SRR
oSotetetoteds
RRLRK

2

550
000
o%!

%
%

X
QL

ZRLRK

SRS
S Sototetete!
S0RRRLRRS
o2e%s S

XX
XX
s

o96%%

QKL

O
»f;qghf
%

7

Question 7 continued

(Total for Question 7 is 7 marks)
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9. The rectangular hyperbola H has equation xy = ¢> where c is a positive constant.
The point P(ct, ;j , where ¢ > 0, lies on H

(a) Use calculus to show that an equation of the normal to H at P is

Px—ty=c(t'-1)

The parabola C has equation y* = 6x
The normal to H at the point with coordinates (8, 2) meets C at the point Q where y > 0

(b) Determine the exact coordinates of Q

Given that

 the point R is the focus of C

 the line / is the directrix of C

» the line through Q and R meets / at the point S

(c) determine the exact length of OS
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6. The rectangular hyperbola H has equation xy = 100
. 10 .
The point P| 10¢, - ) where ¢ = 0, lies on H.
(a) Use calculus to show that the normal to H at P has equation
£x—ty = lo(t4 - 1)

C)

The normal to H at P meets the y-axis at the point Q.

Given that the area of triangle OPQ, where O is the origin, is 750

(b) determine both possible pairs of coordinates of the point P.
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1
9. The parabola C has equation y2 = Ex

2
t t
The point P[E’ ZJ , Where ¢ = 0, lies on C.

(a) Use calculus to show that the tangent to C at P has equation

_ 2
8yt—8x =t 3)
Given that
+ the tangent to C at P meets the y-axis at the point 4
« the line /, is the perpendicular bisector of the line segment O4 where O is the origin
« the line /, is the perpendicular bisector of the line segment AP
[ and / intersect at the point O
(b) show that, as ¢ varies, the coordinates of Q satisfy the equation
V=ax+p
where a and f are constants to be determined.
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4: The rectangular hyperbola C has equation xy = 81
. 9 .
The point P[9t, 7), t#0, lieson C.

(a) Use calculus to show that the normal to C at P has equation

y=rx+9(1-1")

C))
The normal to C at P meets the y-axis at the point 4.
(b) Determine the exact coordinates of 4 in terms of ¢.
2
Given that ¢ = !
3
(c) find the exact area of triangle OPA, where O is the origin.
2
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Figure 1
Figure 1 shows a sketch of a parabola C.
The point P lies on C at a distance 5 units from the focus of C.
The points Q and R lie on the directrix of C, where PQ = PR = 10 units.
Determine the exact length of OR giving the answer in simplest form.
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