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Figure 1

Figure 1 shows part of the curve with equation y = 3x* — 2
The point P(2, 10) lies on the curve.

(a) Find the gradient of the tangent to the curve at P.

@)
The point Q with x coordinate 2 + h also lies on the curve.
(b) Find the gradient of the line PQ, giving your answer in terms of h in simplest form.

®3)
(c) Explain briefly the relationship between part (b) and the answer to part (a).
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|\ 2 \
¥) Coordinates at & = (2rh | 3(2th)-2)

LY . Gradient PR = 3(2.4.)2-9_ -10

o (2th) -2 ()
s 3(21~h))— 12 - 12h t3h
(2+h) -2 o ©
= 12+ 3h ™

C\ As h — 0, the gradient PQ' 12+3h D12 .

So, a5 & dets closer 4 P the gradient of the
chord tends toward the WMstantaneous gradient of
the curve at . ()
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Figure 4

Figure 4 shows a sketch of a circle C with centre N(7, 4)

. . : I . .
The line | with equation y = §X Is a tangent to C at the point P.

. \
My - -
Find L 3
(@) the equation of line PN in the form y = mx + ¢, where m and ¢ are constants,
)
(b) an equation for C.
(4)
. . . 1 : .
The line with equation y = §X + k, where k is a non-zero constant, is also a tangent to C.
-1
(c) Find the value of k. Mow = "y
©)

a) PN is perpendi cular 4o & [ S0 m = -3  and as
N i5 on the line we have point (#,u)

=) Y-4:-3(x-3) (O
(jtﬁZJt‘rlb’@

b) TThe vadius of C,r - length NP

P is the intersect of tj-'?x. and Y = -3xta§
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pe P oo Ly s csxtag (0)

X - -9% + 3¢
lox = 35 =y o =36

2.5 L P(re,2.5) (V)

g

enghh N - [Grs -9 (4-25)" = [ ©

C: (x-1) + (y-u) - ”/;,@

C) Whea y =}3x+k satisfies 4ne equation foc C

T { 2 5
(')(,-].) + ("3-X+k.‘-q) :T

-4 % - 4k + \G :%

2
7

© Vxtk-8k +2 26 (U

This quadrehic must only have 0ne solution , as the Jangent only

meets the drcle oOnce -

:)bl—qﬂ\ﬂ =0

2z 56—y2 10 T 2] N N
5 (52 A () (k) 0 O
- ;ik’- ?_i‘;;‘.'c‘ E + z,'b‘:.:o _ q: K?. r 320 g - zi;f -6
' ' ' a9 9

46'."—200!& ~4ok” +320 kK = 0O
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) -3¢k + 120k =0

k=6 s the case for ling L.

~2¢ k + 120 =0

k - 120 . O for the non -2 Constant
3¢ 3 U
(o

equahon: Y A L0
v 3
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3. In this question you should show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

VA C

P(5, -13)

Figure 2
Figure 2 shows a sketch of part of the curve C with equation
y=x3-10x2+ 27x — 23
The point P(5, -13) lieson C

The line I is the tangent to C at P

(a) Use differentiation to find the equation of I, giving your answer in the formy = mx + ¢
where m and c are integers to be found.

(4)
(b) Hence verify that | meets C again on the y-axis.
(1)
The finite region R, shown shaded in Figure 2, is bounded by the curve C and the line I.
(c) Use algebraic integration to find the exact area of R.
(4)
0) y= x®-102? +732 - 23 S L ko3 grodient 2 and
W= gxt_20x +27 O oen taeugh (5,-(3)
Ax
; . 3> y+15=2(2-5)©
L = 3(5)"-20(5)#2% =2 D yr3=22-(0

dx x=s 3329(___23 ®
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b) on e y-axis, 2=Q

03~\0(o)1+23(q)~2Q==-23
1xQ -23 =718
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4. The curve C has equation
px3 + gxy + 3y? = 26

where p and g are constants.

(@) Show that

dy apx® + bqy
dx gx+cy

where a, b and c are integers to be found.
(4)
Given that
* the point P(-1,—4) lies on C
» the normal to C at P has equation 19x + 26y + 123 =0

(b) find the value of p and the value of g.
)

o) pxeqxy+ 3yt = 76 _
dx X

3px" x4 +q’zgﬂ9c +éq°i‘4 =0 O

3p:c tQU +

34z thy) = O

ET| S

22 (42 thy) =-3px "9y (D

dy - “3pR-99
dx 6[,14'140) U
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b) P(-\,-4) len onC:

NN Ie) Q% G A NEYASO)
‘-'p + Uq + g =26
-ftUe, =-27 ()

N rmMaA o =
PP v ¢ S T e
J 43 26 26 ~
- |
"horenak méo‘:\gee‘:
L2
Q'.Sﬂqv_‘) = === solve () o @
dx| %~ 4 -1 L simultoe ously LSIAg
A cakemkafor:
3 o(-1)% <q (~4) =7  9=-5
5> sl oy Q ®
Q (=) +&(-4) 19

19(-3p +4q,) = 26(-9.-24)
~S7p+ Ha, = -7{g - 624

(24 = 3Fp-1629 ()
| vy 7

[
\J)
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5. The curve C has parametric equations

X =sin260 y = cosec®d 0<0<%

(@) Find an expression for 2 in terms of &
dx (3)

(b) Hence find the exact value of the gradient of the tangent to C at the point wherey = 8
®3)

ol, Y= cosec ®d
CaSZ. —cose - 44 . da 0
96 = c sec® co dx )
= - ZcosecBeokd QO
Z = 020
CdX . 2cos260
o
0y - BcosecBeakd g
dx 7 coSZO
KA
- . -2cosec STb—- coE—Zl
b) And B when y=Y 637%’ a4 . Q)
/ ! &7 dx - Y
1c0S
Q= cosec’0 &
cosec® =2 dy - 2y ®
sinb= 1 Q dx
2
/ ) et
T/'L 2z
50= ¢
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6. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The curve C has equation y = f(x) where x € R

Given that

1
e f'(x)=2x+ 5 cosx

» the curve has a stationary point with x coordinate «
* o is small

(a) use the small angle approximation for cosx to estimate the value of a to
3 decimal places.

3)
The point P(0, 3) lies on C
(b) Find the equation of the tangent to the curve at P, giving your answer in the
form y = mx + ¢, where m and c are constants to be found.
(2)
\
o) F(a)=0 e Sl Angle afproX\Makion
' 2 for cose
~ a2 (1-% )0 0
A 2 D
X
X A
Yok + | = &7 =

= B.24% or K= -0.243
cwoose X =-0.248 as o s smad. (D
L) P(0,3)
£'(0) = 2‘1“30 = z’ < gradient (M) uohen o= 0.
O =2= %(1—0} 0 < uss PECERUTE S Sh R

point P.
%=%x+g 0
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7. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A curve has equation

X+ 2xy + 3y° =47

(a) Find Y in terms of x and y
dx

“4)
The point P(-2, 5) lies on the curve.
(b) Find the equation of the normal to the curve at P, giving your answer in the form
ax + by + ¢ =0, where a, b and c are integers to be found.
3

N +21t3+5(5 ,’H
%1°'+th+7/1_(1 " ég%& =0

(Z?H bu) = ~23x* -1y O

dy _ 2xt 74 ®
oz LA +6y

(-2,5)

0\9
o\oc

. 3t)tx2s) oy
2(-2) +6(5) '3 v

_ 13
mﬂor‘mq_L - T(_'

%-5= llgl (_9“’2) ®
Htﬂ ~-95 = |%x L,
%% -1ly 3120 Q@





