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1. The curve C has equation
y=2*-12x+16
Find the gradient of the curve at the point P (5, 6).

(Solutions based entirely on graphical or numerical methods are not acceptable.)

Y= 2x?* ~\2x4 |6
dYy = 4x -\
d>xc

When x=6  du = 4(f) -7
=20-\2
===

~ khe gradient atx P(56) & ¥
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2. A curve has equation

_aeg 2
y=3x"+—+2 x>0
X

(a) Find, in simplest form, %

X

(b) Hence find the exact range of values of x for which the curve is increasing.

o) Y= 3 x4 2

(&)

2

Ay = bx — 24Xt = (&%
K

—

\

s&'L

B) cuve (S aeeasing ) du >

—

d %

=> &X -4 >0
X'\.

=y bX°—24% > D

=  X* >4

o [x> 8
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Figure 1 shows part of the curve with equation y = 3x* — 2 S

The point P(2, 10) lies on the curve. S8

0ot
)

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

(2)
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.
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(c) Explain briefly the relationship between part (b) and the answer to part (a).
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Ix* -2

(o)
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dy - 6x (U

dx

tarad-%’f at P(2,10) = 6(2) =12 #L')

P 6 6 5 8
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(k) Fiet we find oordinates of Q in tems of h

: 2+h

Find y coordmate - 3x* -2
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4. The curve C has equation y = f(x) where
f(x) = ax® + 15x* - 39x + b
and a and b are constants.

Given
» the point (2, 10) lieson C
» the gradient of the curve at (2, 10) is -3

(@) (i) show that the value of a is -2

(if) find the value of b.
(b) Hence show that C has no stationary points.
(c) Write f(x) in the form (x — 4)Q (x) where Q(x) is a quadratic expression to be found.

(d) Hence deduce the coordinates of the points of intersection of the curve with equation
y = 1(0.2x)

and the coordinate axes.

(4)

3)

)

)

(D flx) = ax’+ 5x*— 392 +b

f'(x)= 3ax*+30% -39

£(1) = 3a(2)*+30(2)-39

120 + 60 - 39

§(2)

12a + 2

Y

Gnce we were qiven qmdi@ﬂf is —3,substitute this with f(2)-
v v

£(2) = 120+

-3 = (2a+ @
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1

axd v 15 - 3qx + b
= -2 415 —¥n + b
16 = -2(2)* +15(3)*-3q(2) + b (1D
1o —16 + 60 - 38 +b
o - - 34 +b

b= 4% (1)

() fle)= -22%+ 15%*- 39% + 44

(i) f(x)
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() The curve intersects Hhe y-axis when %=0 - S0, substitute x=0 info the

v

Q‘I'/Mﬂ‘hon :
£0) = (o-w)(-2(0) t Ho- n)
= -4 (-n)
= 44

Points of infersechon with Y- awus = (0,44)

=4

The turve ntesects the 2 - axas when Yy=0.5%0"

U/ﬂ 5olvim) Hais usinq

f(rv)=0 — (x-4) (-27™+ Fx-1) =0 calowlator will not

giVe us real roofs

=4 «the only real solutian

flu)=0 — (4,0)

The quection asks for f(0.22) - f(x) to F( Y5 %) has o ccalar fachr

of & in the a-dicechon. Lo, (4,0) needs to be mulplied by &

(4,0) x5 = (20,0)

© @
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5. A curve C has equation
y=x2—2x—24\/;, x>0

d
(a) Find (i) —

dx
d?y
(i) 4o
& 3)
(b) Verify that C has a stationary point when x = 4
(2)
(c) Determine the nature of this stationary point, giving a reason for your answer.
(2)
o) 1) Y Cacte 2 - 2Lt \c.j-_ ax™, M _ any!
\A >
- /L
AY - 2x -2 - [l -
Ax
: - ¥
) Y _dx G a9 . d <oy_>
ot dx- dx \ &
Y/«
b) 49 - ax-a-11a°
Ax
Speis wwen QY e
Ax |2 =
IRVAN
49 20 -2 - 1L(W)
dx X =k
= 8-2~-6 = O
oﬁ\ = o/, lhente o sm\,mvw;\v) paiak ok
oAx W=y
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6. The curve C, in the standard Cartesian plane, is defined by the equation
. -7 T
x=4sin2 —<y< —
SRR
The curve C passes through the origin O

(a) Find the value of % at the origin.

2
(b) (i) Use the small angle approximation for sin2y to find an equation linking x and y
for points close to the origin.
(i) Explain the relationship between the answers to (a) and (b)(1).
2

(c) Show that, for all points (x, y) lying on C,
dy _ 1

dxr  gb—x* M
ogpodhation
/ 3)

where a and b are constants to be found.

o) A qgmzzj bi) Sphx X
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4
[A sphere of radius » has volume 3 7r3 and surface area 47r?]

A manufacturer produces a storage tank.

The tank is modelled in the shape of a hollow circular cylinder closed at one end with a
hemispherical shell at the other end as shown in Figure 9.

The walls of the tank are assumed to have negligible thickness.
The cylinder has radius » metres and height # metres and the hemisphere has radius » metres.
The volume of the tank is 6 m>.

(a) Show that, according to the model, the surface area of the tank, in m?, is given by

12 5
— 4+ — 7”.2
r
4)
The manufacturer needs to minimise the surface area of the tank.
(b) Use calculus to find the radius of the tank for which the surface area is a minimum.
C))
(c) Calculate the minimum surface area of the tank, giving your answer to the nearest integer.
2

o) A= A+ A+ A3 9 As AWh + W+ 3™ ©
= A= QaTrh + 3Tr"
Tlvh =) A=(i- ar)aw r3T0?

Avea C:)‘inkv © A,

Area base > AL = Tt nt 3
Area hmisphm “As = AMr* =) A= l'a_Tlr-_g,w".» <\
Ve Em’ = Vegetindev + qulmn. W 3
6 = Twh+ 30D N(he 3r)s6 =2 As 12, By oo repuind
@ 3 yh- i-%r@ =
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=) (3:3_G®=7 =736 = [O5m
171 Yon —

= Swufece ama will R @  minimum  when Y= lfS'm@

c) A=W, + S (= 1.08m
Y
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8. The curve C has equation

y=3x*-8x*-3

. . dy
d 4
(a) Find (1) &

.. d’
) g
(b) Verify that C has a stationary point when x = 2

(c) Determine the nature of this stationary point, giving a reason for your answer.

Cl) W _ 3 © 3 2

) 1=3x-3%x -3 =1 ﬁ%= lax_-_'lhx. ©)

i) dM = 3ex -h3x @
dx* =

B) 5+aﬁon°w3 Pohnb when i‘é— =0

olx

dy = 1°- dat o 12(D)° MR = 1ax3-2uxk =0 @
dx

= Ab 1=&,%=o =) X=2 is o Shsaan  peink. O

c) ﬁ ond Subsktulh . X=Q  d'¥ >0 => Minimun

dat IS
d¥ <o =7 Moaximum
. dx®
du| = 36 () -48@) = wu-9¢ = 43 O
dx” lo

=) k>0 =) S{v,';o%o\ta chwl: whiech is a
Minimum . @

m—
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9. The curve C has equation
y = 5x* = 24x3 + 42x2 - 32x + 11 xeR
(a) Find

L dy
() &

2
o &
®3)
(b) (i) Verify that C has a stationary pointat x = 1

(if) Show that this stationary point is a point of inflection, giving reasons for
your answer.

(4)

) ©
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\

{0 differenhate .
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( ™)
10. In this question you should show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
YA C
5
O X
P(5, -13)
I
Figure 2
Figure 2 shows a sketch of part of the curve C with equation
y=x>-10x?+ 27x - 23
The point P(5, -13) lieson C
The line | 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)
3
00 ?\): L - 10t + 1Fx - 13 we know He Po'w\\” (5, -13) & on
M = 3x*-20x+ 93 O Hhe line L.
& onk 2 2 0,
when x. =95, 8(adnen\' ax = 35 - 1008 +2* = 2
O\ use Lormuwia %— 4, = M9C-2) itk pO'\\/\\’ (5,-13)
Y+ 13 = 2x-5) o y=(m) = 10e=5)
4= 1x -123 O
\ y,
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Question continued

b) whea 3 = 0 (on the 4-00s):

= 2(0)-23 = -123

= 0® - 1000%) ~ 23 (0) - 13 = - 1%

Bot C andh L pass twough (0, -23), so C wmeets | again
on the %—Q:cj%. v ’
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