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Figure 4 shows a sketch of the curve with equation x* — 2xy + 3y = 50

(a) Show that dy_y-x
& 3y-x @

The curve is used to model the shape of a cyele track with both x and y measured in km.

The points P and Q represent points that are furthest west and furthest cast of the
origin O, as shown in Figure 4.

Using part (a),

(b) find the exact coordinates of the point P.
3

() Explain briefly how to find the coordinates of the point that is furthest north of the
origin O. (You do not need to carry out this calculation).
m
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Figure 2
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Figure 2 shows a sketch of part of the curve y = f(x), x € R, where
fx)=(2x =5 (x+3)
(@) Given that

(@) the curve with equation y
value of the constant k,

£) ~ k. x € R, passes through the origin, find the

(i) the curve with equation y = £ (r + ¢), x € R, has a minimum point at the origin,
find the value of the constant c.
[©]
(5) Show that £(x) = 12x* ~ 1635

0]

Points A and B are distinct points that lie on the curve y = f(x).
The gradient of the curve at A is equal to the gradient of the curve at B.
Given that point A has x coordinate 3

(o) find the x coordinate of point B.
®
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Given that

!
y:3)?+6xj+2)‘}77»
3V

find % Give cach term in your answer in its simplified form.

x>0,

©
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——

Figure 2

A cuboid has a rectangular cross-section where the length of the rectangle is equal to fwice its
width, x cm, as shown in Figure 2.

The volume of the cuboid is 81 cubic centimetres.
(a) Show that the total length, L cm, of the twelve edges of the cuboid is given by

=10+ 12
S

]
(b) Use calculus to find the minimum value of L.

©)
(&) Tustify, by further differentiation, that the value of L that you have found is a minimum.

[#))
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7. 2x(x? ~ 1)°, show that

£()(2 — 1)* where g(x) is a fonction to be determined.

@
dv
(b) Hence find the set of values of x for which 3= >0

@
(i) Given

x=In(sec2y), 0<y

A

ISE

4
find = as a function of x in its simplest form,

“@
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Figure3

‘The number of rabbits on an island is modelled by the equation

o
10y remino
=

where P is the mumber of rabbits, f years after they were introduced onto the island.
A sketch of the graph of P against ¢ is shown in Figure 3.

(a) Calculate the number of rabbits that were introduced onto the island.

~

o
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dP
®) Find G

‘The number of rabbits initially increases, reaching a maximum value Prwhen =T
(&) Using your answer from part (5), calculate

(i) the value of Tto 2 decimal places,

(i) the value of Pr to the nearest integer.

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

For > T, the number of rabbits decreases, as shown in Figure 3, but never falls below &,
where £ is a positive constant.

(d) Use the model to state the maximum value of k.

[©)]

@

a
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4x
45

() Find % . witing your answer as a single fraction in its simplest form.
@
@
(&) Hence find thesetof values ofx for which °* < 0
(6]
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(D) Find, using calculus, the x coordinate of the turning poiat of the curve with equation

- T
y=eFeosdn i<

ol

Give your answer to 4 decimal places

®)

3

T

(@) Givenx=sis 20, 0<y< 7

. find & as a function of .

&

Write your answer in the form

&
& =pcosec(qy). 0<
el (@),

where p and g are constants to be determined.

®)
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fg= T A6 “‘;f*:fg" S, is2 xeR

() Given that
x4 327+ 7x
F+x-6

find the values of the constants 4 and B

@

(b) Hence or otherwise, using calculus, find an equation of the normal to the curve with
equation y = f(x) at the point where x =3

»)
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‘The point P lies on the curve with equation

x=(4y—sin 2"
Given that P has (¥, y) coordinates ( ». g) , where p is a constant,

(@) find the exact value of p.
o

The tangent to the curve at P cuts the y-axis at the point 4

(b) Use calculus to find the coordinates of 4
(6)
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Given that k is a negative constant and that the function f(x) is defined by

=2 SRR

(@) show that £(x)

(b) Hence find £'(x), giving your answer in ifs simplest form.

() State, with a reason, whether £(x) is an increasing or a decreasing function.
Tustify your answer.

€]

€]

[¥))
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(x) where

f(x):L*ZK x>2

—

(a) Show that

9=
(€ ey
@)

Given that P is a point on C such that £'(x)

(b) find the coordinates of P.
()]
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The curve C has equation x = 8y tan 2y
P
The point P has coordinates (”‘E)

(@) Verify that P lies on C.
o
(b) Find the equation of the tangent to C at P in the form @y = x + b, where the constants
aand b are to be found in terms of .

(]
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A rare species of primrose is being studied. The population, P, of primroses at time ¢ years
after the study started is modelled by the equation

800e°

- 120, te
1+3e°%

(@) Calculate the number of primroses at the start of the study.

@

(b) Find the exact value of ¢ when P = 250, giving your answer in the form a In(3) where
aand b are integers

@
aP
© Find the exact value of - when 1=10. Give your answer in itssimplest orm.

@
(d) Explain why the population of primroses can never be 270.
a




image23.png
Given that

x=sectdy, O<y<X
3
(@ find & interms of y
@
@
(b) Hence show that
1
6x(x-1F
@

&

(&) Find an expression for S in terms of x. Give your answer in ifs simplest form.

“@
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The curve C has equation

The point P lies on C and has coordinates (v, ~32).
Find

(@) the value of w,
@

(b) the equation of the tangent to C at the point P in the form y = mx + ¢ , where m and ¢ are
constants

B
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5.

(i) Differentiate with respect to x

(@ y=x'In2x,

(3) y=(x+sin 20"

Given that x = cot y,

@ _ -1
how that <X = ——
@ show d 1+x

©

®)
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B = 2+t 1

—_— . x20.
x+2 X +5 (T +5)E+2) *

2x
Show that h(x) =
@ Show that b() =
@
(b) Hence, or otherwise, find h'(x) in its simplest form.
[©)]

/N

Figure 2
Figure 2 shows a graph of the curve with equation y = h(x).

(&) Calculate the range of h(x)
3)
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‘The value of Bob’s car can be calculated from the formula
V= 17000¢7025 + 2000605 + 500.
where 7is the value of the car in pounds (£) and ¢ is the age in years.

(a) Find the value of the car when ¢ = 0.
(b) Calculate the exact value of f when = 9500

(&) Find the rate at which the value of the car is decreasing at the instant when 1= 8.
Give your answer in pounds per year to the nearest pound.

O]

@

[O))
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Figure 1

Figure 1 shows a sketch of the curve C which has equation

y=eVsindx, —

iy

<x<

Wiy

(@) Find the x-coordinate of the turning point P on C, for which x> .
Give your answer as a multiple of 7.

(b) Find an equation of the normal to C at the point where x = 0.

©

(&)
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7.

(a) Differentiate with respect to x,

:
® G,

1-10x
Qx-1°

(i)

. giving your answer i its simplest form.

(b) Given that x =3 tan 2y find % in terms of x.

©

®)
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L

Differentiate with respect to x, giving your answer in its simplest form.

(@) #1a ()

sin 4x

®

=

@

(6]
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12

4. The point P is the point on the curve x =2 tan (y + ) with y-coordinate ’;’

Find an equation of the normal to the curve at P.

()
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1.

Differentiate with respect to x

(@) In(2+3x+5)

cosx
=

®

@

3)
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‘The mass, m grams, of a leaf t days after it has been picked from a tree is given by
m=pe®,
where & and p are positive constants.
When the leaf is picked from the tree, its mass is 7.5 grams and 4 days later its mass is 2.5 grams.

(@) Write down the value of p.
o

(b) Show that k-
@
(&) Find the value of ¢ when % =-061n3
(6)
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4x-5 2x 1
=2 243, xmos
R Qx+D(x-3) -9 * 7

(a) Show that
5

W= T

The curve C has equation y = £ (). The point P

(b) Find an equation of the normal to C at P.

®

®)
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Joan brings a cup of hot tea into a room and places the cup on a table. At time ¢ minutes after
Joan places the cup on the table, the temperature, & °C, of the tea is modelled by the equation

6=20+4c™,
where A and £ ase positive constants
Given that the initial temperature of the tea was 90 °C,

(@) find the value of 4.

@
The tea takes 5 minutes to decrease in temperature from 90 °C to 55 °C
(b) Show that k= ; n2

[©)]

(&) Find the rate at which the temperature of the tea is decreasing at the instant when = 10.
Give your answer, in °C per minute, to 3 decimal places.

[©))
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7. The curve C has equation

o 3#sin2x
77 2rcesax

(a) Show that

dy _ 6sin 2x+dcos2x+2

dx (2+cos2%)®
@

(b) Find an equation of the tangent to C at the point on C where x =

ol

Write your answer in the form y = ax + b, where a and b are exact constants.

“@
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Given that

d
——(cosx)=-sinx,
oY

d
show that — =secxt
@ showthat —(secx) =secxtanx
[©)]
Given that

x=sec 2y

® find & i terms of y
@

@

(&) Hence find % in terms of x.

@
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A curve C has equation

The point P on C has x-coordinate 2.

Find an equation of the normal to C at P in the form ax+by+ ¢ = 0, where a, b and c are
integers.

(@]
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Figure 1

Figure 1 shows a sketch of the curve C with the equation y = (2% = 5x + 2)e™

(@) Find the coordinates of the point where C crosses the y-axis.
o
(b) Show that C crosses the x-axis at x = 2 and find the x-coordinate of the other point where C
crosses the x-axis.

]

v

©Find
]

(d) Hence find the exact coordinates of the furning points of C.
®)
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2
B D | g &
*

4 () Giventhat)

@

(i) Given that x =tan y, show that

ele
i
e

»)
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(a) By writing sec xas show that d(sz’) =secxtanx.
cosx
]
Given that sec 3x,
@
b) find &
@ .
@

B z z
The curve with equationy = € sec 3x, ~7 <x < . has a minimum tuning pointat (2, )

(&) Find the values of the constants  and b, giving your answers to 3 significant figures.

()
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The curve C has equation

—dg+2=0

The point P with coordinates (-2, 4) lies on C.

4
(a) Find the exact value of Ev at the point .

©)
The normal to C at P meets the y-axis at the point A

(b) Find the y coordinate of 4, giving your answer in the form p + gln2, where p and ¢
are constants to be determined.

3
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The curve C has equation.

2%y + 2x+dy—cos (m) =17,

(@) Use implicit differentiation to find % in terms of x and .
®

‘The point P with coordinates (3%) lies on C.

The normal to C at P meets the x-axis at the point A.

(b) Find the x coordinate of A, giving your answer in the form % *:
e

. where @ b, ¢ and d

are integers to be determined.

)
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The curve C has equation

3xy— 42+ 64=0,

(@ Find 2 in terms of x and y
&

®

(b) Find the coordinates of the poits on C where %

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

(6)
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1.

A curve C has the equation

(@ Find 2 interms of x and y
a

®

(b) Find an equation of the tangent to C at the point (3, —2), giving your answer in the form
@+ by+c=0, where a, b and c are integers.

[#))
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f(x) = 10e > sinx, x>0

(a) Show that the x coordinates of the turning points of the curve with equation y = f(x)
satisfy the equation tanx = 4
“)

v

Figure 3
Figure 3 shows a sketch of part of the curve with equation y = f(x).

(b) Sketch the graph of H against 1 where
H() = 10 sint| 120

showing the long-term behaviour of this curve.
@
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Figure 2

A vase with a circular cross-section is shown in Figure 2. Water is flowing into the vase.

When the depth of the water is / cm, the volume of water ¥ cm? is given by
V=dzn(hi+4),  0=h=25

Water flows into the vase at a constant rate of 807 cm? .

Find the rate of change of the depth of the water, in cm s, when 1 =6.

»)
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A curve is described by the equation

Bty +)+27=0

(@ Find 2 interms of x and
a
®)
A point Q lies on the curve.
The tangent to the curve at Q is parallel to the y-axis.
Given that the x-coordinate of Q is negative,

(b) use your answer to part (a) to find the coordinates of 0.

[©)
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Figure 1

Figure 1 shows a metal cube which is expanding uniformly as it is heated.
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At time ¢ seconds, the length of each edge of the cube is x cm, and the volume of the cube
is Vem®

(a) Show that a =32
dr
)

Given that the volume, ¥ cm?, increases at a constant rate of 0.043 cm’

@ find & whenx=s
a
@

(¢) find the rate of increase of the total surface area of the cube, in cm? 7, when x =

3
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The curve C has equation
16 + 9%y = S4x=0.
(@ Find 2 interms of x and y
a
®)
d

() Find the coordinates of the points on C where < =0

m
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The curve C has the equation 2x + 3% + 3x

The point P on the curve has coordinates (-1, 1)

(a) Find the gradient of the curve at P.
®)
(b) Hence find the equation of the normal to C at P, giving your answer in the form
@+ by+c=0, where a, b and c are integers.

(&)
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Figure 1
A hollow hemispherical bowl is shown in Figure 1. Water is flowing into the bowl.

When the depth of the water is /1 m, the volume 7'm? is given by

V= é”hla—ésh), 0<h<025

(a) Find, in terms of 7, % when i=0.1.

T
Water lows into the bow ata rate of misl

(5) Find the rate of change of 7, inm 571, when 7 =0.1

@

[#))
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Find the gradient of the curve with equation

ly=2lax, x>0, y>0,

at the point on the curve where x = 2. Give your answer as an exact value

(0}
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‘The current, J amps, in an electric circuit at time  seconds is given by
I=16-160.57, 120

Use differentiation to find the value of % whent=3

Give your answer in the form In a, where a is a constant.

»)
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A curve C has equation

Find the exact value of % at the point on C with coordinates (3, 2).

([©)
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The function H(#) is used to model the height, in metres, of a ball above the ground
t seconds after it has been kicked.

Using this model, find

(c) the maximum height of the ball above the ground between the first and second bounce.
@

(d) Explain why this model should not be used to predict the time of each bounce.
(0]
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Figure 2
Figure 2 shows a cylindrical water tank. The diameter of a circular cross-section of the tank
is 6 m. Water s flowing into the tank at a constant rate of 0487 m? min™. At time  minutes, the
depth of the water in the tank is /i metres. There is a tap at a point T at the bottom of the tank.
When the tap is open, water leaves the tank at a ate of 0.6/ m® min ™.

(a) Show that, # minutes after the tap has been opened,

759

Sh).

®
When t=0,7=02

(b) Find the value of ¢ when 7 =0.5
6)
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The curve C has equation

cos 2x+cos 3y =1,

o
In
n

N

(@ Find 2 interms of x and y
a

The point P lies on C where x =

aly

(b) Find the value of y at P.

€]

€]

(&) Find the equation of the tangent to C at P, giving your answer in the form ax + by + c7=0,

where a, b and ¢ are integers

(&)
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6.

The area 4 of a circle is increasing at a constant rate of 1.5 cm? s71. Find, to 3 significant figures,
the rate at which the radius r of the cicle is increasing when the area of the circle is 2 cm?

®)




image3.png
The curve C., in the standard Cartesian plane, is defined by the equation

x
<y<>

x=4sinly h

The curve C passes through the origin O

4
() Find the value of Ey at the origin.

@)
(b) (i) Use the small angle approximation for sin2y to find an equation linking x and y
for points close to the origi
(i) Explain the relationship between the answers to (a) and (b)(i).
@)
(¢) Show that, for all points (x. ) lying on C,
__ 1
& ab-x

where a and b are constants to be found.
(3)
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Acurve C has equation

y=r-2x-24Jx, x>0

dj
(a) Find (i) ;’v
&y
) 57
o @
(b) Verify that C has a stationary point when x = 4
@

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

@
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Given that

3sing E_gk
2sinf + 2cosf
show that
T g
4 4

where 4 is a rational constant to be found.
5)




