In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Express
6sin’Ocot 260 + 4sinfcos 6

in terms of sin2# and cos26 only.

(b) Hence show that the equation
3cot20— 14 = 6sin*Ocot20 + 4sinfcos
can be written in the form

5sin’20+ 14sin26-3=0

3)

@)
(c) Hence solve, for 0 < x < 90°, the equation
3cot2x — 14 = 6sin’x cot2x + 4sinx cos x
giving your answers to one decimal place.
)
Figure 5
Figure 5 shows a sketch of part of the curve C with equation y = f(x) where
6x’ +4x—2 1
fx)=——— >——
)= o )
(a) Find f'(x), giving the answer in simplest form.
3)
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The line / is the normal to C at the point P(2, 6)

(b) Show that an equation for / is

16y + 5x =106
3)
(c) Write f(x) in the form Ax + B + Tx a1 where A, B and D are constants.
X
3)
The region R, shown shaded in Figure 5, is bounded by C, / and the x-axis.
(d) Use algebraic integration to find the exact area of R, giving your answer in the
form P+ QIn3, where P and Q are rational constants.
(Solutions based entirely on calculator technology are not acceptable.)
)
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(a) Show that the equation
M = (2 + sec28)(cosf —sin8)
cosf + sinf
can be written in the form
3sin26 — 4cos260 = 2
3
3n
(b) Hence solve for 7 < x < >
3si .
M = (2 + sec2x)(cos x — sin x)
cosx + Sinx
giving the answer to 3 significant figures.
5)
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Figure 1
Figure 1 shows a sketch of part of the curve C with equation y = f(x) where
f(x) = 6 v/x In(4x) x>0
The curve cuts the x-axis at point P

(a) State the x coordinate of P

The point Q, shown in Figure 1, is the stationary point on C

(b) Use calculus to find the exact coordinates of O

(c) Hence find the range of the function g(x) where

g0 =-21(x)

(1) Find %ln(sin2 Bx) writing your answer in simplest form.
. . d/, 6
Find —(3x" -4
(i)(a) Fin dx( )

(b) Hence show that

N
I x(3x2 —4)5dx =R

0

where R is an integer to be found.

(Solutions relying on calculator technology are not acceptable.)

@
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Figure 1

Figure 1 shows a linear relationship between log, y and log,  x
The line passes through the points (-3.5, 0) and (0, —2) as shown.

(a) Find an equation linking log y with log  x

(b) Hence, or otherwise, express y in the form px? where p and g are rational constants.
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Figure 1

Figure 1 shows the linear relationship between log, T and log x
The line passes through the points (0, 4) and (2, 0) as shown.
(a) (i) Find an equation linking log, T and log,x

(i) Hence find the exact value of 7 when x =216

(b) Find an equation, not involving logs, linking 7" with x

: The amount of an antibiotic, x milligrams, in the bloodstream of a horse, ¢ hours after
the antibiotic had been administered, is given by the formula

x =D e—(th

where D milligrams is the dose of the antibiotic given to the horse.
A dose of 30mg of the antibiotic is given to the horse.

(a) Find the amount of the antibiotic in the bloodstream of the horse 8 hours after the
dose is given. Give your answer in mg to 2 decimal places.

A second dose of 20mg is given to the horse 8 hours after the first dose.

(b) Show that the amount of the antibiotic in the bloodstream of the horse, 2 hours after
the second dose is given, is 17.5mg to one decimal place.

No more doses of the antibiotic are given. At time 7 hours after the second dose is
given, the amount of the antibiotic in the bloodstream is 10mg.

(c) Find the value of T, giving your answer to 2 decimal places.

(Solutions relying entirely on calculator technology are not acceptable.)
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4. The function f is defined by
f(x)=2x"-5 x>0 xeR

(a) State the range of f
@

On the following page there is a diagram, labelled Diagram 1, which shows a sketch of
the curve with equation y = f(x).

(b) On Diagram 1, sketch the curve with equation y = f '(x).
()

The curve with equation y = f(x) meets the curve with equation y=f'(x) atthe
point P

Using algebra and showing your working,

(c) find the exact x coordinate of P

3

4, f(x) = 8sinxcosx + 4cos’x — 3
(a) Write f(x) in the form
asin2x+bcos2x+c

where a, b and ¢ are integers to be found.

3)
(b) Use the answer to part (a) to write f(x) in the form
Rsin(2x+a)+c
T
where R >0 and 0 < a < 5
Give the exact value of R and give the value of a in radians to 3 significant figures.
3
(c) Hence, or otherwise,

(i) state the maximum value of f(x)

(i) find the second smallest positive value of x at which a maximum value of f(x)
occurs. Give your answer to 3 significant figures.
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5. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.
(i) Solve, for 0 <x <«

(x —2)(\/?_>secx+ 2) =0

(ii) Solve, for 0 < 8 < 360°
10sinf = 3cos28

8. (a) Prove that

2cosec’20(1 —cos20) =1 +tan’ 0

(b) Hence solve for 0 < x < 360°, where x # (90n)°, n e N, the equation
2cosec” 2x (1 — cos2x) =4 + 3secx
giving your answers to one decimal place.

(Solutions relying entirely on calculator technology are not acceptable.)
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Figure 1

Figure 1 shows a sketch of the curve with equation

x=2y"+5y-6

) dy .
Find — int fy.
(a) Fin & in terms of y

The point P lies on the curve and is shown in Figure 1.
Given that the tangent to the curve at P is parallel to the y-axis,

(b) find the coordinates of P.

7: A continuous curve has equation
2. T
y=¢  sin3x Oéxgg

The curve has a stationary point at the point P.

(a) Show, using calculus, that the x coordinate of P is a solution of the equation

1 3
X = —arctan| —
6. (Zx)

0]

3
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Using the iteration formula

Fsi =larctan(i] x, =04
75
(b) find the value of
(1) x,
(ii) ~;

giving your answers to 4 decimal places.

3
(c) Using a suitable interval and a suitable function which should be stated, show that
the x coordinate of P is 0.430 correct to 3 decimal places.
2
VA
{3)
3
0 X
Figure 5
The curve shown in Figure 5 has equation
.2 T
x=4sin’y -1 0%}’&5
The point P(k, %J lies on the curve.
(a) Verify that k=2
@
(b) (i) Find — interms of y
dy
. dy 1
(ii) Hence show that — = —————
2Nx+1V3 —x
(6)
The normal to the curve at P cuts the x-axis at the point N.
(c) Find the exact area of triangle OPN, where O is the origin.
Give your answer in the form az + bx” where a and b are constants.
3)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The temperature, T °C, of the air in a room ¢ minutes after a heat source is switched off,
is modelled by the equation

T=10+ Ae™

where A and B are constants.

Given that the temperature of the air in the room at the instant the heat source was
switched off was 18°C,

(a) find the value of 4

Given also that, exactly 45 minutes after the heat source was switched off, the
temperature of the air in the room was 16 °C,

(b) find the value of B to 3 significant figures.

Using the values for 4 and B,

(c) find, according to the model, the rate of change of the temperature of the air in the
room exactly two minutes after the heat source was switched off.
Give your answer in °Cmin” to 3 significant figures.

(d) Explain why, according to the model, the temperature of the air in the room cannot
fall to 5°C

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(a) Given that
V2 sin (x + 45°) = cos(x — 60°)
show that

tanx=—2—\/§

(b) Hence or otherwise, solve, for 0 < 6 < 180°

V2 sin(20) = cos (20 - 105°)

0}
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1: The point P(6, —2) lies on the continuous curve with equation y = f(x), x € R.

Find the point to which P is mapped when the curve with equation y = f(x) is

transformed to the curve with equation

() y=2f(x)

Figure 2
Figure 2 shows a sketch of the curve with equation y = f(x) where

f(x) = (2x — 3)e™ 2

=Y

2
(b) y=f(x-2)+8
)
©y=f'®
1
2. f(x) = cosx + 2sinx
(a) Express f(x) in the form R cos(x — a), where R and o are constants,
R>0and0 < a < g
Give the exact value of R and give the value of «, in radians, to 3 decimal places.
3)
g(x)=3-7f(2x)
(b) Using the answer to part (a),
(i) write down the exact maximum value of g(x),
(ii) find the smallest positive value of x for which this maximum value occurs,
giving your answer to 2 decimal places.
3)
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(a) Show that
f'(x) = 2(Px + Q)(2x — 3)"e™ ?

where P, O and n are constants to be found.

C)
(b) Hence find
(i) the x coordinates of the stationary points on the curve with equation y = f(x),
(ii) the range of the function g defined by
3 dx-2 3
gx)=8(2x—-3)e x < 2
(Solutions relying entirely on calculator technology are not acceptable.)
Q)
log,, v4
I (0, 1.5)
>
(4.8, 0) © x
Figure 1
The line / in Figure 1 shows a linear relationship between log,, v and x.
The line passes through the points (0, 1.5) and (—4.8, 0) as shown.
(a) Write down an equation for /.
()

(b) Hence, or otherwise, express y in the form kb*, giving the values of the constants &
and b to 3 significant figures.
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3. (a) Using the identity for cos(4 + B), prove that

cos24 =2cos’A—1

(b) Hence, using algebraic integration, find the exact value of

8
I (5 —4cos’3x)dx

12

5. Ahot piece of metal is cooled by dropping it into water. The temperature, H °C, of the
metal, t minutes after it is dropped into the water, is modelled by the equation

H=280e """+ 24 t>0

Use the equation of the model to answer parts (a) to (d).

(a) Find the initial temperature of the piece of metal.

(b) On Diagram 1, sketch the graph of H against 7. On your sketch, state the equation of
the asymptote to the curve.

(c) Find the value of ¢ for which H = 144, giving your answer to 2 decimal places.

(Solutions based entirely on calculator technology are not acceptable.)

(d) Show by differentiation that

dH
.
& atb

where @ and b are constants to be found.

(2)
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Figure 2

Figure 2 shows a sketch of the graph y = f(x), where
f(x)=3|x-2|-10
The vertex of the graph is at point P, shown in Figure 2.

(a) Find the coordinates of P
(b) Find ff(0)

(c) Solve the inequality
3x-2[-10< 5x+ 10

(d) Solve the equation

f(|x[)=0

2

2

(2)
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Figure 3

The curve C has equation y = f(x), where
f(x)=x3\f4x+7 x)—%

(a) Show that

b (2x + 3)

0= a7

where k is a constant to be found.

The point P, shown in Figure 3, is the minimum turning point on C.

(b) Find the coordinates of P.

(c) Hence find the range of the function g defined by

g(x) =—41(x) L e

The point Q with coordinates [%, %) lies on C.

(d) Find the coordinates of the point to which Q is mapped when C is transformed to

the curve with equation
3
=40f| x——| -8
g ( 2)

@

2

@

(o)
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2. The function f is defined by

f= 23 xeR,x#4
x—4

(a) Find ff(6)
(b) Find f'
The function g is defined by

gx)=x"+5 xeR,x>0
(c) Find the exact value of a for which

gf(@)=7

4. The number of bacteria on a surface is being monitored.

The number of bacteria, N, on the surface, ¢ hours after monitoring began is modelled
by the equation

log ,N=0.35¢t+2

Use the equation of the model to answer parts (a) to (c).

(a) Find the initial number of bacteria on the surface.

(b) Show that the equation of the model can be written in the form
N=ab'

where a and b are constants to be found. Give the value of b to 2 decimal places.

(c) Hence find the rate of growth of bacteria on the surface exactly 5 hours after
monitoring began.

(2
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Figure 3

In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.
Figure 3 shows a sketch of part of the curve with equation

y=A~dx-7

The line /, shown in Figure 3, is the normal to the curve at the point P(8, 5)

(a) Use calculus to show that an equation of / is

Sx+2y—-50=0
)
The region R, shown shaded in Figure 3, is bounded by the curve, the x-axis and /.
(b) Use algebraic integration to find the exact area of R.
“)
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
A curve C has equation
y = 2xex2+(3k72)x
where k 1s a constant.
Given that C has two distinct turning points, find the range of possible values of 4.
(7
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4: The function f is defined by

fr) = Xy X x>3
xX“+x-12 x+4

(a) Show that

Tx
x—3

f(x) = x>3

(&)

(b) Hence find f'(x) giving your answer in simplest form.

()

Figure 2
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
Figure 2 shows a sketch of the curve with equation y = f(x), where
f(x)=2x"—10x xeR
(a) Solve the equation

f(|x]) =48
3
(b) Find the set of values of x for which

[£()| > Sx

N |

)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(a) Show that sin3x can be written in the form
Psinx + Qsin’x

where P and Q are constants to be found.

(b) Hence or otherwise, solve, for 0 < @ < 360°, the equation
2sin360 = 5sin26

giving your answers, in degrees, to one decimal place as appropriate.

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
A curve has equation

4x +1

y=m xX¥F-3 xeR

Use calculus to find the range of values of x for which y is increasing.

“
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0 X
Figure 3

Figure 3 shows a sketch of part of the graph with equation y = f(x), where
f(x) = |kx— 10|+ k xeR
and £ is a positive constant.
The graph
* cuts the y-axis at the point 4
* has a vertex at the point P
(a) Find, in simplest form in terms of %,
(i) the y coordinate of 4

(ii) the coordinates of P

(b) Find, in terms of k, the range of values of x which satisfy
|kx— 10|+ k > 2k

Given that the line with equation y = 3x + 1 intersects the graph of y = f(x) at
2 distinct points,

(c) find the range of values of .

(&)
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In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

' vA
|
|
|
|
|
| y=1()
|
I
|
: A
|
DI
' >
. O| B x
x=k)
Figure 2
Figure 2 shows a sketch of the curve with equation
y=[2-4lnx+1)| x>k

where £ is a constant.

Given that the curve

« has an asymptote at x =k
« cuts the y-axis at point 4

* meets the x-axis at point B
as shown in Figure 2,

(a) state the value of £

(b) (i) find the y coordinate of 4

(i) find the exact x coordinate of B

1

3)

(c¢) Using algebra and showing your working, find the set of values of x such that

12— 4In(x+ 1) >3

)
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7.

The curve C has equation

T T 2
x=3tan| y — — xeR ——<ypy<—
(y 6) T

(a) Show that

where a and b are integers to be found.

)
The point P with y coordinate % lies on C.

Given that the tangent to C at P crosses the x-axis at the point Q.

(b) find, in simplest form, the exact x coordinate of Q.

)

An area of sea floor is being monitored.

The area of the sea floor, S km’, covered by coral reefs is modelled by the equation

S=pq'
where p and g are constants and 7 is the number of years after monitoring began.

Given that

log,,S = 4.5 — 0.006¢

(a) find, according to the model, the area of sea floor covered by coral reefs when ¢=2

()]
(b) find a complete equation for the model in the form
S=pq

giving the value of p and the value of g each to 3 significant figures.
3

(c) With reference to the model, interpret the value of the constant ¢
ey
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Figure 2

Figure 2 shows a sketch of the curve C with equation

x—gsin(3 +£J z < <37r
30Ty <Y<y

The curve intersects the y-axis at the points 4 and B as shown.

(a) Find the exact value of the y coordinate of
* point 4

* point B

(b) Show that

-7
dx p—gx’
where p and g are integers to be found.

The normal to C at 4 and the tangent to C at B intersect at the point D.
Using

+ the answer to part (b)

 the sketch of curve C in Figure 2

(c) find, in simplest form, the exact x coordinate of D.

3
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|
2. The weed on the surface of a pond is being monitored.

The surface area of the pond covered by the weed, Am’, is modelled by the equation
log ,4=1+0.03¢

where ¢ 1s the number of weeks after monitoring began.
Use the equation of the model to answer parts (a) and (b).

(a) Find the surface area of the pond initially covered by the weed.

I After T weeks, 25m” of the pond is covered by the weed.

(b) Find the value of 7, giving your answer to 2 decimal places.

2 In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

f(x) =7 cos x — 24 sin x
(a) Express f(x) in the form R cos(x + a) where R and a are constants, R > 0

and 0<a<§

Give the exact value of R and give the value of a, in radians, to 3 decimal places.

3

5

&™) = 50 3t an

(b) Using the answer to part (a), find
(i) the minimum value of g(x), giving your answer as a fully simplified fraction,

(i) the smallest positive value of x for which this minimum value occurs, giving
your answer to 3 decimal places.

@
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Prove that

cot? x — tan? x = 4cot 2xcosec2x X # % neZ
“)
(b) Hence solve, for —% <0< %
4cot 26 cosec26 = 2tan’
giving your answers to 2 decimal places.
3)
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(a) Show that
2 in2 nr
CO_S x+sm xEcosecx x# = neZ
sinx  CcosXx 2
(3)
T
(b) Hence solve, for 0 < 8 < >
cos20 sin20Y
: + =6cotfd—4
sinf  cosf
giving your answers to 3 significant figures as appropriate.
5)
(c) Using the result from part (a), or otherwise, find the exact value of
3 .
J. (ceiSZx N szx)cotxdx
=\ sinx  cosx
6
(2)
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f(x) = 4x’ + 2¢° — 12
The equation f(x) = 0 has a single root a.

(a) Show that a lies in the interval [1, 2]

(b) Show that the equation f(x) = 0 can be written as

where k is a constant to be found.

(c) Using the iteration formula

. = k
n 2x +1

with x, = 1 and the value of k found in part (b), find, to 4 decimal places,
(i) the value of x,

(i1) the value of a.

@

()

(&)
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y »
P(a, b)
0 X
Figure 2
Figure 2 shows a sketch of the curve with equation
T
x=3cos2y -3<x<3 Ogygg

Find & f
(a) Fin dy in terms of y.

(b) Hence show that

where £ is a constant to be found.

The point P(a, b) lies on the curve and is shown in Figure 2.
Given that

« the gradient of the curve at P is —%

* Dboth @ and b are positive

(c) find the exact values of ¢ and b.

(2)

3)

(C))
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Figure 4

The heart rate of a horse is being monitored.
The heart rate H, measured in beats per minute (bpm), is modelled by the equation

H=132+40e""-20e""
where ¢ minutes is the time after monitoring began.
Figure 4 is a sketch of H against ¢.
Use the equation of the model to answer parts (a) to (e).

(a) State the initial heart rate of the horse.

In the long term, the heart rate of the horse approaches L bpm.

(b) State the value of L.

The heart rate of the horse reaches its maximum value after 7 minutes.
(c) Find the value of T, giving your answer to 3 decimal places.

(Solutions based entirely on calculator technology are not acceptable.)

The heart rate of the horse is 37 bpm after M minutes.

(d) Show that M is a solution of the equation

8
t =5 ——
[1+4e'°'9’)

Using the iteration formula

8 .
tn+1 = 5lll(mj with tl =10

(e) (1) find, to 4 decimal places, the value of 7,

(ii) find, to 4 decimal places, the value of M

»

ey

5

(2)

3)
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4. Given that

4x3+2x2+3x+8=Ax+B+Cx+D

X'+ 4 x*+4

(a) (1) find the values of the constants 4, B and C

(i1) show that D=0

(b) Hence, using algebraic integration, find

dx

4
45 +2x* +3x+8
X+ 4

1

giving your answer in the form p + g In2, where p and q are integers.

=y

o

Figure 1

Figure 1 shows a sketch of the curve C with equation y = f(x) where
f(x) = e (2x* - 3)
(a) Find the range of f
(b) Show that
'(x) = 2x(2x* = 3)e™ (4 - Bx?)
where 4 and B are constants to be found.

Given that the line y =k, where & is a constant, £k > 0, intersects the curve at exactly
two distinct points,

(c) find the exact range of values of &

C)

E)

@)

@

@
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6. The functions f and g are defined by

21
2x+3

f(x)=6-

gx)=x"+5 xeR
(a) Find gf(2)
0))

(b) Find £
3)

(c) Solve the equation

Y3V SIHLNIILIYM LON Od

gg(x) =126
3)

y = f(x) A

v

KKRRRK 1¥\//7//:

seasss

SRR

Figure 1

R
SRR

T
RO tts

Figure 1 shows a sketch of part of the curve with equation y = f(x) where

2
f(x):2x+—fx4_iz xeR x=#0
e X




(a) Show that f(x) =0 has aroot a in the interval [1, 2]

()
(b) Show that the equation f(x) =0 can be written in the form
/e" + 4x°
x=3
2x +3
(2)
Using the iteration formula
Xy 4 2
x o= ity =1
" 2x +3
find, to 4 decimal places,
(c) (1) the value of x,
(i1) the value of «
3)
T
f(x) = 2secx + 6x — 3 0<x<5

The equation f(x) = 0 has a single root a

(a) Show that 0.1 < a < 0.2

)
(b) Show that a is a solution of
1 1
XxX=— —
2  3cosx
1)
The iterative formula
1 1
x = —
72 3cosx,

is used to find «
(c) Starting with x, = 0.15 and using the iterative formula,
(i) find, to 4 decimal places, the value of x,

(i1) find, to 4 decimal places, the value of «

3
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Figure 2
Figure 2 shows a sketch of the graph with equation
y:|3x—5a\—2a
where a is a positive constant.
The graph

* cuts the y-axis at the point P
 cuts the x-axis at the points Q and R
* has a minimum point at §

(a) Find, in simplest form in terms of a, the coordinates of
(1) point P
(ii) points Q and R

(iii) point §

(b) Find, in simplest form in terms of a, the values of x for which

|3x —5a| —2a = |x — 2a|

=V

“

C))
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(i) The variables x and y are connected by the equation

1o
X

x>0

Sketch the graph of log y against log x

Show on your sketch the coordinates of the points of intersection of the graph with
the axes.

3

(ii)
log N 4

Figure 2

Figure 2 shows the linear relationship between log, N and .

Show that N = ab’ where a and b are constants to be found.
3)
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€
3. The amount of money raised for a charity is being monitored.

The total amount raised in the ¢ months after monitoring began, £D, is modelled by
the equation

log,, D = 1.04 + 0.38¢

(a) Write this equation in the form
D=ab'
where a and b are constants to be found. Give each value to 4 significant figures.
3)
When ¢ = T, the total amount of money raised is £45 000
According to the model,

(b) find the value of 7, giving your answer to 3 significant figures.
(2

The charity aims to raise a total of £350000 within the first 12 months of monitoring.
According to the model,

(c) determine whether or not the charity will achieve its aim.

(2)

8. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(1) Solve, for 0 < < m
3cosecd = 8cosd

giving your answers, in radians, to 3 significant figures.

3
(i1) Solve, for 0 < x < 180°
tan2x — tan70° 3

1+ tan2xtan 70° 8

giving your answers, in degrees, to one decimal place.

@
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In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

The functions f and g are defined by

2x

f =
) 3x+1

xeR x>0

gx) =4 -x xeR x>0

(a) Find the value of gf(1)
(b) Find the range of f
(c) Find f'(x)

(d) Solve f'(x)=f(x)

(2)

09

)]

2

\oda
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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

16 k
X # =

Y T 9G3x— k) 3

where k is a positive constant not equal to 3

(a) Find jy giving your answer in simplest form in terms of £.
x

2
The point P with x coordinate 1 lies on C.
Given that the gradient of the curve at P is —12
(b) find the two possible values of &
3
Given also that k£ < 3
(c) find the equation of the normal to C at P, writing your answer in the
form ax + by + ¢ = 0, where a, b and ¢ are integers to be found.
3

(d) show, using algebraic integration that,

3

JLdF AIn10
9(3x — k)

1

where A is a constant to be found.

(O]
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3. The share price, £, of a company is being monitored. e
A graph is drawn of log, V' against 7, where 7 is the number of years after o
monitoring began. Q

2
The graph 1s a straight line passing through the points (0, 2) and (5, 2.25) 9,
=
Using this information, o)
oy
(a) find an equation for the line in the form ; 3
. _‘ 4
log, V=mt+c .
»
where m and c are constants. =
() =
(b) Write the answer to part (a) in the form ,
35
V=ab' s
where a and b are constants to be found. E
Give the exact value of ¢ and the value of b to 3 significant figures. l:!
3) 29
o=
When 7= T, the rate of increase in the share price of the company was £50 per year. g
:572 g
(¢) Find the value of 7, giving your answer to the nearest integer. 5 :
SRS
(Solutions relying entirely on calculator technology are not acceptable.) ;’25 s
) =
4. The function f is defined by
2 _ |
f- x> -2, 8 xeR x>2 o
3x*+7x-20 3x-5 2z
g
2x =
(a) Show that f(x) = -—— =
3x-5 3
3) m
(b) Show, using calculus, that f is a decreasing function. E
You must make your reasoning clear. =
n
3) >
The function g is defined by 5
gx)=3+2Inx x=1
(c) Find g
(3)
(d) Find the exact value of a for which o
O
gf(a)=5 g :
4) =t
E. .
=
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Figure 2

Figure 2 shows a sketch of the graph C| with equation
y=-2x"+5x"+4x -3

and a sketch of the graph C, with equation

y=a+|[5x+b
where a and b are constants.
Given that P has coordinates (-2, 25)
(a) show that

a=15+b

Given also that R has coordinates (2, 9)

(b) find the value of @ and the value of b

Using the answer to part (b),

(c) state the coordinates of the vertex of C,

(d) Find, using algebra, the coordinates of Q. Show each stage of your working.

(Solutions relying on calculator technology are not acceptable.)

2)

@)

2)

(6)

3505
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g(x) =x°+ 2x — 1000

(a) Show that g(x) =0 has aroot a in the interval [3, 4]
)

Using the iteration formula
x, ., = $1000 - 2x with x, =3

(b) (i) find, to 4 decimal places, the value of x,

(i) find, by repeated iteration, the value of a.
Give your answer to 4 decimal places.

3)
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Figure 3

Figure 3 shows a sketch of part of the curve C with equation

y=vV3+4e” x>0

(a) Find %, giving your answer in simplest form.

The point P with x coordinate a lies on C.

Given that the tangent to C at P passes through the origin, as shown in Figure 3,

(b) show that x = & is a solution of the equation

2 2

4x%e* —4e —3=0
(c) Hence show that « lies between 1 and 2

(d) Show that the equation in part (b) can be written in the form

v =14 43¢
2

The iteration formula

1 2
x”+1 - - 4 + SC_x”
with x; =1 is used to find an approximation for a.

(e) Use the iteration formula to find, to 4 decimal places, the value of
@ x
(i) a

0

3

0

(1
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
Solve, for 0 < 8 < 360°, the equation
3tan’@+ Tsec@d—3 =10

giving your answers to one decimal place.

(3)
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
o . d
(1) Given y=1In (2x2 + 5) find ay
2)
(i1) A curve C has equation y = f(x) where
21x
f(x) = —— xelR
(x) 33+ k
where £ 1s a positive integer, k > 1
Given that
k
j f(x)dx < 7In8
1
find the greatest possible value of &
(S
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VA

=V

Figure 4

Figure 4 shows a sketch of the curve with equation

_w+6
T3y -3

dx
(a) Find a giving your answer as a fully simplified fraction.

@
The tangents at points P and Q on the curve are parallel to the y-axis, as shown
in Figure 4.
(b) Use the answer to part (a) to find the equations of these two tangents.
@
2x* —5x+8
2. glx)y="—"—""—
x—-2
(a) Write g(x) in the form
Ax+ B +
x —
where 4, B and C are integers to be found.
3

(b) Hence use algebraic integration to show that

I g(x)dx = a + fIn3

4

where o and § are integers to be found.

@
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Figure 1

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

Figure 1 shows a sketch of part of the curve C with equation y = g(x) where

3x3 —5x2 +7x -5

x =
g x2 +1
Given that
3 _ &40 _
3x° —5x2 +7x SEAx+B+Cx+D
x2 +1 x2 +1

(a) (i) find the values of the constants 4, B and C

(ii)) show that D=0

The finite region R, shown shaded in Figure 1, is bounded by C, the x-axis and the lines
with equations x=2 and x=3

(b) Find the exact area of region R using algebraic integration.
Give the answer in the form a + Inf where a and f§ are constants to be found.

C))

“)
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. A curve has equation y = f(x) where
f(x)=x"—5x+¢e" xeR

(a) Show that the equation f(x) =0 has a root, a, in the interval [1, 2]

2

The iterative formula

— _ a'n
xn+l - stn ¢

with x =1 is used to find an approximate value for the root a.
(b) (i) Find the value of x, to 4 decimal places.

(i1) Find, by repeated iteration, the value of a, giving your answer to
4 decimal places.

&)

K“

y=1f@)

=V

Figure 1
Figure 1 shows a sketch of the graph with equation y = f(x) where
f(x)=2|x-5|+10

The point P, shown in Figure 1, is the vertex of the graph.

(a) State the coordinates of P
(2)

(b) Use algebra to solve

2|lx 5[+ 10 > 6x

(Solutions relying on calculator technology are not acceptable.)
(2)

(c) Find the point to which P is mapped, when the graph with equation y = f(x) is
transformed to the graph with equation y = 3f(x — 2)
(2)
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Figure 2

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
The graph shown in Figure 2 has equation
y=a-— ‘ 2x-b I
where a and b are positive constants, a > b
(a) Find, giving your answer in terms of a and b,
(i) the coordinates of the maximum point of the graph,

(ii) the coordinates of the point of intersection of the graph with the y-axis,

(iii) the coordinates of the points of intersection of the graph with the x-axis.

3)
On page 24 there is a copy of Figure 2 called Diagram 1.
(b) On Diagram 1, sketch the graph with equation
y= ‘ X ‘ -1
2
Given that the graphs y = |x| -1l and y = a—|2x —b| intersectat x=-3 and x =5
(c) find the value of @ and the value of b
C))
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7.

A scientist is studying two different populations of bacteria.
The number of bacteria N in the first population is modelled by the equation
N=Ae" t>0

where A and k are positive constants and ¢ is the time in hours from the start of
the study.

Given that
» there were 2500 bacteria in this population at the start of the study
» there were 10000 bacteria 8 hours later

(a) find the exact value of 4 and the value of % to 4 significant figures.
3)

The number of bacteria N in the second population is modelled by the equation
N =60000¢ " t=0
where  is the time in hours from the start of the study.

(b) Find the rate of decrease of bacteria in this population exactly 5 hours from the start
of the study. Give your answer to 3 significant figures.

(2)
When ¢ = T, the number of bacteria in the two different populations was the same.
(c) Find the value of T, giving your answer to 3 significant figures.

(Solutions relying entirely on calculator technology are not acceptable.)

3)

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Write sin46 in the form
sin@cos (P + Qsin" @)

where P, O and » are constants to be found.

3)
(b) Use the result from part (a) to show that, for x # % where k € 7Z, the equation
secxsindx = 5sin’ xcotx
can be written in the form

4sec’x — 5tanx — 8tan’x =0
3)

(c) Use the result from part (b) to solve, for 0 < x < 7, x # E, the equation

. .3
secxsin4dx = 5sin’ xcotx

giving the answers in radians to 3 significant figures.

)
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2. A curve has equation y = f(x) where

fr)=x*—5x" +4x-7 xeR
(a) Show that the equation f(x) =0 has a root, a, in the interval [2, 3]
)
(b) Show that the equation f(x) =0 can be written as
L5 —4x+7
x
@
The iterative formula
5x,7 —dx, +7
Xy = }—————
xfl
is used to find &
(c) Starting with x, =2 and using the iterative formula,
(i) find, to 4 decimal places, the value of x,
(ii) find, to 4 decimal places, the value of a
3)
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
The functions fand g are defined by
f(x) = In(x” + 3) xeR
3+ 5x
= xeR x>-2
gx) x+2
(a) State the range of f
(1)
(b) Find g
3)
(c) Find fg(0)
2
(d) Find the exact value of a for which
g(eza) = f( et — 3)
(3
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8: The functions f and g are defined by
f(x) = In(2x - 3) xeR x>2

3x —2a

xeR x+#a

gx) =

where a is a positive constant.

(a) Find the exact value of fg(2a)

@
(b) Find f'
(&)
be O
e~ e
o\ %
Figure 3
Figure 3 shows a sketch of the curve with equation y = g(x)
(c) Sketch a graph of the curve with equation y = |g(x)|
Indicate clearly on your sketch the equation of the horizontal asymptote.
3
The equation |g(x)| = 10 has two solutions.
Given that the larger solution is 8
(d) (1) find the value of a,
(i) find the value of the smaller solution. @
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) f(x) = V3 sin2x — 3 cos 2x

Express f(x) inthe form Rsin(2x — a), where R and a are constants,

R >0 and 0<0t<E

2
Give the exact value of R and the exact value of a.
3)
18
b X)=—— x>0
®) S TER N
Using the answer to part (a),
(1) write down the exact minimum value of g(x),
(1) find the smallest value of x for which this minimum value occurs.
You must make your method clear.
3)
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Figure 4

Figure 4 is a graph showing the path of a golf ball after the ball has been hit until it first
hits the ground.

The vertical height, # metres, of the ball above the ground has been plotted against the
horizontal distance travelled, x metres, measured from where the ball was hit.

The ball travels a horizontal distance of d metres before it first hits the ground.
The ball is modelled as a particle travelling in a vertical plane above horizontal ground.
The path of the ball is modelled by the equation

h=15x-0.5xe"™ 0<x<d
Use the model to answer parts (a), (b) and (c¢).

(a) Find the value of d, giving your answer to 2 decimal places.

(Solutions relying entirely on calculator technology are not acceptable.)

3
(b) Show that the maximum value of 4 occurs when
x = 50111{ 150 )
x+ 50
“@
Using the iteration formula
x ., =50In 150 withx =30
" x +350
(c) (1) find the value of x, to 2 decimal places,
(i) find, by repeated iteration, the horizontal distance travelled by the golf ball
before it reaches its maximum height. Give your answer to 2 decimal places.
3
Find
) J sin? 3x dx
2
. 3
(i) J.x(x2 +4)2dx
2
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Figure 3

Figure 3 shows a sketch of the curve C with equation y = f(x), where
fx)=(2x+1)e™
(a) Show that
f'(x)=A2x+ 1)y’ (1 -4x) e ™

where A4 is a constant to be found.

)

(b) Hence find the exact coordinates of the two stationary points on C.
3)

The function g is defined by
g(x)=8f(x-2)

(c) Find the coordinates of the maximum stationary point on the curve with equation
y=g).
(2)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The temperature, 8°C, of a computer processor, ¢ minutes after the computer is switched
off, is modelled by the equation

f=21+A4de™"

where 4 and k are positive constants.

Given that the temperature of the processor was 75°C when the computer was
switched off,

(a) find the value of 4.

2
Given also that it takes 5 minutes for the temperature of the processor to decrease from
75°C to 25°C,
(b) find the value of , giving your answer to 3 significant figures.

3
At time T minutes, the temperature of the processor is decreasing at a rate of 9°C
per minute.
(c) Find the value of T according to the model, giving your answer to 2 decimal places.

3)

. The point P(—4, —3) lies on the curve with equation y = f(x), x € R

Find the point to which P is mapped when the curve with equation y = f(x) is
transformed to the curve with equation
(a) y=1(2x)

1)
(b) y=3t(x-1)

(0]
(©) y= ()

1)
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In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A curve C has equation

x = sin*4y 0<y<

oo |y
o
/AN
=
N

The point P with x coordinate % lies on C

(a) Find the exact y coordinate of P

(¢))
dx
(b) Find 3
(¢))
(c) Hence show that gi: can be written in the form
dy 1
dx Vg +r(x +s5)’
where g, r and s are constants to be found.
(©))

Using the answer to part (c),

(d) (1) state the x coordinate of the point where the value of % is a minimum,

(ii) state the value of %} at this point.

(0]
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5.

The curve C has equation

_In(x* + k)

R
X +k *e

where k is a positive constant.

(a) Show that

dy _ Ax(B-In(x’ +&))
dx (x2 +k)2

where 4 and B are constants to be found.
Given that C has exactly three turning points,
(b) find the x coordinate of each of these points. Give your answer in terms of &

where appropriate.

(c) find the upper limit to the value for £.

3

&)

(1

A new mobile phone is released for sale.

The total sales N of this phone, in thousands, is modelled by the equation
N=125-4e *'™ t>0
where A is a constant and ¢ is the time in months after the phone was released for sale.

Given that when t=0, N=32

(a) state the value of 4.

Given that when ¢=T the total sales of the phone was 100000

(b) find, according to the model, the value of 7. Give your answer to 2 decimal places.

(c) Find, according to the model, the rate of increase in total sales when ¢ =7, giving
your answer to 3 significant figures.

(Solutions relying entirely on calculator technology are not acceptable.)

The total sales of the mobile phone is expected to reach 150000
Using this information,

(d) give a reason why the given equation is not suitable for modelling the total sales of
the phone.

(1)

3

0

)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The number of squirrels in a forest is being studied.

The number of squirrels, N, in the forest, ¢ years after the start of the study, is modelled

by the equation

0.1¢
v _ 4000e

19 4 e £>0

Use the equation of the model to answer parts (a), (b), (¢) and (d).

(a) Find the number of squirrels in the forest at the start of the study.

dnN
Fi —
(b) Find m

The number of squirrels in the forest is at a maximum when ¢= T
Using the answer to part (b),

(¢) show that e’*" = A, where 4 is a constant to be found.

(d) Hence find the maximum number of squirrels in the forest.

Show your working and give your answer to the nearest whole number.

The functions f and g are defined by
f(x) =2+ 5nx x>0

6x -2
2x +1 3

g(x) =
(a) Find f'(22)
(b) Use differentiation to prove that g is an increasing function.
(c) Find g'

(d) Find the range of fg

(1)

()

2)

(3

(2

3

3)

(2)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Prove that

3
tan3xEM xe@n+ DT €
1—-3tan"x 6 o
(b) Hence solve, for 0 < 6 < g
3tand — tan’g.

\3 g = 2sec?360 — 8
—3tan

giving your answers to 2 decimal places.

)
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Figure 1

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
Figure 1 shows a sketch of the curve with equation y = f(x), where
f(x) = 2e*"* cos x 0<x< 2

The curve intersects the x-axis at point R, as shown in Figure 1.

(a) State the coordinates of R

ey
The curve has two turning points, at point P and point , also shown in Figure 1.
(b) Show that, at points P and Q,
asin’ x + bsinx + ¢ = 0
where a, b and ¢ are integers to be found.
O]
(c) Hence find the x coordinate of point 0, giving your answer to 3 decimal places.
2
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7. Given that a and b are positive constants with a > b,

(a) sketch, on separate diagrams, the graph with equation
@) y=[3x-dl
(i) y=[3x—a|-b

Show on each sketch

* the coordinates of the minimum point on the graph
+ the coordinates of the point at which the graph crosses the y-axis

6
(b) Solve the equation
[3x —a| - b =>5x
giving any solution for x in terms of @ and b.
()
. The functions f and g are defined by
f(x)=9-x? xeR x>0
3
< R x>0
8= 0 P L
(a) Write down the range of f
@
(b) Find the value of fg(1.5)
)
(c) Find g
3)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

A curve C has equation

y=>5cos2x — 12sin2x —T<x<T

T
The point 4 with x coordinate 3 lies on C.

(a) Use algebraic differentiation to find the gradient of the tangent to C at A.
Give the answer in simplest form.
(b) Express 5cos2x — 12sin2x in the form
Rcos(2x + @)
where R > Oand0<oc<E

2

Find the exact value of R and find the value of a to 3 decimal places.

A point P lies on C.
Given that the gradient of the tangent to C at P is 6

(c) find the greatest possible value for the x coordinate of P.
Give the answer to 2 decimal places.

. The function fis defined by

£() = 4x +3 x42
x=2
(a) Find
(b) Show that
ax+b
ff(x) =
) ex+d

where a, b, ¢ and d are integers to be found.

The point P (3, 15) lies on the curve with equation y = f(x).

(c) Find the point to which P is mapped when y = f(x) is transformed to the curve with

equation y=2f(3x)+ 8

3

€))

C)

(&)

3

@
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3: The curve C has equation

2
x:4y -3 1
2y +1

(a) Find % in terms of y, giving the answer in simplest form.

Q)
A point P lies on C.
Given that
+ the gradient of the tangent to C at P is 1
+ the point P lies above the x-axis
(b) find the coordinates of P.
(Solutions relying entirely on calculator technology are not acceptable.)
Q)
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