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7. Aparticular species of orchid is being studied. The population p at time t years after the
study started is assumed to be
2800ae”* .
= ———5—, Where a is a constant.
l+ae

Given that there were 300 orchids when the study started,

(@) show that a =0.12,
@)

(b) use the equation with a = 0.12 to predict the number of years before the population

of orchids reaches 1850.

(4)

(©) Showthat p = 12336 i

A2+e™

1)

(d) Hence show that the population cannot exceed 2800.
)
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4. A heated metal ball is dropped into a liquid. As the ball cools, its temperature, T °C,
t minutes after it enters the liquid, is given by

T=400€?%+25 t>0.

(@) Find the temperature of the ball as it enters the liquid.
1

(b) Find the value of t for which T = 300, giving your answer to 3 significant figures.

(4)

(c) Find the rate at which the temperature of the ball is decreasing at the instant when
t =50. Give your answer in °C per minute to 3 significant figures.

3

(d) From the equation for temperature T in terms of t, given above, explain why the
temperature of the ball can never fal to 20 °C.

D
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1. Find the exact solutions to the equations

(@ Inx+In3=1In6,

(b) e+ 3e*=4.

()

(4)
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8. The amount of a certain type of drug in the bloodstream t hours after it has been taken is
given by the formula
1
x=De 8,
where x is the amount of the drug in the bloodstream in milligrams and D is the dose given
in milligrams.
A dose of 10 mg of the drug is given.
(@) Find the amount of the drug in the bloodstream 5 hours after the dose is given.
Give your answer in mg to 3 decimal places.

)
A second dose of 10 mg is given after 5 hours.
(b) Show that the amount of the drug in the bloodstream 1 hour after the second dose is

13.549 mg to 3 decimal places.

)
No more doses of the drug are given. At time T hours after the second dose is given, the
amount of the drug in the bloodstream is 3 mg.
(c¢) Find the value of T.

®)
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5. The radioactive decay of a substance is given by
R =1000e*, t>0.
where R is the number of atoms at time t years and c is a positive constant.

(a) Find the number of atoms when the substance started to decay.

1)
It takes 5730 years for half of the substance to decay.
(b) Find the value of ¢ to 3 significant figures.

(4)
(c) Calculate the number of atoms that will be left when t =22 920 .

)
(d) In the space provided on page 13, sketch the graph of R against t .

)
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4. (i) Differentiate with respect to x

(@) x*cos3x
3
In(x* +1)

R )

(if) A curve C has the equation
y=V(@4x+1), x>-1, y>0

The point P on the curve has x-coordinate 2. Find an equation of the tangent to C at
P in the form ax+by+c =0, where a, b and c are integers.
(6)
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Figure 1

Figure 1 shows a sketch of the graph of y = f(x).

The graph intersects the y-axis at the point (0, 1) and the point A(2, 3) is the maximum

turning point.

Sketch, on separate axes, the graphs of

(i) y=f(=x)+1,
(i) y="f(x+2) +3,
(iii) y = 2f(2x).

On each sketch, show the coordinates of the point at which your graph intersects the y-axis

and the coordinates of the point to which A is transformed.

(9)
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9. (i) Find the exact solutions to the equations

@ In(Bx-=7)=5

(b) 3xe7x+2 - 15

(if) The functions f and g are defined by

f(x) = e* + 3, x€eR
g(x) =In(x - 1), XER, x>1

(@) Find f ! and state its domain.

(b) Find fg and state its range.

@)

®)

(4)

©)
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4.

Joan brings a cup of hot tea into a room and places the cup on a table. At time t minutes
after Joan places the cup on the table, the temperature, 9°C, of the tea is modelled by the
equation

0=20+Ae ™,
where A and k are positive constants.
Given that the initial temperature of the tea was 90°C,

(@) find the value of A.
)

The tea takes 5 minutes to decrease in temperature from 90°C to 55°C.

(b) Show that k = %ln 2.
3)

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

@)
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Figure 1

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

f(x)=@8—x)Inx, x>0

The curve cuts the x-axis at the points A and B and has a maximum turning point at Q,

as shown in Figure 1.

(a) Write down the coordinates of A and the coordinates of B.

(b) Find f/(x).

(c) Show that the x-coordinate of Q lies between 3.5 and 3.6

(d) Show that the x-coordinate of Q is the solution of

_ 8
1+Inx

To find an approximation for the x-coordinate of Q, the iteration formula
_ 8
1+InXx,

Xn +1

is used.

(e) Taking x, = 3.55, find the values of x;, x, and X,.
Give your answers to 3 decimal places.

)

@)

)

@)

®)
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5. The mass, m grams, of a leaf t days after it has been picked from a tree is given by

m=pe™
where k 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.

(a) Write down the value of p.

1)
(b) Show that k = %In3.
(4)
. dm
(c) Find the value of t when — =-0.6In3.
a (6)
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3. The area, A mm?, of a bacterial culture growing in milk, t hours after midday, is given by

A=20e"", t>0

(a) Write down the area of the culture at midday.

M)

(b) Find the time at which the area of the culture is twice its area at midday. Give your

answer to the nearest minute.

()
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8. The value of Bob’s car can be calculated from the formula

V =17000e°*" +2000e " +500
where V is the value of the car in pounds (£) and t is the age in years.

(a) Find the value of the car when t =0

1)
(b) Calculate the exact value of t when V = 9500

(4)

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

(4)
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8. Pa

0 t
Figure 3
The population of a town is being studied. The population P, at time ¢ years from the start
of the study, is assumed to be
po 00
1+7e
where £ is a positive constant.
The graph of P against ¢ is shown in Figure 3.
Use the given equation to
(a) find the population at the start of the study,
2)
(b) find a value for the expected upper limit of the population.
ey
Given also that the population reaches 2500 at 3 years from the start of the study,
(c) calculate the value of k£ to 3 decimal places.
)
Using this value for £,
(d) find the population at 10 years from the start of the study, giving your answer to 3
significant figures.
2)
(e) Find, using T the rate at which the population is growing at 10 years from the start
of the study.
3
J
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6.

Find algebraically the exact solutions to the equations

(@ In(4-2x) +1In(9-3x) =2In(x + 1), -1<x<2
(®)
() 2°e¥*'=10
: : +Inb .
Give your answer to (b) in the form crind where a, b, ¢ and d are integers.
(®)
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Core Mathematics C3

Candidates sitting C3 may also requirethose formulae listed under Core Mathematics C1 and
C2.

Logarithms and exponentials

xIna

e*"? =a*

Trigonometric identities

sin(A+ B) =sin AcosB £ cosAsin B
cos(Ax B) =cosAcosBFsin AsinB

tan (A< B) =% (A+B# (k+1)7)
sin A+sinB =2sin A+BcosA;B
s§nA—sinB=2cos At BgnA=B
2 2
cos A+cosB = 2cos 2t B cos A; B
cos A—cosB = —2sin 2+ B gin A; B
Differentiation

f(x) f7(x)

tan kx k sec” kx

SEC X Sec x tan X

cot x —cosec? X

COSEC X —COSEC X COt X

) fX)9(x) —f(x) g'(x)
9(x) (9(¥)
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Core Mathematics C2
Candidates sitting C2 may also require those formulae listed under Core Mathematics C1.
Cosinerule

a’=b”*+c®—2bc cos A

Binomial series

n _4n n n-1 n n-2p.2 n n—rr n
(a+b)" =a" + 1 a" b+ 5 a" b +...+ ; a”'b'+...+b" (ne N)

n |
where ="C, S
r ri(n—r)!
n(n-1 W+ 4 nn-2...(n-r +1) W1
1x2x...xr

(L+x)" =1+nx+ +... (x|<LneR)

Logarithms and exponentials

log, X

log, x=
log, a

Geometric series

= arn—l
_a@-r"
= 1-r

S.=—2 for|r| <1
1-r

Numerical integration

b
The trapezium rule: J y dx = Ih{(yo+yn) +2(y1+y>+... +Yyn_1)}, where h -b-a
n

a
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Mensuration
Surface area of sphere = 47t 2

Areaof curved surface of cone= zr x slant height

Arithmetic series

up=a+(n-1)d

S = %n(a+|): %n[2a+(n—1)d]
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