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Question 1  (*%)

Solve the equation

2x—4 — 7

giving the answer in the form k + In/k , where k is an integer.

Question 2 (¥%)

A new antibiotic is tested by spraying it on a lab dish covered in bacteria.

Initially 12000 bacteria were placed on the dish and 24 hours later this number has
fallen to 2000 .

The number of bacteria N on this lab dish reduces according to the equation

N=Ae™ :>0,

where ¢ is the time in hours since the bacteria were first placed on the dish and, A and
k are positive constants.

a) Show that k =0.07466, correct to 4 significant figures.

b) Find the value of ¢ when the bacteria will reach 1000 .
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Question 3  (*%)

Find, in exact form where appropriate, the solution of each of the following equations.
a) e =9
b) In(4-y)=2

¢) Int+In3=Inl2

x=In3

9

Lly=4-e?=-339|, [t=4

Question 4  (*%)

A preservation programme, for elephants in Africa, was introduced 8 years ago. The
elephants were then released to the wild. Let ¢ be the number of years since the start of
the programme.

The population of elephants P, is given by

P=400e""* 120,
Assuming that P can be treated as a continuous variable, find ...
a) ... thenumber of elephants when the programme started.

b) ... the number of elephants released to the wild.

¢) ... the value of ¢ when the number of elephants will reach 1000.

t=19|

205/, [400

b 9 b
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Question 5 (*%)

The value £ V' of a certain model of car, ¢ years after it was purchased, is given by
V=Be X 1>0
where B and k are positive constants.

The value of the car when new was £21000 and after five years it dropped to £5000 .

Find the value of B and the value of % .

|B=21000], |k =~ 0.2870]

b
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Question 6  (*%)

A curve has equation

y= Aek ,
where A and k are non zero constants.
The curve passes through the points (0,4) and (12,16).

a) Find the value of A and the exact value of k.

b) Determine the value of y when x =30

A=4], k=%1n2, y=128

(:\)uiv (0] |y= 12k
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Question 7  (¥%)

A cup of coffee is cooling down in a room.

The temperature 7 °C of the coffee, ¢+ minutes after it was made is modelled by

¥
T=20+50e 1, t>0.
a) State the temperature of the coffee when it was first made.
b) Find the temperature of the coffee, after 30 minutes.

¢) Calculate, to the nearest minute, the value of r when the temperature of the
coffee has reached 35°C.

=70

, 126.8°C|, [t =18

9

Question 8  (**+)

Find, in exact form where appropriate, the solution of each of the following equations.
a) 4-3¢’*=3

b) In(2w+1)=1+In(w-1)

[ [r=-Jm3=-0549], |w= 4l 58
2
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Question 9 (**+)

A microbiologist models the population of bacteria in culture by the equation

P=1000-950¢ 2", 1>0
where P is the number of bacteria in time ¢ hours.
a) Find the initial number of bacteria in the culture.
b) Show mathematically that the limiting value for P is 1000.

¢) Find the value of + when P =500.

By=50|, [r=1.28

Question 10  (¥*+)
It is given that

Iin16=2118 =
4ln16 3ln8_kln2.

Determine the value of « .
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Question 11 (**+)

The function f is given by

f(x)=4-In(2x-1), xe R, x>1.

a) Find an expression for f ' (x), inits simplest form.
b) Find the exact value of ff (1).

¢) Hence, or otherwise, solve the equation f (x)= ff(1).

(1+e*). [ () =4-1n7], [x=4

f )=

=

Question 12 (**%)

Find, in exact form where appropriate, the solution of each of the following equations.
a) e2x+1 — 4

b) In(4y+1)=2

¢ 2Inz+In3=In(5¢+2)
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Question 13 (**%)

Find, without the use of a calculating aid, the solution of the equation
xIn9+In28=1In12+ xIn49

giving the answer as an exact fraction.

=

Question 14  (¥%%)

Rearrange each of the following equations for x.

a) y=In(x-2)+3, xeR,x>2

b) y=+(e*+3)

x=e"+2|, [x=4+1n(2y-3)
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Question 15 (**%)

A liquid is cooling down and its temperature € °C satisfies

t

0=20+30e 20, >0
where ¢ is the time in minutes after a given instant.

Find the value of # when the temperature of the liquid has reduced to half its initial
temperature.

b

t=35.8]

INTIAL Tf@ATURE 1S SO°C 1€ —HAF THe nMac ThuPRRATIPE 18 25T

= 75:2043&;»'*‘»
= T = Sus,{‘zt

T o
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Question 16  (**%)

A car tyre develops a puncture.

The tyre pressure P, measured in suitable units known as p.s.i., ¢ minutes after the
tyre got punctured is given by the expression

P=8+32¢ ", 130,
where k is a positive constant.
a) State the tyre pressure when the tyre got punctured.
The tyre pressure halves 2 minutes after the puncture occurred.
b) Show that k =0.4904, correct to 4 significant figures.
¢) Calculate the time it takes for the tyre pressure to drop to 12 p.s.i.

d) Find the rate at which the pressure of the tyre is changing one minute after the
puncture occurred.

, |P=40], [t=4.24], |-9.61 p.s.i/min
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Question 17  (**%)

The population P, in thousands, of a colony of rabbits in time ¢ years after a certain
instant, is given by

P=5+ae_bt, =20
where a and b are positive constants.

It is given that the initial population is 8 thousands rabbits, and one year later this
population has reduced by 2 thousands.

a) Find the value of a and the value of b .

b) Explain mathematically, why the population can never reach 1000, according
to this model.

la=3|, |b=1n3|

2
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Question 18  (**%)

f(x)=4e™, xeR
g(x)=x+2, xe R

a) Find an expression for gf (x).

b) State the range of gf (x).

©) Solve the equation gf (x)= ? :

gf(x)=4e"+2|, |gf(x)>2|, [x=In3

Question 19 (¥%%)

Simplify the following expression, giving the final answer in the form k1In3, where k
is an integer.

2In9—In6-4In/3+In2
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Question 20  (**%)

Rearrange each of the following equations for x.
a) y=1-2¢"

b) y=2-In(x+1), x>-1

¢) y=+ve'=2, x=In2
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Question 21 (**%)

A hot drink is cooling down in a room.

The temperature 7 °C of the drink, # minutes after it was made is modelled by

1
T=22+50e %, 1>0.
a) State the temperature of the drink when it was first made.

b) Assuming the drink is not consumed ...

i. ... calculate, to the nearest minute, the value of ¢ when the temperature of
the drink has reached 40°C.

ii. ... determine the value of 7, when the drink is cooling at the rate of
2.5°C per minute.

t=8 min|, [T =42

17=72

b 9

T = Buraxote of DR

4= e (o )

al weto = T=2 rwd
= T=22x S0
= T=-RC _~
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¢
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Question 22  (**%4)

Solve the equation

lnx:i+1, x>0,
In x

giving the answers in exact form.

Question 23  (¥**4)

A population P is decreasing according to the formula
P=Ae™ 120

where A and k are positive constants and ¢ is the time in years since the population
was 10000.

Ten years later the population has reduced to 5000.

Find the value of ¢+ when the population reaches 1000.
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Question 24  (**%4)

Find in exact form the solution of the equation

In(x? =2x-8)=1+In(x? —6x+8).

2e +2
b =
e—1

Question 25  (**%4)

The volume of water in a tank V m?>, ¢ hours after midnight, is given by the equation

L
V=10+8e 2, 1>0.
a) State the volume of water in the tank at midnight.

b) Find the time, using 24 hour clock notation, when the volume of the water in
the tank is 14 m> .

¢) Determine the rate at which the volume of the water is changing at midday,
explaining the significance of its sign.

d) State the limiting value of V' .

V =18|, [08:19

, _3_2e ~—0.245, decrease|,|t =0, V =10

2 9
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Question 26  (**%4)

Find the exact solution of the simultaneous equations
e'+e’ =8

2e¥+e?r =16.

x=In6|, |y=In2
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Question 27  (¥*%4)

A curve has equation
y=Aln(Bx), x>0
where A and B are positive constants.

a) Given the curve passes through the points with coordinates (3,0) and (6,1)
find the exact values of A and B.

2

A different curve has equation y = y,e ", where y, is a constant.

n
b) Show clearly that x =1n (&j , where n is a constant to be found.
y
1 1 1
A=—/|, |B==|, |n==
In2 3 2
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Question 28  (**%4)

Make x the subject in each of the following expressions.

0.2(x—1
a) y=ype (x-1)

b) y=ln‘[i, x>1.
x—1

x=1+51n(l) ,lx=1+4e
Yo

Question 29  (¥%**4)

Determine, in exact simplified form where appropriate, the solution of each of the
following equations.

a) 2In54—xIn3=1In12
b) eV+5=32

© In(1-2w)=1+Inw

1
x=5 , y=—ln3 , W:2—+ez0212
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Question 31  (**%4)

The figure above shows the curves with equations
y=Inx, x>0 and y=2In(x-6), x>6.

The curves cross the x axis at the points A and B respectively, and intersect each
other at the point C'.

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

b) Determine the exact coordinates of C'.

A(1,0)|, |B(7,0)|, | B(9,21n3)
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Question 32  (**%4)

Find the exact solution of the following equation

x=ln2|

2

Question 33  (¥**+)

Show clearly that

51n(%)+21n(%)—[51n(%)+21n(

W[

)J =3(Ina—Inb)

where a and b are integers to be found.
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Question 34  (**%4)

A curve has equation

y=Inx+4x, x>0.
The points A and B lie on this curve, where x = ) and x= % , respectively.

Show that the gradient of the straight line segment AB is 4+4In2.

proof
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Question 35  (**%4)

The functions f(x) and g(x) are defined
f(x)=4+Inx, xeR, x>0
g(x) —ex?, xeR.
a) Find an expression for £~ (x).
b) State the range of f 7 (x).

¢) Show that x =+/e is the solution of the equation fg (x)=6.

Fx) =" 1 (x)>0
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Question 36  (**%4)
Find, in exact simplified form, the solution of each of the following equations.
254 =24
a) 1-25¢ 7 = 55 -

b) In(e=5x)=1+In(5x—¢).
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Question 37  (**%4)

The value, £V, of a painting is modelled by the equation

V =600+200In(27+1), 20

where ¢ is the number of years since the painting was purchased.
Determine...
a) ... the value of the painting when it was first purchased.
b) ... the value of ¢ when the value of the painting doubles.

¢) ... the rate at which the value of the painting is increasing twelve years after it
was purchased.

v =600|, |t ~9.54

, |£16 per year

b

Question 38  (¥**+)

Find, in exact form where appropriate, the solutions of the equation

x=0, x=In4
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Question 39  (**%4)

The function f (x) is given by
f(x)= 3e>*~4, xeR.
a) State the range of f(x).
b) Find an expression for £~ (x).

¢) Find the value of the gradient on f~'(x) at the point where x=0.

70> [ =5

Question 40  (¥**4)

Find the solution of the following simultaneous equations

e2x+4 —ey

Iny=4x+6.
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Question 41  (**%4)

The functions f(x) and g(x) are defined
f(x)= x> -10x, xe R
g(x)=e*+5, xeR.
a) Find, showing all the steps of the calculation, the value of g(3In2).
b) Find, in its simplest form, an expression for fg (x) y
¢) Show that g(2x)— fg(x)=k , stating the value of the constant k.

d) Solve the equation gf (x)=6.

g(3In2)=13|, | fg(x)=e*-25|, [k=30], [x=0,10
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Question 42 (**%4)

The figure above shows the graphs of the curves with equations

y=2¢ " and y=e'—1I.

The two graphs intersect at the point P .

Determine the exact coordinates of P .

[ 1. |p(n21)
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Question 43  (**%4)
During a chemical process the mass of a substance, m kg, at time ¢ hours grows

exponentially according to the formula
m=20e"%%, 1>0.
a) Find the time taken for the substance to increase to three times its initial mass.

b) Calculate the rate of change of m , when m =100.

, [t=50In3=54.93 hours|, |[— =2
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Question 44  (**%4)

The half life of a radioactive isotope is the time it takes for a given mass to reduce to
half the size of that given mass.

A radioactive substance reduces from 12 g to exactly 10.24 g in 30 days.

Assuming that the isotope decays exponentially, determine the half life of the isotope,
correct to the nearest day.

, |=131 days

STRING. 00T b STINAAQD CXPONENTIALY DECAIING. MoDél

— = G

o o2
P e
T« R 1ol . o W e~ B ey //

7/
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Question 45  (¥¥¥%¥)

A curve has equation
y=In(Ax+B), x>0,
where A and B are non zero constants.

The curve passes through the points P(2,In3) and Q(4,In27).

a) Find the value of A and the value of B.

b) Show that the equation of the straight line through P and Q can be written as

y=(x=1)In3.

lA=12], [B=-21]

9

(@ (2= 3= bizaty)
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Question 46  (**¥%¥)

Find, in exact simplified form, the solution of each of the following equations.
a) eX 3 =2e.

b) In(2y—1)=1+In(e-y).

Question 47  (¥¥¥¥)

Find, in exact form if appropriate, the solution of the following simultaneous equations
x+e’ =5

In(x+1)° =2y.

|| [x=2],[y=In3
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Question 48  (*¥¥¥)

The function f is defined as

f(x)=aln(bx), xe R, x>0

where a and b are positive constants.

a) Given that the graph of f (x) passes through the points (%,O) and (3,4), find

the exact value of a and the value of b.

b) Solve the equation

b=3

, x=27|

In3|’
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Question 49  (¥¥¥%¥)

YA

> X

The figure above shows the graph of the curve with equation
y =4—x+2ln(x—1) , x>1.

The point A is the maximum point of the curve and the point B lies on the curve
where x=35.

a) Find the coordinates of A and B.
The points C and D lie on the x axis directly below the points A and B, respectively.

b) Show that the area of the trapezium ABDC is 6Iln2 square units.

A(3,1+2In2), B(5,-1+41n2)
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Question 50  (¥¥¥%¥)

An area is to be replanted with eucalyptus trees after a large fire.

The height, H m, of one such tree is given by the formula

H=25-24¢"" >0,

where ¢ is the time in years since the tree was planted.

a) State the height of a newly planted tree.

b) Find the height of a tree, after 2 years.

¢) Calculate, to the nearest integer, the value of + when the height of a tree has

reached 80% of its eventual height.

:

Created by T. Madas
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Question 51  (¥¥%%)
A radioactive substance decays so that its mass, m kg, at time ¢ years from now,

satisfies the exponential equation
m=400e 0% 1>0.

a) Find the time it takes for the substance to halve its mass.

b) Determine the exact value of ¢+ when the radioactive substance is decaying at
the rate of 5 kg per year, giving the answer in terms of In2.

t=20In2=13.86 years|, |t=40In2

Question 52 (¥¥¥¥)

Itis given that

In3—-In2
xX=—.
1+In3

Show clearly that x is the solution of the equation

2x3¥ =3xe™ .

, |proof

SCOIJE THE €s0sTloN
— 2x3 = 3P
I )
= h(x2) = h(axe™)
= 2+ b3 by + b
= 2 +ak3 < W3 -
= xtah3 = W3 -l

= 2Cba) = W3- b2
—_ x = li-b2
7 | 4 W3 ///

7 ppui)
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Question 53  (¥¥¥%¥)
Find, in exact form where appropriate, the solutions of each of the following equations.

a) 21n56—[1n168—ln(%ﬂ =xIn2.

b) e’3%=3,

o UM oy ieycs,

NN

[ ] [x=3]. [y=(1-¢)n3|, [w=e

" 1; ;: 9

Question 54  (F*¥%)

f(x)=In(4x), xe R, x>0.

Find, in exact simplified form, the solution of the equation

F(x)+f(22)+£(x*)=6.

=

[l

"\f@ % )wq x>o

TIDVING. 0P T (uATIcR
= o)+ £ 4 @) - <
= by ) + W) =<
N N Y

NI AN
BoR a8
W e e il ol

3
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Question 55  (¥¥¥%¥)

Water is heated in a kettle which is kept in a kitchen. The kitchen is kept at a constant
temperature, 7j,.

The temperature, 7 °C, of the water in the kettle satisfies
T=95-75¢7, 120,
where ¢ is the time in minutes since the kettle was switched on.
a) Find the time it takes for the water in the kettle to reach a temperature of 85 °C.

b) ‘Determine the initial rate of the temperature rise of the water in the kettle.

Once the water has reached a temperature of 85 °C the kettle is switched off and is
allowed to cool. Its temperature is now given by

T=15+Ae ", >0,

where A and k are positive constants, and ¢ now represents the time in minutes since
the kettle was switched off.

¢) Find the value of A.

d) State, with a reason, the constant temperature of the kitchen, 7j,.

, |t = 2.01 minutes|, |75°C/min|, |[A=70|, |T, =15
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Question 56  (**¥%¥)
fx)= ln(5x2 +9x+5), xeR.
Show that the statement
“ f(x) is positive for all real values of x”

1s in fact false.
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Question 57  (¥*¥%¥)

y=2+3e" P

y:_1+ex+3

The figure above shows the graphs of

y=2+3e* and y==l+¢e"".
The graphs meet at the point P.

Show that the y coordinate of P is

2¢3+3
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Question 58  (¥¥¥%¥)

Find, in exact form where appropriate, the solution for each of the following equations.

a) 2lnx=In(4x+12).

b) 3e’+2e 7V =7.

¢c) —=e.

x=6, x£-2

[ y=In2, -In3|, |t =——F
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Question 59  (¥¥¥¥)

When hot cooking oil cools down, its temperature, 7 °C, is related to the time, ¢
minutes, for which it has been cooling, by the formula

T =20+160e ", t>0.

a) Sketch the graph of T against ¢, clearly marking its asymptote and the
coordinates of the starting point of the curve.

b) Determine the value of ¢, when T =100.

¢) Find an expression for CCIZ—T .
t

d) Calculate the value of T, at the instant when the oil is cooling down at the rate
of 2°C per minute.

4T — _16e701|, [T =40

t=10In2=6.93|, i

9

@ T=20 4o

o eger
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Question 60  (**¥%¥)

The point P(In2,5b—3a) lies on the curve with equation

y=a+be",
where a and b are non zero constants.
The gradient at P is 8.
a) Find the value of a and the value of b .

b) Determine the exact coordinates of the point where the normal to the curve at
P crosses the x axis.

a=3, b=4/, |(88+1n2,0)

Question 61  (¥*%%¥)

Find the exact solutions of the equation

3e3 —4e>*5e%4+2=0.
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Question 62  (**¥%¥)

A curve has equation
1 3
yzzx —6lnx+1, x>0.

The points C and D lie on this curve, where x=4 and x =8, respectively.

Show that the gradient of the straight line segment CD is 28 —%ln 2.

proof

Question 63  (¥¥¥¥)

Find in exact simplified form the solution to the equation

2X e3x+1 r 10 .

_ —1+In10
3+In2
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Question 64  (*¥¥¥)

Find the exact solution of the following simultaneous equations

x+e’ =1

In(x+1)"=2y=2.

e—1 ( 2 j
[ =20 = A
e+l e+1

D & RuDAS
= hef-29=2 A . areds
= 2er) —24=2 =elaia
= In(n) -y =1 = g= (-

~, o

InGerd) —b(-2) =1
= Lol
- xtl-e

= G- [ 5 E]
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Question 65  (**¥%¥)

Find the exact solutions of the equation

e —5¢*+3e =4,

x=1In3,-1n2

b
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Question 66  (***%¥)

Find, in exact form where appropriate, the solutions for each of the following equations.

b) e"-3 8
e’—1
| , [x=-In3[, [w=1n5|
@) TWo Stosiee Mibas
[ 0 - 3
(&™) = e <o
-x = h3ihe ilr
== b3 4 | e =3
—xs g Y
s -y L = k3
7
7 as //
Bt
B W w4 s eumearc”
R T G
-
= & liha=8
= €4 5 =0
= @+eDE-5)=o
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Question 67  (**¥¥)

Show that the following simultaneous equations
e +4=x

1n(x+1)=2y—1

are satisfied by the solution pair

BY Any ShisiRle SURSTOTOD

ATERIATIUE
Sap— g 2= 1 h(an) = My \wgﬂ: o
. ~
2« W(x-9) > o
~ N = | L,\,_'JW l\] 2-
= na) = 1+ bl = b ) 2
= ln(3-9) W) = 1 » e
- 'M(%:ﬁ\‘*‘ — g = ¢
s 5= AL A
—
-

/ <3
e N
p — 3= h(E)
QURSTIE W00 2= Wn(a) 3= ")
; — 4=LnGE)
oyt (B2 ) L[ Se o)) L), (et —
= (o) = ) 7 K J
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Question 68  (**¥¥)

Solve the following logarithmic equation

lnx2+i:7.
Inx

[ jx=e e

WIROLTE A Rouadt
= lads 2~ =7
Y
5 Qo 27
BN
= 20 +3 = Tha
— 2mx)-Tlx +3 =0
Frodize THe QuideATic
= (A — V(b - 3)

= o= < z
~

2

Sy
e e
=2 &‘\ez /
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Question 69  (¥*¥%F)
The value V , in £, of a computer system ¢ years after it was purchased is modelled by

the following expression

V=100+Ae ", >0,

where A and k are positive constants.

Its value after one year was £650 and after a further period of four years £350 .

Find, correct to the nearest £, the value of the system when new.

| , |£770]
=

V= Loy ASH

Al i
t=l  W=eso L=s V= 350
- -k
850 = 100 + Ae 30 = oot A

250 = AgSE

So= Ak

DODRG THE QUTIONS S0 &y Sipe
So ot s o
9

A

bty we e
V=100 + eqare M

W teo Coen)

V= loo + 66074 x <°

N~ 770
£ ETD 2
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Question 70  (¥**%¥)

The curve C has equation
y=e>*—4e*—16x.
a) Show that the x coordinates of the stationary points of C satisfy the equation
e*¥-2e¥~8=0.

b) Hence find the exact coordinates of the stationary point of C, giving the
answer in terms of In2.

[ ].{(2In2,-321n2)

Question 71  (¥*%%)

Find, in exact form where appropriate, the solutions of the following equation

s )
dx\3-¢" .
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Question 72 (¥¥¥¥)

The temperature of an oven is modelled by
6=225-200e", 120
where @ °C is the temperature of the oven, ¢ minutes after it was switched on.
a) State the highest temperature of the oven according to this model.
b) Determine the value of # when the oven temperature reaches 125°C.

¢) Show clearly that

49 _1ins_0),
dr 10

and hence find the rate at which the temperature of the oven is increasing when
its temperature has reached 125°C.

, 16, =225], |t =6.93|, 10°C/min

o) ey £ Recomis Uy Lgte L IE £ —> o

€50
2008t 50

s B— 225
o MAX TruPERATORE (8 22€°C
Q Wi B =ng

1252 25— 2006

J

Jy sy

d w

"
;
;

— o Te czmm«,vmw‘fi

2006 20c g
B (o) A
Tkl E%W\UD \\\\\ il
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Question 73  (¥*¥%¥)

yN
y=2-3e"
P
0 > x
y=l+e g™t

The figure above shows the graphs of

x+1

y=2-3¢* and y=l+el+er .

The graphs meet at the point P .

Show that the y coordinate of P is

2e?+3e+2
ez+3e +1 .

PUOCEED AL Fouoks A THE 2 (0-0ROINGTE & KK Diuiek)

® = 2- 2e* ® y=(+M g
E Yol €xe v €xct
et e e
3= e 1 3kl
— —> 3= @Y FCURER
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Question 74  (¥¥¥%¥)

The functions f(x) and g(x) are defined by
f(x)=e-3, xe R
g(x)=x+1, xeR.

a) Find an expression for f'(x), the inverse of f(x).

b) State the domain and range of f ' (x).
¢) Solve the equation
gfg(x)=2(e=1),
giving the final answer in terms of logarithms in its simplest form.

d) Solve the equation

£ (x)=In(x+3)|,

xeR, x>-3

| (x)eR]|, [x=In2[, |x=In[2+In(3+e)]
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Question 75  (¥¥¥%¥)

The number of bacteria N present in a culture at time ¢ hours, is modelled by the
equation

N=Ae" t>0.

At the instant when #=1n64 , there are 1200 bacteria present in the culture and
bacteria are increasing at the rate of 200 bacteria per hour.

a) Find the value of A and the value of k.
The time 7 it takes for the bacteria to triple in number is constant.

b) Find the exact value of T .

A=600], |k

=

, IT =6In3

9

Q\, STACT BY DIFFEASIATING THE €xplecsion) w.er
Ne Ak

d) A \1
Wb a ALy

ot=lit N=poo o £ lacg é%. 200 Nzloo
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Question 76  (**¥¥)

Simplify the following logarithmic expression
ln(Z\/E) —lln(%j —ln(lej ,
3 \e 3
Limp , where a and b are positive integers.

giving the answer in the form —
1
1 5+m3

M X
(21 - 1o (&) 1y (1= 4fned)- b (8)-3n(g)]
= h(ed)-be) - W]
- ﬁUM(‘?E’ﬂ‘ b () b (%}H
= &b [2ef]
& gﬁh 7+ )hcfj
= [ fhe]
B ey

= W3+ L
A# b3

Mepd B

b (@) - (2 (ko) = bzl -~ fid #he]
= b+ et ¥ [W-2he |- [hy +1]
< 2+ dhe 4T 20] -Chk 11 ]
= s - E e -2 - Ty v

:/\b{i $- b &b
= p- bk

s il -
7 s eops
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Question 77  (¥¥¥¥)

Find, in exact form where appropriate, the solutions for each of the following equations.

a) In(2x)-In(x+2)=1.
»_ 4
b) (3e) ” o

c) e’+15=8¢".

2e 2In3
x= =757, |ly=— ,1t=In3, In5
5 o

@ bbbt (4 o
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Question 79  (¥*¥%¥)

A curve has equation
f(x)=e"+10e™"-7, xeR.
a) Solve the equation f(x)=0.

b) Hence, or otherwise, solve the equation

e 2_7¢"1410=0.

, [x=In2, x=In35|, |x=In(2¢), x=In(5¢)

0) PRoeo An Ruois © sk feo=o

= &+le~T=0

= &

= E o Wik B~
= E*+0 -1
= E*-TE+lo
= E-2)-

£L 7
Ezd o —
=B

L) REwetTt THE EHUATION S Fouow
= <" 770 =0
2000 G
= &M1& o=p

(OUPARETHS GRUATION WiTt

o
€7 yo=o | E-TE v =0 ]

Wz
= a-l=<
’ ~ s
2
== <
~1elys
Z

Created by T. Madas



Created by T. Madas

Question 80  (¥*¥%¥)

A hot metal rod is cooled down by dipping it into a large pool of water which is
maintained at constant temperature.

The temperature of the metal rod, 7 °C, is given by
T =20+480e ", 120,
where ¢ is time in minutes since the rod was dipped in the water.
a) State the temperature ...
i. ... of the rod before it enters the water.
ii. ... of the water.

b) Determine the value of ¢+ when the rod reaches a temperature of 260 °C.

¢) Find the value of # when the rod is cooling at the rate of 0.533 °C per minute.
d) Show clearly that

ar _ 1 r o).
dt 10

1 = 45|

T =500{, |T,.. =20, [t=6.93

9 9
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Question 81  (¥*%%¥)

The mass, M grams, of a leaf ¢ days after it was picked from a tree is given by

M=Ae™, 120
where A and k are positive constants.
When the leaf is picked its mass is 10 grams and 5 days later its mass is 5 grams.

a) Show clearly that

In2.

=

b) Find the value of 7 that satisfies the equation

2

—=1In

dt

M [\/EJ
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Question 82 (¥***4)

A scientist investigating the growth of a certain species of mushroom observes that this
mushroom grows to a height of 41 mm in 5 hours.

He decides to model the height, H mm, ¢ hours after the mushroom started forming,
by the equation

¥ _I¥
H :k(l—e 12’), 120

where k is a positive constant.
a) Show that k =120, correct to three significant figures.

The equation
1
H:k(l—e 12 ), t20,

is to be used for the rest of this question.

b) Determine the value of + when H =90, giving the answer in the form aln2,
where a is an integer.

¢) Show clearly that

A _yo-Lu.
dt 12

d) Hence find the value of H when the height is the mushroom is growing at the
rate of 7.5 mm per hour.

e) State the maximum height of the mushroom according to this model.

a=24], [H=30], [H_ =120

b 9
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Question 83  (****4)

Determine, in exact simplified form where appropriate, the solutions for each of the
following equations.

a) eX*+2=3¢".

b) e>V24+2=3e"".

3

¢) e =33,

Jx=0, x=m2|,[y=1, y=1+In2], [r=3

U} LING EME OF THE APToMOfES Sy BAOW

0) Th €A QUASRATC W) €
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Question 84  (****4)

Find the solution of the following logarithmic equation

2In108—xIn48 =xIn3-8In2.
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Question 85  (**¥*4)

The function f is defined as

f(x)=3-In4x, xe R, x>0

a) Determine, in exact form, the coordinates of the point where the graph of f

crosses the x axis.

Consider the following sequence of transformations 7}, 7, and T5.

Inx— sindx—2 5 _In4x—D3 3= 1ndyx

b) Describe geometrically each of the transformations 7}, 7, and 75, and hence

sketch the graph of f(x).
Indicate clearly any intersections with the coordinate axes.

The function g is defined by

¢) Show that

fe(x)=x—k=klnk,

where k is a positive integer.

|:| ) (%63,0) , |7} = stretch in x, scale factor % , |T, =reflection in the x-axis|,

T; = translation, "up", 4 units|, [k =2

0 souns y=o vieas, b) _scerohn & vemtng. st smae !
= 0= 2l s 4 - | @z
— e T ™ T Ghe Tg—,,«m Gl L
4= |,‘ % ¥ F
— x=ie | e

P A S S

. /*é
4 (¥po) Sy
¢ ST BT et o T ot
e Rowe & e 2L AS BY 3 ons

<) ALy THE (DupasTIoN
g = {(™)
= 2 (4
= 3 Ume_Si]
S e N |
=3-W-S+a
a -2 =l

g

x -2~ 2w, e \oz/y//
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Question 86  (¥***4)

A curve has equation
y= e’ —e* ¥ xeR.

Use differentiation to find the exact coordinates of the stationary point of the curve,
and determine its nature.

[ ], |max(2-1n2,4)

Question 87  (¥**%4)

Find, in exact form where appropriate, the solutions of the following equation

6e* +1="Te*.

x=0,—-In2

b

The 8 A GRic W €t
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Question 88  (****4)

When a tree of a certain species was planted it was 2 metres in height and after 2
years its height was measured at 3.81 metres.

The height, & metres, of this tree, ¢ years after it was planted, is modelled by the
equation

h=A-Be ™ ,
where A, B and k are positive constants.

Given that this species of tree will reach in its lifetime a maximum height of 12 metres,
find the value of * when £ =10.

t =16

9

Aertboed 1018 "Tweme To sTAer frod T Two GabTou
Oty (teo b=2 4 =2 h-381) 1T G o Soer fund

U M GIT & D' = R e s

= A tooe e’kﬁc

b= b gt

mmq WE
= h= a0t

—s 1p=2 -t
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Question 89  (¥***4)

The figure below shows the curve with equation

y=3In(Ax+B), Ax+B>0,

where A and B are positive constants.

yAN
/:Mn(AHB)

0

[ '

The curve passes through the points P(—1,0) and Q(0,In27).

a) Find the valuesof A and B.
b) State the equation of the vertical asymptote to the curve.
The shaded region R is bounded by the curve and the coordinate axes.

¢) Show that the area of R is

3
—(In27-2).
2 (12722)
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Question 90  (F***4)

Find, in exact form where appropriate, the solutions for each of the following equations.

3x—
a) 462x+1:er4.

2-2\2+1

b
) Inx

Inx

x=54+2In2|, [y=e

2
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Question 91  (**¥%4)

The function f is defined as
fix>6—In(x+3), xe R, x>-2.

Consider the following sequence of transformations 7}, 7, and 7.
i T 13
Inx—1>In(x+3)—2>-In(x+3)—2>-In(x+3)+6.

a) Describe geometrically 7;, 7, and Ty, and hence sketch the graph of f(x).

Indicate clearly any intersections with the axes and the graph's starting point.

b) Find, in its simplest form, an expression for f -1 (x), stating further the domain

and range of 7' (x).

The function g satisfies

2
g:x%ex -3, xeR.

¢) Find, in its simplest form, an expression for the composition fg(x).

.|} = translation, "left", 3 units|, |7, = reflection about x-axis|,

T, = translation, "up", 6 units|, [(0.6-1n3)|, |(-3+¢°,0)|, |(-2.6)}.

Flx —3+e8, [x <6, f_l(x)Z—Z | o x> 6—x2

Q) XEWhOE 4 DESCRIBING , STHGE By STRE

H ol g= e-bGus) o sweuen

PN

5 4% G- Gt i
B s =
=) = ff [2 Jw s

= a3 .

T el ons T Remon, M e ans  Tae Towamn'of 6 onrs -
—> - A= S

L 5 2. DO <€ .
ST T AR OF £ 1> €-WGerd) FoR TS Gut) Ty LA ss st ’Q@"?f//
0= =Gt e (26)
ey=o  o=g-lGal

n(xsd) =5

X s

asefy e ()

) Aory e Guesmol
0 - A
G|
= €=l
o Gligr L=
s
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Question 92 (*¥¥*4)

Show that the value of x in the following expression

3In2
X=t—
2ln2-1

satisfies the logarithmic equation

X
2+log, x=2In| — |, x>0.
52 m

, |proof

CHfinGE THE W6 _Base 2 I NATRAL Lo&]

|
low ~ 1oy oo log o |
g = BT e gy - X b2

(Co“hq legg 2 2
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Question 93  (****4) ' non calculator

An implicit relationship between x and y is given below, in terms of a constant A .

ysec? x= A+2In(secx), OSx<%.

Given that y=2 at x=

%, show clearly that when x=—-7

N\~

y:%(8—1n3).

, |proof

STACT By BRanG THe uawt of A

(F2) = 200 = As 2h(secy)
B R S
g~ A AM\M\?J
- 2 - 2 )
) 3 A 42l ()
- g = Atala

A= 8-z

TEWRT WIT Rfe VAWE o A FounD § -

- M. -2 (L)
T oam s Ot Bem)
4 (4
- —— = ~ 2l 4+ 2
G T T (e
Y

= p -2+ ()

|
4

e ¥

i

= B-Vmald

= 8- 2 s fu- W7 ]
= B~ 2y B - 203"

9= B- 2u3%

R
i e e
‘

Yy = 8- g
-y = 3 (a-ld) B
—
T s ey
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Question 94  (F**%4)

Find, in its simplest form, the solution of the following equation

1
et =162

The answer must be supported by detailed workings.

x:1|

9

THENG  NATDAL LORRITHUL ROB SIDES

Al Ge o slbrs
ok - [y 1 1
S @Y e iyt - e |
Sy
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= Y
log et
L« N !
ks ) o B o
4 4
S
= a1
el
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Question 95 (**¥%4)

A population of bacteria P is growing exponentially with time ¢ and the table below
shows some of these values.

P 576 2304 a

Show clearly that a=9216.

@ I THe 0RO & INCEAAING SORETALY T T T
|k

Pe 1
= Aet ) AK

@ VNG Tye faT Vo Phe of VAWK Ao TE TARIE

o P ) . St = Ae™ ? ) )
tex ezt = i ASK § DWDNG "UPuaeng”

@ Bk ™ An P o oo

k
Po AL
P= ogex ¥
B omy (a®)®
T= omx(e™)
P=2x 2’ 22
P = 288 x32 5;7;?’
P=awt q416
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Question 96  (**¥*4)

Find, in exact form where appropriate, the solutions for each of the following equations.
a) e = 2x+l

b) e?V+e V=4,

e4t—1

c) 1.

e2t+l

leinlrle : y=%ln(2ix/§)=i%ln(2+\/§) =1
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Question 97  (F**%4)

The temperature 7 °Cin a warehouse is regulated by a thermostat so that when the
temperature drops to 12 °C the heating system is switched on.

It takes 10 minutes for the temperature to rise to 20 °C and at that point the thermostat
switches the heating system off. It takes 50 minutes for the temperature to drop back
down to 12°C.

The cycle then repeats.

This is shown in the graph below, where the time ¢ is in minutes.

T
N
20
12
5 !
(0] 10 60 70 120 -

The section of the graph for which 10 <7< 60 is modelled by the equation
T=10+Ae™,10<1<60
where A and k are positive constants.

a) Find, correct to S significant figures, the value of A and the value of & .

[continues overleaf]
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[continued from overleaf]

The section of the graph for which 70 <t <120 is a horizontal translation of the
section of the graph for which 10<¢ <60 .

This section is modelled by the equation
T=10+Be™, 70<1<120
where B is a positive constant.

b) Find, to 4 significant figures, the value of B.

B=95.18]

1A=13.797|, |k =0.032189

9 2
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Question 98  (¥***4)

Find, in exact form if appropriate, the solutions of the following equation.

0 [s=2m2

LTS A QUIRATC |
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Question 99  (**¥%4)

A scientist is investigating the population growth of farm mice.

The number of farm mice N, ¢ months since the start of the investigation, is modelled
by the equation

d)

600 150,

1+ 56—0.25[ -

N
State the number of farm mice at the start of the investigation.

Calculate the number of months that it will take the population of farm mice to
reach 455.

Show clearly that

aN Ly Loz,

di 4 2400

Find the value of # when the rate of growth of the population of these farm
mice is largest.

100], [t=11

t=4In5=§|

9 b 9
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Question 100  (***%4)

The populations A and P, of two bacterial cultures, ¢ hours after a certain instant, are

modelled by the following equations
1 1
P, =1600e*’, P, =100e?’ , te R, 120.
When =T, P, contains 4800 more bacteria than P, .

a) Find, in terms of natural logarithms, the possible values of T .

At a certain time there are P extra bacteria in A compared with P .

b) Determine the greatest value of P.

, |P=6400

T=8In2 or 4In12

24
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Question 101 (***%4)

The function f is defined as
f(x)=In(4-2x), xe R, x<2.

a) Find in exact form the coordinates of the points where the graph of f(x)

crosses the coordinate axes.
Consider the following sequence of transformations 7, 7, and 7.
T 5 (&
Inx—1>In(x+4)—2>In(2x+4)—32>In(-2x+4)

b) Describe geometrically the transformations 7;, 7, and 73, and hence sketch
the graph of f (x).

Indicate clearly any asymptotes and coordinates of intersections with the axes.

¢) Find, an expression for f~'(x), the inverse function of f(x).

d) State the domain and range of f~'(x).

[ 1.|(3.0).(0.n4)], [f; = wanslation, left", 4 nits|,

T, = stretch in x, scale factor 1 , |75 = reflection in the y-axis|,

2

asymptote x =2

T 0)=2-de]. e [ (n) <2

b

q &)= Ih(4-2) , 1<z
®%r a=0 ® s yeo
g=ld - 2lp2 o= ln(4-20

Q) ARG T ST MiEL B D THE NOWSE

{e)= Whd-22)

G o= lo(4-22)
2 (o, ) e 4
s F s
32: n(3e) KR
-~ RNE Ry .
) DESORBING: THe ToANSREMATN B A0 et L=z o
7

4

4 i : 9=l

<0 o
T Q“ww\;;‘wcﬁ BY b i

ﬁﬂmﬂ x| L3R
e T Her 2 a<a

2
2 bowwor £6) 1 xeR
Wi oy x Loel war fy<2 S
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Question 102 (**%*4)

The amount X milligrams, of an anaesthetic drug in the bloodstream of a patient, is
given by

X =De % >0

where D is the dose, in milligrams, of the anaesthetic administered and # is the time in
hours since the dose was administered.

A patient undergoing an operation is given an initial dose of 20 milligrams.

This patient will remain asleep if there are more than 12 milligrams of anaesthetic in
his bloodstream.

a) Show that one hour later X =16.37, correct to two decimal places.

b) Show, by calculation, that two hours after the initial dose was administered, the
patient should still be asleep.

Two hours after the initial dose was administered a further dose of 10 milligrams is
given to the patient.

¢) Find the amount of the anaesthetic in the patient’s bloodstream one hour after
the second dose is given.

No more anaesthetic is given and the operation lasts for 4 hours.

b

d) Show by solving a relevant equation that the patient should “wake up’
approximately 80 minutes after the end of his operation.

X =19.16

b
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Question 103 (¥*%%4)

The temperature, € °C, of an oven ¢ minutes after it was switched on is given by

6=300-280e %", 1>0.
a) State the initial temperature of the oven.
b) Find the value of ¢ when the temperature of the oven ...
i. ... reaches 160 °C.
il. ... 1sincreasing at the rate of 4 °C per minute.
¢) Determine, with justification, the maximum temperature this oven can reach.

The temperature 6 °C of a different oven 7 minutes after it was switched on is
modelled by a similar equation

0=250-230e %", t>0.

d) Assuming that both ovens are switched on at the same time find the time when
both ovens will have the same temperature since they were switched on.

20°C|, |{20In2 =13.86

b 9

, 201n(%)z25.06 . [300°C], 201n(%)z30.52
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Question 104  (*%#%)

The population P of seals on an island obeys the equation

P

1+keO.25t ’

t=>0,

where k is a positive constant and ¢ is the time, in years, measured from a certain

instant.

Initially there were 175 seals on the island.

a) Find, showing a detailed method, ...

i. ... the value of ¢ when the number of seals reaches 560.

ii. ... the long term prospects of the population of these seals.

b) Show further that

dP P(800-P)
dt 3200

t=8.48

2 Pmax

b
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Question 105 (#¥**%*)

Find, in exact form where appropriate, the solutions for each of the following equations.
a) In(x+1)=2+1In(3x).

8e”
e”’ -1

o) e (e¥-4)=1+e?(e?-2).

1 -1
[ ] |x=—5—=00472, [y=1n3], t=1n[e2+e 2}

a) ® [nled= 2 1y

= W) == 2

= 1= wd-x

— 1= afzéy)

= X‘QT/
/ moo
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Question 106  (#**%*)

Solve the following logarithmic equation.

1 % 1 1 1
In| ——— |- 1=In| —+—+—|,
12 3x2 12 4x 6>

giving the value of x in exact form.

] =t

i iPouse BiE oS T bameron!

QEOMBNS O FE W06 A2 2605 e it
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Question 107

(*****)

Created by T. Madas

On the 1* January 2000 a rare stamp was purchased at an auction for £16000 and by
the 1% January 2010 its value was four times as large as its purchase price.

The future value of this stamp, £V, ¢ years after the 1° January 2000 is modelled by

the equation

V=Ae", 120,

where A and p are positive constants.

On the 1* January 1990 a different stamp was purchased for £2.

The future value of this stamp, £U , ¢ years after the 1% January 1990 is modelled by

the equation

U=Be2l 120,

where B is a positive constant.

Determine the year, during which the two stamps will

according to their modelling equations.

achieve the same value,

2044

b

\ooKihg At T Fest smulp
g t : |
V= def teo Veliom (e mee)
tz10 V- Ao (reat-2oo)
Pro
o lo= Ael e ctmo= aoe®
l6oco = Al 4=e%
A = oo P el

(DoM0. AT e Seeonn S

U= EEWE 4o =2  (ere o)
o U= 2
2= Be®
Rad,
Yow e :ﬁo&
et 218
V= ({moe( . Te 20GMt

Ct somrs fou 1480)

(Fh2)e-10) U= odbielt
(D) @)

N= lhooo QQD

SO o) Y 1€ V= U
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Question 108

(*****)

Created by T. Madas

Use algebra, to solve the following equation.

X

e +e
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1

F=e+1.
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x=0, x=1

Pooute T A A quAdATic ) e

X lx
=. et'e T

= et
= e+ = el
=
e
= @) te = )

2
= € - (et)e +e=0

By TH QORORATIC RQUALA OF (OMPETING TE Spuset

g

'
o
M

I
J
—

é

|
slf Mr
=
[
I

-

|

\

A erl L s
— <= R




Created by T. Madas

Question 109 (#**%*)
It is given that

y=2In(e"+1)-In(e"-1), xe R.

Express x interms of y.

‘Boced 45 Rooong
- 4= (€)= (e)
= g= hET-hew)
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Question 110  (F*%**)

Given that x = %(ey— e_y) show that

yzln(x+\/x2+1).

proof
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Question 111

Solve the following equation

Created by T. Madas

e +16"  4d+e

(4e)"  2ve

,xeR.

= Ao o Ate
> 4+ 3 2o

. W dde —
=9 eI T =C
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Question 112 (##%%*)

It is given that 210 s approximately 1000.

a) Given further that In2 is approximately 0.7, find the approximate value of

- . a o~
In10, giving the answer in the form ¥ where a and b are positive integers.

b) Given further that ¢ is approximately 20, show that the approximate value of

9
In2 is 13

W[

[ ], |inlo=

Q Gl M2=6T Aw 2°% loco

k)

3 b+ o

1 2 + o

- a2 +AoW
| = BMz=xgq
= el
=3 y
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Question 113 (#¥%%*)

Show that the expression

X+

e**+1Ine

simplifies to e—e>**,

Question 114 (F*%%x)

Find, in exact form, the solutions of the following equation

_ 7
Lﬂ’62+(1nx)2=0.

[ [ |a=e e’ Ve

MANPOATE TO A PoyNoMiAL EOATIoN N [na

2-lyy? i \n
= 220 () =0
7— k

= 2-TWx oo

7-2ma
— 2-7a E
Sigga, T Mucneg THe Ut
Moovert 37 7-2a

2-7a + a*(7-2) =0
= a-Ta L. =o
= W-Ta¢7a—2 =0

ook o FATRRS BY  INSPECTion)
—az | 2 WeB 220

B oo dwomion  (a-) I8 4 Factop o NANIULATIN

=" 2d(a-) - -1 +20@=1) = o
= (- W20*-Sa+2) =0
= (a-)(2 —1)(a=~ 2) =0
=  a=lha= </ )
i
=
e
T e
~ -

I
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Question 115 (¥¥%%%)

Solve the following equation

2 2
4(x+1
e (x+1) 1)62x +4x+3.

=1ne_e+(1+6

Question 116  (*%%%)

_t
y=16e 3ln2, reR.

Show clearly that when =10, y= Ja
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Question 117 (#¥*%%*)

Solve the following simultaneous equations.

(2x)1n2 =(3y)1n3 and 3" =2y,

[ P

[ e 03
a2 e b
| D™= Qo) |

@ ThonGg NADZAL WOGADTHMS 1 ErcH OF THE TIo-GLATINS
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Question 118 (#¥*#*)

A function f is defined as

f(x)=e+b, —-In2<x<In2,
where a and b are positive constants.
Itis given that f (ln (%)) = % .

a) Show clearly that

It is further given that

S(f3))-4-

b) Find the value of a and the value of b .

|| la=2, b=1
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Question 119 (¥##*%%)

A curve has equation

Find a simplified expression for

Created by T. Madas

X %x
y=e +2e? .

dy

in terms of y .
dx

L.

dx

Dy Jy 1= (y+1) - (341)°
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Question 120  (¥**%*)

Find in exact form the solution of the following equation.

x+1 2

e
e?—e—1= , xeR.
e—2x

1, [e=dm(1+e?)

= &
< <
2 =
S 0 e
o) oA
- <= &)

Now e Lys Hined A 1iFFkRSICE of Sponeks

2 Ry, o
C (e = 14

= <0G-¢Y
2
-
As ehufo
= \-é‘:%
=
R
= = (-

= 2= thG-¢)

o
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Question 121  (¥¥*%%*)

F(x)=(2¥e)(2¢) - 2143, xeR.

a) Find in exact simplified form the solution of the equation f (x)=0.

b) Determine, in terms of In2, the two solutions of the equation f (x) = i

_In(2+e)

1 2

G

" 1+In2

xX= X=—-—"
1+In2 1+In2

TR R
= Qo) (en)- 7472

1) =0
(ke 2 a-
= &) ey - e 4 LS
T
= Qe) (ex) = < (@)
a el e

24
AV xe xler) = x

2
= o€
27 @
=
= et2 = e xd
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i x
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L 7
= h(eaz) = ahlee)
c
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* = = £
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) v 2 =0
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e
— Tw g e
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Question 122 (#¥*&*)

The distinct points A and B_lie on the curve with equation
In(x+y) =Inx + Iny, xe(0,0), ye(0,).

a) Determine possible coordinates for-A and B, further verifying that these
coordinates indeed satisfy the above given equation.

b) Sketch the curve, showing clearly all the relevant details.
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Question 123 (#¥%%*)

Cl Ay
18
y=10
P
y=2_2
0 X

Two exponential curves, C; and C,, intersect at the point P(In8,6).

e  (C, meets the y axis at (0,18) and the straight line with equation y=2 is an
asymptote to Cj.

e (, meets the y axis at (0,2) and the straight line with equation y =10 is an
asymptote to C,.

Show that at P, C; and Cj cross each other at an acute angle of arctan(%) ;

, |proof
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Question 124  (*%#%)

Solve the following equation.
37 (2e)" (e*49) +3ex4", xe R.

Give the two solutions of the equation in the form x=*A , where A is in the form
a—In3

———, where a and b are positive integers.
b—In2

W A= S ® ToAusioou THE Asout GUATIY o =

A C X Le2
A QUADRATIC W £ &
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Question 125  (k*%#%)

Solve the following equation.

(1+e_2)(ez)xz_4x+5 = ez+e4(x_2)2 , xeR.
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Question 126 (#**%*)

The positive solution of the quadratic equation x?=x=1=0 is denoted by ¢, and is
commonly known as the golden section or golden number.

Show, with a detailed method, that the real solution of the following exponential
equation

oY + 12* =16",
can be written in the form

In(p-1)
In3—In4’

1. 26T 200G T &, Dot Nyt Auad odt of BR Suflian
Lol ot o ARl © et o ) UEN
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Question 127  (¥**%¥)

The product operator H, 1s defined as
k
I I [l/ll] = MIXM2XM3XM4X...XMk_1XMk.
i=1
Given that e is Euler’s number, use a detailed method to find the exact value of

o (2%
I I (2r+1\)/g

r=1

=
[¢)
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Question 128

()
The distinct points A and B_lie on the curve with equation
In(x—y) =lnx + Iny, xe(0,0), ye(0,).

a) Determine possible coordinates for-A and B, further verifying that these
coordinates indeed satisfy the above given equation.

b) Sketch the curve, showing clearly all the relevant details.
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