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Question 1  (*%)

Show clearly that

log, 36+ log, 256 —2log, 48 =—log,, 4.

proof

Question 2 (*%)

Simplify
log,5+1log,1.6,

giving the final answer as an integer.

Question 3  (**+)

Given that x=2” and y =49, show clearly that

logz(x3y) =3p+2q.
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Question 4  (**+)

Simplify each of the following expressions, giving the final answer as an integer.

a) log,3-log,24.
2 1
b) log,a” —4log,|— |, a>0, a#1.
a

Full workings, justifying every step, must support each answer.

Question 5 (**+)

Given that y =log, x, write each of the following expressions in terms of y .
a) log, X2

b) log, (8x2)

, 3+2y
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Question 6  (**+)

Given that y = 4x10% express x in terms of y, giving an exact simplified answer in
terms of logarithms base 10.

x=lozi (§)

Question 7  (¥*+)

An exponential curve has equation
X
y=ab", xe R,
where a and b are non zero constants.

Make x the subject of the above equation, giving the final answer in terms of
logarithms base 10.

= log y—loga
logh
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Question 8  (**+)

Solve the following logarithmic equation

Question 9 (**+)

Solve the following logarithmic equation

log, x+log,(x—3)=1log,10.

,lx=5, x#-2
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Question 10 (**%)

An exponential curve C has equation

y:_x’ xeR.

a) Sketch the graph of C.

b) Solve the equation y =%, giving the answer correct to 3 significant figures.

W

[ ].[0.369
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Question 11 (**%)

Given that
p=log,4 and g¢g=log,5,
express each of the following logarithms in terms of p and ¢ .
a) log,100
b) log,0.4

The final answers may not contain any logarithms.

L 1. [p+24]. %p—q

Question 12 (¥%%)

Solve the following logarithmic equation

logs(4t+7)—logst=2.
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Question 13 (**%)
Given that

p=log,3 and g¢g=log,5,
express each of the following logarithms in terms of p and ¢.
a) log,45
b) log,0.3

The final answers may not contain any logarithms.

:

2p+q|, [p—q-1

b

a)  log,us = |
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Question 14 (**%)

Solve each of the following equations, giving the final answers correct to three
significant figures, where appropriate.

a) 7" =10.

9
b) log,y= .
log, y

x=1.18

9

,y=%,8

a) . o) B\/ cgy = 3

Question 15 (**%)

Solve the following logarithmic equation for x.

log,, (x> =10)—log, x=2log, 3.

x=10, x -1
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Question 16  (**%)

Solve the following logarithmic equation for x.

2log, x=1log,18+log,(x—4).

, lx=6, 12

Question 17  (¥%%)

Solve the following logarithmic equation

log,(2z+1)=2+log, z.

~N
Il
=
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Question 18  (**%)

Solve the following logarithmic equation for y .

2log, y—log,(5y—24)=log, 4.

x=38, 12

Question 19  (¥%%)

It is given that x satisfies the logarithmic equation
log, x=2(log, k—log,2),
where k>0, a>0, a+#1.
a) Find x interms of &, giving the answer in a form not involving logarithms.
Suppose instead that x satisfies
log, (5y+1)=4+log,3
where x>0, x#1 and y>0, y#1.

b) Solve the above equation expressing y in terms of x, giving the answer in a
form not involving logarithms.

x_k_z 3t -1
N
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Question 20  (**%)

Solve the following logarithmic equation

logs(125x)=4.

Question 21  (¥%%)

Solve the following logarithmic equation

1+2logs x =logs (16x—3).
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Question 22 (**%)

Every £1 invested in a saving scheme gains interest at the rate of 5% per annum so
that the total value of this £1 investment after ¢ yearsis £y .

This is modelled by the equation

y=1.05", t>0.

Find after how many years the investment will double.

Question 23 (¥%%)

Solve each of the following logarithmic equations.

a) log, 16=log, 9+2.

b) log,27=3+log,8.
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Question 24  (**%)
Solve each of the following equations, giving the final answers correct to three
significant figures, where appropriate.

a) 2x3"=900.

b) log,(7y—1)=3+log,(y-1).

x=5.56

| y=7

9

Question 25  (¥*%4)

Simplify fully
1+2log,3+log, 4,

giving the final answer as a single logarithm.

log,, (36n)
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Question 26  (**%+4)

Solve each of the following exponential equations, giving the final answers correct to
3 significant figures.

b 201=12
2y

x=130

, |y=1.16

b

Question 27  (**%4)

Solve the following logarithmic equation

log, (W +4w+3)=4+log,(w> +w), w#—1.
2 2

<
Il
wn|—
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Question 28  (**%4)

Solve the following exponential equation

l_ﬁ‘
6 \2)°

giving the answer as single logarithm of base 2.

x=log,6=1+log,3

Question 29  (¥*%4)

Solve the following simultaneous logarithmic equations

logz(xyz) =0

logz(xzy)=3.

[ 1 |x=4, y=%

Created by T. Madas



Created by T. Madas

Question 30  (***+)

Solve the following logarithmic equation

2logyt =1+log;7t.

Question 31  (¥*%4)

Solve the following logarithmic equation

log;8—3logyt=3.

~
[l
W
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Question 32  (**%4)

Solve the following logarithmic equation

logs(4—w)—2logsw=1.

Question 33  (¥*%4)

Simplify fully the following logarithmic expression, showing clearly all the workings.

10g(10+3«/ﬁ)+10g(10+\/90+\/%)+10g(10— 90+\/%).
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Question 34  (**%4)

Solve the following logarithmic equation

log, y+log,(3y+4)=2log,(3y—4).

Question 35  (¥**4)

Solve the following logarithmic equation

log,(6—x)=3-log, x.
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Question 36  (**%4)

Solve the following logarithmic equation

x=16

Question 37  (¥*%4)

Solve each of the following equations.

Lyt2

a) 2x32° 7 =2343.

b) logs(y+2)+logs(4y—3)=2logs(2y+1).

x=0.480], [y=7
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Question 38  (***4)

The population P of a certain town in time ¢ years is modelled by the equation
_ kt
P=Ax10", 120,
where A and k are non zero constants.

When r=3, P=19000 and when =6, P =38000.

Find the value of A and the value of k, correct to 2 significant figures.

, |A=9500, £k =0.10

Question 39  (¥**4)

Solve the following logarithmic equation

2log; x—logz(x—2)=2.
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Question 40  (**%4)

Solve the following logarithmic equation

log, 4% =log; 27",

Question 41  (¥*%4)

Giventhat a#0, b#0, y#0 and
_ 2
2+logab+3logay—2loga(a y),

express y in terms of @ and b, in a form not involving logarithms.
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Question 42  (***+)

ZIOg(ﬁj—lzlog(loxzy), x#0, y#0.
y

Find the exact value of y.

Question 43  (***+) non calculator

The points P and Q lie on the curve with equation

y=6log, x—log,7, x>0.

The x coordinates of P and Q are 3 and 6, respectively.

Find the gradient of the straight line segment PQ.
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Question 44  (**%4)
y=3%x2"%.

a) Describe the geometric transformation which maps the graph of the curve with

equation y=2", onto the graph of the curve with equation y=3x2".
b) Sketch the graph of y =3x2".

The curve with equation y=2"" intersects the curve with equation y=3x2" at the
point P .

¢) Determine, correct to 3 decimal places, the x coordinate of P .

L

, |[x=-0.792

vertical stretch by scale factor 3

Created by T. Madas



Question 45 (**%4)
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Itis given that p =logs25 and g=1logg?2.

Express in terms of p and g each of the following expressions

a) logs 200

b) logs3.2

¢) logg75

:

logs200= p+3q|, |logg3.2=—%
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Question 46  (¥*¥%¥)
y= 31 xeR.

a) Sketch the graph of y= v showing the coordinates of all intercepts with the
coordinate axes.

b) Find to 3 significant figures the x coordinate of the point where the curve

y= 3*! intersects with the straight line with equation y =10.

¢) Determine to 3 significant figures the x coordinate of the point where the

curve y=3"" intersects with the curve y=2%.

Question 47  (¥¥¥¥)

Solve the following logarithmic equation

16log, x+4log, x+2log s x=37, x>0.
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Question 48  (¥**¥)

In 1970 the average weekly pay of footballers in a certain club was £100 .
The average weekly pay, £P, is modelled by the equation
P=Axb',
where ¢ is the number of years since 1970, and A and b are positive constants.
In 1991 the average weekly pay of footballers in the same club had risen to £740 .
a) Find the value of A and show that b =1.10, correct to three significant figures.

b) Determine the year when the average weekly pay of footballers in this club
will first exceed £10000 .

A=100

2019]

L

9
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Question 49  (¥¥¥¥)

Solve each of the following equations, giving the final answers correct to three
significant figures, where appropriate.

a) 612=30
b) log,(12y+5)—log,(1—-y)=2.

¢) 87 -8-6=0.

[x=-0.0339], |y =1L ~0.393), [s= 0.528]
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Question 50  (¥¥¥¥)

Solve the following simultaneous equations, giving your answers as exact fractions

log, y=log, x+4

8y — 42X+3

Question 51 (¥#%*)

Show clearly that

logs 6+2logs2—log,s9=3logs2.

proof
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Question 52 (¥¥¥¥)

Solve the following logarithmic equation

logo(x+4)+log;o(x+16) =1+2log;( x.

x:4,x;t—m

Question 53  (¥*%%¥)

Simplify
log,8—1log,; 3,

giving the final answer as a simplified fraction.
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Question 54  (¥¥¥¥)

Solve each of the following equations.

x4

a) 6x( ) * =1.89.

=

b) log,(8y—1)—2log,(y+1)=3-log,(y+4).

x=9.00], |y=

b

Question 55  (¥¥¥¥)

Simplify
1
log, 8+log,—,
2 8

giving the final answer as an integer.
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Question 56  (**¥¥)

Given that a =log; 16, express log, (8b) in terms of a.

Question 57  (¥¥¥¥)

logayz% and logga=x+1.

Show clearly that y=2**!

proof
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Question 58  (¥**¥)

It is given that
p=loge25 and g=logs2.

Simplify each of the following logarithms, giving the final answers in terms of p, ¢
and positive integers, where appropriate.

i. logg(200).
ii. loge(3.2).

iii. logg(75).

a) logaw = leg, (xxe)
= logeas + g8
= lgoos+ g2’
= lgezs + g2
= P+ 34

= 4ln2 - Lkas

17
= 44 -3°P

9 lgs sl Caswd)
=3 3 )
- PEY
= b (=z8)
= 1oy 38 & log 6 — log 2

- pri-d
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Question 59  (¥¥¥¥)

Solve the following exponential equation, giving the answer correct to 3 s.f.

22 _2*¥ _6=0.

Question 60  (¥¥¥¥)

Two curves C; and C, are defined for all values of x and have respective equations
y=8" and y,=2x3".

Show that the x coordinate of the point of intersection of the two curves is given by

_
3-log,3

proof
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Question 61  (¥¥%%)

Solve the following logarithmic equation

x=12
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Question 62  (¥¥¥¥)

The functions f and g are defined as
£(x)=3(27")-1, xeR, x20

g(x)=log,x, xe R, x21.

a) Sketch the graph of f .

e Mark clearly the exact coordinates of any points where the curve meets
the coordinate axes. Give the answers, where appropriate, in exact
form in terms of logarithms base 2.

e Mark and label the equation of the asymptote to the curve.

b) State the range of f .

¢) Find f(g(x)) in its simplest form.

[ 1 [(0.2)], |[(log53,0)|. [y ==1]. |-1< £ (x) 2|, | f (g (%)) ==~1

q) RN wi T it o 427 4 I TRARERATOY
43t =3(Y
i |

I TRANUATING: "Donpnaods BY o0 ONIr
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Question 63  (¥*¥¥)

Solve the following logarithmic equation

log; x =logg 27.

Question 64  (¥*%%¥)

The points (2,10) and (6,100) lie on the curve with equation

y=ax",

where a and n are non zero constants.

Find, to three decimal places, the value of a and the value of n.

a=2.339

b

n = 2.096|

b

URING-Rre (0-0RONATH TO ST SUUTANOW EQUATIONS

"
(o= v-axy
(c1d = 0= axe!

DD B GUATONS , Suné- By 10
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= -0
= lg3-lglo
= g3 = |
- L /
=  h= S MQV

USNG 10 = ax 2"

o
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e
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7
7
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Question 65  (¥¥¥¥)

Solve the following exponential equation, giving the answer correct to 3 s.f.

47 -3(2”)-10=0.

L | y=232

Question 66  (**¥¥)

Solve the following logarithmic equation

logs x° —loggx=3.
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Question 67  (¥**%¥)

Show that x=4 and y =8 is the only solution pair of the following logarithmic
simultaneous equations

log,(3x+4)=1+log, y .
2log, y=3log, x.

proof

Created by T. Madas



Created by T. Madas

Question 68  (**¥¥)

A population P of an endangered species of animals was introduced to a park.

The population obeys the equation

_ 125kd’

P = s
k+2a

where k and a are positive constants, and ¢ is the time in years since the species was
introduced to the park .

Initially 100 individual animals were introduced to the park, and this population
doubled after 5 years.

a) Show that k =8.
b) Find the value of a, correct to 4 significant figures.
¢) Determine the value of r when the P =400.

d) Explain why this population cannot exceed 500.

t~14.13]

a=1.217

b b
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Question 69  (¥¥¥¥)

Solve the following logarithmic equation

log; x—logg2x=2.

Question 70 (¥**%¥)

Solve the following logarithmic equation

logy x—log;s(x—4)=1.

[ ].[x=8
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Question 71  (¥¥%%¥)

Solve the following simultaneous equations

log, x+2log, y =4

x+y=10

,[x=2,y=8 or x=8, y=2

LG A Susirution)

@: 0->
= lgx+ 2k, (o) = &

JEAETR YIRS

= loa+ 2 (b&&"‘“\ _

E

T
= lga+ 2 (‘f;gfgzl] gl

- g+ 2 <&cw»n\ = g2
)

= a2 (BE2) - gk
= g+ \%Lw;\ = g ¥
=y, (003 = g ke

= W) =k

= -3t =k

= 0= F_jox+

= G-nx-2)=0

_— 8
A <728 g < v ()

B
(x8)

Question 72 (¥¥%*)

Given that a is positive constant greater than 1, solve the following logarithmic
equation

log, x=1log (x+20).

Mjﬁ\ﬂ;um A= o
— lga= log, (420

= lga = lmGem
legqa

_ _ 1oaO)
= g = [HaQtw)
3 2.0

—lgx = \g¥>
:v';tuéqx = log G

= kg = log,Gowl
=T < asw

= X-x-w=0

= @-s)a+4)=0

s

=,
2 foass

Created by T. Madas



Created by T. Madas

Question 73 (¥¥¥¥)

Two curves C; and C, are defined for all values of x and have respective equations

yy=7" and y,=2x5".

Show that the x coordinate of the point of intersection of the two curves is given by

1
log,7-1log, 5

, |proof

Question 74  (¥¥¥¥)

SOUOING THE WATIONS Soainto0syy

-7
=T T P
31%?3

TG oo Bdse 2

- \o{g;{x = ‘.ogil(zxx‘)

3,2 + leguS™
v zlgs

= xlugg
- algT

g 7 — g5 =1
alig -legs I =1

e
log 7 - legS A Bovesd
/

J

J

J

Solve the following exponential equation, giving the answer correct to 3 s.f.

3t _ g4 3201

:

t=lortr=1.63

=
=
=

=

=
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Question 75  (¥¥¥¥)

Solve the following simultaneous logarithmic equations
log yX= 5
log, x=2+log, y.

Give the answer as exact simplified surds.

|:|, x=4/2, y=+2

Question 76  (*¥¥¥)

Solve the following logarithmic equation

logy x+log, 16=3, x>0, x#1.

x=4, 16
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Question 77  (¥¥¥¥)

Find, to the nearest integer, the solution of the following exponential equation

1 x42=5007.

Question 78  (¥**%¥)

Solve the following simultaneous logarithmic equations.

3logg(xy) =4log, x

log, y=1+log, x

[ Jx=v2, y=48

POOCEED A Ruows X
7 gy A 9= = 27
oGl < Ay | || oma e msa] &
i {\O;QE %)4\ & —)’{f
log,y = (4 g
= 1 o (39)= 07, 22) 7
3 [A%:_r = gy M " /
> AR
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3[‘05(1311- waE 3 - i 3gg () = Az £~ CHMSNG THe S 4 Rl
= e U= by~ g g = g 2=
fogy = leg,Co { Dkl o)~ Hega ks Q
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Question 79  (G¥¥*F)

> <
~

The figure above shows the graphs of the curves with equations
y=logyx, and y=log,(x—4).
The points A and B are the respective x intercepts of the two graphs.

a) Describe the geometric transformation which maps the graph of y=1log, x

onto the graph of y=log,(x—4).

b) State the distance AB.

The straight line with equation x =k, where k is a positive constant, meets the graph
of y=1log, x at the point P and the graph of y=1log,(x—4) at the point Q.

¢) Given that the distance PQ is 2 units determine the value of k.

L

, |AB|=4

translation, 4 units to the "right"

=~
1l
u.)|a
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Question 80  (¥¥¥¥)

The radioactive decay of a phosphorus isotope is modelled by the equation
m=myx20% 120

where m is the mass of phosphorus left, in grams, and ¢ is the time in days since the
decay started. The initial mass of phosphorus is my, .

a) Find the mass of the phosphorus left, when an initial mass of 20 grams is left
to decay for 10 days, according to this model.

An initial mass, m, grams, of this type of phosphorus decays to % grams in 7 days.

b) Find the value of T.

After N days have elapsed, less than 1% of this type of phosphorus remains from its
initial mass my .

¢) Find the smallest integer value of N .

| m=5], [T =30], [N =34]
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Question 81  (¥¥%%)

Solve the following logarithmic equation

logy x—2log, 4=1.

Question 82  (¥*%%¥)

Solve the following simultaneous logarithmic equations.
log,(y—1)=1+log, x

2logyy=2+logz x.

]:l, x=1l, y=3o0r x=

-3

=

@Vo@eﬁ 4 oS
‘Ce,zﬁm BIERES %1} (e 4= = a2 vl D

1["835 2 & lga U, = 23 4o,
{g(g ) = e (2) g
logy™ = g vl
tog,(4-1) = log,(2x) 7
st o)
SXATIG. TH (O N e ot
Y=UE
yo= DNIDE e QUAIONS SIDE BY _Sig.
)
=% ‘%’—(
= 2= -9

= 2=y 1=
=@-2(y-3)=2

= y= /},

ey

= az <%\L

ug} o (#»L)//y;/;i»
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Question 83  (¥¥¥¥)

Solve the following logarithmic equation

log,128-1log, 8
log, x

=log, x .

Question 84  (¥**%¥)

Two curves C; and C, are defined for all values of x and have respective equations
y=9" and y,=6x5".

Show that the x coordinate of the point of intersection of the two curves is given by :

I+log;2
2—logs5

, |proof

SOUWG SiTho: gz
=7 4 gr6xs?
N/
T= xgt
TRUNG (QG-%W@M_& BARE 3
- (gaﬁﬁX = oy, (6xs)
—aleg? = @6+ logs
= xlg? = lgsralgs
= :‘L\Oasq “11‘835 = gk
= x [l - legs] = lgi6
=X = &Q\
g, — logS
Loy Fomel Ay Fouons
= 3. [+ Jegy2
2lay 2~ log,§

= 2= l+la2
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Question 85  (***%*4)

Solve each of the following equations.

b) log;(2y+5)=1-logsy.

b

<
Il
=

x=922.7152024...

b

MANPKATE A4S Guowg

a)
Bl -
= x4 o ™
(L™ 2
=l (o™ < oy

e 3
- \szj‘c!fﬂt\%jm“r = w\p;\ﬁ;;\
fog [8) -Gy 1 = Geolgy o
= @1«‘)‘%3 ~ Goolog oo — log
\ajﬁu—
= = UYL T -

= = s,

!n) PUscEen OG- THE PO of (068
[ G F g

=3 [o&\?iﬁj = —legyy

= l%s‘i(z&a s) + :\”,Ja}\ﬂ =1

1

log.3
a3

Gi\/

= 3y = BOlpse —luls)

a= %3 /;’/”
—

= i -3=6
) Xy

= @& -NhFED=Ee
E : K
e
f>< A TS MALEL TE (0GARTHAL
4 s
AL REGATIO
2

E R S
d=-3 =
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Question 86  (****4)

r=(3)"

a) Describe the geometric transformation which maps the graph of the curve with

X
equation y=2", onto the graph of the curve with equation y = (%) .

b) Sketch the graph of y=3x2".

X
) intersects the curve with equation y =3x2" at the

o=

The curve with equation y =(

point P.

¢) Determine, as an exact simplified surd, the y coordinate of P .

y=v3

L1

reflection in the y axis
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Question 87  (***%*4)

Solve each of the following logarithmic equations, giving the answers in exact
simplified form where appropriate.

a) log,(256x%) =1+2log, Gx“

b) 2log2(%j+log2\/§ =8.

lx=+8], [y=16

=

al oz o CUMINATTHE WGATHIMS WY 4 S MEbD o PaeT. )

RS SH bl Cate = 2,8 ey - o
= log, G = leg,2 4 log, (5
= o, (mee) = logp ¢ log, 30)
= log, Gs2) = leg, (2 48]

= ey, Daee] = e, (3]

= Ly (@1 eyt = Bl
= 1o, (&) « g0t = log2e

= g, (Frst) = og,2%

EXTRAITING- oM THE (065

EXTWACTING- OGS
= 26t = La® = g_} bk
= haBo 26l <o = 4% 2w
28 - s =o \2 2z
- = (%) o d
L )
= (- s2)=o
2 = 3\ = (Joar 1
= 2d-spwo (X Ho mae of T W)
2
s = =
= @ =sn (512 oie eooxt 867 1T poxg 3 4
5 W Syonte fest) Sy el o
= o =8 7
7
= W = wg =) o
77 v nes Puse
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Question 88  (***%*4)

Solve the following simultaneous logarithmic equations.
log, (x2 y) =2

11+41og, y =3log, x.

[ 1 |x=8 y=%

MR THE QRTINS S0 o Burmié’ The 100S, AU KETEO/A0onod
= log, ()= 2 = M dlogy = 3bg 2 SHOG R0 THE QURION 4 Feocess 4 Bk
= | Lo 22 + lggy =6loa. 8 | -
ilnesiduhne | Shuhineseiaties G E 7 Xl =2 D
= log, (&) = log,¢ = 22,0 +logyy - gy : U4 L logy= 3kan (s Hlogg = Blga 3
>y ee - by gy bt
5y (f‘x«jj - \ugzzf 2leg, i log by =2 S Ly 2X kY=
=yt al Wt bloay = gl LR AE A S
SUNS BY D) BRANMAEARIE R AR SEES
szl:lsz NI e & eyl 8x =24
2y o= 4 R * s = X=3
- 4;2 - 3; = gz =3
= o) =
i e 8 = s By s g8
= 2) =X = | x| -~
[EOREE I preas
= a = +6/ Q@ X+Y =2
L Y
= %xy:z=4 — ‘°§zﬁ -4
= iy 4 B i
= st/ B e N
= va = g
V4 v
= 4= (e/
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Question 89  (***%*4)
Solve each of the following equations, giving the final answers correct to three

significant figures, where appropriate.

a) 4x3"1? =3x4",

b) log, (1++/x)="11og, (9+16x).

x=8.64

b

. [y =16

0) THLES (06y RASE 10 o 0T SIDéS b bue’ we wes A Buows

= 4x3% 3
= loy () = log (087)
= logd ¢ T g2 by

= o, (10l ®)= Hen

= I%u + \';u\,‘%s = log3 4 gy

= lox a3
> logt + ooy

= o= ekt lge Lgel S
=%A ya

TRUNG WGY ) SAf Bast 10

- (& < ol
> ogfy) = g2
= ﬂwj- legio
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Question 90

(kg
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Solve the following exponential equation.

4 %3172 =g

Give the answer correct to 3 decimal places.

TIOY e R0US OF INOICES.
)
= W xax3owu

= ke Tx I -y

— W32 = 2
2
2
\
IR )
N 9=
= ql@d%‘ = log2
= - W2 oan
Yz
NTIATE | BY TAUNG LoGy SPAGHT AwAy
— P 3P,
e e A Y L e
> ijf\d 3 ) = leyae
= oM 1o 3T - gy
) 0}

- {;xu){cﬁu + (‘»u)lodg: log 24

= Alogrlog - o3 - gy = lgyuy

= ;\lv&- am%;‘sr ;‘“‘d“ log —Aaﬂ\,

— (g - alog3 ™ o (24
5 (gt g3 < 1y (21)
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Question 91  (**¥%4)

Solve the following logarithmic equation.

2log, x+log, (x—1)—log, (5x+4)=1.

Created by T. Madas

b

x:4|

UUNG- THE RuLes 0F (OGARITHUS
2leg,x + log,(at) — log, (oxrt)= |
log,o* v log, Ga-) = log, (o) = log2
(222 - 2
L5 XS I
g
£+23
ST

10 Juy

=2

- -3 = o B

= -x*-lx -B=e

ok Be oM Sonous | 21,42, 4 £8

) \1-19-8 o
el | —l-l +io 8 <o

i

L) w4 FeR
B NG DUOSIoN 0R MW IPULATINS
= Al -2z - san) =o

= G (e-m-e)=o
= G G4 28 =0

= 1:<:;
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Question 92 (**¥%4)

The following three numbers
logig2. logig(2°-1). logy(2"+3).

are consecutive terms in an arithmetic progression.

Determine the value of x as an exact logarithm, of base 2.

, |[x=1log,5

© DSING THE BifisTionl OF ADTHUETIC S0
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Question 93  (**¥%4)
f (x) — 24)6
. . 5. .
Show that the solution of the equation f(x—1)= g isgiven by

x=—1
410g10 2
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Question 94  (****4)

2log, x—log, y=1

log, (4x\/;) =1.

Solve the above simultaneous logarithmic equations, giving the final answers as exact
powers of 2.

=
Il
NI
=
~
Il
NI
[\S1ON)

QNG BE DUS oF_oshempus TR MRS
* A — lopy=1 o leg (daly )= | Zlogo = gy =1 teg, (b )= 1
= (031 2 @3&:\‘ kﬁzz = ((31 @1@): Ix "’512 \%Af; \‘?sz + loﬁz«?ﬁ/
2 E
=log (B) = log,2. 2log, (4437) = o2 ﬂ(vgzz +logx + log,yta
52X, Sl R+ laga + by =
3 . Zd - 2+l - Llagy =
DA 2y 2 g=d 4+ dloga - logya
‘ = o= L Olga + logy~ -2
5 i Now ler X= logx o Y= log, y
%
7_)\132:? 2% — Y=t g 2% 4Y= -2
=g=+E (omene by € wr o)
- j: g i ADND- VBB SasTRATNG. Yieres
~ = @z}'i 4><=~‘\ 2y = -3
e X=_L\ S
= y=2% * g
™! 7~ chl .ok logy=-3y
Now We o) oRrm o L =
Aot g3
- -2z
= p e
- 3.0t
= x=4V7E (o lgx u nr o)
= aes(obt
—- a- o i :
_ e
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Question 95 (**¥%4)

Solve the following logarithmic equation

stlogx +52—10gx — 30,

The S St 1D oF GUASRATIC  ONCE MANIFOWTD

= sxskE 457 o

x*+ S = 6Xx
- X -£x+S =0

25 = Ux- e

- wx='
~s

- S“%), a2
Mo

BY NGRENON 4 RTING THAT K THE 48B3E OF BATE € Base 1 1D
lgst =0 logat = 1
A= 2= to_

~
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Question 96  (***%*4)

It is given that

r=1

3 3
Zloga x' = Z(loga x)",
r=l1

where a and x are positive numbers such that x#a, x#1 and a>1.

Show clearly that

—1+/21
X=a

5 Yobenstal 37 Loa 2o o3
log,a +log a° + = (logx) + ‘\‘Avﬁﬂ.l]r‘\“,zaql)

= g+ g+ Ama =

\fgqh,;(l%ﬁ t {“\(5\2)\'5

| Wb PEICES T A GUADIATIC AR,

Ca 2, =
| (eg) t(lga)-5 | <0

(=#1)

® tow logx =0 = a=|
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Question 97  (****4)

2log, x+log, (x—1)—log, (5x+4)=1.

Find the only real root of the above logarithmic equation.

x:4|

b
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Question 98  (***%*4)

Solve the following simultaneous logarithmic equations

legX — 100

[xy
log,|— =1,
g 10

given further that x, ye R, with x>0, y>0.

L

x=10, y=100, or the other way round
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Question 99  (**¥*4)

Solve the following logarithmic equation, over the largest real domain

log, | 26" ~1]=2, xe R.

= 2-tx+l = 20—
= 0=Yualx-S

— (a-(x+5) =0

Question 100  (**¥*4)

Solve the following simultaneous equations

a?*xb¥ =¢

a3x Xbe — clO

Give the answers in exact form in terms of loga, logh and logc.

4logc logc
g P

loga logb

TR, \OGRITHAS o ST S1neS
AU \OGALTHAR on ST T IDES Aot
B L e N e
a'x b= @ = \oéka;!p )=y 2w s o o
ol log G ) = lpc® Axb?=C 7 ;k“ﬁb‘ﬂ‘:/\(}j\
) Jeiley R R B DA @
L Com s ok
(\t{,o\uir \c;\xchsz(%C = '(» (1“)< ‘D@ e
loga® + foy b - olegC P
( m%q »3ylgh = Sloge  xC3) D v‘r&r
xloga + ?ﬁl%b = plac x2 at s
K/~€;‘?Zr{— dylogh = -Kiggc e @)= e
Gyiga + dylab = 2 lge At o
.
—Shlob = Eloy by = gyt
A = By by? = Iy
- _ lac e ey C
Y= EL")&% o) u % )
X o Hue 2
tq;%//
4 Grifoy oBThm(- TTTTTT A e
4 4 Shusey

= kg +3ylogh = sl%r
= 2leya Ls[ﬂ;gg\ legs = Sl

= g ~24EC < Slygc
= 2lgga = B\O&L

@1:%&/
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Question 101

Solve the following logarithmic equation

Created by T. Madas

log, x?

> +(log4x)2 =0.

S5+log, x

Created by T. Madas

11 1
[ 1 x=13.76

D ik Foumt
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St 22
24
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Question 102 (***%4)

Solve the following equation
-1 .
(a4—2a2b2+b4)x =(a—b)2x(a+b) 2

Give the answers in exact form in terms of a and b .

_ log(b—a)
l:l’ e log(b+a)

oeeD Ay Ut BY 06d0Mis 24§
a- 7 2
(-2 k) = ‘L::i‘f]

= {1 -

BOQOIANGE EXPRESS I LK
. TR @b ]2
= [@ k) J N [Tw!{ l

e 2
= (e-)7 - 2 &R

GE (e e (Gl

I
&

@7 o) = x e

3

(a+e) =+ (o)

M) b>a o T kES 1) B Sipy RGuis
T podumpie AGNS] T Be Posimy-

S CE NS
= oyl - lay(o)
= algll) = hg@w—a)

Question 103 (k)

Solve the following logarithmic equation

2—log, x’

2
5 +(loggx)” =0

7—log, x
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Question 104  (*¥*%)

Show by valid mathematical arguments that

{81 < o
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Question 105  (F¥¥*%)
i. Simplify the following expression.
9log,, 2 +1log,, 27.
Show detailed workings in this simplification.
ii. Itis given that
5x2'7 = 2xt = (10k) =k

Determine the value of k.

[ 1Bl k=125

et ot
Q) Poceen 4 Guows Noosxal st | o awo wes
S ——— el e
& =3I xAx2 = 2x(5%) Al %+
"ttcxéz%z £ b&ﬁj = Vg2t g, 3 o S Sx2 (_ xS i
» |
= g2+ g3 o St = awast | 26 = laGrs)
2 Ll K ok
= 5[3(:213 ;1%43] o e = lags +lg27s loga v lyS
3 3 =
=3[l 2" + 1y 3] EARRABREST = (S el = log2 v 2Hegs
= RS r
= 3lleg8 -l 2] : {‘)t = leas rtlogy oga- bz 2t
= g, 24 = =&
2% - = leaS~logz ~log 2 ~tloz + 24us
-3 ~ 5 lag et "518 log2 =tloga 2Alg
/ N QOK)L s = %(ﬁ): tglcgy 2\03&1
ATHOVATOE = lg(5) - t[:%mﬁgj
" a A e
qlmz +loy 07 - log, 2+ leg, 27 epe belos == ‘°g@ - i)
= log, (Yxm) 7 =19 Q125) = klegCs)
4 I
=k
ks, (273) L \%k = Elogliok)
hon b= 22023 = 3 \, e
= oy, (B = Vb < 0oy
, R > @of-p
= A lievs)
= 3'\%RZL} i ¢
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Question 106  (F¥*¥%%¥)

On the 1* January 2000 a rare stamp was purchased at an auction for £16384 and by
the 1% January 2010 its value was four times as large as its purchase price.

The future value of this stamp, £V, r years after the 1* January 2000 is modelled by
the equation

V=Ap", t>0,
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=Bq",t>0,
where B and ¢ are positive constants.

Given further that g = pﬁ , determine the year when the two stamps will achieve the
same value according to their modelling equations.
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Question 107  (G¥*¥%%¥)

It is given that

Created by T. Madas

e g and x are positive real numbers such that x#a, x#1 and a >1.

® 1 is apositive integer such that n>1.

Show that the equation

can be written as

2(log, x)" —n(n+1)log, x+(n—1)(n+2)=0.

n
=1

Zloga x" = Z(loga x)",
r=l1 r=
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Question 108 (¥**%%)
It is given that

a°eb =poge 150, b>0.
i. Prove the validity of the above result.

ii. Hence, or otherwise, solve the following simultaneous equations
logx+10°87 =7,

x’ =10"%,

[, [(10000,3),(1000,4)
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Question 109  (*¥%%¥)

The product operator H, is defined as

k
I I[ul.] = ulquXu3Xu4X...Xuk_lXuk.
i=1

Given that k€ N, use a detailed method to find the value of

2kq

H[logr (r+1)].

[ [

(EATE Sl THMS T _See - P
.
3
T g - ‘
L0 = g leg nlog S o mlop (0 xlogy ()

O THE BASE OF THE Logs ™ A 3% Y 4, e e

DS N G
T ) g G
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Question 110 (Ge¥¥%%¥)

Solve the following logarithmic equation.

3+8kg1[J8+4J§—J8—4J§}=0, k>0, k#1.
k

k=16

b
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Question 111 (k¥**¥)

Solve the following logarithmic equation.

xlogz X

x2

=8, xe (O,oo)

|:|, X=% U x

I
o)

= W] - lele]

— A% = 3+ 24
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Question 112 (¥¥¥%%¥)

Solve the following logarithmic equation.

log4x(%)+logx8+log%x(%)=%, x>0, x=1.

Give the answers in exact simplified form where appropriate.

L(7+73)

[ ] |x=16, x=22

ST MANRULATING. THE €puATiol A Buaws = 1§7 WeTs %C&\X*«g\i»?ﬁ
\ L2 A Heo
= \%é%* [oaf + hgiit = J{ = nyi-2y- 2= gy -2y
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< -log2 4 logs - w2 = =D~ Ot ity 5 2k,
a2 o8 ley2 oG B Fomps:
[ loa, @ oy o F D B
log, b g2 BT Y=t (=l 22 v #0©
otios o mase e log b= log. b ASA Sl 6
Qoo = Tog.a 9=2 B~ 4L ¥ FO
3 . Ye2 R -mrago
e =4 ~ =
g8 Tgx  mm T F Yot Bl no
= - | | iy FraBuans B (oG DKoN op ATl
gk g logkilgn  * i P
AN Sa ‘* g = 0= -1yly-9)-60-9)
= = T U U = 0= Q-WTy —
> oy T e e 0= Qy-WQy 7? <)
= e o o g 1T
P Y T O g ST SR T
K) Y2 Y-i + Y= ;‘-(“ﬁ‘)
WiRe 0=y o
ﬂm& e M‘& 3 SOWTINS. IN
= 30w - 3G + o) = () b .

: sagh ; \vgﬁ:t/%mm ER P PR BEYT
= 3(Wy-2) 28 vy = (W) Ho-w) Ty
= Wiy-c oty - F(y+*-29) B>t

4/
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Question 113 (G¥¥¥%%¥)

Solve the following simultaneous equations.

oo ) 1 1
ZZ[logza]r S Z(Hb)_k and Z(Hb)_k - Z[logza]r S %
r=0 k=1 k=1 r=0

You may leave the answers as indices in their simplest form, where appropriate.
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Question 114  (*%%%)

It is given that

a8 =p'8 450, b>0.
a) Prove the validity of the above result.

b) Hence, or otherwise, solve the equation

3logx | 35 xl083 — 36
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Question 115 (¥¥¥%%¥)

It is given that
4p —%q —logs(3.6) and  g—p+1=logg(75).
Solve these simultaneous equations, to show that
p=logek,

where k is a positive integer to be found.

WWING BY AMINATION Lk TN

g/AP,“id\:‘o%G{sl) x 2 Z
q —p+l= loggTs SdL Ly

o3 B -d = ey ()
Lamps 1= g
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Question 116  (¥**%%)
f(x) = 47372 reR.

log;(2

Determine the value of f (a), where a = .
log;o4 —log;(9

© STROT BY MANIPOLTTNG: THE FnCTioy AR DU
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Question 117  (k¥#*¥)

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

2° + 4% =87,

can be written in exact form as

log, ¢.

QR0 Sone Te QUNDATC,
$-goi=o

|
b

gl
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Question 118  (¥#¥%%¥)

Show that the following logarithmic equation has no real solutions.

logx2+2[2x4—2x3+7x2—2x+5}:2, xeR.

, |proof

O T TonaN OF THE 06 MO SATSY o2 >0 | 2| = o4 AI =1
-2t -2-5>0

@ Sole THe GuATlon .
' = X _a41=0

2 oo
S-lac = G - iy =

~5<0
cf Pt L NO SSUTONS
= ol el = 2!~ 2 F -2 S -
o bl b ) A
S 0= - +3"-2x +
B olion x=0 & g A o 0 Doioe By X
= x’- = 43 - 2+ ipe0

Created by T. Madas



Created by T. Madas

Question 119  (G¥¥%%¥)
It is given that for x>0, x#1 and y>0, y#1

log, y=log, x and logx(x—y)zlogy(x+y)_
Show that

X —x?-1=0.

| i Eie N i o & "
og,4 = logga @ log uy) = leg Cony) = oyl - log, Gee L)

e 1N 5
8 ety ) =0
@ STAITING (O The RS SUATION  TRYNG T SXRALT THE (063

= lg|G-H6t] =0

IR i
= log,g = legyx

= “‘ = N
= ¥ = I-F
- N L
x
‘
=at s at
=8 ey, | L

A h pepuio
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= lg (-L1) = laGed)
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I T log
2 “&,\3’7»‘ A
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Question 120

(*****)

. 1
1Ogsin XCOS X (Sln x)XIOgsinxcosx (COS x) = Z .

Show that the solution of the above equation is given by

X =

7[(811—7), ne N.

A=

|:| , |proof

p—
A
§ (Bt [l -f 5
S NS
n[og&mm(gmi) R/ EEN @mm&q)4:gwl &)
B (0 = B = mes)® - o @
T THE ORIGWL (QUATIOY TRAMERMS To
et
AD Moo @ 4@
(o)’ (Simucony® = SMLesy

(e A R
\ A+R=1

SOUOING- SHUTNEUY B SRSV

A=zl = G-pp-i
i

= 8-8*-L
2 )
= B-B =~z
= 48718 = -l
= UB-4B+| =0
= (AB-)*o
B=L 4 4=4
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