Logarithms

REMEMBER

Before beginning this chapter, you should be able to:

e Explain laws of indices

e Solve exponential equations

KEY IDEAS

After completing this chapter, you should be able to:

e Understand the system of logarithms
e Learn properties and laws of logarithms

e Understand variation of log,x with x and learn the signs of
logx for different values of x and a

e Find the log of a number using log tables obtain the antilog
from a given problem
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INTRODUCTION

Please recall that you have earlier learnt about indices. One of the results we learnt is that if 2° =
2%, x =3 and if 4* = 47, then x = y, i.e., if two powers of the same base are equal and the base is
not equal to —1, 0 or 1, then the indices are equal.

But when 3 = 52, just by using the knowledge of indices, we cannot find the numerical
value of x. The necessity of the concept of logarithms arises here. Logarithms are useful in long
calculations involving multiplication and division.

Definition

The logarithm of any positive number to a given base (a positive number not equal to 1) is the
index of the power of the base which is equal to that number. If N and a (#1) are any two positive
real numbers and for some real number x, a¥ = N, then x is said to be logarithm of N to the base
a. It is written as log,N = x, i.e., if a* = N, then x = log,N.

If in a particular relation, all the log expressions are to the same base, we normally do not

specify the base.
Examples:
I. 2°=8=3=1log,8
2. 5*=625 = logs625 =4
From the definition of logs, we get the following results:

Whena>0,b>0and b#1,
. log,a" =n, e.g., logs4®> =3

2. o8 = p oo 2log:l6 =16

SYSTEM OF LOGARITHMS

Though we can talk of the log of a number to any positive base not equal to 1, there are two
systems of logarithms, natural logarithms and common logarithms, which are used most often.

I. Natural logarithms: These were discovered by Napier. They are calculated to the base e
which is approximately equal to 2.71. These are used in higher mathematics.

2. Common logarithms: Logarithms to the base 10 are known as common logarithms.
This system was introduced by Briggs, a contemporary of Napier.

For the rest of this chapter, we shall use the short form log rather than logarithm.

Properties
1. Logs are defined only for positive real numbers.
2. Logs are defined only for positive bases different from 1.

3. In logya, neither a nor b is negative but the value of log,a can be negative.

Example: As 1072 =0.01, log;,0.01 = =2
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4. Logs of different numbers to the same base are different, i.e., if a # b, then log,,a # log,,b.
In other words, if log,,a = log,,b, then a = b.

Example: logy2 # log(3
log;y2 =logpy = y =2

5. Logs of the same number to different bases have different values, i.e., if m # n, then
log,,a # log,a. In other words, if log,,a = log,a, then m = n.

Example: log,16 # log,16
log,16 =log,16 = n=2
6. Log of 1 to any base is 0.
Example: logy1 =0 (. 29 =1)
7. Log of a number to the same base is 1
Example: logy4 = 1.
8. Log of 0 is not defined.

Laws
1. log,,(ab) =log,,a + log,,b
Example: log15 =log(5 X 3) =log5 + log3

2. logm(gj =log,,a — log,,b
15
Example: log(ﬁ) =log 15 —log20

3. loga™ = mloga
Example: log36 = log6? = 2log6
4. logya logb =log.a (chain rule)
Example: log,4 logy16 =1og,16

log.a
5. logja= —=
8 log. b
log,16
Example: logy16 = 082 (change of base rule)
0g,4
In this relation, if we take a = ¢, we get the following result:
! 1
ogya = .
8h log, b

Variation of log,x with x

For1 <aand 0 <p < ¢, logp <log,g
For0 <a<1and 0 <p <gq,logp > logyg

Example: logy,2 < log;(3 and log, 2 > log {3
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Bases which are greater than 1 are called strong bases and bases which are less than 1 are
called weak bases. Therefore, for strong bases log increases with number and for weak bases log
decreases with number.

Sign of log,x for Different Values of x and a
Strong bases (a > 1)
I. Ifx>1, log,x is positive.
Example: 1ogy10, logs25 are positive.
2. If 0 < x < 1, then log,x is negative.

Example: log;0.2, log;0.25 are negative.
log0.2 log2—1log10
log 3 log 3

Consider log;0.2 =

log2 <log10 and 0 < log3 for strong bases.
log2—1log10
As 227080 ) 1og;0.2<0
log3

Weak bases (0 < a <1)

3. Ifx > 1 and, then log,x is negative.
Example: Consider log 42
_ log2
- log 0.4

_ log?2
- log4—1log10
log4 < log10 (for any base)
log4 —1og10 <0
log 2

m < 0. (for strong bases)

4. If 0 < x < 1, then log,x is positive. For example, log, 0.2, log;,40.3 are positive. To
summarize, logs of big numbers (>1) to strong bases and small numbers (<1) to weak bases
are positive.

If x? 4+ y?> = 3xy, then choose the correct answer of 2log(x — y) from the following options:
(a) logx — logy (b) logx + logy () log(xy) (d) Both (b) and (c)
HINT

Find (x — y)%.

Choose the correct answer from the following option for: log,[log,{log;(log;27)}] =
(a) O (b) 1 (c) logy,3 (d) undefined
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SOLUTION

log, [log, {log; (logs27)}]

= log, [log, {log; (log33%)}]

= log, [log, {log;3(log;3) }]

= logs [logy {log;3(1) }]

= log, [log, {logs3}]

= log, [log,1] =log, 0, which is not defined.

Iflog2 = 0.301, then find the number of digits in 2!9%* from the following options:

(a) 307 (b) 308 (¢) 309 (d) 310
SOLUTION

Let x = 21024

= logx = log 21024

= 1024 log2 = 1024(0.301)

= logx = 308.22

= The characteristic is 308

. The number of digits in 219%*is 309.

To Find the log of a Number to Base 10

Consider the following numbers:
2, 20, 200, 0.2 and 0.02.

We see that 20 = 10(2) and 200 = 100(2)
s log20 =1 + log?2 and log200 = 2 + log?2
Similarly, log0.2 = =1 +log2 and 1log0.02 = -2 + log 2

From the tables, we see that log2 = 0.3010. (Using the tables, this is explained in more detail
in later examples.)

= 1log20 = 1.3010, log200 = 2.3010, log0.2 = =1 + 0.3010 and log0.02 = =2 + 0.3010.

‘We note two points:

. Multiplying or dividing by a power of 10 changes only the integral part of the log, not the
fractional part.

2. For numbers less than 1, (for example 0.2) it is more convenient to leave the log value as
—1 + 0.3010 instead of changing it to —0.6090. We refer to the first form (in which the
fraction is positive) as the standard form and the second form as the normal form. Both the
forms represent the same number.

For numbers less than 1, it is more convenient to express the log in the standard form. As
the negative sign refers only to the integral part, it is written above the integral part, rather
than in front, i.e., log 0.2 = 1.3010 and not —1.3010.

The convenience of the standard form will be clear when we learn how to take the
antilog, which is explained in more detail later.

antilog (—0.6090) = antilog (—1 + 0.3010) = antilog 1.3010 = 0.2.
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When the logs of numbers are expressed in the standard form, (for numbers greater than
1, the standard form of the log is the same as the normal form), the integral part is called
the characteristic and the fractional part (which is always positive) is called the mantissa.

Express —0.5229 in the standard form and locate it on the number line.

SOLUTION

—-0.5229 = -1+ 1 -0.5229 = 1.4771
0.4771

A
v

-1 -0.5229 0

The Rule to Obtain the Characteristic of log x

I. Ifx > 1 and there are n digits in x, the characteristic is n — 1.

2. If x < 1 and there are m zeroes between the decimal point and the first non-zero digit of
x, the characteristic is —m, more commonly written as in.

Note —4=4but —4.01%4.01

To Find the log of a Number from the log Tables

Find the value of log25, log250 and log0.025.
SOLUTION

In the log table, we find the number 25 in the left-hand column. In this row, in the next
column (under 0), we find 0.3979. (The decimal point is dropped in other columns)

For the log of all numbers whose significant digits are 25 and this number 0.3979, is the
mantissa. Prefixing the characteristics we have,

log25 = 1.3979
log250 = 2.3979
log0.025 = 2.3979.

Find the value of log2.54, log0.254 and log 25400.
SOLUTION

In the log table, we locate 25 in the first column. In this row, in the column under 4 we find 0.4048.
As done in the earlier example, the same line as before gives the mantissa of logarithms of all numbers
which begin with 25. From this line we pick out the mantissa which is located in the column
numbered 4. This gives 4048 as the mantissa for all numbers whose significant digits are 254.
log2.54 = 0.4048
log0.254 = 1.4048

log 25400 = 4.4048.
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EXAMPLE 2.7

Find the value of log2.546 and log25460.

SOLUTION

As found in the above example, we can find the mantissa for the sequence of digits 4048.

Since there are four significant digits in 2546, in the same row where we have found 4048,
under column 6 in the mean difference column, we find the number 10, the mantissa of the
logarithm of 2546 will be 4048 + 10 = 4058.

Thus, log2.546 = 0.4058
log0.2546 = 1.4058
log 25460 = 4.4058.

ANTILOG
b

As log,8 = 3, 8 is the antilogarithm of 3 to the base 2. Antilog b to base m is m”.
In example 3 above, we saw that, log2.546 = 0.4058. Therefore, Antilog 0.4058 = 2.546

To Find the Antilog

EXAMPLE 2.8

To find the antilog of 1.301.

SOLUTION

Step 1: In the antilog table, we find the number 30 in the left hand column. In that row in the
column under 1, we find 2000.

Step 2: As the characteristic is 1, we place the decimal after two digits from the left. That is,
antilog 1.301 = 20.00.

If the characteristic was 2, we would place the decimal after three digits from the left. That is,
antilog 2.301 = 200.0.

If the characteristic was 3, we would place the decimal after four digits from the left. That is,
antilog 3.301 = 2000.

To find the antilog of 2.3246.

SOLUTION

‘We have to locate 0.32 in the left hand column and slide along the horizontal line and pick out
the number in the vertical column headed by 4. We see that the number is 2109. The mean
difference for 6 in the same line is 3.

The significant digits in the required number are = 2109 + 3 = 2112. As the characteristic
is 2, the required antilog is 211.2.
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. 5.431x0.061 o .
Find the value of ——————— to four significant digits.
12.38 x 0.041

SOLUTION

log of a fraction = (log of numerator) — (log of denominator)

log of numerator = log5.431 + log0.061 = 0.7349 + 2.7853 = 1.5202

log of denominator = log 12.38 + log0.041 = 1.0927 + 2.6128 = 1.7055

log of given expression = 1.5202 — 1.7055 = 1.8147

antilog of 8147 is 6516 + 11 = 6527

Since the characteristic is 1, the decimal should be kept before the four digits.
.. The answer is 0.6527.

If log;y3 = 0.4771, and log;(2 = 0.3010, Find the value of log;(48.

SOLUTION
10g1048 = 10g1016 + 10g103

=log;;2* + log;;3 = 4log; 2 + log;;3
=4(0.3010) + 0.4771 = 1.6811.
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TEST YOUR CONCEPTS

1. log, A" = .

2
2. Expand log; (%J
z

1
3. Can we write logx%as 98+,

log,.b

4. Express 0.001 = (0.1)? in the logarithmic form.

5. (5)210g52 —

6. logs2 + logs20 — logs8 =

3+10g10(10>2 .

— 13
logs 5

7. The value of

8. log,ab = (log,a) X (log,b). State True or False.
9. Iflog;(2 = 0.3010, then log;, 2000 =
10. Evaluate 3 — log;100.

11. Given 3 = logyx + 4log,8. Then the value of

X =

12. Iflogp2 = 0.3010, then log;,5 =

13. If x =logs3 and y =logs8, then logs24 in terms of

x, y is equal to
14. Iflog 425 = k log,5, then k=
15. If 5log3 + logx = 5log6, then x =
- (loga yjk -
16. Iflogx = | —=%=£ | | then k= .

log, x

17. If a > 1 and m > n, then which is greater, log,m

(or) log,n?

Short Answer Type Questions

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

If 2logx + 2logy =k and xy =1, then k=

If 1og198.9 = 2.2987, then the characteristic of
log 198.9 = and mantissa of log 198.9 = .

When 0 < a <1 and m < n, then which is greater,
log,m (or) log,n?

Given logjox = y. If the characteristic of y is 10,
then the number of digits to the left the decimal
point in x 1is

Find the value of log ;16.

log,x X log.y X log,z =

If the characteristics of the logarithm of two
numbers abcd - abef and a- bedabef are x and y respec-
tively, then x — y =

Iflog2=0.3010,log3=10.4771 and log7 = 0.8451,
then find the values of log210.

Given, antilog(2.375) = x. Characteristic of logx is

If log(21.73) = 1.3371, then find the values of
log(2.173).

If antilog (0.2156) = 1.643, then find the values of
antilog (1.2156).

Without using the logarithm tables find the value
of 3log;27.

Find the value of log0.6(%) )

31. Prove that log5040 = 4log2 + 2log3 + log5

+ log7.
32. Find the value of log,(0.0625).

33. Express the following as a single logarithm.

11 81 71
—logx ——logy+ —log=z.
3 g 5 gy 5 g

34. If x* + y?> = 25xy, then prove that 2log(x + y) =

3log3 + logx + logy.

35. If x> + y?> = 22, then prove that log,(z + x) +

log,(z — x) = 2.

36.
37.

38.

39.

40.
35 114 13 75

2log—+2log——+log48+2log| — |=log| — |.
g192 & 91 & g(19j g( j

Prove that log, [logy {logs (625)*}] = 1.

If log;(2 = 0.3010, then find the number of digits
in (16)'.

Iflog2=0.3010, log3=0.4771 and log7 = 0.8451,
then find the value of log75.

2 _ .2
If X4 + Y4 = 83X2y2, then prove that log(x 9 s j

=logx + logy.
Prove that

("]
4
O
-
(7]
L
-
o
LA
=
-
O
<
(-4
o.




7]
p 4
2
-
7]
LA
=
(¢
L
=
-
&
<
(-4
o.
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41. Solve for x:
logx + log5 =2 + log 64
42. If x° — y© = 20, then prove that

log.(x* = %) +log.(x* + y* — xy) +log.(x* + y* +
xy) = 6.

Essay Type Questions

43.

44.
45.

Using the tables find the value of §/(32)*.

Using the tables find the value of /(0.12).

Given log3 = 0.4771, then the number of digits in
31000 g

46. Iflog,y12x — 1 + logy,—1x + 1 =2, find x.
47. 1f a=b"? =2 =dV7 =¢? | find log abcde.

49.

Iflog,x — log . = 9(log,y)? and x = 9y, find y.

22 e 20 220
50. log| —|+log| — |+log| —|+---+log| —| =7
48. Arrange the following in ascending order. b b b b"
A =1ogy6561 B =log ;625
C =log ;243 D =log ;256
CONCEPT APPLICATION
1. log,a Xlog,y = 5. log.. x?y?=7?
() log,y (b) log,a (a) 2(logx +logy —logz)
(c) logya (d) log,x (b) logx + logy — logz
o log x> +log y
2. Iflogx = 123.242, then the characteristic of logx () 1—
is 08 <
(a) 0.242 (b) 122 (@) ogxtlogy
log =
(c) 123 (d) 124
6. If x> — 9> = 3xy(x — y), then log(x — y)* =
3. Pick up the false statement. (a) 0 ®) 1
(A) Logarithms are defined only for positive real (c) Undefined (d) None of these
numbers.
' ' 7. log(a®+ b%) —log(a+ b) — log(a®> — ab + b?) =
B)log,N is always unique. (@) & — B
3_Qic3 =
(C) The log form of 2° = 8 is 3 = logg?2. () 0
D)log1 =0 (c) log1
(a) B (b) C (d) Both (b) and (c)
(c) D (d) A 8. Which is greatest among the following:
169 ) (a) 10g220 (b) 10g735
4. log ry 2log13 + 2log3 =1 () 1ogs70 (d) Tog;68
(a) 1 (b) 0 9. log(a + b) +log(a — b) — log(a®> — b*) =
1 a) 0 b) 1
oie2) @ log(i] o v
3 ¥z (c) (a*> — b?) (d) &+ b?
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If2d +y? = dxy(e+y). Thenlog(x+y)°=____
(a) logx + logy + log(x + y) — log7

(b) log(x) —logy + log(x +y) + log7

(c) logx + logy + log(x — y) + log7

(d) logx + logy + log(x + y) + log7

1. If log x = log 49 , then the relation between x and y.
logy log7
(@ x=yy
b) x=y
(€ y=x°
(d)x=y
12. log(x) — log(2x — 3) = 1, then x =?
30 20
@ 75 ®) 75
19 19
© 5 (d) o
13. If 2log(x + 4) =log 16, then x =?
(a) 0, -8 (b) -8
(c) =2 (d) o
14. The value of x when log, 343 =3, is
(@) 7 (b) 8
(c) 3 (d) 27
15. log¢3 - log 74 - logg17 =
1 1
(2) 5 (b) "
2
© 7 (d) 3
16. log, [log, {log, (logs81)}] =
(a) 1
(b) 0
(c) log3
(d) Undefined
17. log13 - logs1331=__ .
(a) 3 (b) 11
(c) 121 (d)9
18. logm(@) =

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

(a) 11 (b) 121
(©) 0 1
log;729 +logg216 _
44+logy16-2log,64 ~—
(a) 9 (b) 4
9 1
(©) 5 d 5

If log,ny™ = klog,y, then the value of k is

@ = (b) mn

n
(c) m" (d) n™
Iflog,x = 2, then JJog,logxy) =
(a) =2 (b) 4

1 -1

- d) —
(©) 5 (d) 1
If p = logs216 and ¢ = log;25 then p? =
(a) 3 (b) 25
(c) 15 (d) Cannot be determined
2(16—log2 1024) _ .
(a) 16 (b) 32
(d) 64 (d) 8
ZZ’Jlog2 2 + 3210g32 —
(2) 8 (b) 4
(©9 d2
10g 4 (a® +b) —log,p(a* —ab+b*) =
(a) loggip(a—=b)  (b) 2
(c)a+b (d) 1
410g1525 — )
(a) 25 (b) 5
(c) 16 (d) 4

1 1

+ = ?
logxy X logxy y
(a) 1 (b) 2
1

(© 0 (d)

log,,x X log,,y
If y =log,_3(x*> — 6x + 9), then find y.

(a) 4 (b) 8
(c) 2 (d) 32

("]
4
O
-
(7]
L
-
C
LA
=
-
O
- ¢
(-4
o.
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29. If log;p2 = 0.3010, then the number of digits in | 38. If a8 =3 then g?logb —ploga =

1612 is (a) 6 (b) 9
(a) 14 (b) 15 (c) 3 (d) Cannot be determined
(c) 13 (d) 16 39. If logs(x — 5) + logs(x + 2) = log;8, then x
2 p T
30. If logg,p® = 1g,then log, 6 = . (@) -3 ) 6
(a) 16 (b) 2 (c) 6,3 (d)3,-6
(c) 32 d) 1 40. Iflog(x + y) = logx + logy, then x = .
-y -y
= — by —
31. log,log,logs125 . () 1+ (b) -y
(a) 4 (b) 8 y
(©1 d) ——
(c) -1 (d)1 1+y
32. If log,y = logay , then the value of p is 41. 1f 21083 . 51982 2l08¥ then logs %/972 = .
p
4 b 3
(a) log,x (b) log,.a (a) 3 (b) n
1 d) 1 1
(c) log,x (d) log,y © < d 3
sy ;
33. = ogx 083 —
log Q/; 42, 1 3108¥ 4 54, find logx.
2/3 2/5 (3) 3 (b) 2
(a) logx™" — log2™" + logy (c) 4 (d) Cannot be determined

/2 _ 5/2
(b) log*? +logy —log = 43. If logjgx — logjpy = 1 and x + y = 11, then x

(7, (c) logx?3 —logy + logz?/> =
z (d) None of these (a) 10 (b) 1
(008 5. Iflog[4 — Slogs,(x + 3)] = 0, find x. () 11 (d) 2
—_— —_—
- (a) 32 (b) 8 44. 1f logye3 X logy7 X log,8 = x, then find the value
') ral
i (©) 3 d 5 ot
- | 35. If x = log; log, log,256, then 2198+ - ) (@) 3 (b) 7
(¢ @ 4 OF 8 @
. e value of log, ;(a” — —log, p(a” +ab+
45. The value of log,_j(a®> —b%) —log,_j(a> + ab + b>
L (0) 2 (d)1 is (a>1b)
U 132
— 36. Ifloga( J = 2log, 13 —log, 5 — x then @0 (b) 1
- 2> x5 3) 3 (c) Undefined
),
g (a) a*=2%2 (b) x?=2%2 46. Iflog;2 = x, then the value of logiy 72 is
o’ (c) a¥=22/3 (d) x9 = 2/3 logy(24
lowa (@) 1+x b) 2+3x

A. 37. Iflog81 — log3 = loga, then 44%"= ) Y, 1—3x

1) 4 2) 16 _

1) ) o 273 @ 3x+1

(3) 2 (4) 8 2+3x 3x+2




47.

48.

49.

50.

53.

54.

55.

56.

57.

Logarithms [EXEN

It ! +1 2 +1 3 +-- 41 (99)
og| — og|l — og|l — e+ log| —
8 2 8 3 8 4 & 100

(a) =2 (b) ~1

(©0 (d) 2

If x> — y> =1, (x > y), then find the value of
log(x_y) (x+y).

(a) =2 (b) 2
(-1 d1
If 3lo8s” 4 5logx3 = 8, then find the value of x.
(@3 (b) 5
(c) 4 (d) 8

log,1 - logz2 - logy3 - logs4 - loge5 ... logrpn199

51.

52.

(a) oo
(c) 1

If x> + y> = 3xy = 0 and x > y, then find the value
of log,,(x = 7).

(b) 0

(d) Cannot be determined

@) ~

" (b) 4

(d 2

1
(©) 5

Iflog3 = 0.4771, then find the number of digits in
3100

(b) 48
(d) 50

If logsx — logsy = logs4 +logs2 and x — y =7, then

X =

(@) 1 (b) 8
©7 (d) 6
If log, |:—1 +4/x% = 14x+49}=4, then x =
(a) 24 (b) —10
(c) 24, —10 (d) 10
If log p = logg = logr =k and pgr =100, then k
2 4 8
() 14 ®) —
1
= d) 2
© 2 (d)

If log2 = 0.3010, and log3 = 0.4771 then log 150

(a) 2.1761 (b) 2.8751
(c) 2.5762 (d) 2.6126
If log;2 = 0.3010 and log;,3 = 0.4771, then the

23 x 32
value of logy (S—ZJ is

(a) 0.4592.
() 0.4529.

(b) 0.5492.
(d) 0.5429.

58.

59.

60.

61.

62.

The value of ! + ! + !
1+logyc 1+log, b 1+logy a

equals

(a) 2 (b) 0

()1 (d) logabc

1
+ =
10g(z+x)y log(z—x)y
(a) 4 (b) 3
(©)2 (d)1

If log2 = 0.301, then find the number of digits in
21024

Ifx%+y>=22, then

(a) 307
(c) 309

(b) 308

(d) 310

Ifx>—y?=1, (x> y), then find the value oflog(,— )
(x +y).
(2) =2
(c) —1

(b) 2
@1

If x>+ y?> — 3xy = 0 and x > y, then find the value
of log,,(x — ).

1
@ -

1 (b) 4

(d 2

1
(c) 5

("]
4
O
-
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L
-
o
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=
-
O
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63. If 2log 4 os5log3 — 810gx9, thenx=__ 66. If x =log;27 and y =logy27, then ! + L
. = log; =logy2/, —t—-=__
(@) 9 (b) 8 v
(©3 (d) 2 (a) 1 (b) 1
3 9
64. Iflog,x = m and logyx = n, then log/ ,\x = .
(5) ©3 @1
m mn 67. If loggx + 2logsex + 3logyigx = 9, then x
(2) (b) -
m—n m=—n _
© n d mn (a) 6 (b) 36
c
m-—n n—m (c) 216 (d) None of these
65. 0856 _
logs 2 +1
() log,6 (b) log,5
(c) logy6 (d) log;(30

7))
p 4
=2
-
("]
L
=
o
L
=
-
v
<
oz
o
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TEST YOUR CONCEPTS
Very Short Answer Type Questions
1. nlog,A 16. -1
2. logsx + 2logsy — 3logsz 17. log,m
3. No 18. 0
4. logy1(0.001) =3 19. 2;0.2987
5. 4 20. log,m
6. 1 21. 1
7.5 2. 8
3
8. False 23.1
9. 3.3010 24.°3
10. 1 25. 2.3222
1
1. — 26. 2
512
12. 0.6990 27. 0.3371
13. x+y 28. 16.43
14. 1/2 29. 27
15. 32 30. 2
Short Answer Type Questions
32. 4 38. 1.8751
1/3.7/2
33. log(x = j 41. x=1280
Y 43. 1345
36. 1
44. 0.04158
37. 13
45. 478
Essay Type Questions
46. 2 49. 3
(n+1)
47. 25 a”
50. logm
48. ABCD b2

7
-
L
-2
-
L
S
7
r4
<

&
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CONCEPT APPLICATION

1. (b) 2. () 3.0 4.0 5@ 6 (0 7. (d) 8. (a) 9. ()  10. (d)
11. (d) 12. () 13.(d) 14. @ 15. (b) 16. (b) 17. @) 18. () 19. ()  20. (a)
21. () 22. () 23. () 24.(b) 25.(d) 26. (b) 27.() 28. (¢

29. (b) 30. (d) 31. () 32.() 33 () 34.(d) 35 () 36.() 37.( 38. (a)
39. b) 40. (b) 41. (a) 42. () 43. () 44.(d) 45. b) 46. (b) 47. ()  48. (0
49. ) 50. b) 51. ()  52. (b)

53. (b) 54. () 55. () 56. () 57.() 58. () 59.() 60.(c) 61. () 62. (c)
63. b) 64. (d) 65. () 66. (d) 67. (c)
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CONCEPT APPLICATION
Level 1
1. Apply laws of logarithm. 13. (1) Use logm =logn = m = n.
2. Recall the definition of characteristic. (ii) Remove logarithms to set (x + 4)> = 16, then
3. Verify all the options. find x.
4. Apply laws of logarithm. 4. (i) Use logm =logn = m = n.
5. Apply laws of logarithm. (ii) Use, logya = N = a = b™.
6. (i) Apply log on both the sides 15. Apply laws of logarithms.
({)x’ =y =3xy(x—y) = (x—y’=0. 16. (i) logya™ = mlogya and log, a = 1
7. (@) logx —logy—logz = 1Og(iJ (ii) Express 81 as 3* and then use loga™ = m loga
X and proceed until all the brackets are removed.

17. Apply laws of logarithms.
18. Find V14641.
= log MN.

8. ()logy16 < 1og,20 < log,32 19. Simplify the expression by applying laws of
logarithms.

M
(i) logM — logN = log(ﬁj and logM + log N

(i1) Given four options are to be compared.

20. Apply laws of logarithm.
(111) For example log,16 < 1log,20 < log,32 = 4 <

log,20 < 5. 21. Apply laws of logarithm.
(iv)7 < 35 < 7% 5% < 70 < 5% 3> < 68 < 34
apply logarithms to suitable bases and evaluate
log715, logs70 and log;68. 23. Write 1024 as a power of 2.

22. Find p and q.

9. (i) Use the identity logm +logn —logp =logmn/p 24. Apply laws of logarithm.

(i1) Use logx + logy = logxy and logp — logq =

log(p/q). 25. Apply laws of logarithm.
10. Find (x + y). 26. (i) Recall the laws of logarithm.
11. (i) Use the identity loga =log) a (i1) Use alog, N = N after simplifying the given
logb term.
.. logx
11 = 0gy X = . (1) Simplify and then use laws of logarithm.
()logy 2=1 2 27. (i) Simplify and th 1 f logarith

(i) logy a = n = a =b". (i1) Take LCM and simplify.

iii) Use log x + log,y = log xy.
12, (1) Use logm — logn = logﬁ i) & Sal st
n

" 29. (1) Use log, a =1 to find y and then substitute y
(i1) Use logm —logn = log — and simplify LHS. value.
n

p 4
2
-
<
Z
L
- |
Q.
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£
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(iii) Write 1 as log;;10 and proceed. (i1) Write x> — 6x + 9 as (x — 3)> and use log,a= 1.
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29. Find the value of 16!2 by applying logarithm.
30. Find p.

31. Apply laws of logarithm.

32. (i) Recall the laws of logarithm.

log a¥

logx?

(i) p= Use logp? = q logp.

33. (1) Use the identities logmn = logm + logn,

log Ly logm —logn and logx" = n logx
n

B 3{/_2 ) 2/3 |
(i) log (% 1og[(xz2/5y]]

(111) Use log(g) =loga — logb and logab = loga

+ log b simplify.
34, ()logx=0=>x=1
()logx=0=>x=1
(i) Use logy, azilogb a
(iv)x=alogn = a*=n.
35. Find x.
36. Apply laws of logarithm.
37. Find a.
38. Substitute the value of al°8?.
39. Apply laws of logarithm.
40.  (1)log(a) =log(b) => a=b
(1) log(x + y) = logxy
(i) = x + y = xy.
1. (i) dlogb = ploga
(i) slog2 — plogs
(i) a" =d" = m=n.
42, (i) dogb = oga
) x"=x"=m=n.

43. Apply laws of logarithm and solve for x.

44.

45.

46.

47.

48.

log493 X logy7 X log,8 = x

1

og3 _ log7 XBlogZZx
2log7 2log3 log2

3 4x 4 3
—=x=>-—=—x—-=1.

4 3 3 4
log,_(a®> = b*) —log,_; a* + ab + b>

a3_b3
:1 _ ————————————
O8ab a? +ab + b?
(a—b)(a® + ab + b?)
(a® + ab + b?)

=log, p(a—b)=1.

=log,y,

Given, log;2 = x
1 72
ogL = 10g24 72 = 10g24 (24 X 3)
logy, 24

log3

=log,, 24 +log,, 3 =1+
224 224 log 24

:1+10g—33
log; 24
1
+—
log;(3 % 8)
1
+—
logs 3 +1og; 8
1
+—
1+ logy 2°
1
+—
1+ 3log; 2
_1+3log;2+1  2+3x
1+3logs2  1+3x

log(lJ + log(%J +t log(ﬁ

2 3 100

=logl—log2+log2—log3+--
+10g 99 —1log 100

=log1—1og100 = 0 —log10?

= —2log10=-2.

Given x> — > =1

=1

Ne—

Applying log on both the sides, we get

(x> — y?) =log1
= log[(x + Y)(x — )] =0
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= log(x + y) +log(x — y) =0
= log(x +y) = ~log(x — y)
log(x+y) _ _
log(x —y)
= log—)) (x+y) =—1.

49. 3087 5losx3 =g

= 5+508:3 =

= 5083 =3

310gx5 :3
= log, 5=1
= x=5.

50. Aslog,1 =0, logy1 - logs2 - log,3 ... 10g199200 = 0
51. Given x> +y> — 3xy =0

X2+ y? = 2xy = xy

52.

Applying log on both sides
log(x — y)* = logxy
2log(x — y) = logxy
1 - 1
_ log(x=y) _ 1

log xy 2
= logyy (x —y) = %
Let x = 3100
= logx = log3!"
= logx = 100 log3
= logx =100 (0.4771)
= logx =47.71
The characteristic is 47

The number of digits in 3'% is 48.

53. Apply laws of logarithm.
54. () logx=b= al = x.
(i) Write Va? —14x+49 =16 +1
= 17 and solve for x.

(111) Then verify for what values of x, logf(x) is
defined.

55. (i) Find the value of p, g, r then find pqr.
(i1) Express p, ¢ and r in terms of k.

(i11) Substitute the above values in pgr = 100 and
find k.

56. (i) Express as product of powers of 2 and 3 then
use the values of log?2 and log3

(i) log 150 = 2log5 + log2 + log 3.
(iii) Also, log5 =1log 10 — log?2.
57. (i) Apply laws of logarithm.

(i1) Use log(%J =loga — logb and loga™ = mloga.

1 1 1
58. = =
1+log,c  logy,ab+logyc logab"b‘
1
=log .ab

1+log,. b - log . ac+log,. b

- log, abc

=lo ac——
Sabe 1+logy, a

1 1

logy, be+1logy, a - logy, abc

59.

60.

log 4, be

Hence the value of the required expression
= log,ab + log.ac + log . be
= loggpl(ab) (ac) (b)] = loggy,(abo)* = 2.
Given that, x> + y? = 22
=22 -x2=)?
log..\y log(zfx) Yy
=log,(z + x) +log,(z — x)
= logy(z2 —x%) = logyy2 {from (1)}
=2.

Let x = 21024

= logx =log2!0%4

= 1024 log2 = 1024(0.301)
= logx =308.22

= The characteristic is 308

. The number of digits in 2'9%* is 309.
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61.

62.

63.

Given x> — > =1

Applying log on both the sides, we get log(x> — ?)

=log1

= log[(x +y)(x = )] =0
= log(x + y) + log(x —y) =0
= log(x + y) = —log(x — )
log(x +y) _
log(x~y)

= log_y(x+y)=1.
Given, x> + y?> = 3xy =0
X2+ y? = 2xy = xy
Applying log on both sides,
log(x = y)* = logaxy

2log(x — y) = logxy
e

1
jlogxy(x_)/)za‘

Hlog9 | Hslog3 _ glogyd
— olog3 | 55log,3 _ glogy9
— 22 4 25172 _ glogy9

= 9 =glosx?

= log,9 = logg9

= x =8.

64. log,x =m, logpx =n

log x log,. x

og(gj o log (Zj i log,, (Zj

1
- log,a—log,b

1
R
logxa_logbx
1T mm
11 (n=m) n-m
o o)
65. logs6 _ logs6 _ logs6
logs2+1 logs2+logs5 logs(2x5)
_ logs6 log,s6
logs10
66. x=log;27 y=loge27
= x=log;3° y=logs3
=x=3 3
=
1 1 1 1 1 2 3
=42 421
x y 3 (3) 3 3 3
)

67. loggx + 2logsex + 3logrgx =9
= loggx + loggx + loggx = 9
= 3loggx =9 = loggx =3
=x=6°

Lox=216.
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