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INTRODUCTION ‘log’ being the abbreviation of the word ‘logarithm’. Thus,

Logarithm, in mathematics, is the ‘exponent’ or ‘power’ to
which a stated number called the base is raised to yield a
specific number. For example, in the expression 107 = 100,
the logarithm of 100 to the base 10 is 2. This is written
as log,, 100 = 2. Logarithms were originally invented to
help simplify the arithmetical processes of multiplication,
division, expansion to a power and extraction of a ‘root’,
but they are nowadays used for a variety of purposes in pure
and applied mathematics.

Logarithm

If for a positive real number (a # 1), @" = b, then the index
m is called the logarithm of & to the base a. We write this as

log,b=m

a"=b e log b=m

where, a” = b is called the exponential form and log b = m
is called the logarithmic form.

Illustration 1 Refer to the following table

Exponential form Logarithmie form

3% =243 log, 243 =5
24 =16 log, 16 =4
=1 logs1 =0
.. 1

g3 =9 log,2 = —
=1 3

. Laws oF LoGARITHMS |

1. Product formula
The logarithm of the product of two numbers is
equal to the sum of their logarithms.
5, log, (mn) = log m +log n
Generalisation: In general, we have
log, (mnpq...) =log m+log, n+log p+log, q+..
2. Quotient formula

The logarithm of the quotient of two numbers is
equal to the difference of their logarithms.

i m
ie., log, [—] =log,m — logn
n
where a, m, n are positive and a # 1.
3. Power formula
The logarithm of a number raised to a power is equal
to the power multiplied by logarithm of the number.
i.e., log, (m")=n log, m,

where a, m are positive and a # 1.
A 4

B - e ==

T U M S %

'

1 4. Base changing formula

1

I ¥
log ;Jr: IOE(I m

(]

logm
. S0, log, m= o
log, n logn
I where m, n, a are positived and n # 1, a # 1.
1
1 5. Reciprocal relation
1

log,a x log,h=1

where a and b are positive and not equal to 1.

1

6. log . a=
log, b

=l

7. Jog,x=x, where a and x are positive, a # 1.

8. Ifa>1and x> 1, then log, x> 0.

.

If0<a<land0<x<1, thenlog, x> 0.
10. If0<a<1andx> 1, then log, x > 0.

11. If @> 1 and 0 <x < I, then log, x < 0.
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SomE useruL FORMULAE -

s ~
1 1. Logarithm of | to any base is equal to zero. i
; ie,log, 1 =0 wherea>0,a#l. :
: 2. Logarithm of any number to the same base is 1. :
! i, log,a=1, wherea>0,a=1. !
S I

R o

Common Logarithms

There are two bases of logarithms that are extensively
used these days. One is base e (¢ = 2. 71828 approx.) and

the other is base 10. The logarithms to base e are called |

natural logarithms. The logarithms to base 10 are called the
common logarithms.

s by ¢
1 log,,10 = 1, since 10" = 10. |
1 ; 2

) log,,100 =2, since 10% = 100. :
i_l log,,10000 = 4, since 10* = 10000. :
-; log,,0.01 = -2, since 1072=0.01. :
; log,,0.001 =3, since 10> =0.001 !
1 4 == i 9= I
L énd, ) _Io;:..ml 0, since I.O 1. 4

Practice Exercises

DirricuLty LeveL-1
(Basep on MEMORY)

1. The number of real solutions of the equation
log (—x)=2log (x+ 1) is:
(b) Two
() Four
|Based on MAT, 2005]
2% [flog5 (x2 +x)— loge (x + 1) = 2, then the value of x is:
(a) 5 (b) 32
(c) 25 {d) 10
[Based on FMS (Delhi), 2007]
3. Iflog,, 27 = a, then log, 16 is:
(@) 3—a)d(3+a) (b) 3+ a)yd(3—a)
(¢) 43 +a)(3—a) (d) 403 — a)/(3 +a)
|Based on MAT (Dec), 2006]

(a) One
{c¢) Three

4. Iflog b= % logge = %and log.a= % then the value of
k is:
(a) 25 (b) 35
(c) 30 (d) 20

[Based on MAT (May), 2006]
5. Which of the following is true?
(@) log,, 275 =log, 375
(b) log, - 275 <log,q 375
() log 5 275 > logy 375
(d) None of the above
[Based on MAT (May), 2005]

6. % log,, 25-2 log,, 3+ log,; 18 equals to:

(a) 18 (b) 1

(c) log,,3 (d) None of these

|Based on MAT (Sept), 2003] |

7. The difference between the logarithms of sum of the
squares of two positive numbers 4 and B and the sum of
logarithms of the individual numbers is a constant C, If
A =B, then Cis:

(a) 2 (b) 1.3031
(¢) log 2 (d) exp (2)
[Based on MAT (Sept), 2003]

8. Iflog, a, @, and log,, x are in GP, then x is:

(@) log (log, a)
(h) log, (loga) + log (log, b)
(c) —log, (log, b)
(d) log, (log, b) - log, (log, a)
[Based on MAT (Dec), 2002]
9. Iflog, (ab) = x, then log;, (ab) is:

@ + b) —
X x+1
©) — @ —
x—1 | —x
[Based on MAT (May), 2002]

10. If logg x + log 4 —:3 = % then the value of x is:
(a) 18 (b) 24
(c) 16 (d) 12
[Based on MAT (May), 1998]

L1 If loggx + log SIE:%' then the value of x is:
(a) 18 (b) 24
(c) 16 (d) 12

|Based on MAT, 1998]
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12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

If logq (x2 — 6x +45) =2, then the value of x are:

(a) 6,9 (h)9,-5
{e) 10,5 (d) 11,-5
|Based on FMS, 2005]
[flog, 125 + log,; 8 = x, then x is equal to:
(a) -3 (h) 3
© 5 (d) 0.064
[Based on FMS, 2005]
log (ul / be) + log (bz / ac) + log [c2 ! ab) is:
(a) 1 (b) 0
(c) 39 (d) abc

[Based on EMS, 2006]

. What is the value of the following expression?

log (9/14) — log (15/16) + log (35/24)
{a) 0 (b) 1
(¢) 2 (d) 3
[Based on TTIFT, 2005

The characteristics of the logarithm of 21735 is:
(@) 2 (b) 1
(c) 3 (d) 4
[Based on ATMA, 2005]
Iflog, 3 =2 and log, 8 =3, then log, b is:
(a) log; 2 (b) log, 3
(c) log\,4 (d) log, 3
If log, 2 = m, then log ,, 28 is equal to:
(@) 2(1 +2m) (b) @
(e) 2 (d) 1 +m
7 14+2m

If log g x =y, then logmmxz is equal to:
(a) y* (b) 2y

3y 2y
(c) ? (d) ?

%l-:)g10 25 -2log;y3 + log,, 18 equals:

(a) 18 (h 1
() log,q3 (d) None of these

If log,(ab) = x, then log;(ab) is:

| ;

(@) — (b) —
X x+1

(©) — @ ——
x— 1—x

A certain type of bacteria reproduces itself at the rate
of 10% every 5 minutes. In how many minutes will the
number double itself?
(a) 20 minutes
(c) 40 minutes

(£) 30 minutes
(d) None of these

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Find lugl,.z 3.375

(a) 2 (b) 3
(c) 5/2 @) 172
16 25 81
Tlog — +5log — +3log — =
Pigs Tk g T Rgg
(a) log 2 (b) log 3
(c) log 5 (d) None of these
10g4f)ﬁ +log 255 logétﬁ _
logl7.5
(a) 5 (b) 2
(c) 5/2 (d) 312
log, tan40° x log,,41° ... log;, tan 50° =
(a) 1 (b) 0
(c) -1 (d) None of these
. 1 k
Ify= = 2= 5 - and x=a", then k=
! 108 4 108a )
@) s e
a8z 1-log,
1 1
) @ —
1+log.a 1-log.a
If log, 2% log, 625 = Iogm”'x log, 10, then b =

(a) 4 s

(c) 1 (d) e

5\.']0;_15'." _ ]"\']Og"'s

(a) log 2 (b) 1

(¢) 0 (d) None of these
2!0;3? = 7Iog32

(a) log, 7 (b) log 7

(c) log 2 (d) 0

If log,, 3 = a, log,, 5= b, then log,, 8 =
(@) (1 —a—b) (ha-bh+1
() 1—a—b ) Wa—b+1)

logs 2 is:
(a) an integer (b) a rational number

(c) an irrational number (4) a prime number

. e
What is the value of MM ?

]1'134\,/5

! 1

b by 1
(a) ps (h) 3
(c) 8 (d) 4

[Based on SNAP, 2013]
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DirFicuLty LEveL-2
(Basep on MEmoORY)

If log;y x — logg Jx =2 log, 10, then a possible value of
x is given by:
(«) 10

() 1/1000

(b) 1/100
(d) None of these
|Based on CAT, 2004]

. What is the sum of *»” terms in the series:

H'Jz m3 ?Hd
logm + log + log| - 5 [+ log) = |+
n n n
(n=1) n'2 - a2
; n
(@) Iog[-%} (®) log(-TJ
m '!?

(1-n) i (n+1) w2
(c) Iog[L—] (d) Iog{L—}

”(Ii-u] HI[u—]J

[Based on CAT, 2004]

. The length of the circumference of a circle equals the

perimeter of a triangle of equal sides, and also the
perimeter of a square. The areas covered by the circle,
triangle. and square are c. ¢ and s respectively. Then,

(a) s=t>c¢

(c) c=s5>¢

(Pye=t=5

{d)ys>c>t
|Based on CAT, 2004]

. If log, 48 = ¢ and log, 108 = b, what is the value of

log, 1296 in terms of @ and b?

2(2a+b) (a+3h)
(@) — = (b) 5
4(2a+b) 2(a + 3b)
(c) 3 (d) p
4 l B
no1log,.(a)
(@ ”(”:— 1) Vo2 ®) nin—1) i

-

2 2
(n+1)y n”

() — log, 2 (d) None of these

. Iflog % + log & = log (a + b), then
a

(a) a+b=1
(©) a*—b=1

(Bya—~hb
(dya=b
|Based on FMS (Delhi), 2007]

7.

Iflog x (0.1)= % . then the value of x is:
(a) 10 (b) 100

I
1) 1000 d)y —
(c) (d) 1000

[Based on FMS (MS), 2006]

8. Iflog, logs (\Jx+5+ Jx) =0, what is the value of x?

9.

13.

14,

(a) 2 (b) 3
(c) 4 (d) 5

|Based on FMS (2009]
What is the value of x, if

1 1 1 1
T —
log 44 x loggqy x  logyqs x loggoo x
441 a2 an 808
+ 1 =27
loggyg x
. 809
a) — b) 1
(@) 3 (
7 10
) 7)) —
© 1 @3
. What is the value of [log,, (5 log,, 100)]2?
(a) 25 (h) 10
(c) 2 (d) 1

|Based on FMS, 2010]

. If'log,, 2 =a and log,, 3 = b, then log 12 equals:

1+ b 2a+hb

(@) - 0
l+a l+a
2 I
© a+2b @ 2a+b
l+a l—a

|Based on FMS, 2010]

. Ifa =logg 225 and b = log, 15, then a in terms of b, is:

() bi2 (b) 2b/3
(c) b (d) 3b/2
|Based on FMS, 2010]
If log x — 51log 3 =-2, then x equals:
(a) 1.25 (b) 0.81
(c) 2.43 (d) 0.8
|Based on FMS, 2011]
The value of log; % is equal to:
(a) 725 (b) 6
(c) 3125 (d) 5

|Based on FMS, 2011]
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15.

16.

17.

18.

19.

24,

The values of a in the equation: IcrgJGI [(:-'2 —15a) =2 are:

15+ +233
@ ——

(h) 20,35

(d) =20
[Based on FMS, 2011]

15 ++/305
oy 2=

logx logy log:=

h—¢ c¢—a a-1}

It

. mark all the correct options.

by ¥y £ =1
(d) .r'l’“'_‘l.‘“u 2 b 0
[Based on ITFT, 2006]

(a) xyz=
{(1] Ju"‘“‘I']"IHr Zg.i.js =1

[f 2 log x = 5 log y + 3, then the relation between x and y

is:
(a) ¥* = 100y° (b) x'® = 1000 '
(¢) X2 =1000)° (d) ¥ =37 + 1000

What is the value of \J{g if log , log , qob = o log,
(a =b)+12

5
L= 2
(a) 3 (b) 2

5
(¢) = (d) 1
3 [Based on T, 2010]

m“]]\']
The value oflog,  log, , log,  log [IO'” ] is:

1
1 (b) —
(a) &) 10
(c) 10 (df) Cannot be determined
20. log gllog, 3) + log p(logy 4) + ... + log,g(log g0y 1024)
equals:
(a) 10 (h) e
(e) 1 () 0
[Based on JMET, 2006]
21. log, 2 —logg2+log 2 —... toeois:
(a) & By In2+1
(¢) In2-1 (dy1—-In2
22. Iflog,x + log, v 2 6, then the least value of xy is:
(a) 4 (b) 8
(e) 64 (d) 32
23. Solve forx, logjyx+log ;o x+ Iug%m x=27
(a) 1 (h) 10°
() 107 (d) 10

If p= 21194 then x is equal to:

(@) \y (®) y

(e) »* (d) y*

25,

26.

27.

28.

29.

30.

31

32.

33.

34,

. loga _logh loge

It ., then which of the following

b—c c¢—a a-b
options holds true?
{a) a’ Bt =1

(C‘) alaherz{' =1

(b) a®bPcc =1
(d) ar:hhhrctrc =]

It a, b, ¢ are distinct positive numbers different from
| such that (log,a . log a —log,a) + (log b . log b —log,b)
+ (log,c . log;c — log c) = 0 then abc =

(a) 0 (b) e

(c) 1 (d) None of these
The value of 3210893 js:

(a) 4 (b) 3

(c) 47 (d) 8

If logyyx — log)gy \H =2 log 10, then a possible value of
X 1s given by:
(@) 10

(c) 1/1000

(b) 1/100

(d) None of these

The length of the circumference of a circle equals the
perimeter of a triangle of equal sides, and also the

perimeter of a square. The areas covered by the circle,
triangle, and square are ¢, ¢ and s respectively. Then,

(@) s>t>c (Bye=t>s

(c) e=s>t (ds>c>1t

The difference between the logarithms of sum of the
squares of two positive numbers A4 and B and the sum
of logarithms of the individual numbers is a constant C.
If A =B, then Cis

(a) 2 (b) 1.3031

(c) log2 (d) exp (2)

The number of real solutions of the equation

log (=x)=2log (x+ 1} is:

(a) One (b) Two

(c) Three (d) Four

If log, logs ((J;+ 5+ J:)) =0, find the value of x.
(a) 1 (h) 0

(c) 2 (d) None of these

log,[log, (x> —x + 37)] = 1, then what could be the value

of x?

(a) 3 (h) 5

() 4 (d) None of these

lfi; log, M+ 3 log,N =1 + log5, 05, then:
9 9

M= — By M= —

(a) N (b) W
3 g 3

(€ M= @N==

9 N o N
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36.

. Iflogiox — logy, Jx =2 logr 10, then a possible value of

x is given by:

; 1
a) 10 b)) —
(a) (b) T
1
) —— None of these
(c) 1000 (d)

Let, u = (log, 1)2 6 log, x + 12, where x is a real number.
Then, the equation x” = 256, has:

(@) no solution for x

(k) exactly one solution for x

(¢) exactly two distinct solutions for x

(d) exactly three distinct solutions for x

[ o
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

| . _ -

) 37, If loggx + logg 53 then the value of x is:

| (@) 18  (h) 24 (o) 16  (d) 12

: 38. Which of the following is true?

I (a) log;,275=10g,4375 (b) log,;275 < log,y375
| (c) log,;275 > log,,375 (d) None of these

| 39. If x=log,,a,y=log,,2a and z=log , 3a, find yz (2 —x).
| (@) 1 (b) -1

| (c) 2 (d) -2

' log x logy logz . 0,
| 40. = = , find x5z,
| I+m—2m m+n—21 n+i{—2m

| (a) 2 (b) -1

| (c) 4 (d) 1

: 41. If log "-;‘F = %(Iogrﬂogy], then 1: % —
! (a) 20 (h) 23

: (c) 22 (d) 21

: 42, Iflog (x +y) = log [3,1' ; 3'1’] ,then log x —log y =
: (a) log 2 (b) log 3

| {(c) log 5 (d) log 6

| 43. If log, x + log, x + log, , ¥ =21/4, then x =

: (a) 8 (b) 4 (c) 2 (d) 16

| 44. If 0 < a x, the minimum value of log_x +log_a is:
| (@) 1 (b) 2

| (c) 3 (d) 5

|

| 45. If Lo = logy = log , then xiz = 2@ x P x £
i b=t c=-a a b

] =" x YR 2

| (a) 1 (h) 0

: (¢) 2 () None of these

|

|

46.

47.

48.

49.

53. If

54,

55.

57.

logy-logzy log=-logx, logx-logy_
(a) 0 (h) 2

(c) 1 (d) None of these
Iflog,, [98+ Vx> —12x+36]=2, thenx =
(a) 4 (b) 8 (c) 12 (d) 4,8

If x =log, be, y = log, ca, z =log, ah, then

(@) yz=x+y+z+2 by xyz=x+y+z+1

(c) x+y+z=1 (d) xyz=1

If a* = b’ = ¢ =d", then log,, (bed) =

(a) L[LTL+L] (b)x[l+l+i]
X Z y oz ow

¥ Z W
(d) None of these

. Iflog;;2=10.3010, then log, (1/2) =

(@) —0.3010
(e) 1.6990

(h) 0.6990
(d) 1.3010

« Iflog, 3™ 2+ 7)=2+log, (3* 1+ 1), then x =

(a) 0 (h) 1 (c) 2 (d) 1or2

. Iflog, b = log, ¢ = log, a, then:

(@)a=hc (Pa<hb<c

(¢c) a=b=c (bya<bs=sce
. 1

log, 10 log, 10

—2,thenx=

(@) al2  (B) @100 (¢) ?10  (d) a*/100

L]
IOgHa b ngt._a b
(@ -1 (d 2

Iflog; 87.5 = 1.9421, then the number of digits in (875)!0
is:

(a) 30

If &° + b2 = &%, then

(a) 1 (h) 2

(h) 29 (¢) 20 () 19

. If log;, 2 = 0.3010, log,, 3 = 04771, then the number of

zeros between the decimal point and the first significant
figure in (0.0432)'%is:

(@10 (13 ()14  (d) 15
If (42" = (0.42)" = 100, then + — L =
X b4
@1 2 (©12 (@ -l
logg 11 log; 11
" logs13 log 55 13
(a) 1 (b) -1
(c) 0 (d) None of these
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5Y%.

60.

61.

62.

63.

68.

69.

70.

71.

If % I— = loﬁ . then yz in terms of x is:
2 3 5

(@)x (B ¥ (o)
s

45+ 2% =3 243

@12 (32 (S22 @]

(d) x*

2 thenx=

Iflogep =25, log, g =5, then p in terms of g is:

(@ g ) 29
(€) ¢ (d) q/2
[fO0<a<1,0=x<1and x <a, then log,, x
(a) =1 (h) =1 (¢) <0 (d)y <1

1 ' 1
log; [ EJ+log{ J+log3[l+?]+ .

1
= Iﬂgs ]+a

@5 ®4 (©3 (2

64. 1f log,;, 2986 = 3.4751, then log,, 0.02986 =
(a) 1.2986 (b) 2 4751
(c) 0.34751 (d) None of these
65, If log (2¢ — 3b)=loga —log b, thena =
3b? 3b
a (b
) 2b—1 } 2h-1
b’ 3h°
() (d)
“ b+ 26+ 1
. = 1 1 X oy
66. Iflog(x—y)—log5— —logx— —logy=0,then—+— =
2 2 y x
(a) 25 (h) 26 (c) 27 (d) 28
67. If log x:3 = log y:4 =log z:5, then zx =

@2y ®¥ (@8 (@

If3 +logsx =2 log,s v, thenx =
(a) ¥/125 (b) p/25

(c) 21625 (d) 3—17125
iplogoa _logsb  logsc . oin iny 14 _ oy
3 4 ’
then:
(a) a=24 (b)y b=81
(c) c=64 (d) =256
. log, > 1 ; log, = z
if 82t 0y OB 7 4 =1, then k=
3 4 Sk Kyt

@3 @4 ©5 (@-5

3+ lugw 343 _

2+|Iu'[49J+1lor[ ! ]_
7 54 ) 3 P18

(a) 3 (k) 372
(c) 2 (d) 1
I — ogw . __legy s = 082 i
a~+ab+b” b +hec+c yca+a’
X{f—b x L__h—r ¢ 00 =
@0 (b -1 (1 ()2
73. 1f 37 =5 and log,, 2 = 0.20103, log,, 3 =0.4771,
thenx =
22187 22187
(@) 1220 (b 2=—"L
47710 47710
22187 2
e None of these
© 47710 &
74. ]flok,2 =0.30103 and log, = 0.4771, then number of digits
in (648) is:
(a) 12 (k) 13 (c) 14 (d) 15
75. Mflogx = ]—05;5-2'- = L. 13 Jthenx*x yPxz?=
(a) 2 (k) 10 (c) 1 (d) 0
76. 1og/27 +1og 1000 + logs
log120
@l2 M1 (©32 (@2
. log
77. Forx>0,ify= M?gﬂ andx=)7 thena=
x-
(a) 1 () - () 0 (d) 2
78. 1x =100, ,5(1/2), y = lag, »(1/3), then:
(a) x>y (b) x<y (c) x=y (dy xzvy
79. Let u = (log,x) 2 - 6 log,x + 12 where, x is a real number.

80.

81.

82.

Then the equation x" = 256, has

(@) no solution for x.

(b) exactly one solution for x.

(¢) exactly two distinct solutions for x.
(d) exactly three distinet solutions for x.

|Based on CAT, 2010]

If log, (a—b)—log, (Ma), find 1 + h—
b a

(a) 4 (b) 2 (c) 3 (d) 6

|Based on CAT, 2012]
log, [log, o —x+ 37)] = 1, then what could be the value
of ‘x°?
(@) 3 35
(c) 4 () None of these

|Based on CAT, 1997]

log, 216\/% IS:
3
3 Ty
(a) (b) 5
(c) ¢ (d) None of these

5
= [Based on CAT, 1994]

edh i e e et e |
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84. The value of the expression:

83. Iflog, log, (Vx +5+/x) =0, find the value of x. {45 |
(@) 1 (b) 0 = log, 100! iy
(c) 2 (/) None of these
(a) 0.01 (by 0.1
|Based on CAT, 1994] (c) 1 (d) 10
(e) 100

Answer Keys

Dirricury LEvEL=-1

L(a) 2.() 3(d) 4() 5k 6.(0) T() 8 (a) 9. (c) 10 (d) 1. (d) 12
14. (h) 15.(a) 16. (d) 17.(c) 18. (b)) 19. () 20. (h) 21 (¢) 22. (d) 23. (h) 24. (a) 25.
27. (b) 28.(h) 29. (¢) 30.(d) 31 (a) 32.(c) 33.(d)

DirFicuLty LEVEL-2

L(b) 2.(d) 3.() 4(d 5@ 6@ T 8 9 10 () 1. d) 12
4. () 15, (b) 16 (@, b, e)17. (¢) 18. (¢) 19, (¢) 20. (¢) 21.(d) 22.(c) 23.(h) 24. (¢) 25.
27.(b) 28. (b)) 29.(¢) 30.(c) 3L (a) 32 (k) 33.(c) 34.(b) 35 (b) 36.(b) 37. (d) 38.
40. (d) 41. (b) d42. (c) 43, (@) 44. (D) 45 (@) 46. (¢) 47. (d) 48. (@) 49. (h) 50. (c) S5SI.
53, (d) 54. () 55.(a) 56. (k) 57.(c) 58 (¢) 59 (d) 60.(h) 6l. (a) 62.(h) 63.(h) 64,
66. (¢) 67.(b) 68.(a) 69.(d) 7T0.(c) T (@) T2 (c) T3 (c) T4 (d) 75 (c) 76. (c) TI.
79. (b)) 80. (d) 81. () 82 (c) 83. (b)) 84. (o)

Explanatory Answers
DirFicuLty LEVEL-1
1. (@) —x=(x+1)7 = (x=25)(x+1)=0
= P 13r41=0 = x =25
Lo 3t5 345 3. (d) log,,27 =a
2 72 ]
= log,3 =a
But only — 2 satisfies the other condition of x + — log,,3 = q
1 >0. : 3
. 3
log(x~ +x)  log(x+1) = log, 12 = =
2. () - =2 a
log5 log5 3
log(x? +x)—log (x+1) =2 log 5 0 RIS
& pia 3
= log[x +"‘]=I0g52 = 2logy2= ¢
x+1 a
7 3-a
-3 2 2 =
. X +]_\ —2s = log, 2 >
o
- D o oe_n Now, log, 16 =4 log, 2 = A (let)

|Based on XAT, 2014]

(d)
(c)

(&)
(b)
(b)
()
(&)
(h)

13.
26.

13.
26.
39.
52.
65.
78.

(b)
(b)

(<)
(c)
(a)
(c)
(a)
(h)

(H
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r D G Gl Gl Gl GED CGER CGER R R B R A - - - - — _— - . . R . - - . R . R R . R - - R A - - - ,
| |
| |
| |
| |
| |
| p = log(24%) -2 log 4 =C |
| 3 g 2= i = log(24%) —log A4* = C |
| . |
24° 3
| =3 log, 6 = % — |0g[ AE] =C |
| i |
| = = log2=C ]
= |Dg.’ 3= 'u v .
| B A 8. (a) log, a, a"~ and log, x are in GP, then |
| P (@) = (log, a) x (log; x) |
: = log,2 = T = a* =log, a :
| From Eqs. (1) and (2), =  xloga =log, (log, a) 0
| 3-a A 2a 4-A %@ log, ek =2 |
= = =
| 2a 4-4 J-a A log ab . |
| o st log a |
Far =
| = | = T I log b |
" a ; - = =y ]
I i log a |
2a+3—a —A+ A
! i-a 4 . LR |
] logh  x-1 |
43 —a)
: =G - I;wg c;f: _log T - ;:wg b :
0g og
| |
| 4. (¢) log, b= %f log, ¢ = l_. log, a= k _loga — 1 1 |
| < 3 3 log b =1 |
| = logh 1 loge 1 loga £k D=1l # |
: log a 2 logh 3 loge 5 T ox—1 x-1 :
| 1.1k _ o L1 |
" =2 ghgng “l=k=30 10. (4)  logyx+logg = |
-
| 5. (b) Let, log,, 275 = log,q 375 BN |
£17 Zig 1 1
| = logg ,\'x—J == |
| log 275 _ log 375 . 6 3 0
| log 17 log 19 £ | |
= logg| = | = —
| 275 375 "\ 6) 3 [
l ) -y l
| 16,18 < 19.74 = @F== !
: Hence, logl? 275<log 4375 [~ iflog, y = x, than (af =y] :
| I 5 SR X |
I 6. (b) :Iogm 25-2logy 3 + logy, 18 = 2y = = "
! = 1og(25)" ~ logy(3)° + logy 18 = R !
| = log) 5 - log; 9 +log;y 18 1 1 |
| " 11. () logg x + logxg = = |
= log|y— + logy 18
I 10 * 10810 |
' 5x18 lisg 5. 198 é | |
| = logg o = logy10= 1 = log8 " Tog8 3 !
| |
| 7. (¢) Given log(4% + B%) — (log A + log B)=C 5 logx +logl—log6 _ 1 |
| If 4 =B, then log 2° 3 |
| |
| |
| |
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= logx+log1-log6=log2
log x+log 1 =log 6+ log 2
logx =log 12
E=us
12. (d)  x*—6x+45=100
x==5;11
13. (b) log,;, 125 +log,, 8 =x
= log;;, (125 x8)=x
= 10" = 1000

*=3

-

2 2

Fs b iy
14. (b) Iog(%x#x}—f] =log(1)=0
7T 3

o

9 16 35

= log—x—x— =logl=
& 14 15 24 i
16. (d) Characteristics = number of digits— 1=5-1=4
17. (c) log,8 =3 = 3log,2=3=log,2 =1

log,b =log,b X log 2 =log,b x log,2 x log 3

=1x%log,2 x2=2log,2 = log4

18. (b) logg28= ~log;(7x4) = %{H]ug?dl)

1 1 1
—+—2log52 = —+log,2
53 27 5 27

1+2m
==—=4+m = —

2, 2 2
19. (d) loglwﬂ(x‘}= ;Ingmx = 51

20. (b) —log25—-21log 3 +log 18

L
2
=% log 5% — 2 log 3 + log (2 x 3 x 3)
=log5-2log3 +log2+log 3°
=logS5+log2
=log(5x2)=log10=1

21. (¢) log ab =x
logab
loga

= loga + logh s
loga

= 'b—gli+1 =X
loga
- log & e
loga
- loga _ |
logh x—1
log,ab = logah _, loga
logh logh
=14 I — ¥
x~] x—1

22. (d) Let, the number of bacteria in the beginning be P,
which doubles after time 7.

y

10

P[l + -—} =2P
100

[Here 1 unit of time = 5 minutes]

= (1L)'=2

= Tlog(l.1)=log2

log?2
= -
logl.1
03010 3010
— i s = —
0.0414 414
= 7.27 units

= 36.35 minutes

23. () logy,3375=x

X
= (l] =3.375
2

= (1.5 =(135 =>x=3

44 53 34
24, (o) Tlog | — |+ 5lo - +3log W
5%3 9 23x3 © _24x5).

=28log2—-Tlog5—-T7log3+10log5—15log2
—Slog3+12log3-12log2 -3 logS=log2

Ic»g?'s';2 + log g lcog25'f2
log 17.5

25, (o)

~ S(log7+log5-log2)

2 103[375]

| Ln

26. (b) log,,tand0® x log, tand1° ... log,, tan50°

=0, since log, tan45° =0
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1. (h)

=

2 3
2. (d) logm+ log[m—] + log[%]
n £

1 1

a (8 T e e—
27. (b) log, ) [T log,, I=Togoy
—r,l—\ 1-log, x
logaz = 1 S T
1- _logn’ x
L 1-log, x
= log z =-1+ l
gﬂ Iogn +
1
= =1-log,z
1Ugﬂ x
lo, :
E e —
ST log, z
= s - :a"(given)
I-log;,
a
_ I
1-log, =z
28. (b) log,2x4log,5 =4xlog;2xlog 10=4log, 2

= log,5=1=5=5

29, (C‘] 51'[10557 _ {7Iugq S}erng-l‘s

- 5\!'“95 T 1
= —
jnllog_—. 5

= 5\.Iug57 _5~|'!0g5'.-' =0

30. () 2103.1}? _ 7|ﬂg.’|2 = zfﬂg?.? % log32 ?]ﬂgﬂz

— 7|u_g_12 3 -ﬁug]l =0

3
31. (a) a+b=logy15=logy, {70] =1-log,,2

= log;p2=1-a-b
logy, 8 =3(1 —a—b)

32.(c) log2=L=2=5=20=3
g

= even number = odd number,
which is a contradiction,

~. logs2 is an irrational number.

33. (d) We have
log. Ylog 64 logd loged logd
= = 4 »
log4ﬁ log27 loglé Iogﬁ
_ 2log3 : 6log2 y 2log2
3log3  4log2

1
- log2

:leX4:4.

3 4

DirricuLty LEVEL-2

=
log;px —log;yvx =2 loge10

1 2
log ,x——loggx =
£ 2 50 log;gx
log,,x _ 2
2 log,;x

{logmr]2 =4
log, v ==2

x=102 102 = —— 100,
100

n

4
m
+ Iog[—ll + ... + ath term

\H
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5 e 2 *...
| me-m”m= ..om" | A A
= log 5. = log 2
7 3 — T PO
R A e avrerasin=l)

nin+l)

2 (n+l) 2
I m = I m
= log| ———| = log| ———
0g (m—1)n og ”{H—H X

2

f

3. (¢) Ifthe length of the circumference of'a circle equals the
perimeter of a regular polygon then
Area of circle > Area of regular polygon
Also, if two regular polygons have the same
perimeter, then the regular polygon having larger no.
of sides will have area greater than that of the regular
polygon having less number of sides.

cEis>1,

4. (d) Given log,48 =4 log,2 +log 3 =a and,
log, 108 =2.log, 2 +3 log, 3 =5
Let, log,2=xand log 3=y
= Ix+y=a (1)
2x+3y=5h (2)

2% (2)—(1) gives

hendhedh ettt et e et i iy |
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6y—y=2h—a
2b—a
= yv=
A
3a-b

Similarly, x=
¥ 10

log, 1296 =4 (log, 2+ log, 3)

4 2b a+3a - b
5 10

4[a 4 31;] _ 2(a+3b)
10 5

5. (a) i : = i log, (2")

n:tlogz"(a} n=1

n
Z nlog, 2

n=1

log, 2 ZJI-—”(”TW

n=1
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6. (a) log L +log 2 =log (a+b)
b a
h
= log —x—] =log(a+b)
a
a+b=1
1
7. (¢) lO_L_',_‘_ (0.1) = —§
1
= x ¥ =01 =x=1000
8. () log, logs (yJx+5+ \G) =0
= 7" = logg(yfx+5 +
= logs{,.'_\-+5+\/;} =1
= = Jerseis
= x=4
9. (d) The given equation
log 442
__ v a2
log, x log x Y a1
441
log 2 —+log,. — 44 +log .8 +
T 441 ¥ 442 * 443
+lo @Hm 200 =3
r308 " Ergo9 -

=

. [442 443 ﬁ 399 900] 5

441 442 443 898 899
900 2 900 30 IO
log, —=2=x"=—=ux= —
441 441 21 7

10. (d) [log,, (5 log,, 100)]* = [log , (5 % 2)]*

11. (d) logs 12=

log 2

12. (b)

= [log,, 10T
=1°=1
log; (3 x4)
=log; 3 +log; 4
=log;3+2 log; 2

log,y5

2logy2
logy 5

2 log; 2
log,,10 —log ;2

= log; 3
log,,10 —log,, 2

2(.: - i:

=
l—a 1—c: 1—a

a =logg 225, b=log, 15
2

noa=log s 15> =s—10gzl5=%xb

13. (¢)

=

V)
14. (d)

15. (b
EN

=

16. (a, b, ¢) Option (d) is wrong as the expression evaluate to
1 as in (¢) and not zero. In all, options (a). (b) and (¢)

(¥8)

logx—5log3=-2

5

3
logjg— =-2
F
— =107*
243
4
X E =x =243
100
25) (62 53y (5%
lﬂgj (] 5)(_6 5} = IOgS( )‘E }
=10g55T =logs 5
=35log5 =35
log,, (a®—15a)=2
a? — 15a=10?
@~ 15a-100=0
(@—20)(a+5)=0
a=20,-5

are correct.
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17. (¢) 2logx=5logy+3
log x? =logy” +3 log, (10
log x* =logy” +3 log, 10’
=log {yﬁ x 103)
= X2 = 1000y°
18. (c) Given, log, log, 480 -2 Iog4(\r"c_r —Jb)+1
log,(a—b)log, 4 = Iog,.{\/_ - vb)? +logy 4
logs(a—b) = logy 4(a —/b)?
(a—b) = 4(a —b)?

= Ja+Jb=4Ja - 4B
3Ja =5

4
&
] I|I Ln

19. (c) log,a =
= log“,lol

wlﬂ Inln
=10"" log,,10=10"

i.e., with each log,, one 10" is removed there are
5 — 10s (including the ones in powers) and 4 — log
therefore, last will be log,,10'" = 10log,,10 = 10.
20. (¢) log,, (log, 3) + log,, (logy 4) + ... + log,,
log, o5 1024)
=log, [(log, 3)(log, 4)(log, 5) ... (log g4 1024)]

o
oms Iogi%xlogétxlogixmxloglﬂ._tl
log2 log3 log4 log1023
loga
log,a=
|: Zh 10gb:|
=log,, (log, 1024) = log,, log, 2'" =log,, 10 =1
21. (d) Required sum Lo + 1 to
. e = ———+— — ]
a 2 3 4
2 ©
Now, log (1 +x)=x - T +?
log2 =1~ 4= —..4
og2=1- 2+3 —ui 10

1 1
= ———+— . tow=1-log2=1-In2
3 4 Se

2

22. (c) Given: log,x + log,y = 6
= log,(xy) 26

= xy =64

23. (h) Changing the base to 10, we get

logjo x
log j-x = —— =2logyx
CNiT log;o V10 €10
loggx 3logyyx
88 = 10 = 10
=00 iogméflt}(! 2

log o x+ 2logpx+ % log,,x=27

= zlogmr-—-E?
2
=3 log,,x=6
x=10°
_I 1
24. (¢) y= 2l‘:’g.‘-l - 2!0;;4 ¥ o_ 2:Iu!1.‘|
_ 2[05: Jx _ \[;
¢ =y2
25. (b) loga » logh _ loge _

b—¢c c¢—a a-b
. aloga+blogh+cloge
=rlalb —c) + blc—a) + cla —h)]
= log a® +log b +log € =0
log(a® b ) =log 1

4

= a b e =1
26. (¢) (logya log.a— 1)+ (log,b . logb—1)
+ (log,c loge—1)=0

loga loga i logh logh L loge loge
logh loge loga loge loga logh

= (loga)’ + (logh)’ + (loge)* = 3 log a log b log ¢
= (loga +logh + loge) =0

[ Ifa+b+c —3abe=0thena+b+c=0ifa=b=c]
=% logabe =log | = abc=

I
25 log33 B

27. (b) 3227 =3 =3
28. () logjgx - log",-f} =2log 10
1 2
= log g x— —logyx =
2 logy x
- logipx _ 2
2 log;y x
= {logmr]z =4 =logx==+2
= =102 10% = 1 00
100
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29, () Ifthe length of the circumference of a circle equals the
perimeter of a regular polygon, then,

Area of circle > Area of regular polygon

Also, if two regular polygons have the same
perimeter, then the regular polygon having larger
number of sides will have area greater than that of the
regular polygon having less number of sides.

c>s>t

30. () log (4% + B*) ~ [log (4) + log (B)] = C
A=B=log(24%) - 2logd=C
= log 24% - log A*=C

-

= log=— =C=C=log2
A2
31. (a) —x=(x+1)
=x24+3x+1=0
_ 3+45 -3-45
X = _2_—" 5 2
But only = = satisfies the other condition of
x+1=0.
32. (b) log; logs (Vx +5++/x) =0
= loge (Vx +5++x) =7"=1
Jx+5+x =5'=5
= 2Jx =0 .. 2=0
33, (o) log, [log7(x’ —x+37)] =1
= 2 =log, (x* —x+37)
= 49 =32 —x +37
or, ¥-x-12=0
= (x—4)x+3)=0. ~x=4
3. (h) %I0g3M+ 3 logyN=1+log; ;05 5
; 5
= 1¢:1g1‘.-’u.!""3 + log1N°’= 1 +L
: : log, 0.008
log, 5
= logy (M. N%)P= 14+ 22
log,——
. 1000

n log, 10 -log,2
log, 8 —log, 1000
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Seg =

3log,2-3log,10

= 2
i log, 10 - log

log,.10 —log, 2
—3(log,10 - log, 2)

.. 1 2
- log, MNP = 1-— = =
g ( 33
1 2 1
= (MN?)? =33 =(9)3
= MN? =9
W
M

35. (b) logpx— 10g|“\/; =2log, 10

1
= log, - = log,;x=2log 10

= %Ii)gmx =2. log,10

= log,,x =4.log 10

= log, ,x = log, 10*

or, log, yx = log, 10000

Now putting the value of x =10

1 =4, which is not possible

Putting the value of x = % s weget—2=-12

Thus answer is (b).

36. (b) u = (log, x)* — 6(log, x) + 12
Let, log, x =p (1)
o u=p*—6p+12
X =256=2%
Applying log to base 2 on both sides, we get w log,
x=log, 2"
= ulogyx=8 (2)

Dividing (2) by (1), we get

u=_8/p
= 8p=p*—6p+12
=8-p -6t +12p=0
or, P —6p*+12p -8 =0
= @-2Y=0o0r,p=2

i, Py ety

Thus, we have exactly one solution.
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1 1 44. (b) 0 < a < x; Min. value of log, x + log, a is 2 when we
37. (d) loggx + logg P = 3

putx=a
% ) 1 45, (o) 108X _logy _ logz _, vy
= logg -TXF = E or, logg ? = 3 b—c c—a a—h i
il 'J_

= logx=k(b—c)logyv=k(c—a).

- (8)13 =% = @M= % ..

=12 = logx+logy+logz=0=xyz=1.
Also,alogx+blogy+clogz=0

38. (h) log;,275 =log,,375 5 P,

iogﬂ = logﬂ Again (b+c)logx+(c+a)logy+(a+b)logz=10.

log17 logl9

— _"_Fl-H' N, ‘]_,L'J.-cr v :ﬂ+h -1.
= By 2 ayz =203 P 2 = P 2 =
17 19 : , :
16.18 < 19.74 46, (c) xoer-logzy ylogz—logx, Jlogxlogy_ f (say)
log, ;275 < log,; 4375 = (log v —log z) log x + (log z— log x) log v
39. (@) yA2-x) =2z -xpz=2log,, 2a - log,, a A T (log x—logy) logz=log k=0
= k=1

a?.
=log,, [7]=1 47. (d) 98 + Vx> —12x+36 =100
40. (d) Each is equal to & = Vit —12x436 =2

= log x =k (I+m — 2n), = P-12x+32=0
log y =k (m+n—2I), = x=84
vgz=Eln+i=am) 48. (a) r = log, be
= a* =be
=% log xyz =k (0) = e L,
= wr=l=1=x57"=1 = a = (abe)t™*!,
oy _ aliv+l i Alizel
- i Similarly, b = (abc) and ¢ = (abc)
41. (b) Iagt q' = Eflog_\‘+log | L
3 ilic= (ub‘_,)r—:l p4l 2+l
= x+y=5 \fr_t = x? +.1-2 =23xy 1 1 1
= l=—F+—+——
S x+1 v+l z+1
= —+= =123
y x =@+ D@+DE+ D=0+ E+1)
+x+DE+D+E+D+1)
42. (c) x+y= = = xyE=x+y+z+2
2 x x x
5 49, (b) P=ad"=b=a’ c=a?,d=a"
= x=5y= — =5
» r x x
_ [ o —,] X X X
= logx—logy=log5s log”(hﬂf] = |!.),!:.7ﬂl a’arav) = —4—4—
Yy oz o w
1 1 21 L 1. ]
43. (a) log,x + —log, x+—log, xs = — s | e e
( 153 > 22 1 L 2 .r[r+z+w
1
( 2 L = s
-~ log: | |-+l+l] _ 21 50. (¢) log,, [;] =—log;,2 0.3010
L 2 4 4 =
= log,r =3 =x=8 _ =1-03010—1=1.6990
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51. () log, 3™ 2+ ) =log ,* +log, (3 + 1)
[#'2=2 logz2 = !0g222]
= 3 247=4(31+1)
= £ +7=4+1), where, 3 ' =¢
= P 44+3=0=1=1,3
Whent=1=31=1=3x=1
Whenr=3=3"'=3'=x=2

52. (¢) log, b = log, c = log,_a =k (say)
= h=ak,c=bk.a=c‘k
% ¢ = (dY = g2 = (A2 = B3
= F=1=k=1 . a=b=c
53. (d) logqx =2 log;ya—2

= logox =2 (logjga—1)

a) 2
= log,,x=2log,, [_OJ =&
54. (b) log(c +a) + log,(c —a)

=log,

(2 —ab) = ir;)g{,,b2 =2
55. (@) x=(875)""=(87.5x10)"°
Iogm.r = IO(IoglUST.S +1)
=10(1.9421 + 1)
=10(2.9421) =29.421.
x = Antilog (29.421).
. Number of digits in x =30.

1
56. (b) x=(0.0432)'0 = [ﬁJ
10000

332470
| 10f
loggx = 10 (3log; 43 +4log,;2 - 4)
=10 (1.4313 + 1.2040 - 4)
10 (-1.3647) = -13.647

[}

14 353
x =Antilog (.053)

-, Number of zeros between the decimal and the first
significant figure = 13.

57. (¢) (4.2)" = 100
= (42)* = 10***

2

—+1
2y 42 = 1(x

¥
[EJ =100
100

= 42y =10"F

2
=+2

- 42 = 10"

From (1) and (2), E_E =Sl =T 1~l = i_
x oy x y 2

log, 11 logy 11 log, 11 log; 11

58. (L’] — = = — =
logs 13 log@ 13 Z2logs 13 2.logs13
logx logy logz

59. —=T = =7 = =k (sa

@ 2 3 5 (s2y)
= log x =2k, log v =3k, log z =5k
= log vz = 3k + 5k = 8k; log x* = 8k

log yz = log x* = yz = x*

4.\‘ ‘;.t )
60. (b) - EV IR, I %
2 B
4 8

-wx = (3) =35
- (-6 -3

15
=p= (8)5-"2 e j (2 )31

= 4 % 3
2

61. (a) logg p=

b |

log,g=5=q= 2 np=g"

62. (M 0<=g=<l,0<x<landx<a
= log, x> log,e = log, x> 1

6 7 8 625
63. (b) log: —+log:—+logs— + ...+ log
(b 1 Bs 5 +iogs +logs— 25 o1
_los. (878 625] loz. 822 4
& 567 62a) B s |
2986
64. (F log,,(0.02986) = log, | ————
(B) - Togof = b'”[mom::o]

=34751 -5 =-1.5249
= 24751

65. (a) 2a-3b=2
(1

= 2ab-3b =a

(1)

(2
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= 362 =a(2h—1)
35°
— ia =
2b-1
66. (¢) (x— )% = 25xy

5 5
= x“ 4y =2Txy

= T _ony
y o x
67. (b) logx = log v _ log =z ok
3 4 3
= log x = 3k; log y = 4k; log z = 5k.

= log(zx)=logz+logx=8k=2logy

A
Zx =)~

68. (a) 3+ logsx =loggy
= log,(125x) = logs ¥

= v=
125
¥ log 4 e
6. (d) log;a = log; b _ :»44 -

= a=2% p=3% c=4%and,
a2 x b3 xP=2Fx 3k x4k =24
= 24% = 24!
= k=1.
a=4,b=27,¢c=256

70. (¢)

= logyz—3logyx—4log,y=0

33 4
= log,z - - -log, =z 4‘“‘10;;3: =0

9 16
= l-——=
5k 5k
= Sk—25=0
= k=35
71. (a) ST I;ng ?)I =
2+log—+ log—
2 5

3(1 +logyy 7)

2+ log(%]

_ 3(1+logp 7) -3
I+log), 7

72. (c) Each ratio =k = logx = ko> + ab + 1)
= (a— b)logx= fr{a3 = 133)

= |Ug /‘.u-—h- = fﬂ(ﬂ's | bj) — xcr--.h e ek{uS---.fﬁ}

73.

74,

75

T6. (c

17

78.

79.

Similarly, ¢ = 433 je-a _ Ked-ad)
- xa—h' }_,h—-r e e“ =1
(©) 32=5
= == [%]
2
= xlog,,3 =log,,90 - log,,2
=2log,3 +1-log,2
= x(0.4771) = 1.65317
_ 165317 _ 22187
47710 47710
(d) log (648)) =5 log (81 x 8) =20 log3 + 15 log2

=2000.4771) + 15(0.30103)
= 14.05745.
- Number of digits in (648)° is 15
logx logy logz
12 s

(c) =k

= logx=4k logy=2k log z=5k.

logx*. .z =4 logx+3logy—2logz=0

© Iog\/’:’?+ log 1000 + log8

logl20

3
5(10g3+10g|0+|0g4) 3

log3+logl0+logd 2

1olgex 1
h y=——=—=—=y"=a=-1

& X Y

(M x=logy; (1/2)=-log,;2<0

and, v=log,,(1/3)=log,3>0
= yEx
(b) x* =256

Take log on base 2, u log,x =8
Let, log,x=p
Then,

§=|g:r: 6p+12

f?

p—6p +12p-8=0
p%p—?.)—4p(p—2}+4(p—2)
(PP =4p+4)Np-2)=0
(p—2) =0

p:z
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80. (d) We have

log, (a—b)—log (a+b)= It)g\.E
o

a—bh b
; =log, —
a+b a

= log

= ala-b)=b(a+bh)
= a —ab=ab+bh’
= a'—h"=2ab

= a -2ab-b" =0

= [

This 1s quadratic in ;—? . The product of the root is —1,
H

R | -
i.e..if — isaroot, then—— will also be a root.

81. (a) We have,

log,[log,(x* =x+37)]=1

= log,(x* —x+37)=(2)

= (P-x+30)=7)
= ¥ —x+37-49=0
= x*—x-12=0

= x=4

82. (c) Let log, 216v/6 = . then 216+/6 = (6)'

= (6)'%(6)* =(6) = (6)*=(6)' = «x

log. !ug;(\,"'; +5+ \/;] =
= log,(Vx+5+Jx)=(7)" =1
= (Vx+35+4x)=(5) =5

b
h
Therefore,
Pl
['rr“l (b [aj" -1
2142 =[2] +|=
bJ La ) b a
b
I'd
2 B T | PRI
b a
b/

(As the sum of the roots is 2).
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2Jx=0
=0

1640 | 1)

84. (c) Zlog = =210g.r.r.f

=log,,, 2 +log,,, 3+ log 4 +....+1log

==

=log,,, 100! =1

Lont

100

| =1
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