21. Logarithm

Let us do the sum 21

1. Question

Let us evaluate:

() log,

B
)
(ii) logg o 0.000001
(iii)lﬂgﬁ 216

(iv) log 527

Answer

(i) log, (5_14) = log,(6471)
=log,4* =log,473
As, log,M€ = c log,M

=(—3)log,4=(-3)x1=-3

.u l
(i) log,4,(0.000001) = lng{i] (mmmo)

=10g,,-2107% = log,,—= 10-2%
As, log,M€ = c log,M

=(3)log, ;21072 =(3)x1=3
[As, logaa = 1]

(iii) log z(216) = log (6%)

23 6
=log (V6 ) =log V6

As, log,M€ = c log,M



=(6)log zV6=(6)x1=6
[As, logaa = 1]

(iv) log 5(1728) = log 5(3°)

=log 3 (\Ez )3

=logy3(V3)°

= 6(logy/3V3) [As, log,M€ = ¢ log,M]
=6(1) [As,log,a = 1]

=6

2 A. Question

Let us write by calculating, find its base if logarithm of 625 is 4
Answer

Let the base be a.

log 625 =4

We know that iflog,M = p

Then aP = M

Solog_ 625 =4

~a*=625

a*=5x5x%x5x5

a* =54

We know that if the powers are same on both the sides then the bases must
also be same.

Therefore, a=5

2 B. Question

Let us write by calculating, find its base if logarithm 5832 is 6
Answer

Let the base be a.



log. 5832 =6

We know that iflog,M = p
Then aP = M

Solog, 5832 =6

-~ a® = 5832
a®=6Xx6Xx6x3x3x3
a2® = (6 x 3)?

a2® = (18)°

3 A. Question

If 1 +1ogqpa = 2logyob, then express a by b

Answer
Given expression :

1+log,pa = 2log,,b
= 1 = 2log,,b-log,,a

= 1= log,,b* —log,,a

bz
= 1 == lﬂglﬂ?
b?
= log,,10 = logm?
bz
= 1D=? = 10a = b?
a 1
“b2z 10

3 B. Question

If 3 +1og19x = 2logy gy, then express x by y

Answer



Given expression :

3 +logox = 2log, ¥y
= 3 = 2log,,y-logx

= 3 = log,oy” —logyx

2
= 3‘ = lﬂglﬂyg

},2
= lﬁglﬂ 1{}3 = lﬂglc‘;

2

= 10° =y; = 1000x = y?
X 1
“y2 1000

4 A. Question

Let us evaluate:

log;[loga{logz (logz27%)}]

Answer

log,[log,{log; (log; 273 )3

= log, [log,{log; (log;3%")}]
=log, [log,{log; (log; 39))]
= log,[log,{log,9}]

= log,[log,{log, 32}]
=log,[log,{2}]

=log,[1] =0

4 B. Question

Let us evaluate:

log«,/f +log 8—log 1000

logl.2

Answer



log+27 +logg-logy/1000
log1.2

log /33 +1log2® — logV103
log1.2

3 3
_ log32 +1og2® —log102

12
lﬂgﬁ

log3 + 3log2 — glug 10

12
lﬁgﬁ

3] L

3 3 3
_2 (log1g) +51og2’

12
lﬂgﬁ

3 3
5 (loggg + log4)
= L2
°810

12~ 2
lﬁgﬁ

4 C. Question

Let us evaluate:

log34 x logy5 x logs6 x logg7 x log73
Answer

logz4 x logy5 x logg6 x logg7 x log;3

log4 logh log6 log7 log3

- log3 X log4 X logh X log6 X log7

_ logs3
- log3

1

4 D. Question

Let us evaluate:

384 81 5
log..— +log,,— +3log,,—
F1073 1035 2103



Answer

384 81 3 1

384 81 57 1
= 10310?"‘ lﬁglﬂﬁ + 1051&5 + lﬁgma

384 81 125 1
= 1081&? + lﬂglﬂﬁ + lﬁglu? + 1'35105

384 81 125 1
= logso(—5= X35 X5 Xg)

=log,, 100

= log,, 107
=2log,,10=2x1=2
5 A. Question

Let us prove:

75 3 32
log——2log—+log— =1log2

16 0 243
Answer

75 3 32

LHS = logﬁ—zmg;—l—logﬁ
52x3 5 2°
Syan 2 lcrg? + 1Dg§

= log

=log5% +log3 —log2* — 2log5 + 2log3? +1log 2° —log 3°
=2logh +log3 —4log2 — 2log5 +4log3 +5log2 — 5log3
=blog2 —4log2 = log2 = RHS

5 B. Question

Let us prove:

log1915(1+log;530) + llog1016(1+ logs7)- log196(logg3+1+logg7) = 2
i)

"

Answer



LHS =log1¢15(1+log530) + llog1016(1+ log,7)-1og106(logg3+1+10gg7)
)

e

1 1
=log,, 15 + log,,1510g,-30 + Elﬂgm 16 + Elﬂgm 16log,7 —log,,6log.3

—log,,6 —log,,6log.7

_log15 logl5 log30 N llogle N llogle log7 log6 log3 logé
“log10 logl0 logl5 2logl0 2logl0 " log4 logl0  log6 logl0
loge log7
log 10 X logb
_log15 N log30 . 1logl6 N 2 log4 log7 log3 logé log7
" log10 logl0 2logl0 2logl0  log4 logl0 logld logl0
_log15 log30 N 1logl6é log7 log3 loge  log7
“log10 logl10 2logl0 logl0 log10 logl0 loglO
_log15 +1o0g30 +log4 +1og7 —log3 —logb6 —log7  2logl0
B log10 ~ logl0

5 C. Question

Let us prove:
log, log, log, 256 + 2log 2 =5
Answer

LHS = log, log,log, 256 + 2log 52

= log, log,log,4* + 2log ;5 NeR
=log,log,4+2x2
=log,log,2% + 4

=log,2 + 4

=1+4=5=RHS

5 D. Question

Let us prove:

1
log ,xxlog ,yxlog ,z==
x ¥ T~ 8



Answer
LHS = log,2x x log,zy X log,zz

logx logy logz

- log %2 X logy? X logz?

logx logy logz

- 2logx X 2logy % 2logz

X=X = ===RHS
2 2 8

b | e

5 E. Question

Let us prove:

1
log ;axlog ;bxlog ;e=—
b C a 27

Answer

LHS = log.za X logyzsb x log_ac

loga logh logc

- log a3 X logh3 X log c3

_ loga logb logc
" 3loga % 3logh X 3logc

W] =

x

[ I

X = = ——RHS
3 27
5 E. Question

Let us prove:

1 1

1

log,.(xyz) log,(xyz) log,(xyz)

Answer

1 1
- -
logyyxyz logyzxyz loggmxyz

LHS =

1 1 1
logxyz + logxyz + logxyz
logxy logyz logzx

logxy logyz logzx
= + +
logxyz logxyz logxyz

-



_ (logxy +logyz + logzx)

logxyz
_ logx®y?z’?

logxyz

_ log(xyz)?
~ logxyz

_ 2logxy=

= 2 =RHS
logxyz

5 G. Question

Let us prove:

a’ b’ ¢’
log— +log —+log— =0
be ca ab

Answer

LHS = lﬂgz—z + lﬂg:—:+ lﬂg:—E

=loga® —logbc + logh? —logca+ logc? —logab

=2loga —logbh —logc+2logb—logc — loga+ 2logc—loga —logh
=0 =RHS

5 H. Question

Let us prove:

xlogy - logz  ylogz - logx , ;logx - logy — 1

Answer

LHS = xlo8y - logz ylogz - logx « ,logx - logy

X

z o
= x'°8 x yl°& x 7%

Now, taking log we have,

X

— logx°% + logy'°& +1log 2°%

= (logy -logz)logx + (logz -logx)logy + (logx -logy)logz

=logylogx —logzlogx +logzlogy — logxlogy + logxlogz — logylogz



=0=1logl

Now, RHS =1

Taking log we have, log 1= 0 =LHS
Therefore, LHS=RHS

Hence, proved.

6 A. Question

Xx+v 1 X ¥
If log ' — _(lﬂgx <+ log 1i_.-')_then let us show that — + — = 23.
) AN o v zZ

Answer

log? =1 (logx + logy)

2

1 :«;+3,F_ZLl
= log—— =7 (log xy)
Xty 1
= log c = (log xy2)
X+y
= z =vfx_y
(x-l—y)z
— =
5 Xy
X2+ yvi+ 2%
= Y j';r=25
Xy
x? y? 2%
:;-—+y—+—y=25
Xy Xy Xy
:—+E+2=25
X
X
=>—+E=25—2=23
y X
X
22 Y93
y X

6 B. Question
If a* + b* = 14a2b?, then let us show that log (a% + b2) =loga + log b + 2log2.

Answer



Given that a* + b* = 14ab?

a* +b* = (a2 +b?)? — 2a%b?
= 14a%b? = (a2 + b?)? — 2a%b?
= (a®*+b?)% = 16a%b?

=1log4 +loga+ logh = (a%+ b?) = ,/16aZb?
= (a®+b?) = 4ab....eq(1)

LHS = log(a® + b?)

= log 4ab (from eq(1))

=log2® +loga+ logh

= 2log2 +loga + logb =RHS
Therefore, LHS =RHS

Hence, proved.

7. Question

logx logy logz
If = = . then let us show that xyz = 1
y—zZ Z—-X X-Y¥

Answer

_ logx logy logz
Given that = = .
y—7Z Z—X X-V

logx logy logz K
y—E Coz-x X—y o

Let

logx = ky — kz....eq(1)

logy = kz — kx....eq(2)

logz = kx — ky....eq(3)

Now, adding eq(1) , eq(2) and eq(3)

logx +logy+logz=ky —kz +kz —kx + kx — ky
= logxyz =0

= logxyz =log1l



Xyz=1
Hence, proved.

8. Question

loex logv logz
If = =_=- =_ = " thenletusshowthatxyz=1

b—c c—a a-b

(a)Xb+C _ yc+a zatb —q

(b)xb‘—hc—c‘ I},c‘—ca—a‘ Iza‘—ab—b‘ —1
Answer

_ loex logv logz
Giventhat — = ==~ —_ =

b—c c—a a-b

logx lo logz
Let g _ E}': g =k
b—c c—a a—h

logx = kb — kc....eq(1)

logy = ke — ka....eq(2)

logz =ka — kb....eq(3)

Now, adding eq(1) , eq(2) and eq(3)

logx +logy+logz=kb —kc+kc—ka+ka—kb
= logxyz =0

= logxyz =log1l

Xxyz=1

(a) LHS = xP*c yc+a za+b

Taking log we have,

b+c c+a athb

=logx""c.y“T .z

= logxP*° + logy°*® + logz®*?®
=(b+c)logx+(c+a)logy+(a+Db)logz
=blogx+blogz+ clogx +clogy+ alogy + alogz

= b(logx +logz) + c(logx + logy) + a(logy + logz)



=b(kb — kc + ka — kb) + c(kb — kc + kc —ka) + a(kc — ka + ka — kb)
= b(ka — kc) + c(kb — ka) + a(kc — kb)

= bka — bkc + ckb —cka + akc —akb =0

=log 1l =RHS

Therefore, xP+¢ . yc+a za+b = 1

[b) LHS = sz+bc+c2.ycz+ca+az_ z9.3+a|:|+|:|z

Taking log we have,

_ l[}g}{bz+bc+cz -FCE+Ca+HZ _ya®+ab+b®

_ lggxbz"‘bc"‘cz + 1':]|g},::2+::51+512 + 1'::|Igzaz+alzu+l:uZ

= (b*+bc+ c?)logx + (c*+ ca+a?)logy + (a* + ab + b*)logz

=b?(logx + logz) + c*(logx + logy) + a®(logy + logz) + bclogx + calogy
+ablogz

= b2(kb — ke + ka — kb) + c2(kb — ke + ke — ka) + a%(kc — ka + ka — kb)
+be(kb — ke) + ca(ke — ka) + ab(ka — kb)

=b?(ka— kc) + c?(kb — ka) + a®(kc — kb) + bc(kb — ke) + ca(kec — ka) + ab(ka
— kb)

= b%ka — b%kc + ckb — c?ka + a’kc — a’kb + b%kc — bke? + ake? — cka® +

bka® — akb® =
0

=log1 =RHS
2 z z b z z
Therefore,xb +bc+c _},c +ca+a® 53 +ab+b~ _ 1

9. Question

If, a3X . b>* = a>*X . b3X, then let us show that, x log

b
—lenga
a

Answer
Given that a3X . b%X = g5*% 13X
Taking log on both sides

loga®~*.b>* = loga®** b3*



= loga®* + logb®* = loga®** + logh3*

= (3 —x)loga + 5xlogh = (5+x)loga + 3xlogh
=loga (3—x—5-x)+logh(5x—3x) =0

= 2xlogh = (2 + 2x)loga

= 2xlogb — 2xloga = 2loga

b
= leﬁgg = 2loga

b
= xlﬂgg = loga

Hence ,proved.
10 A. Question

Let us solve:

lt:-gg[lmg2 {loga (4" + 1")}_ _ %
Answer

lt:-gs[lxmg2 {logi (4x + 1")}_ - %
~ log[log;(loga(#* + 17)}] = 5

1
= logg[log,{log,(4*+ 17)}] = 3 % log, 8

1
= logg[log,{log,(4*+ 17)}] = log, 83

1
= log,{log,(4* + 17)} =23%3

= log,{log,(4*+17)} =2 = 2log, 2
= log,{log,(4* + 17)} = log, 2°

= log, 45+ 17 = 4

= log, 4"+ 17 = 4log,3

= logy4* + 17 = log,3*



= 4*+ 17 =81

= 4*=81—-17 =64

= 4% = 43

Therefore, x = 3.

10 B. Question

Let us solve:

loggx +logyx + logyx = 11
Answer

loggx +log,x+log,x= 11

lo 1 1
gx N 0gx . 0gxX _
log8 log4 log2

=

logx logx logx
- log23 - log 22 - log2

logx logx logx
= + —
3log2 2log2 log2

6 (logx
S{EAR
6 \log2

= logx =11log2
= logx = log2!!
=x=11

11. Question

1 1
Let us show that the value of log;(2 lies between — and —.

4 3
Answer
Letlog,,2 =x
~10% =2

Now, LCM of denominator of:t andg =4x3=12

10¥'% = 2% = 8192



= 101%* = 8192
-~ 1000 < 8192 < 10000
Or10® < 10'%* < 104

Or3<12x< 4

Dlﬂi *:il
r—<x<rg
4 3

1 1
SD,E <log,,2 < i

12 A. Question

If lﬂgﬁ 0.25 = 4. then the value of x
A.05

B.0.25

C.4

D. 16

Answer

log £0.25 =4

We know that iflog,M = p
Then aP = M

So,lcrgw.;D.ZE =4

~VX =025
25
4 _
T
, 5*Z 5 0
=70 7% 107

We know that if the powers are same on both the sides then the bases must
also be same.

12 B. Question

If log,,( 7x —5) =2. then the value of x



A.10

B.12

C.15

D.18

Answer
log,o(7x—5)=12
We know that iflog ., M = p
Thena? = M
Solog(7x—5)=2
~ 102 =7x—5
7x—5 =100

7x =105

105 15
X=—=
7

12 C. Question

If logy3 = a, then the value of logg27 is

A.3a
B. —
i
C.2a
D.a
Answer
We know,
log .M
[loghM B lﬂgab]
log, 27
~logg27 = log, 8
log, 33
= logg27 = &2

log, 23



Now, we know that log,M¢ = ¢ log,M

_ 3log,3
~ 3log,2

= log, 27

= E—ll = a [As,logaa = 1]
12 D. Question

If logﬁ X =4a. then the value of lﬂgzﬁ X is

Al
3

B.a

C.2a

D. 3a

Answer

Since log zx = a

We know that if log, M = p

Then kP =M

SO,IGgH‘EX =3




12 E. Question

If l{;pgx . then the value of x is

| =
tad |

A.27
B.9

C.3

p. L

27

P

Answer

lo 11
Bx3 = 73

1 1

= lngxg = —Elogxx

I 1
=3 =X
R 1 _1

x5 3
:,»x%=3=:~x=33=2?

13 A. Question
Let us calculate the value of log4log4log4 256.

Answer

[log.{log, (log,256)}]
= [log,{log, (log,4%)]]
= [{log,log,4}]
=log,[4] =0

13 B. Question



n bﬂ Cﬂ

a
Let us calculate the value of [pg — + Jog — + log —
= n = n = n
- i
Answer
a" b" c”
log—+log— +log—
C a

=loga"™ — logh" +logh™ —logc” + logc” — loga®
=0
13 C. Question

Let us show that alng?l‘ _x
Answer

LHS = alogax

Taking log we have,

= log a'o8a®

= log_ xloga

_ logx 1 1
_lﬂgax oga =logx

RHS =x

Taking log we have, = log x

Therefore, LHS = RHS

Hence, proved .

13 D. Question

Ifloge2 .logx25 =10g1016 .loge10, then let us calculate the value of x.
Answer

Given that log_2 .log,. 25 = log,,16.log,. 10

log2 « log25 loglée logl0
= =
loge logx logl0 loge

log2 loglé6
— =
logx log25



log2 log2*
=

logx - log 52
log2 4log2
= =
logx 2logh
1

= logx = ElﬁgE

1
= logx =loghz

Therefore, y — 5%



