On logarithm
Yue Kwok Choy

Laws of Logarithm (Easier)
1.
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,  where  N > 0,  a > 0 ,  a ( 1.

In particular,  
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,  where  M , N > 0

5.
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,  where  m  is rational.
(in particular, 
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Laws of Logarithm (Harder)
1.
Change of base  :


[image: image9.wmf]a

log

b

log

b

log

c

c

a

=


,

[image: image10.wmf]x

log

x

log

b

log

b

a

a

=


2.

[image: image11.wmf]a

log

1

b

log

b

a

=


3.

[image: image12.wmf]d

log

d

log

c

log

b

log

,

c

log

c

log

b

log

a

c

b

a

a

b

a

=

´

´

=

´


4.
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6.
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 , where the logarithms are in the same base.

Example  1

Solve for  x  :
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Solution

(Mistake)
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(Correct)
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Example  2


Given that  a, b, c  are positive numbers greater than  1, simplify :
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Solution
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Example  3


Let  a = 
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 ,  b = 
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.  Express  
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Solution
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Example  4


If  
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Solution


Method 1
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(6)

(4) + (5) + (6),
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Method 2

If  xyp-1 = a ,  xyq-1 = b,  xyr-1 = c,  

then  xq-ryq-r+p-1 = aq-r ,  xr-pyr-p+q-1 = br-p ,  
xp-qyp-q+r-1 = cp-q

Multiply, we get  aq-r br-p cp-q = x0y0 = 1.


Take logarithm, we have   log aq-r + log br-p + log cp-q = log 1

(
(q – r) log a + (r – p) log b + ( p – q) log c = 0

Example  5


If  
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Solution
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Example  6


Solve the equation  
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Exercise

1.
Solve   
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  for  x , y , z .

2.
If  a, b, c, d > 0, show that 
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where the logarithms are all of the same base.

3.
Given  
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4.
If  
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5.
If  
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Answers:

1.
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From (1),  log x = k,
log y = 2k,
log z = – k  (
x = 10k,
y = 102k ,  z = 10–k …. (3)



(
  xyz = 10k+2k-k = 102k = 102 , from (2)



(
2k = 2  and  k = 1 .



From (3),
 x =10  ,  y = 100 ,  z = 0.1 .
2.
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3.
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4.
3x + 4y – 2z = 3
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5x + 6y – 3z = 5
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7x + 9y – 5z = 7
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20x + 26y – 14z = 20
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5.
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(
a = b  or  x = y .
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