Henry Briggs 1561-1630  Born Halifax, Yorkshire, England
Cambridge 1577-1596

Gresham, London 1596 – 1620

(visited Napier in Edinburgh 1616)

Oxford 1619 – 1630
Arithmetica Logarithmica, in folio, a work containing the logarithms of thirty thousand natural numbers to fourteen decimal places (1-20,000 and 90,000 to 100,000). 

He also completed a table of logarithmic sines and tangents for the hundredth part of every degree to fourteen decimal places, with a table of natural sines to fifteen places, and the tangents and secants for the same to ten places.

Why were the logarithms he calculated so valuable?  Consider calculating 4.6372917465(1.685924371,
a daunting process by long division.  If we have a table of logarithms the problem becomes

 log(4.6372917465(1.685924371) = log4.6372917465 – log1.685924371

and the process has turned into one of subtraction, a much easier process.

Log(4.6372917465(1.685924371)  = 0.666264419 – 0.226838088 = 0.43942633

now we just need to look up the number whose log is 0.43942633, which is 2.750593 to
six decimal places.  (doing the division directly on a calculator also ( 2.750593).

Before mechanical or electronic calculators, using logarithms was very much the easiest way of doing such divisions.  Professor Briggs’ set of logarithms was so good that they were used for 300 years, until about 1900 when mechanical calculators were becoming available.  Most scientists and engineers over the age of 50 will have learnt how to use log tables quickly. They were in constant use until calculators became cheap in the early 1980s.
Today logarithms are still used directly in some calculations and in some graphical displays, but are more usually found in the mathematics used in science and engineering, where they arise naturally in many areas. 

The number log(x) = the power to which 10 must be raised to give x
We have seen that √10 = 100.5 = 3.1622786602  and so this means that 

log(3.1622786602) = 0.5

If we now take further square roots of 3.1622786602 we get the series:-
        101
= 10.0000000000

    2√10
=  3.1622786602

    4√10   
=  1.7782794100

    8√10   
=  1.3335214322

   16√10  
=  1.1547819847

   32√10  
=  1.0746078283

   64√10  
=  1.0366329284

  128√10 
=  1.0181517217

 256√10  
=  1.0090350448

  512√10 
=  1.0045073643

1024√10 
=  1.0022511483

We now have a first set of logarithms:-
Log (number)

as decimal

as fraction

Log 10.0000000000 
= 1.0000000000

1024/1024

Log   3.1622786602 
= 0.5000000000
  
  512/1024

Log   1.7782794100 
= 0.2500000000  
  
  256/1024

Log   1.3335214322 
= 0.1250000000
  
  128/1024

Log   1.1547819847 
= 0.0625000000    
    64/1024

Log   1.0746078283 
= 0.0312500000    
    32/1024

Log   1.0366329284 
= 0.0156250000    
    16/1024

Log   1.0181517217 
= 0.0078125000     
      8/1024

Log   1.0090350448    
= 0.0039062500    
      4/1024

Log   1.0045073643 
= 0.0019531250  
      
      2/1024

Log   1.0022511483 
= 0.0009765625  
      
      1/1024
Consider factorising a number into its prime factors, e.g.:- 16170
16170 ÷2 = 8085

 8085 ÷3  = 2695

 2695 ÷5  =   539

   539 ÷7  =     77

     77 ÷7  =     11

     11 ÷11=       1 

and so 16170 = 11 x 7 x 7 x 5 x 3 x 2 x 1

By a similar process we can now find the logarithm of a number which is not in the set from 101 to 10(1/1024).
E.g. to find log2

We need to find which of the values in our calculated set will divide into 2, starting with the largest which gives an answer >1.  In effect we are factorizing 2, but using the strange set of numbers we have just calculated.

 2/1.778279  = 1.124683



101 
= 10.0000000000

1.124683/1.074608  = 1.046598



2√10   
=   3.1622786602
1.046598/1.036633  = 1.009613



4√10   
=   1.7782794100
1.009613/1.009035  = 1.000573



8√10   
=   1.3335214322

and so we now have 





16√10  =   1.1547819847

2 = 1.778279 x 1.074608 x 1.036633 x 1.009035

32√10  =   1.0746078283
       x 1.000573





64√10  =   1.0366329284


   







128√10 =  1.0181517217

= 101/4 x 101/32 x 101/64 x 101/256 x 1.000573


256√10 =  1.0090350448        
    







512√10 =  1.0045073643
=  10(308/1024) x 1.000573




1024√10 =1.0022511483
So log 2 is about (308/1024) plus a little bit more

How can we deal with the extra factor of 1.000573?
1.000573.  We want to convert this to the form 10x/1024, so how can we do this?


  Power x
1024x

10x

(10x – 1)/x 
difference


1
1024
 10.0000000000
9.00


½
  512
   3.1622786602
4.32


¼
  256
   1.7782794100
3.113

1/8
  128
   1.3335214322
2.668

1/16
    64
   1.1547819847
2.476


1/32
    32
   1.0746078283
2.3874




1/64
    16
   1.0366329284
2.3445

429
 
1/128
      8 
   1.0181517217
2.3234

211


1/256
      4
   1.0090350448
2.3130

104


1/512
      2
   1.0045073643
2.3077

  53


1/1024
      1
   1.0022511483
2.3051
   ↓
  26







    ↓
  26
  13


 q/1024      q 
 1+2.3025*(q/1024)←2.3025    ↓
    7


 ( 1>q>0)





    3


 

    = 1+0.0022486*q


    2









    1









  26

In the table above we can see that the value of (10x – 1)/x converges to 2.3025 as x→0

and so, rearranging, 10x = 1 + 2.3025x.  In terms of our variable q (= 1024x), we have

10x = 1 + 2.3025*(q/1024) = 1 + 0.0022486*q, as above (remember 1/1024 > q > 0).

We wanted 
1.000573 = 1 + 0.000573, so 0.000573 = 0.0022486q 

and q = 0.000573/0.0022486 = 0.2548, giving 10q/1024 = 100.2548/1024 = 1.000573

We had previously found 

2 =  101/4 x 101/32 x 101/64 x 101/256 x 1.000573   =  10(308/1024) x 1.000573
and now we have 100.2548/1024 = 1.000573 and so 2 = 10(308.2548/1024)
Giving log 2 = 308.2548/1024 = 0.30103 correct to 5 decimal places
The amazing Mr Briggs did this type of calculation for thirty thousand numbers, using 16 decimal places to ensure he made few round-off errors!  How he managed this, just part of his work, is nearly unimaginable.
An interesting extra:- 

we have found

Power x
x1024

10x


(10x – 1)/x 


q/1024      
  q 
   (1+2.3026 x q/1024)
  2.3026
    
    


i.e. 10x = 1+2.3026x for small x (x < 1/1024).  

This also means that x = log(1+2.3026x).  If we make y = 2.3026x then we have

10y/2.3026 = 1+y = 10(y x 0.43429)
What is this number 10 0.43429 ?

Let us express 0.43429 in terms of (1/1024)ths as before, i.e.:-

0.43429 = p/1024 ( p = 1024 x 0.43429 = 444.73

Using our previous method of factorising we need to find 10(444.73/1024) in terms of the calculated powers of ten, and since 
(444.73 = 256 + 128 + 32 + 16 + 2 + 0.73), 
we have that 

10 0.43429 = 10 (444.73/1024) = 10256/1024 x 10128/1024 x 1032/1024 x 1016/1024 x 108/1024 x 104/1024 





x 10 0.73/1024
where we know all these factors except the last.
This means we still have the problem of the 0.73 to deal with.
By our method above
10 0.73/1024 = 1 + 0.00224860 x 0.73 = 1 + 0.0016415 = 1.0016415
10256/1024 x 10128/1024 x 1032/1024 x 1016/1024 x 108/1024 x 104/1024 x 10 0.73/1024
= 1.778279 x 1.333521 x 1.074608 x 1.036633 x 1.018152 x 1.009035 x 1.001642
= 2.713899 x 1.001642
= =  2.71783… = e, the mysterious number which appears naturally all over mathematics.

The number 0.43429 is then just log10(e)  

So what is 2.0326?  Simply the natural logarithm of 10, or lne(10)
In general lne(p) = 2.3026 x log10(p) = lne(10) x log10(p) 

or  log10(p) = 0.43429 x lne(p) = log10(e) x lne(p) 
and  lne(10) x log10(e)  = 1
It is amazing what you can find just starting with a few square roots!






