Assignment 3: Logarithm tables
[bookmark: _GoBack]Due: 
I highly recommend starting early so you can ask questions if you have them.
Purpose:
The purpose of this assignment is to apply your knowledge of logarithms and their properties to see how logarithms were used when they were originally discovered.
Skills:
This assignment will help you practice the following skills:
· Solving equations involving logarithms
· Using properties of logarithms
· Setting up logarithmic equations
· Reading comprehension of mathematics 
· Explaining mathematics in writing
Knowledge: 
The knowledge you will use and practice in this assignment is logarithmic functions and properties of logarithms. 
Task: 
Read the text below, which includes some history as well as some problems.  Answer the problems in your own words.  If you have questions, I recommend asking for help from the SI’s or the professor.  However, you should first try to struggle through the problems yourself.  Try different things, such as looking at different properties of logs or converting to exponential form to see what works.  There are multiple ways to do these problems.
In this assignment, we learn a bit of the history of logarithms.[footnoteRef:1]  Logarithms are a relatively young mathematical concept, as they are just about 400 years old. [1:  All historical material in this assignment comes from In Pursuit of the Unknown by Ian Stewart, published by Basic books, 2012.] 

Logarithms were first invented by John Napier, a Scottish laird (i.e., he owned a lot of property). Napier wrote a book in 1614 whose Latin title translates to “Description of the Wonderful Canon of Logarithms.” It was a very big deal and by far the work he was most known for. This disappointed him, as he was most proud of his work “A Plaine Discovery of the Whole Revelation of St. John,” in which he predicted the world would end in 1688 or 1700. He died in 1617, long before he could find out if his predictions were correct.
Why was the invention of logarithms such a big deal back then? Logarithms allowed people to reduce the problem of multiplying large numbers to the simpler problem of adding large numbers. Before calculators, this had to always be done by hand. Napier wrote in the preface to his book:
“Nothing is more tedious, fellow mathematicians, in the practice of the mathematical arts, than the great delays suffered in the tedium of lengthy multiplications and divisions, and the finding of ratios, and in the extraction of square and cube roots - and . . . the many slippery errors that can arise."
Pierre-Simon Laplace, an astronomer and mathematician born in 1749, said that the invention of logarithms “reduces to a few days the labour of many months, doubles the life of the astronomer, and spares him the errors and disgust."
Let's first see how logarithms allowed people to avoid time-consuming multiplication. Suppose we want to multiply two numbers: 5.04 and 4.97. Of course, we can do this without logarithms and it won't take long. However, what if they were 8-digit numbers or had many digits after the decimal? Multiplying without a calculator would be very tedious. Adding long numbers is much simpler. Using logarithms allows us to do addition instead of multiplication. For this problem, we are using simple numbers to introduce the concepts in an easier way than using longer numbers.
Let's use a base 10 log. The product property tells us:

Suppose we know what log 5.04 and log 4.97 are. Then we can compute  just by using addition.
Our final step would be to somehow get rid of the “log,” which is something that you would normally need a calculator for.  
Instead, for the hard calculations mentioned above, we use a table of logarithms, just like what people would have used 400 years ago. At the end of this assignment are three portions of a table of logarithms, for the base 10 logarithm.
Note that it is very difficult to generate a logarithm table, but once one person does it one time, they can share that information with everyone else. Napier's book contained many pages of logarithm tables. Instead of carrying around a calculator – which wouldn't be invented for hundreds of years – scientists could keep their logarithm tables handy and use them for calculations.
Problem 1.  Use the tables provided to calculate . Explain your work very carefully. When you reference a table, say WHY that table gives you what you want. (This is most important for the second way you use the table.) You may use a calculator for the addition.
Logarithms can also help us with division and to compute roots and powers of numbers more easily. Note that our log tables are base 10 logs, which have nice properties. For instance, , so . Thus, if you know log 2, you can use it to find log 20 = 1 + log 2 and log 0.2 = (log 2) - 1 very easily. This will be necessary in the next problem.
Problem 2. Now suppose we want to compute the square root of 500. Recall that 

Use this and the given tables to compute  to two decimal places. Again, explain your steps. You may use a calculator for dividing by 2. (Important: do not use a calculator to find log 500.  See if something in the log tables can help.  Reread the paragraph preceding this problem if you're stuck.)
Problem 3.  Logarithm tables could be used for many other operations, such as division, exponentiation, or other roots, which is why they were so highly valued.  In your own words, explain how log tables could be used to do something other than multiplication or square roots.  You may choose which operation to write about and may assume that you have access to a log table that is as complete as you want it to be.
Log tables to use for Problems 1 and 2:

Created by Marcela Chiorescu and Rachel Epstein as part of Affordable Learning Georgia Textbook Transformation Grant #449.  Parts of this document are modified from Active Prelude to Calculus by Matthew Boelkins (https://activecalculus.org/prelude) and OpenStax Precalculus: Download for free at https://openstax.org/details/books/precalculus.  Distributed under a Creative Commons Attribution-ShareAlike 4.0 International License.
	x
	log x (to 6 decimal places)

	4.96
	0.695481

	4.97
	0.696356

	4.98
	0.697229

	4.99
	0.698100

	5.00
	0.698970

	5.01
	0.699837

	5.02
	0.700704

	5.03
	0.701668

	5.04
	0.702431

	5.05
	0.703291




	x
	log x

	22.35
	1.349278

	22.36
	1.349471

	22.37
	1.349665

	22.38
	1.349860



	X
	log x

	25.0486
	1.398783

	25.0487
	1.398785

	25.0488
	1.398787

	25.0489
	1.398789







Criteria for success:
Complete and accurate answers to the problems, written on separate paper in your own words.  You must show all your work.  Problems 1 and 2 will be graded with the following rubric:
	Points
	Criteria

	4
	This is correct and well-written mathematics

	3
	This is a good piece of work, yet there are some mathematical errors or some writing errors that need addressing.

	2
	There is some good intuition here, but there is at least one serious flaw.

	1
	I don’t understand this, but I see that you have worked on it.

	0
	I believe that you have not worked on this problem enough or you didn’t submit any work.



Problem 3 will be graded out of 2 points.  2 points will be given if the explanation is complete and accurate.  1 point will be given if it is incomplete, unclear, or partially incorrect.  0 points will be given if it is completely incorrect or incomprehensible.
	Points
	Criteria

	2
	Description is complete and accurate.

	1
	Incomplete, unclear, or partially incorrect.

	0
	I believe that you have not worked on this problem enough or you didn’t submit any work.



