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LABORATORY 1:    MATHEMATICS REVIEW AND INTRODUCTION TO ASTRONOMICAL DATA TYPES
[Adapted from http://www.lochlyn.org/manual/lab1.htm]

REQUIRED MATERIALS:  You will need to bring THIS HANDOUT, STANDARD GRAPH PAPER, CALCULATOR, AND AT LEAST 2 COLORS OF PENCILS OR PENS.

ANSWER ALL PRE-LAB WARMUPS BEFORE COMING TO LAB.  You will begin lab with a short quiz on these questions.
Part I:  Scientific Notation

Scientific notation is a neat way of expressing very large and small numbers. It started after the Knights and assorted followers brought back the Arabic number system with them from the Crusades. 

It didn't take too long before someone noticed that a number, say 230 could be thought of as 2.30 times 100. Someone else probably saw that 100 was 102 (also 10 ‘squared’ or 10 to the second power). After that it didn't take too much to figure out that 1,000 was 103 and 10,000 was 104, and scientific notation was born. For this class you should follow the convention that the decimal point be placed directly after the first digit.  Hence 120 is 1.2 x 102, not 12 x 101.
PRE-LAB WARMUP QUESTIONS – You should have these answered BEFORE you come to lab on Wednesday, 31 August 2005.
Fill in the missing values: 

1) 1,230 = 1.23 x 10 ----


2) 33,000 = 

3) 12,000,000 = 



4) 124.5 = 

5) 5325 = 

For small numbers, the notation is the same if you remember that 0.1 (one tenth) is 1/10 or 10-1. One one hundredth is 0.01 or 1/100 which is also 10-2. 

6) 0.021 = 2.1 x 10-----



7) 0.0000032 = 

8) 0.000103 = 




9) 0.0021 = 

10) 21.30 = 
Extending Scientific Notation
In the early 1400's, John Napier started to look at scientific notation more closely. He reasoned that if 100 was 1 and if 101 was 10, then there should be another way to represent 2 rather than 2 x 100. After much work, he found that 2 was indeed equal to 100.3010. It had a certain elegance. Following through, he found that 3 was 100.4771 and so forth. Table 1 shows the numbers he came up with. 

 Table 1 Number = 10 Exponent
	Number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Exponent 
	0
	.3010
	.4771
	.6021 
	6990
	.7781
	.8451
	.9031 
	.9542
	1


When he came to 6 = 100.7781, he noticed something else. He knew that 2 times 3 was 6, and what he noticed was that if he added 0.3010 and 0.4771, he got 0.7781, the exponent that corresponded to 6. Working further, and extending his table he found that it always worked - if you want to multiply two numbers together, find their exponents, add them together and find the exponent which corresponds to the sum. Now we call them [image: image1.png]His example

Log 2=0.3010
+Log 3=04771
Logz=0.7781

Then looking it up in the table, x




logarithms; the math equation is simply Log 2 = 0.3010. 

Problem 1 (in-class) - Use Table 1 to calculate 2 x 4. Show your addition. 
In the days when electronic calculators were not even dreamed of, this was great news. While most aristocrats were barely able to add and subtract and multiplication was like cleaning stables, using tables to do multiplication and long division of big numbers was something else. So he worked out a table of these exponents and called them logarithms. And, simply by looking up the logarithms of both numbers, subtracting the logs, and then working backward across the table, anyone could perform a long division much easier than doing it the "old fashion way." 

Problem 2 (in class) - Divide 8 by 2 using Table 1. Show your subtraction. 
Later, other people discovered the other rules of logarithms and learned how to take a number to the seventh power and take the ninth root of a number using Napier's tables. 

Problem 3 (in class) - Three squared is 9. Show how to square a number using Table 1. 
It's a pity that most math teachers don't teach logarithms any more, because they are used in the description of the intensity of sound, earthquake magnitudes, and astronomy (in the magnitude of stars). In all three cases, the exponent relates to the amount of energy or intensity to the apparent effect on ears, balance, and eyes. 

These days, logarithms are used in algebraic expressions because they can often be used to simplify a complicated relationship. In astronomy, the eyes response to light is marvelously complicated. On a dark clear night, the healthy eye can see a lit match 20 miles away. It can see the smallest bit of light (one photon) that exists, and it functions well in bright daylight. That's a tremendous range to operate in. 

The ancient Greeks recognized this but did not have the tools to do anything with it. Hipparicus was the first to write down a scheme for classifying the stars by brightness in six categories. He used the idea that the bigger the number, the more difficult to see – sort of a ‘ranking’ system.  Something in 1st place (with magnitude of 1) was brighter than something in 4th place (with a magnitude of 4). 

To a navigator traveling in unfamiliar waters, say sailing south from the Netherlands, having information on the magnitude of stars meant a better ability to identify constellations and hence chart a safe course. 

Only in the last 30 years has electronic navigation displaced stars as the primary means of charting safe courses. But power systems aboard ships and planes have been known to fail, often at the most inconvenient times. Thus, Hipparcus' system is still useful, a powerful tool over two millennia of human efforts. 

Table 2 is a practical chart which can enable you to estimate the magnitude of stars in the magnitude zero to six range. 
Table 2 - Appearance of the stars of various magnitudes
0 - Extremely bright stars such as Rigel in Orion and Vega in Lyra. 

1 - Very bright stars standing out among their neighbors. There are only 21 such stars in the whole sky and all have names. 

2 - Moderately bright stars such as Polaris and the stars of the Big Dipper. 

3 - Fainter stars, but still easy to see if there is some mist or air pollution about. 

4 - Fainter still, concealed by mist or moonlight. 

5 - Too faint to be seen when the sky is not really dark and clear. Typically seen in rural areas. 

6 - The faintest stars visible to the naked eye under good seeing conditions mile away from lights. 

Actually, the total range goes from -26.8 for our sun, on a clear day, to over +30 for the faintest object using the Hubble Space Telescope. 

The biggest problem with this scale occurs when we use photocells and other electronic means to measure stars. A star of magnitude 0 registers about 100 times more light than a star of magnitude 6. If we use the letter I to mean the intensity of light measured by a photocell, and M to represent the magnitude of the star as perceived by the human eye, the equation which relates the two is: 

M = -2.5 Log I. 

This is only one of many areas in astronomy where logs become useful. In a minute you are going to try calculating a couple of magnitudes. Of all the stars in the sky, the brightest stars, skipping the Sun (mag -26.8) and Sirius (mag -1.4), appear extremely bright (Vega is one). Assign an intensity of one to these stars. Whipping out your calculator you enter 1, press Log and the result is 0.0000. You could multiply by 2.5 and then change the sign to get the magnitude (still zero). So there are a number of stars that have a legitimate magnitude of 0. 

Problem 4 - The intensities of some of the stars are regularly measured with photocells. Table 3 contains some of the values which have been obtained from these measurements. Use the values of intensity in the table and a calculator with a Log function to calculate the observed magnitudes of these stars and enter them in the table. 
Table 3 Intensities and Magnitudes of Selected Stars 

	Star
	Intensity
	Magnitude 

	Spica
	.433
	.91

	Antares
	.428
	 

	Regulus
	.286
	 

	Procyon
	.71
	 

	61 Cygnus
	8.32 x 10-3
	 

	Kruger 60A
	1.58 x 10-4
	 

	Wolf 359
	3.98 x 10-6
	 


Graphing - A Sometimes Forgotten Art
After laying off math for a number of years, some students have trouble reading and constructing graphs. Maybe a short vacation is enough to do it. So let's try some graphs. 

"Why?", I hear you ask. 

Well, graphs are often the easiest way to get some information across. Even the Wall Street Journal, bastion of the dollar sign, digit and fraction, finds that a graph on the front page helps to rapidly get across some points. They do it every day and find it helps sell the paper. 

The first thing to remember is that you will be dealing with two dimensional graphs. What this means is that you will have an X axis, a horizontal line, and a Y axis, a vertical line. The second thing to remember is that the tick marks of an axis should be the same distance apart for normal graphs. We'll deal with abnormal graphs later. For now, make the ticks equal in spacing. Each increment, that is space between ticks, should represent an equal change in the numbers being plotted. I know this might be elementary, but if you haven't used it in the last few years, you might have forgotten. 

Now we will fill in the data columns in Table 4 so that we can graph them. The data are heights and weights of the people in this room. Later on, we'll look at a very similar problem relating the temperature, mass, diameter and energy output of a population of stars, so this height-to-weight problem is good practice.  Putting your pride aside, fill in the truthful values for the heights and weights of everyone.  Just to make you comfortable, I have included my own, as well as my son’s data.
PRELAB WARMUP QUESTION:  What relationship do you EXPECT between height and weight? 
Table 4 - Weight Versus Height of People in this Room
	Height (inches)
	Weight (pounds) 

	63
	125

	50
	60

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Plot these data on a sheet of regular graph paper. Draw your graph using a connect-the-dots approach. Then draw a smooth (average) curve through the points. 

Question:      Suppose you were an Alpha Centaurian and you received a fax from your contemporaries on Earth with your graph on it. Assuming you could read graphs and understand English, what weight would you expect your blind date from Earth to have if she (or he) were 66 inches tall? 

 

Elementary Number Relationships
In astronomy, there are a couple of equations which are favorites, and should be reviewed. 

The first is the inverse relationship. Simply stated, it is: If A is inversely related to B, when A gets larger, B gets smaller.  For example:  The angle of the sun above the horizon is inversely related to the length of your shadow.  The higher the sun is, the shorter your shadow is.  The closer the sun appears to the horizon, the longer your shadow is.

PRE-LAB WARMUP QUESTION:  Give an everyday example (using words, not equations) of an inverse relationship.
In class we will work together to complete the calculations in Table 5. 

                                Table 5 

	X
	1
	2
	3
	4
	5
	6
	7
	½
	1/3
	1/4

	Y = 1/x 
	1/1
	½
	1/3
	 
	 
	 
	 
	2
	3
	 

	Y (decimal)
	1
	 0.5
	0.33
	 
	 
	 
	 
	2
	 
	 


Now, with your lab partner, plot the values on a graph. As a suggestion, mark every fourth tick on each axis. Beginning at the horizontal (or X) axis, label the first mark 1, the second mark 2, and so forth. Do the same for the vertical (or Y) axis. 

Question  - What happens to Y when X gets very large? 

Question  - What happens to Y when X gets very small? 

The Inverse Square Law is also important to review. It is used in the way we measure the light output of stars and the idea of gravitation, so let's begin by filling in Table 6. 

                                Table 6 

	X
	1
	2
	3
	4
	5
	6
	7
	½
	1/3
	1/4

	Y = 1/(x2) 
	1/1
	¼
	1/9
	1/16
	 
	 
	 
	4
	9
	 

	Y (decimal)
	1
	 0.25
	0.11
	 
	 
	 
	 
	4
	 
	 


Now plot the graph as you did before, or plot it on the same set of axes in a different color or using a dashed line. Draw a smooth curve through the points. 

Question - What happens to Y when the distance (X) is very small, near zero? 

Question - What happens to Y when the distance (X) is very large near infinity?
































































