Ways of Knowing Science-ILS 153

Homework 1: Scientific notation & 

Scale Model of the Solar System
September 10, 2009: Due September 17, 2009

Name: _____________________________

The goal of the homework is to make a scale model of the solar system.  Scientists are always making scale models of things, because you can understand it much better if you can “see” it.  Because the solar system is so huge, it requires large numbers.  The tool we are going to use is scientific notation.

For this class, we guarantee you will not get a bad grade if you are “bad at math”. However, you may get a worse grade than you deserve if you have a bad attitude about doing a small amount of math.  There is no doubt that we all need to understand a small amount of math to do well financially, personally, professionally, etc., and we hope to play a small role in preparing you for this task.  

Math as the language of Science:

The following quote by Galileo is a good explanation of why we are developing some math skills in the context of this science class:

Philosophy is written in this grand book the universe.  But the book cannot be understood unless one first learns to comprehend the language and to read the alphabet in which it is composed. It is written in the language of mathematics, and its characters are triangles, circles, and other geometric figures, without which it is humanly impossible to understand a single word of it.









-Galileo
Because of this sentiment, math is often called “the language of science”.  Many scientists did not like math in school, often because it was taught in terms of abstract concepts, rather than in terms of observable phenomenon.  The point is that there is nothing to be afraid of, it just requires following some simple rules.  While some scientists use mathematics often, other scientists use it rarely.  

Scientific Notation
All numbers can be written in the form: N.NNN x 10±N In this case, N is any integer (0-9).  Any number between 1 and 10 is just written as the number multiplied by 1 (100). (For those who have forgotten, any number raised to a zero power is 1).  So, for example, 3.141 is written as 3.141 x 100 (which seems sort of stupid but just wait a little).  Give these two examples a try:

4.2 =____________________________________________

5.624 =____________________________________________

Powers of ten

For all numbers that are not between 1 and 10, we have to understand powers of 10.  For any number that is a superscript, it just means that the number is 10 multiplied by itself that many times.  So, 101 = 10 = 10, 102 = 10 x 10 = 100, and 105 = 10 x 10 x 10 x 10 x 10  = 100,000.  Because of the way 10 multiplies, it also means that 10N is just the number of zeros behind the “1”.

For any number less than 1, we use negative exponents on the 10.  All negative exponents mean is that the number is the inverse (one divided by the number) of the positive exponent.  If that last sentence made no sense, here are three examples of what it means mathematically:

10-1 = 1/ 10 = 0.1

10-2 = 1/(10 x 10)  = 1/100 = 0.01

10-5 = 1/(10 x 10 x 10 x 10 x 10)  = 1/100,000 = 0.00001

We’ll start with a few simple examples. For numbers between 10 and 100, numbers are written as N.NNN x 101. For example, the number 76 becomes 7.600 x 101.  All that is saying is that 76 can be considered as 7.6 multiplied by 10 (101).  For numbers between 0 and 1, numbers are written as N.NNN x 10-1.  For example, the number 0.5432 becomes 5.432 x 10-1.  So,  0.5432 equals 5.432 multiplied by 0.1 (10-1). 

Here are some warm-up exercises: Write out the number is scientific notation with four significant figures (that just means, don’t write more than four integers in the first part).

0.123 =___________________________________________

67.4 = ____________________________________________

10.23=____________________________________________

0.9989=___________________________________________

Very large numbers

Where scientific notation is very useful is when you are dealing with very large or very small numbers.  In this case, it becomes quite easy to calculate it a different way.  Basically, whenever you are looking at a big number, all you do is count the number of decimal places that are after the first number, and raise the number to that power.  Here is an example for the awkward number 786,200,000,000,000. 

Step 1: Count how many decimal places are after the “7”.  In this case there are 14.  

Step 2: Write down the first four numbers (significant figures).  In this case, it is 7.862.

Step 3:  Multiply the number from step 2 by 10, raised to the number of decimal places (14) determined in step 1.  

Voila, the number is 7.862 x 1014.

Now, try this technique on these numbers:

Average distance, in miles, from the Sun to Mercury: 35,300,000

Average distance, in miles, from the Sun to Uranus: 2,743,170,000


Now, looking at the last two numbers, is Uranus or Mercury closer to the Sun?  Using the scientific notation, how can you tell that?  

________________________________________________________________________

________________________________________________________________________

65,000,000 (number of years ago when dinosaurs went extinct): ____________________

4,600,000,000 (number of years old that the Earth is): ____________________________

Very small numbers
If a number is very small, count the number of decimal places – starting at the point after zero – until you move to the right of the first integer.  Here is an example for the awkward number 0.0000002345. 

Step 1: Count how many decimal places from the point (period) until after the “2”.  In this case there are 7.  

Step 2: Write down the first four numbers (significant figures).  In this case, it is 2.345.

Step 3:  Multiple the number from step 2 by 10, raised to the negative number of decimal places (7) determined in step 1.  

Voila, the number is 2.345 x 10-7.

Now, try this technique on these numbers:

.0000000001=________________________________________________________

0.0000002345 =________________________________________________________

0.000000000000000000000000000000000000000000000000000005637

=________________________________________________________

Of these three numbers, which is the smallest? ______________________________

How can you identify very small numbers in scientific notation?

________________________________________________________________________

________________________________________________________________________

At this point, hopefully you can appreciate why you would want to bother with scientific notation.

More practice:
It is said to really know something, you have to be able to do it multiple ways.  So, take the following scientific notation numbers and put them into “normal” numbers.

2.234 x 107 =___________________________________________

4.725 x 102 =___________________________________________

1.999 x 103 =___________________________________________

4.098 x 10-2 =___________________________________________

6.121 x 10-23 =___________________________________________

9.999 x 10-7 =___________________________________________

A couple of important concepts:

1. Significant figures.  This is just the number of integers used in scientific notation.  We will try to consistently use four significant figures.  The more significant figures are used, the better the precision (but not accuracy) of the number.

2. Multiplying.  When you have two numbers in scientific notation, it becomes very easy to do.  You must first break the process into 2 parts.  First, multiply the numbers in the first part of the scientific notation.  Second, add the exponents (on the 10) together.  Then, make minor adjustments if the first part has gone above 10.

For example, 2 x 103 multiplied by 2 x 103.  2 x 2 = 4 and 3+3 = 6.  So, 2 x 103 times 2 x 103 = 4 x 106.  Another example is 5 x 107 multiplied by 4 x 10-3. 5 x 4 = 20 and 7-3 = 4.  So, the answer would be 20 x 104, except that is not in proper scientific notation.  Because 20 is too large, we know we can write it as 2 x 101.  So, you can 1) either just add to the power exponent 4 (=104+1=105) or 2) Think of the answer as  2 x 101 multiplied by 104, which is 2 x 105.  

One last example: Consider s 5 x 10-8 multiplied by 6 x 10-7. 5 x 6 = 30 and -8-7 = -15.  So, the answer would be 30 x 10-15, except that the number is again not in proper scientific notation.  So, we write it as 3.000 x 10-14 , by again adding 1 to the power exponent. 

So, try doing the following multiplication:

(2 x 104 ) (3 x 102 ) =___________________________________________

(7 x 104 )( 3 x 10-2 =___________________________________________

(2.234 x 107)( 4.725 x 102  )=___________________________________________

(4.725 x 102 )( 4.098 x 10-2 )=___________________________________________

(6.121 x 10-23 )( 9.999 x 10-7 )=___________________________________________

3. Division.  Division of numbers in scientific notation is similar to multiplication, because one first breaks the process into 2 parts.  First, divide the numbers in the first part of the scientific notation.  Second, subtract the second exponent (on the 10) from the first. Then, make minor adjustments if the first part has gone below 1.

For example, 2 x 103 divided by 2 x 103.  2 / 2 = 1 and 3-3 = 0.  So, the answer is 1 x 100 = 1 (which happens anytime you divide a number by itself).  Another example is 5 x 107 multiplied by 4 x 10-3. 5 / 4 = 1.25 and 7-(-3) = 10.  So, the answer is 1.25 x 1010. 

One last example: Consider s 1 x 10-8 divided by 2 x 10-7. 1 / 2 = 0.5 and -8-(-7) = -1.  So, the answer would be 0.5 x 10-1, except that the number is again not in proper scientific notation.  So, we write it as 5.000 x 10-0  (=0.5), by again adding 1 to the power exponent. 

So, try doing the following division:

4 x 108 / 2 x 106 =___________________________________________

2 x 10-5 / 4 x 10-3  =___________________________________________

4.725 x 102 / 4.098 x 10-2 =___________________________________________

2.234 x 107 / 4.725 x 102  =___________________________________________

6.121 x 10-23 / 9.999 x 10-7 =___________________________________________

The Solar System, finally
STOP!  You can go ahead, but we are going to do part of this exercise in groups in class.  So, you’ll be better off waiting until after the Tuesday class.

If you looked up the solar system in a book or on the Internet, you’d find the distances in scientific notation.  Here is the information that you are going to need.

Planet


Distance to Sun (meters)

Diameter (meters)

Mercury

5.79 x 1010



4.88 x 106  

Venus


1.08 x 1011



1.21 x 107
Earth


1.49 x1011



1.28 x 107
Mars


2.27 x1011



6.79 x 106
Jupiter


7.78 x1011



1.43 x 108
Saturn


1.14 x1012



1.20 x 108
Uranus


2.87 x1012



5.18 x 107
Neptune

4.50 x1012



4.95 x 107
The diameter of the sun is 1.39 x 109 m.

(For the record, Pluto was recently demoted from a planet status to a dwarf planet).

Part 1: Your first task is to calculate the scale of our solar system model.

As with most questions you would like to answer, the hardest part is setting up the problem.  Getting an answer, once the math is in place, is usually not that difficult.  So, here is how we are going to go about setting up the problem.

Scale is defined as the distance in reality divided by the distance across the model (or map).  In equation form, this is:

Distance on map (or across model)


Scale =   _______________________________________





Distance in reality

1. What is the farthest planet from the Sun?  _____________________

2. What is its distance from the Sun?  _____________________

3. What is the distance across the page where you are going to draw the model (i.e., the distance across the map)?

4.  Now, solve for the scale of the model.  It is always worth writing out what you are doing, because it stops you from making mistakes.  Write your answer here.   

    Distance on map

Scale = _______________  =  ______________________ = 

  Distance in reality

Part 2: Now, to calculate any distance (such as, where any specific planet is), you can just divide the distance of the planet by the scale.  Let’s use Mercury as an example.  Take the distance for Mercury, multiply it by the scale, and you’ll get the answer:

Mathemmatically, you have scale from the above calculation and you know the distance in reality.  So, first rearrange the terms in the equation

    
    Distance on map

Scale (known) = _______________   

( which is exactly equal to…

  Distance in reality (known)

Distance in map = Scale (known) * Distance in reality (known)

So, Mercury (in distance on map) = scale * distance in reality = some number

Double-check this to make sure that it is right (and that you are doing the calculation correctly).  Use your knowledge from class as well.

Complete the rest of the assignment for the remaining planets. 

Finally, calculate how large the sun and planets (using the diameter information) are using the same scale factor.  It will not be possible to plot them on the map, as they will be too small.

