CALCULATOR LAB

Astronomy 1010 Worksheet Lab
Name ____________________________
       Class-Section _________________
I.  Significant Figures:

How many significant digits are in each of the following numbers?


  1.  9.3 x 107 mi
__________


  2.  1027.4 mm
__________


  3.  0.0007 s

__________


  4.  1200 AU

__________


  5.  50022.7 kpc
__________

 II.  Scientific Notation:

Express the numbers in section I as scientific notation, except for number one.  Express number one in regular notation.  Also, any numbers that have more than 3 sig. figures, round off to 3 significant figures.


  6.  9.3 x 107 mi
______________


  7.  1027.4 mm
______________


  8.  0.0007 s

______________


  9.  1200 AU

______________


10.  50022.7 kpc
______________

III.  Units and Conversions:

Using the list of conversion factors at the right, convert the following to the indicated unit.


11.  1.0 y to s

_____________

1 pc = 3.26 ly




12.  4.3 ly to pc
_____________

1 pc = 206264.8 AU


13.  10.0 AU to mi
_____________

2( radian = 360o
(( = 3.1416)


14.  0.5o to arcmin
_____________

1o = 60 arcmin


15.  0.5o to radians
_____________

1 arcmin = 60 arcsec










1 d = 24 h









1 h = 3600 s








1 y = 365 d











1 AU = 9.3 x 107 mi

IV.  Angular Measurements and the Small Angle Equation:

 Convert the following angular measurements:


16.  2.0o to radians

_____________ 


17.  ( radians to degrees
_____________
 (( = 3.1416)


18.  1.0o to arcsecs

_____________


 Small angle equation:

( = angular diameter measured in arcseconds                          d = linear diameter
D = distance to the object              206265 = conversion factor (arcsec per radian)
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19.  Using the small angle equation, find the distance to the Moon given its angular diameter in arcsecs and its linear diameter in km:

Moon:  ( = 1800 arcsec, d = 3476 km

20.  Using the small angle equation, find the linear diameter of the Sun given its angular diameter in arcsecs and its distance in km:

Sun:   ( = 1800 arcsec, D = 1.5 x 108 km

  V.  Calculators:

 Perform the following functions on your calculator:


 21.  Find the square of 56.0 km.  __________


 22.  Find the cube root of 100.  __________


 23.  Add 1.2 x 1012 + 38.2 x 1011 with your calculator, input the numbers in


 scientific notation and report the result in scientific notation. 


 ___________________

            24.  Find the circumference of a circle of radius 5.0 m.


        (Remember: C = 2(r, where C = circumference, r = radius)
___________________

 25.  Find log10 of 256.  (Round to 3 sig. figures.) 

____________________
DR. JONES’ HANDY-DANDY GUIDE TO “MEASUREMENT UNCERTAINTY”, SIGNIFICANT DIGITS AND SCIENTIFIC NOTATION
I. Significant Digits
A. Purpose of significant digits:  
The rules defining significant digits and how to use them to determine the number of significant digits in the result of a calculation are intended as a simple way of estimating the precision to which a calculation result can be written.  When scientists publish a paper with quantitative results, they must use the more complex technique of error propagation analysis to determine the final precision of their results so that other scientists can judge the validity of their conclusions which are based on the quantitative results.  
For example, the IAU (International Astronomical Union) recently “demoted” Pluto from “Planet” to “Dwarf Planet” partially based on the radius measurement of a recently discovered Kuiper Belt object now named Eris.  Eris was found to have a radius of 1,300 km (+200 km, -100 km).  [Stansberry et. al., 2007]1  The numbers in parenthesizes indicate that the determined radius is almost certain to be between 1,200 km and 1,500 km.  Pluto has a radius determined to be 1,145 km (+46, -46), or between 1,099 km and 1,190 km.  [Tholen, et. al., 1987]2  If the error range of Eris’ radius had been much larger, it may not have been possible to reliably conclude that it was larger than Pluto and Pluto might still be considered a “Planet”.
1John Stansberry, Will Grundy, Mike Brown, John Spencer, David Trilling, Dale Cruikshank, Jean-Luc Margot (2007). Physical Properties of Kuiper Belt and Centaur Objects: Constraints from Spitzer Space Telescope. University of Arizona, Lowell Observatory, California Institute of Technology, NASA Ames Research Center, Southwest Research Institute, Cornell University.
2D. J. Tholen, M. W. Buie, R. P. Binzel, M. L. Frueh (1987). "Improved Orbital and Physical Parameters for the Pluto-Charon System". Science 237 (4814): 512–514.

For the purposes of the introductory astronomy labs, we use the concept of significant digits to understand that we can’t report our results, derived from listed or observed measurements, to the large number of decimal places typically displayed on our calculators.  In upcoming labs if you are in doubt to what degree to round off your results, please ask your lab instructor.  While we don’t expect you to strictly use the rules of significant figures in the labs, you may get penalized for blindly recording your results to the limit of the decimal places displayed on your calculator.
B. How to tell significant digits from lowly, wimpy, insignificant digits:  

Rule 1:
The right-most digits in a given number are less significant.
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Rule 2:
All non-zero digits are significant.
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Rule 3:
All zeros “on the ends” (right or left) are NOT significant.
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Exception:  Sometimes a number will be written with an explicit decimal point.  This usually means the number was measured accurately to whatever decimal point it is written.  In this case, zeros on the right end may be considered significant.  (example:  The number 2.00 implies 3 significant digits.)
Rule 4:
Zeros in between non-zero digits ARE significant digits.
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C. How to determine the number of significant digits a number you calculate should have:  
Rule for Multiplication/Division:  The resulting answer of the multiplication or division should have as many significant digits as the number with the least number of significant digits that was used in the calculation.

2 x 1236.7842 = 2473.5684

In the example above, the number 2 has 1 significant digit and the number 1236.7842 has 8 significant digits.  The resulting number 2473.5684 should be rounded to 1 significant digit.

2473.5684 rounded to 1 significant digit is: 2000

Rule for Adding/Subtracting:  The resulting answer of the addition or subtraction should have as many decimal places to the right of the decimal point as the number with the least number of decimal places to the right of the decimal point that was used in the calculation. 

1000.2 + 1.431 + 27.22 = 1028.851

In the example above, the number 1000.2 has 1 digit to the right of the decimal, the number 1.431 has 3 digits to the right of the decimal, and the number 27.22 has 2 digits to the right of the decimal.  The resulting number should be rounded to 1 digit to the right of the decimal.

1028.851 rounded to 1 digits to the right of the decimal is:  1028.9

Note:  Not all authorities use this addition/subtraction rule.  Remember, these rules are just “rules of thumb” for rounding the numbers you calculate with your calculators to reasonable numbers of digits.
II. Scientific Notation

A. The purpose for writing numbers in scientific notation:  
In science in general and in astronomy and astrophysics in particular, there are many very large or very small decimal numbers used in describing the universe and its constituent parts.  Scientific notation is a convenient and succinct way to express these types of numbers.  It is also easier to manually multiply or divide these very large or small numbers if they are expressed in scientific notation.  You will see many numbers in the textbook, the lecture outline, exams, and labs expressed in scientific notation and you will need at least a minimal understanding of this format to correctly interpret the objects or events described by those numbers.
B. The “form” of a number written in scientific notation:
A number written in scientific notation is expressed as a “decimal part”, a number greater than or equal to 1 and less than 10, multiplied by a “power of ten” part, 10 raised to some positive or negative integer power.  In scientific notation the number of digits in the “decimal part”, no matter if they are non-zero or zeros on the right end, defines the number of significant digits of the number.

1.3200 x 109

In the example above, the “decimal part” is a number greater than or equal to 1 and less than 10 and would be defined to have 5 significant digits.  The “power of ten” part determines how large or small the number is.  In the example above, 109 is equivalent to 10x10x10x10x10x10x10x10x10 = 1000000000 = “one billion”.

Examples:  103 = 10x10x10 = 1000
                   104 = 10x10x10x10 = 10000

                   10-3= 1/10 x 1/10 x 1/10 = 0.001
                   10-4= 1/10 x 1/10 x 1/10 x 1/10  = 0.0001
C. The “recipe” for changing numbers written in regular notation into scientific notation:

1.
Move the decimal point either right or left, so that you have a number equal to or greater than 1 and less than 10.
2.
If you moved the decimal point to the left, multiply the “decimal part” by the positive power of ten that equals the number of spaces you moved the decimal point to the left.

3.
If you moved the decimal point to the right, multiply the “decimal part” by the negative power of ten that equals the number of spaces you moved the decimal point to the right.

Examples:  2,450,000





                   2.450000 x 106 = 2.45 x 106


                   0.0000126

                   00001.26 x 10-5 = 1.26 x 10-5
D. How to multiply/divide numbers written in scientific notation:
1.
Multiply/divide the “decimal part” of the numbers, then multiply/divide the “power of ten” part using the easy rules for multiplying/dividing powers of ten.  When multiplying powers of ten:  just add the exponents – dividing powers of ten:  just subtract the exponents. 
(Example:  10x x 10y = 10x+y; 10x / 10y = 10x-y)
2.
Now use the “recipe” in C above to put the resulting number into standard scientific notation with the “decimal part” equal to or greater than 1 and less than 10.

Example:  (5.2 x 104)(2.9 x 109) = (5.2 x 2.9) x (104 x 109)
   (1.1 x 102)

    (1.1)
   (102)




     = 13.7090909 x 104+9-2




     = 13.7090909 x 1011
     = 1.4 x 1012
E. How to add/subtract numbers written in scientific notation:
1.
Change all the “power of ten” parts to have the same power of ten and use the “recipe” in C above to change the “decimal parts” accordingly.  Some of the numbers will not be in standard scientific notation because the “decimal part” will no longer be a number greater than or equal to 1 and less than 10.
2.
Add/subtract all the “decimal parts” and multiply by the common “power of ten” part to get the result in non-standard scientific notation.  Use the “recipe” in C above to change the result to standard scientific notation.
Example:  (5.2 x 104) + (2.9 x 109) - (1.1 x 102) 

   = (520 x 102) + (29000000 x 102) - (1.1 x 102)




   = (520 + 29000000 - 1.1) x 102 

    

   = 29000518.9 x 102

   = 2.90005189 x 102+7

   = 2.90005189 x 109
Extra note:  There is a separate issue in this example regarding how much the result should be rounded off.  The regular significant digit “rules of thumb” don’t really apply, but the “spirit” of the rules might indicate that the result should be rounded off to the largest “measurement error” or “measurement uncertainty” found in the numbers that were added or subtracted.  In the example above this would be the number 2.9 x 109 because the format and rules of scientific notation would indicate that this number is only good to the nearest 108 (one hundredth millionth) place.  This reasoning gives a final rounded result to the above example of:

   = 2.9 x 109
This makes sense in the fact that it shows that adding or subtracting numbers that are relatively very small to a relatively very large number, doesn’t change the very large number’s value significantly compared to its “measurement uncertainty”. 
TABLE OF METRIC PREFIXES




Value



Name


Symbol

1 000 000 000 000 000 000 000 000 = 1024 
yotta
Y

       1 000 000 000 000 000 000 000 = 1021
zetta
Z

              1 000 000 000 000 000 000 = 1018
exa
E

                     1 000 000 000 000 000 = 1015
peta
P

                            1 000 000 000 000 = 1012
tera
T

                                   1 000 000 000 = 109
giga
G

                                          1 000 000 = 106
mega
M

                                                 1 000 = 103
kilo
k

                                                    100 = 102
hecto
h

                                                      10 = 101
deka
da
                                                        1 = 100



                                                     0.1 = 10-1
deci
d
                                                   0.01 = 10-2
centi
c

                                                 0.001 = 10-3
milli
m

                                          0.000 001 = 10-6
micro

                                   0.000 000 001 = 10-9
nano
n

                            0.000 000 000 001 = 10-12
pico
p

                     0.000 000 000 000 001 = 10-15
femto
f

              0.000 000 000 000 000 001 = 10-18
atto
a


       0.000 000 000 000 000 000 001 = 10-21
zepto
z

0.000 000 000 000 000 000 000 001 = 10-24 
yocto
y
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