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Learning Goals 

In this lab, students will  

• Learn about the metric system 
• Learn about the units used in science and astronomy 
• Learn about the units used to measure angles 
• Learn the two sky coordinate systems used by astronomers 
• Learn how to perform unit conversions 
• Learn how to use a spreadsheet for repeated calculations 
• Measure lengths to collect data used in next week’s lab: Scienctific Measurement 

Materials 

• Calculator 
• Microsoft Excel 
• String as a crude length measurement tool 

 
Pre-lab Questions 

1. What is the celestial analog of latitude and longitude? 
2. What quantity do the following metric prefixes indicate: 

Giga-, Mega-, kilo-, centi-, milli-, µicro-, and nano? 
3. How many degrees is a Right Ascension “hour”;  

How many degrees are in an arcmin? Arcsec? 
4. Use the “train-track” method to convert 20 ft to inches. 

1. Background 
In any science class, including astronomy, there are important skills and concepts that 
students will need to use and understand before engaging in experiments and other lab 
exercises. A broad list of fundamental skills developed in today’s exercise includes: 

• Scientific units used throughout the international science community, as well as units 
specific to astronomy.  

• Unit conversion methods to convert between units for calculations, communication, 
and conceptualization. 

• Angular measurements and their use in astronomy. How they are measured, and the 
angular measurements specific to astronomy. This is important for astronomers 
coordinate systems, i.e., equatorial coordinates on the celestial sphere. 

• Familiarity with spreadsheet programs, such as Microsoft Excel, Google Sheets, or 
OpenOffice. Spreadsheets can organize large sets of calculations and are able to 
simplify  
repeated calculations. Many of our lab exercises require use of spreadsheets. 



 

2. Units and Conversions 
Science is an international effort, and all scientists must be able to share their work 
between collaborations. So, scientists everywhere strive to use the same units and systems 
of coordinates. A unit tells you what you are measuring (length, time, mass, etc.), and it is 
what gives a number meaning. In general, scientists use the metric system to describe 
measurable quantities. The metric system starts with base units of gram (g) for mass, meter 
(m) for length, and second (s) for time. By increasing or decreasing in powers of ten and 
combining base units, you can form all other metric units. The metric units defined by 
powers of ten are named using a prefix attached to the base unit. Examples of some of the 
most common named prefixes in the metric system are given in Table 1. 
Table 1. Metric System Prefixes 
Decimal Power of Ten Prefix (abbreviation) 

0.000000001 10-9 nano – (n) 
0.000001 10-6 micro- (µ) 

0.001 10-3 milli- (m) 
0.01 10-2 centi- (c) 

1 100  
1,000 103 kilo- (k) 

1,000,000 106 Mega- (M) 
1,000,000,000 109 Giga- (G) 

 
Table 1 shows that 1 centimeter (cm) is equal to 0.01 meters (m). 1 nanometer (nm) is 
equal to 10-9 m (0.000000001 m,) and 1 Megasecond (Ms) is equal to 106 m (1,000,000 
s). While the gram (g) is the base unit for mass, astronomy and physics often uses the 
kilogram (1 kg = 1000 g) as the starting unit for mass. The difference between the kilogram 
and the gram is a factor of 1,000, so be careful which unit you are using. 

It is frequently necessary to show measurements in units other than the ones measured in 
an experiment or given to you in a problem. Often, the formulas you will use in this 
astronomy lab are calculated using specific units. This is because many of the so-called 
universal constants and other coefficients have specific units for the value given to you. 
Recall that a number, like a coefficient in an equation, is just a number; it is the assignment 
of units that gives that number meaning. A typical example of this is you are given a time in 
years, and you need to use that time interval in seconds to calculate a planetary period 
using Kepler’s Third Law of Planetary Motion. A more complicated example of this is the 
universal gravitational constant, G (usually said “big Gee”), which is 6.67 x 10-11 N m2 kg-2, 
so you must use force units in Newtons, distance units in meters, and mass units in 
kilograms. To convert between the units you are given to units that you want, you need to 
use a conversion factor.  

A conversion factor is simply a statement that two amounts in different units are equal. For 
example, there are 12 eggs in a dozen eggs (12 eggs = 1 dozen eggs), there are 100 cm in 
one meter (100 cm = 1 m), and there are seven days in one week (7 days = 1 week). Using 
the 100 cm = 1 m conversion factor as an example, let us examine how you can arrange the 
conversion factor as a fraction equal to 1. 100 cm = 1 m can be written in fraction form with  
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. Note that both of these fractions are equal to 1 since they are the same 
amount of distance. To use a conversion factor, you can use what is called the “train tracks 
method” demonstrated below. You start with the given amount in the original units, apply 
your conversion factor in fraction form such that the denominator cancels out the original 
units, and simplify using arithmetic.  

 
  Conversion Factor   

Given Quantity in Original Unit Desired Unit = Converted Answer in  
  Original Unit  Desired Unit 

 
This conversion method requires that you arrange your conversion factor in fraction form 
such that the original units “cancel out.” Multiply the Given Quantity by the Conversion 
Factor in the correct fraction form, and you get a converted answer in your desired units. 
Four examples of this conversion are given below: 

 
17 Eggs 1 Dozen = 1.4 Dozen 

eggs 

 500 grams 1 kilogram = 0.5 
kilograms  12 Eggs   1000 

grams 
 
37.4 minutes 60 seconds = 2,224 s  2.94 miles 1.609 km = 4.73 km  1 minute   1 mi  

 
Often, multiple conversions need to be made to get to the desired unit. The method is the 
same, but it requires extra steps. You start with your original unit, multiply it by a first 
conversion factor to convert to a “linking’ unit, and then multiple again by a second version 
factor to go from the linking unit to the desired unit.  In this “chained conversion method,” 
the train-tracks method still works, but you add more “track.”  Examples are given below 
 
Chained Conversion Method  Example 

Orig. 
Unit 

Linking 
Unit 

Desired 
Unit  5000 

m 1 km 0.62 
mi =	

5000 ∗ 0.62	mi
1000

= 3.1	mi  Orig. Unit Linking Unit   1000 
m 1 km 

 
Chained Conversion Method -Multiple Links   
Original Unit Linking Unit 1 Linking Unit 

2 
Linking Unit 3 Desired Unit 

= 
Converted 
Answer in 

Desired Unit  Orig. Unit Linking Unit 
1 

Linking Unit 2 Linking Unit 
3 

 
Chained Conversion Method – 3 Links - Example 
1 yr 365.25 days 24 hours 60 min 60 sec 

= 3.16 x 107 seconds  1 yr 1 day  1 hour 1 min 

 



Astronomers deal with objects and distances at such vastly different scales than our normal, 
everyday human experience, that regular metric units can be difficult to use, even in 
scientific notation. For example, the Sun has a mass of 1.99 x 1030 kg, or written out, 
1,990,000,000,000,000,000,000,000,000,000 kg. Imagine having to type that into a 
calculator every time you needed to solve a problem involving the mass of the Sun! It would 
get very cumbersome, very quickly, and it would be prone to user input error. Instead, 
astronomers use natural astronomical units to describe certain quantities. 

• The mass of the Sun is defined to be 1 Solar Mass (MSun), and it is equal to 1.99 x 
1030 kg. 

• The distance that light travels in one year is called 1 light-year (ly), and it is equal to 
9.46 x 1015 m. 

• The average distance between the Earth and the Sun is defined to be 1 Astronomical 
Unit (AU), and it is equal to 1.5 x 1011 m. 

In fact, any natural, measurable quantity can be given its own unit. Further examples are 
MEarth for the mass of Earth, RJupiter for the radius of Jupiter, and so on. One RMoon would be 
the radius of the moon, which is 1.737 x 106 m. Table 2 summarizes some of the most 
commonly used natural astronomical units. 

Table 2. Astronomical Units 
Astronomical Unit Abbreviation Equivalent Unit(s) 
1 Astronomical Unit AU 1.50 x 1011 m 
1 light-year ly 9.46 x 1015 m 
1 parsec  pc 3.09 x 1016 m = 3.26 ly 
1 kiloparsec kpc 3.09 x 1019 m = 1,000 pc 
1 Solar Mass MSun 1.99 x 1030 kg 
1 Solar Radius RSun 6.96 x 108 m 
1 Solar Luminosity LSun 3.83 x 1026 W 
1 Earth Mass MEarth 5.97 x 1024 kg 
1 Earth Radius REarth 6.37 x 106 m 

 
A question on your mind at this point might be, “When should I use which units?” The first 
answer is the simplest: if the problem calls for certain units, convert to those units and use 
them throughout the problem. A slightly more complicated answer is that many astronomical 
formulae have been put together so that they only work out correctly when the quantities are 
given in specific units. For example, Kepler’s Third Law of Planetary Motion states that, for 
an object orbiting the Sun, the orbital period (P), in years, is equal to the average distance 
from the Sun (a) in Astronomical Units. As an equation, this is P2 = a3, where P must be in 
years and a must be in AU. Kepler’s Third Law will only give you a correct answer if the time 
is in Earth years, and the distance is in Astronomical Units.  

The final, and most complicated, answer to the above question is that the units used 
depend on what you are trying to describe. Here, the decision is left up to the person using 
the units, and they are chosen for ease of communication or description. If you want to 
discuss the mass of the other planets and objects in the solar system, you might refer to 
their masses in units of Earth Masses (MEarth). If you are describing the masses of other 
stars, you will want to use the units of Solar Masses (MSun). For distances between stars in a 
galaxy, the light-year (ly) or parsec (pc) are frequently used. For the incredibly vast distances 



between galaxies and the larger scale structure of the universe, the most frequently used 
unit is the kiloparsec (kpc), megaparsec (Mpc), or gigaparsec (Gpc). 

3. Angles and Coordinates 

3.1 Angular Measurements & Conversions 
There are several different units to measure angles. You are likely most familiar with 
degrees (°) and radians. There are 360°, or 2π radians, in a full circle. While these two units 
are sufficient for many applications, to measure extremely small angles, we need to go 
smaller than a single degree. Borrowing from time divisions, angular measurements called 
minutes and seconds of arc can be defined. For short, minutes of arc are called arc minutes 
(arcmin), and seconds of arc are called arc seconds (arcsec). There are 60 arcmin in 1°, 
and 60 arcsec in 1 arcmin. The notation is ° for degrees, ’ for arc minutes, and ” for arc 
seconds.  Using the conversion factor that 1 arcmin = 60 arcsec, you can see there at 3600 
arcsec per degree (equivalently, 1° = 60’ = 3600”).  

While radians are the general scientific unit of angle, astronomers have historically used 
degrees, arc minutes, and arc seconds. Spreadsheet programs (e.g., Microsoft Excel, 
OpenOffice, Google Sheets, etc.) have their default angular units set to radians. So, all 
calculations with angles in the spreadsheets used in this lab must first convert angles in 
degrees, arcmin, and arcsec to decimals of degrees, and then convert the degrees to 
radians. Without this conversion, the spreadsheet math will give you incorrect answers. 
Converting angles in degrees, arcmin, and arcsec to decimals of degrees uses the same 
method as any other unit. 

14 arcmin 1° 
= 0.23° 

 22 arcsec 1 arcmin 1° 
= 0.0061°  60 arcmin   60 arcsec 60 arcmin 

 

Consider the angular measurement 54° 14’ 22” (54 degrees, 14 arcmin, 22 arcsec). In 
practice, to get to decimal degrees, it is easiest to convert the arcmin to decimal degrees 
and then the arcsec to decimal degrees and add everything together. For example, using the 
above conversions of 14 arcmin and 22 arcsec, the angular measurement 54° 14’ 22” is 
equal to.  54 + 0.23 + 0.0061 = 54.2361°. 

Now the degrees need to be converted to radians using the conversion factor 360° = 2π 
radians. Before tackling 54.2361° to radians, let’s start with the simple example of 45° to 
radians. 

45° 2π radians 
= 0.785 radians = π/4 radians 

 360° 

 

Using this exact same method, let’s convert the 54.2361° to radians. 

54.2361° 2π radians 
= 0.947 radians 

 360° 



The 0.947 radians is the value you put into your spreadsheet when working with angles and 
trigonometric functions. 

3.2 Equatorial Coordinates 
A useful imaginary construct in astronomy is the celestial sphere. This is an imaginary 
sphere of arbitrary radius with Earth at the center. All objects, mostly stars, in an observer’s 
sky can be thought of as projected upon the inside of the celestial sphere. In fact, given the 
enormous distance to the stars and no reference background, this is a good way to describe 
how the sky appears from Earth. For astronomers, the celestial sphere is a practical tool 
allowing them to plot the positions of the objects on the sky. This, however, requires a way to 
create a grid of coordinates that works on a sphere. Figure 1 provides an image of the 
celestial sphere. 

 
Figure 1. The celestial sphere with the equatorial coordinate system. Lines of right ascension 
and declination are drawn. The red line is the ecliptic, which is the path the Sun takes around 
the celestial sphere over the period of one year. Lines of declination, analagous to Earth’s 
latitude, move north and south on celestial sphere. Lines of right ascension, analgous to Earth’s 
longitude, move around the celestial sphere. Image licensed under the Creative Commons 
Attribution-Share Alike 3.0 Unported license, created by author Tfr000. 

To specify a unique location on Earth, we use the coordinates longitude and latitude. The 
lines of longitude and latitude create a grid for a sphere. Why not borrow this idea and put it 
on the celestial sphere? If you extend these lines to project on the celestial sphere, the lines 
of longitude become lines of right ascension (RA), and the lines of latitude become lines of 
declination (Dec). The Right Ascension and Declination coordinate system is called the 
equatorial coordinate system. Every RA and Dec location on the celestial sphere is fixed, so 
that even as the Earth rotates under the stars, the celestial objects keep the same RA and 
Dec coordinates. 

Declination is measured in degrees North or South of the Celestial Equator, which is a 
projection of Earth’s Equator (latitude = 0°) onto the celestial sphere. So any point on the 
Celestial Equator is at 0° declination. The North Celestial Pole is at +90° Dec and the South 



Celestial Pole is at -90° Dec. Here + and – are used for North and South, respectively. 
Declination is typically given in number of degrees, arcmin, and arcsec. 

Right ascension is measured in a different set of angular measurements of “hours” (h), 
“minutes” (m), and “seconds” (s). These are not to be confused with arc minutes (’) and arc 
seconds (”). The reason for these rather unique units is because RA is in the orientation of 
Earth’s rotation, and so in a full 24 hours, an Earth observer will circle under all 24 hours of 
right ascension. Since there are 360° in a circle and 24 hours in a day, 1 “hour” of right 
ascension is equivalent to 360°/24 “hours” = 15° per “hour”. There would then be 60 
“minutes” in one “hour”, and 60 “seconds” in one “minute.” The units are denoted as 
superscript h, m, and s. In Earth’s longitude, the Prime Meridian (longitude = 0°) is 
arbitrarily set to be the line of longitude that passes through the city of Greenwich, England. 
Similarly, but less arbitrarily, the zero line for right ascension is set to be the line that goes 
through the North Celestial Pole, the location of the Sun at the instance of the vernal 
equinox, and the South Celestial Pole. Right ascension then increases form 0h to 24h 
eastward from the celestial meridian. 
A note on the strange h, m, s RA angular measurements: 
The unique units of RA can get confusing very quickly. In converting RA into decimal degrees, 
it recommended that you first convert to decimal “hours” and then use 15°/“hour” to 
convert to decimal hours. An example using the RA of the star Deneb at RA = 20h 41m 26s is 
given. 

Step 1: Convert to decimal “hours” 

41m 1h 

= 0.683h 
 26s 1m 1h 

= 0.007h 

 60m   60s 60m 

Step 2: Add to get decimal “hours” 

20h + 0.683h + 0.0072h = 20.690h 

Step 3: Convert to degrees 

20.69h 15° 
= 310.35° 

 1h 

 
3.3 Horizontal Coordinates 
With RA and Dec coordinates, every object in the night sky can be given a unique, fixed set 
of coordinates. This is very useful to communicate the locations of objects in the sky, but it 
can be difficult to use and to determine if any given RA and Dec is observable at your 
location on Earth at that time of year. When ease of communication is important, it is more 
convenient to use a “look over here at this time” type of coordinate system called the 
horizontal coordinate system (Fig. 2) because it is based on the observer’s local horizon. The 
two coordinates are altitude and azimuth. Altitude is the angular height above the horizon, 
from 0° on the horizon to 90° at zenith, which is the point directly overhead. Azimuth is the 
angle in degrees from 0° to 360° starting from North and circling through East, South, 
West, and back to North. The cardinal directions would have azimuths in steps of 90°, such 
that North is at 0°, East at 90°, South at 180°, and West at 270°, and back to North for 
360° = 0°. The combination of an altitude and azimuth gives every object a unique location 



on the sky. A major weakness of this system, however, is that the altitude and azimuth of 
any object is constantly changing over the course of the night as the Earth rotates and 
throughout the year as Earth orbits the Sun. Even worse, is that an observer’s local sky is 
determined by where they are on Earth, so horizontal coordinate system varies depending 
on location. It really is the “right here, right now” coordinate system. This is the altitude 
referred to in this lab and the Lunar Observation Lab when filling out your lunar 
observations. 

 
Figure 2. The horizontal coordinate system with the coordinates altitude and azimuth shown. The 
gray bottom half of the sphere is below the horizon and unobservable. The celestial meridian is 
the line that extends from due North, through your local zenith, and to due South. Image licensed 
under the Creative Commons Attribution-Share Alike 3.0 Unported license, created by author 
TWCarlson. 

4. Conversions with Spreadsheets 
Spreadsheets are useful tools for completing repetitive, complicated, and interrelated 
calculations. Performing the calculations in a spreadsheet, as opposed to by hand, limits 
human error.  You can make spreadsheets perform the same arithmetic on a large set of 
numbers, manipulate large sets of data, and plot two sets of numbers against one another 
to find correlations or perform data analysis. As technology and data become increasingly 
integral aspects of modern life, understanding data and how to manipulate it (via 
spreadsheets or computer coding) is rapidly becoming a necessary skill in many career 
fields. 

The final set of questions on the Student Worksheet involves using a Microsoft Excel 
spreadsheet, which is the industry standard for many fields. Your lab instructor will 
demonstrate the first calculations for you, and then you will finish the calculations. For this 
exercise, an Excel template is provided, in addition to a list of convenient conversion factors. 
Open up this Excel document by going to the Astrolab website, right-clicking on the template 
link, and choosing “save as” to save the document to the desktop. Now you should be able 
to open the the Excel template from the desktop by double clicking on the icon. When the 
document opens, you will notice that many of the columns have already been filled in. There 

Original (editable)
"Object to Path" on text (curved text won't display otherwise)

"Stroke to Path" on arrows

Star

Observer N



are already values for planetary mass in kg, orbital radii in km, orbital period in Earth days. 
Additionally, the template provides information in solar masses and distances in light-years 
for several prominent stars. Finally, it provides the distance to several notable galaxies in 
kiloparsecs. Notice that next to these filled in columns there are blank columns with no 
numbers. It is your task to fill in these columns by converting the values in the given units to 
the units at the top of each blank column. 

To make Excel perform a function on a value contained in a cell, select the cell you want to 
calculate a value in. Press the “=” key to indicate that the value in the cell will be calculated 
with a formula. Now, you need to enter the equation into the cell. To convert a value in a 
given unit to the desired unit, after entering the “=” to indicate you are inputting a formula, 
right-click on the cell containing the value you want to convert. The number and letter of the 
cell’s address should appear (e.g., “C3” for the third column “C” and third row “3”). Now 
enter your arithmetic symbol, in this case “*” for multiplication (“+” for addition; “-“ for 
subtraction’ “/” for division; “^” for an exponent), since you want to multiply the given value 
by the conversion factor. Put the conversion factor in parentheses without typing the units. 
The parentheses tell Excel to do the arithmetic of that portion separately from the whole 
calculation and ensures correct order of operations. After you have entered the conversion 
factor, close the parentheses and press the “Enter” key on your keyboard. This will tell Excel 
to perform the calculation, and the resulting value should appear in the formerly blank cell. 

One of the most useful features of a spreadsheet is that once you have entered a formula 
for one cell in a column or row, you can automatically apply that formula to other cells in 
which you wish to apply the same calculation. This saves time and prevents user error. For 
conversions in a column that require the same conversion factor, move your cursor to the 
bottom right of the cell you entered the formula in. A dark cross-hairs should appear. Click 
and hold that corner and drag it down the column to all the cells that will use that same 
conversion factor. When you release the cursor, the spreadsheet will have calculated all the 
values in that column! 
  



Name: _______________________________ Date: ______________________________ 
 
Class & Section: _______________________ TA Name: __________________________ 

5. Performing Unit Conversions 
5.1. Student Worksheet 
 
Lab Activity 1: Unit Conversions using the by-hand “Train-Tracks” Method 
Using the methods learned in the introduction to this lab, work through the following unit 
conversions.  Show all work! 
 
Unit Conversions: 

1. What is 0.35 km in units of meters? 

2. What is 133 days in units of seconds? 

3. How many minutes are in 27 years? 

4. What is the mass of the Sun in megagrams (Mg)? MSun = 1.99 x 1030 kg. 

5. The distance between the Milky Way Galaxy and Andromeda Galaxy is 2.54 Mly. What 
is the distance in Mpc? 
 
 
 
 

6. The star Betelgeuse is 197 pc away. How far away is Betelgeuse in ly? In meters? 
 
 
 
 

  



Angles and Coordinate Systems 
7. How many radians are in 270°? 

 
 
 
 

8. What is the angle in degrees for the 47° 23’ 33”? What is that angle in radians? 
 
 
 
 

9. What equatorial coordinate is the celestial analog of latitude? Longitude? Specify 
which is which! 
 
 
 
 

10.  The star Polaris is located at RA: 2h 31m 49s, Dec: +89° 15’ 51”. What is the angle in 
degrees represented by Polaris’s RA? 
 
 
 
 

11.  What is the altitude and azimuth of the object indicated by your instructor? Assume 
that projector screen is at due North. 

 
 
 
 
Lab Activity 2: Unit Conversions using Excel 
Complete the Excel template provided on the Astrolab website. The spaces below, write out 
your conversion factor as the fraction used in your spreadsheet formula. Do not carry out the 
conversion by hand. 
 

12.  Conversion factor for MEarth (cells C2 – C12). 
 
 
 

13.  Conversion factor for Orbital Radius in AU (cells E2 – E12). 
 
 
 

14.  Conversion factor for Orbital Period in seconds (cells G2 – G12). 
 
 
 



15.  Conversion factor for stellar “Mass in kg” (cells C15 – C21). 
 
 
 

16.  Conversion factor for Distance to Sun in km (cells E15 – E21). 
 
 
 

17.  Conversion factor for Distance in ly (cells C24 – C 28). 
 
 
 

18.  Conversion factor for Distance in km (cells D24 – D28). 
 
 
 
Lab Activity 3: Measurement Lab Pre-Lab Activity 
Next week in lab you will be exploring scientific measurement. Often the units of the values 
measured in science are not the necessary units for calculation physical values. For 
example, due to the nature of how digital detectors work, we measure number of electrons 
detected on a CCD or CMOS detector attached to a telescope, but we really want to know 
how many photons (how bright) were measured. So, a conversion from number of electrons 
recorded to number of photons that corresponds to is required. Sometimes the conversion 
factor is documented and listed, while for other types of measurements, it must be inferred 
from the data itself. That, of course, requires the collection of data, which is precisely what 
you will do in this activity, and you will revisit the data collected over all the lab sections next 
week. 
 
Record Your Data 
Your instructor will give you a length of string as a crude length measuring tool. Using this 
tool, measure one of the lengths marked out on the lab floor. They are all equal in length, so 
choose one that is free. 
 

19.  What is the measured length of the marked-out distance in units of “strings” 
 
 
 

20.  Using the link to the Length Measurement Form on the Astrolab website, enter the 
length you measured into the Google Form. 

 


