
 
Measuring Angles and Distances in the Universe 

 
 
The Problem 
 
Since we lack the ability to travel between the stars we cannot simply measure distances between two 
stars or galaxies by physically traversing and logging the distance traveled, therefore we use 
observational measurements  and techniques to determine astronomical distances.  The goal of this lab is 
to  calculate the sizes and distances to several galaxies.  You will use that information later in the 
semester to find the Hubble constant, from which the age of the Universe can be determined.  
 
Introduction 
 
Early astronomers thought that we live at the center of a spherical Universe, in which the sun, moon, 
planets and stars being attached to a giant Celestial Sphere - imagine the Earth enclosed in a hollow 
sphere on which the stars and planets are painted.  In fact, when you look up at the sky that is just what 
you see - the Universe projected onto the Celestial Sphere.  Astronomers still use the concept of the 
Celestial Sphere to find their way around the sky.   
 
There are just two fundamental ways to measure distances and sizes:  we can compare the apparent 
brightness of an object with its actual energy output or we can measure the apparent (angular) size of an 
object as it is projected onto the Celestial Sphere and use that to find its distance or its linear size.  
All of our measurements of the positions and motions of objects in the sky are simply angles.  As Figure 
1 shows, however far away two stars may actually be from us, the apparent angle between them is 
independent of their distance.  Stars A and B in the diagram appear to be just as far apart on the sky as 
stars C and D.                                               

 
 

Figure 1 
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In the same way, the apparent (angular) size of an object depends both on its linear size and on its 
distance.  If we know (or assume) that two galaxies have the same physical dimensions, then we can use 
that information to calculate their relative distances.  This situation is shown in Figure 2.  If we want to 
find the actual distances of the two galaxies, we would need to know the distance of at least one of them 
by some method – then the distance to the other galaxy can be found. 
 

 
 

Figure 2 
 
We also use angles for measurement of time and position on the earth.  For example, the angle between 
the direction to the sun and the celestial meridian (the North-South line that passes directly overhead) is 
a measure of the time since noon.  A sundial is a device for measuring apparent time, as marked by the 
position of the Sun.  For navigation, the altitude of the celestial pole (i.e., the position of the star Polaris 
on the sky) or the direction to the Sun can help to measure the location of a ship at sea. 
 
So the concepts of this lab are simple, and perhaps not terribly exciting.  But nearly everything we do in 
astronomy, navigation or geography depends on angular measurement.  So we will start the labs with a 
little “warmup” exercise – astronomical calisthenics, so to speak. 
 
This lab will consist of some exercises for finding angles and distances in the Universe, and for finding 
position on the Earth. You will start by using a sextant learn how to measure angles and to study what is 
called the “small angle approximation” which astronomers use when the angles involved are “small.” 
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Whenever angles are smaller than a few degrees, simple trigonometry is possible without messy things 
like sines and cosines. After learning how to use a sextant, you will use it to measure your latitude.  
 
Available Equipment: 
 
1. Meter sticks 
 
2. Sextants 
 
3. Celestial pipes 
 
4. Galaxy images 
 
 
 
 
 
 
 
Suggested Experimental Procedure: 
 
1. Distance vs. angular size 
 
Position a meter stick against the wall at one end of the lab.  Stand back from the meter stick, and hold 
your fist out in front of you.  Back up, looking at the meter stick down the length of your arm, until your 
fist just covers the meter stick and it is hidden from view.  Use a sextant to measure the angular size of 
the meter stick from your location (your TA will explain how to use the sextant).  Now have your partner 
repeat the exercise to make independent measurements.  Both of you should make several measurements 
for comparison.  
 
The relation between the size of your meter stick (i.e., one meter) and the distance to the meter stick will 
be related by the standard trigonometric formula (which you can probably find on your calculator), 
 
                                                  tan(A) = size / distance 
 
Notice that you should have achieved two goals with this experiment.  In addition to learning how to use 
a sextant, you have calibrated your fist – the angle you have just measured is the angle your fist covers 
when held at arm’s length.  Now you can measure angles in the sky without any equipment at all. 
 
Next use the hallway outside the lab or the observatory upstairs to place your meter stick as far away as 
you can.  Use the sextant again to measure the angular size of the meter stick.  Now verify that when the 
angle is small, you can get away with a much simpler formula relating size and distance: 
 
                                                       A = size / distance. 
 
This is called the small angle formula, but there is a trick.  For this formula to work, the angle A must be 
measured in units of radians.  Your sextant will measure degrees.  So convert from degrees to radians by 
dividing your angle measurement by 57.3.  Now you will find that the small angle formula works. 
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2. Find your latitude 
 
The BU observatory has a device we call the “celestial pipes” consisting of several pieces of pipe shaped 
to represent the celestial meridian and the celestial equator.  When you stand in the middle of the 
apparatus, you can see these important circles projected onto the actual celestial sphere.  A small 
crossbar on the meridian circle represents the celestial pole.  To find your latitude, stand in the middle of 
the celestial pipes and use your sextant to find the altitude of the pole above the northern horizon. 
 
 
3. Finding galaxy distances 
 
In 1912, V. M. Slipher, an astronomer at the Lowell Observatory in Flagstaff Arizona, found that most 
of the galaxies he was studying are moving away from us.  A few years later, Edwin Hubble (after whom 
the Hubble Space Telescope is named), found that not only are most galaxies moving away from us, but 
that a very simple relationship exists between the distance to a galaxy and its speed (as measured by its 
Doppler shift, or redshift).  The relationship, called the Hubble Law, states that the velocity of a galaxy 
is a linear function of its distance from us: 
 

     V = H0 d, 
 

where V is the velocity of the galaxy in km/sec, H0 (usually read as “H-naught”) is the Hubble constant 
in km/sec/megaparsecs and d is the distance to the galaxy in megaparsecs.  In other words, the Hubble 
formula says that the Universe is expanding. 
 
So how do you calibrate the Hubble Law?  That is to say, how can you measure the Hubble Constant, 
H0?  Two types of information are necessary: the distances to several galaxies and the galaxies 
velocities. In this exercise, you will use the concepts of this lab to measure the distances to several 
galaxies.  Later in the semester, you will find the velocities of these same galaxies. 
 
One possible method for getting galaxy distances is to measure their apparent angular diameters (that is, 
their sizes as they appear on photographs).  If they are all the same type of galaxy, a reasonable 
assumption might be that their actual linear diameters are the same.  In that case, their apparent sizes 
should be correlated with their distances.  If the distance to one of the galaxies can be found, then that 
can be used to calibrate the relationship, and so get the distances to all of the galaxies. 
 
Boston University students and faculty have used a telescope at Lowell Observatory, where Slipher did 
his work on galaxy redshifts, to gather galaxy images and spectra specifically for this lab exercise.  
These galaxies have been classified in the “Carnegie Atlas of Galaxies” by Allen Sandage as type 
Sc(s)II, which means that they are of Hubble type Sc, and “Luminosity Class” II.  (However, these same 
galaxies are also listed in other catalogues as being of other types - this is one of the uncertainties of this 
problem.)  It may be necessary to supplement the BU data with data from another “Atlas of Galaxies,” 
subtitled “Suitable for measuring the cosmological distance scale,” also by Allen Sandage.   
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The suggested procedure is as follows: 
 
1. Using a millimeter ruler, measure the diameter of each galaxy image in the attached collection.  Use 
care to measure the longest dimension of each galaxy in the same way, taking into account the faintest 
visible parts of the image. 
 
2. Convert your measurements of the sizes of the galaxies as measured on the images to the actual 
distances. For this, you need at least one galaxy whose distance (and size) is already known by some 
other method. For this project, a good choice is the galaxy NGC 2090, whose distance is 12.3 Mpc. NGC 
2090’s distance has been measured by a BU graduate, Randy Phelps, using the Hubble Space Telescope.  
Assuming that all the galaxies are the same physical size as NGC 2090, then the ratio of the sizes of the 
images will be the same as the ratio of their distances. 
 
Analysis and Discussion: 
 
1. You should have several sets of measurements of both the angular size of the meter stick and the 
distance from the meter stick to the sextant. You can reasonably assume that the length of the meter stick 
is known exactly.  Average your measurements and used the first equation to see how closely they agree.  
Do your measurements agree within your errors?  How do you compute the errors?  What is the angular 
size of your fist held at arm’s length?  How large is the uncertainty in that measurement?   
 
Next compare your calculations of the angular size of the meter stick when it is placed at a large 
distance. Does the small angle formula work?  What is the most uncertain part of this measurement? 
 
2.  What are some of the sources of error for the latitude problem?   
 
3. Once you have the angular diameters and the velocities (shown on the images) you can plot a 
preliminary Hubble Law diagram, using the angular diameters to represent the distances.  The best 
straight line through these points represents an estimate of the Hubble Law. 
 
Next use the NGC 2090 data to get the relationship between galaxy angular diameter and linear size 
using the distance of NGC 2090. 
 
In your discussion, you should consider how your results will change if you take into account the 
uncertainty in the distance you found for NGC 2090.  Suppose, for example, you have the measurement 
of the size of NGC 2090 off by 25%?  How would that change your estimate of all the other distances? 
 
 
Records and Data: 
 
Your records for this lab should include tables of your measurements of the angular size of the meter 
stick in the lab, the meter stick at a large distance, your group’s measurement of the latitude and the 
diameters of the galaxies you measure, and your calculations to get their actual sizes.  
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Galaxy Images and Spectra: 
 
The following pages contain images of several galaxies, photographed at the Perkins 72-inch Telescope 
image, taken with the PRISM camera (for “Perkins Re-Imaging System”) and Blue, Visual and Red filters, 
photographed by BU students Ian Cohen, Anthony Lollo, Mary MacDonald and Claire Thomas. October 2006.  
All of the images are reproduced at the same scale, so that one centimeter on the image represents 0.005 
degrees on the sky.   
 
 
 
 
     

 
 
      

NGC 1637 
V= 714 km/s 
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NGC 2090 
V = 923 km/s 
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NGC 4414 
V = 717 km/s 
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NGC 6643 
V = 1485 km/s 
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NGC 6801 
V = 4319 km/s 

 
 
 
 
 


