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Naked-Eye Astronomy Lab
The Distance of Venus from the Sun

Introduction:

     In this lab you will basic trigonometry (and the knowledge that the Earth and all the planets orbit the Sun) to determine the size of an inner planet’s orbit, relative to that of the Earth.  The trick involves measuring how far from the Sun the inner planet appears to get.  Consider the figure below and remember that our perspective is from the Earth.  









Figure 1

Imagine the planet being located anywhere along its orbit and note how the apparent angular separation between the planet and the Sun,  (as we see from the Earth) changes.  The angular separation between the inner planet and the Sun is largest when the line going from the Earth to the inner planet is tangent to the planet’s (roughly) circular orbit.  Since the line from the Sun to the inner planet is the radius of the planet’s circular orbit, this line must be perpendicular to the line tangent to the circle.  Therefore, when an inner planet appears to us to be as far from the Sun as it gets, a right triangle is made by the three bodies of the Earth, the Sun, and the inner planet, with the 90o angle at the inner planet.  This, then, allows us to use trigonometry to determine the relative distances along any two sides of the triangle.  

     Note that the radius of the planet’s orbit, r, is the side “opposite” the angle , and that the distance of the Earth to the Sun is the hypotenuse of this triangle.  By trigonometry, then, sin=r/(distance from Earth to Sun).  The distance from the Earth to the Sun is the definition of the distance unit “astronomical unit.”  So, then,





sin=r/1A.U.  

     All you need to do in this project, then, is to measure the angle between the Sun and an inner planet when the inner planet is at “maximum elongation.”  (The elongation angle is the angular distance of an inner planet from the Sun and maximum elongation is when the planet is furthest from the Sun.)  Since only Venus and Mercury are closer to the Sun than the Earth and Mercury is too close to the Sun for it to be seen easily, this project can only reliably be done with Venus. 

Historical Perspective:

     Copernicus, who used this approach for the inner planets, was the first to successfully estimate the relative orbits of each of the planets.  The fact that he could do this was testimony to the simplicity of his Sun-centered model, in contrast to the complex and contrived Earth-centered Ptolemeic model, where no unknown parameters could be measured.
Measuring the elongation angle:

     Since Venus is closer to the Sun than the Earth, it is always somewhat near the Sun in the sky so you won’t find it late at night, and since one can't see Venus during broad daylight, you can't just simply go out and measure the angle between Venus and the Sun anytime.  However, when it is still near maximum elongation, Venus should be bright enough and far enough away from the Sun that it can be seen when the Sun is on the horizon and not as bright.  Your instructor will tell you whether to look for Venus at dawn or dusk.  At dawn it is a little easier, although you’d have to wake up very early.  If Venus is up at dawn, you can go out before the sky gets too bright and easily find Venus over the Eastern Horizon.  Keep an eye on it as the Sun rises, and when the Sun is up, make the measurement.  If Venus is up at dusk, it is a little harder to find.  You might have to use the first evening just to find Venus by waiting until the Sun sets.  The following evenings, then, you’ll have a better chance of finding Venus since you’ll know exactly where to look. 

     To measure Venus’ elongation angle, i.e the angular distance between Venus and the Sun, use a protractor, a long length of string, and a hook as follows (+see Figure 2 on top of next page):

1.  Find a location with a clear view of the desired horizon and go out either just before 
Sunset or Sunrise and find Venus (it will be the only visible star-like thing you 

can see before the Sun finishes setting or, if at dawn the brightest star-like object  to the East (and the only one that you’ll continue to be able to see at all as the sky brightens).

2.  Stand near a wall where you can see your shadow and hold up the hook so that you 
can see its shadow on the wall.  You may want to fix the hook still somehow, 
possibly by screwing it into a stick of wood and fixing the stick still.

3.  Wrap the center of the string around the hook once or twice and pull one end of the 
string to the hook’s shadow.  This string, now, is in line with the Sun.  One 
person should hold this string and keep it in line with the hook’s shadow while 
two other people do steps 4 and 5.

4.  The second person situates their eye so that they see the hook and Venus in line with 
each other, and then pulls the other end of the string towards their eye, so that 
this piece of string indicates a line pointing to Venus.

5.  To measure the angular separation between Venus and the Sun, one needs only to 
measure the angle between these two lengths of string.  Place a protractor over 
the same hook, and while the two ends of the string are held in the proper 
position, lay the protractor against the two lengths of string and read the angle 
between them.

6.  Rotate the people and repeat the measurement two more times.  Average the three

measurements and record the date.











Figure 2

     To infer the maximum elongation angle, measure Venus’s elongation angle for about six different days, make a plot of elongation angle versus time, draw a smooth curve, and infer the maximum elongation angle from the curve.  This will also ensure that your measurement is reliable.  When you use a number of measurements to make a plot and infer the desired value from the plot, you obtain a more accurate value than just measuring the desired value itself one time.  Consider this as a lesson about doing science.  Whenever you can use more than one measurement to determine a value, your inferred value will be more reliable.  The random errors in your measurements tend to cancel out when you make more measurements...even if your measurements are of different quantities but lead to a plot from which your determined value can be inferred.

     Another advantage of using a plot of a number of measurements to infer your answer is that you will still be able to infer a maximum elongation angle even when you can’t make the measurement on the desired day, if, for example, the skies are clouded over on the day of maximum elongation.    
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