Obtaining the Astronomical Unit
 in four easy steps:
(Somewhere from the www.vt-2004.org site )
Introduction

We introduce here the simplest method of calculating the Astronomical Unit from observations of Venus. The goal is to enable students to understand the main idea. We make many simplifications to reduce to a minimum the background knowledge needed. A more accurate version can be found in VT-2004 Educational Sheets 3, 4 or 5 (depending on the level required). This version does not use trigonometry or the concept of parallax.

Students use only the perimeter of the circle, proportions and Kepler’s Third Law.

1 Relation between the Astronomical Unit and Sun’s diameter

We recall that the Sun, in its relative motion around the Earth, describes a circle of radius a, the Earth-Sun distance (Astronomical Unit). The angular diameter of the Sun is about 0.5 degree (easily measured by students), and the whole circle has 360 degrees. We consider the ratio of the perimeter of the circle of the Sun around the Earth to 360º and the diameter of the Sun to 0.5º. If we call D the real diameter of the Sun,

 D
2  a

----- = ---------

0.5 360

and the Astronomical Unit a can be obtained if we know the real size of the Sun’s diameter D because

a = 360 D / 

(1)

We need to determine the diameter D from observations of the transit of Venus.

2 Calculating real distances on the Sun’s surface

We need to consider the situation of the Earth, the Sun and Venus during the transit: 
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Figure 1
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We consider the two triangles in Figure 2.

We assume that the transit of Venus is observed from two different places on the Earth’s surface: A and B. To simplify the calculations, we further assume that both A and B are on the same meridian.

In Figure 2, the triangles ABV and A′B′V are similar, so we can consider the proportion (Thales’ Theorem)

A′B′
 a-d

------ =   -----

(2)

AB
  d
The value of (a – d)/d may be calculated by means of Kepler’s Third Law saying:

(a – d)3 / a3 = (TV)2 / (TE)2
where TV and TE are the periods of revolution of Venus and of the Earth respectively.

The durations of these periods are TV  = 224.7 days and TE = 365.25 days. 

Therefore (a – d)3 / a3 = (224.7)2 / (365.25)2 and this yields:

(a – d)/d = 2.61

Introducing this value into the previous relationship (2), 

A′B′ = 2.61 AB

(3)

where the distance AB, between the two places A and B on the Earth, is well known. Thus we know the real distance between A′ and B′ on the Sun’s surface.

3 Calculating the real diameter of the Sun
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Figure 3
We will use the observations made from two different places. We have a photograph or drawing, like Figure 3 taken during the observation. On this Figure we can measure the diameter of the Sun Δ and the distance between A′ and B′, which we call MN. We introduce the ratio

A′B′       D

------ = -----

MN       Δ
(Please note that the real values are A′B′ and D, and the values from the observing photograph or drawing are MN and are Δ). From this relationship we calculate the real diameter of the Sun. Indeed we have the measures of Δ and MN from the photography, and we substitute A’B’ as determined in (3). 

                       Δ
D = 2.61 AB -------

                     MN

4 Final formula to determine the Astronomical Unit 

Introducing the value of D into the first formula (1), we can now determine a, the Earth-Sun distance:

         939.6   AB       Δ
a = ------------------  --------

                            MN
using MN and Δ from the photograph and the distance AB between the two observing locations. Note that the distance AB is not on the Earth’s surface but on a straight line as can be seen easily from Figures 1 and 2.
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