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The “Weigh the World” Challenge Results

Introduction

On the 21st of June 2005 measurements of the period of a pendulum were obtained at the top and bottom of the mountain Schiehallion in Perthshire. These measurements allow the mass of the Earth to be determined by comparing the two sets of readings in a manner similar to the method used in the first determination of the mass of the Earth by Nevil Maskelyne at Schiehallion in 1774. Preliminary results are presented below.

What is the experiment?

The aim of the experiment is to produce an estimate of the Earth’s mass by measuring the difference in the period of a pendulum between the top and bottom of Schiehallion.

The apparatus consists of a lead pendulum bob (mass ~0.1 kg) attached to a low friction pivot hung from a metal frame by a length of 0.25 mm diameter copper wire. The length of the pendulum from the pivot to the bob’s centre of mass is approximately 0.475 m. The pendulum is displaced to the same amplitude at the start of every swing by placing it at a fixed metal stop. The period is measured by recording the times at which the pendulum bob enters and leaves the path of a laser beam. These times have a precision of between 1 and 10 microseconds and are recorded on a laptop computer connected to the light gate electronics.

The experiment relies on the fact that the same pendulum is used, unchanged in every way, at the top and bottom of the mountain. This means that we do not need to know the its exact length, though we do have to account for a small change in length due to a difference in temperature.

What were the measurements?

We made a total of 45 “runs” of the experiment at the summit and 30 “runs” of the experiment in the car park. Each “run” gave approximately 100 measurements of the period that were averaged to give one average per run. For each run we took a measurement of the temperature. Not every run gave useful data, most often because the pendulum was released with a wobble or vibration. Figure 1 plots the run averages against temperature for all runs that gave good data.
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Figure 1 — A plot of the average period against the temperature for each run. The green circles are for the summit (1080 m) and the yellow circles are for the car park (339 m). The gradient of the two lines is the same and was determined from both sets of data taken together.

It is clear from Figure 1 that the summit periods are consistently larger than those from the car park for similar temperatures. There is also a clear trend for the period to increase with temperature. This is expected because the various components of the pendulum will expand as temperature increases, causing its length to increase. (However the size of the increase in period — about 300 microseconds over 2°C is much larger than we expected.) The two lines shown in Figure 1 have the same gradient, which was determined from the whole set of data (i.e. green and yellow). Reading periods from these two lines at 17.0°C with uncertainties based on the scatter of data around the lines gives

Summit
1.387 971 s ± 0.000 050 s

Car park
1.387 842 s ± 0.000 070 s

Difference
0.000 129 s ± 0.000 090 s

What is the mass of the Earth?

If we measure the strength of gravity with and without the mass of Schiehallion making a contribution then we can ascertain the relative contributions made by the mountain and the Earth. If the mass of the mountain is known the mass of the Earth can be deduced. Newton’s law of gravitation together with some calculus and geometry tells us how the gravitational acceleration g varies between the top and bottom of Schiehallion. This in turn tells us how the period of the pendulum varies with height. Schiehallion has two effects; the first, and largest is that we have moved further away from the centre of the Earth, so the value of g is smaller resulting in a longer period. For our pendulum, this correction amounts to 0.000 160 s. Taking this away from the difference above gives 0.000 129 s – 0.000 160 s = -0.000 031s. This means that the mass of Schiehallion is decreasing the period of the pendulum by 31 microseconds with an uncertainty of about 10 microseconds. This translates into mass of the Earth of 8.1 x 1024 kg with an uncertainty of 2.4 x 1024 kg. This is consistent with the actual mass of the Earth being 5.98 x 1024 kg. 

These results are preliminary and further work is being conducted to include more data in the analysis. In addition the preliminary analysis that gives rise to these results incurs various approximations. 
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