
Experiment: measurement of π and e

0.1 Measurement of π

0.1.1 Method 1

This simple method is based on the fact that the mean value of a half-wave rectified sine wave of
amplitude V0, is V0/π.
You can easily prove this — remember the definition of the mean value of a function given in
Mathematics I. A measurement of π is obtained by finding the ratio V0/v̄ for several values of V0,
and averaging.
An analogue AVO meter is best for finding v̄, the mean of v, because it has a pointer, which has
inertia, and which therefore cannot follow a changing voltage unless the frequency is very low (so
use f > 20 Hz, say). Hence, it gives a good estimate of the mean voltage by default.

0.1.2 Method 2

Equation (1) in the manual is derived from simple circuit theory: look on the circuit as a simple
potential divider, with the impedances R and 1/jωC. Find the modulus squared of vi/vo to get
the result.
Think about the loading of the filter on the signal generator — remember it has an output
impedance Rs of 50 or 600 Ω. You should therefore measure vi/vo differently, as shown in the
circuit diagrams below (left: vi, right, vo).

The time constant, τ , is RC, so measure R and C on a bridge (accurate to better than 1%); a
frequency counter is usually good to about 0.1%, so your overall (fτ) should be good to about
1–2%.
Finally, carry out a least squares fit to a straight line for your measured |vi/vo|

2 versus (fτ)2 values;
the slope of this line should be 4π2.
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0.2 Measurement of e

0.2.1 Method 1

This method relies on a special property of the exponential function; if v(t) is an exponential decay
with time constant τ , then in principle, v(t)/v(t + tau) = e, no matter what the value of t. In the
experiment, you set up the filter circuit driven by a square wave, so that the oscilloscope displays an
exponential decay curve of known time constant τ . You need to be very careful about the vertical
positioning of the trace — the above property is not true unless v(t) → 0 exactly, as t → ∞. Set a
very slow timebase to ensure that this is true for your waveform.
The whole measurement is made much easier if you set the timebase and/or τ so that τ = a whole
number of divisions — you can then easily measure v(t) and v(t+ τ).
Do these measurements for approximately 10 different values of t (τ fixed) and average to obtain
an estimate of e.

0.2.2 Method 2

A slightly more sophisticated way to measure e, again using the exponential decay curve, is to use
the same set up as in Method 1. This time measure v(t) for about 10 values of t between the left
and right of the oscilloscope screen. These values are then used to estimate the numbers a0, . . . , a4
in the power series v(t) = v(0)e−t/τ

= v(0)
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using least squares fitting. This would be a bit tedious to do by hand, so I have provided an Xmaple
program to do the number crunching for you. Sufficient instruction is given in the manual to enable
you to use Xmaple to do this.
To find e, substitute t = τ in the above equation to get e−1 = 1/e = a0 + a1 + a2 + a3 + a4. This
leads to your second estimate of e.
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