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c. logarithm.

From elementary calculus, small changes, 8, in a natural logarithm of a quantity y and
in y are related by: 3lny = 8y/y.

Consequently,

Ony = 0yly (11)
Since log (to base 10) and In are related by: Iny = 2.303logy,
Oogy = (0ty/y)/2.303 12)

d. Weighting data.

Measurements that have a low standard error are clearly more significant than those
with a large standard error. Each measurements should be weighted proportionally to
the reciprocal of the square of its standard error. Suppose there n measurements of a
value and each value x; has a standard error o;, then the weighted mean value is given
by:

x=(Yx/a)/(X1/a?) (13)

The standard error of the weighted mean is given by:

1/2
= 1 _—: 2
a_[7<n—1>2(1/a3)2(" x)! e; (14)

A.4 Poisson distribution.

The statistics of processes such as radioactive decay and emission of light that
produce a flux of particles or distributive polymerases that add residues at random to
growing polymer chains obey the Poisson distribution. The number of particles
measured per unit time or the number of residues added to a particular chain varies

about the mean value X according to eqn 15.

=

p(k)=%e; 5)

where p(k) is the probability of k particles being emitted or residues added. The
Gaussian and Poisson distributions approximate to each other when there is a large

number of particles involved in the Poisson.
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The standard deviation of the Poisson distribution is equal to 12, This has
profound consequences in designing experiments involving radioactivity and light

intensity.

A.5 Signal to noise in Absorbance, Circular Dichroism, Fluorescence, and

Radioactive Counting

There is thus an inherent noise in measuring a radioactive flux or light intensity, say
n, that is proportional to V. in because there are fluctuations in its apparent strength.
Suppose the noise, N, = BYn. Then the ratio of noise to signal, (N/S) is given by:

(N/S) = B/nl2 (16)

Thus the greater is n, the lower is the (N/S) ratio. For processes such as radioactive
decay and fluorescence, the greater the specific activity or the the greater the intensity
of the exciting light, the lower the is the error or noise in the measurements.
Similarly, the longer the period of counting, the more the precision. Rapid reaction
experiments where optical signals are collected over shorter times are inherently
noisy because the shorter the time range, the smaller the number of particles counted.
Accuracy improves according to the square root of the time of collection or the time
constant of the electronic filter that is used to smooth the signal. Absorbance and CD
measurements respond in a more complex way because of the logarithmic
relationship of absorbance to the intensity of transmitted light: there is a balance
between the advantage of having a high absorbance and the loss of signal. According
to Beer's law, A = log (Io/I), where A is the absorbance, I, the light intensity
entering the solution and / the transmitted light. Thus:

I=1;104 a7
From eqn 16, the ratio of the noise in transmitted intensity, 8/, to / is given by:
SI/1 = £(B10A2)/1,1/2 (18)

The relationship between fluctuations in A (8A) and those in / may be derived as for
egn 12 to be 8A = 8//2.3031. The ratio of signal to noise in A, (N/S)a, is given by
8A/A . Thus,

(N/S)A =+BA/A =+(B10A2)/2.3034V], (19)
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The minimum is found by differentiating (N/S)awith respect to A. The absorbance

where the value of (N/S)4 is at a minimum is given by:
Amin = 2/2.303 = 0.87 (20)

The optimal absorbance to use in absorbance or CD measurements for best ratio of

signal to noise is 0.87.

§ reproduced with the very kind permission of Prof. A.R. Fersht, MRC Unit of Protein Function and Design
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