Printed in Great Britain. All rights reserved

J. Quant. Spectrosc. Radiat. Transfer Vol. 56, No. 6, pp. 803-?19, 1996
Pergamon Copyright © 1996 Elsevier Science Ltd
PIL: S0022-4073(96)00066-0 0022-4073/96 $15.00 + 0.00

CONCERNING THE EFFECTS OF NOISE ON THE
MEASUREMENT OF LINE STRENGTHS

A. A. D. CANAS

Applied Optics Group, Blackett Laboratory, Imperial College of Science, Technology and Medicine,
Prince Consort Road, London SW7 2BZ, U.K.

(Received 4 March 1996)

Abstract—The effects of shot and detector noise on well-resolved measurements of line
strength are investigated. Simple analysis, computer simulation and numerical analysis are
applied to determine optimum absorber quantities for both conventional and Fourier
transform spectrometers. The sensitivity of these optimum absorber quantities to line shape,
noise level and spectral resolution are investigated and shown to be small. Inherent bias in
line strength measurements is explained and shown to be resolution sensitive. Consequences
for experimental strategy are discussed. Copyright © 1996 Elsevier Science Ltd

1. INTRODUCTION
1.1. The problem

There is considerable interest in the measurement of spectral absorption coefficients (k) and line
strengths & (defined as the integral of k, across and absorption line), principally as a result of the
need to calibrate remote gas detection systems and atmospheric models. Although there remains
a real need to conduct laboratory measurements, large databases such as HITRAN' are available
in PC-readable form. These data may not necessarily have been acquired using optimum conditions
of path-concentration product, and may not be accompanied by error bounds. The determination
of what constitutes optimum conditions, and the nature of the errors are addressed below.

Imagine a “‘simple” experiment in which the spectral absorption properties of a gas are to be
measured using a light source, a gas cell and a spectrometer. The experimenter must choose the
conditions within the gas cell with some care since the temperature, the pressure and the presence
of any diluent “carrier” gas may all affect the breadth and shape of the spectral absorption lines
and bands. Having set these physical parameters, it remains to choose the path length or,
equivalently, the overall path-concentration product (or column density) for the cell. In cases where
the absorption is not so weak as to demand all the available path and then some, the experimenter
may ask if, given the characteristics of his equipment, there exists an optimum path-concentration
product (and therefore an optimum peak absorption for the cell). The term “optimum” refers to
those conditions which yield minimum uncertainty on the result, or perhaps minimum bias. It is
common to employ a short path with small absorption in order to remain “in the linear region”;
it will be shown that this strategem is inadequate, and that under some conditions it can be
advantageous to use very large peak absorptions—up to 98%. The experimenter must also consider
carefully the amount and type of noise present in his equipment as well as the resolution attainable
before filling the cell.

The primary purpose of the study set out below is to illustrate the effect of noise on the choice
of conditions; it is therefore assumed initially that the experimenter’s equipment is more than
capable of resolving the absorption profiles, with about 20 samples per Full Width at Half
Maximum (FWHM). There has been considerable study devoted to the effects of marginal
resolution on the measurement of line strengths (see, for example, Ref. 2), but not much with
reference to noise. Subsequently, in order better to address the realms of practical measurement
where only three or four samples per FWHM might be aspired to, the effects of resolution
degradation are investigated. It is shown that whilst the optimum path-concentration product is
not significantly affected by resolution, bias in the recovered line strengths is.
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