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Finkenzeller report two new methods for calibrating broadband optical cavities
(IBBCEAS/BBCEAS/CE-DOAS). While broadband optical resonators have been used in
laboratory and field measurements for over a decade, the question of how to calibrate
instruments is still a challenge for researchers.  Although several methods have been
proposed and are useful in various contexts, they all have disadvantages, whether
additional expense or the inconvenience of requiring bottled gases.  The paper therefore
addresses an important technical aspect of the use of broadband optical resonators.

 

The authors describe the considerations around calibration and propose two methods:

a method for ringdown calibration of narrow wavelength band using narrow bandpass
filters. Here, the calibration is carried out across a wide spectral range by exploiting the
angle-dependence of the centre wavelength of pass band. This approach is therefore a
convenient approach to carry out a conventional ringdown calibration across a wide
spectral region.
A more important development is their proposal of Integrated Calibration by means of
Optical Modulation (ICOM), which uses both a modulated light source and an additional
modulator to characterise the optical cavity pathlength.

ICOM in particular is a useful advance that delivers highly accurate measurements of the
effective pathlength of the resonator. The authors provide modelled and experimental
results of both calibration methods and compare these to a commonly used calibration
approach based on differences in Rayleigh scattering of two gases. The results of both new



calibration methods are very good and agree well with the Rayleigh calibration, indicating
that both methods are accurate and not too expensive.

 

The methods proposed here are likely to be valuable tools for researchers using optical
resonators.  I have a few comments and questions regarding the paper.

 

Several clarifications would strengthen the manuscript:

The authors should clarify the difference between phase shift measurements
(Langridge, 2008) and the approach taken here. They are not the same, but it would be
instructive to describe and explain the different approaches more clearly.
The text (79-83) should make clear that the Rayleigh scattering approach to calibration
requires two pure gases for the calibration, not just one.
Use of H2O absorption is challenging for optical cavity measurements because the
narrow absorption lines of gas phase H2O are unresolved by typical spectrometers,
resulting in apparent non-Beer-Lambert behaviour. This should be clarified in the text.

 

The authors put the modulator after their resonator, but they should indicate whether this
is necessary, or whether it is possible to put the modulator before the resonator.
Presumably, as a product of different time-dependent transmission functions, the two
arrangements are mathematically equivalent.

 

40 min is a long time for the calibration. What is the maximum phase interval that retains
sufficient calibration accuracy?

 



What is the estimated uncertainty in the Rayleigh method and the NBCRD measurements?
Can the authors put a quantitative upper limit on their uncertainty for the ICOM approach
(for typical mirror reflectivities)?

 

Fig. 12: It would be more useful to see the percentage uncertainty in the pathlength
rather than the absolute value since the pathlength changes enormously over the spectral
range.

 

 

Minor corrections

There are a considerable number of errors in the writing.  Some of these are indicated
below, but the authors should carefully review and edit their manuscript.

 

16: “along its propagation” is obscure & probably incorrect. I recommend replacing with
“along its propagation path” or “as it propagates”

19: rephrase “factor of up to several 10”. One to two orders of magnitude?

23: add “or”

31: “commonly reaches A few percent”.

32: “determined through sole geometrical considerations.” -> “determined solely by
geometrical considerations, unlike for multipass cells”



40: “Periodic”

90: “As such, “

93: “as a consistency”

96: “do not combine high spectral and absolute accuracy”. It’s spectral coverage, not
accuracy, that is the issue; “absolute” (of L or R, not wavelength) seems here to mean
“very good” (as opposed to “relative accuracy”).  I think the authors mean something like
“high accuracy with broad spectral coverage”.

97: as for 96.

130-3: Add reference to Fig. 3.

163: change to “were based on the instrumental setup used”

171: “This approach relies on”

168: “fixed value”

Fig 8 caption: Change “depend indicate”

223: Start with “A look-up table”.  Is k defined previously?

228: “As such,”

251: Sentence unclear.



261: Fig 6.1?

290: Residuals partially what? “Arise”? Unclear

Table 1: explain the symbol “o” in caption
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