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Manuscript title: Total power calibration in FTIR emission spectroscopy for finite

interferograms

Lukas Heizmann, Mathias Palm, Justus Notholt, and Matthias Buschmann

We thank the reviewer for their careful reading of our manuscript and for the valuable comments

and suggestions. We acknowledge that the presentation of the argument, why Revercomb’s

calibration formula is strictly speaking only valid for double-sided infinite interferograms, was

very brief, which made it hard to follow. We hope that our clarifications help to clear any

remaining concerns. In the following, we address each point raised.

Reviewer 2 Comments and Responses

Comment: I have a major problem with this paper: It does not become clear, why the

calibration method described by Revercomb et al. should not work for NYAEM-FTS, since

they propose a method which is also valid for one-sided interferograms (page 2315, left column,

last paragraph). This is basically represented in eq. 15 of the present paper. The argumentation

of the authors, why this equation should not be valid for finite interferograms, is not convincing

to me.

Response: We think that the claim made by Revercomb et al. (1988), that the presented

method is also valid for one-sided interferograms, is incorrect. That is because removing the

negative axis of the interferogram adds a contribution from the Hilbert transform of the spectra

in the denominator and the numerator, which do not cancel in the quotient. The resulting

spectra from Revercomb’s method thus differ, depending on whether the interferograms are

double- or single-sided. While our paper contains the theoretical treatment, we include a toy

model at the end of this document, which consists of a quotient of two Gaussian lines with

same peak position but different amplitude and width to demonstrate this. We think it may be

helpful to include this as an appendix to the manuscript as well.

Further, it is not the same if we truncate the interferograms of the input spectra and then

take the quotient, which corresponds to the convolution of the input spectra with the Fourier

transform of the apodization function, which we call the scanning function, or if we convolve the

final calibrated spectrum with the scanning function. This is also illustrated with the Gaussian

line toy model at the end of this document. This is important because the former corresponds

to what happens if we apply Revercomb’s method to real-world finite interferograms. The latter

is what we usually want as an acceptable spectral estimate following Sakai et al. (1968).

Those two points are the main motivation for our paper.

Comment: It is extremely hard to follow the argumentation, because the symmetric and

asymmetric truncation functions are not given explicitly. . .

Response: We do not give an explicit truncation function since the argument is independent

of the specific truncation function and valid for any such function.

Comment: . . . and thus, also the results shown in Fig. 2 are not traceable.

Response: We speficy ”boxcar apodization” in the revised manuscript to make clear which
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form of truncation is used in the example.

Comment: I have the impression that some of the deviations between the different methods

may stem from approximations (e.g., taking only the real part as stated in line 147) which are

maybe not justified.

Response: This is not the case. Taking the real part is not an approximation. Since Sa is

a real quantity, the real part of Sa ∗ Ã is indeed exactly the convolution of Sa with the cosine

transform of the apodization function as stated in Eq. 20. And this is the desired spectral

estimate following Sakai et al. (1968).

Comment: Overall, the results are not convincing and the need for a modification of the Rever-

comb calibration approach is not clear (I don’t see why a correct application of the Revercomb

approach should not work).

Response: Revercomb et al. (1988) do not discuss the impact of finite interferograms in their

calibration method. In general, in the case of finite real-world interferograms, we accept as

an estimate of the measured spectrum the convolution of the actual spectrum with the cosine

transform of the apodization function as presented in Sakai et al. (1968). Since the calibration

method by Revercomb includes the quotient of two measured spectra, we need to take into

account that we do not get as final spectrum the atmospheric spectrum convolved with the

cosine transform of the apodization function, since taking the ratio and the convolution do not

commute.

Comment: One motivation of the authors for this paper is that a quantitative error analysis

is needed for the NYAEM-FTS. Such an error analysis would be a valuable publication, and

the aspects of phase issues induced by beamsplitter emission and water vapour lines in the

calibration data could be addressed there - preferably supported with real data.

Response: Such an error analysis is interesting but beyond the scope of this paper. This

paper is thought of as a theoretical investigation of general interest on the limiting assumptions

in Revercomb’s calibration method, which is in principle relevant to all real-world measure-

ments. To which extent this is quantitatively relevant needs to be addressed for each instru-

ment/measurement condition individually. In addition to the theoretical considerations, we

show an example case for our instrument, the NYAEM-FTS, as during the preparation of an

error estimate there, we encountered the effect discussed here.

Comment: In the first part, theoretical considerations are presented, which basically repeat

the calculations already given by Revercomb et al.

Response: Yes, to provide the complete picture and we extend the consideration to the case

of absorption lines in the black body spectra, which is not done in Revercomb et al. (1988).

This is important for the main results of the paper in Section 5.

Comment: Section 2 repeats the calculations already given by Revercomb et al.

Response: We do this to make the difference between Revercomb’s considerations and our

extension clear. As a side-effect, this makes the paper self-contained. We will shift the content

of Section 2 into the introduction to separate clearly the background material from the new

developments of this work.

Comment: Section 3 discusses the effect of spectral absorption lines in blackbody measure-

ments and basically states that the effect cancels out in the instrument setup of NYAEM-FTS,
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because the radiance from the atmosphere and the radiance from the blackbodies passes the

same air masses. This is important when estimating possible error sources in the calibration

setup. It should be noted, however, that this is an aspect which is rather independent of the

calibration method by Revercomb et al.

Response: As we show, the cancellation only works for ideal infinite interferograms. In real-

world measurements, the absorption lines do not exactly cancel because of the effects discussed

in our paper, and the error needs to be quantified. This problem arises because of the way

Revercomb’s calibration method works in combination with absorption lines in the black body

spectra as discussed in Section 5.

Comment: Section 4 deals with the the problem that in FTIR emission spectroscopy, the

different phases of the instrument contributions have to be taken into account, such that simply

using the magnitude of the spectra as input to the calibration formula does not work. This

again is a repetion of the work presented by Revercomb et al.

Response: We also clarify how the method is extended to existing absorption lines in the black

body spectra, which Revercomb et al. did not consider in their original paper.

Comment: At the end of the paragraph the authors state that ”it is only true for infinite

interferograms that the transmittance cancels in the quotient” without explaining why this

shoud be the case. As long as the spectral resolution of all types of measurements (atmosphere

and blackbodies) stays the same, I don’t see why the transmittance should not cancel.

Response: As we state in the second part of this sentence, we give the explanation in Section

5 which contains the main rationale of our paper in which we show mathematically why the

transmittance does not cancel for finite interferograms.

Comment: In Section 5, the effect of a truncation function, which describes the finite inter-

ferogram measurement, is discussed. Unfortunately, neither a symmetric, nor an asymmetric

truncation function is given explicitely, such that it is difficult to follow the argumentation.

Response: Our argument is independent of any specific form of truncation function. Specifying

one would unnecessarily restrict the generality of the argument.

Comment: Next, I don’t understand the intension of eq. 19. It tells me that the calibrated

spectrum is the input radiance, convolved with the truncation function, but it does not make

use of any calibration measurements anymore.

Response: The input for this equation are the three input spectra, i.e., the three calibration

measurements. To make analytic calculations we insert expressions that represent the require-

ments used in the Revercomb method. The intention of Eq. 19 is to show that in the case of

no absorption lines in the black body spectra, we obtain the spectral estimate that is desired

following Sakai et al. (1968) after calibration. We show in the subsequent part of the paper

why this is not the case in presence of absorption lines in the black body spectra. We will add

a sentence to make that clearer.

Comment: In eq. 20, only the real part is taken, although the truncation function is asymmet-

ric. If I understand Sakai et al. correctly, the assumption of eq. 20 is only valid if the asymmetry

is small compared to the interferogram length which is not the case for NYAEM-FTS. So, again,

what is the use of this equation? How valid is this approximation for NYAEM-FTS?

Response: To our understanding, this is not the claim made by Sakai et al. They state that
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in the case of a symmetric interferogram, the truncation needs to be symmetric if we want the

magnitude of the resulting spectrum to be the desired spectral estimate i.e., the atmospheric

spectrum convolved with the cosine transform of the apodization function. They also state

that for a not too asymmetric interferogram, the truncation must be symmetric around the

point of stationary phase if we want the phase of the spectrum from the finite interferogram

to be the phase of the spectrum from the infinite interferogram. They also show that for

a symmetric interferogram, the real part of the Fourier transform of the finite interferogram

always corresponds to the atmospheric spectrum convolved with the cosine transform of the

truncation function, no matter the asymmetry of the truncation function. This is the same

argument we use in Eq. 20.

Comment: For the simulated dataset, which is described in lines 160 ff, I am missing a

description of how the instrument self-emission, including beamsplitter emission with a phase of

90 degrees is included. If such instrument contributions are not added, you cannot demonstrate

that they are handled correctly during calibration.

Response: While this is interesting on its own in the error analysis of a specific instrument,

this is not the point of our paper. For our argument it suffices to make the same assumptions

for the instrument self-emission as Revercomb et al. (1988) did, i.e., that they cancel in the

difference of the complex spectra or the interferograms.

Comment: Concerning the discussion of the convolution effect, it is not clear to me, what

exactly is done. The main point is that the truncation is not explained, especially the difference

between the symmetric and asymmetric truncation. The stronger the asymmetry, the more the

result of eq. 20 will change compared to the case of the symmetric truncation.

Response: We hope to have clarified this above.

Comment: Since it is not well explained what exactly is done for calculating the best estimate,

the equal sided Revercomb and modified unequal sided Revercomb (which seem to give identical

results) and unequal sided Revercomb, respectively, I also cannot follow the results shown in

Fig. 2.

Response: We will extend the manuscript to include that the best estimate is obtained by

transforming the real atmospheric spectrum Sa to an interferogram, performing a symmetric

boxcar truncation and transforming back into the spectral domain. This is equivalent to a

convolution of the atmospheric spectrum with a sinc scanning function. The equal-sided Rever-

comb is obtained as in described in l. 160 ff. as follows: Create artificial difference spectra

Sa−Sc and Sh−Sc, multiply an artificial phase function eiϕs to it, transform into the interfero-

gram domain, truncate with an equal-sided boxcar at L = 11.25 cm−1, transform back into the

spectral domain and insert into the Revercomb formula. The modeling of the internal emission

can be left out, since this contribution cancels in the difference. This is the basic assumption of

Revercomb’s method. To test its validity by testing the phase stability of a specific instrument

is important in the error analysis for each measurement setup but not the point of this paper.

The modified unequal-sided Revercomb method is equivalent as shown in Eq. 23. The unequal-

sided Revercomb is obtained by performing the same procedure but with asymmetric boxcar

interferogram truncation at −1 cm−1 and +11.25 cm−1 around the ZPD. In order to account

for the information doubling around the ZPD, a linear ramp function is applied from −1 cm−1

to +1 cm−1 around the ZPD as is usually done for the Fourier transform of unequal-sided

interferograms.
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Comment: When it comes to the effect of water vapour lines in the blackbody spectra and the

truncation of interferograms, it is not clear why these have an impact on the calibration quality

(in the frame of this theoretical study). As long as the interferogram truncation is identical for

the blackbody and the atmospheric interferograms, the line shapes should be affected in the

same way, such that no error is introduced.

Response: As we hope to have clarified, this is not the case as truncation and taking a quotient

are operations that do not commute.

Comment: In real life, I would still expect an effect if the lab conditions are not perfectly

stable and humidity and/or temperature of the lab air vary over time.

Response: This is an interesting question on its own and will be addressed in a paper about

the NYAEM-FTS instrumental setup and error analysis. This is however beyond the scope of

this paper.
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One-sided interferograms

Let I(x) be the double-sided infinite interferogram corresponding to the spectrum S(ν) related

by the Fourier transform

S(ν) = F(I(x)). (1)

We now want to calculate the effect on the spectrum, when setting the negative OPD axis of the

interferogram to zero, i.e. if we have a one-sided infinite interferogram (on the positive axis).

This correspondes to a multiplication with the Heaviside step function

I+(x) := I(x)Θ(x). (2)

The resulting spectrum is

S+(ν) = F
[
I+(x)

]
(3)

= F [I(x)Θ(x)] (4)

= F
[
1

2
(I(x) + sgn(x)I(x))

]
(5)

=
1

2
S(ν) +

1

2
S(ν) ∗ F [sgn(x)] (6)

=
1

2
S(ν) +

1

2
S(ν) ∗

[
p.v.

1

iπν

]
(7)

=
1

2
S(ν)− i

2
p.v.

∫ ∞

−∞

S(ν ′)

ν − ν ′
dν ′ (8)

=
1

2
S(ν)− i

2
H (S(ν)) (9)

where H is the Hilbert transform.

Spectra from one-sided interferograms thus contain a contribution from the Hilbert transform

(cf. Sakai et al.) and are therefore different from the original spectra, since the Hilbert transform

of any sufficiently well-behaving function is non-zero if the function is non-zero. In the case of

a purely real spectrum (no phase error), the original spectrum is retained in the real part of the

result.

Applying this to the Revercomb total power calibration we see that it is generally not the

same if we truncate the interferograms in the numerator and the denomiator separately before

calculating the quotient and thus we do not get the desired spectrum. Let Sac be the spectrum

resulting from the difference of the interferograms from the atmosphere and the cold black body

and Sac the spectrum from the difference of the hot and cold black body, Scalib the resulting

calibrated spectrum and Bh/c the hot and cold ideal black body spectra, we do not obtain the

desired calibrated spectrum if one-sided interferograms are used:

Scalib = Re

[
Sac

Shc

]
(Bh −Bc) +Bc (10)

̸= Re

[
S+
ac

S+
hc

]
(Bh −Bc) +Bc (11)

= Re

[
Sac − iH (Sac(ν))

Shc − iH (Shc(ν))

]
(Bh −Bc) +Bc (12)

6



Figure 1: The quotient of two Gaussian lines is shown in blue. The orange graph shows the real
part of the quotient of the complex spectra that are obtained if the interferograms corresponding
to the Gaussian lines are subject to one-sided truncation. The magnitude instead of the real
part is shown in green.

The same holds if the magnitude instead of the real part is used.

As an example, we calculate the ratio of two artificial Gaussian spectral lines. We choose

µ = µ1 = µ2 = 1300 cm−1, σ1 = 0.5 cm−1, σ2 = 1 cm−1, A1 = 2 and A2 = 0.5. In order to

make the interferogram physical, i.e. real valued, we need to make the spectrum hermitian, i.e.

S(ν) = S(−ν). The phase is zero, otherwise we would also require ϕ(ν) = −ϕ(−ν). So we have

Sac = A1

(
e
− (ν−µ)2

2σ2
1 + e

− (ν+µ)2

2σ2
1

)
(13)

and

Shc = A2

(
e
− (ν−µ)2

2σ2
2 + e

− (ν+µ)2

2σ2
2

)
. (14)

Figure 1 shows the quotient Sac/Shc which is equal to the quotient of the real parts of the

numerator and denominator after truncating the interferograms

Sac

Shc
=

Re [S+
ac]

Re
[
S+
hc

] (15)

and not equal to the real part of the quotient

Sac

Shc
̸= Re

[
S+
ac

S+
hc

]
(16)

which is the method proposed by Revercomb et al. nor to the magnitude of the quotient

Sac

Shc
̸=
∣∣∣∣S+

ac

S+
hc

∣∣∣∣ . (17)

This shows that the method by Revercomb is generally not applicable to one-sided interfero-

grams depending on the size of H(Sac) and H(Shc).
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Figure 2: In the top panel the quotient of the same two Gaussian lines convolved with a sinc
function is shown in blue. The quotient of the two Gaussian lines where each line is convolved
with a sinc function individually is shown in orange. The difference is shown in the bottom
panel.

Equal-sided finite interferograms

Applying Revercomb’s calibration method to equal-sided finite interferograms does not yield

the optimal spectral estimate from finite interferograms as given by Sakai et al. (1968). The

optimal spectral estimate in the case of equal-sided truncation is just the spectrum convolved

with the Fourier transform of the apodization function (the so-called scanning function). Note,

that the convolution of a quotient of spectra with the scanning function is not the same as

convolving the numerator and denominator separately and then taking the quotient.

Let us use the same Gaussians as in the previous example. Note that

Sac

Shc
∗ Ã ̸= Sac ∗ Ã

Shc ∗ Ã
. (18)

In the numerical example (see Fig. 2) we simply use a boxcar apodization function with a

width of 1 cm. The truncation of the interferogram then corresponds to a convolution with a

sinc function.

References
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