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Comments on the paper "Wolf Shifts and 
Their Physical Interpretation Under Labo- 
ratory Conditions" by K. D. Mielenz 

In a recent paper [1] in the Journal of Research 
of the National Institute of Standards and Technol- 
ogy, K. D. Mielenz has criticized the generally ac- 
cepted interpretation of a phenomenon discovered 
a few years ago, regarding frequency shifts of spec- 
tral lines due to coherence properties of sources. In 
these comments we show that much of the criticism 
is invalid. 

The phenomenon was discovered in 1986 [2] and 
has been discussed extensively in about 100 papers 
published since then. In its broader sense the phe- 
nomenon concerns the effect of source correlations 
on the spectrum of the emitted radiation. The pa- 
per [1] contains a number of serious errors and 
misinterpretations, which make much of the criti- 
cism invalid or misleading at best. 

In the third paragraph of Ref. [1], a passage is 
quoted from one of my papers on this subject [3] 
where I suggested some possible mechanisms for 
producing source correlations. However Mielenz 
does not state that several such mechanisms have 
been found since then. Some, in fact, are discussed 
in several references which Mielenz quotes (his 
Refs, [8-11]); others are discussed in Refs. [4] and 
[5] cited below. 

Near the beginning of Sec. 2 of Ref [1] Mielenz 
poses the question "Does the spectrum of partially 
coherent light change on propagation in free space, 
and are such changes consistent with the principle 
of energy conservation?" In spite of Mielenz's 
hedging on these questions, the answer to the first 
question is emphatically "yes, in general," and the 
answer to the second question is "yes, always," 
That spectral changes can take place on propaga- 
tion in free-space has been demonstrated most dra- 
matically by experiments of G. Indebetouw [6], in 
which a partially coherent planar secondary source 
of essentially uniform spectrum generated light 
which after propagating in free space exhibited a 
spectrum which at some points had highly oscilla- 
tory behavior. That changes of this kind are consis- 
tent with the principle of conservation of energy 
has been shown in Ref. [7]. 

In the same paragraph of Ref [1] Mielenz states 
"The experiments cited here did not pertain to 
free-space propagation in a literal sense, but were 
diffraction or interference experiments...". This 
statement is simply untrue. Diffraction and inter- 
ference  have  played   a  role   in  constructing  Ihe 

partially coherent secondary sources, but the propa- 
gation from the secondary sources was in free space 
and has given rise to spectral changes. 

In Sec. 2 Mielenz also states the "spectral distri- 
bution.-.does not change along the path of a ray." I 
find it rather astonishing that Mielenz chooses to 
criticize the interpretation of a rather subtle optical 
phenomenon by using the most primitive model for 
light propagation'; and what does Mielenz mean by 
a "ray" in a partially coherent field? 

In Sec. 3 Mielenz introduces terms, symbols and 
notions which follow an International Lighting Vo- 
cabulary. Useful as these concepts undoubtedly are 
for the purposes of practical radiometry, they are 
largely inappropriate for the analysis of correla- 
tion-induced spectral changes in which Interfer- 
ence of partially coherent light, even in free space, 
demands analysis in terms of statistical wave the- 
ory. In this connection it may perhaps not be 
inappropriate to recall that the foundations of ra- 
diometry on the basis of modern theory of radia- 
tion has not been fully clarified to this day, in spite 
of numerous attempts that have been made over a 
period of several decades^ It is also to be noted the 
term "coherence" is not listed in the International 
Lighting Vocabulary. 

In Sec. 4 Mielenz refers to Newton's famous ex- 
periment on recombination of "colors" dispersed 
by a prism. Newton's experiments, classic as they 
are, are irrelevant to elucidating the effect of cor- 
relation-induced spectral changes. The wave theory 
of light was not even formulated at Newton's time 
to explain his observation; and he did not use par- 
tially coherent sources. 

Near the end of Sec. 4 there appears the state- 
ment that "The Helmholtz equations [Eq. (5)] ap- 
ply to individual frequencies and thus appear to 
imply that spectra do not change on free-space 
propagation...". Evidently appearances can be de- 
ceptive, because already in the first publication on 
this subject (Ref [2]) and in numerous subsequent 
publications, it was shown that the two Helmholtz 
equations which govern the propagation of the 
cross-spectral density do, in fact, predict that, in 

' As early as 1909 the great physicist H. A. Lorcntz stressed nn 
p. 25 in his famous book "The Theory of Electroris" thai "...in 
general it will not be possible tu Trace the path of parts of en- 
ergy in the same sense in which we can follow in their course the 
ultimate particles of which matter is made up." 
- Some of the problems encountered in attempts to clarify the 
foundations of radiometry arc discussed in Ref. [8]. Many of the 
numerous papers on this subject arc reprinted in an excellent 
collection edited by A. T. Fribcrg [9]. 
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general, the spectrum of light changes in free-space 
propagation; and as already mentioned above, such 
changes have been demonstrated by experiments 
which have been carried out in several laboratories. 

In Sec. 5 Mielenz criticizes an analysis and inter- 
pretation given in Refs, [10] and [11] relating to 
spectral changes that may arise in Young's interfer- 
ence experiment. He quotes two formulas for the 
spectrum in the interference pattern [his Eqs. (24) 
and (27)], which pertain to interference of light 
from a spatially incoherent source. For this particu- 
lar case it is true, as Mielenz implies, that the same 
results can be derived without the use of coherence 
theory. But he does not quote the more general 
formulas (Eq. (6) of Ref. [10] and Eq. (3) of Ref. 
[11]) which cannot be derived in this way. For ex- 
ample, if the light incident on the two pinholes is 
generated by a laser operating on several modes or 
has emerged from a rotating ground glass-plate 
that was illuminated by spatially coherent light, the 
spectrum of the light in the Young's interference 
pattern could not be predicted the way Mielenz 
suggests but would require the use of the more 
general formulas. 

For essentially the same reasons, Mielenz refer- 
ence towards the end of Sec. 5 to the well-known 
textbooks by Jenkins and White and by Strong are 
inappropriate, as they do not discu.ss Young's 
interference experiments with partially coherent 
sources. 

There is actually much more in Ref. [1] that one 
might rightly question, but the preceding remarks 
should suffice to show that Mielenz's criticism is 
largely unfounded and unsound, or is confined to 
special situations involving spatially incoherent 
sources for which alternative, although equivalent, 
interpretations of the phenomenon of correlation- 
induced spectral changes can be given. 

I find it regrettable that some members of the 
radiometry community have adopted a rather nega 
live attitude towards the recent developments re- 
lating to radiation from sources of different states 
of coherence. This is probably due to the fact that 
they are mainly accustomed to dealing with tradi- 
tional thermal sources, which are effectively 
spatially completely incoherent. As already men- 
tioned, the radiation fields produced by such 
sources can indeed be analyzed by the traditional 
methods, which do not require the use of coher- 
ence theory. However, the radiation properties of 
many other sources which are used today, such as 
multimode lasers and various x-ray sources [12-14] 
can only be fully understood within the framework 
of the.theory of partial coherence. The discussion 

of Ref. [1] indicates an attitude which can only in- 
hibit real progress in the development and under- 
standing of such sources and of the radiation which 
they generate. 
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Reply to Professor WoIFs comments on my 
paper on Wolf shifts 

Since Professor Wolfs comments [1] on my pa- 
per on Wolf shifts [2] are rather general in scope, ( 
will attempt to answer them in the order of the 
issues addressed in my paper. 

1. Does the spectrum of partially coherent light 
change on propagation in free space? 

Having reconsidered the paper by Indebetow, 
my answer remains "no." Indebetow constructed a 
source that incorporated prisms and, therefore, 
changed color when viewed at different angles. But 
the spectrum depended only on the angle of obser- 
vation, not on the distance traveled by the light. 
How can this demonstrate "most dramatically" 
that "the propagation from the source...has given 
rise to spectral changes"? A proof that the sptw- 
trum does not change may be found in my Eqs. 
(11) and (12). 

I used the theory of partial coherence, not a 
"most primitive model," to derive Eqs. (11) and 
(12). The word "ray" was a figure of speech, not 
unlike Wolfs remark that "Newton did not use 
partially coherent sources." Does it not follow from 
the van Cittert-Zernicke theorem that a hole in a 
window shutter is partially coherent? 

2. Do the theory of partial coherence and the clas- 
sical Huyghens-Fresnel-Kirchhojf diffraction theory 
give different results in situations that involi'C incoher- 
ent physical sources? Which of them should be ap- 
plied for solutions of practical problems? 

According to my Eq. (21) the theory of partial 
coherence is a generalization of classical wave op- 
tics. "Wolf shifts" produced by apertures illumi- 
nated by incoherent sources are equivalent to 
diffraction phenomena that can be explained clas- 
sically. Coherence theory is indtspensible for the 
explanation of diffraction phenomena produced by 
partially coherent sources. As may be seen from 
the final paragraphs of his "Comments," Professor 
Wolf agrees with these answers. 

3. Are traditional radiometric practices afflicted by 
previously unknown errors due to the partial coher- 
ence of light? 

The "attitude" of radiometrists can be attributed 
to papers by Professor Wolf and others that were 
cited in my paper. These papers quoted the results 
of a doubtful experiment performed in India as evi- 
dence that the spectroradiometric scales of na- 
tional standards laboratories suffer from large 
"Wolf-shift" errors. The Indian experiment was 
suspect because it conflicted with classical results 

quoted in Sec. 5.2 of my paper. This has now been 
confirmed by Foley and Wang on the basis of co- 
herence theory (see their paper in this issue of the 
Journal of Research of the National Institute of 
Standards and Technology). 
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