
In his best-selling book Chaos, James
Glieck expounds on the “tough guy”

nomenclature employed by physicists
and mathematicians. Problems that are
truly important and original are “Deep.”
Everyone would love to discover and
solve a deep problem. Problems that are
straightforward and easy to solve are
“Trivial.” Problems that lie between these
extremes are “Obvious.” A reasonably
competent scientist can work out an
obvious problem. But the solution to
such a problem is not necessarily what
people unschooled in the science in ques-
tion would consider “obvious.”

There’s a classroom anecdote that
makes the point. One day, a professor lec-
turing his graduate class writes on the
board a series of equations, explaining
how to get from one to the next. But he
leaves out the step between the last two
equations, saying, “It’s obvious.”

He starts to go on, but one student
raises his hand to say that he might be
“slow,” but the reasoning behind that step
isn’t obvious to him. The professor looks
back at the equations, starts to speak,
looks at them again and ponders.
Suddenly he turns and leaves the class-
room. The students talk in muted whis-
pers. A minute goes by. Five minutes. Ten
minutes. The professor returns, a smile
on his face. “I was right,” he exclaims. It is
obvious!”

I had my own experience with the
Obvious several years ago in grad school.
I was doing work with the spectra of
color centers: point defects in alkali
halide crystals that often have absorption
bands in the visible, rendering the other-
wise colorless crystals blue, purple or yel-
low. As a result, most papers on the topic
feature graphs of absorption spectra. In
many papers, the spectra are given in
terms of wavelength. In others, the spec-
tra are given in terms of wave number or
electron volts. (For some reason, at the
time I was in grad school, many of these
papers were from scientists working in

what was then the Soviet
Union.) The authors of a few
papers, perhaps seeking to
straddle the two cultures, tried
to have it both ways: a wave-
length scale on the bottom and
a wave-number scale on the
top. But, of course, that still
favors one approach or the
other. You can be linear in one
scale, but not in the other. (No
one has ever tried the experiment of not
being linear in either). That usually
makes one scale the preferred one, but
you could always read off the value on the
other scale if you had to.

Exactly where the peak occurred 
wasn’t purely an academic question for
me, however, because I was calculating
concentrations of defects. I was also look-
ing at emission spectra and trying to cal-
culate gain coefficients. The wavelength
peak emission and peak absorption enter
into these and other calculations, so I
needed to know where they were.

And I realized something interesting.
How one plotted the data made a differ-
ence. If you plotted it in wavelength space
you got one answer; if you plotted it in
wave-number space you got another. The
shift wasn’t large and probably didn’t
affect any of my calculations in a mean-
ingful way, but it was unmistakably there.
And it was interesting.

I mentioned this finding to one of the
professors, suggesting it might be worth a
brief note or article in a journal. He 
didn’t believe it, at first.

“You mean to tell me,” he said, “that if
I had a spectrophotometer calibrated in
wavelength and measured the peak loca-
tion I’d get one value, but if I measured it
on a machine calibrated in wave numbers
I’d get a different answer?”

“Yes,” I replied.
“ And if I converted them by � = 1/�

I wouldn’t get the same result?”
“Nope.”
“Well, that doesn’t make any sense.”

We discussed it for a long while, and I
rolled out my demonstration. It doesn’t
qualify as a proof, since it only looks at
one example. Assume an absorption
spectrum that is a Gaussian in wave-
length space:

 �–�02
F (�)=Aexp  – ——        .[  ��   ]

We can obtain the distribution in
wave-number space by using the rule
that:

F (�)d�=F (�)d �  .

This is required if we want the areas
between corresponding points to be
equal:

d �F (�)=F (�) —–  ,
d�

1F (�)= – — F (�)  .
�2

It’s reasonable, for purposes of com-
parison, to scale both of these to similar
scales. Both distributions can be set to a
dimensionless value of 1 at � = �0 and 
� = 1/�0 :

 �–�02

F (�)=exp  – ——       ,[  ��   ]
1 1��–�0 2

F (�)= ——— exp – ———      .
�2(�0)2 [  ��  ]

Taking the derivative of the first of
these and setting it equal to zero gives the
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location of the maximum at � = �0 ,
where the function has the value of 1.
Taking the derivative of the second
expression with respect to wave number
and setting the result equal to zero pro-
duces the following expression for the
maximum:

————–
–�0+√�2

0 +4(��)2

�max = ———————  .
2(��)2

To first approximation, this is:

1  �� 2

�max �—   1 – —–        .
�0 [  2�0 ]

You can visualize the mathematics by
imagining the function of the absorption
peak as a series of glass partitions set
between glass walls. Between each pair of
partitions there is water, its height indi-
cating the absorption function at that
point. Let’s say the original plotting is lin-
ear in wavelength space. We have parti-
tions at, say 300 nm, 310 nm, 320 nm,

etc., all equally spaced. Now we change
the plot to one in wave-number space.

We convert the wavelength of each
marker into wave number using � = 1/�.
We slide the partitions around so we have
a scale that’s linear in wave number. (Let’s
assume that you can slide these partitions
around without losing the fluid inside).
The partitions were evenly spaced in
wavelength space, but they won’t be in
wave-number space: they’ll be getting
farther apart as you progress to longer
wave numbers. Yet the integrated area
between the partitions has to remain
constant; that’s why we represented that
area with a fixed volume of water. Some
pairs of partitions will move closer
together, so the height of the water
between them will increase. Others will
move farther apart, so the height will
decrease. In this way, the shape of the
absorption spectrum in wavelength space
changes into the absorption spectrum in
wave-number space. As you make the
separations between the bins smaller and
smaller, you gradually approach a better

and better depiction of the smooth and
continuous function.

Visualizing the spectrum in this way,
as a series of bins with preserved volumes
rather than as a point-by-point transfor-
mation, it is easy to see how the peak
location not only can shift, but must shift,
unless the spectrum is a delta 
function. If we let �0 = 555 nm and 
�� = 50 nm, then the maximum in 
wave-number space is 0.00178741, or
1/559.5 nm, or 4.5 nm from what it
“should” be.

Once we’d gone through all this,
I asked the professor if he thought it
would make an interesting article.

“No, “ he said, shaking his head,
“ I don’t think so.”

I was stunned.
“Why not?” I asked.
“Well, “ he said, “It’s just too obvious.”
Oh, well, at least this time I got an

article out of it.
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