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J is a wonderful language, but it is 
known/used by relatively few programers.

There is always discussion of how we 
might expand our user base. And one 
part of that discussion is the question:  

What is our competition ?
Since this discussion is generally rather 
data-free, I have taken a little survey of 

the astronomers at the University of 
Maryland, College Park campus.



A survey of 60 astronomers at U Md.
“When you program, what are the 3 languages you use most?”

(Responses from professors, researchers & grad students)

total = 4*(1st)+2*(2nd)+(3rd)

--------------------------------------------------------



I was not surprised at 3 of the top 4 languages:
astronomers write big compute-intensive programs 
in Fortran and C because they still produce 
compiled code that executes faster than other 
languages. And I was aware that Python is growing 
in our field.
       But why is IDL number one?

    Features of IDL (Interactive Data Language): 
(1) it is interactive (as opposed to compiled)
(2) from its earliest days, has very good graphics
(3) it is an array based language (so important for 
     the analysis of images !)
(4) it has a syntax which is rather fortran-like 



J shares the first three of these attributes. In fact, 
the early documentation states that IDL was in part 
inspired by APL!  But I have never been able to 
interest any astronomers in J. It’s that last point:
the familiarity of the fortran-like syntax. J just 
seems too strange.

Another key point: The adoption of the language by 
a “critical mass” of astronomers. I think its use 
really caught on when, before the launch of the 
Hubble Space Telescope in 1990, a team of  NASA 
astronomers used IDL for the software to analyze 
HST images. This introduced hundreds of astronomers 
(including me) to IDL.  And we have continued to use 
it for data analysis in subsequent space missions and 
orbiting astronomical satellites.



So the bar is pretty high for the adoption of 
a programming language in any of the 
sciences. Science is becoming ever more 
collaborative, so there is less opportunity for 
the lone J programmer to function outside a 
group.

I think J will always hold its own as the 
“secret weapon” of the few who have 

discovered it. 
And we can always hope that some genius will 

write a “killer app” in J and bring this 
language to wide attention.



I’ve used J for over 20 yrs, but am no expert.
So I can’t show this audience any interesting code.

I write big programs only occasionally, when I have 
a particular problem to solve. But J seems so 

natural and quick, that I rarely use anything else.

Since I can’t really give you a J talk, I’m going to 
tell you about a piece of astronomical software 
that I hope some of you may find interesting.

Last semester I taught a course on stellar evolution 
for physics and astronomy seniors. I discovered that 

there is a wonderful, research-quality stellar 
evolution program that has just appeared: MESA:
“Modules for Experiments in Stellar Astrophysics”



Text

Have you ever wanted to 
look at all the details of 

what goes on inside a star 
as it evolves from a gas 
cloud to a white dwarf ?
Or even better, a core 
collapse supernova?

Then MESA is the thing 
for you! You can do real 
astrophysics without all 

those years of grad 
school!

(too bad the source code is in 
fortran -- fortran 95!)



The MESA home 
page at

mesa.sourceforge.net

Open source 
code for stellar 
evolution that 
will run under 

linux or 
Mac OS X 

(it runs fine on 
my MacBook Pro 
under OS 10.6.8)



 MESA Stellar Evolution Code: mesa.sourceforge.net
 MESA Instrument Papers  (Paxton et al. 2011, 2013)

Bill Paxton, father of MESA

MESA is a state-of-the-art,
modular, open source suite 

for stellar evolution

Modules for Experiments in Stellar Astrophysics

http://mesa.sourceforge.net
http://mesa.sourceforge.net
http://adsabs.harvard.edu/abs/2011ApJS..192....3P
http://adsabs.harvard.edu/abs/2011ApJS..192....3P
http://adsabs.harvard.edu/abs/2013ApJS..208....4P
http://adsabs.harvard.edu/abs/2013ApJS..208....4P
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 (Paxton+ 2013)
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 (Paxton+ 2013)

 Mass loss/gain, Schwarzschild/Ledoux, overshooting, 
double diffusion, gravitational settling, radiative levitation...



Single stars with
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 (Paxton+ 2013)

 Includes the physics of rotation (in a diffusion approximation) 
and of dynamo generated magnetic fields in radiative zones



Giant Planets with

 (Paxton+ 2013)



Stellar evolution requires a mix
of numerical methods to solve 
the simultaneous differential 
equations of stellar structure 

and nucleosynthesis.

The above is from the defining paper by Paxton 
et al., Astrophysical J. Supplement, 192 (2011). 



When you run MESA, it shows a number of interesting 
plots: the changing temperature and luminosity of the 
evolving star (the H-R diagram); the temperature and 
density of each of the thousand or so shells from the 
surface to the center; where nuclear “burning” is taking 
place, etc. The plots are displayed with “pgplot”.

When the program stops, the plots disappear, but big 
ASCII files have been dumped with the details of every 
50th model.

 



The He-flash in a 
solar-mass star

(The time step between 
models is only 3 days.)

Two of the plots generated as the star evolves.

Track in the 
H-R diagram

↓



Double shell burning (H & He) on the 
asymptotic giant branch (AGB).

Later in this star’s evolution an inert carbon core appears ...



To really look into what the star has been doing, you want 
to look into these LOG files & plot all sorts of quantities. 

Folks have written tools to do this using Python, IDL, 
Mathematica, Matlab, etc.

 Naturally, I use J for this sort of analysis; the code to 
read in all 90 variables is trivial and is a good example of 

how J makes life simple. 



A bit of J code to read the MESA output for analysis. 

⇐ Here’s where the variables are assigned

⇐ Here’s where some global variables are assigned



Some of the 90 variables saved for each shell:



Reading the snapshot 
of a model and 

plotting the run of 
temperature.



An example: In the plot of temperature vs. density, we 
may want to see in what zones (either in mass or in 
radius) these changes are occurring. This verb “Trho” 

places dots on the T-ρ curve marking points that divide 
the star into shells of equal mass or of equal radius. 



Here we show the T-rho plot of a young solar-type star. Note the large drop 
in temperature and density in the outer 10% of the star’s radius.

The plot produced by   “radius Trho 10” :



 J is a wonderful language for quick analysis and 
experimentation with observational data.

 What I have tried to illustrate here is that J is also ideal 
for working with the data produced by large, sophisticated 
codes. These codes, dealing with areas such as stellar 
evolution or stellar atmospheres, will continue to be written 
in Fortran or C, because they are limited by the speed of 
the computers available. But they produce large volumes of 
numerical output, and the post-processing of the output 
has become a vital and complex part of research. And this
post-processing is another place where J can play an 
important role.


