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SuperMongo - SM
http://www.astro.princeton.edu/~rhl/sm/

+Scripting and macros 
are possible

+Read FITS files

+“You can’t beat SM” 
according to the 
website

- It can be obscure and 
unappealing to a novice

- Not free (I think)
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SM - An example
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SM - Another example
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MATPLOTLIB in 
PYTHON

http://matplotlib.sourceforge.net/

+Integrated to Python

+Perfect to write code 
and display results

+PyFITS module to read 
FITS files

+Very complete 
documentation

- You need to know 
Python, which is easy, 
so it’s not really a ‘ − ’
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Matplotlib - An example
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GNUPLOT
http://www.gnuplot.info/

http://t16web.lanl.gov/Kawano/gnuplot/index-e.html

+Very quick and easy for 
a quick-look at your 
data

+Scripting is possible

+Function fitting 
included

- But does not necessarily 
make article-quality 
graphs

- Modification of default 
parameters can be 
difficult

- Not always well 
documented
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Gnuplot - An example
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Gnuplot - Another example
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Gnuplot - A more complex 
example
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Interactive Data 
Language - IDL

...The COYOTE website...

+Read FITS files

+Programming language

+Used extensively in 
astronomy/astrophysics

- Multi-plots and 
Graphs-in-graphs can 
be difficult

- Not free, but available 
in all astro departments
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IDL - An example
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IDL - Another  exampleThe Warping of M31, and its Contribution to Observed Velocity Anomalies. (CHANGE ME) 3

Fig. 3.— The three functional fits to the data of Sawa and Sofue (1981), where the black, red, and green correspond to equations 4,2,
and 3 respectively.

be the dominant field, which is the position of maximum
warp as quoted by Sawa and Sofue. Generally, all three
fits in Figure 3 exhibit similar characteristics, with the
functional form of equation 2 being the poorest fit. The
difference of the location of maximum warp is only obvi-
ous in the fields of (FAR RIGHT, IN MIDDLE), where
the functional cosine dependance changes the direction
of the warp.

2.1. Theoretical Velocities as a Function of Radius

We have obtained our theoretical velocities from the
analytic description of the M31 mass distribution given
in Geehan et al (2006). The net velocity is a combi-
nation of components from the galactic bulge, galactic
disc, and the extended dark matter halo, whos compo-
nents are shown in equations 6, 7, and 8, respectively.
The coefficient Mb is the total mass of the bulge and
rb is its scale radius. The critical density of the halo is
given by ρc = 277.72h2M!/kpc2 where h, the Hubble
constant, is 0.71 in units of 100km−1s−1Mpc−1. δc is a
dimensionless density parameter and rh is the halo scale

radius. All of the coefficients can be found in Table 2, of
the Geehan et al paper.
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V 2
disc = 4πGΣ0Rdy

2[I0(y)K0(y) − I1(y)K1(y)] (8)
The disc’s central surface density and scale length is

defined by Σ0 and Rd respectively. The variable y is
used to simplify the expressions and is given by y =
R/2Rd. The variables I0, I1, K0, K1 are modified Bessel
functions, which can be found in Appendix F, of Binney
& Tremaine (1987). The vector sum of these quantities
is used in the theoretical rotation velocities discussed in
following paragraphs.

Because the velocity components are constructed for a
flat, thin disc, and our disc is warped, one must deter-
mine which value for radius should be used to calculate
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MATHEMATICA
http://www.wolfram.com/mathematica/

+Well documented with 
many examples

+Programming language

+Read FITS files

+Make pretty graphs and 
other cool stuff

+Some cool functions 
make things easy.

- Not free, but sometimes 
available for students in 
universities

- Arrays/Table can be 
tricky to use...(I still 
haven’t quite figured it 
out)
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Mathematica - An 
example
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Mathematica - An 
example
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Mathematica - A neat 
example
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MATLAB
http://www.mathworks.com/products/matlab/

+Programming language

+Read FITS files

+Interactive modification 
of an image, and 
transcription into code 

- Not free, but sometimes 
available for students in 
universities
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Matlab - An example
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ORIGIN
http://www.originlab.com/

+Makes pretty graphs

+Programming language

+Works on Mac and 
Windows only

- Not free, but sometimes 
available for students in 
some labs

-Works on Mac and 
Windows only
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Origin - An example
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Origin - Another example
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Excel, and Other 
Spreadsheet softwares

+Still looking for 
advantages...

+I think I found one...

+You can easily...

+No, it’s not that easy. 
Forget it, false alarm.

- Not free, but discounts for 
students in some 
universities

- MACROS are a pain to 
write

- It never does what you 
want to do...because it 
tries to be smarter than 
you !

- Do you really want to 
publish an Excel graph ?
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EXCEL - An example
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Thanks
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