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IoA Cambridge, Astropy Workshop

These notes are for the Astropy workshop held at the Institute of Astronomy of
the University of Cambridge by Brigitta Sipőcz and Thomas Robitaille [http://www.mpia.de/~robitaille] on the
28th of April 2016.


Note

Please bring your laptop to the workshop!



The purpose of this workshop is to give you an overview of functionality in
Astropy, and get you started with some simple problems. There is a lot of
functionality that we cannot cover in this workshop, so we encourage you to
browse the Astropy Documentation [http://docs.astropy.org]  to get a
sense of what it can be used for!


Installing Python and Astropy

If you don’t already have a Scientific Python Installation, install the
Anaconda Python Distribution [https://store.continuum.io/cshop/anaconda/]
(works for MacOS X, Linux, and Windows). We recommend downloading the Python
3.5 version (you will still be able to set up Python 2 environments if
needed).
Alternatively you can find installation info here:

Installing Python, Astropy, and affiliated packages.




Notebooks

Download the notebooks from here before starting (Windows users: use this instead).


	Units and Quantities [Problem solutions]

	Tables [Problem solutions]

	Celestial Coordinates [Problem solutions]

	Handling FITS files [Problem solutions]

	Modeling [Problem solutions]

	WCS Transformations [Problem solutions]

	Astropy Affiliated Packages: APLpy and WCSAxes

	Astropy Affiliated Packages: Aperture photometry

	Astropy Affiliated Packages: Astroquery

	Astropy Affiliated Packages: Image reprojection






Getting help


General Python help


	Google [http://www.google.com]!

	StackOverflow [http://stackoverflow.com] - use tag #python

	Facebook Python users in Astronomy group [https://www.facebook.com/groups/astropython/]






Astropy help


	astropy mailing list [http://mail.scipy.org/mailman/listinfo/astropy] (not just Astropy-related question, any astronomy & python questions)

	StackOverflow [http://stackoverflow.com] - use tag #astropy

	IRC [http://webchat.freenode.net/?channels=astropy]

	Twitter [https://twitter.com/astropy]






Feedback


	Proposing future features for Astropy [http://astropy.userecho.com]

	Private feedback on astropy








Useful links


	Numpy [http://www.numpy.org]

	Scipy [http://www.scipy.org]

	Matplotlib [http://www.matplotlib.org]

	Astropy [http://www.astropy.org]

	More about the Jupyter notebook [http://jupyter.org]

	UTF-8 error on MacOS X: see here [http://docs.astropy.org/en/stable/known_issues.html#locale-errors-in-macos-x-and-linux] for how to fix it.
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Astropy: Modeling - Solutions¶














Level 1¶










In [1]:


    
import numpy as np
%matplotlib inline
import matplotlib.pyplot as plt
















In [2]:


    
from astropy.modeling import models, fitting
















In [3]:


    
x, y = np.loadtxt('data/fitting_data.txt', unpack=True)
















In [4]:


    
plt.plot(x, y, 'o')
















Out[4]:




[<matplotlib.lines.Line2D at 0x108c90470>]
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In [5]:


    
m1 = models.Linear1D()
m2 = models.Polynomial1D(2)
















In [6]:


    
fitter = fitting.LevMarLSQFitter()
















In [7]:


    
m1_new = fitter(m1, x, y)
m2_new = fitter(m2, x, y)



















WARNING: Model is linear in parameters; consider using linear fitting methods. [astropy.modeling.fitting]

















In [8]:


    
xfine = np.linspace(0, 100, 1000)
















In [9]:


    
plt.plot(x, y, 'o')
plt.plot(xfine, m1_new(xfine), 'r-')
plt.plot(xfine, m2_new(xfine), 'b-')
















Out[9]:




[<matplotlib.lines.Line2D at 0x10a0c66d8>]
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Level 2¶










In [10]:


    
from astropy.io import fits
hdu = fits.open('data/n57510ul.fits')[0]
flux = hdu.data
x = np.arange(len(flux))
















In [11]:


    
plt.plot(flux)
















Out[11]:




[<matplotlib.lines.Line2D at 0x10a13dc18>]
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In [12]:


    
m = models.Const1D() + models.Gaussian1D(mean=420)
m_new = fitter(m, x, flux)
















In [13]:


    
m_new
















Out[13]:




<CompoundModel0(amplitude_0=2.339736133692187e-14, amplitude_1=2.645068274457522e-14, mean_1=417.60345778396356, stddev_1=9.449863989734922)>

















In [14]:


    
plt.plot(x, flux)
plt.plot(x, m_new(x))
















Out[14]:




[<matplotlib.lines.Line2D at 0x10a1129b0>]
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Affiliated Packages: photutils¶

Source detection and aperture photometry¶

The following example uses photutils to find sources in an astronomical
image and perform circular aperture photometry on them. This example requires the following packages:


Installation¶

You can install the required package with either conda or pip:



		conda -c astropy install photutils





		pip install photutils








Requirements¶


		astropy v1.0 or later


		photutils v0.1 or later


		numpy 1.6 or later


		scipy


		scikit-image


		matplotlib


















We start by loading an image from the bundled datasets and selecting a subset of the image.  We then subtract a rough estimate of the background, calculated using the image median. In the remainder of this example, we assume that the data is background-subtracted.











In [1]:


    
import numpy as np
from photutils import datasets

hdu = datasets.load_star_image()
image = hdu.data[300:800, 300:800].astype(float)
image -= np.median(image)
















In [2]:


    
import matplotlib.pylab as plt
%matplotlib inline

plt.rc('figure', figsize=(10, 10))
plt.imshow(image, cmap='gray_r', origin='lower')
















Out[2]:




<matplotlib.image.AxesImage at 0x109db3b70>
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Source Detection¶

Photutils supports several source detection algorithms.  For this
example, we use photutils.daofind to detect the stars in the
image.  We set the detection threshold at the 3-sigma noise level,
estimated using the median absolution deviation of the image.  The
parameters of the detected sources are returned as an Astropy
Table.











In [3]:


    
from photutils import daofind
from astropy.stats import mad_std

bkg_sigma = mad_std(image) 
sources = daofind(image, fwhm=4., threshold=3.*bkg_sigma)
print(sources)



















 id   xcentroid     ycentroid    ...  peak       flux           mag       
--- ------------- -------------- ... ------ ------------- ----------------
  1 8.32505593822 0.361671501059 ... 7816.0 7.08850256949   -2.12638625281
  2 59.5284509248 0.577005398656 ... 7583.0 9.55738167619   -2.45084732501
  3 149.486612917  0.49229213635 ... 6874.0 8.48761294391   -2.32196391611
  4  99.785726065  3.67338836764 ...  545.0 1.01269842928 -0.0137003409498
  5 114.001684611  6.14804716094 ... 2587.0 2.42418756125  -0.961415546227
  6  367.13921519  5.61787322663 ... 9030.0 7.44421807403   -2.17954771762
  7 492.713278555  5.96981121705 ... 8897.0 6.97318814147   -2.10857845733
  8 52.5246058408  6.82359774406 ...  777.0 1.16296608804  -0.163917627338
  9 169.579793605  6.62873717122 ... 5978.0 6.25142389508    -1.9899473711
 10  433.66940802  8.01492850099 ...  879.0 1.04112148702 -0.0437535242212
...           ...            ... ...    ...           ...              ...
752 389.053072435  488.990503105 ... 7863.0 8.57152613383   -2.33264538401
753  247.42790774  490.111412927 ... 4806.0 5.17405407242    -1.7845774077
754 36.7635046156  490.596411009 ... 8709.0 9.07927059509   -2.39512739959
755 173.832155611  493.935871101 ... 8754.0 9.93047446329   -2.49242499734
756  390.53720049  494.918568556 ... 8952.0 8.41425734199   -2.31253947591
757  214.26806771  496.997708833 ... 3366.0 3.42571588205   -1.33687835281
758 24.9610847363   497.91604648 ... 1222.0 1.14418286794  -0.146238601767
759  28.878836943  498.101767333 ... 1131.0 1.02161935244 -0.0232227778377
760  253.97874348  498.283364592 ... 4750.0 5.31483761326   -1.81372499964
761  207.15897271  498.655797674 ... 4659.0 3.66302253017   -1.40959897472
762 452.782924642  498.660873085 ... 5952.0 4.82774235102   -1.70936021108
Length = 762 rows





















Aperture photometry¶

Using the list of source locations (xcentroid and ycentroid),
we can compute the sum of the pixel values within our apertures.
For this example we choose circular apertures with a radius of 4 pixels. The photutils.aperture_photometry
function returns an Astropy Table with the results of
the photometry:











In [4]:


    
from photutils import aperture_photometry, CircularAperture

positions = (sources['xcentroid'], sources['ycentroid'])    
apertures = CircularAperture(positions, r=4.)    
phot_table = aperture_photometry(image, apertures)    
print(phot_table)



















 aperture_sum     xcenter       ycenter    
                    pix           pix      
-------------- ------------- --------------
 34687.9664115 8.32505593822 0.361671501059
  69445.406535 59.5284509248 0.577005398656
 65453.6846559 149.486612917  0.49229213635
-3016.31423021  99.785726065  3.67338836764
 1748.45985935 114.001684611  6.14804716094
  171676.20319  367.13921519  5.61787322663
 181257.255496 492.713278555  5.96981121705
 -5201.4280847 52.5246058408  6.82359774406
 38633.8472726 169.579793605  6.62873717122
-7753.31723912  433.66940802  8.01492850099
           ...           ...            ...
 25370.9222451  247.42790774  490.111412927
 118689.250305 36.7635046156  490.596411009
 117403.494267 173.832155611  493.935871101
 149189.346802  390.53720049  494.918568556
 11030.9431808  214.26806771  496.997708833
 28555.0718082 24.9610847363   497.91604648
 24339.4452655  28.878836943  498.101767333
 20873.0018562  253.97874348  498.283364592
 19561.2046111  207.15897271  498.655797674
 39152.1711172 452.782924642  498.660873085
Length = 762 rows





















The sum of the pixel values within the apertures are given in the
column aperture_sum.  We now plot the image and the defined
apertures:











In [5]:


    
import matplotlib.pylab as plt
%matplotlib inline

plt.rc('figure', figsize=(10, 10))
plt.imshow(image, cmap='gray_r', origin='lower')
apertures.plot(color='blue', lw=1.5, alpha=0.5)
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For more examples and details please visit the photutils documentation.
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Astropy - Modeling¶










In [1]:


    
import numpy as np
%matplotlib inline
import matplotlib.pyplot as plt
















In [2]:


    
from astropy.modeling import models, fitting




















Setting up models¶










In [3]:


    
g = models.Gaussian1D(amplitude=1.2, mean=0.9, stddev=0.5)
print(g)



















Model: Gaussian1D
Inputs: ('x',)
Outputs: ('y',)
Model set size: 1
Parameters:
    amplitude mean stddev
    --------- ---- ------
          1.2  0.9    0.5





















Model parameters can be accessed as attributes:











In [4]:


    
g.amplitude
















Out[4]:




Parameter('amplitude', value=1.2)

















In [5]:


    
g.mean
















Out[5]:




Parameter('mean', value=0.9)

















In [6]:


    
g.stddev
















Out[6]:




Parameter('stddev', value=0.5)





















and can also be updated via those attributes:











In [7]:


    
g.amplitude = 0.8
g.amplitude
















Out[7]:




Parameter('amplitude', value=0.8)





















Models can be evaluated directly (so they are useful without even fitting):











In [8]:


    
g(1.3)
















Out[8]:




0.5809192296589527

















In [9]:


    
x = np.linspace(-5, 5, 1000)
plt.plot(x, g(x))
















Out[9]:




[<matplotlib.lines.Line2D at 0x10ab72d68>]
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Fitting models to data¶














We start off by generating fake data:











In [10]:


    
np.random.seed(0)
x = np.linspace(-5., 5., 200)
y = 3 * np.exp(-0.5 * (x - 1.3)**2 / 0.8**2)
y += np.random.normal(0., 0.2, x.shape)
plt.plot(x, y, 'ko')
















Out[10]:




[<matplotlib.lines.Line2D at 0x10ac23ba8>]
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We set up a fitter:











In [11]:


    
fitter = fitting.LevMarLSQFitter()




















We now fit the data using a trapezoid model and a Gaussian











In [12]:


    
t_init = models.Trapezoid1D(amplitude=1., x_0=0., width=1., slope=0.5)
t = fitter(t_init, x, y)

g_init = models.Gaussian1D(amplitude=1., mean=0, stddev=1.)
g = fitter(g_init, x, y)




















Finally we can plot the data and the two models











In [13]:


    
plt.figure(figsize=(8,5))
plt.plot(x, y, 'ko')
plt.plot(x, t(x), 'b-', lw=2, label='Trapezoid')
plt.plot(x, g(x), 'r-', lw=2, label='Gaussian')
plt.xlabel('Position')
plt.ylabel('Flux')
plt.legend(loc=2)
















Out[13]:




<matplotlib.legend.Legend at 0x10c0b3898>
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Multi-dimensional models¶














The modeling framework is not restricted to 1-d models and datasets. To demonstrate this, we create a 2-d dataset:











In [14]:


    
np.random.seed(0)
y, x = np.mgrid[:128, :128]
z = 2. * x ** 2 - 0.5 * x ** 2 + 1.5 * x * y - 1.
z += np.random.normal(0., 0.1, z.shape) * 50000.
plt.imshow(z, origin='lower', interpolation='nearest', vmin=-1e4, vmax=5e4)
















Out[14]:




<matplotlib.image.AxesImage at 0x10c22d400>
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As before, we set up a fitter:











In [15]:


    
fitter = fitting.LinearLSQFitter()




















We create the initial model:











In [16]:


    
p_init = models.Polynomial2D(degree=2)




















and we can now fit the model to the data:











In [17]:


    
p = fitter(p_init, x, y, z)




















We can now look at the best model











In [18]:


    
plt.imshow(p(x, y), origin='lower', interpolation='nearest', vmin=-1e4, vmax=5e4)
















Out[18]:




<matplotlib.image.AxesImage at 0x10ca6da20>
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and the residual











In [19]:


    
plt.imshow(z - p(x, y), origin='lower', interpolation='nearest', vmin=-1e4, vmax=5e4)
















Out[19]:




<matplotlib.image.AxesImage at 0x10de39fd0>
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Compound models¶














In some cases, we may want to fit multiple models at the same time (for example two Gaussians, or a background polynomial and a Gaussian, etc.). This is now possible in Astropy 1.0 and later. As before we start off by generating synthetic data:











In [20]:


    
np.random.seed(42)
g1 = models.Gaussian1D(1, 0, 0.2)
g2 = models.Gaussian1D(2.5, 0.5, 0.1)
x = np.linspace(-1, 1, 200)
y = g1(x) + g2(x) + np.random.normal(0., 0.2, x.shape)
plt.plot(x, y, 'ko')
















Out[20]:




[<matplotlib.lines.Line2D at 0x10c1eed30>]
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Now we fit this with a combination of two Gaussians:











In [21]:


    
gg_init = models.Gaussian1D(1, 0, 0.1) + models.Gaussian1D(2, 0.5, 0.1)
fitter = fitting.SLSQPLSQFitter()
gg_fit = fitter(gg_init, x, y)



















Optimization terminated successfully.    (Exit mode 0)
            Current function value: 6.83285936044
            Iterations: 14
            Function evaluations: 137
            Gradient evaluations: 14





















Finally, we can plot the best-fitting model:











In [22]:


    
# Plot the data with the best-fit model
plt.figure(figsize=(8,5))
plt.plot(x, y, 'ko')
plt.plot(x, gg_fit(x), 'r-', lw=2)
plt.xlabel('Position')
plt.ylabel('Flux')
















Out[22]:




<matplotlib.text.Text at 0x10df655f8>
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Exercises¶














Level 1¶














Read in the data from data/fitting_data.txt and try and fit it with a straight line and a parabola, then make a plot of the resulting fits.















Level 2¶














Download the first FITS spectrum from this page, read it in with astropy.io.fits and try and fit a compound model of a gaussian plus a constant to the spectrum (just assume the points are equally spaced in wavelength space, even if that may not be true). Hint: you may have to play around with setting better initial values for the position of the line.















Level 3¶














Try and read in an image of a star field, and try fitting a 2D Gaussian to one of the stars.
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Handling FITS files - Solutions¶










In [1]:


    
%matplotlib inline
import numpy as np
import matplotlib.pyplot as plt
















In [2]:


    
from astropy.io import fits




















Level 2¶














Normally you can use the Table.read method to read in FITS tables, but this shows how to do it directly in astropy.io.fits











In [3]:


    
# Read in Point Source Catalog
hdulist = fits.open('data/gll_psc_v08.fit')
psc = hdulist[1].data

# Extract Galactic Coordinates
l = hdulist[1].data['GLON']
b = hdulist[1].data['GLAT']

# Coordinates from 0 to 360, wrap to -180 to 180 to match image
l[l > 180.] -= 360.

# Plot the image
fig = plt.figure()
ax = fig.add_subplot(1, 1, 1, aspect='equal')
ax.scatter(l, b)
ax.set_xlim(180., -180.)
ax.set_ylim(-90., 90.)
ax.set_xlabel('Galactic Longitude')
ax.set_ylabel('Galactic Latitude')
















Out[3]:




<matplotlib.text.Text at 0x111f72668>
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Level 3¶










In [4]:


    
# Read in Background Model
hdulist = fits.open('data/gll_iem_v02_P6_V11_DIFFUSE.fit')
bg = hdulist[0].data[0, :, :]

# Read in Point Source Catalog
hdulist = fits.open('data/gll_psc_v08.fit')
psc = hdulist[1].data

# Extract Galactic Coordinates
l = hdulist[1].data['GLON']
b = hdulist[1].data['GLAT']

# Coordinates from 0 to 360, wrap to -180 to 180 to match image
l[l > 180.] -= 360.

# Plot the image
fig = plt.figure()
ax = fig.add_subplot(1, 1, 1)
ax.imshow(bg ** 0.5, extent=[-180., 180., -90., 90.], cmap=plt.cm.gist_heat,
          origin='lower', vmin=0, vmax=2e-3)
ax.scatter(l, b, s=10, edgecolor='none', facecolor='blue', alpha=0.5)
ax.set_xlim(180., -180.)
ax.set_ylim(-90., 90.)
ax.set_xlabel('Galactic Longitude')
ax.set_ylabel('Galactic Latitude')
















Out[4]:




<matplotlib.text.Text at 0x111dbf710>
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Astropy: Unit Conversion¶














Documentation¶














For more information about the features presented below, you can read the
astropy.units docs.















Representing units and quantities¶














Astropy includes a powerful framework for units that allows users to attach
units to scalars and arrays, and manipulate/combine these, keeping track of
the units.


Since we may want to use a number of units in expressions, it is easiest and
most concise to import the units module with:











In [1]:


    
from astropy import units as u




















though note that this will conflict with any variable called u.


Units can then be accessed with:











In [2]:


    
u.m
















Out[2]:




$\mathrm{m}$















In [3]:


    
u.pc
















Out[3]:




$\mathrm{pc}$















In [4]:


    
u.s
















Out[4]:




$\mathrm{s}$















In [5]:


    
u.kg
















Out[5]:




$\mathrm{kg}$



















We can create composite units:











In [6]:


    
u.m / u.kg / u.s**2
















Out[6]:




$\mathrm{\frac{m}{kg\,s^{2}}}$















In [7]:


    
repr(u.m / u.kg / u.s**2)
















Out[7]:




'Unit("m / (kg s2)")'





















The most useful feature about the units is the ability to attach them to
scalars or arrays, creating Quantity objects:











In [8]:


    
3. * u.m
















Out[8]:




$3 \; \mathrm{m}$















In [9]:


    
import numpy as np
















In [10]:


    
np.array([1.2, 2.2, 1.7]) * u.pc / u.year
















Out[10]:




$[1.2,~2.2,~1.7] \; \mathrm{\frac{pc}{yr}}$



















Combining and converting units¶














Quantities can then be combined:











In [11]:


    
q1 = 3. * u.m
















In [12]:


    
q2 = 5. * u.cm / u.s / u.g**2
















In [13]:


    
q1 * q2
















Out[13]:




$15 \; \mathrm{\frac{cm\,m}{s\,g^{2}}}$



















and converted to different units:











In [14]:


    
(q1 * q2).to(u.m**2 / u.kg**2 / u.s)
















Out[14]:




$150000 \; \mathrm{\frac{m^{2}}{s\,kg^{2}}}$



















The units and value of a quantity can be accessed separately via the value and unit attributes:











In [15]:


    
q = 5. * u.pc
















In [16]:


    
q.value
















Out[16]:




5.0

















In [17]:


    
q.unit
















Out[17]:




$\mathrm{pc}$



















Advanced features¶














The units of a quantity can be decomposed into a set of base units using the
decompose() method. By default, units will be decomposed to S.I.:











In [18]:


    
(3. * u.cm * u.pc / u.g / u.year**2).decompose()
















Out[18]:




$929.53097 \; \mathrm{\frac{m^{2}}{kg\,s^{2}}}$



















To decompose into c.g.s. units, one can do:











In [19]:


    
(3. * u.cm * u.pc / u.g / u.year**2).decompose(u.cgs.bases)
















Out[19]:




$9295.3097 \; \mathrm{\frac{cm^{2}}{g\,s^{2}}}$



















Using physical constants¶














The astropy.constants module contains
physical constants relevant for Astronomy, and these are defined with units
attached to them using the astropy.units framework.


If we want to compute
the Gravitational force felt by a 100. * u.kg space probe by the Sun, at a
distance of 3.2au, we can do:











In [20]:


    
from astropy.constants import G
















In [21]:


    
F = (G * 1. * u.M_sun * 100. * u.kg) / (3.2 * u.au)**2
















In [22]:


    
F
















Out[22]:




$6.5174219 \times 10^{-10} \; \mathrm{\frac{m^{3}\,M_{\odot}}{AU^{2}\,s^{2}}}$















In [23]:


    
F.to(u.N)
















Out[23]:




$0.057927079 \; \mathrm{N}$



















The full list of available physical constants is shown here (and additions are welcome!).















Equivalencies¶














Equivalencies can be used to convert quantities that are not strictly the same physical type:











In [24]:


    
(450. * u.nm).to(u.GHz)



















---------------------------------------------------------------------------
UnitConversionError                       Traceback (most recent call last)
/sw/lib/python3.4/site-packages/astropy/units/core.py in _get_converter(self, other, equivalencies)
    865         try:
--> 866             scale = self._to(other)
    867         except UnitsError:

/sw/lib/python3.4/site-packages/astropy/units/core.py in _to(self, other)
    934         raise UnitConversionError(
--> 935             "'{0!r}' is not a scaled version of '{1!r}'".format(self, other))
    936 

UnitConversionError: 'Unit("nm")' is not a scaled version of 'Unit("GHz")'

During handling of the above exception, another exception occurred:

UnitConversionError                       Traceback (most recent call last)
<ipython-input-24-e4fbcb033257> in <module>()
----> 1 (450. * u.nm).to(u.GHz)

/sw/lib/python3.4/site-packages/astropy/units/quantity.py in to(self, unit, equivalencies)
    632         unit = Unit(unit)
    633         new_val = self.unit.to(unit, self.view(np.ndarray),
--> 634                                equivalencies=equivalencies)
    635         return self._new_view(new_val, unit)
    636 

/sw/lib/python3.4/site-packages/astropy/units/core.py in to(self, other, value, equivalencies)
    966             If units are inconsistent
    967         """
--> 968         return self._get_converter(other, equivalencies=equivalencies)(value)
    969 
    970     def in_units(self, other, value=1.0, equivalencies=[]):

/sw/lib/python3.4/site-packages/astropy/units/core.py in _get_converter(self, other, equivalencies)
    867         except UnitsError:
    868             return self._apply_equivalencies(
--> 869                 self, other, self._normalize_equivalencies(equivalencies))
    870         return lambda val: scale * _condition_arg(val)
    871 

/sw/lib/python3.4/site-packages/astropy/units/core.py in _apply_equivalencies(self, unit, other, equivalencies)
    858         raise UnitConversionError(
    859             "{0} and {1} are not convertible".format(
--> 860                 unit_str, other_str))
    861 
    862     def _get_converter(self, other, equivalencies=[]):

UnitConversionError: 'nm' (length) and 'GHz' (frequency) are not convertible
















In [25]:


    
(450. * u.nm).to(u.GHz, equivalencies=u.spectral())
















Out[25]:




$666205.46 \; \mathrm{GHz}$















In [26]:


    
(450. * u.eV).to(u.nm, equivalencies=u.spectral())
















Out[26]:




$2.7552043 \; \mathrm{nm}$















In [27]:


    
q = (1e-18 * u.erg / u.cm**2 / u.s / u.AA)
q.to(u.Jy, equivalencies=u.spectral_density(u.mm, 1))
















Out[27]:




$3.335641 \; \mathrm{Jy}$



















Integration with Numpy Functions¶














Some of the Numpy functions understand Quantity objects:











In [28]:


    
np.sin(30 * u.degree)
















Out[28]:




$0.5 \; \mathrm{}$















In [29]:


    
np.exp(3 * u.m/ (3 * u.km))
















Out[29]:




$1.0010005 \; \mathrm{}$



















Practical Exercises¶














Level 1¶














What is 1 barn megaparsecs in teaspoons? Note that teaspoons are not part of the standard set of units, but it can be found in:











In [30]:


    
from astropy.units import imperial
imperial.tsp  
















Out[30]:




$\mathrm{tsp}$















In [31]:


    
# Your solution here




















Level 2¶














What is 3 nm^2 Mpc / m^3 in dimensionless units?











In [32]:


    
# Your solution here




















Level 3¶














Try and use equivalencies to find the doppler shifted wavelength of a line at 454.4nm if the object is moving at a velocity of 510km/s. You will need to read up more about the available equivalencies here











In [33]:


    
# Your solution here
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Affiliated Package: Astroquery¶














Astroquery is an Astropy-affiliated package that contains a collection of tools to access online Astronomical data. To install it, do:



pip install astroquery




The following modules have been completed using a common API:



		SIMBAD Queries (astroquery.simbad)


		VizieR Queries (astroquery.vizier)


		IRSA Dust Extinction Service Queries (astroquery.irsa_dust)


		NED Queries (astroquery.ned)


		Splatalogue Queries (astroquery.splatalogue)


		IRSA Image Server program interface (IBE) Queries (astroquery.ibe)


		IRSA Queries (astroquery.irsa)


		UKIDSS Queries (astroquery.ukidss)


		MAGPIS Queries (astroquery.magpis)


		NRAO Queries (astroquery.nrao)


		Besancon Queries (astroquery.besancon)


		NIST Queries (astroquery.nist)


		NVAS Queries (astroquery.nvas)


		GAMA Queries (astroquery.gama)


		ESO Queries (astroquery.eso)


		xMatch Queries (astroquery.xmatch)


		Atomic Line List (astroquery.atomic)


		ALMA Queries (astroquery.alma)


		Skyview Queries (astroquery.skyview)


		NASA ADS Queries (astroquery.nasa_ads)


		HEASARC Queries (astroquery.heasarc)


		LCOGT Queries (astroquery.lcogt)





These others are functional, but do not follow a common & consistent API:



		Fermi Queries (astroquery.fermi)


		SDSS Queries (astroquery.sdss)


		ALFALFA Queries (astroquery.alfalfa)


		Spitzer Heritage Archive (astroquery.sha)


		LAMDA Queries (astroquery.lamda)


		OGLE Queries (astroquery.ogle)


		Open Exoplanet Catalogue(astroquery.open_exoplanet_catalogue)


		CosmoSim Queries (astroquery.cosmosim)


















SIMBAD¶














As an example, let's run a SIMBAD query:











In [1]:


    
from astropy import units as u
from astroquery.simbad import Simbad
















In [2]:


    
r = Simbad.query_region('m42', radius=3. * u.arcmin)
















In [3]:


    
r.colnames
















Out[3]:




['MAIN_ID',
 'RA',
 'DEC',
 'RA_PREC',
 'DEC_PREC',
 'COO_ERR_MAJA',
 'COO_ERR_MINA',
 'COO_ERR_ANGLE',
 'COO_QUAL',
 'COO_WAVELENGTH',
 'COO_BIBCODE']

















In [4]:


    
r
















Out[4]:



<Table masked=True length=2266>

		MAIN_ID		RA		DEC		RA_PREC		DEC_PREC		COO_ERR_MAJA		COO_ERR_MINA		COO_ERR_ANGLE		COO_QUAL		COO_WAVELENGTH		COO_BIBCODE


				"h:m:s"		"d:m:s"						mas		mas		deg						


		object		str13		str13		int16		int16		float32		float32		int16		str1		str1		object


		NAME ORI REGION		05 35 17.30		-05 23 28.0		6		6		--		--		0		D		O		


		M  42		05 35 17.3		-05 23 28		5		5		7500.000		7500.000		90		D				1981MNRAS.194..693L


		[OW94] 172-237		05 35 17.20		-05 23 26.8		6		6		--		--		0		D				1999AJ....117.1375S


		[OW94] 172-327		05 35 17.20		-05 23 26.8		6		6		--		--		0		D				1996AJ....111..846O


		DOH  7 175-328		05 35 17.5		-05 23 28		5		5		--		--		0		D				2004AJ....127.3456D


		MAX 126		05 35 17.11		-05 23 29.3		6		6		--		--		0		D		I		2005AJ....129.1534R


		DOH  7 171-327		05 35 17.1		-05 23 27		5		5		--		--		0		D				2004AJ....127.3456D


		MAX 125		05 35 17.11		-05 23 26.6		6		6		--		--		0		D		I		2005AJ....129.1534R


		[OW94] 171-326		05 35 17.1		-05 23 26		5		5		--		--		0		D				2004AJ....127.3456D


		...		...		...		...		...		...		...		...		...		...		...


		TPSC  8		05 35 18.9148		-05 20 30.941		8		8		300.000		300.000		90		C		M		2011ApJ...733...50M


		[YKS96]  8		05 35 11.0		-05 26 00		5		5		3000.000		3000.000		90		D				


		2MASS J05350705-0525005		05 35 07.05		-05 25 00.5		6		6		80.000		80.000		90		B		I		2003yCat.2246....0C


		[LB2000]  19		05 35 13.0		-05 20 41		5		5		--		--		0		D				2000MNRAS.315...11L


		2MASS J05351814-0520295		05 35 18.142		-05 20 29.52		7		7		170.000		160.000		96		B		I		2003yCat.2246....0C


		COUP J053514.1-052620		05 35 14.191		-05 26 20.83		7		7		--		--		0		D				2005ApJS..160..319G


		JW  377		05 35 12.272		-05 20 45.24		7		7		60.000		60.000		90		B		I		2003yCat.2246....0C


		MLLA  919		05 35 12.59		-05 20 42.9		6		6		150.000		150.000		90		C		O		2009A&A...502..883R


		[NW2007] OrionAN-0535146-52623		05 35 14.6		-05 26 23		5		5		--		--		0		E		m		2007MNRAS.374.1413N


		MLLA  945		05 35 19.69		-05 20 31.6		6		6		--		--		0		C		O		2009ApJS..183..261D
























SDSS¶














In the following example we are looking for the SDSS photometry for a small subset of objects from the WTS survey and aim to have get a table that contains both the UKIRT JHK and SDSS griz values.











In [5]:


    
from astropy.table import Table, join
from astropy.coordinates import SkyCoord

from astroquery.sdss import SDSS



















/sw/lib/python3.4/site-packages/astroquery/sdss/__init__.py:28: UserWarning: Experimental: SDSS has not yet been refactored to have its API match the rest of astroquery (but it's nearly there).
  warnings.warn("Experimental: SDSS has not yet been refactored to have its API "

















In [6]:


    
input_objects = Table.read('data/WTS_sources.txt', format='ascii')
input_objects
















Out[6]:



<Table length=10>

		obj_id		RA		DEC		J		J_err		H		H_err		K		K_err


		str11		float64		float64		float64		float64		float64		float64		float64		float64


		03a_1_02152		0.93857383728		0.683256566525		17.9808491201		0.0207520462573		17.5430990695		0.0326838642359		17.4166552607		0.0527142696083


		03a_1_02153		0.938583731651		0.683691978455		18.0648678789		0.0217652115971		17.5391981719		0.0325625613332		16.9371263064		0.0348142385483


		03a_1_02156		0.938584625721		0.681995213032		17.9732502974		0.0206765681505		17.2334487958		0.0252559948713		16.4199636109		0.0226280763745


		03a_1_02158		0.938563227654		0.683355808258		20.7172761945		0.140657648444		inf		nan		inf		nan


		03a_1_02160		0.938555300236		0.681509137154		21.2490735279		0.224075511098		inf		nan		inf		nan


		03a_1_02162		0.93855214119		0.680877268314		19.4966230462		0.0548128969967		18.8312029848		0.101374149323		18.3430683514		0.120554670691


		03a_1_02166		0.93855702877		0.68312805891		19.9568598967		0.0768099501729		18.9387728594		0.111240930855		18.7191155354		0.168692871928


		03a_1_02170		0.938580811024		0.681022107601		18.0283851513		0.021364480257		17.939717686		0.0460969209671		17.5551734009		0.059726126492


		03a_1_02173		0.938569068909		0.682113647461		20.3965879564		0.10850790143		inf		nan		18.783836708		0.179137885571


		03a_1_02177		0.938546717167		0.683004200459		19.8941016896		0.0732068419456		19.7680823892		0.235651060939		18.8423313547		0.188655138016




















In [7]:


    
coords = SkyCoord(input_objects['RA'], input_objects['DEC'],
                         unit=u.rad)
photoobj_fields = ['ra', 'dec',
                   'psfMag_g', 'psfMagErr_g',
                   'psfMag_r', 'psfMagErr_r',
                   'psfMag_i', 'psfMagErr_i',
                   'psfMag_z', 'psfMagErr_z']
















In [8]:


    
sdss_match = SDSS.query_crossid(coords, photoobj_fields=photoobj_fields,
                                obj_names=input_objects['obj_id'])
sdss_match
















Out[8]:



<Table length=10>

		obj_id		objID		ra		dec		psfMag_g		psfMagErr_g		psfMag_r		psfMagErr_r		psfMag_i		psfMagErr_i		psfMag_z		psfMagErr_z		obj_id1		type


		bytes11		int64		float64		float64		float64		float64		float64		float64		float64		float64		float64		float64		int64		bytes6


		03a_1_02152		1237661083200914337		53.7763475699		39.1477052698		20.22518		0.01718431		19.49991		0.01400625		19.16798		0.01363996		19.03462		0.03476865		1237661083200914337		STAR


		03a_1_02153		1237661055283431404		53.7768624524		39.1726384998		22.04197		0.05918801		21.15874		0.04040684		20.59106		0.03516813		20.27402		0.09355691		1237661055283431404		GALAXY


		03a_1_02156		1237661083200915425		53.7769543058		39.0754423012		23.30584		0.151412		21.49913		0.0494917		20.60164		0.03441215		20.05799		0.06879599		1237661083200915425		GALAXY


		03a_1_02158		1237661083200915854		53.7757701984		39.1533737737		25.1751		0.3952022		23.5405		0.2696459		22.59764		0.1840275		21.6267		0.2378835		1237661083200915854		STAR


		03a_1_02160		1237661083200916007		53.7752574121		39.0476122895		24.43489		0.3323026		22.84913		0.1516651		22.57256		0.1758984		22.03286		0.3059358		1237661083200916007		GALAXY


		03a_1_02162		1237661083200916297		53.7751266746		39.0114259738		25.15113		0.3950934		24.24655		0.4008771		22.04818		0.1129966		20.98827		0.1450246		1237661083200916297		STAR


		03a_1_02166		1237661083200915086		53.7753637753		39.1403334011		22.954		0.1135179		22.05993		0.07951325		21.77163		0.09029607		21.0596		1.005257		1237661083200915086		GALAXY


		03a_1_02170		1237661083200915135		53.7767053408		39.0196976885		21.51745		0.03730422		20.82818		0.02983859		20.57401		0.03423917		20.35621		0.08718228		1237661083200915135		GALAXY


		03a_1_02173		1237661083200913727		53.7760557864		39.0822289325		24.25553		0.7155227		23.26116		0.2138949		22.28827		0.1384539		22.57337		0.4684004		1237661083200913727		GALAXY


		03a_1_02177		1237661083200915095		53.7747721614		39.1332356787		21.73889		0.04302375		21.12062		0.0371522		20.86909		0.04221161		20.69124		0.1134799		1237661083200915095		STAR




















In [9]:


    
result = join(input_objects, sdss_match, keys='obj_id', join_type='left')
result
















Out[9]:



<Table length=10>

		obj_id		RA		DEC		J		J_err		H		H_err		K		K_err		objID		ra		dec		psfMag_g		psfMagErr_g		psfMag_r		psfMagErr_r		psfMag_i		psfMagErr_i		psfMag_z		psfMagErr_z		obj_id1		type


		str14		float64		float64		float64		float64		float64		float64		float64		float64		int64		float64		float64		float64		float64		float64		float64		float64		float64		float64		float64		int64		bytes6


		03a_1_02152		0.93857383728		0.683256566525		17.9808491201		0.0207520462573		17.5430990695		0.0326838642359		17.4166552607		0.0527142696083		1237661083200914337		53.7763475699		39.1477052698		20.22518		0.01718431		19.49991		0.01400625		19.16798		0.01363996		19.03462		0.03476865		1237661083200914337		STAR


		03a_1_02153		0.938583731651		0.683691978455		18.0648678789		0.0217652115971		17.5391981719		0.0325625613332		16.9371263064		0.0348142385483		1237661055283431404		53.7768624524		39.1726384998		22.04197		0.05918801		21.15874		0.04040684		20.59106		0.03516813		20.27402		0.09355691		1237661055283431404		GALAXY


		03a_1_02156		0.938584625721		0.681995213032		17.9732502974		0.0206765681505		17.2334487958		0.0252559948713		16.4199636109		0.0226280763745		1237661083200915425		53.7769543058		39.0754423012		23.30584		0.151412		21.49913		0.0494917		20.60164		0.03441215		20.05799		0.06879599		1237661083200915425		GALAXY


		03a_1_02158		0.938563227654		0.683355808258		20.7172761945		0.140657648444		inf		nan		inf		nan		1237661083200915854		53.7757701984		39.1533737737		25.1751		0.3952022		23.5405		0.2696459		22.59764		0.1840275		21.6267		0.2378835		1237661083200915854		STAR


		03a_1_02160		0.938555300236		0.681509137154		21.2490735279		0.224075511098		inf		nan		inf		nan		1237661083200916007		53.7752574121		39.0476122895		24.43489		0.3323026		22.84913		0.1516651		22.57256		0.1758984		22.03286		0.3059358		1237661083200916007		GALAXY


		03a_1_02162		0.93855214119		0.680877268314		19.4966230462		0.0548128969967		18.8312029848		0.101374149323		18.3430683514		0.120554670691		1237661083200916297		53.7751266746		39.0114259738		25.15113		0.3950934		24.24655		0.4008771		22.04818		0.1129966		20.98827		0.1450246		1237661083200916297		STAR


		03a_1_02166		0.93855702877		0.68312805891		19.9568598967		0.0768099501729		18.9387728594		0.111240930855		18.7191155354		0.168692871928		1237661083200915086		53.7753637753		39.1403334011		22.954		0.1135179		22.05993		0.07951325		21.77163		0.09029607		21.0596		1.005257		1237661083200915086		GALAXY


		03a_1_02170		0.938580811024		0.681022107601		18.0283851513		0.021364480257		17.939717686		0.0460969209671		17.5551734009		0.059726126492		1237661083200915135		53.7767053408		39.0196976885		21.51745		0.03730422		20.82818		0.02983859		20.57401		0.03423917		20.35621		0.08718228		1237661083200915135		GALAXY


		03a_1_02173		0.938569068909		0.682113647461		20.3965879564		0.10850790143		inf		nan		18.783836708		0.179137885571		1237661083200913727		53.7760557864		39.0822289325		24.25553		0.7155227		23.26116		0.2138949		22.28827		0.1384539		22.57337		0.4684004		1237661083200913727		GALAXY


		03a_1_02177		0.938546717167		0.683004200459		19.8941016896		0.0732068419456		19.7680823892		0.235651060939		18.8423313547		0.188655138016		1237661083200915095		53.7747721614		39.1332356787		21.73889		0.04302375		21.12062		0.0371522		20.86909		0.04221161		20.69124		0.1134799		1237661083200915095		STAR




















In [10]:


    
import matplotlib.pylab as plt
%matplotlib inline

plt.rc('figure', figsize=(10, 5))
plt.ylabel('J')
plt.xlabel('g-z')
plt.plot(result['psfMag_g']-result['psfMag_z'], result['J'], 'x')
















Out[10]:




[<matplotlib.lines.Line2D at 0x1083b4128>]
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Practical Exercise¶














Go to the documentation and try out a query interface for a service that might be relevant to you!
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Astropy: Tables¶














Documentation¶














For more information about the features presented below, you can read the
astropy.table docs.















Creating tables¶










In [1]:


    
import numpy as np
from astropy.table import Table
















In [2]:


    
t1 = Table()
t1['name'] = ['source 1', 'source 2', 'source 3']
t1['flux'] = [1.2, 2.2, 3.1]
















In [3]:


    
t1
















Out[3]:



<Table length=3>

		name		flux


		str8		float64


		source 1		1.2


		source 2		2.2


		source 3		3.1




















In [4]:


    
print(t1)



















  name   flux
-------- ----
source 1  1.2
source 2  2.2
source 3  3.1

















In [5]:


    
t1['size'] = [1,5,4]
t1
















Out[5]:



<Table length=3>

		name		flux		size


		str8		float64		int64


		source 1		1.2		1


		source 2		2.2		5


		source 3		3.1		4




















In [6]:


    
t1['size']
















Out[6]:



<Column name='size' dtype='int64' length=3>

		1


		5


		4




















In [7]:


    
np.array(t1['size'])
















Out[7]:




array([1, 5, 4])

















In [8]:


    
t1['size'][0]
















Out[8]:




1





















Iterating over tables¶














It is possible to iterate over rows or over columns. To iterate over rows, simply iterate over the table itself:











In [9]:


    
for row in t1:
    print(row)



















  name   flux size
-------- ---- ----
source 1  1.2    1
  name   flux size
-------- ---- ----
source 2  2.2    5
  name   flux size
-------- ---- ----
source 3  3.1    4





















Rows can act like dictionaries, so you can access specific columns from a row:











In [10]:


    
for row in t1:
    print(row['name'])



















source 1
source 2
source 3





















You can also access rows by accessing a numerical item in the table:











In [11]:


    
row = t1[0]




















Iterating over columns is also easy:











In [12]:


    
for colname in t1.columns:
    column = t1[colname]
    print(column)



















  name  
--------
source 1
source 2
source 3
flux
----
 1.2
 2.2
 3.1
size
----
   1
   5
   4





















Accessing specific rows from a column object can also be done with the item notation:











In [13]:


    
for colname in t1.columns:
    column = t1[colname]
    print(column[0])



















source 1
1.2
1





















Joining tables¶










In [14]:


    
from astropy.table import join
















In [15]:


    
t2 = Table()
t2['name'] = ['source 1', 'source 3']
t2['flux2'] = [1,9]
















In [16]:


    
t3 = join(t1, t2, join_type='outer')
t3
















Out[16]:



<Table masked=True length=3>

		name		flux		size		flux2


		str8		float64		int64		int64


		source 1		1.2		1		1


		source 2		2.2		5		--


		source 3		3.1		4		9




















In [17]:


    
np.mean(t3['flux2'])
















Out[17]:




5.0





















Grouping and Aggregation¶










In [18]:


    
from astropy.table import Table
obs = Table.read("""name    obs_date    mag_b  mag_v
                    M31     2012-01-02  17.0   17.5
                    M31     2012-01-02  17.1   17.4
                    M101    2012-01-02  15.1   13.5
                    M82     2012-02-14  16.2   14.5
                    M31     2012-02-14  16.9   17.3
                    M82     2012-02-14  15.2   15.5
                    M101    2012-02-14  15.0   13.6
                    M82     2012-03-26  15.7   16.5
                    M101    2012-03-26  15.1   13.5
                    M101    2012-03-26  14.8   14.3
                    """, format='ascii')
















In [19]:


    
obs_by_name = obs.group_by('name')
















In [20]:


    
obs_by_name
















Out[20]:



<Table length=10>

		name		obs_date		mag_b		mag_v


		str4		str10		float64		float64


		M101		2012-01-02		15.1		13.5


		M101		2012-02-14		15.0		13.6


		M101		2012-03-26		15.1		13.5


		M101		2012-03-26		14.8		14.3


		M31		2012-01-02		17.0		17.5


		M31		2012-01-02		17.1		17.4


		M31		2012-02-14		16.9		17.3


		M82		2012-02-14		16.2		14.5


		M82		2012-02-14		15.2		15.5


		M82		2012-03-26		15.7		16.5




















In [21]:


    
for group in obs_by_name.groups:
    print(group)
    print("")



















name  obs_date  mag_b mag_v
---- ---------- ----- -----
M101 2012-01-02  15.1  13.5
M101 2012-02-14  15.0  13.6
M101 2012-03-26  15.1  13.5
M101 2012-03-26  14.8  14.3

name  obs_date  mag_b mag_v
---- ---------- ----- -----
 M31 2012-01-02  17.0  17.5
 M31 2012-01-02  17.1  17.4
 M31 2012-02-14  16.9  17.3

name  obs_date  mag_b mag_v
---- ---------- ----- -----
 M82 2012-02-14  16.2  14.5
 M82 2012-02-14  15.2  15.5
 M82 2012-03-26  15.7  16.5


















In [22]:


    
obs_by_name.groups.aggregate(np.mean)



















WARNING: Cannot aggregate column 'obs_date' with type '<U10' [astropy.table.groups]








Out[22]:



<Table length=3>

		name		mag_b		mag_v


		str4		float64		float64


		M101		15.0		13.725


		M31		17.0		17.4


		M82		15.7		15.5
























Masked tables¶










In [23]:


    
t4 = Table(masked=True)
t4['name'] = ['source 1', 'source 2', 'source 3']
t4['flux'] = [1.2, 2.2, 3.1]
















In [24]:


    
t4['flux'].mask = [1,0,1]
t4
















Out[24]:



<Table masked=True length=3>

		name		flux


		str8		float64


		source 1		--


		source 2		2.2


		source 3		--
























Writing data¶










In [25]:


    
t3.write('test.fits', overwrite=True)
















In [26]:


    
t3.write('test.vot', format='votable', overwrite=True)



















WARNING: W31: ?:?:?: W31: NaN given in an integral field without a specified null value [astropy.io.votable.converters]





















Reading data¶














You can download the data used below here.











In [27]:


    
t4 = Table.read('data/2mass.tbl', format='ascii.ipac')
















In [28]:


    
t4
















Out[28]:



<Table masked=True length=929>

		ra		dec		clon		clat		err_maj		err_min		err_ang		designation		j_m		j_cmsig		j_msigcom		j_snr		h_m		h_cmsig		h_msigcom		h_snr		k_m		k_cmsig		k_msigcom		k_snr		ph_qual		rd_flg		bl_flg		cc_flg		ndet		gal_contam		mp_flg		dist		angle		j_h		h_k		j_k


		deg		deg						arcsec		arcsec		deg				mag		mag		mag				mag		mag		mag				mag		mag		mag																										


		float64		float64		str12		str13		float64		float64		int64		str16		float64		float64		float64		float64		float64		float64		float64		float64		float64		float64		float64		float64		str3		str3		str3		str3		str6		int64		int64		float64		float64		float64		float64		float64


		274.429506		-13.870547		18h17m43.08s		-13d52m13.97s		0.08		0.08		45		18174308-1352139		16.305		0.142		0.143		6.7		14.048		0.107		0.108		13.6		13.257		0.066		0.066		16.5		CAA		222		111		0ss		066655		0		0		975.080151		256.448		2.257		0.791		3.048


		274.423821		-13.86974		18h17m41.72s		-13d52m11.06s		0.06		0.06		90		18174171-1352110		14.802		0.058		0.059		26.7		12.635		0.059		0.06		50.1		11.768		0.045		0.046		65.2		AAA		222		111		0ss		666666		0		0		993.752042		256.878		2.167		0.867		3.034


		274.424587		-13.739629		18h17m41.90s		-13d44m22.66s		0.08		0.08		45		18174190-1344226		16.328		--		--		--		14.345		0.059		0.06		10.4		13.405		0.046		0.047		14.4		UAA		022		011		0cc		003666		0		0		995.726698		284.113		--		0.94		--


		274.433933		-13.769502		18h17m44.14s		-13d46m10.21s		0.08		0.08		45		18174414-1346102		16.281		0.098		0.099		6.8		14.057		0.035		0.036		13.5		12.956		0.032		0.033		21.8		CAA		222		111		000		065566		0		0		942.627418		278.252		2.224		1.101		3.325


		274.437013		-13.885698		18h17m44.88s		-13d53m08.51s		0.09		0.09		45		18174488-1353085		15.171		--		--		--		14.412		0.152		0.152		9.8		13.742		0.095		0.095		10.6		UBA		622		022		0cc		005566		0		0		964.105389		252.93		--		0.67		--


		274.433996		-13.752446		18h17m44.16s		-13d45m08.81s		0.08		0.08		90		18174415-1345088		16.54		--		--		--		14.519		0.083		0.083		8.8		13.604		0.043		0.044		12.0		UBA		022		011		0cc		005666		0		0		953.230532		281.908		--		0.915		--


		274.418138		-13.77215		18h17m40.35s		-13d46m19.74s		0.08		0.08		90		18174035-1346197		17.98		--		--		--		14.61		0.043		0.044		8.1		13.456		0.056		0.057		13.8		UBA		022		011		000		001645		0		0		996.047248		277.25		--		1.154		--


		274.433695		-13.899049		18h17m44.09s		-13d53m56.58s		0.06		0.06		90		18174408-1353565		13.011		0.021		0.024		139.0		10.917		0.02		0.021		243.8		10.013		0.017		0.019		328.3		AAA		222		111		000		666666		0		0		990.166399		250.466		2.094		0.904		2.998


		274.425482		-13.77149		18h17m42.12s		-13d46m17.36s		0.08		0.08		135		18174211-1346173		16.086		--		--		--		13.709		0.065		0.066		18.6		12.503		0.044		0.045		33.1		UAA		622		012		00c		005555		0		0		970.896919		277.582		--		1.206		--


		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...


		274.81801		-14.001245		18h19m16.32s		-14d00m04.48s		0.18		0.16		1		18191632-1400044		16.24		0.113		0.113		5.6		15.531		0.164		0.164		2.5		15.252		--		--		--		CDU		220		110		000		060600		0		0		809.817146		149.61		0.709		--		--


		274.822709		-14.037254		18h19m17.45s		-14d02m14.11s		0.07		0.07		45		18191745-1402141		15.999		0.097		0.098		7.0		14.009		0.032		0.033		10.0		13.077		0.035		0.036		16.4		CAA		222		111		000		062656		0		0		931.339773		152.779		1.99		0.932		2.922


		274.880758		-13.99956		18h19m31.38s		-13d59m58.42s		0.06		0.06		90		18193138-1359584		14.163		0.035		0.037		37.8		11.179		0.02		0.021		135.6		9.765		0.017		0.019		347.1		AAA		222		111		000		556666		0		0		935.512452		137.762		2.984		1.414		4.398


		274.652526		-14.055106		18h18m36.61s		-14d03m18.38s		0.06		0.06		90		18183660-1403183		15.035		0.052		0.054		19.4		13.099		0.04		0.041		27.5		12.254		0.041		0.041		41.7		AAA		222		111		c00		566666		0		0		908.109808		190.682		1.936		0.845		2.781


		274.760586		-13.999927		18h19m02.54s		-13d59m59.74s		0.08		0.08		90		18190254-1359597		16.329		0.122		0.123		5.5		14.488		0.067		0.067		6.4		13.617		0.051		0.052		11.1		CCA		222		111		000		060616		0		0		724.557553		163.227		1.841		0.871		2.712


		274.831132		-14.020027		18h19m19.47s		-14d01m12.10s		0.08		0.08		45		18191947-1401120		16.203		--		--		--		13.238		0.02		0.021		20.4		12.016		0.023		0.024		43.6		UAA		022		011		000		006666		0		0		891.347132		149.27		--		1.222		--


		274.972435		-13.760374		18h19m53.38s		-13d45m37.35s		0.12		0.11		10		18195338-1345373		17.472		--		--		--		16.755		--		--		--		14.413		0.084		0.084		4.8		UUD		002		001		000		000006		0		0		964.828933		79.963		--		--		--


		274.870009		-13.817775		18h19m28.80s		-13d49m03.99s		0.08		0.08		45		18192880-1349039		16.933		--		--		--		14.514		0.064		0.065		6.3		12.957		0.041		0.041		18.4		UCA		022		011		000		002666		0		0		592.998058		93.69		--		1.557		--


		274.735323		-13.941575		18h18m56.48s		-13d56m29.67s		0.14		0.14		45		18185647-1356296		16.643		--		--		--		14.88		--		--		--		14.291		0.116		0.117		6.0		UUC		002		001		000		000004		0		0		498.524438		165.968		--		--		--


		274.866294		-13.841778		18h19m27.91s		-13d50m30.40s		0.08		0.08		45		18192791-1350304		15.615		--		--		--		13.911		0.075		0.075		10.9		12.765		0.134		0.134		21.9		UAE		022		011		0cc		005545		0		0		591.97725		102.147		--		1.146		--
























Practical Exercises¶














These exercises use the all-sky ROSAT catalog which you can download from here.















Level 1¶














Try and find a way to make a table of the ROSAT point source catalog that
contains only the RA, Dec, and count rate. Hint: you can see what methods
are available on an object by typing e.g. t. and then pressing
<TAB>. You can also find help on a method by typing e.g.
t.remove_column?.















Level 2¶














Make an all-sky equatorial plot of the ROSAT sources, with all sources
shown in black, and only the sources with a count rate larger than 2.
shown in red (bonus points if you use an Aitoff projection!)















Level 3¶














Try and write out the ROSAT catalog into a format that you can read into
another software package. For
example, try and write out the catalog into CSV format, then read it into
a spreadsheet software package (e.g. Excel, Google Docs, Numbers,
OpenOffice).
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Astropy: Handling FITS files¶










In [1]:


    
%matplotlib inline
import numpy as np
import matplotlib.pyplot as plt




















Documentation¶














For more information about the features presented below, you can read the
astropy.io.fits docs.















Data¶














The data used in this page is a model of the gamma-ray sky background used for the LAT instrument on the Fermi telescope, as well as the Fermi/LAT point source catalog.















Reading FITS files and accessing data¶














Opening a FITS file is relatively straightforward. We can open the
background model included in the tutorial files:











In [2]:


    
from astropy.io import fits
















In [3]:


    
hdulist = fits.open('data/gll_iem_v02_P6_V11_DIFFUSE.fit')




















The returned object, hdulist, behaves like a Python list, and each element
maps to a Header-Data Unit (HDU) in the FITS file. You can view more
information about the FITS file with:











In [4]:


    
hdulist.info()



















Filename: data/gll_iem_v02_P6_V11_DIFFUSE.fit
No.    Name         Type      Cards   Dimensions   Format
0    PRIMARY     PrimaryHDU      34   (720, 360, 30)   float32   
1    ENERGIES    BinTableHDU     19   30R x 1C     [D]   





















As we can see, this file contains two HDUs. To access the primary HDU, which
contains the main data, you can then do:











In [5]:


    
hdu = hdulist[0]




















The hdu object then has two important attributes: data, which behaves
like a Numpy array, can be used to access the data, and header, which
behaves like a dictionary, can be used to access the header information.
First, we can take a look at the data:











In [6]:


    
hdu.data.shape
















Out[6]:




(30, 360, 720)





















This tells us that it is a 3-d cube. We can now take a peak at the header:











In [7]:


    
hdu.header
















Out[7]:




SIMPLE  =                    T / Written by IDL:  Thu Jan 20 07:19:05 2011      
BITPIX  =                  -32 /                                                
NAXIS   =                    3 / number of data axes                            
NAXIS1  =                  720 / length of data axis 1                          
NAXIS2  =                  360 / length of data axis 2                          
NAXIS3  =                   30 / length of data axis 3                          
EXTEND  =                    T / FITS dataset may contain extensions            
COMMENT   FITS (Flexible Image Transport System) format is defined in 'Astronomy
COMMENT   and Astrophysics', volume 376, page 359; bibcode: 2001A&A...376..359H 
FLUX    =        8.42259635886 /                                                
CRVAL1  =                   0. / Value of longitude in pixel CRPIX1             
CDELT1  =                  0.5 / Step size in longitude                         
CRPIX1  =                360.5 / Pixel that has value CRVAL1                    
CTYPE1  = 'GLON-CAR'           / The type of parameter 1 (Galactic longitude in 
CUNIT1  = 'deg     '           / The unit of parameter 1                        
CRVAL2  =                   0. / Value of latitude in pixel CRPIX2              
CDELT2  =                  0.5 / Step size in latitude                          
CRPIX2  =                180.5 / Pixel that has value CRVAL2                    
CTYPE2  = 'GLAT-CAR'           / The type of parameter 2 (Galactic latitude in C
CUNIT2  = 'deg     '           / The unit of parameter 2                        
CRVAL3  =                  50. / Energy of pixel CRPIX3                         
CDELT3  =    0.113828620540137 / log10 of step size in energy (if it is logarith
CRPIX3  =                   1. / Pixel that has value CRVAL3                    
CTYPE3  = 'photon energy'      / Axis 3 is the spectra                          
CUNIT3  = 'MeV     '           / The unit of axis 3                             
CHECKSUM= '3fdO3caL3caL3caL'   / HDU checksum updated 2009-07-07T22:31:18       
DATASUM = '2184619035'         / data unit checksum updated 2009-07-07T22:31:18 
DATE    = '2009-07-07'         /                                                
FILENAME= '$TEMPDIR/diffuse/gll_iem_v02.fit' /File name with version number     
TELESCOP= 'GLAST   '           /                                                
INSTRUME= 'LAT     '           /                                                
ORIGIN  = 'LISOC   '           /LAT team product delivered from the LISOC       
OBSERVER= 'MICHELSON'          /Instrument PI                                   
HISTORY Scaled version of gll_iem_v02.fit for use with P6_V11_DIFFUSE           





















which shows that this is a Plate Carrée (-CAR) projection in Galactic
Coordinates, and the third axis is photon energy. We can access individual
header keywords using standard item notation:











In [8]:


    
hdu.header['TELESCOP']
















Out[8]:




'GLAST'

















In [9]:


    
hdu.header['INSTRUME']
















Out[9]:




'LAT'





















Provided that we started up ipython with the --pylab flag, we can plot
one of the slices in photon energy:











In [10]:


    
plt.imshow(hdu.data[0,:,:], origin='lower')
















Out[10]:




<matplotlib.image.AxesImage at 0x10f2608d0>













[image: ]

























Note that this is just a plot of an array, so the coordinates are just pixel
coordinates at this stage. The data is stored with longitude increasing to the
right (the opposite of the normal convention), but the Level 3 problem at the
bottom of this page shows how to correctly flip the image.


Modifying data or header information in a FITS file object is easy. We can
update existing header keywords:











In [11]:


    
hdu.header['TELESCOP'] = "Fermi Gamma-ray Space Telescope"




















or add new ones:











In [12]:


    
hdu.header['MODIFIED'] = '21 Nov 2013'  # adds a new keyword




















and we can also change the data, for example extracting only the first slice
in photon energy:











In [13]:


    
hdu.data = hdu.data[0,:,:]




















Note that this does not change the original FITS file, simply the FITS file
object in memory. Since the data is now 2-dimensional, we can remove the WCS keywords for the third dimension:











In [14]:


    
hdu.header.remove('CRPIX3')
hdu.header.remove('CRVAL3')
hdu.header.remove('CDELT3')
hdu.header.remove('CUNIT3')
hdu.header.remove('CTYPE3')




















You can write the FITS file object to a file with:











In [15]:


    
hdu.writeto('lat_background_model_slice.fits', clobber=True)




















if you want to simply write out this HDU to a file, or:











In [16]:


    
hdulist.writeto('lat_background_model_slice_allhdus.fits', clobber=True)




















if you want to write out all of the original HDUs, including the modified one,
to a file.















Creating a FITS file from scratch¶














If you want to create a FITS file from scratch, you need to start off by creating an HDU object:











In [17]:


    
hdu = fits.PrimaryHDU()




















and you can then populate the data and header attributes with whatever information you like:











In [18]:


    
import numpy as np
















In [19]:


    
hdu.data = np.random.random((128,128))




















Note that setting the data automatically populates the header with basic information:











In [20]:


    
hdu.header
















Out[20]:




SIMPLE  =                    T / conforms to FITS standard                      
BITPIX  =                  -64 / array data type                                
NAXIS   =                    2 / number of array dimensions                     
NAXIS1  =                  128                                                  
NAXIS2  =                  128                                                  
EXTEND  =                    T                                                  





















and you should never have to set header keywords such as NAXIS, NAXIS1, and so on manually. We can then set additional header keywords:











In [21]:


    
hdu.header['telescop'] = 'Python Observatory'




















and we can then write out the FITS file to disk:











In [22]:


    
hdu.writeto('random_array.fits', clobber=True)




















Convenience functions¶














In cases where you just want to access the data or header in a specific HDU,
you can use the following convenience functions:











In [23]:


    
data = fits.getdata('data/gll_iem_v02_P6_V11_DIFFUSE.fit')
header = fits.getheader('data/gll_iem_v02_P6_V11_DIFFUSE.fit')




















To get the data or header for an HDU other than the first, you can specify the
extension name or index. The second HDU is called energies, so we can do:











In [24]:


    
data = fits.getdata('data/gll_iem_v02_P6_V11_DIFFUSE.fit', extname='energies')




















or:











In [25]:


    
data = fits.getdata('data/gll_iem_v02_P6_V11_DIFFUSE.fit', ext=1)




















and similarly for getheader.















Accessing Tabular Data¶














Tabular data behaves very similarly to image data such as that shown above,
but the data array is a structured Numpy array which requires column access
via the item notation:











In [26]:


    
from astropy.io import fits
hdulist = fits.open('data/gll_psc_v08.fit')
















In [27]:


    
hdulist[1].name
















Out[27]:




'LAT_Point_Source_Catalog'

















In [28]:


    
hdulist[1].data['RAJ2000']
















Out[28]:




array([  2.33711034e-01,   4.38849270e-01,   6.79812014e-01, ...,
         3.59759430e+02,   3.59859894e+02,   3.59906921e+02], dtype=float32)

















In [29]:


    
hdulist[1].data['DEJ2000']
















Out[29]:




array([ -7.81549788, -41.99647903,  62.33962631, ..., -30.62516785,
        67.86333466,  65.73053741], dtype=float32)





















However, as we saw on the notes on the Table class, it is often easier to simply read in FITS tables using Table.read:











In [30]:


    
from astropy.table import Table
t = Table.read('data/gll_psc_v08.fit')



















WARNING: hdu= was not specified but multiple tables are present, reading in first available table (hdu=1) [astropy.io.fits.connect]
WARNING: UnitsWarning: 'photon/cm**2/MeV/s' contains multiple slashes, which is discouraged by the FITS standard [astropy.units.format.generic]
WARNING: UnitsWarning: 'photon/cm**2/s' contains multiple slashes, which is discouraged by the FITS standard [astropy.units.format.generic]
WARNING: UnitsWarning: The unit 'erg' has been deprecated in the FITS standard. Suggested: cm2 g s-2. [astropy.units.format.utils]
WARNING: UnitsWarning: 'erg/cm**2/s' contains multiple slashes, which is discouraged by the FITS standard [astropy.units.format.generic]





















Practical Exercises¶














Level 1¶














Try and read in one of your own FITS files using astropy.io.fits, and
see if you can also plot the array values in Matplotlib. Also, examine the
header, and try and extract individual values. You can even try and modify
the data/header and write the data back out - but take care not to write
over the original file!















Level 2¶














Read in the LAT Point Source Catalog (data/gll_psc_v08.fit) and make a scatter plot of the
Galactic Coordinates of the sources (complete with axis labels). Bonus
points if you can make the plot go between -180 and 180 instead of 0 and
360 degrees. Note that the Point Source Catalog contains the Galactic
Coordinates, so no need to convert them.















Level 3¶














Using Matplotlib, make an all-sky plot of the LAT Background Model in the
Plate Carée projection showing the LAT Point Source Catalog overlaid with
markers, and with the correct coordinates on the axes. You should do this
using only astropy.io.fits, Numpy, and Matplotlib (no WCS or
coordinate conversion library). Hint: the -CAR projection is such that the
x pixel position is proportional to longitude, and the y pixel position to
latitude. Bonus points for a pretty colormap.
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Astropy: Tables¶














Level 1¶














Try and find a way to make a table of the ROSAT point source catalog that
contains only the RA, Dec, and count rate.











In [1]:


    
from astropy.table import Table
















In [2]:


    
t = Table.read('data/rosat.vot')



















WARNING: W49: None:924:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:2170:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:22470:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:23884:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:27160:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:47362:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:48580:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:56322:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:56784:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:58086:6: W49: Empty cell illegal for integer fields. (suppressing further warnings of this type...) [astropy.io.votable.converters]

















In [3]:


    
t.keep_columns(['RAJ2000', 'DEJ2000', 'Count'])
t
















Out[3]:



<Table masked=True length=18806>

		RAJ2000		DEJ2000		Count


		deg		deg		ct / s


		float64		float64		float32


		0.00000		-39.48403		0.13


		0.02917		8.28153		0.19


		0.04167		-63.59528		0.19


		0.04958		5.38833		0.26


		0.05250		1.77250		0.081


		0.05625		57.94125		0.12


		0.08125		-26.17556		0.12


		0.14792		-28.09819		0.072


		0.16000		79.67694		0.1


		...		...		...


		359.80042		-14.72222		0.054


		359.83127		6.86125		0.067


		359.83167		-20.79958		0.097


		359.87164		-25.98083		0.23


		359.87207		33.72472		0.16


		359.87875		-40.26139		0.13


		359.92041		-31.72847		0.058


		359.92166		83.12195		0.066


		359.93625		22.00389		0.052


		359.99625		8.56528		0.12
























Note that you can also do this with:











In [4]:


    
t_new = t['RAJ2000', 'DEJ2000', 'Count']
t_new
















Out[4]:



<Table masked=True length=18806>

		RAJ2000		DEJ2000		Count


		deg		deg		ct / s


		float64		float64		float32


		0.00000		-39.48403		0.13


		0.02917		8.28153		0.19


		0.04167		-63.59528		0.19


		0.04958		5.38833		0.26


		0.05250		1.77250		0.081


		0.05625		57.94125		0.12


		0.08125		-26.17556		0.12


		0.14792		-28.09819		0.072


		0.16000		79.67694		0.1


		...		...		...


		359.80042		-14.72222		0.054


		359.83127		6.86125		0.067


		359.83167		-20.79958		0.097


		359.87164		-25.98083		0.23


		359.87207		33.72472		0.16


		359.87875		-40.26139		0.13


		359.92041		-31.72847		0.058


		359.92166		83.12195		0.066


		359.93625		22.00389		0.052


		359.99625		8.56528		0.12
























Level 2¶














Make an all-sky equatorial plot of the ROSAT sources, with all sources
shown in black, and only the sources with a count rate larger than 2.
shown in red.











In [5]:


    
from astropy.table import Table
from matplotlib import pyplot as plt
















In [6]:


    
t = Table.read('data/rosat.vot')



















WARNING: W49: None:924:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:2170:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:22470:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:23884:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:27160:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:47362:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:48580:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:56322:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:56784:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:58086:6: W49: Empty cell illegal for integer fields. (suppressing further warnings of this type...) [astropy.io.votable.converters]

















In [7]:


    
t_bright = t[t['Count'] > 2.]



















/sw/lib/python3.4/site-packages/ipykernel/__main__.py:1: RuntimeWarning: invalid value encountered in greater
  if __name__ == '__main__':

















In [8]:


    
fig = plt.figure()
ax = fig.add_subplot(1,1,1, aspect='equal')
ax.scatter(t['RAJ2000'], t['DEJ2000'], s=1, color='black')
ax.scatter(t_bright['RAJ2000'], t_bright['DEJ2000'], color='red')
ax.set_xlim(360., 0.)
ax.set_ylim(-90., 90.)
ax.set_xlabel("Right Ascension")
ax.set_ylabel("Declination")
















Out[8]:




<matplotlib.text.Text at 0x10e5fc2b0>
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Level 3¶














Try and write out the ROSAT catalog into a format that you can read into
another software package.











In [9]:


    
from astropy.table import Table
















In [10]:


    
t = Table.read('data/rosat.vot', format='votable')



















WARNING: W49: data/rosat.vot:924:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: data/rosat.vot:2170:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: data/rosat.vot:22470:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: data/rosat.vot:23884:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: data/rosat.vot:27160:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: data/rosat.vot:47362:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: data/rosat.vot:48580:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: data/rosat.vot:56322:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: data/rosat.vot:56784:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: data/rosat.vot:58086:6: W49: Empty cell illegal for integer fields. (suppressing further warnings of this type...) [astropy.io.votable.converters]

















In [11]:


    
t.write('rosat2.csv', format='ascii', delimiter=',')
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Astropy: Celestial Coordinates - Solutions¶










In [1]:


    
import numpy as np
%matplotlib inline
import matplotlib.pyplot as plt
















In [2]:


    
from astropy import units as u
from astropy.coordinates import SkyCoord
from astropy.table import Table




















Level 1¶














Find the coordinates of the Crab Nebula in ICRS coordinates, and convert them to Galactic Coordinates.











In [3]:


    
crab = SkyCoord.from_name('M1')
















In [4]:


    
crab
















Out[4]:




<SkyCoord (ICRS): (ra, dec) in deg
    (83.633083, 22.0145)>

















In [5]:


    
crab_gal = crab.transform_to('galactic')
















In [6]:


    
crab_gal
















Out[6]:




<SkyCoord (Galactic): (l, b) in deg
    (184.55745771, -5.78435696)>





















Level 2¶














Read in the sources, use the RA and Dec columns to instantiate a coordinate object, then convert to Galactic coordinates. Make a plot of latitude versus longitude.











In [7]:


    
t = Table.read('data/rosat.vot')



















WARNING: W49: None:924:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:2170:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:22470:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:23884:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:27160:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:47362:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:48580:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:56322:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:56784:6: W49: Empty cell illegal for integer fields. [astropy.io.votable.converters]
WARNING: W49: None:58086:6: W49: Empty cell illegal for integer fields. (suppressing further warnings of this type...) [astropy.io.votable.converters]

















In [8]:


    
t.columns
















Out[8]:




TableColumns([('_1RXS',
               <MaskedColumn name='_1RXS' dtype='bytes16' description='ROSAT All-Sky Survey Catalogue source name (1)' length=18806>
               J000000.0-392902
               J000007.0+081653
               J000010.0-633543
               J000011.9+052318
               J000012.6+014621
               J000013.5+575628
               J000019.5-261032
               J000035.5-280553
               J000038.4+794037
               J000042.5+621034
               J000044.2-260521
               J000044.6-255030
                            ...
               J235908.7+572355
               J235910.6-040737
               J235912.1-144320
               J235919.5+065140
               J235919.6-204758
               J235929.2-255851
               J235929.3+334329
               J235930.9-401541
               J235940.9-314342
               J235941.2+830719
               J235944.7+220014
               J235959.1+083355),
              ('RAJ2000',
               <MaskedColumn name='RAJ2000' dtype='float64' unit='deg' format='%9.5f' description='Right ascension (J2000), decimal degrees' length=18806>
                 0.00000
                 0.02917
                 0.04167
                 0.04958
                 0.05250
                 0.05625
                 0.08125
                 0.14792
                 0.16000
                 0.17708
                 0.18417
                 0.18583
                     ...
               359.78625
               359.79419
               359.80042
               359.83127
               359.83167
               359.87164
               359.87207
               359.87875
               359.92041
               359.92166
               359.93625
               359.99625),
              ('DEJ2000',
               <MaskedColumn name='DEJ2000' dtype='float64' unit='deg' format='%9.5f' description='Declination (J2000), decimal degrees' length=18806>
               -39.48403
                 8.28153
               -63.59528
                 5.38833
                 1.77250
                57.94125
               -26.17556
               -28.09819
                79.67694
                62.17611
               -26.08931
               -25.84181
                     ...
                57.39861
                -4.12694
               -14.72222
                 6.86125
               -20.79958
               -25.98083
                33.72472
               -40.26139
               -31.72847
                83.12195
                22.00389
                 8.56528),
              ('PosErr',
               <MaskedColumn name='PosErr' dtype='int16' unit='arcs' description='? Total positional error (including 6" systematic error)' length=18806>
                19
                10
                11
                 7
                11
                 8
                12
                29
                 8
                 8
                15
                15
               ...
                 9
                 8
                12
                12
                10
                10
                11
                18
                19
                10
                17
                10),
              ('NewFlag',
               <MaskedColumn name='NewFlag' dtype='bytes4' description="[T._] 'new data' flags (3)" length=18806>
               __..
               TT..
               __..
               __..
               __..
               __..
               __..
               __..
               __..
               __..
               __..
               __..
                ...
               __..
               __..
               __..
               __..
               __..
               _T..
               __..
               __..
               __..
               __..
               __..
               __..),
              ('Count',
               <MaskedColumn name='Count' dtype='float32' unit='ct / s' format='%9.2g' description='? Source countrate (4)' length=18806>
                    0.13
                    0.19
                    0.19
                    0.26
                   0.081
                    0.12
                    0.12
                   0.072
                     0.1
                    0.16
                    0.12
                    0.05
                     ...
                    0.07
                    0.39
                   0.054
                   0.067
                   0.097
                    0.23
                    0.16
                    0.13
                   0.058
                   0.066
                   0.052
                    0.12),
              ('e_Count',
               <MaskedColumn name='e_Count' dtype='float32' unit='ct / s' format='%9.2g' description='? Error on Count (4)' length=18806>
                   0.035
                   0.021
                   0.031
                   0.026
                   0.016
                   0.017
                   0.022
                   0.018
                   0.013
                   0.019
                   0.022
                   0.015
                     ...
                   0.013
                   0.036
                   0.015
                   0.015
                   0.021
                   0.028
                   0.024
                   0.037
                   0.017
                   0.011
                   0.015
                   0.018),
              ('HR1',
               <MaskedColumn name='HR1' dtype='float32' format='%5.2f' description='[-1/1]? Hardness ratio 1 (5)' length=18806>
                0.69
                0.89
               -0.36
                0.24
                0.05
                0.57
               -0.26
                0.17
                0.09
               -0.03
               -0.11
               -0.16
                 ...
                0.80
                0.05
               -0.43
               -0.43
               -0.29
               -0.43
               -0.62
               -0.73
                0.17
                0.72
               -0.01
                0.54),
              ('e_HR1',
               <MaskedColumn name='e_HR1' dtype='float32' format='%5.2f' description='? Error on HR1 (6)' length=18806>
                0.25
                0.10
                0.13
                0.10
                0.20
                0.12
                0.17
                0.27
                0.11
                0.11
                0.18
                0.27
                 ...
                0.12
                0.08
                0.24
                0.21
                0.19
                0.11
                0.12
                0.18
                0.30
                0.14
                0.27
                0.13),
              ('HR2',
               <MaskedColumn name='HR2' dtype='float32' format='%5.2f' description='[-1/1]? hardness ratio 2 (5)' length=18806>
                0.28
                0.24
               -0.35
                0.00
                0.00
                0.32
                0.19
                0.29
                0.12
               -0.23
                0.45
               -0.09
                 ...
                0.10
               -0.03
                0.47
               -0.89
                0.07
               -0.30
               -0.56
                0.02
                0.33
                0.19
                0.37
                0.10),
              ('e_HR2',
               <MaskedColumn name='e_HR2' dtype='float32' format='%5.2f' description='? Error on HR2 (6)' length=18806>
                0.24
                0.13
                0.23
                0.13
                0.26
                0.14
                0.29
                0.51
                0.15
                0.16
                0.24
                0.41
                 ...
                0.19
                0.12
                0.48
                0.66
                0.34
                0.26
                0.66
                0.82
                0.34
                0.17
                0.35
                0.17),
              ('Extent',
               <MaskedColumn name='Extent' dtype='int16' unit='arcs' description='Source extent, by which the source image exceeds the point spread\n     function.' length=18806>
                 0
                 0
                13
                 0
                14
                 0
                 0
                59
                 0
                 0
                 0
                 9
               ...
                 0
                20
                 0
                 8
                 0
                13
                12
                 0
                 0
                 0
                 0
                 9)])

















In [9]:


    
c = SkyCoord(t['RAJ2000'], t['DEJ2000'], unit=(u.deg, u.deg))
















In [10]:


    
c_gal = c.galactic
















In [11]:


    
c_gal.l.degree
















Out[11]:




array([ 340.56214636,  101.78662367,  312.27862175, ...,  121.29248372,
        107.38870299,  101.88656375])

















In [12]:


    
c_gal.b.degree
















Out[12]:




array([-73.66010239, -52.47046199, -52.59260607, ...,  20.41553086,
       -39.30259234, -52.19145549])

















In [13]:


    
fig = plt.figure()
ax = fig.add_subplot(1,1,1, aspect='equal')
ax.scatter(c_gal.l.degree, c_gal.b.degree, s=1, color='black', alpha=0.1)
ax.set_xlim(360., 0.)
ax.set_ylim(-90., 90.)
ax.set_xlabel("Galactic Longitude")
ax.set_ylabel("Galactic Latitude")
plt.show()
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Level 3¶














Make an Aitoff projection map of the sources in Galactic coordinates











In [14]:


    
l_rad = c_gal.l.radian
l_rad[l_rad > np.pi] -= 2. * np.pi
b_rad = c_gal.b.radian
















In [15]:


    
fig = plt.figure()
ax = fig.add_subplot(1,1,1, projection='aitoff')
ax.scatter(l_rad, b_rad, s=1, color='black', alpha=0.05)
ax.grid()
plt.show()
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Affiliated Packages: APLpy and WCSAxes¶














You can install the required packages by doing:



pip install aplpy wcsaxes















APLpy¶














APLpy (the Astronomical Plotting Library in Python) is a Python module aimed at producing publication-quality plots of astronomical imaging data in FITS format. The module uses Matplotlib, a powerful and interactive plotting package. It is capable of creating output files in several graphical formats, including EPS, PDF, PS, PNG, and SVG.


APLpy pre-dates Astropy, but has been updated to match requirements to be included as an Astropy-affiliated package.











In [1]:


    
import aplpy
%matplotlib inline
import matplotlib.pyplot as plt

f = aplpy.FITSFigure('data/msx.fits')
f.show_colorscale(vmin=0, vmax=1.e-4, cmap='viridis')
f.show_contour('data/msx.fits', colors='black')
f.add_grid()
plt.show()



















/sw/lib/python3.4/site-packages/matplotlib/artist.py:221: MatplotlibDeprecationWarning: This has been deprecated in mpl 1.5, please use the
axes property.  A removal date has not been set.
  warnings.warn(_get_axes_msg, mplDeprecation, stacklevel=1)
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One downside of APLpy is that the ways of customizing figures is not always consistent with the Matplotlib API so it can be a bit confusing in some cases to switch between one and the other. So we have developed a new package called WCSAxes which aims to provide a more consistent user experience. In future, APLpy will be updated to use WCSAxes behind the scenes and will also provide more convenience layers on top of that package.















WCSAxes¶














Making basic plots¶














To make a similar plot to the one above, you would do the following:











In [2]:


    
from astropy.wcs import WCS
wcs = WCS('data/msx.fits')

from astropy.io import fits
data = fits.getdata('data/msx.fits')
















In [3]:


    
fig = plt.figure(figsize=(8,8))
ax = fig.add_subplot(1, 1, 1, projection=wcs)
ax.imshow(data, vmin=0, vmax=1.e-4, origin='lower')
ax.grid(color='white', alpha=1, ls='solid')
ax.set_xlabel("Galactic Longitude")
ax.set_ylabel("Galactic Latitude")
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Overlaying coordinate systems¶










In [4]:


    
fig = plt.figure(figsize=(8,8))
ax = fig.add_axes([0.25, 0.25, 0.6, 0.6], projection=wcs)
ax.imshow(data, vmin=0, vmax=1.e-4, origin='lower', cmap=plt.cm.gist_heat)

overlay = ax.get_coords_overlay('fk5')

ax.coords['glon'].set_ticks(color='white')
ax.coords['glat'].set_ticks(color='white')

ax.coords['glon'].set_axislabel('Galactic Longitude')
ax.coords['glat'].set_axislabel('Galactic Latitude')

ax.coords.grid(color='yellow', linestyle='solid', alpha=1)

overlay['ra'].set_ticks(color='white')
overlay['dec'].set_ticks(color='white')

overlay['ra'].set_axislabel('Right Ascension')
overlay['dec'].set_axislabel('Declination')

overlay.grid(color='white', linestyle='solid', alpha=1)
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Slicing data cubes¶










In [5]:


    
from wcsaxes import datasets

hdu = datasets.fetch_l1448_co_hdu()
wcs = WCS(hdu.header)
image_data = hdu.data

fig = plt.figure(figsize=(6,3))
ax = fig.add_axes([0.1, 0.1, 0.8, 0.8], projection=wcs,
                  slices=(50, 'x', 'y'))

ax.coords[2].set_ticks(exclude_overlapping=True)
ax.imshow(image_data[:, :, 50], cmap=plt.cm.gist_heat)
















Out[5]:




<matplotlib.image.AxesImage at 0x1117705c0>
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Practical Exercises¶














Try and use either or both APLpy and WCSAxes to plot your own data!
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Running Python code



Interactively


To run Python code interactively, you can use the standard Python prompt, which
can be launched by typing python in your standard shell:


$ python
Python 2.7.2 (default, Nov  5 2011, 20:09:20)
[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin
Type "help", "copyright", "credits" or "license" for more information.
>>>






The >>> indicates that Python is ready to accept commands. If you type a
= 1 then press enter, this will assign the value 1 to a. If you then
type a you will see the value of a (this is equivalent to print a):


>>> a = 1
>>> a
1






The Python shell can execute any Python code, even multi-line statements,
though it is often more convenient to use Python non-interactively for such
cases.


The default Python shell is limited, and in practice, you will want instead to
use the IPython (or interactive Python) shell. This is an add-on package that
adds many features to the default Python shell, including the ability to edit
and navigate the history of previous commands, as well as the ability to
tab-complete variable and function names. To start up IPython, type:


$ ipython
Python 2.7.2 (default, Nov  5 2011, 20:09:20)
Type "copyright", "credits" or "license" for more information.

IPython 0.11 -- An enhanced Interactive Python.
?         -> Introduction and overview of IPython's features.
%quickref -> Quick reference.
help      -> Python's own help system.
object?   -> Details about 'object', use 'object??' for extra details.

In [1]:






The first time you start up IPython, it will display a message which you can
skip over by pressing ENTER. The >>> symbols are now replaced by In
[x], and output, when present, is prepended with Out [x]. If we now type
the same commands as before, we get:


In [1]: a = 1

In [2]: a
Out[2]: 1






If you now type the up arrow twice, you will get back to a = 1.





Running scripts


While the interactive Python mode is very useful to exploring and trying out
code, you will eventually want to write a script to record and reproduce what
you did, or to do things that are too complex to type in interactively
(defining functions, classes, etc.). To write a Python script, just use your
favorite code editor to put the code in a file with a .py extension. For
example, we can create a file called test.py containing:


a = 1
print a






We can then run the script on the command-line with:


$ python test.py
1






Note: The print statement is necessary, because typing a on its own
will only print out the value in interactive mode. In scripts, the printing has
to be explicitly requested with the print command. To print multiple variables,
just separate them with a comma after the print command:


print a, 1.5, "spam"









Combining interactive and non-interactive use


It can sometimes be useful to run a script to set things up, and to continue in
interactive mode. This can be done using the %run IPython command to run
the script, which then gets executed. The IPython session then has access to
the last state of the variables from the script:


$ ipython
Python 2.7.2 (default, Nov  5 2011, 20:09:20)
Type "copyright", "credits" or "license" for more information.

IPython 0.11 -- An enhanced Interactive Python.
?         -> Introduction and overview of IPython's features.
%quickref -> Quick reference.
help      -> Python's own help system.
object?   -> Details about 'object', use 'object??' for extra details.

In [1]: %run test.py
1

In [2]: a + 1
Out[2]: 2
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Installing Python, Astropy, and affiliated packages


This is a quick howto for installing the required packages for the workshop.



Download and install conda


Download miniconda for Linux:


wget http://repo.continuum.io/miniconda/Miniconda-latest-Linux-x86_64.sh -O miniconda.sh






Download miniconda for MacOSX:


wget http://repo.continuum.io/miniconda/Miniconda-latest-MacOSX-x86_64.sh -O miniconda.sh






Set up conda:


bash miniconda.sh -b -p $HOME/miniconda
export PATH="$HOME/miniconda/bin:$PATH"
conda update --yes conda
conda config --add channels astropy









Install common Python dependencies


In the workshop notebooks we have direct use of the following packages. Some
of them have optional dependencies we will use indirectly (e.g. scipy,
scikit-image):




		astropy


		astroquery


		APLpy


		matplotlib


		numpy


		photutils


		reproject


		wcsaxes









Install all of the packages (including their dependencies):


conda install jupyter astropy astroquery aplpy photutils wcsaxes numpy matplotlib reproject scipy scikit-image
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Astropy: WCS Transformations¶














Documentation¶














For more information about the features presented below, you can read the astropy.wcs docs.















Data¶














The data used in this page (ROSAT.fits) is a map of the Soft X-ray Diffuse Background from the ROSAT XRT/PSPC in the 3/4 keV band, in an Aitoff projection:


[image: image]















Representing WCS transformations¶














The World Coordinate System standard is often used in FITS files in order to describe the conversion from pixel to world (e.g. equatorial, galactic, etc.) coordinates. Given a FITS file with WCS information, such as data/ROSAT.fits, we can create an object to represent the WCS transformation either by directly supplying the filename:











In [1]:


    
from astropy.wcs import WCS
w = WCS('data/ROSAT.fits')




















or by passing a Header object:











In [2]:


    
from astropy.io import fits
from astropy.wcs import WCS
header = fits.getheader('data/ROSAT.fits')
w = WCS(header)




















Pixel to World and World to Pixel transformations¶














Once the WCS object has been created, you can use the following methods to convert pixel to world coordinates:











In [3]:


    
wx, wy = w.wcs_pix2world(250., 100., 1)
















In [4]:


    
print(wx, wy)



















353.442390467026 -13.865730426377153





















This converts the pixel coordinates (250, 100) to the native world coordinate system of the transformation. Note the third argument, set to 1, which indicates whether the pixel coordinates should be treated as starting from (1, 1) (as FITS files do) or from (0, 0). Converting from world to pixel coordinates is similar:











In [5]:


    
px, py = w.wcs_world2pix(0., 0., 1)
















In [6]:


    
print(px, py)



















240.5 120.5





















Working with arrays¶










In [7]:


    
import numpy as np
px = np.linspace(200., 300., 10)
py = np.repeat(100., 10)
wx, wy = w.wcs_pix2world(px, py, 1)
print(wx)



















[  28.0161808    20.30808338   12.62092818    4.94670369  357.27752983
  349.60557752  341.92298964  334.22180126  326.49385679  318.73072188]

















In [8]:


    
print(wy)



















[-13.76885644 -13.8174681  -13.85053276 -13.86815294 -13.87038285
 -13.85722932 -13.82865194 -13.78456237 -13.72482279 -13.64924359]





















Practical Exercises¶














Level 1¶














Try converting more values from pixel to world coordinates, and try converting these back to pixel coordinates. Do the results agree with the original pixel coordinates? Also, what are the world coordinates of the pixel at (1, 1), and why?











In [9]:


    
# Your solution here




















Level 2¶














Extract and print out the values in the ROSAT map at the position of the LAT Point Sources from the catalog in data/gll_psc_v08.fit (using the columns GLAT and GLON)











In [10]:


    
# Your solution here




















Level 3¶














Make a Matplotlib plot of the image showing gridlines for longitude and latitude overlaid (e.g. every 30 degrees).











In [11]:


    
# Your solution here
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Astropy: WCS Transformations - Solutions¶














Level 1¶














The final pixel coordinates should always agree with the starting ones, since each pixel covers a unique world coordinate position. The world coordinates of the pixel at (1, 1) are not defined:











In [1]:


    
from astropy.wcs import WCS
w = WCS('data/ROSAT.fits')
w.wcs_pix2world(1, 1, 1)
















Out[1]:




[array(nan), array(nan)]





















because the pixel lies outside the coordinate grid. Thus, not all pixels in an image have a valid position on the sky.















Level 2¶










In [2]:


    
import numpy as np
from astropy.io import fits
from astropy.wcs import WCS
from astropy.table import Table

# Read in LAT Point Source Catalog
psc = Table.read('data/gll_psc_v08.fit')

# Extract Galactic Coordinates
l = psc['GLON']
b = psc['GLAT']

# Read in ROSAT map
hdulist_im = fits.open('data/ROSAT.fits')

# Extract image and header
image = hdulist_im[0].data
header = hdulist_im[0].header

# Instantiate WCS object
w = WCS(header)

# Find pixel positions of LAT sources. Note we use ``0`` here for the last
# argument, since we want zero based indices (for Numpy), not the FITS
# pixel positions.
px, py = w.wcs_world2pix(l, b, 0)

# Find the nearest integer pixel
px = np.round(px).astype(int)
py = np.round(py).astype(int)

# Find the ROSAT values (note the reversed index order)
values = image[py, px]

# Print out the values
print(values)



















WARNING: hdu= was not specified but multiple tables are present, reading in first available table (hdu=1) [astropy.io.fits.connect]











[ 123.7635498   163.27642822  221.76609802 ...,  255.07995605  100.35219574
   87.62506104]











WARNING: UnitsWarning: 'photon/cm**2/MeV/s' contains multiple slashes, which is discouraged by the FITS standard [astropy.units.format.generic]
WARNING: UnitsWarning: 'photon/cm**2/s' contains multiple slashes, which is discouraged by the FITS standard [astropy.units.format.generic]
WARNING: UnitsWarning: The unit 'erg' has been deprecated in the FITS standard. Suggested: cm2 g s-2. [astropy.units.format.utils]
WARNING: UnitsWarning: 'erg/cm**2/s' contains multiple slashes, which is discouraged by the FITS standard [astropy.units.format.generic]





















Level 3¶










In [3]:


    
import numpy as np
%matplotlib inline
from matplotlib import pyplot as plt
from astropy.io import fits
from astropy.wcs import WCS

# Read in file
hdulist = fits.open('data/ROSAT.fits')

# Extract image and header
image = hdulist[0].data
header = hdulist[0].header

# Instantiate WCS object
w = WCS(header)

# Plot the image
fig = plt.figure()
ax = fig.add_subplot(1, 1, 1)
ax.imshow(image, cmap=plt.cm.gist_heat,
          origin='lower', vmin=0, vmax=1000.)

# Loop over lines of longitude
for lon in np.linspace(-180., 180., 13):
    grid_lon = np.repeat(lon, 100)
    grid_lat = np.linspace(-90., 90., 100)
    px, py = w.wcs_world2pix(grid_lon, grid_lat, 1)
    ax.plot(px, py, color='white', alpha=0.5)

# Loop over lines of latitude
for lat in np.linspace(-60., 60., 5):
    grid_lon = np.linspace(-180., 180., 100)
    grid_lat = np.repeat(lat, 100)
    px, py = w.wcs_world2pix(grid_lon, grid_lat, 1)
    ax.plot(px, py, color='white', alpha=0.5)

ax.set_xlim(0, image.shape[1])
ax.set_ylim(0, image.shape[0])
ax.set_xticklabels('')
ax.set_yticklabels('')
plt.show()





















[image: ]
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Astropy: Celestial Coordinates¶














Documentation¶














For more information about the features presented below, you can read the
astropy.coordinates docs.















Representing and converting coordinates¶














Astropy includes a framework to represent celestial coordinates and transform
between them. Astropy includes common coordinate systems (ICRS,
FK4, FK5, Galactic, and AltAz).


Creating coordinate objects is straightforward:











In [1]:


    
from astropy.coordinates import SkyCoord
from astropy import units as u
















In [2]:


    
SkyCoord(ra=10.68458 * u.deg, dec=41.26917 * u.deg)
















Out[2]:




<SkyCoord (ICRS): (ra, dec) in deg
    (10.68458, 41.26917)>

















In [3]:


    
SkyCoord('00h42m44.3s +41d16m9s')
















Out[3]:




<SkyCoord (ICRS): (ra, dec) in deg
    (10.68458333, 41.26916667)>





















The individual components of a coordinate are Angle objects, and their
values are accessed using special attributes:











In [4]:


    
c = SkyCoord('00h42m44.3s +41d16m9s')
















In [5]:


    
c.ra
















Out[5]:




$10^\circ41{}^\prime04.5{}^{\prime\prime}$















In [6]:


    
c.ra.hour
















Out[6]:




0.7123055555555556

















In [7]:


    
c.ra.hms
















Out[7]:




hms_tuple(h=0.0, m=42.0, s=44.30000000000021)

















In [8]:


    
c.dec
















Out[8]:




$41^\circ16{}^\prime09{}^{\prime\prime}$















In [9]:


    
c.dec.radian
















Out[9]:




0.7202828378876265





















To convert to some other coordinate system, the easiest method is to use
attribute-style access with short names for the built-in systems:











In [10]:


    
c.galactic
















Out[10]:




<SkyCoord (Galactic): (l, b) in deg
    (121.17424437, -21.57288899)>





















but explicit transformations via the transform_to method are also available:











In [11]:


    
c.transform_to('galactic')
















Out[11]:




<SkyCoord (Galactic): (l, b) in deg
    (121.17424437, -21.57288899)>





















The astropy.coordinates subpackage also provides a quick way to get coordinates for
named objects (with an internet connection). The SkyCoord class has a method from_name(), that accepts a string and queries Sesame to retrieve coordinates for that
object:











In [12]:


    
c_eq = SkyCoord.from_name("M16")
c_eq
















Out[12]:




<SkyCoord (ICRS): (ra, dec) in deg
    (274.7, -13.8067)>





















Using arrays in coordinates¶














Numpy arrays can be used inside coordinate objects instead of scalar floating point values (this is much more efficient that creating one coordinate object for each source). The following example demonstrates how one can combine the Table class with coordinate objects (you can download the data from here).











In [13]:


    
from astropy.table import Table
t = Table.read('data/2mass.tbl', format='ascii.ipac')
















In [14]:


    
t
















Out[14]:



<Table masked=True length=929>

		ra		dec		clon		clat		err_maj		err_min		err_ang		designation		j_m		j_cmsig		j_msigcom		j_snr		h_m		h_cmsig		h_msigcom		h_snr		k_m		k_cmsig		k_msigcom		k_snr		ph_qual		rd_flg		bl_flg		cc_flg		ndet		gal_contam		mp_flg		dist		angle		j_h		h_k		j_k


		deg		deg						arcsec		arcsec		deg				mag		mag		mag				mag		mag		mag				mag		mag		mag																										


		float64		float64		str12		str13		float64		float64		int64		str16		float64		float64		float64		float64		float64		float64		float64		float64		float64		float64		float64		float64		str3		str3		str3		str3		str6		int64		int64		float64		float64		float64		float64		float64


		274.429506		-13.870547		18h17m43.08s		-13d52m13.97s		0.08		0.08		45		18174308-1352139		16.305		0.142		0.143		6.7		14.048		0.107		0.108		13.6		13.257		0.066		0.066		16.5		CAA		222		111		0ss		066655		0		0		975.080151		256.448		2.257		0.791		3.048


		274.423821		-13.86974		18h17m41.72s		-13d52m11.06s		0.06		0.06		90		18174171-1352110		14.802		0.058		0.059		26.7		12.635		0.059		0.06		50.1		11.768		0.045		0.046		65.2		AAA		222		111		0ss		666666		0		0		993.752042		256.878		2.167		0.867		3.034


		274.424587		-13.739629		18h17m41.90s		-13d44m22.66s		0.08		0.08		45		18174190-1344226		16.328		--		--		--		14.345		0.059		0.06		10.4		13.405		0.046		0.047		14.4		UAA		022		011		0cc		003666		0		0		995.726698		284.113		--		0.94		--


		274.433933		-13.769502		18h17m44.14s		-13d46m10.21s		0.08		0.08		45		18174414-1346102		16.281		0.098		0.099		6.8		14.057		0.035		0.036		13.5		12.956		0.032		0.033		21.8		CAA		222		111		000		065566		0		0		942.627418		278.252		2.224		1.101		3.325


		274.437013		-13.885698		18h17m44.88s		-13d53m08.51s		0.09		0.09		45		18174488-1353085		15.171		--		--		--		14.412		0.152		0.152		9.8		13.742		0.095		0.095		10.6		UBA		622		022		0cc		005566		0		0		964.105389		252.93		--		0.67		--


		274.433996		-13.752446		18h17m44.16s		-13d45m08.81s		0.08		0.08		90		18174415-1345088		16.54		--		--		--		14.519		0.083		0.083		8.8		13.604		0.043		0.044		12.0		UBA		022		011		0cc		005666		0		0		953.230532		281.908		--		0.915		--


		274.418138		-13.77215		18h17m40.35s		-13d46m19.74s		0.08		0.08		90		18174035-1346197		17.98		--		--		--		14.61		0.043		0.044		8.1		13.456		0.056		0.057		13.8		UBA		022		011		000		001645		0		0		996.047248		277.25		--		1.154		--


		274.433695		-13.899049		18h17m44.09s		-13d53m56.58s		0.06		0.06		90		18174408-1353565		13.011		0.021		0.024		139.0		10.917		0.02		0.021		243.8		10.013		0.017		0.019		328.3		AAA		222		111		000		666666		0		0		990.166399		250.466		2.094		0.904		2.998


		274.425482		-13.77149		18h17m42.12s		-13d46m17.36s		0.08		0.08		135		18174211-1346173		16.086		--		--		--		13.709		0.065		0.066		18.6		12.503		0.044		0.045		33.1		UAA		622		012		00c		005555		0		0		970.896919		277.582		--		1.206		--


		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...		...


		274.81801		-14.001245		18h19m16.32s		-14d00m04.48s		0.18		0.16		1		18191632-1400044		16.24		0.113		0.113		5.6		15.531		0.164		0.164		2.5		15.252		--		--		--		CDU		220		110		000		060600		0		0		809.817146		149.61		0.709		--		--


		274.822709		-14.037254		18h19m17.45s		-14d02m14.11s		0.07		0.07		45		18191745-1402141		15.999		0.097		0.098		7.0		14.009		0.032		0.033		10.0		13.077		0.035		0.036		16.4		CAA		222		111		000		062656		0		0		931.339773		152.779		1.99		0.932		2.922


		274.880758		-13.99956		18h19m31.38s		-13d59m58.42s		0.06		0.06		90		18193138-1359584		14.163		0.035		0.037		37.8		11.179		0.02		0.021		135.6		9.765		0.017		0.019		347.1		AAA		222		111		000		556666		0		0		935.512452		137.762		2.984		1.414		4.398


		274.652526		-14.055106		18h18m36.61s		-14d03m18.38s		0.06		0.06		90		18183660-1403183		15.035		0.052		0.054		19.4		13.099		0.04		0.041		27.5		12.254		0.041		0.041		41.7		AAA		222		111		c00		566666		0		0		908.109808		190.682		1.936		0.845		2.781


		274.760586		-13.999927		18h19m02.54s		-13d59m59.74s		0.08		0.08		90		18190254-1359597		16.329		0.122		0.123		5.5		14.488		0.067		0.067		6.4		13.617		0.051		0.052		11.1		CCA		222		111		000		060616		0		0		724.557553		163.227		1.841		0.871		2.712


		274.831132		-14.020027		18h19m19.47s		-14d01m12.10s		0.08		0.08		45		18191947-1401120		16.203		--		--		--		13.238		0.02		0.021		20.4		12.016		0.023		0.024		43.6		UAA		022		011		000		006666		0		0		891.347132		149.27		--		1.222		--


		274.972435		-13.760374		18h19m53.38s		-13d45m37.35s		0.12		0.11		10		18195338-1345373		17.472		--		--		--		16.755		--		--		--		14.413		0.084		0.084		4.8		UUD		002		001		000		000006		0		0		964.828933		79.963		--		--		--


		274.870009		-13.817775		18h19m28.80s		-13d49m03.99s		0.08		0.08		45		18192880-1349039		16.933		--		--		--		14.514		0.064		0.065		6.3		12.957		0.041		0.041		18.4		UCA		022		011		000		002666		0		0		592.998058		93.69		--		1.557		--


		274.735323		-13.941575		18h18m56.48s		-13d56m29.67s		0.14		0.14		45		18185647-1356296		16.643		--		--		--		14.88		--		--		--		14.291		0.116		0.117		6.0		UUC		002		001		000		000004		0		0		498.524438		165.968		--		--		--


		274.866294		-13.841778		18h19m27.91s		-13d50m30.40s		0.08		0.08		45		18192791-1350304		15.615		--		--		--		13.911		0.075		0.075		10.9		12.765		0.134		0.134		21.9		UAE		022		011		0cc		005545		0		0		591.97725		102.147		--		1.146		--




















In [15]:


    
c = SkyCoord(t['ra'], t['dec'])




















Note that we didn't have to give the units because these are contained in the table metadata!











In [16]:


    
c.ra.degree[:10]
















Out[16]:




array([ 274.429506,  274.423821,  274.424587,  274.433933,  274.437013,
        274.433996,  274.418138,  274.433695,  274.425482,  274.433057])





















We can also pass string columns:











In [17]:


    
c = SkyCoord(t['clon'], t['clat'])




















Converting to/from AltAz¶










In [18]:


    
import numpy as np
from astropy import units as u
from astropy.time import Time
from astropy.coordinates import SkyCoord, EarthLocation, AltAz
















In [19]:


    
m33 = SkyCoord.from_name('M33')  
















In [20]:


    
bear_mountain = EarthLocation(lat=41.3*u.deg, lon=-74*u.deg, height=390*u.m)
utcoffset = -4 * u.hour  # Eastern Daylight Time
time = Time('2012-7-12 23:00:00') - utcoffset
















In [21]:


    
m33altaz = m33.transform_to(AltAz(obstime=time,location=bear_mountain))
















In [22]:


    
m33altaz.alt
















Out[22]:




$0^\circ07{}^\prime45.3474{}^{\prime\prime}$















In [23]:


    
m33altaz.az
















Out[23]:




$47^\circ18{}^\prime29.2151{}^{\prime\prime}$



















We now want to make a plot of the altitude vs time to plan observations











In [24]:


    
midnight = Time('2012-7-13 00:00:00') - utcoffset
delta_midnight = np.linspace(-7, 7, 100) * u.hour
















In [25]:


    
m33altazs = m33.transform_to(AltAz(obstime=midnight+delta_midnight, location=bear_mountain))  




















We can now plot the results:











In [26]:


    
%matplotlib inline
import matplotlib.pyplot as plt
plt.plot(delta_midnight, m33altazs.alt)  
plt.xlim(-2, 7)  
plt.ylim(-30, 90)  
plt.axhline(0, color='k', ls='dashed')
plt.xlabel('Hours from EDT Midnight')  
plt.ylabel('Airmass [Sec(z)]')  
plt.show()
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Matching catalogs¶














Astropy includes functions that can help with catalog matching. Let's start from the 2MASS catalog used above and also use the WISE catalog for the same area of sky:











In [27]:


    
t_2mass = Table.read('data/2mass.tbl', format='ascii.ipac')['ra', 'dec', 'j_m', 'h_m', 'k_m']
t_2mass
















Out[27]:



<Table masked=True length=929>

		ra		dec		j_m		h_m		k_m


		deg		deg		mag		mag		mag


		float64		float64		float64		float64		float64


		274.429506		-13.870547		16.305		14.048		13.257


		274.423821		-13.86974		14.802		12.635		11.768


		274.424587		-13.739629		16.328		14.345		13.405


		274.433933		-13.769502		16.281		14.057		12.956


		274.437013		-13.885698		15.171		14.412		13.742


		274.433996		-13.752446		16.54		14.519		13.604


		274.418138		-13.77215		17.98		14.61		13.456


		274.433695		-13.899049		13.011		10.917		10.013


		274.425482		-13.77149		16.086		13.709		12.503


		...		...		...		...		...


		274.81801		-14.001245		16.24		15.531		15.252


		274.822709		-14.037254		15.999		14.009		13.077


		274.880758		-13.99956		14.163		11.179		9.765


		274.652526		-14.055106		15.035		13.099		12.254


		274.760586		-13.999927		16.329		14.488		13.617


		274.831132		-14.020027		16.203		13.238		12.016


		274.972435		-13.760374		17.472		16.755		14.413


		274.870009		-13.817775		16.933		14.514		12.957


		274.735323		-13.941575		16.643		14.88		14.291


		274.866294		-13.841778		15.615		13.911		12.765




















In [28]:


    
t_wise = Table.read('data/wise.tbl', format='ascii.ipac')['designation', 'ra', 'dec', 'w1mpro', 'w2mpro', 'w3mpro', 'w4mpro']
t_wise
















Out[28]:



<Table masked=True length=17816>

		designation		ra		dec		w1mpro		w2mpro		w3mpro		w4mpro


				deg		deg		mag		mag		mag		mag


		str19		float64		float64		float64		float64		float64		float64


		J181752.24-141213.2		274.4676959		-14.2036914		10.009		10.047		10.197		8.298


		J181751.14-141210.7		274.463119		-14.2029941		11.06		11.129		10.5		8.215


		J181751.89-141122.0		274.4662354		-14.1894445		11.598		11.728		9.452		6.486


		J181752.41-141141.8		274.4684096		-14.1949513		11.709		11.937		9.759		7.189


		J181750.20-141145.3		274.4592003		-14.1959334		8.851		8.86		7.844		6.148


		J181750.22-141217.2		274.4592581		-14.2047906		11.933		12.285		11.613		7.653


		J181751.35-141147.6		274.4639589		-14.1965688		9.815		9.931		9.115		7.549


		J181756.19-141144.7		274.4841457		-14.1957676		10.334		10.458		9.229		7.273


		J181756.80-141145.0		274.4866976		-14.195861		9.938		10.002		10.2		7.299


		...		...		...		...		...		...		...


		J181823.85-141545.4		274.5994027		-14.2626192		5.29		5.085		4.044		2.677


		J181823.55-141525.8		274.5981294		-14.2571837		9.253		9.131		7.635		4.545


		J181821.52-141549.8		274.5896669		-14.2638349		11.046		11.377		9.028		6.143


		J181825.74-141529.3		274.607255		-14.2581409		11.134		11.212		9.685		6.36


		J181826.18-141546.2		274.6090842		-14.2628371		8.692		8.834		8.86		6.675


		J181825.76-141609.2		274.6073677		-14.2692411		11.401		11.34		9.26		6.217


		J181826.07-141624.5		274.6086441		-14.2734739		8.526		8.634		8.756		6.527


		J181824.83-141619.9		274.603471		-14.2721981		7.873		7.936		7.586		5.642


		J181823.90-141609.1		274.5996039		-14.2692111		5.575		5.733		5.036		3.429


		J181829.04-141803.8		274.6210114		-14.3010686		11.531		11.793		10.006		6.503




















In [29]:


    
c_2mass = SkyCoord(t_2mass['ra'], t_2mass['dec'])
c_wise = SkyCoord(t_wise['ra'], t_wise['dec'])
















In [30]:


    
idx_wise, idx_2mass, d2d, d3d = c_2mass.search_around_sky(c_wise, 5 * u.arcsec)
















In [31]:


    
t_2mass[idx_2mass]
















Out[31]:



<Table masked=True length=269>

		ra		dec		j_m		h_m		k_m


		deg		deg		mag		mag		mag


		float64		float64		float64		float64		float64


		274.624839		-14.051597		16.03		13.823		13.145


		274.605645		-14.061247		15.099		13.279		12.46


		274.6045		-14.061802		13.031		11.234		10.251


		274.623156		-14.0676		15.038		13.245		12.551


		274.797491		-14.066624		13.965		13.019		12.61


		274.798888		-13.881427		14.398		12.738		11.863


		274.779886		-13.901997		16.904		13.905		12.479


		274.763438		-13.943701		17.379		14.327		12.757


		274.755625		-13.915264		15.847		12.606		11.033


		...		...		...		...		...


		274.428059		-13.769484		15.885		14.094		13.181


		274.425482		-13.77149		16.086		13.709		12.503


		274.426632		-13.770931		16.441		14.741		13.833


		274.419872		-13.765019		14.549		11.529		10.15


		274.418138		-13.77215		17.98		14.61		13.456


		274.421593		-13.77148		16.042		14.364		13.331


		274.420732		-13.772399		16.06		13.734		12.622


		274.42386		-13.865885		12.188		10.031		9.086


		274.421415		-13.858602		16.198		14.695		12.924


		274.422162		-13.859782		15.574		13.017		12.021




















In [32]:


    
t_wise[idx_wise]
















Out[32]:



<Table masked=True length=269>

		designation		ra		dec		w1mpro		w2mpro		w3mpro		w4mpro


				deg		deg		mag		mag		mag		mag


		str19		float64		float64		float64		float64		float64		float64


		J181829.96-140306.6		274.6248577		-14.0518347		12.465		13.004		10.188		5.11


		J181825.09-140342.1		274.6045432		-14.0617133		9.529		9.497		9.815		5.506


		J181825.09-140342.1		274.6045432		-14.0617133		9.529		9.497		9.815		5.506


		J181829.48-140403.8		274.6228542		-14.067728		11.852		12.424		10.286		6.192


		J181911.20-140355.8		274.7966965		-14.0655162		10.736		10.857		11.196		7.671


		J181911.64-135256.2		274.7985357		-13.8822786		10.711		10.96		7.908		4.735


		J181907.16-135406.2		274.7798452		-13.9017291		11.235		12.894		8.652		5.447


		J181903.18-135637.2		274.7632695		-13.9436841		10.771		11.327		5.488		3.366


		J181901.29-135454.8		274.7554103		-13.915232		9.834		9.792		7.885		4.777


		...		...		...		...		...		...		...


		J181742.82-134611.6		274.4284175		-13.769904		12.095		11.8		6.518		4.286


		J181742.14-134617.3		274.4256164		-13.7714851		11.403		11.292		7.075		4.722


		J181742.14-134617.3		274.4256164		-13.7714851		11.403		11.292		7.075		4.722


		J181740.77-134554.2		274.419875		-13.7650572		9.376		9.176		9.198		4.708


		J181740.10-134616.4		274.4171127		-13.7712265		12.447		12.832		9.178		6.375


		J181741.04-134619.8		274.4210011		-13.7721765		11.569		11.655		8.606		6.116


		J181741.04-134619.8		274.4210011		-13.7721765		11.569		11.655		8.606		6.116


		J181741.72-135157.2		274.4238584		-13.8658986		8.519		8.606		7.844		4.485


		J181741.27-135135.1		274.4219657		-13.8597573		11.331		11.292		9.897		4.96


		J181741.27-135135.1		274.4219657		-13.8597573		11.331		11.292		9.897		4.96




















In [33]:


    
from astropy.table import hstack
















In [34]:


    
t_merged = hstack([t_2mass[idx_2mass], t_wise[idx_wise]])



















WARNING: MergeConflictWarning: Cannot merge meta key 'value' types <class 'int'> and <class 'int'>, choosing value=17816 [astropy.utils.metadata]
WARNING: MergeConflictWarning: Cannot merge meta key 'value' types <class 'str'> and <class 'str'>, choosing value='00:00:48.73022' [astropy.utils.metadata]
WARNING: MergeConflictWarning: Cannot merge meta key 'value' types <class 'str'> and <class 'str'>, choosing value='2015-05-31 09:54:35' [astropy.utils.metadata]
WARNING: MergeConflictWarning: Cannot merge meta key 'value' types <class 'str'> and <class 'str'>, choosing value='ADS/IRSA.Gator#2015/0531/095435_22394' [astropy.utils.metadata]
WARNING: MergeConflictWarning: Cannot merge meta key 'value' types <class 'str'> and <class 'str'>, choosing value='AllWISE Source Catalog (wise_allwise_p3as_psd)' [astropy.utils.metadata]
WARNING: MergeConflictWarning: Cannot merge meta key 'value' types <class 'str'> and <class 'str'>, choosing value='within 0.5 deg of  ra=274.70073 dec=-13.80723 Eq J2000 ' [astropy.utils.metadata]
WARNING: MergeConflictWarning: Cannot merge meta key 'value' types <class 'str'> and <class 'str'>, choosing value="'WHERE (no constraints)SELECT (47 column names follow in next row.)" [astropy.utils.metadata]

















In [35]:


    
plt.scatter(t_merged['k_m'] - t_merged['w4mpro'],
            t_merged['j_m'] - t_merged['k_m'])
plt.xlabel("K - W4")
plt.ylabel("J - K")
















Out[35]:




<matplotlib.text.Text at 0x1132665f8>
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Practical Exercises¶














Level 1¶














Find the coordinates of the Crab Nebula in ICRS coordinates, and convert them to Galactic Coordinates.















Level 2¶














Starting from this table in VO table format (this is the ROSAT all-sky catalog), read in the sources, use the RA and Dec columns to instantiate a coordinate object, then convert to Galactic coordinates. Make a plot of latitude versus longitude.















Level 3¶














Once you have done Level 2, make an Aitoff projection map of the sources in Galactic coordinates. Then, try and match the ROSAT catalog with other catalogs that you have access to.
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Astropy: Unit Conversion - Solutions¶














Level 1¶














What is 1 barn megaparsecs in teaspoons?











In [1]:


    
from astropy import units as u
from astropy.units import imperial
















In [2]:


    
(1. * u.barn * u.Mpc).to(imperial.tsp) 
















Out[2]:




$0.62603503 \; \mathrm{tsp}$



















Level 2¶














What is 3 nm^2 Mpc / m^3 in dimensionless units?











In [3]:


    
(3. * u.nm**2 * u.Mpc / u.m**3).decompose()
















Out[3]:




$92570.327 \; \mathrm{}$



















or to just get the numerical value:











In [4]:


    
(3. * u.nm**2 * u.Mpc / u.m**3).decompose().value
















Out[4]:




92570.32744401575





















Level 3¶














Try and use equivalencies to find the doppler shifted wavelength of a line at 454.4nm if the object is moving at a velocity of 510km/s away from the observer.











In [5]:


    
(510. * u.km / u.s).to(u.nm, equivalencies=u.doppler_optical(454.4 * u.nm))
















Out[5]:




$455.17301 \; \mathrm{nm}$
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Affiliated package: reproject¶














The reproject package can be found here. To install it:



pip install reproject















The reproject package implements image reprojection (resampling) methods for astronomical images and more generally n-dimensional data. These assume that the WCS information contained in the data are correct. This package does not do image registration, which is the process of aligning images where one or more images may have incorrect or missing WCS.











In [1]:


    
from astropy.io import fits
from astropy.utils.data import get_pkg_data_filename
















In [2]:


    
hdu1 = fits.open(get_pkg_data_filename('galactic_center/gc_2mass_k.fits'))[0]
hdu2 = fits.open(get_pkg_data_filename('galactic_center/gc_msx_e.fits'))[0]
















In [3]:


    
from astropy.wcs import WCS
%matplotlib inline
import matplotlib.pyplot as plt

fig = plt.figure(figsize=(8,6))

ax1 = fig.add_subplot(1,2,1, projection=WCS(hdu1.header))
ax1.imshow(hdu1.data, origin='lower',
           vmin=-100., vmax=2000.,
           cmap=plt.cm.gist_heat)

ax1.coords.grid(color='white')
ax1.coords['ra'].set_axislabel('Right Ascension')
ax1.coords['dec'].set_axislabel('Declination')
ax1.set_title('2MASS K-band')

ax2 = fig.add_subplot(1,2,2, projection=WCS(hdu2.header))
ax2.imshow(hdu2.data, origin='lower',
           vmin=-2.e-4, vmax=5.e-4,         
           cmap=plt.cm.gist_heat)

ax2.coords.grid(color='white')
ax2.coords['glon'].set_axislabel('Galactic Longitude')
ax2.coords['glat'].set_axislabel('Galactic Latitude')
ax2.coords['glat'].set_axislabel_position('r')
ax2.coords['glat'].set_ticklabel_position('r')
ax2.set_title('MSX band E')
















Out[3]:
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We now reproject the MSX image to be in the same projection as the 2MASS image:











In [4]:


    
from reproject import reproject_interp
array, footprint = reproject_interp(hdu2, hdu1.header)




















The reproject_interp() function above returns the reprojected array as well as an array that provides information on the footprint of the first image in the new reprojected image plane (essentially which pixels in the new image had a corresponding pixel in the old image). We can now visualize the reprojected data and footprint:











In [5]:


    
fig = plt.figure(figsize=(8,6))

ax1 = fig.add_subplot(1,2,1, projection=WCS(hdu1.header))
ax1.imshow(array, origin='lower',
           vmin=-2.e-4, vmax=5.e-4,
           cmap=plt.cm.gist_heat)
ax1.coords.grid(color='white')
ax1.coords['ra'].set_axislabel('Right Ascension')
ax1.coords['dec'].set_axislabel('Declination')
ax1.set_title('Reprojected MSX band E image')

ax2 = fig.add_subplot(1,2,2, projection=WCS(hdu1.header))
ax2.imshow(footprint, origin='lower',
           vmin=0, vmax=1.5,
           cmap=plt.cm.gist_heat)
ax2.coords.grid(color='white')
ax1.coords['ra'].set_axislabel('Right Ascension')
ax1.coords['dec'].set_axislabel('Declination')
ax2.coords['dec'].set_axislabel_position('r')
ax2.coords['dec'].set_ticklabel_position('r')
ax2.set_title('MSX band E image footprint')
















Out[5]:
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We can then write out the image to a new FITS file. Note that, as for plotting, we can use the header from the 2MASS image since both images are now in the same projection:











In [6]:


    
fits.writeto('msx_on_2mass_header.fits', array, hdu1.header, clobber=True)




















Pratical Exercise¶














Try and reproject some of your images if you have any! Otherwise, you can check the documentation for reproject to see what other options/algorithms are available.
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