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Who use Python?

» Radio / Submm (NRAO, ESO, JAOJ, CSIRO): CASA

 IR: HIPE (Herschel Interactive Processing Environment)

» Optical: STSci (PyRAF, PyFITS)

» Optical: Gemini IRAF package - new development in Python
» Optical: ESO PyMidas

e X-ray: Chandra CIAO and Sherpa

 Gamma-ray: Fermi Science Analysis tools
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» Windows Anaconda
= https://www.continuum.io/downloads (https://www.continuum.io/downloads)
= NumPy,SciPy,Matplotlib,Pandas,IPython,Spyder

e MacOS brew install python3

e Linux

yum -y install gcc gcc-c++ make gcc-gfortran bzip2 bzip2-devel bison \

flex readline-devel sqlite-devel gdbm-devel xz-devel xz-libs

./configure --prefix=/usr/local --enable-ipv6 --enable-shared

make -j4

sudo make install

THRRE

Anaconda http://t.cn/R5CKu9m (https://hebl.china-vo.org/course/PIA2016/software/)

https://hebl.china-vo.org/course/PIA2016/software/ (https://hebl.china-vo.org/course/PIA2016/software/)

Anaconda

¢« NumPy

e SciPy

IPython / Jupyter
Matplotlib
AstroPy

Spyder

BEZHFIFER: https://docs.continuum.io/anaconda/pkg-docs (https://docs.continuum.io/anaconda/pkg-

docs#)
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o B Integer

o« FRHE Floating
o E# Complex

o FHFER String



In [1]:

a = 10

b = 12.232

c = 10. + 3j

d = 'hello Python'
a, b, c, d

Oout[l]:

(10, 12.232, (160+3j), 'hello Python')

BHIZEH
I

=12 + 21
=12 21
= 12 21
12 21
= 12 21
= 12 %% 21
, b, ¢, d, e, f

R~ *

O +H O QO O T O
1]

Oout[2]:

(33, -9, 252, 0.5714285714285714, 12, 46005119909369701466112)

ZHlE A

o IREIEA: T, else, elif
o FHT

[ ] <=

o ZANFHIBNERRLAEA: and, or, not



THHBERSHIES R False

e False
e None
e 0
e 0.0
o ' FEFH
e []
« {3}
e ()
e set()
B2
#RAHER
for ... in ...
statement
hile ... :
statement
break

break FARBEHIEER
continue

continue XILZEMIZHE, BKEIRBIAAB T —1THEIR

def FunctionName(paraml, param2):

return Outcome

BIASH

def FunctionName(paraml, param2=12):

return Outcome




def fun(id, *args, **xkwargs):
print("id = ", 1id)

print("args = ", args)

print("kwargs = ", kwargs)

print("-----—--—----——— - ")
if __name__ == '__main__"':

fun(1,2,3,4)

fun(l, a=1,b=2,c=3)
fun('a','b','c', a=1,b=2,c=3)

(1’2’3,4)
{'a':1,'b':2,'c':3}

T o
1

fun(xa, *xb)

id = 1

args = (2, 3, 4)
kwargs = {}

id = 1

args = ()

B

10 2

xargs 2—NICA, M *r+kwargs @—NFH, BRI, RIEPythonfIZER, *xkwargs HIIE ~args &
Mo

X—HMIFEEARSZERESHNEF, LWERTHR, EEFRIUUCHENZERSHFE, REHTT
—HHIRIE. BT FREIEHFERLUER dict.has_key ("key') BETHIHT.
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kwargs.pop('x', 0.5)
kwargs.pop('y', 0.98)

if ('horizontalalignment' not in kwargs) and ('ha' not in kwargs):
kwargs['horizontalalignment'] = 'center!'

Python & 58
Python & 23teHY 2 LA T UK EHR &M

o 3K list

o JTAH turple
o FH dict
o« 4 set

FIFRFMITAH

FIRATTAY IR A A, M BB BEN LB AT UER, REFN . “ENTBEXAEFIIRISAEMN,TAH
EAAER.

In [3]:

# 7&K A896)HE
empty_Tlist = []
empty_list = list()
In [4]:

# F|EAHAE: Tist()

a= ('al', 'a2', 3, 4, 'b12', [1,2,3])
b = list(a)

b

out[4]:

['al', 'a2', 3, 4, 'bl2', [1, 2, 3]]



In [5]:

# 5% 8931F: [offset]
b[0]

out[5]:

lall

In [6]:
b[1:3]
Out[6]:

['a2', 3]

In [7]:
b[-1]
Out[7]:

(1, 2, 3]

In [8]:
# FIEAGIEIE: HBE

b[3] = "b3'
b

Oout[8]:

['al', 'a2', 3, 'b3', 'b12', [1, 2, 3]]

In [9]:

# ) EAGERIE: Wk Slice
# [start:end:step]

b[1:6:2]
Out[9]:

('a2', 'b3', [1, 2, 3]]

In [10]:
b[::-2]
Out[1l0]:

(1, 2, 31, 'b3', 'a2']



In [11]:
# P KB IR

b.append('appendl')
b

Out[1ll]:

['al', 'a2', 3, 'b3', 'bl2', [1, 2, 3], 'appendl']

In [12]:
# 7| EBHRIE:  HFF extend, +=

b2 = [1,2,3]
b.extend(b2)
b

Out[l2]:

['al', 'a2', 3, 'b3', 'b12', [1, 2, 3], 'appendl', 1, 2, 3]

In [13]:

b += b2
b

Out[1l3]:

[tal', 'a2', 3, 'b3', 'b12', [1, 2, 3], 'appendl', 1, 2, 3, 1, 2, 3]

In [14]:
# T EAGIRIE: 57z E R A insert

print(b)
b.insert(3, 'python3'")
print(b)

['al', 'a2', 3, 'b3', 'b12', [1, 2, 3], 'appendl', 1, 2, 3, 1, 2, 3]

['fal', 'a2', 3, 'python3', 'b3', 'b12', [1, 2, 3], 'appendl',k 1, 2, 3, 1, 2,
3]

In [15]:

# FIEBGERIE: HRZEMSE del

del b[3]
print(b)

['al', 'a2', 3, 'b3', 'b12', [1, 2, 3], 'appendl', 1, 2, 3, 1, 2, 3]



In [16]:
# T EAGIRIE: WA H I F

print(b)
b.remove(3)
print(b)

[tal', 'a2', 3, 'b3', 'b12', [1, 2, 3], 'appendl', 1, 2, 3, 1, 2, 3]

['al', 'a2', 'b3', 'b1i2', [1, 2, 3], 'appendl',6 1, 2, 3, 1, 2, 3]

In [17]:
# FIEGGIRIE:  FEIRFMIE pop

print(b)
pb = b.pop(1)
print(pb)
print(b)

[fal', 'a2', 'b3', 'b1i2', [1, 2, 3], 'appendl', 1, 2, 3, 1, 2, 3]
a2

['al', 'b3', 'b12', [1, 2, 3], 'appendl',6 1, 2, 3, 1, 2, 3]

In [18]:

# FKAEGIRIE:  BMAF M2 E index

print(b)
print( b.index('appendl') )

['al', 'b3', 'b12', [1, 2, 3], 'appendl', 1, 2, 3, 1, 2, 3]
4

In [19]:

# T REGRIE: FEREEIIEF In

print(b)
print( 'appendl' din b )

[fal', 'b3', 'b12', [1, 2, 3], 'appendl',b 1, 2, 3, 1, 2, 3]
True

In [20]:

# FIEAGEEIE: AL ILAG KK

print(b)
print( b.count(2) )

['al', 'b3', 'b12', [1, 2, 3], 'appendl',6 1, 2, 3, 1, 2, 3]
2



In [2]_]:
# P EBGIIE: R FHE

c=1['1",
print(c)

l2|, |3|’ l4l,
','.join(c)

['l', l2l,
Out[21]:

'1,2,3,4,5,6'

In [22]:

# OFKEGIRIE:  HF

c = ["includes',
lasl]

'several', 'open',

# B AKHHF sorted

sorted_c = sorted(c)
print(c)
print(sorted_c)

["includes',
ch', 'as']
['as', 'development',
e', 'such']

'several', 'open',

'environments'

In [23]:

# RHHS sort
c.sort()

print(c)

['as', 'development', 'environments'

e', 'such']
In [24]:

# R

c.sort(reverse=True)
print(c)

['such',
nt',

'source’',
lasl]

'several', 'open'
In [25]:
#OFEKAGRIE: FIARKE
print(len(c))

8

'source',

'source’',

, 'includes',

, 'includes',

, 'includes',

'development',

'development',

'environments', 'such',

'environments', 'su

'open', 'several', 'sourc

'open', 'several', 'sourc

'environments', 'developme



In [26]:
# )& AGIRIE: WA, BA

# (EH = ST
# 1£/f] copy #iTH#H

a = [1, 2, 3]

b =a
print(b)
all] = 1234

print("a", a)
print("b", b)

[1, 2, 3]
a [1, 1234, 3]
b [1, 1234, 3]
In [27]:

c = a.copy()
print(c)

[1, 1234, 3]

FH dict

K-V

In [28]:
# FRAGHEE: G {}

empty_dict = {}

kv_dict = {
"key": "this is a key",
"value": 1234,

}

print(empty_dict)
print(kv_dict)

{}

{'key': 'this is a key', 'value':

In [29]:

# FHAGIRIE:  #1E dict()

s = [[lal’ laal]’ [lbl’ lbbl]]
d = dict(s)

print(d)

{lal: laal, lbl: lbbl}

1234}



In [30]:
# oFhagiRME:  HEAFE [key]

kv_dict['key'] = 'kkkkkk'
print(kv_dict)

{'key': 'kkkkkk', 'value': 1234}

In [31]:

# OFRAGEIE: HHFHE update

other_dict = {
"other" : 987654,
}

kv_dict.update(other_dict)
print(kv_dict)

{'key': 'kkkkkk', 'other': 987654,

In [32]:
# FIAGIRIE: M RIE 4

del kv_dict['other']
print(kv_dict)

{'key': 'kkkkkk', 'value': 1234}

In [33]:

# FHAGRIE: WP ETA T FE clear

kv_dict.clear ()
print(kv_dict)

{3

In [34]:
B OFRAGHAE: HBRTEFRP I

kv_dict = {
"key": "this is a key",
"value": 1234,

}

print('valuel' {in kv_dict)

False

'value':

1234}



In [35]:

#OFRIGRIE: KR keys ()
print(kv_dict.keys())
print(list(kv_dict.keys()))

dict_keys(['key', 'value'])
['key', 'value']

In [36]:

# A HEIE: HERFTEAE values()

print(list(kv_dict.values()))

['this dis a key', 1234]

In [37]:

# FHAGIEIE: ERFFL (G5 items

print(list(kv_dict.items()))

[('key', 'this is a key'), ('value', 1234)]

£ 4 set

set AFR, BAAWEE, XFEENEH

In [38]:
# ot ¢l {} KFE set()

odd = {1, 3, 5, 7, 9}
even = {0, 2, 4, 6, 8}

samset = set('letters')
print(samset)

In [39]:
# FHAGEEIE: N R T FAE TN
print(2 {in odd)

False



In [40]:
#OFARIE XE &
odd & even
out[407]:

set()

In [41]:
#OFHAGHAE: FE |
odd | even
Out[41l]:

{07 l’ 27 3? 47 57 67 7’ 8’ 9}

In [42]:

# FsgEIE: EE£ - K# difference

odd - even
odd.difference(even)

Oout[42]:

{1, 3, 5, 7, 9}

In [43]:

#OFREGIRIE: Sk N (FHEREFNEL T HI—K)

Q
I

{1, 2, 3}
{3, 4, 5}

(on
1

a’b
Out[43]:

{1, 2, 4, 5}

In [44]:

#OFHAEGIRIE: REH TR

{3}
= {3, 4, 5}

T o
[

a<=b



In [45]:
#OFIAGERIE: AL

a>=b

Out[45]:

False

HSK

Pythonf# S 2 — M ABPython R BB EIREMMNTI I, FRUNEIER, UDEBMRBEERERNEIE
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I 3i: 35

[expression for item in +diterable if condition]

In [46]:
# ARG H

a = [n for n in range(1,10) if n % 2 == 0]
print(a)

(2, 4, 6, 8]

In [47]:
# AR FH

a = [(x, y) for x in range(l, 4) for y 1in range (1,5)]
print(a)

[(1, 1), (1, 2), (1, 3), (1, 4), (2, 1), (2, 2), (2, 3), (2, 4), (3, 1), (3,
2), (3, 3), (3, &)1

FHESK

[key:val for expression in iterable if condition]

In [48]:

#

a = {k:v for k 1in range(l, 4) for v 1in range (6,9)}
print(a)

{1: 8, 2: 8, 3: 8}



Python {Xfi3 X.#&(PEP8)
Python Enhancement Proposal (PEP) 8 — Style Guide for Python Code

Python #3581 REX T — R FIHIFSE,PEP8 2B XAZHIFSE, AT LA % http://pep8.org (http://pep8.org).

. RETEPR
. TSI

. FERAEARHEEA
. EE

. IR

. BE

(RS

pis
. BY

BREBHEAADZENE
o SHREXTT

# Aligned with opening delimiter.
foo = long_function_name(var_one, var_two,

var_three, var_four)

# More indentation included to distinguish this from the rest.
def long_function_name(

var_one, var_two, var_three,

var_four):

print(var_one)

# Hanging indents should add a level.
foo = long_function_name(

var_one, var_two,

var_three, var_four)

# Arguments on first line forbidden when not using vertical alignment.
foo = long_function_name(var_one, var_two,

var_three, var_four)

# Further indentation required as indentation is not distinguishable.
def long_function_name(
var_one, var_two, var_three,

var_four):

print(var_one)




. Kif B

# No extra indentation.

if (this_is_one_thing and
that_is_another_thing):
do_something()

# Add a comment, which will provide some distinction in editors
# supporting syntax highlighting.
if (this_is_one_thing and

that_is_another_thing):

# Since both conditions are true, we can frobnicate.

do_something()

# Add some extra indentation on the conditional continuation line.
if (this_is_one_thing
and that_is_another_thing):
do_something()

result = some_function_that_takes_arguments(
lal’ lbl’ ICI’

|dl, Iel’ lfl’

result = some_function_that_takes_arguments(
|a|’ lbl’ 'C',
|d|, lel, I-Fl’

Tabit 2 =1&7?

o HWEFATSIRHIT R
o Python 2RJLURF, BAEE, AJLAER -t I TRE
» Python 3R VFER



BITRAKE

o BITKERHIE 79 MFHUA
o —PMEFERNRITE AREARFT
- ERIEEFMEINRITREIEEERNZE

H}

=17
o FR2NTITROBRERAIEEL (function) F12E (class) EX
o FRINEITRABEFHTE (method) EX

TR 4R

o Python#Z.U&Z1THRFRRIREE—Z{FFHUTF-8 (Python2{$ FHASCII)
o JIFENMNREBERL

|# -*— coding: utf-8 —x-

imports

o importsNiZ9T5
o importsZiZEEMRBIXHMFAL, NFEREIBNXEFREZG, ERE[TEMNEEFHZH
o importslliiF, AEHZEFERSKRE:
= FRAEEE
= HXE=TF
. ZNHBEE
o HWEFA%LI (absolue) imports, WEEZXEBHB/RT, ATLUFERAMEXimports
o BRI Fimports, LU from <module> import *

import mypkg.sibling

from subprocess 1import Popen, PIPE
from mypkg.sibling import example

from . import sibling

from .sibling import example

FHEB5IA
o« fEPythonfJtttFR, BS[SMWS|ISE—HE, BREEFRR, RFEE—FRNELER.
o =SISFE/RE, ERANGISFER, B <7, ZXEALM Pep 257 MR —E
KEXFHZR
—Ea

« TS BRSHEESZRE



spam(ham[1], {eggs: 2}) # Yes

spam( ham[ 1 ], { eggs: 2 } ) # No

B2S. 2 SHMESZH

if x == 4: print x, y; X, y =y, X # Yes
if x == 4 : print x , vy ; x , y =y , X # No
TR #RIE

# Yes

ham[1:9], ham[1:9:3], ham[:9:3], ham[1::3], ham[1:9:]
ham[lower :upper], ham[lower:upper:], ham[lower: :step]
ham[lower+offset : upper+offset]

ham[: upper_fn(x) : step_fn(x)], ham[:: step_fn(x)]
ham[lower + offset : upper + offset]

# No

ham[lower + offset:upper + offset]
ham[1: 9], ham[1 :9], ham[1:9 :3]
ham[lower : : upper]

ham[ : upper]

R EE

spam(1) # Yes

spam (1) # No

MR ZEHiESH

dct['key'] = lst[index] # Yes

dct ['key'] = 1st [index] # No




o MERFEHITHT

X = 1 # Yes
y = 2
long_variable = 3

X =1 # No

W =2
long_variable = 3

HAth iy
« ZRIHMREHER—IE
» REZEF =
- WREEF -, -
s BEEOEER ==, <, >, =, <>, <=, >=, 1in, not in, is, is not
» HHRIZER and, or, not

o MRFEATMEFZAANEZER, NERRNBEIEM=H

i=d + 1 # Yes
submitted += 1

X = xX*2 - 1

hypot2 = x*x + y*y

c = (a+b) * (a-b)

i=i+1 # No
submitted +=1

X = x *x 2 -1

hypot2 = x * x +y %y

c = (a+b) x (a-Db)

. ERSHHH - HETUTEE

# Yes
def complex(real, imag=0.0):
return magic(r=real, i=imag)

# No
def complex(real, imag = 0.0):

return magic(r = real, i = imag)




- HEBNERE > WEAZEA,  FE—1EA

# Yes
def munge(input: AnyStr):
def munge() -> AnyStr:

# No
def munge(input:AnyStr):

def munge()->PosInt:

- ERER (BFRBAME—TH) —BAERE

pep8I &

pip install pep8
Usage:

pep8 inputfile

In [52]:
!cat pep8_test.py

def Hello():
a=[12,34,56]
for i 1in a:
print(a)

In [53]:

!pep8 pep8_test.py

pep8_test.py:2:6: E225 missing whitespace around operator
pep8_test.py:2:10: E231 missing whitespace after ','
pep8_test.py:2:13: E231 missing whitespace after ','
pep8_test.py:4:1: E101 indentation contains mixed spaces and tabs
pep8_test.py:4:1: W191 indentation contains tabs

Python 4 & &8



Usage:

pip <command> [options]

Commands:
install
download
uninstall
freeze
list
show
search
wheel
hash
completion
help

General Options:
-h, --help
--isolated

les and user configuration.
-v, --verbose

to 3 times.

-V, --version
-q, --quiet
--log <path>

——proxy <proxy>
ort.
--retries <retries>
(default 5 times).
-—timeout <sec>
-—exists-action <action>
(w)ipe, (b)ackup.
-—trusted-host <hostname>
valid or any HTTPS.
--cert <path>

gnore,

-—client-cert <path>
the private key and the

--cache-dir <dir>

--no-cache-dir

--disable-pip-version-check

Install packages.

Download packages.

Uninstall packages.

Output 1installed packages in requirements format.
List installed packages.

Show information about installed packages.

Search PyPI for packages.

Build wheels from your requirements.

Compute hashes of package archives.

A helper command used for command completion

Show help for commands.

Show help.

Run pip in an isolated mode, ignoring environment variab
Give more output. Option 1is additive, and can be used up
Show version and exit.

Give less output.

Path to a verbose appending log.

Specify a proxy in the form [user:passwd@]proxy.server:p

Maximum number of retries each connection should attempt

Set the socket timeout (default 15 seconds).
Default action when a path already exists: (s)witch, (i)

Mark this host as trusted, even though it does not have

Path to alternate CA bundle.

Path to SSL client certificate, a single file containing
certificate in PEM format.
Store the cache data in <dir>.

Disable the cache.

Don't periodically check PyPI to determine whether a new

version of pip 1is available for

download. Implied with --no-index.




ot
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|pip install pkg

Ftk

lpip install -U pkg

HE

lpip search pkg

JIHERRKHE

lpip list

Python 2 1 Python 3



In [49]:

2%%HTML
<iframe width=100% height=600 src="https://pythonclock.org/" ></iframe>

Python 2.7 will retire in...

3 9 14 9 4 34

Years Months  Days Hours Minutes Seconds

Enable Guido Mode Huh?

What's all this, then?

Python 2.7 will not be maintained past 2020. No
official date has been given, so this clock counts
down until April 12th, 2020, which will be roughly
the time of the 2020 PyCon. | am hereby
suggesting we make PyCon 2020 the official end-
of-life date, and we throw a massive party to
celebrate all that Python 2 has done for us. (If this
sounds interesting to you, email
pythonclockorg@gmail.com).

Python 2, thank you for your years of faithful
service.

Python 3, your time is now.
How do | get started?

If the code you care about is still on Python 2,
that's totally understandable. Most of PyPl's
popular packages now work on Python 2 and 3,
and more are being added every day. To ease
the transition. the official nortina auide has advice

 Python 3 27tk 7, 5 Python 2 i3 RHEA
« Python 2 (DEXEMAREEARLES Python 3 R’FER
 Python 3 HIIERELE Python 2 IR KIRF

In [50]:

# Python2 #= Python3

from __future__ import (absolute_-import, division,
print_function, unicode_literals)

In [51]:
# —*x- coding: utf-8 -x-

from __future__ import (absolute_import, division,
print_function, unicode_literals)



F IR

» Python https://www.codecademy.com/zh/learn/python
(https://www.codecademy.com/zh/learn/python)

o FAPythonIt#£##E http://www.icourse163.org/course/nju-1001571005
(http://www.icourse163.org/course/nju-1001571005)

o KIEHIPython: RiE A [IHE 3 http:/study.163.com/course/introduction/302001.htm
(http://study.163.com/course/introduction/302001.htm)




Python for Astronomy

Python EfiE1iH :: H/IFSE

1%
PEAFEARALE PEAEMALE (China-Vo)

China-V»

. AR (10)
. FHE

MR E
Ea

» read()
» readline()
 readlines()

open

open(file, mode='r', buffering=-1, encoding=None, errors=None, newline=None,

closefd=True, opener=None)

'r! open for reading (default)

'w' open for writing, truncating the file first

'x! open for exclusive creation, failing if the file already exists
'a' open for writing, appending to the end of the file if it exists
'b' binary mode

't! text mode (default)

'+t open a disk file for updating (reading and writing)

'u! universal newlines mode (deprecated)




In [10]:

# read()

f = open('data/sample.txt', 'rt')
dat = f.read()

f.close()

print(dat)

obsid|designation|obsdate|lmjd|planid|spid|fiberid|ra|dec|snru|snrg|snrr|snr
i|snrz|objtype|class|subclass|magtype|magl|mag2|mag3|mag4|mag5|mag6|mag7|tso
urce|fibertype|tfrom|t_info|rv|z|z_err
101001|J220848.54-020324.3|2011-10-24|55859|F5902|1]1|332.2022740000|-2.0567
670000|2.23]10.69]17.99|23.07|13.93|Star | STAR|K1|ugriz|18.78|17.12|16.42]|16.
15]15.97|99.00|99.00 | JF_LEGAS_S|Obj |SDSS_S| |-23.06902964| |0.00000297

101002 |J220953.17-020506.0|2011-10-24|55859 | F5902 |1|2|332.4715760000 | -2.0850
150000|2.00|5.52|14.19|20.30|14.05|Star | STAR|MO|ugriz|20.91|18.10|16.66|16.0
5|15.67|99.00|99.00 | JF_LEGAS_S|0bj|SDSS_S||27.10000040| |0.00017775
101008|J220928.49-015720.7|2011-10-24|55859|F5902|1|8|332.3687450000|-1.9557
710000 |1.84|9.94|25.25|32.32|18.29|Star | STAR|G5|ugriz|18.25|16.64|15.97|15.7
7|15.64]99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||25.03866609| |0.00000287

101009 |J220849.59-015207.1]2011-10-24|55859 | F5902|1|9|332.2066650000|-1.8686
530000|1.86]9.13|18.80|25.28|14.18|Star |STAR|GO|ugriz|18.64|17.19|16.63|16.3
7|16.25|99.00]99.00|IF_LEGAS_S|Obj|SDSS_S||-22.16965227| |0.00000537
101016|J220923.69-020809.9|2011-10-24|55859|F5902|1|16|332.3487250000|-2.136
0960000|2.17|28.22|52.30|72.89|46.52|Star |STAR|K5|ugriz|18.64|16.21|15.23|1
4.85|14.62]99.00|99.00|IF_LEGAS_S|Obj |SDSS_S||-6.63140917]||0.00000130

101017 |J220946.66-015526.5|2011-10-24|55859 | F5902 | 1|17 |332.4444170000|-1.924
0460000 |2.60|16.56]|29.63|38.19|22.15|Star | STAR|GO|ugriz|17.97|16.53|16.00]1
5.78|15.65]99.00|99.00 | JF_LEGAS_S|0bj |SDSS_S||-2.46129608] |0.00000233
101020|J220853.37-015915.4|2011-10-24|55859|F5902|1]|20|332.2223790000|-1.987
6260000|2.65|17.26|26.29|36.30|20.29|Star|STAR|F5|ugriz|17.01|15.98|15.51|1
5.35|15.27]99.00|99.00 | JF_LEGAS_S|0bj|SDSS_S||10.84948906| |0.00000751
101021]3J220924.33-014833.5|2011-10-24| 55859 | F5902|1]21|332.3513810000 | -1.809
3330000|6.05|34.57|53.87|62.42|37.85|Star | STAR|F5|ugriz|16.75]|15.61|15.16]1
4.98|14.92]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||-17.91859521||0.00000354
101023|3J221001.52-020100.8|2011-10-24|55859|F5902|1]|23|332.5063740000|-2.016
9000000 |2.35|12.14|22.38|27.72|16.25|Star |STAR|F9|ugriz|18.46|16.97|16.39|1
6.18]16.12|99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||52.65854525| |0.00000227

In [11]:

# read(chunksize)

f = open('data/sample.txt')
dat = f.read(100)

f.close()

print(dat)

obsid|designation|obsdate|lmjd|planid|spid|fiberid|raldec|snru|snrg|snrr|snr
i|snrz|objtype|class|sub



In [12]:

# readline

f = open('data/sample.txt', 'rt')
while True:
line = f.readline()
if not line:
break
print(line)
f.close()

obsid|designation|obsdate|lmjd|planid|spid|fiberid|raldec|snru|snrg|snrr|snr
i|snrz|objtype|class|subclass|magtype|magl|mag2|mag3|mag4|mag5|mag6|mag7|tso
urce|fibertype|tfrom|t_info|rv|z|z_err

101001|J220848.54-020324.3|2011-10-24|55859|F5902|1]1]332.2022740000|-2.0567
670000]2.23|10.69|17.99(23.07|13.93|Star |STAR|K1|ugriz|18.78|17.12|16.42]|16.
15]15.97|99.00|99.00 | JF_LEGAS_S|Obj |SDSS_S| |-23.06902964 | |0.00000297

101002 |J220953.17-020506.0|2011-10-24|55859 | F5902 |1|2|332.4715760000 | -2.0850
150000|2.00|5.52|14.19]|20.30|14.05|Star | STAR|MO|ugriz|20.91|18.10|16.66|16.0
5|15.67|99.00|99.00|IF_LEGAS_S|Obj |SDSS_S| |27.10000040 | |0.00017775

101008|3220928.49-015720.7|2011-10-24|55859|F5902|1|8|332.3687450000|-1.9557
710000|1.84|9.94|25.25|32.32|18.29|Star | STAR|G5 |ugriz|18.25|16.64|15.97|15.7
7|15.64|99.00|99.00|IF_LEGAS_S|Obj |SDSS_S| |25.03866609| |0.00000287

101009|J220849.59-015207.1|2011-10-24|55859|F5902|1|9|332.2066650000 | -1.8686
530000|1.86]9.13]18.80|25.28|14.18|Star |STAR|GO|ugriz|18.64|17.19|16.63|16.3
7]16.25]99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||-22.16965227| |0.00000537

101016|3220923.69-020809.9|2011-10-24|55859|F5902|1|16|332.3487250000|-2.136
0960000|2.17|28.22|52.30|72.89|46.52|Star |STAR|K5|ugriz|18.64|16.21|15.23]|1
4.85|14.62]|99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||-6.63140917||0.00000130

101017 |J220946.66-015526.5|2011-10-24 | 55859 | F5902 | 1|17 |332.4444170000 | -1.924
0460000 |2.60|16.56|29.63|38.19|22.15|Star |STAR|GO|ugriz|17.97|16.53]|16.00]|1
5.78|15.65]99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||-2.46129608] |0.00000233

1016020|3226853.37-015915.4|2011-10-24|55859|F5962|1]|20]332.2223790000|-1.987
6260000|2.65|17.26]26.29]|36.30|20.29|Star |STAR|F5|ugriz|17.01]|15.98|15.51]|1
5.35|15.27]99.00|99.00 | JF_LEGAS_S|0bj|SDSS_S||10.84948906| |0.00000751

1016021|3J220924.33-014833.5|2011-10-24|55859|F5902|1]21|332.3513810000|-1.809
3330000|6.05|34.57|53.87|62.42|37.85|Star |STAR|F5|ugriz|16.75|15.61|15.16]1
4.98|14.92]99.00|99.00|IF_LEGAS_S|0bj|SDSS_S||-17.91859521]|0.00000354

101023|J221001.52-020100.8|2011-10-24|55859 | F5902|1|23|332.5063740000|-2.016
9000000|2.35|12.14|22.38|27.72|16.25|Star |STAR|F9|ugriz|18.46|16.97|16.39]|1
6.18|16.12]99.00|99.00 | JF_LEGAS_S|Obj | SDSS_S||52.65854525| |0.00000227



In [13]:

# readline

# ETE "\n'

f = open('data/sample.txt', 'rt')
while True:
line = f.readline()
if not line:
break
print(line.rstrip())
f.close()

obsid|designation|obsdate|lmjd]|planid|spid|fiberid|ra|dec|snru|snrg|snrr|snr
i|snrz|objtype|class|subclass|magtype|magl|mag2|mag3|mag4|mag5|mag6|mag7|tso
urce|fibertype|tfrom|t_info|rv|z|z_err
101001|J220848.54-020324.3|2011-10-24|55859|F5902|1]1|332.2022740000|-2.0567
670000|2.23]10.69]17.99|23.07|13.93|Star | STAR|K1|ugriz|18.78|17.12|16.42]|16.
15]15.97|99.00|99.00 | JF_LEGAS_S|Obj |SDSS_S| |-23.06902964| |0.00000297

101002 |J220953.17-020506.0|2011-10-24|55859 | F5902 |1|2|332.4715760000 | -2.0850
150000(2.00|5.52|14.19]|20.30|14.05|Star |STAR|MO |ugriz|20.91|18.10|16.66|16.0
5]15.67]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||27.10000040||0.00017775
101008|J220928.49-015720.7|2011-10-24|55859|F5902|1|8|332.3687450000|-1.9557
710000 |1.84|9.94|25.25|32.32|18.29|Star | STAR|G5|ugriz|18.25|16.64|15.97|15.7
7]15.64]99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||25.03866609| |0.00000287

101009 |J220849.59-015207.1]|2011-10-24|55859 | F5902|1|9|332.2066650000|-1.8686
530000|1.86]9.13]|18.80|25.28|14.18|Star | STAR|GO|ugriz|18.64|17.19|16.63|16.3
7|16.25|99.00]99.00|IJF_LEGAS_S|Obj|SDSS_S||-22.16965227| |0.00000537
101016|J220923.69-020809.9|2011-10-24|55859|F5902|1|16|332.3487250000|-2.136
0960000 |2.17]28.22|52.30|72.89|46.52|Star | STAR|K5|ugriz|18.64]16.21|15.23]|1
4.85|14.62]99.00|99.00|IF_LEGAS_S|Obj |SDSS_S||-6.63140917]||0.00000130

101017 |J220946.66-015526.5|2011-10-24|55859 | F5902 |1|17|332.4444170000|-1.924
0460000|2.60|16.56|29.63|38.19|22.15|Star |STAR|GO |ugriz|17.97|16.53|16.00]|1
5.78|15.65]99.00|99.00 | JF_LEGAS_S|0bj |SDSS_S||-2.46129608] |0.00000233
101020|J220853.37-015915.4|2011-10-24|55859|F5902|1]|20|332.2223790000|-1.987
6260000 |2.65|17.26|26.29|36.30|20.29|Star | STAR|F5|ugriz|17.01]15.98|15.51]1
5.35|15.27]99.00|99.00 | JF_LEGAS_S|0bj|SDSS_S||10.84948906| |0.00000751
101021|J220924.33-014833.5|2011-10-24|55859 | F5902 |1|21|332.3513810000|-1.809
3330000|6.05|34.57|53.87|62.42|37.85|Star |STAR|F5|ugriz|16.75|15.61|15.16]1
4.98|14.92]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||-17.91859521||0.00000354
101023|J221001.52-020100.8|2011-10-24|55859|F5902|1]|23|332.5063740000|-2.016
9000000 |2.35|12.14|22.38|27.72|16.25|Star |STAR|F9|ugriz|18.46|16.97|16.39|1
6.18]16.12|99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||52.65854525| |0.00000227



In [14]:
# B EER

f = open('data/sample.txt', 'rt')
for line 1in f:

print(line.rstrip())
f.close()

obsid|designation|obsdate|lmjd|planid|spid|fiberid|raldec|snru|snrg|snrr|snr
i|snrz|objtype|class|subclass|magtype|magl|mag2|mag3|mag4|mag5|mag6|mag7|tso
urce|fibertype|tfrom|t_info|rv|z|z_err

101001 |J220848.54-020324.3|2011-10-24|55859 | F5902 |1|1|332.2022740000|-2.0567
670000|2.23|10.69|17.99(|23.07|13.93|Star |STAR|K1|ugriz|18.78|17.12|16.42|16.
15]15.97]99.00|99.00| JF_LEGAS_S|Obj |SDSS_S| |-23.06902964 | |0.00000297

101002 |J220953.17-020506.0|2011-10-24|55859|F5902|1|2|332.4715760000|-2.0850
150000|2.00|5.52|14.19]|20.30|14.05|Star | STAR|MO|ugriz|20.91|18.10|16.66|16.0
5]|15.67]99.00|99.00|JF_LEGAS_S|0bj|SDSS_S||27.10000040| |0.00017775
101008|J220928.49-015720.7|2011-10-24 | 55859 | F5902|1|8|332.3687450000 | -1.9557
710000 |1.84|9.94|25.25|32.32|18.29|Star | STAR|G5|ugriz|18.25|16.64|15.97|15.7
7]|15.64|99.00]99.00|IF_LEGAS_S|Obj|SDSS_S||25.03866609| |0.00000287
101009|J220849.59-015207.1|2011-10-24|55859|F5902|1|9|332.2066650000|-1.8686
530000|1.86]9.13|18.80|25.28|14.18|Star |STAR|GO|ugriz|18.64|17.19|16.63|16.3
7116.25]99.00|99.00 | IF_LEGAS_S|0bj|SDSS_S||-22.16965227]||0.00000537

101016 J220923.69-020809.9|2011-10-24|55859|F5902|1|16|332.3487250000|-2.136
0960000 |2.17]28.22|52.30|72.89|46.52|Star | STAR|K5|ugriz|18.64]16.21|15.23]|1
4.85|14.62]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||-6.63140917||0.00000130

101017 |J220946.66-015526.5|2011-10-24|55859 | F5902 | 1|17 |332.4444170000|-1.924
0460000|2.60|16.56|29.63|38.19|22.15|Star|STAR|GO|ugriz|17.97|16.53|16.00|1
5.78|15.65]99.00|99.00| JF_LEGAS_S|Obj|SDSS_S||-2.46129608]| |0.00000233

101020 J220853.37-015915.4|2011-10-24|55859|F5902|1|20|332.2223790000|-1.987
6260000 |2.65|17.26|26.29|36.30|20.29|Star | STAR|F5|ugriz|17.01]15.98|15.51]1
5.35|15.27]99.00]|99.00 | IF_LEGAS_S|0bj |SDSS_S||10.84948906| |0.00000751
101021|J220924.33-014833.5|2011-10-24|55859 | F5902|1|21|332.3513810000|-1.809
3330000|6.05|34.57|53.87|62.42|37.85|Star |STAR|F5|ugriz|16.75|15.61|15.16|1
4.98]14.92]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||-17.91859521]|0.00000354
101023|3J221001.52-020100.8|2011-10-24|55859|F5902|1]|23|332.5063740000|-2.016
9000000 |2.35[12.14|22.38|27.72|16.25|Star | STAR|F9|ugriz|18.46]16.97|16.39]1
6.18]16.12|99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||52.65854525| |0.00000227



In [15]:

# readlines ERFFAH 4T

f = open('data/sample.txt', 'rt')
lines = f.readlines()

for line 1in lines:
print(line.rstrip())
f.close()

obsid|designation|obsdate|lmjd|planid|spid|fiberid|ra|dec|snru|snrg|snrr|snr
i|snrz|objtype|class|subclass|magtype|magl|mag2|mag3|mag4|mag5|mag6|mag7|tso
urce|fibertype|tfrom|t_info|rv|z|z_err
101001|J220848.54-020324.3|2011-10-24|55859|F5902|1|1|332.2022740000|-2.0567
670000|2.23|10.69]17.99|23.07|13.93|Star | STAR|K1|ugriz|18.78|17.12|16.42]|16.
15]15.97|99.00|99.00| JF_LEGAS_S|Obj |SDSS_S| |-23.06902964 | |0.00000297
101002|J220953.17-020506.0|2011-10-24|55859|F5902|1|2|332.4715760000|-2.0850
150000(2.00|5.52|14.19]|20.30|14.05|Star |STAR|MO |ugriz|20.91|18.10|16.66|16.0
5]15.67]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||27.10000040]| |0.00017775
101008|J220928.49-015720.7|2011-10-24|55859|F5902|1|8|332.3687450000|-1.9557
710000 |1.84|9.94|25.25|32.32|18.29|Star | STAR|G5|ugriz|18.25|16.64|15.97|15.7
7]15.64]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||25.03866609| |0.00000287
101009|J220849.59-015207.1|2011-10-24|55859|F5902|1]|9|332.2066650000|-1.8686
530000|1.86|9.13|18.80|25.28|14.18|Star | STAR|GO|ugriz|18.64]17.19|16.63|16.3
7]16.25]99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||-22.16965227| |0.00000537
101016|J220923.69-020809.9|2011-10-24|55859 | F5902|1|16|332.3487250000|-2.136
0960000 |2.17|28.22|52.30|72.89|46.52|Star |STAR|K5|ugriz|18.64|16.21|15.23|1
4.85|14.62]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||-6.63140917]||0.00000130
101017|J220946.66-015526.5|2011-10-24 | 55859 | F5902|1|17|332.4444170000 | -1.924
0460000 |2.60|16.56]|29.63|38.19|22.15|Star | STAR|GO|ugriz|17.97]16.53|16.00]1
5.78]15.65]99.00|99.00 | JF_LEGAS_S|0bj|SDSS_S||-2.46129608] |0.00000233
101020|J220853.37-015915.4|2011-10-24|55859 | F5902 | 1|20 |332.2223790000 | -1.987
6260000|2.65|17.26|26.29|36.30|20.29|Star |STAR|F5|ugriz|17.01]|15.98|15.51]|1
5.35|15.27|99.00|99.00 | JF_LEGAS_S|0Obj|SDSS_S||10.84948906| |0.00000751
101021|3J220924.33-014833.5|2011-10-24|55859|F5902|1]21|332.3513810000|-1.809
3330000|6.05|34.57|53.87|62.42|37.85|Star | STAR|F5|ugriz|16.75|15.61|15.16]1
4.98|14.92]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||-17.91859521] |0.00000354
101023|J221001.52-020100.8|2011-10-24|55859 | F5902|1|23|332.5063740000|-2.016
9000000 |2.35[12.14|22.38|27.72|16.25|Star | STAR|F9|ugriz|18.46]16.97|16.39]1
6.18|16.12|99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||52.65854525| |0.00000227

5 X%

write()

In [16]:

fo = open('data/test.txt', 'wt')
fo.write('something')

fo.close()

In [17]:

lcat data/test.txt

something



with iEf]

with BRAR LB EIRITXHRXE, BmE.

with ... as

statement

In [18]:

with open('data/sample.txt', 'rt') as fi:
for line 1in fi:
print(line.rstrip())

obsid|designation|obsdate|lmjd|planid|spid|fiberid|ra|dec|snru|snrg|snrr|snr
i|snrz|objtype|class|subclass|magtype|magl|mag2|mag3|mag4|mag5|mag6|mag7|tso
urce|fibertype|tfrom|t_info|rv|z|z_err
101001|J220848.54-020324.3|2011-10-24|55859|F5902|1|1|332.2022740000|-2.0567
670000|2.23]10.69]17.99|23.07|13.93|Star | STAR|K1|ugriz|18.78|17.12|16.42]|16.
15]15.97|99.00|99.00 | JF_LEGAS_S|Obj |SDSS_S| |-23.06902964| |0.00000297

101002 |J220953.17-020506.0|2011-10-24|55859 | F5902 |1|2|332.4715760000 | -2.0850
150000(2.00|5.52|14.19]|20.30|14.05|Star |STAR|MO |ugriz|20.91|18.10|16.66|16.0
5|15.67|99.00|99.00|JF_LEGAS_S|0bj|SDSS_S||27.10000040| |0.00017775
101008|J220928.49-015720.7|2011-10-24|55859|F5902|1|8|332.3687450000|-1.9557
710000 |1.84|9.94|25.25|32.32|18.29|Star | STAR|G5|ugriz|18.25|16.64|15.97|15.7
7]15.64]99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||25.03866609| |0.00000287

101009 |J220849.59-015207.1|2011-10-24|55859 | F5902|1|9|332.2066650000|-1.8686
530000|1.86|9.13|18.80|25.28|14.18|Star|STAR|GO|ugriz|18.64|17.19|16.63|16.3
7|16.25|99.00]99.00|IJF_LEGAS_S|Obj|SDSS_S||-22.16965227| |0.00000537
101016|J220923.69-020809.9|2011-10-24|55859|F5902|1|16|332.3487250000|-2.136
0960000 |2.17]28.22|52.30|72.89|46.52|Star | STAR|K5|ugriz|18.64]16.21|15.23]|1
4.85|14.62]99.00|99.00|IF_LEGAS_S|Obj |SDSS_S||-6.63140917]||0.00000130

101017 |J220946.66-015526.5|2011-10-24|55859 | F5902 | 1|17 |332.4444170000|-1.924
0460000|2.60|16.56|29.63|38.19|22.15|Star |STAR|GO|ugriz|17.97|16.53|16.00]|1
5.78|15.65]99.00|99.00 | IJF_LEGAS_S|0bj |SDSS_S||-2.46129608] |0.00000233
101020|J220853.37-015915.4|2011-10-24|55859|F5902|1]|20|332.2223790000|-1.987
6260000|2.65|17.26|26.29|36.30|20.29|Star|STAR|F5|ugriz|17.01|15.98|15.51|1
5.35|15.27]99.00|99.00 | JF_LEGAS_S|0bj|SDSS_S||10.84948906| |0.00000751
101021|J220924.33-014833.5|2011-10-24|55859 | F5902 |1|21|332.3513810000|-1.809
3330000|6.05|34.57|53.87|62.42|37.85|Star |STAR|F5|ugriz|16.75|15.61|15.16]1
4.98|14.92]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||-17.91859521||0.00000354
101023|3J221001.52-020100.8|2011-10-24|55859|F5902|1]|23|332.5063740000|-2.016
9000000 |2.35|12.14|22.38|27.72|16.25|Star |STAR|F9|ugriz|18.46|16.97|16.39|1
6.18]16.12|99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||52.65854525| |0.00000227

EEHRIES
e CSV
o fits

EEFEHN A

4t
3
it



e str.format()

RE{FERH . format MAE %

% %

In [19]:
"The Value is %012.8f" % 23.253427
Out[1l9]:

'"The Value 1is 023.25342700'

In [20]:
"RA is %12.8f, Dec 1is %12.8f" % (332.202274, -2.056767)
out[20]:

'RA is 332.20227400, Dec is -2.05676700'

In [22]:

coord = {'RA': 332.202274, 'Dec': -2.056767}
"RA is %(RA)12.8f, Dec 1is %(Dec)12.8f" % coord

Oout[22]:

'RA 1is 332.20227400, Dec is -2.05676700'

format

|[[fill]align][sign][#][Oj[width][,][.precision][type]

o fill HRRM, B { M} DUMNIEMFR
e align XFAHR

e sign S

o width TE

e precision BE

o type HEHERA

align X357 75 =

[} < Z_r_
e > 4, EIA
o = (UNEEXREEY

. N B



sign 5

o + IEHEIM + , TAENETIN -
o - IEHEIARI +, AKEIM -, EA
o i IFERTINZEAE, TALEIM -

type E#uK A

i

P

T, EFRIA

93 il

16 %/
16HEHIA S
BRINBEZ6

PN

FR, BIAFEG

nan -> NAN, inf-> INF

o o o T

°
@ Mm@ M - mMm D X X

In [23]:
"RA is {0:12.8f}, Dec is {1:12.8f}".format(332.202274, -2.056767)
Out[23]:

'RA is 332.20227400, Dec is -2.05676700'

In [27]:
"RA 1is {RA:12.8f}, Dec is {Dec:12.8f}".format(RA=332.202274, Dec=-2.056767)
Out[27]:

'RA is 332.20227400, Dec is -2.05676700'

In [28]:

coord = {'RA': 332.202274, 'Dec': -2.056767}
"RA is {0[RA]:12.8f}, Dec 1is {0[Dec]:12.8f}".format(coord)

Out[28]:

'RA 1is 332.20227400, Dec is -2.05676700'

In [30]:
"RA s {}, Dec is {}".format(332.202274, -2.056767)
out[30]:

'RA is 332.202274, Dec is -2.056767'



In [41]:

# Sample

print("decimal hex char {0:740}".format("name"))
pr-int(" —————————————————— {0}".format("—"*40))

for v in range(10018, 10028):
print("{e:7} {0:A5X} {0:A3c}".format(v))

print("------—- --—-- ——-——- {0}".format("-"%40))
decimal hex char name

10018 2722 -+

10019 2723 o

10020 2724 L]

10021 2725 R

10022 2726 +

10023 2727 <

10024 2728

10025 2729 A e

10026 272A @

10027 272B *



In [21]:

import numpy as np

Python for Astronomy

IPython & Jupyter

17T % 5%
FEHAFEERRALE FEHEMRLE (China-Vvo)

China-\/»



In [22]:
# TS A FH B, FEF

dir(np)



Out[22]:



['ALLOW_THREADS',
"BUFSIZE',

'"CLIP',
'ComplexWarning',
'DataSource’,
'"ERR_CALL"',
'"ERR_DEFAULT',
'"ERR_IGNORE',
"ERR_LOG',
'ERR_PRINT',
'ERR_RAISE',
'"ERR_WARN',
'FLOATING_POINT_SUPPORT',
'FPE_DIVIDEBYZERO',
'FPE_INVALID',
'FPE_OVERFLOW',
'FPE_UNDERFLOW"',
'False_',

'Inf',

"Infinity',
'"MAXDIMS',
'MAY_SHARE_BOUNDS ',
'MAY_SHARE_EXACT',
'MachAr',
'"ModuleDeprecationWarning',
"NAN',

'NINF',

"NZERO',

'"NaN',

"PINF',

"PZERO',
'Packageloader',
'"RAISE',
'RankWarning',
'SHIFT_DIVIDEBYZERO',
'SHIFT_INVALID',
'SHIFT_OVERFLOW',
'SHIFT_UNDERFLOW',
'ScalarType',
'Tester',
'TooHardError',
'"True_"',
'"UFUNC_BUFSIZE_DEFAULT',
'"UFUNC_PYVALS_NAME',
'VisibleDeprecationWarning',
"WRAP',

'_NoValue',

' __NUMPY_SETUP__"',
'__all__',
'__builtins__"',
'__cached__",
'__config__"',
'__doc__"',
'__file__"',
'__git_revision__"',
'__loader__"',

'__name__"',
' __package__"',
'__path__",
' __spec__"',

'__version__"',



'_dimport_tools',
'_mat',

'abs',
'absolute',
'absolute_import',
'add',
'add_docstring',
'add_newdoc',
'add_newdoc_ufunc',
'add_newdocs',
'alen',

all',
'allclose',
'alltrue',
'alterdot',
'amax',

'amin',

'angle',

vanyu,

'append',
'apply_along_axis',
'apply_over_axes',
'arange',
'arccos',
'arccosh',
'arcsin',
'arcsinh',
'arctan',
'arctan2',
'arctanh',
'argmax',
'argmin',
'argpartition',
'argsort',
'argwhere',
'around',
'array',
'array2string',
'array_equal',
'array_equiv',
'array_repr',
'array_split',
'array_str',
'asanyarray',
'asarray',
'asarray_chkfinite',
'ascontiguousarray',
'asfarray',
'asfortranarray',
'asmatrix',
'asscalar',
'atleast_1d',
'atleast_2d',
'atleast_3d',
'average',
'bartlett',
'base_repr',
'bench',
'binary_repr',
'"bincount',
'bitwise_and',



'bitwise_not',
'bitwise_or',
'"bitwise_xor',
'blackman',
"bmat',

'bool',
'bool8',
"bool_',
'broadcast’,
'broadcast_arrays',
'broadcast_to',
'busday_count',
'busday_offset',
'busdaycalendar',
'byte',
'byte_bounds',
'bytes0',
'bytes_',

IC_I,
'can_cast’,
'cast',

'cbrt!',
'cdouble',
'ceil',
'cfloat',
'char',
'character',
'chararray',
'choose',
'clip',
'clongdouble',
'clongfloat',
'column_stack',
'common_type',
'compare_chararrays',
'compat',
'complex',
'complex128',
'complex256',
'complex64"',
"complex_"',
'complexfloating',
'compress',
'concatenate’',
'conj',
'conjugate’,
'convolve',
"copy',
'copysign',
'copyto',
'core',
'corrcoef',
'correlate',
'cos',

'cosh',
'count_nonzero',
'cov',

'cross',
'csingle',
'ctypeslib',
'cumprod',



'cumproduct',
'cumsum',
'datetime64’',
'datetime_as_string',
'datetime_data’',
'deg2rad’,
'degrees’',
'delete’,
'deprecate’,
'deprecate_with_doc',
'diag',
'diag_indices’,
'diag_indices_from',
'diagflat',
'diagonal',
'diff',
'digitize',
'disp',
'divide',
'division',
'dot',

'double',
'dsplit',
'dstack',
'dtype’,

lel’

'ediffid',
'einsum',
'emath',
'empty',
'empty_Tlike',
'equal',
'errstate’',
'euler_gamma',
'exp',

'exp2',
'expand_dims',
'expml',
'extract',
'eye',

'fabs',
'fastCopyAndTranspose',
fft',
'fill_diagonal',
'find_common_type',
'finfo',

"fix',
'flatiter',
'flatnonzero',
'flexible',
"fliplr',
"flipud',
'float',
'float128',
'floatle',
'float32',
'float64’',
'float_',
'floating',
'floor',
'floor_divide',



'fmax',
'fmin',
'fmod"',
'format_parser',
"frexp',
'frombuffer',
"fromfile',
'fromfunction',
"fromiter',
'frompyfunc',
'fromregex',
"fromstring',
'full',
"full_like',
"fv',
'generic',
'genfromtxt',
'get_array_wrap',
'get_dinclude',
'get_printoptions',
'getbufsize',
'geterr',
'geterrcall',
'geterrobj',
'gradient',
'greater’',
'greater_equal',
"half',
"hamming',
"hanning',
'"histogram',
'histogram2d',
'histogramdd',
'hsplit',
'hstack',
"hypot',

l-iol’
'identity',
"iinfo',
"imag',
'inid',
"index_exp"',
'indices’',
'inexact',
inf!',

"info',
"infty',
"inner',
'insert',
"int',

'int0@"',
'intle',
'int32',
"inte4',
'int8"',
int_",
"int_asbuffer',
"intc',
"integer',
"interp',
'intersectld’,



"intp',
"invert',
"ipmt',

"irr',
'is_busday',
'isclose',
'iscomplex',
'iscomplexobj',
'isfinite',
'isfortran',
"isinf',
'isnan',
'isneginf',
'isposinf',
'isreal’,
'isrealobj"',
'isscalar',
'issctype’,
'issubclass_',
'issubdtype',
'issubsctype',
'iterable',
ix_',
'kaiser',
'kron',
'"ldexp',
'"left_shift',
'less',
'less_equal',
'lexsort',
'lib"',
'linalg’,
'"linspace’,
'little_endian',
'load’',
'loads’',
'loadtxt',
"log',
'loglo’',
"loglp',
'log2"',
'logaddexp’,
'logaddexp2',
'logical_and',
'logical_not',
'logical_or',
'logical_xor',
'logspace’,
'long',
'longcomplex',
'longdouble’',
'longfloat’,
'longlong',
'lookfor',
lmal’
"'mafromtxt’',
'mask_indices',
'mat’',

'math',
"'matmul’',
"'matrix’',



'matrixlib"',
'max',
"maximum',
"maximum_sctype',
'may_share_memory',
'mean',
'median',
'memmap’',
'meshgrid',
'mgrid',
'min',
'min_scalar_type',
"'minimum',
'mintypecode’,
"mirr',

"'mod',

"modf',
"'moveaxis’,
'msort',
"multiply’,
'nan',
'nan_to_num',
'nanargmax’,
'nanargmin',
'nanmax',
'nanmean’',
'nanmedian',
"nanmin',
'"nanpercentile’',
'"nanprod’,
'nanstd’,
"nansum',
'nanvar’',
"'nbytes',
'ndarray’',
'ndenumerate’,
"'ndfromtxt’',
'ndim',
'ndindex',
'nditer’',
'negative',
'nested_diters',
'newaxis',
'nextafter’',
'nonzero',
'not_equal',
'nper',

lnpvl’
"numarray’,
"number',
'obj2sctype’',
'object',
'objecto',
'object_"',
'ogrid',
'oldnumeric',
'ones',
'ones_like',
'outer',
'packbits',
'pad’,



'partition’',
'percentile’',
lp-il’
'piecewise’',
'pkgload’,
'place’,
"pmt',
"poly',
'polyld’,
'polyadd’,
'polyder’',
'polydiv',
'polyfit',
'polyint',
'"polymul',
'polynomial’,
'polysub’,
'polyval',
'power',
"ppmt’,
'print_function',
'prod!',
'product’,
'promote_types',
'ptp',

"put',
'putmask’,
"pv',

Ir_l,
'rad2deg’',
'radians’',
'random’,
'rank',
'rate’',
'ravel',
'"ravel_multi_index',
'real',
'real_if_close',
'rec',
'recarray’',
'recfromcsv',
'recfromtxt’',
'reciprocal',
'record’',
'remainder’',
'repeat’,
'require’,
'reshape’,
'resize’,
'restoredot’,
'result_type',
'right_shift',
'rint',
'roll',
'rollaxis',
'roots',
'rot9o',
'round',
'"round_"',
'row_stack',
'S_"



'safe_eval',
'save',
'savetxt',
'savez',
'savez_compressed',
'sctype2char',
'sctypeDict',
'sctypeNA',
'sctypes’',
'searchsorted',
'select',
'set_numeric_ops',
'set_printoptions',
'set_string_function',
'setbufsize',
'setdiffid',
'seterr',
'seterrcall’,
'seterrobj',
'setxorld',
'shape',
'shares_memory',
'short',
'show_config',
'sign',
'signbit',
'signedinteger’',
'sin',

'sinc',
'single’,
'singlecomplex',
'sinh',

'size',
'sometrue’',
'sort',
'sort_complex',
'source',
'spacing',
'split',

'sqrt',
'square',
'squeeze',
'stack',

'std',

'str',

'stro',

'str_"',
'string_"',
'subtract',
'sum',
'swapaxes',
'sys',

'take',

"tan',

'tanh',
'tensordot’',
'test',
'testing',
"tile',
'timedeltab4',
'trace',



'transpose’,
'trapz',

"tri',

"tril',
'tril_indices',
'tril_indices_from',
'trim_zeros',
"triu',
"triu_indices',
"triu_indices_from',
'true_divide',
'"trunc',
'typeDict',
'typeNA',
'typecodes',
'typename’',
'ubyte',
'ufunc',
'uint',
'uinto',
'uintle',
'uint32',
'uint64',
'uint8',
'uintc',
'uintp',
'ulonglong',
'unicode',
'unicode_"',
'unionld',
'unique',
'unpackbits',
'unravel_index',
'unsignedinteger’,
'unwrap',
'ushort',
'vander',
'var',

'vdot',
'vectorize',
'version',
'void',
'voido',
'vsplit',
'vstack',
'warnings',
'where',

'who',

'zeros',
'zeros_1like']



In [23]:
# BB A

help(np.loadtxt)

# https://github.com/numpy/numpy/blob/master/numpy/lib/npyio.py#1709






Help on function loadtxt in module numpy.lib.npyio:

loadtxt(fname, dtype=<class 'float'>, comments='#', delimiter=None, converte
rs=None, skiprows=0, usecols=None, unpack=False, ndmin=0)

red

Load data from a text file.
Each row in the text file must have the same number of values.

Parameters

fname : file or str
File, filename, or generator to read. If the filename extension is

T.gz’ "t or "T.bz2'", the file is first decompressed. Note that

generators should return byte strings for Python 3k.

dtype : data-type, optional
Data-type of the resulting array; default: float. If this is a
structured data-type, the resulting array will be 1-dimensional, and
each row will be interpreted as an element of the array. In this
case, the number of columns used must match the number of fields 1in
the data-type.

comments : str or sequence, optional
The characters or list of characters used to indicate the start of a
comment;
default: '#'.

delimiter : str, optional
The string used to separate values. By default, this is any
whitespace.

converters : dict, optional
A dictionary mapping column number to a function that will convert
that column to a float. E.g., if column 0@ 1is a date string:
‘‘converters = {0: datestr2num}’ . Converters can also be used to
provide a default value for missing data (but see also “genfromtxt

‘“converters = {3: lambda s: float(s.strip() or 0)} °. Default: Non

skiprows : int, optional
Skip the first “skiprows’ T1lines; default: 0.

usecols : sequence, optional
Which columns to read, with 0 being the first. For example,
‘‘usecols = (1,4,5) " will extract the 2nd, 5th and 6th columns.
The default, None, results in all columns being read.

unpack : bool, optional
If True, the returned array is transposed, so that arguments may be
unpacked using ““x, y, z = loadtxt(...) ". When used with a structu

data-type, arrays are returned for each field. Default 1is False.
ndmin : 1int, optional

The returned array will have at least "ndmin’ dimensions.

Otherwise mono-dimensional axes will be squeezed.

Legal values: 0 (default), 1 or 2.

versionadded:: 1.6.0

Returns

out : ndarray
Data read from the text file.

See Also

load, fromstring, fromregex



genfromtxt : Load data with missing values handled as specified.
scipy.io.loadmat : reads MATLAB data files

This function aims to be a fast reader for simply formatted files. The
“genfromtxt® function provides more sophisticated handling of, e.g.,
lines with missing values.

versionadded:: 1.10.0

The strings produced by the Python float.hex method can be used as
input for floats.

Examples
>>> from io import StringIO # StringIO behaves 1like a file object
>>> ¢ = StringIO("0 1\n2 3")
>>> np.loadtxt(c)
array([[ 0., 1.],
(2., 3.1D

>>> d = StringIO("M 21 72\nF 35 58")
>>> np.loadtxt(d, dtype={'names': ('gender', 'age', 'weight'),
ce 'formats': ('S1', 'i4', 'f4')1})
array([('M', 21, 72.0), ('F', 35, 58.0)],
dtype=[('gender', '|S1'), ('age',6 '<i4'), ('weight', '<f4')])

>>> ¢ = StringI0("1,0,2\n3,0,4")

>>> X, y = np.loadtxt(c, delimiter=',', usecols=(0, 2), unpack=True)
>>> x

array([ 1., 3.1)

>>> y

array([ 2., 4.])

In [24]:

data = {i: np.random.randn() for i 1in range(10)}

In [25]:
data

out[25]:

-~
(o]

O 0o ~NOoO U b~ WN -

-0.9067812636484553,
0.1311190585286933,
-0.8178045357588558,
-0.5201475782939451,
-1.4180843210736191,
-0.72846928957921,
1.1734438280674648,
-0.5670176955863584,
-0.25666316028484326,
0.14257961949847245}%



In [26]:
# AL

data?

In [27]:

def func_hello():

mirin

This is a sample function

Returns

"hello" string
mirn

return "hello"

In [28]:

func_hello?

In [29]:
np.load

Out[29]:

<function numpy.lib.npyio.load>

<TAB>

%run

In [30]:
%run func_test.py

func_test

In [31]:
Ils

.prerequisites.ipynb
.prerequisites.slides.html
.0-basic.ipynb
.0-basic.slides.html
.1l-programming.ipynb
.1-programming.slides.html
.0-ipython-jupyter.ipynb

.0-numpy.ipynb
.1-scipy.ipynb
.2-matplotlib.ipynb
.3-pandas.ipynb
.0-sdss-images.ipynb

W NNNMNNMNNMNNMRERFRRPRREOO

.0-ipython-jupyter.slides.html

3.1l-astropy.ipynb
3.2-astropy-io.ipynb
Untitled.ipynb
Untitledl.ipynb
custom.css

data

downloads
filename.png
filename200.png
func_test.py
images
index.ipynb
pep8_test.py



In [32]:
lcat func_test.py

def func_test():
print("func_test")

ft = func_test()

In [33]:

ft

EHETE %who %whos

In [34]:
%who

data ft func_hello func_test np

In [35]:
%xdel MHF

%xdel data

In [36]:

who

ft func_hello func_test np

In [37]:

%whos

Variable Type Data/Info

ft NoneType None

func_hello function <function func_hello at 0x10ee7f158>
func_test function <function func_test at 0x10e2d0el8>
np module <module 'numpy' from '/us<...>kages/numpy/__init__.
py'>

%paste

In [ ]:

%time



In [38]:
%time func_hello()

CPU times: user 3 ups, sys: 0 ns, total: 3 us
Wall time: 5.01 us

Out[38]:
"hello'

%timeit

In [39]:
%timeit func_hello()

The slowest run took 18.54 times longer than the fastest. This could mean th
at an intermediate result is being cached.
10000000 loops, best of 3: 92.7 ns per loop

%reset

In [40]:
who

ft func_hello func_test np

In [41]:
Y%reset

Once deleted, variables cannot be recovered. Proceed (y/[n])? vy

In [42]:
who

Interactive namespace is empty.

%hist



In [43]:

%hist






import numpy as np
# PRI, FEF

dir(np)

data = {i: np.random.randn() for i in range(10)}
data

# N

data?
def func_hello():

This is a sample function

Returns

"hello" string
nmn
return "hello"
func_hello?
np.*xload*?
%run func_test.py
%run func_test.py
lcat func_test.py
Is
%who
%whos
%time func_hello()
who
%reset
who
%hist
%pwd
import numpy as np
# BB IHK, FEF

dir(np)
# %R B A

help(np.loadtxt)

# https://github.com/numpy/numpy/blob/master/numpy/lib/npyio.py#1709
data = {i: np.random.randn() for i in range(10)}

data

# N4

data?
def func_hello():

This is a sample function

Returns

"hello" string
return "hello"
func_hello?
np.load
%run func_test.py
!1s
lcat func_test.py
ft



%who
%xdel Mm% &

%xdel data

who

%whos

%time func_hello()
%timeit func_hello()
who

%reset

who

%hist

In [44]:
%pwd
Out[44]:

'/Users/hebl/Desktop/Python-In-Astronomy/notebook’

In [ ]:



In [1]:

%matplotlib inline
import matplotlib.pyplot as plt

Python for Astronomy

NumPy

17 3h 5%
TEAFEREARALSE FEHEMALSE (China-Vo)

China-V»

NumPy
NumPy ERVEIHNE, BXTERNSHREIRRNTEMEN, NI
5%

e Quickstart tutorial (https://docs.scipy.org/doc/numpy-dev/user/quickstart.html)

In [2]:

import numpy as np



NumPy #A SciPy

NumpyE A2 EAN K ndarray

o BAMIIEEE B



Numpy ##EZEE

np.dtype

e bool

e inii

e int8

e int16

e int32

e int64

e uint8

e uint16

e uint32

e uint64

o float16

» float32

o float64, float
« complex128, complex

D

o i BH

o U EFSEE

o FIZER

o dNFEFER

* b bool

- DE#H

« SF/KH

e U unicodeZE& £

.V
In [3]:
np.dtype('i'), np.dtype(float)

Out[3]:

(dtype('int32'), dtype('floate4'))

In [4]:

t = np.dtype('Float64')
t.char, t.type

Out[4]:

('d'", numpy.float64)

£l np.array 4



In [5]:

a = np.array([1,2,3,4,5,6,7,8,9,10,11,12])
a

Out[5]:

array([ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12])
In [6]:

b = np.arange(10, dtype=np.int8)
b

Out[6]:

array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9], dtype=int8)

NDArray Data Structure

a * The float32 data type describes the
dtype float32 | ) array data elements
dim count | 2
12 bytes
dimensions | 3 | 3 £ B ‘
strides | 12| 4 ——
data S | 0|12 rs 4|5 ﬂs 718
Memory block
0|1
Python View: 3|141|5
6|7 |8

Slice

— 4

|var[1ower:upper:step]

0 1 2 3 & 5 6
5 |12 23219071048



In [7]:

val = np.array([5, 12, 2, 32, 19, 71, 48])
val[l:5:2]

Out[7]:

array([12, 32])

4

lvar[lower:upper:step, lower :upper:step]

0 al0, 1:4]
1 a[l:4, 0]
* a[::2, ::2]
3 als; 1)

4

In [8]:

# fancy indexing

a = np.arange(1,16).reshape(3,5)
a

Oout[8]:

array([[ l’ 27 3’ 4’ 5]’

[6, 7, 8, 10],
(11, 12, 13, 14, 15]])

(o]

In [9]:
al[1,2]]
out[9]:

array([[ 6, 7, 8, 9, 10],
[11, 12, 13, 14, 15]])



In [10]:
all1,2], [3, 4]]
Out[1l0]:

array([ 9, 15])

In [11]:
al[a>5]
Out[1ll]:

array([ 6, 7, 8, 9, 10, 11, 12, 13, 14, 15])

In [12]:

# KT K

X = np.arange(-10,10,2)
X

Oout[12]:

array([-10, -8, -6, -4, -2, 0, 2, 4, 6, 8])

In [13]:

X = np.linspace(-10, 10, 20)

X

Out[1l3]:

array([-10. , -8.94736842, -7.89473684, -6.84210526,

-5.78947368, -4.73684211, -3.68421053, -2.63157895,
-1.57894737, -0.52631579, 0.52631579, 1.57894737,
2.63157895,  3.68421053, 4.73684211, 5.78947368,
6.84210526, 7.89473684, 8.94736842, 10. 1

In [14]:

y = np.logspace(0, 10, 20, base=np.e)

y

Out[1l4]:

array([ 1.00000000e+00, 1.69268460e+00, 2.86518116e+00,
4.84984802e+00, 8.20926306e+00, 1.38956932e+01,
2.35210258e+01, 3.98136782e+01, 6.73920000e+01,
1.14073401e+02, 1.93090288e+02, 3.26840958e+02,
5.53238656e+02, 9.36458553e+02, 1.58512897e+03,
2.68312340e+03, 4.54168166e+03, 7.68763460e+03,
1.30127407e+04, 2.20264658e+04])

In [15]:

# similar to meshgrid in MATLAB
X, Y = np.mgrid[0:5, 0:5]



In [16]:
X
Out[1l6]:

array([[0,
[1,
[2,
(3,
[4,

In [17]:

o],
1],
2],
3],
4]11)

-
-

-
-

-
-

P WN RO
P W NN RO
A WNEFEO

-
-

# uniform random
np.random.rand(5,5)

Out[17]:

array ([[
[

L
L
L

In [18]:

# EZDT

.99708881,
.12820361,
.82988333,
.20368915,
.89303322,

©O 0 06 0o

np.random.randn(5,5)

Out[18]:

array ([

[ ©.6130893 , 0.
[ 1.50457865,
[-0.
[ 1
[0

60650634, O.

.04451005, 0.
.23179844,

np.array #{E

In [19]:

ValueError

2 a

.32790373,
.169632
.74002775,
.90618349,
.33488513,

©O 00 0o

21470607, O.
.66699852, 0.

88533886,

34923151, 0.
.94431637,

.78421204, 0
.10251207, O
.62342001, 0
.55240055, 0
.701262 , O
07138132, -0
262513 , -1
.78460221, -0
73092256, -0

.46250811,
.69955435,
.31515023,
.44030397,
.41543455,

.77000397,
.5106911
.291146
.17767853,
.4098484 , 2.

07534083,

©O 0 6 0o

© 0+ O 6

.58650343]7,
.50615348],
.9844216 7,
.85502834],
.2134552217)

.26283988],
.67808786],
.83469553],
.84140369]7,
.86086853]])

Traceback (most recent call last)
<ipython-input-19-f0af00c30b35> in <module> ()
---=-> 1 a.shape = (3,4)

ValueError: total size of new array must be unchanged



In [20]:

a.reshape(5,3)

Oout[20]:

array([[ 1, 2,
[ 4, 5,
L7, 8,
[10, 11,
[13, 14,

In [21]:

# R

b = a.ravel()

In [22]:

a

Out[22]:

array([[ 1, 2,
L 6, 7,
[11, 12,

In [23]:

b

Out[23]:

array([ 1, 2,

In [24]:

b = a.flatten()

In [25]:

a

Out[25]:

array([[ 1, 2,
L6, 7,
[11, 12,

In [26]:

b

out[26]:

array([ 1, 2,

ravel IREIPZME, M flatten REPWEEFH S ERAFHNHFER

31,

61,

9],
127,
1511)

3, 4, 5],
8, 9, 10],
13, 14, 15]])

3, 4, 5, 6, 7, 8,
3, 4, 5],
8, 9, 10],
13, 14, 15]])
3’ 4’ 5’ 6) 7’ 8?

9,

9

10,

10,

11,

11,

12,

12,

13,

13,

14,

14,

15])

15])



In [27]:

a

out[27]:
array([[ 1, 2,
L6, 7,
[11, 12,
In [28]:

a.transpose()
Oout[28]:

array ([[
[

O o N O

D )

[
[
[ 10
In [29]:

a

Oout[29]:

N

array([[ 1,
[ 6,
[11, 12,

~

In [30]:
a.T
Out[30]:

array ([[
[

L
L
L

In [31]:

a.resize((5,3))

In [32]:

a

Oout[32]:

array([[ 1, 2,
[ 4, 5,
L7, 8,
[10, 11,
[13, 14,

3, 47 5]’
8, 9, 10],
13, 14, 15]])

117,
127,
137,
147,
1511)

3’ 4’ 5],
8, 9, 10],
13, 14, 15]])

117,
127,
13],
147,
15]11)

31,

6],

9],
127,
1511)

5 reshape I[@, EREFHEN



In [33]:
a.ndim

Out[33]:

2

In [34]:
a.size
Out[34]:

15

In [35]:
a.itemsize
out[35]:

8

In [36]:
a.nbytes
Out[36]:

120

In [37]:
a.dtype
Out[37]:

dtype('int64"'")

In [38]:
a.T
Out[38]:

, 4, 7, 10, 13],
8, 11, 14],
» 6, 9, 12, 15]])

array ([

(6]

[ 1
[ 2
[ 3

In [39]:
a.tolist()

Out[39]:

cex, 2, 31, (4, 5, 6], [7, 8, 9], [10, 11, 12],

[13, 14, 15]]



In [40]:
a.dot(a.T)
Out[40]:

array([[ 14, 32, 50, 68, 86],
[ 32, 77, 122, 167, 212],
[ 50, 122, 194, 266, 338],
[ 68, 167, 266, 365, 464],
[ 86, 212, 338, 464, 5901])

HASH

concatenate((a®,al,...,aN),axis=0)

In [41]:

X = np.array([[0, 1, 2],[10, 11, 12]])
y:

In [42]:

np.concatenate((x, y))

Oout[42]:

array([[ ®, 1, 2],
[10, 11, 12],
[50, 51, 52],
(60, 61, 62]])

np.array([[50, 51, 52],[60, 61, 62]])

51

61

62

0|12
1011 |12
50 | 51 | 52
60 | 61 | 62




In [43]:

np.concatenate((x, y), 1)

Oout[43]:

array([[ o, 1, 2, 50, 51, 52],
[10, 11, 12, 60, 61, 62]])

In [44]:
np.array((x,y))
Out[44]:

array([[[ ©, 1, 2],
[10, 11, 12]7,

[[50, 51, 527,
[60, 61, 62]111)

In [45]:
np.vstack((x,y))
out[45]:

array([[ 0, 1, 2],
[10, 11, 12],
[50, 51, 52],
[60, 61, 62]])

In [46]:

np.hstack((x,y))

Out[46]:

array([[ o, 1, 2, 50, 51, 52],
(10, 11, 12, 60, 61, 62]])

0|1 2]|50|51|52
10|11 12|60 | 61 | 62
Lt
2|0 | *
10 (11 (12




In [47]:
np.dstack((x,y))
out[47]:
[ o, 50],
[ 1, 517,
[ 2, 52]],

array ([[

[[10, 60],
[11, 611,
[12, 6211])

% P&
TE numpy H, FEPERZ ndarray BFR.

e R

e mat
e matrix
» bmat E4 %%

In [48]:

A =np.mat('l1 2 3; 456; 7 8 9'")
A

Out[48]:
matrix([[1, 2, 3],
[43 5’ 6]’
(7, 8, 911)
In [49]:
A = np.matrix('l1 2 3; 4 56; 78 9'")
A
out[49]:
matrix([[1, 2, 3],
[4’ 5’ 6]’
(7, 8, 911)
In [50]:
A = np.mat(np.arange(l,10).reshape(3,3))
A
Out[50]:

matrix([[1, 2, 3],
[4, 5, 6],
(7, 8, 911)

HERERITE



In [51]:

# FHEHEE

A.T

Out[51]:
matrix([[1, 4, 7],
[2, 5, 8],
[3, 6, 911)
In [52]:

# EAEFE

AT
Oout[52]:

matrix([[ -4.50359963e+15, 9.00719925e+15,
[ 9.00719925e+15, -1.80143985e+16,
[ -4.50359963e+15, 9.00719925e+15,

In [53]:

# Hermitian
C = np.matrix([[1j, 231, [3F, 4311)

(@]

Out[53]:

matrix([[ 0.+1.j, 0.+2.7],
[ 0.43.7, 0.+4.3]11)

In [54]:

C.H

Out[54]:

matrix([[ ©.-1.j, 0.-3.3j],
[ 0.-2.7, 0.-4.311)

In [55]:

# OB — 2
A.Al

Out[55]:

array([1, 2, 3, 4, 5, 6, 7, 8, 9])

In [56]:
np.linalg.det(A)
out[56]:

6.6613381477509402e-16

-4.50359963e+15],
9.00719925e+157,
-4.50359963e+15]])



In [57]:

# BB E

A = np.eye(3)
A

-

—/ /o
[OBN O
=
= O ©
Sl

—_ .
~

In [58]:

B = Ax10

B

Out[58]:

array([[ 10., 0., 0.],
[ 0., 10., 0.],
[ 0., 0., 10.11)

In [59]:

np.bmat("A B; B A")

Out[59]:

matrix([[ 1., 0., 0. 10. 0.
[ 0., 1., 0. 0., 10.
[ 0., 0., 1. 0. 0.
[ 16., 0., O. 1. 0.
[ 0., 10., O. 0. 1.
[ 0., 0., 10. 0. 0.

In [60]:

# EAEIE

A = np.zeros((3,3))

A

Oout[60]:

array([[ 0., ., 0.7,
[0-’ ° O-]:
(0., 0., 0.11)

In [61]:

A = np.mat(np.arange(1,10).reshape(3,3))

B = np.zeros_like(A)

B

Oout[61]:

matrix([[0, 0, 0],
[G, 0, O]’

(e, o, o]])

(o]

[olN o}

H O o
I T T Y Ty |

-

-

-



In [62]:
# B

np.diag([1,2,3,4,5])

Out[62]:

array([[l! 0) 0) O) 0]’
[O’ 2’ O! OJ 0]’
[0’ 0’ 3’ 0’ 0]7
[0’ 0’ 0, 4) 0]7
(e, 0, 0, 0, 511)

In [63]:

np.diag([1,2,3,4,5], k=1)

Out[63]:

array([[0, 1, 0, 0, 0, O],
(e, o, 2, 0, 0, 0],
(e, o, 0, 3, 0, 0],
[0’ 0’ 0, O, 4’ 0] 3
[6, 0, 0, 0, 0, 5],
[6, 0, 0, 0, 0, 0]])

BETE

In [64]:

A = np.matrix('l1 2 3; 4 56; 78 9"')

In [65]:
A x 2
Out[65]:

matrix([[ 2, 4, 6],
[ 8, 10, 12],
[14, 16, 18]])

In [66]:

A+ 2

Out[66]:

[ 3’ 47 5]’
[ 6’ 7’ 8]’
L9, 10, 11]])

matrix ([



In [67]:
A * A

Out[67]:

matrix([[ 30,
[ 66,
[102, 126, 150]])

In [68]:

#ORHE

np.mod(A, 2)

Out[68]:
matrix([[1,
(o,
[1,
In [69]:
A% 2
Oout[69]:

matrix([[1,
(o,
[1,

36,
81,

427,
96],

1],
o],
111)

11,
o],

11D

AXB
A/B
A x B

In [70]:

A = np.array([1.0,6.0,2.0,5.0,8.0,9.0])
B np.array([6.0,2.0,4.0,7.0,9.0,2.0])
AxB, A/B, Axx2xB

Out[70]:
(array([ 6., 12., 8., 35., 72., 18.]),
array([ 0.16666667, 3. , 0.5 , 0.71428571, 0.88888889,
4.5 D,
array([ 6., 72., 16., 175., 576., 162.]))

[ 1L R



In [71]:

a = np.array([-3,-2,-1,0,1,2,3])

def Theta(x):
if x >= 0:
return 1
else:
return 0

In [72]:

Theta(a)

ValueError Traceback (most recent call last)
<ipython-input-72-06b326920517> 1in <module> ()
----> 1 Theta(a)

<ipython-input-71-378beb789¢c60> in Theta(x)

2

3 def Theta(x):
-—==> 4 if x >= 0:

5 return 1

6 else:

ValueError: The truth value of an array with more than one element 1is ambigu
ous. Use a.any() or a.all()

In [73]:
Theta_V = np.vectorize(Theta)

Theta_V(a)
Oout[73]:

array([0, 6, 6, 1, 1, 1, 1])

LI\

3x2 +2x—1

In [74]:

p = np.polyld([3, 2, -1])



In [75]:
p(1)
Oout[75]:

4

In [76]:
p.roots
Out[76]:

array([-1. , 0.33333333])

In [77]:
p.order
Oout[77]:

2

In [78]:

X = np.linspace(0, 1, 20)
y = np.sin(x) + 0.3%*np.random.rand(20)
p = np.polyld(np.polyfit(x, y, 3))

t = np.linspace(0,1,200)
plt.plot(x, y, 'o', t, p(t), '-")

Out[78]:

[<matplotlib.lines.Line2D at 0x106516898>,
<matplotlib.lines.Line2D at 0x106516a58>]

10 T T T T

08 - 8

0.6 | . gf:#:’if. |

04} e |
L ]
02} * e .

0.0 i i i i
00 0z 04 0.6 0.8 10

L4 S EL



In [79]:

data = []

with open('data/mat.txt') as file:
for line in file:

fields =

row_data =

line.split()
[float(x) for x 1in fields]

data.append(row_data)

data =

data

Oout[79]:

array ([[

[ T e IO s T s Y s N s N s B s B |

In [80]:

data =
data

Oout[80]:

array ([[

[ T e IO s T s Y s N s I s B s B |

In [81]:

M =

[cl ool o oM oMo oM OO

[cl ool o oM oMo oM OMO]

np.array(data)

.84545347,
.00206587,
47211792,
.02446823,
.82464247,
. 78429442,
.013527
.03692758,
.53283285,
.54816185,

.84545347,
.00206587,
47211792,
.02446823,
.82464247,
. 78429442,
.013527
.03692758,
.53283285,
.54816185,

[cl ol ool oM oMo oMOMNO]

[cl ol ool oM oMo oM OO

44725417,
.39216908,
.56315336,
.51626722,
.283328
.18458249,
.48211147,
.33033247,
.85009472,
.78522169,

np.loadtxt("data/mat.txt")

. 44725417,
.39216908,
.56315336,
.51626722,
.283328 ,
.18458249,
.48211147,
.33033247,
.85009472,
.78522169,

np.random.rand (10, 4)

np.savetxt("data/mat.txt", M)

[cl ol oo oM oMo oM oMNO]

.47999929,
.4311762 ,
.36709996,
.90963311,
.84850368,
.78490952,
.28053254,
.93326603,
.7293702
.3731202 ,

.47999929,
.4311762 ,
.36709996,
.90963311,
.84850368,
.78490952,
.28053254,
.93326603,
.7293702
.3731202

[cl ool ol oM oMo oMOMNO]

.085796577,
.114002697,
.022459537,
.16006042],
.3052179 71,
.65116394],
.01123305],
.574924957,
.37974827],
.056223117])

.085796577,
.114002697,
.022459537,
.16006042],
.3052179 1,
.651163947,
.01123305],
.574924957,
.37974827],
.056223117])



In [82]
M
out[82]

array ([[

[ T s O e IO e I s Y s Y s O s B |

In [ ]

In [83]

[cl ool oo oMo oM OMO]

.56198339,
.363642
. 77505737,
.17446411,
. 7261763
. 70179891,
. 75812029,
.91686604,
. 79477932,
.27068581,

b

J

[clcl oMol o oMol oM oMo

.16553871,
.73304361,
.63239828,
.52690052,
.04327556,
.25187961,
.99244128,
.59147
.77501612,
.05866099,

[cl ool oo oMo o oMNOo]

.57310649,
.85445552,
.41010258,
.64765012,
.55110713,
.55744213,
.67686674,
.36447999,
.08069673,
.06355585,

np.savetxt("data/mat.csv", M, fmt="%.3f")

In [84]

lcat data/mat.

.562
.364
775
174
. 726
. 702
.758
.917
. 795
.271

[cl ool ol oM oMo oOMOMNO])
[cl ool o oM oMo oMOMO])

.166
. 733
.632
.527
.043
.252
.992
.591
775
.059

[cl oMo ool oMo o ol o)

Ccsv

.573
.854
.410
.648
.551
.557
677
.364
.081
.064

[l ol oo oM oMo ONO]

.585
.363
.878
.829
.219
770
.681
.036
. 700
.111

[cl ol oMol o oMo oM oMo

.58528156],
.36342131],
.87824707],
.82850736],
.218712427,
.76957906] ,
.680618827,
.03570074],
.700042277,
.1108283217)



In [85]:

drl = np.loadtxt('data/sample.txt')
drl

ValueError Traceback (most recent call last)
<ipython-input-85-06f8d6d7f309> in <module> ()
---=> 1 drl = np.loadtxt('data/sample.txt')

2 drl

/usr/local/lib/python3.5/site-packages/numpy/1lib/npyio.py in loadtxt(fname,
dtype, comments, delimiter, converters, skiprows, usecols, unpack, ndmin)

928

929 # Convert each value according to its column and store
--> 930 items = [conv(val) for (conv, val) 1in zip(converters, va
1s)]

931 # Then pack it according to the dtype's nesting

932 items = pack_items(items, packing)

/usr/local/lib/python3.5/site-packages/numpy/1lib/npyio.py in <listcomp>(.0)

928

929 # Convert each value according to its column and store
--> 930 items = [conv(val) for (conv, val) 1in zip(converters, va
1s)]

931 # Then pack it according to the dtype's nesting

932 items = pack_items(items, packing)

/usr/local/lib/python3.5/site-packages/numpy/Llib/npyio.py in floatconv(x)

657 if b'Ox' in x:

658 return float.fromhex(asstr(x))
--> 659 return float(x)

660

661 typ = dtype.type

ValueError: could not convert string to float: b'obsid|designation|obsdate]|l
mjd|planid|spid|fiberid|ra|dec|snru|snrg|snrr|snri|snrz|objtype|class|subcla
ss|magtype|magl|mag2|mag3|mag4|mag5|mag6|mag7|tsource|fibertype|tfrom|t_info
|rv]z|z_err'



In [86]:

help(np.loadtxt)






Help on function loadtxt in module numpy.lib.npyio:

loadtxt(fname, dtype=<class 'float'>, comments='#', delimiter=None, converte
rs=None, skiprows=0, usecols=None, unpack=False, ndmin=0)

red

Load data from a text file.
Each row in the text file must have the same number of values.

Parameters

fname : file or str
File, filename, or generator to read. If the filename extension is
“t.gz' or "T.bz2'", the file is first decompressed. Note that
generators should return byte strings for Python 3k.

dtype : data-type, optional
Data-type of the resulting array; default: float. If this is a
structured data-type, the resulting array will be 1-dimensional, and
each row will be interpreted as an element of the array. In this
case, the number of columns used must match the number of fields in
the data-type.

comments : str or sequence, optional
The characters or list of characters used to indicate the start of a
comment;
default: '#'.

delimiter : str, optional
The string used to separate values. By default, this is any
whitespace.

converters : dict, optional
A dictionary mapping column number to a function that will convert
that column to a float. E.g., if column 0 is a date string:
‘‘converters = {0: datestr2num} . Converters can also be used to
provide a default value for missing data (but see also “genfromtxt

‘“converters = {3: lambda s: float(s.strip() or 0)} °. Default: Non

skiprows : int, optional
Skip the first “skiprows’ T1lines; default: 0.

usecols : sequence, optional
Which columns to read, with 0 being the first. For example,
“‘usecols = (1,4,5) " will extract the 2nd, 5th and 6th columns.
The default, None, results in all columns being read.

unpack : bool, optional
If True, the returned array is transposed, so that arguments may be
unpacked using “"x, y, z = loadtxt(...)" " When used with a structu

data-type, arrays are returned for each field. Default 1is False.
ndmin : 1int, optional

The returned array will have at least "ndmin’ dimensions.

Otherwise mono-dimensional axes will be squeezed.

Legal values: 0 (default), 1 or 2.

versionadded:: 1.6.0

Returns

out : ndarray
Data read from the text file.

load, fromstring, fromregex



genfromtxt : Load data with missing values handled as specified.
scipy.io.loadmat : reads MATLAB data files

This function aims to be a fast reader for simply formatted files. The
“genfromtxt® function provides more sophisticated handling of, e.g.,
lines with missing values.

. versionadded:: 1.10.0

The strings produced by the Python float.hex method can be used as
input for floats.

Examples
>>> from jo import StringIO # StringIO behaves like a file object
>>> ¢ = StringIOo("0 1\n2 3")
>>> np.loadtxt(c)
array([[ 0., 1.],
(2., 3.1D

>>> d = StringIO("M 21 72\nF 35 58")
>>> np.loadtxt(d, dtype={'names': ('gender', 'age', 'weight'),
e 'formats': ('S1', 'i4', 'f4')1})
array([('M', 21, 72.0), ('F', 35, 58.0)],
dtype=[('gender', '|S1'), ('age',6 '<i4'), ('weight', '<f4')])

>>> ¢ = StringI0("1,0,2\n3,0,4")

>>> X, y = np.loadtxt(c, delimiter=',', usecols=(0, 2), unpack=True)
>>> x

array([ 1., 3.1])

>>>y

array([ 2., 4.])



In [87]:
'head data/sample.txt

obsid|designation|obsdate|lmjd|planid|spid|fiberid|ra|dec|snru|snrg|snrr|snr
i|snrz|objtype|class|subclass|magtype|magl|mag2|mag3|mag4|mag5|mag6|mag7|tso
urce| fibertype|tfrom|t_info|rv|z|z_err

101001 |J220848.54-020324.3|2011-10-24|55859 | F5902 | 1|1|332.2022740000|-2.0567
670000|2.23|10.69]17.99|23.07|13.93|Star |STAR|K1|ugriz|18.78|17.12|16.42|16.
15]15.97|99.00|99.00| JF_LEGAS_S|Obj |SDSS_S| |-23.06902964 | |0.00000297

101002 |J220953.17-020506.0|2011-10-24|55859|F5902|1]2|332.4715760000|-2.0850
150000(2.00|5.52|14.19]|20.30|14.05|Star | STAR|MO |ugriz|20.91|18.10|16.66|16.0
5|15.67]99.00|99.00|JF_LEGAS_S|0bj|SDSS_S||27.10000040| |0.00017775

101008 |J220928.49-015720.7|2011-10-24|55859 | F5902 | 1|8|332.3687450000|-1.9557
710000 |1.84|9.94|25.25|32.32|18.29|Star | STAR|G5|ugriz|18.25|16.64|15.97|15.7
7|15.64|99.00|99.00|IF_LEGAS_S|0bj|SDSS_S||25.03866609| |0.00000287
101009|J220849.59-015207.1|2011-10-24|55859|F5902|1]|9|332.2066650000|-1.8686
530000|1.86]9.13|18.80|25.28|14.18|Star |STAR|GO|ugriz|18.64|17.19|16.63|16.3
7|16.25]99.00|99.00 | JF_LEGAS_S|Obj|SDSS_S||-22.16965227| |0.00000537
101016|3220923.69-020809.9|2011-10-24|55859|F5902|1|16|332.3487250000|-2.136
0960000 |2.17]28.22|52.30|72.89|46.52|Star | STAR|K5|ugriz|18.64]16.21|15.23]|1
4.85|14.62]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||-6.63140917||0.00000130
101017|J220946.66-015526.5|2011-10-24|55859|F5902|1|17|332.4444170000|-1.924
0460000|2.60|16.56|29.63|38.19|22.15|Star|STAR|GO|ugriz|17.97|16.53|16.00|1
5.78]15.65]99.00|99.00|JF_LEGAS_S|0bj|SDSS_S||-2.46129608] |0.00000233
101020|3220853.37-015915.4|2011-10-24 | 55859 | F5902|1]20|332.2223790000|-1.987
6260000|2.65|17.26|26.29|36.30|20.29|Star |STAR|F5|ugriz|17.01|15.98|15.51|1
5.35[15.27]99.00]99.00 | JF_LEGAS_S|Obj |SDSS_S||10.84948906| |0.00000751
101021|J220924.33-014833.5|2011-10-24|55859|F5902|1]21|332.3513810000|-1.809
3330000|6.05|34.57|53.87|62.42|37.85|Star | STAR|F5|ugriz|16.75|15.61|15.16]1
4.98|14.92]99.00|99.00|IF_LEGAS_S|Obj|SDSS_S||-17.91859521||0.00000354
101023|J2216001.52-020100.8|2011-10-24|55859 | F5902|1|23|332.5063740000|-2.016
9000000 |2.35|12.14|22.38|27.72|16.25|Star |STAR|F9|ugriz|18.46|16.97|16.39|1
6.18|16.12]99.00]99.00 | JF_LEGAS_S|0Obj |SDSS_S||52.65854525| |0.00000227



In [88]:

drl = np.loadtxt('data/sample.txt', delimiter="|", skiprows=1)
drl
ValueError Traceback (most recent call last)
<ipython-input-88-3b88b6873464> in <module> ()
---=> 1 drl = np.loadtxt('data/sample.txt', delimiter="|", skiprows=1)
2 drl

/usr/local/lib/python3.5/site-packages/numpy/1lib/npyio.py in loadtxt(fname,
dtype, comments, delimiter, converters, skiprows, usecols, unpack, ndmin)

928

929 # Convert each value according to its column and store
--> 930 items = [conv(val) for (conv, val) 1in zip(converters, va
1s)]

931 # Then pack it according to the dtype's nesting

932 items = pack_items(items, packing)

/usr/local/lib/python3.5/site-packages/numpy/1lib/npyio.py in <listcomp>(.0)

928

929 # Convert each value according to 1its column and store
--> 930 items = [conv(val) for (conv, val) 1in zip(converters, va
1s)]

931 # Then pack it according to the dtype's nesting

932 items = pack_items(items, packing)

/usr/local/lib/python3.5/site-packages/numpy/1lib/npyio.py in floatconv(x)

657 if b'Ox' 1in x:

658 return float.fromhex(asstr(x))
--> 659 return float(x)

660

661 typ = dtype.type

ValueError: could not convert string to float: b'J220848.54-020324.3"

In [89]:
!cat data/sample2.txt

obsid|designation|obsdate|lmjd

101001|J220848.54-020324.3|2011-10-24|55859
101002|J220953.17-020506.0|2011-10-24|55859
101008|J220928.49-015720.7|2011-10-24| 55859
101009|J220849.59-015207.1|2011-10-24|55859
101016|J220923.69-020809.9|2011-10-24|55859
101017|J220946.66-015526.5|2011-10-24|55859
101020|J220853.37-015915.4|2011-10-24|55859
101021|3J220924.33-014833.5|2011-10-24|55859
101023|3J221001.52-020100.8|2011-10-24|55859



In [90]:

dtype = np.dtype([('obsid', 'S6'), ('designation', 'S19'), ('obsdate', 'S10'), ('lmjd', i

nt)1)
drl = np.loadtxt('data/sample2.txt', dtype=dtype, delimiter="|", skiprows=1)

dril

Oout[90]:

array([(b'101601', b'J220848.54-020324.3"', b'2011-10-24"', 55859),
(b'101002', b'J220953.17-020506.0', b'2011-10-24"', 55859),
(b'101008', b'J220928.49-015720.7', b'2011-10-24"', 55859),
(b'101009', b'J220849.59-015207.1', b'2011-10-24', 55859),
(b'101016', b'J220923.69-020809.9', b'2011-10-24', 55859),
(b'101017', b'J220946.66-015526.5', b'2011-10-24', 55859),
(b'101020', b'J220853.37-015915.4', b'2011-10-24', 55859),
(b'101021', b'J220924.33-014833.5', b'2011-10-24"', 55859),
(b'101023', b'J221001.52-020100.8', b'2011-10-24"', 55859)7,

dtype=[('obsid', 'S6'), ('designation', 'S19'), ('obsdate', 'S10'),
('lmjd', '<i8')])

In [91]:
dri['lmjd']
out[91]:

array([55859, 55859, 55859, 55859, 55859, 55859, 55859, 55859, 55859])

File format Package name(s) Functions
txt numpy loadtxt, savetxt, genfromtxt, fromfile, tofile
csv csv reader, writer
Matlab scipy.io loadmat, savemat
hdf pytables, hSpy
NetCDF netCDF4, scipy.io.netcdf netCDF4.Dataset, scipy.io.netcdf.netcdf file

This includes many industry specific formats:

File format Package name Comments
wav scipy.io.wavfile Audio files
LAS/SEG-Y Scipy cookbook, Obspy Data files in Geophysics
jpeg, png, ... PIL, scipy.misc.pilutil Common image formats
FITS pyfits, astropy.io.fits Image files in Astronomy




HEAEE (ufunc)
TTERMEAERE, X ndarray RREREFHITITENRE.

\

e —JC ufunc
e “Joufunc
e HEX ufunc

In [92]:

# —xufunc
arr = np.arange(10)

np.cos(arr)
out[92]:

array([ 1. , 0.54030231, -0.41614684, -0.9899925 , -0.65364362,
0.28366219, 0.96017029, 0.75390225, -0.14550003, -0.91113026])

In [93]:

# —szufunc

x
I

np.random.randn(10)
np.random.randn(10)

X,y
Oout[93]:

(array([ 1.79600881, -0.81414819, 2.1464102 , 0.65948138, 1.42033628,
-1.46328631, 1.8278442 , 2.21153387, 0.66340491, -0.57464657]),

array([ 2.16758348, -0.55589951, 0.41189805, -0.19602406, 0.54262162,
-0.7196864 , 0.10274757, -1.58080509, 1.39606345, -0.56942818]))

In [94]:
np.add(x, y)
out[94]:

array([ 3.96359229, -1.3700477 , 2.55830825, 0.46345731, 1.9629579 ,
-2.18297271, 1.93059177, 0.63072878, 2.05946836, -1.14407475])



In [95]:
## A EX

def sqrt2(x,y):
return np.sqrt(x**2 + y**x2)

# input: 2, output: 1
sqrt2_uf = np.frompyfunc(sqrt2, 2, 1)

sqrt2_uf(x,y)

out[95]:

array([2.8149717177862432, 0.98583038151946334, 2.1855746933041336,
0.6879979065810834, 1.5204582791937427, 1.6306916752957041,
1.8307297687838613, 2.7184235900325704, 1.5456711280930153,
0.80899142758923637], dtype=object)

In [96]:

sqrt2_uf2 = np.vectorize(sqrt2, otypes=[np.float64])
sqrt2_uf2(x,y)

Out[96]:

array([ 2.81497172, 0.98583038, 2.18557469, 0.68799791, 1.52045828,
1.63069168, 1.83072977, 2.71842359, 1.54567113, 0.80899143])

Fi A
IR R R AT AR — B

In [97]:

dtype=[('RA', np.float64), ('Dec', np.float64), ('Type', np.intl6)]
sarr = np.array([(1.23293, 23.231234, 12), (12.3242, 332.47876, 34)], dtype=dtype)

sarr

Oout[97]:

array([(1.23293, 23.231234, 12), (12.3242, 332.47876, 34)],
dtype=[('RA', '<f8'), ('Dec', '<f8'), ('Type', '<i2")1)

In [98]:

sarr['RA']

out[98]:

array([ 1.23293, 12.3242 1)



In [1]:

%matplotlib inline
import pylab as plt
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In

SciPy

Special functions (scipy.special (http://docs.scipy.org/doc/scipy/reference/special.html))
Integration (scipy.integrate (http://docs.scipy.org/doc/scipy/reference/integrate.html))
Optimization (scipy.optimize (http://docs.scipy.org/doc/scipy/reference/optimize.html))
Interpolation (scipy.interpolate (http://docs.scipy.org/doc/scipy/reference/interpolate.html))
Fourier Transforms (scipy.fftpack (http://docs.scipy.org/doc/scipy/reference/fftpack.html))
Signal Processing (scipy.signal (http://docs.scipy.org/doc/scipy/reference/signal.html))
Linear Algebra (scipy.linalg (http://docs.scipy.org/doc/scipy/reference/linalg.html))

Sparse Eigenvalue Problems (scipy.sparse (http://docs.scipy.org/doc/scipy/reference/sparse.html))
Statistics (scipy.stats (http://docs.scipy.org/doc/scipy/reference/stats.html))
Multi-dimensional image processing (scipy.ndimage
(http://docs.scipy.org/doc/scipy/reference/ndimage.html))

File 10 (scipy.io (http://docs.scipy.org/doc/scipy/reference/io.html))

[2]:

import numpy as np
import scipy

Special functions

http://docs.scipy.org/doc/scipy/reference/special.html#module-scipy.special

(http://docs.scipy.org/doc/scipy/reference/special.html#module-scipy.special)

In

[3]:

from scipy.special import jn

(0]
0.0

"J_{o:d}({1:f}) = {2:f}".format(n, x, jn(n, x))

out[3]:

'J_0(0.000000) = 1.000000'



In [4]:

X = np.linspace(0, 10, 100)

fig, ax = plt.subplots()
for n in range(4):

ax.plot(x, jn(n, x), label=r"$J_%d(x)S$" % n)
ax.legend();

0 2 4 & 8 10

Integration

b
/ f(x)dx

In [5]:
from scipy.integrate 1import quad
# define a simple function for the integrand

def f(x):
return x*x

In [6]:

I*

the lower limit of x
the upper limit of x

Xx_lower = 0
X_upper

1
=
*

val, abserr = quad(f, x_lower, x_upper)

"integral value ={}, absolute error ={}".format(val, abserr)
out[6]:

"integral value =0.33333333333333337, absolute error =3.700743415417189e-15"'

Fourier transform

SciPyf# FRIFFTER #5k B T Fortrani2FF



In [8]:

from numpy.fft import fftfreq
from scipy.fftpack 1import x*

+
I

np.random.rand(30)

N len(t)
dt = t[1]-t[0]

# calculate the fast fourier transform
# y2 is the solution to the under-damped oscillator from the previous section
F = fft(y2[:,0])

# calculate the frequencies for the components in F
w = fftfreq(N, dt)

NameError Traceback (most recent call last)
<ipython-input-8-f3c5af92dfdl> in <module> ()

9 # calculate the fast fourier transform

10 # y2 1is the solution to the under-damped oscillator from the previou
s section
---> 11 F = fft(y2[:,0])

12

13 # calculate the frequencies for the components in F

NameError: name 'y2' 1is not defined

In [ ]:

fig, ax = plt.subplots(figsize=(9,3))
ax.plot(w_pos, abs(F_pos))
ax.set_x1im(0, 5);

Linear algebra

http://docs.scipy.org/doc/scipy/reference/linalg.html (http://docs.scipy.org/doc/scipy/reference/linalg.html)

ZMTIEH
Ax=b

In [9]:

from scipy.linalg import x

A
b

np.array([[1,2,3], [4,5,6], [7,8,911)
np.array([1,2,3])



In [10]:

x = solve(A, b)
X

out[107]:

array([-0.33333333, 0.66666667, 0. 1)

In [11]:

# check
np.dot(A, x) - b

Out[1ll]:

array([ -1.11022302e-16, 0.00000000e+00, 0.00000000e+00])

Bt Optimization

SHe/ME

In [12]:

from scipy import optimize

def f(x):
return 4*xx*3 + (X-2)**2 + x**4

fig, ax = plt.subplots()
X = np.linspace(-5, 3, 100)
ax.plot(x, f(x));
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In [13]:

x_min = optimize.fmin_bfgs(f, -2)
X_min

Optimization terminated successfully.
Current function value: -3.506641
Iterations: 6
Function evaluations: 30
Gradient evaluations: 10

Out[1l3]:

array([-2.67298164])

In [14]:

x_min = optimize.fmin_bfgs(f, 0.5)
X_min

Optimization terminated successfully.
Current function value: 2.804988
Iterations: 3
Function evaluations: 15
Gradient evaluations: 5

Out[14]:

array([ 0.46961745])

In [15]:
optimize.brent(f)
Out[1l5]:

0.46961743402759754

In [16]:
optimize.fminbound(f, -4, 2)
Out[1l6]:

-2.6729822917513886

Interpolation

In [17]:

from scipy.interpolate import x

In [18]:

def f(x):
return np.sin(x)



In [19]:

n = np.arange(0, 10)
x = np.linspace(0, 9, 100)

f(n) + 0.1 * np.random.randn(len(n)) # simulate measurement with noise
f(x)

y_meas
y_real

linear_interpolation = interpld(n, y_meas)
y_interpl = linear_interpolation(x)

cubic_interpolation = -dnterpld(n, y_meas, kind='cubic')
y_interp2 = cubic_interpolation(x)

In [20]:

fig, ax = plt.subplots(figsize=(10,4))

ax.plot(n, y_meas, 'bs', label='noisy data')
ax.plot(x, y_real, 'k', 1lw=2, label='true function')
ax.plot(x, y_interpl, 'r', label='linear 1interp')
ax.plot(x, y_interp2, 'g', label='cubic interp')
ax.legend(loc=3);
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http://docs.scipy.org/doc/scipy/reference/stats.html (http://docs.scipy.org/doc/scipy/reference/stats.html)

In [21]:

from scipy import stats

In [22]:

# create a (discreet) random variable with poissionian distribution

X = stats.poisson(3.5) # photon distribution for a coherent state with n=3.5 photons



In [23]:

n = np.arange(0,15)
fig, axes = plt.subplots(3,1, sharex=True)

# plot the probability mass function (PMF)
axes[0].step(n, X.pmf(n))

# plot the commulative distribution function (CDF)
axes[1l].step(n, X.cdf(n))

# plot histogram of 1000 random realizations of the stochastic variable X
axes[2].hist(X.rvs(size=1000));

In [24]:

# create a (continous) random variable with normal distribution
Y = stats.norm()



In [25]:
x = np.linspace(-5,5,100)
fig, axes = plt.subplots(3,1, sharex=True)

# plot the probability distribution function (PDF)
axes[0].plot(x, Y.pdf(x))

# plot the commulative distributin function (CDF)
axes[1l].plot(x, Y.cdf(x));

# plot histogram of 1000 random realizations of the stochastic variable Y
axes[2].hist(Y.rvs(size=1000), bins=50);
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In [26]:
X.mean(), X.std(), X.var() # poission distribution
out[26]:

(3.5, 1.8708286933869707, 3.5)

In [27]:
Y.mean(), Y.median(), Y.std(), Y.var() # normal distribution
out[27]:

(0.0, 0.0, 1.0, 1.0)

In [28]:

# Statistical tests
t_statistic, p_value = stats.ttest_ind(X.rvs(size=1000), X.rvs(size=1000))

print("t-statistic = {}".format(t_statistic))
print("p-value ={}".format(p_value))

t-statistic = 1.1286809118317047
p-value =0.25916796614330784
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http://docs.scipy.org/doc/scipy/reference/io.html (http://docs.scipy.org/doc/scipy/reference/io.html)

« Matlab

« IDL

« FortranFile
* NetCDF

« Wav sound
o Arff



In [1]:

%matplotlib inline
import numpy as np

Python for Astronomy

Matplotlib

17 3h 5%
TEAFEREARALSE FEHEMALSE (China-Vo)

China-V»

In [2]:

import matplotlib
import matplotlib.pyplot as plt



In [3]:

%%HTML
<iframe width=100% height=600 src="http://matplotlib.org/gallery.html" ></iframe>

We're updating the default styles for Mat

Learn what to expect in the new update:

matpl:tlil

home | examples | gallery | pyplot | docs »

Click on any image to see full size image and source code

o Gallery

» Lines, bars, and markers

» Shapes and collections

« Statistical plots

» Images, contours, and fields
» Pie and polar charts

e Color

o Text, labels, and annotations
« Ticks and spines

* AXis scales

» Subplots, axes, and figures



WA
plt

import matplotlib.pyplot as plt

matplotlib.pyplot is a collection of command style functions that make matplotlib work like MATLAB. Each
pyplot function makes some change to a figure: e.g., creates a figure, creates a plotting area in a figure,
plots some lines in a plotting area, decorates the plot with labels, etc. In matplotlib.pyplot various states are
preserved across function calls, so that it keeps track of things like the current figure and plotting area, and
the plotting functions are directed to the current axes (please note that “axes” here and in most places in the
documentation refers to the axes part of a figure and not the strict mathematical term for more than one
axis).

e Matplotlib ENE
« pyplot &M T HEAFPHITLEEN—RIIEL
e pylab EHSAT pyplot Ml numpy EREI—HZ=iE, BEERFEEAREEFRXMNETHT.

In [4]:

x = np.linspace(0, 5, 10)
y = X k%% 2

fig = plt.figure()

axes = fig.add_axes([0.1, 0.1, 0.8, 0.8]) # left, bottom, width, height (range 0 to 1)
axes.plot(x, y, 'r')

axes.set_xlabel('x")

axes.set_ylabel('y"')

axes.set_title('title');

title
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Matplotlib 4 E$ %5

1. BE®R (figure)

2. AM—1EHRZTE (axes)

3. EHA (plot)

4. B BBE (label, title, etc)

AXis

2 3 4

X label

REEN

1. Bj&

import matplotlib.pyplot as plt
import numpy as np

fig = plt.figure()

ax = fig.add_subplot(111)
ax.plot(x, vy)

plt.show()




EX L E R

mirn

A helper function to make a graph

Parameters

ax : Axes

The axes to draw to

datal : array
The x data

data2 : array
The y data

param_dict : dict

Returns
out : list
list of artists added

mirn

return out

def my_plotter(ax, datal, data2, param_dict):

Dictionary of kwargs to pass to ax.plot

out = ax.plot(datal, data2, x*param_dict)

ARAERK 1

fig, ax = plt.subplots(1l, 1)
my_plotter (ax, datal, data2, {'marker':'x'})

FAKN 2

fig, (axl, ax2) = plt.subplots(1l, 2)
my_plotter(axl, datal, data2, {'marker':'x'})
my_plotter (ax2, data3, data4, {'marker':'o'})




In [5]:
print(plt.style.available)

['ggplot', 'seaborn-bright', 'bmh', 'seaborn-darkgrid',
'seaborn-dark', 'seaborn-white', 'seaborn-colorblind', 'fivethirtyeight',
'seaborn-notebook', 'classic', 'seaborn-pastel', 'dark_background', 'seabor

n-deep', 'seaborn-muted', 'seaborn-poster', 'seaborn-talk', 'seaborn-paper',
'grayscale', 'seaborn-dark-palette', 'seaborn-ticks']

'seaborn-whitegrid',

In [6]:

#plt.style.use('seaborn-paper')

np.linspace(0, 5, 10)
X *x 2

fig = plt.figure()

axes

axes

axes

axes
axes

25

20

15

10

.plot(x, y, 'r")

.set_xlabel('x")
.set_ylabel('y")
.set_title('title');

title

fig.add_axes([0.1, 0.1, 0.8, 0.8]) # left, bottom, width, height (range 0 to 1)



In [7]:

help(plt.plot)






Help on function plot in module matplotlib.pyplot:

plot(xargs, xxkwargs)
Plot lines and/or markers to the
:class: ~matplotlib.axes.Axes . *args* is a variable length
argument, allowing for multiple *x*, *yx pairs with an
optional format string. For example, each of the following -s

legal::
plot(x, vy) # plot x and y using default line style and color
plot(x, y, 'bo') # plot x and y using blue circle markers
plot(y) # plot y using x as index array 0..N-1
plot(y, 'r+') # ditto, but with red plusses

If *xx and/or *yx is 2-dimensional, then the corresponding columns
will be plotted.

If used with labeled data, make sure that the color spec 1is not
included as an element 1in data, as otherwise the last case
plot("v","r", data={"v":..., "r":...)""

can be dinterpreted as the first case which would do "““plot(v, r)" "
using the default line style and color.

If not used with labeled data (i.e., without a data argument),
an arbitrary number of xx*, xyx, xfmt* groups can be specified, as in::

a.p'Lot(xl, yl: 'gA': X2, y2, 'g_')
Return value is a list of lines that were added.

By default, each line 1is assigned a different style specified by a
'style cycle'. To change this behavior, you can edit the
axes.prop_cycle rcParam.

The following format string characters are accepted to control
the 1line style or marker:

solid line style
dashed 1line style
R dash-dot line style
Tt dotted line style
point marker

s pixel marker

circle marker
triangle_down marker
At triangle_up marker

T triangle_left marker
Tyt triangle_right marker
ttryrte tri_down marker
Tttt tri_up marker
trrgrte tri_left marker
Ttrgrt tri_right marker
st square marker
ip' e pentagon marker
Tkt star marker
Tthrtt hexagonl marker
TR hexagon2 marker

e plus marker



X marker

tt'pr e diamond marker
Ttrgrte thin_diamond marker
e vline marker

hline marker

The following color abbreviations are supported:

'b! blue
'g! green
r! red

'c' cyan
'm' magenta
'y! yellow
'k' black
'w' white

In addition, you can specify colors in many weird and
wonderful ways, including full names (' " 'green' "), hex
strings (° '#008000' "), RGB or RGBA tuples ( "(0,1,0,1) ") or
grayscale intensities as a string (°°'0.8' ). Of these, the
string specifications can be used in place of a “~“fmt' " group,
but the tuple forms can be used only as " “kwargs™®

Line styles and colors are combined in a single format string, as in
“'bo''" for blue circles.

The xkwargsx can be used to set line properties (any property that has
a ““set_x"" method). You can use this to set a line label (for auto
legends), linewidth, anitialising, marker face color, etc. Here is an

example::
plot([1,2,3], [1,2,3], 'go-', label='line 1', linewidth=2)
plot([1,2,3], [1,4,9], 'rs', Tlabel='line 2'")
axis([0, 4, 0, 10])
legend()

If you make multiple lines with one plot command, the kwargs
apply to all those lines, e.g.::

plot(xl, yl, x2, y2, antialiased=False)
Neither 1line will be antialiased.
You do not need to use format strings, which are just
abbreviations. All of the line properties can be controlled
by keyword arguments. For example, you can set the color,

marker, linestyle, and markercolor with::

plot(x, y, color='green', linestyle='dashed', marker='o"',
markerfacecolor="'blue', markersize=12).

See :class: ~matplotlib.lines.Line2D" for details.

The kwargs are :class: ~matplotlib.lines.Line2D’ properties:



agg_filter: unknown

alpha: float (0.0 transparent through 1.0 opaque)

animated: [True | False]

antialiased or aa: [True | False]

axes: an :class: ~matplotlib.axes.Axes’ -+instance

clip_box: a :class: matplotlib.transforms.Bbox" -instance

clip_on: [True | False]

clip_path: [ (:class: ~matplotlib.path.Path’, :class: ~matplotlib.tran
sforms.Transform™) | :class: ~matplotlib.patches.Patch® | None ]

color or c: any matplotlib color

contains: a callable function

dash_capstyle: ['butt' | 'round' | 'projecting']

dash_joinstyle: ['miter' | 'round' | 'bevel']

dashes: sequence of on/off 1ink in points

drawstyle: ['default' | 'steps' | 'steps-pre' | 'steps-mid' | 'steps-p
ost']

figure: a :class: matplotlib.figure.Figure’ {instance

fillstyle: ['full' | 'left' | 'right' | 'bottom' | 'top' | 'none']

gid: an 1id string

label: string or anything printable with '%s' conversion.

linestyle or 1ls: ['solid' | 'dashed', 'dashdot', 'dotted' | (offset, o
n-off-dash-seq) | “S'=' " | STro—ttt | SSrott o] Stiiitt | Ctinone!tt |t
EENTRNTE

linewidth or lw: float value in points

marker: :mod: A valid marker style <matplotlib.markers>"

markeredgecolor or mec: any matplotlib color

markeredgewidth or mew: float value in points

markerfacecolor or mfc: any matplotlib color

markerfacecoloralt or mfcalt: any matplotlib color

markersize or ms: float

markevery: [None | 1int | length-2 tuple of int | slice | list/array of
int | float | length-2 tuple of float]

path_effects: unknown

picker: float distance in points or callable pick function ' fn(artis
t, event)

pickradius: float distance in points

rasterized: [True | False | None]

sketch_params: unknown

snap: unknown

solid_capstyle: ['butt' | 'round' | ‘'projecting']

solid_joinstyle: ['miter' | 'round' | 'bevel']

transform: a :class: matplotlib.transforms.Transform® dinstance

url: a url string

visible: [True | False]

xdata: 1D array

ydata: 1D array

zorder: any number

kwargs *scalex* and xscaleyx, if defined, are passed on to
:meth: ~matplotlib.axes.Axes.autoscale_view to determine
whether the *x* and *y* axes are autoscaled; the default is
*Truex.

In addition to the above described arguments, this function can take a
*xdatax*x keyword argument. If such a **data** argument is given, the
following arguments are replaced by xxdata[<arg>]x*x:



* All arguments with the following names:

Additional kwargs: hold

Iyl, 'X'.

[True|False] overrides default hold state

In [8]:
fig = plt.figure()
axesl =
axes2 =

fig.add_axes([0.1, 0.1, 0.8, 0.8]) # main axes
fig.add_axes([0.2, 0.5, 0.4, 0.3]) # inset axes

# main figure
axesl.plot(x, y, 'r')
axesl.set_xlabel('x"')
axesl.set_ylabel('y"')
axesl.set_title('title'")

# insert

axes2.plot(y, x, 'g')
axes2.set_xlabel('y"')
axes2.set_ylabel('x")
axes2.set_title('insert title');

title
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In [9]:
# 800 x 400, 100dpi
fig = plt.figure(figsize=(8,4), dpi=100)

<matplotlib.figure.Figure at 0x1020f9c18>



In

fig, ax = plt.subplots(figsize=(12,3))

ax.
ax.
ax.

[10]:

plot(x, v,

lrl)

set_xlabel('x")
set_ylabel('y"'")

ax.set_title('title');

- title
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In [11]:
# Rg AR

fig.savefig("filename.png")

fig.savefig("filename200.png", dpi=200)

BB, #Ref

In

ax

In

ax.
ax.

In

ax.
ax.
ax.

[12]:

.set_title("title");

[13]:
set_xlabel("x")
set_ylabel("y");

[147]:

plot(x, x*xx2, label="curvel")
plot(x, x**3, label="curve2")
legend();



In [15]:

fig, ax = plt.subplots()

ax.
ax.
ax.
ax.
ax.
ax.

In

plot(x, xxx2, label="S$y = x"2$")
plot(x, x*x*x3, label="S$Sy = x"3$")
legend(loc=2); # upper left corner
set_xlabel('x"'")

set_ylabel('y"'")
set_title('title');
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[16]:

# Update the matplotlib configuration parameters:

matplotlib.rcParams.update({'font.size': 18, 'font.family':

'"FZGuLi-S12S'})



In [17]:

fig, ax = plt.subplots()

ax.
ax.
ax.
ax.
ax.
ax.

In

plot(x, x*xx2, label="S$y = xA"2$")
plot(x, x**x3, label="S$Sy = x"3$")
legend(loc=2); # upper left corner
set_xlabel('x"'")

set_ylabel('y"'")

set_title('4:#"');
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[18]:

# restore

matplotlib.rcParams.update({'font.size': 12, 'font.family':

Falsel)

me, &3, KB

'sans',

'text.usetex':



In [19]:

fig, ax = plt.subplots()

ax.plot(x, x+1, color="red", alpha=0.5) # half-transparant red

ax.plot(x, x+2, color="#1155dd") # RGB hex code for a bluish color
ax.plot(x, x+3, color="#15cc55") # RGB hex code for a greenish color
Out[1l9]:

[<matplotlib.lines.Line2D at 0x103c93f98>]

8 . . : :
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In [20]:

fig, ax = plt.subplots(figsize=(12,6))

ax.plot(x, x+1, color="blue", linewidth=0.25)
ax.plot(x, x+2, color="blue", linewidth=0.50)
ax.plot(x, x+3, color="blue", linewidth=1.00)
ax.plot(x, x+4, color="blue", linewidth=2.00)

# possible linestype options ‘-¢, ‘--’, “=.’, “:’, ‘steps’
ax.plot(x, x+5, color="red", 1lw=2, linestyle='-')
ax.plot(x, x+6, color="red", lw=2, 1s='-.")

ax.plot(x, x+7, color="red", 1lw=2, 1ls=':")

# custom dash
line, = ax.plot(x, x+8, color="black", lw=1.50)
line.set_dashes([5, 10, 15, 10]) # format: line length, space length,

# possible marker symbols: marker = '+', 'o', 'x',j ‘s! ot o rpro 1200 131, 147"
ax.plot(x, x+ 9, color="green", lw=2, ls='--', marker='+")
ax.plot(x, x+10, color="green", lw=2, 1ls='--', marker='o')
ax.plot(x, x+11, color="green", lw=2, 1ls='--', marker='s')
ax.plot(x, x+12, color="green", lw=2, 1ls='--', marker='1")

# marker size and color

ax.plot(x, x+13, color="purple", lw=1, 1ls='-', marker='o', markersize=2)
ax.plot(x, x+14, color="purple", lw=1, 1ls='-', marker='o', markersize=4)
ax.plot(x, x+15, color="purple", lw=1, ls='-', marker='o', markersize=8,
markerfacecolor="red")

ax.plot(x, x+16, color="purple", lw=1, 1ls='-', marker='s', markersize=8,

markerfacecolor="yellow", markeredgewidth=2, markeredgecolor="blue");

25

£



In [21]:

fig, axes = plt.subplots(1l, 3, figsize=(12, 4))

axes[0].plot(x, x*x*2, x, x**3)
axes[0].set_title("default axes ranges")

axes[1l].plot(x, x**2, x, X**3)
axes[1l].axis('tight')
axes[1l].set_title("tight axes")

axes[2].plot(x, x**2, X, X**3)
axes[2].set_ylim([0, 60])
axes[2].set_xlim([2, 5])
axes[2].set_title("custom axes range");

default axes ranges tight axes custom axes range
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In [22]:
## Logarithmic scale
fig, axes = plt.subplots(l, 2, figsize=(10,4))

axes[0].plot(x, x**2, x, np.exp(x))
axes[0].set_title("Normal scale")

axes[1l].plot(x, x**2, x, np.exp(x))
axes[1l].set_yscale("log")
axes[1l].set_title("Logarithmic scale (y)");

160 . Nolrmal sclale . 10° ILogaritlhmic SFaIe {y}ll
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In [23]

fig, ax = plt.subplots(figsize=(10, 4))
ax.plot(x, xx*2, x, x*x3, 1lw=2)

ax.set_xticks([1, 2, 3, 4, 5])
ax.set_xticklabels([r'$\alphas$', r'$\betas$', r's$\gammas$', r's$\deltas$', r'S\epsilon$'], fo
ntsize=18)

yticks = [0, 50, 100, 150]

ax.set_yticks(yticks)

ax.set_yticklabels(["$%.1fS$" % y for y 1in yticks], fontsize=18); # use LaTeX formatted la
bels

150.0 . . . .

100.0 ¢
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http://matplotlib.org/api/ticker api.html (http://matplotlib.org/api/ticker api.html)

In [24]:
# FFE K&
fig, ax = plt.subplots(1l, 1)

ax.plot(x, xx*2, x, np.exp(x))
ax.set_title("scientific notation")

ax.set_yticks([0, 50, 100, 150])

from matplotlib import ticker

formatter = ticker.ScalarFormatter(useMathText=True)
formatter.set_scientific(True)
formatter.set_powerlimits((-1,1))
ax.yaxis.set_major_formatter (formatter)

102 scientific notation
1.5}

1.0} /

0.5 |

0.0 —




In [25]:

# distance between x and y axis and the numbers on the axes
matplotlib.rcParams['xtick.major.pad'] = 15
matplotlib.rcParams['ytick.major.pad'] = 15

fig, ax = plt.subplots(1l, 1)

ax.plot(x, xx*2, x, np.exp(x))
ax.set_yticks([0, 50, 100, 150])

ax.set_title("label and axis spacing")
# padding between axis label and axis numbers
ax.xaxis.labelpad = 15

ax.yaxis.labelpad = 15

ax.set_xlabel("x")
ax.set_ylabel("y");

label and axis spacing
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In [26]:
# restore defaults
matplotlib.rcParams['xtick.major.pad'] = 3
matplotlib.rcParams['ytick.major.pad'] = 3



In [27]:
# Axis position adjustments
fig, ax = plt.subplots(1l, 1)

ax.plot(x, x**2, x, np.exp(x))
ax.set_yticks([0, 50, 100, 150])

ax.set_title("title™)
ax.set_xlabel("x")

ax.set_ylabel("y")

fig.subplots_adjust(left=0.15, right=.9, bottom=0.1, top=0.9);

title
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In [28]:

fig, axes = plt.subplots(l, 2, figsize=(10,3))

# default grid appearance
axes[0].plot(x, x*x*2, x, x**x3, lw=2)
axes[0].grid(True)

# custom grid appearance
axes[1l].plot(x, x**x2, x, x**3, lw=2)
axes[1l].grid(color='b', alpha=0.5, linestyle='dashed', linewidth=0.5)
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In [29]:

fig, ax = plt.subplots(figsize=(6,2))

ax.spines['bottom'].set_color('blue')
ax.spines['top'].set_color('blue')

ax.spines['left'].set_color('red")
ax.spines['left'].set_linewidth(2)

# turn off axis spine to the right
ax.spines['right'].set_color("none")
ax.yaxis.tick_left() # only ticks on the left side
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In [30]:

fig, ax1l = plt.subplots()

axl.plot(x, x**2, lw=2, color="blue")

axl.set_ylabel(r"area $(m"2)$", fontsize=18, color="blue")

for label 1in axl.get_yticklabels():
label.set_color("blue™)

ax2 = axl.twinx()
ax2.plot(x, x**3, 1lw=2, color="red")
ax2.set_ylabel(r"volume $(m*3)s$", fontsize=18, color="red")
for label 1in ax2.get_yticklabels():

label.set_color("red")
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In [31]:

fig, ax = plt.subplots()

ax

ax.
ax.

ax.
ax.

XX

ax.

.spines['right'].set_color('none')
ax.

spines['top'].set_color('none')

xaxis.set_ticks_position('bottom')
spines['bottom'].set_position(('data',0)) # set position of x spine to x=0

yaxis.set_ticks_position('left')
spines['left'].set_position(('data',0)) # set position of y spine to y=0

= np.linspace(-0.75, 1., 100)
plot(xx, Xxx**x3);

10}
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http://matplotlib.org/gallery.html (http://matplotlib.org/gallery.htmil)
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In [32]:

help(plt.scatter)






Help on function scatter in module matplotlib.pyplot:

scatter(x, y, s=20, c=None, marker='o', cmap=None, norm=None, vmin=None, vma
x=None, alpha=None, linewidths=None, verts=None, edgecolors=None, hold=None,
data=None, *x*xkwargs)
Make a scatter plot of x vs y, where x and y are sequence like objects
of the same lengths.

Parameters
X, y : array_Llike, shape (n, )
Input data

s : scalar or array_like, shape (n, ), optional, default: 20
size 1in points”2.

c : color or sequence of color, optional, default : 'b'

‘¢’ can be a single color format string, or a sequence of color
specifications of length "N', or a sequence of "N° numbers to be
mapped to colors using the “cmap’ and “norm’ specified via kwargs
(see below). Note that "¢’ should not be a single numeric RGB or
RGBA sequence because that is indistinguishable from an array of
values to be colormapped. ‘"¢’ can be a 2-D array in which the
rows are RGB or RGBA, however, including the case of a single

row to specify the same color for all points.

marker : “~matplotlib.markers.MarkerStyle', optional, default: 'o'
See '~matplotlib.markers® for more +information on the different
styles of markers scatter supports. 'marker’ can be either
an instance of the class or the text shorthand for a particular
marker.

cmap : ~~matplotlib.colors.Colormap’, optional, default: None
A “~matplotlib.colors.Colormap’ +instance or registered name.
‘cmap’ is only used if "¢’ is an array of floats. If None,
defaults to rc “image.cmap’.

norm : ~~matplotlib.colors.Normalize , optional, default: None
A “~matplotlib.colors.Normalize  +instance is used to scale
luminance data to 0, 1. “norm’ is only used if "¢’ 1is an array of
floats. If 'None', use the default :func: normalize .

vmin, vmax : scalar, optional, default: None
‘vmin® and ‘vmax® are used in conjunction with “norm’ to normalize
luminance data. If either are "None', the min and max of the
color array 1is used. Note if you pass a ‘norm  instance, your
settings for “vmin® and “vmax® will be qignored.

alpha : scalar, optional, default: None
The alpha blending value, between 0 (transparent) and 1 (opaque)

linewidths : scalar or array_like, optional, default: None
If None, defaults to (lines.linewidth,).

edgecolors : color or sequence of color, optional, default: None
If None, defaults to (patch.edgecolor).
If 'face', the edge color will always be the same as
the face color. If it is 'none', the patch boundary will not
be drawn. For non-filled markers, the “edgecolors’ kwarg
is dignored; color is determined by "¢’



'
S )

Returns

kwargs : “~matplotlib.collections.Collection” properties
Notes
Any or all of x', 'y', 's', and "¢’ may be masked arrays, 1in

which case all masks will be combined and only unmasked points
will be plotted.

Fundamentally, scatter works with 1-D arrays; "x', 'y, ‘s,
and ‘¢’ may be dnput as 2-D arrays, but within scatter
they will be flattened. The exception 1is ‘¢, which

will be flattened only +if its size matches the size of “x
and ‘y .

N

Examples

plot:: mpl_examples/shapes_and_collections/scatter_demo.py

In addition to the above described arguments, this function can take a
*xdatax*x keyword argument. If such a **data** argument is given, the
following arguments are replaced by xxdata[<arg>]x*x:

* All arguments with the following names: 'linewidths', 'y', 'edgecolor
'facecolor', 's', 'facecolors', 'c', 'x', 'color'.

Additional kwargs: hold = [True|False] overrides default hold state



In [33]:
help(plt.step)

Help on function step in module matplotlib.pyplot:

step(x, y, *args, **xkwargs)
Make a step plot.

Call signature::
step(x, y, *args, **xkwargs)

Additional keyword args to :func: step’ are the same as those
for :func: ~matplotlib.pyplot.plot’.

*x* and *y* must be 1-D sequences, and it is assumed, but not checked,
that *x* s uniformly -dincreasing.

Keyword arguments:

*wherex: [ 'pre' | 'post' | 'mid' ]
If 'pre' (the default), the dinterval from x[i] to x[i+1] has level
y[i+1].

If 'post', that interval has level y[i].

If 'mid', the jumps in *yx occur half-way between the
*x*-values.

Return value is a list of lines that were added.

In addition to the above described arguments, this function can take a
**datax* keyword argument. If such a *xdata** argument is given, the
following arguments are replaced by xxdata[<arg>]x*x:

* All arguments with the following names: 'y', 'x'.

Additional kwargs: hold = [True|False] overrides default hold state



In [34]:

help(plt.bar)






Help on function bar 1in module matplotlib.pyplot:

bar(left, height, width=0.8, bottom=None, hold=None, data=None, *xkwargs)
Make a bar plot.

Make a bar plot with rectangles bounded by:

“left’, "left’ + “width’, “bottom’, "bottom™ + “height’
(left, right, bottom and top edges)

Parameters
left : sequence of scalars
the x coordinates of the left sides of the bars

height : sequence of scalars
the heights of the bars

width : scalar or array-like, optional
the width(s) of the bars
default: 0.8

bottom : scalar or array-like, optional
the y coordinate(s) of the bars
default: None

color : scalar or array-like, optional
the colors of the bar faces

edgecolor : scalar or array-like, optional
the colors of the bar edges

linewidth : scalar or array-like, optional
width of bar edge(s). If None, use default
linewidth; If 0, don't draw edges.
default: None

tick_label : string or array-like, optional
the tick labels of the bars
default: None

xerr : scalar or array-like, optional
if not None, will be used to generate errorbar(s) on the bar chart
default: None

yerr : scalar or array-like, optional
if not None, will be used to generate errorbar(s) on the bar chart
default: None

ecolor : scalar or array-like, optional
specifies the color of errorbar(s)
default: None

capsize : scalar, optional
determines the length in points of the error bar caps
default: None, which will take the value from the
‘“errorbar.capsize’’ :data: rcParam<matplotlib.rcParams>".

error_kw : dict, optional
dictionary of kwargs to be passed to errorbar method. *ecolorx and
*capsize* may be specified here rather than as independent kwargs.



align : {'edge', 'center'}, optional
If 'edge', aligns bars by their left edges (for vertical bars) and
by their bottom edges (for horizontal bars). If 'center', qdinterpret
the "left’ argument as the coordinates of the centers of the bars.
To align on the align bars on the right edge pass a negative
‘width'.

orientation : {'vertical', 'horizontal'}, optional
The orientation of the bars.

log : boolean, optional
If true, sets the axis to be log scale.
default: False

Returns
bars : matplotlib.container.BarContainer
Container with all of the bars + errorbars

The optional arguments “color’, “edgecolor’, “linewidth",
‘xerr’, and ‘yerr' can be either scalars or sequences of
length equal to the number of bars. This enables you to use
bar as the basis for stacked bar charts, or candlestick plots.
Detail: “xerr’ and ‘yerr® are passed directly to

:meth: errorbar’, so they can also have shape 2xN for
independent specification of lower and upper errors.

Other optional kwargs:

agg_filter: unknown

alpha: float or None

animated: [True | False]

antialiased or aa: [True | False] or None for default
axes: an :class: ~matplotlib.axes.Axes  -nstance
capstyle: ['butt' | 'round' | 'projecting']

clip_box: a :class: matplotlib.transforms.Bbox ™ -instance
clip_on: [True | False]

clip_path: [ (:class: ~matplotlib.path.Path’, :class: ~matplotlib.tran

sforms.Transform™) | :class: ~matplotlib.patches.Patch® | None ]
color: matplotlib color spec
contains: a callable function

edgecolor or ec: mpl color spec, or None for default, or 'none' for no

color

facecolor or fc: mpl color spec, or None for default, or 'none' for no

color
figure: a :class: matplotlib.figure.Figure’ dinstance
fill: [True | False]
gid: an 1id string

hatch: [l/l | l\\l | ||| | 11 | l+l | IX| | lol | lol I l‘l I l*l]
joinstyle: ['miter' | 'round' | 'bevel!']
label: string or anything printable with '%s' conversion.
linestyle or 1ls: ['solid' | 'dashed', 'dashdot', 'dotted' | (offset, o
n-off-dash-seq) | “"'=' T | STro—ttt | STrontt o] Stiiitt | Ctinope!tt |t
EENTRNTE

linewidth or lw: float or None for default
path_effects: unknown

picker: [None|float|boolean|callable]
rasterized: [True | False | None]



sketch_params: unknown

snap: unknown

transform: :class: ~matplotlib.transforms.Transform® -{instance
url: a url string

visible: [True | False]

zorder: any number

See also

barh: Plot a horizontal bar plot.

Examples

**Example:** A stacked bar chart.

plot:: mpl_examples/pylab_examples/bar_stacked.py

In addition to the above described arguments, this function can take a
*xdatax* keyword argument. If such a **data** argument is given, the
following arguments are replaced by xxdata[<arg>]x*x:

* All arguments with the following names: 'height', 'linewidth', 'tick_1

abel', 'left', 'width', 'xerr', 'ecolor', 'bottom', 'yerr', 'edgecolor', 'co
lor'.

Additional kwargs: hold = [True|False] overrides default hold state



In [35]:

help(plt.fill_between)






Help on function fill_between in module matplotlib.pyplot:

fill_between(x, yl, y2=0, where=None, interpolate=False, step=None, hold=Non
e, data=None, *xkwargs)
Make filled polygons between two curves.

Create a :class: ~matplotlib.collections.PolyCollection’
filling the regions between *ylx and xy2* where
““where==True""

Parameters
X @ array
An N-length array of the x data

yl : array
An N-length array (or scalar) of the y data

y2 : array
An N-length array (or scalar) of the y data

where : array, optional
If "None', default to fill between everywhere. If not "None',
it is an N-length numpy boolean array and the fill will
only happen over the regions where *“where==True' "

interpolate : bool, optional
If "True', interpolate between the two lines to find the
precise point of intersection. Otherwise, the start and
end points of the filled region will only occur on explicit
values 1in the *x* array.

step : {'pre', 'post', 'mid'}, optional
If not None, fill with step logic.

Additional Keyword args passed on to the
:class: ~matplotlib.collections.PolyCollection’.

kwargs control the :class: ~matplotlib.patches.Polygon’ properties:

agg_filter: unknown

alpha: float or None

animated: [True | False]

antialiased or antialiaseds: Boolean or sequence of booleans

array: unknown

axes: an :class: ~matplotlib.axes.Axes’ -+instance

clim: a length 2 sequence of floats

clip_box: a :class: matplotlib.transforms.Bbox  dinstance

clip_on: [True | False]

clip_path: [ (:class: ~matplotlib.path.Path’, :class: ~matplotlib.tran
sforms.Transform™) | :class: ~matplotlib.patches.Patch® | None ]

cmap: a colormap or registered colormap name

color: matplotlib color arg or sequence of rgba tuples

contains: a callable function

edgecolor or edgecolors: matplotlib color spec or sequence of specs

facecolor or facecolors: matplotlib color spec or sequence of specs



figure: a :class: matplotlib.figure.Figure’ dinstance
gid: an 1id string

hatch: [ l/l | I\\l | l|| | T | |+l | IXI | lol | |Ol | |.| | l*l ]
label: string or anything printable with '%s' conversion.
linestyle or dashes or linestyles: ['solid' | 'dashed', 'dashdot', 'do
tted' | (offset, on-off-dash-seq) | “"'='"" | ""'=='77 | CCr-,rvvt | et
SiNome!tt | SNttt triieed

linewidth or linewidths or lw: float or sequence of floats
norm: unknown

offset_position: unknown

offsets: float or sequence of floats

path_effects: unknown

picker: [None|float|boolean|callable]

pickradius: unknown

rasterized: [True | False | None]

sketch_params: unknown

snap: unknown

transform: :class: ~matplotlib.transforms.Transform™ -{instance
url: a url string

urls: unknown

visible: [True | False]

zorder: any number

Examples

plot:: mpl_examples/pylab_examples/fill_between_demo.py

See Also

:meth: fill_betweenx’
for filling between two sets of x-values

In addition to the above described arguments, this function can take a
**datax* keyword argument. If such a *xdata** argument is given, the
following arguments are replaced by xxdata[<arg>]x*x:

* All arguments with the following names: 'where', 'yl', 'y2', 'x'.

Additional kwargs: hold = [True|False] overrides default hold state



In [36]:

n = np.array([0,1,2,3,4,5])
fig, axes = plt.subplots(1l, 4, figsize=(12,3))

axes[0].scatter(xx, xx + 0.25%np.random.randn(len(xx)))
axes[0].set_title("scatter")

axes[1l].step(n, n**x2, lw=2)
axes[1l].set_title("step")

axes[2].bar(n, nx*x2, align="center", width=0.5, alpha=0.5)
axes[2].set_title("bar")

axes[3].fill_between(x, xx*2, x**x3, color="green", alpha=0.5);
axes[3].set_title("fill_between");

scatter ste fill_between
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In [37]:

## Scatter
fig, ax = plt.subplots(1l, 1)

X np.random.rand(200)

y = np.random.rand(200)

size = np.random.rand(200)*30
color = np.random.rand(200)

im = ax.scatter(x, y, size, color)
fig.colorbar (im,ax=ax)

Oout[37]:

<matplotlib.colorbar.Colorbar at 0x1051a57f0>
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In [38]:

# polar plot using add_axes and polar projection
fig = plt.figure()

ax = fig.add_axes([0.0, 0.0, .6, .6], polar=True)
t = np.linspace(0, 2 * np.pi, 100)

ax.plot(t, t, color='blue', lw=3);

180F

270°

BEAE



In [39]:

help(plt.hist)






Help on function hist in module matplotlib.pyplot:

hist(x, bins=10, range=None, normed=False, weights=None, cumulative=False, b
ottom=None, histtype='bar', align='mid', orientation='vertical', rwidth=Non
e, log=False, color=None, label=None, stacked=False, hold=None, data=None, *
*kwargs)

Plot a histogram.

Compute and draw the histogram of *x*. The return value 1is a

tuple (*nx, xbins*x, *patchesx) or ([*n@*, *nlx, ...], *binsx,
[*patchesOx, *patchesl*,...]) if the input contains multiple
data.

Multiple data can be provided via *x* as a list of datasets
of potentially different length ([*x0*, xx1*x, ...]), or as
a 2-D ndarray in which each column is a dataset. Note that
the ndarray form is transposed relative to the 1list form.

Masked arrays are not supported at present.

Parameters

x : (n,) array or sequence of (n,) arrays
Input values, this takes either a single array or a sequency of
arrays which are not required to be of the same length

bins : integer or array_like, optional
If an integer is given, “bins + 1° bin edges are returned,
consistently with :func: numpy.histogram® for numpy version >=
1.3.

Unequally spaced bins are supported if ‘bins’ is a sequence.
default 1is 10

range : tuple or None, optional
The lower and upper range of the bins. Lower and upper outliers
are tignored. If not provided, ‘range’ dis (x.min(), x.max()). Range
has no effect if “bins’® dis a sequence.

If “bins’ is a sequence or “range’ 1is specified, autoscaling
is based on the specified bin range instead of the
range of x.

Default is " "None '’

normed : boolean, optional
If "True', the first element of the return tuple will
be the counts normalized to form a probability density, i.e.,
““n/(len(x) dbin)" ", i.e., the dintegral of the histogram will sum
to 1. If xstackedx is also *Truex, the sum of the histograms is
normalized to 1.

Default is '‘False '

weights : (n, ) array_like or None, optional
An array of weights, of the same shape as “x°. Each value in “x°
only contributes 1its associated weight towards the bin count
(instead of 1). If ‘normed’ 1is True, the weights are normalized,
so that the integral of the density over the range remains 1.



Default is '“None''

cumulative : boolean, optional
If "True', then a histogram is computed where each bin gives the
counts in that bin plus all bins for smaller values. The last bin
gives the total number of datapoints. If ‘normed™ dis also "True’
then the histogram is normalized such that the last bin equals 1.
If “cumulative  evaluates to less than 0 (e.g., -1), the direction
of accumulation is reversed. 1In this case, if 'normed’ 1is also
‘True', then the histogram is normalized such that the first bin
equals 1.

Default is '‘False'"
bottom : array_1like, scalar, or None
Location of the bottom baseline of each bin. If a scalar,
the base line for each bin is shifted by the same amount.
If an array, each bin 1is shifted independently and the length
of bottom must match the number of bins. If None, defaults to 0.

Default 1is "~ "None '’

histtype : {'bar', 'barstacked', 'step', ‘'stepfilled'}, optional
The type of histogram to draw.

- 'bar' 1dis a traditional bar-type histogram. If multiple data
are given the bars are aranged side by side.

- 'barstacked' 1is a bar-type histogram where multiple
data are stacked on top of each other.

- 'step' generates a lineplot that is by default
unfilled.

- 'stepfilled' generates a lineplot that is by default
filled.

Default is 'bar'

align : {'left', 'mid', 'right'}, optional
Controls how the histogram is plotted.

- 'left': bars are centered on the left bin edges.
- 'mid': bars are centered between the bin edges.
- 'right': bars are centered on the right bin edges.
Default is 'mid’
orientation : {'horizontal', 'vertical'}, optional
If 'horizontal', “~matplotlib.pyplot.barh’® will be used for
bar-type histograms and the xbottomx kwarg will be the left edges.
rwidth : scalar or None, optional
The relative width of the bars as a fraction of the bin width. If
"None', automatically compute the width.

Ignored if "histtype® 1is 'step' or 'stepfilled'.

Default 1is "~ "None '’



log : boolean, optional
If "True', the histogram axis will be set to a log scale. If "log’
is "True' and "x  1is a 1D array, empty bins will be filtered out
and only the non-empty ('n’, ‘bins’, “patches’) will be returned.

Default is '‘False''

color : color or array_like of colors or None, optional
Color spec or sequence of color specs, one per dataset. Default
("None') uses the standard line color sequence.

Default is '“None'’

label : string or None, optional
String, or sequence of strings to match multiple datasets. Bar
charts yield multiple patches per dataset, but only the first gets
the label, so that the legend command will work as expected.

default is "~ "None'"

stacked : boolean, optional
If "True', multiple data are stacked on top of each other If
"False® multiple data are aranged side by side if histtype 1is
'bar' or on top of each other if histtype is 'step'

Default is " “False "

Returns

n : array or list of arrays
The values of the histogram bins. See **normed*x and **weights*x
for a description of the possible semantics. If dinput **x** is an
array, then this dis an array of length **xnbins*x. If dinput is a
sequence arrays = [datal, data2,..] ", then this is a list of
arrays with the values of the histograms for each of the arrays

in the same order.

bins : array
The edges of the bins. Length nbins + 1 (nbins left edges and right
edge of last bin). Always a single array even when multiple data
sets are passed 1in.

patches : 1list or list of lists
Silent list of individual patches used to create the histogram
or list of such list if multiple input datasets.

Other Parameters

kwargs : “~matplotlib.patches.Patch’ properties

hist2d : 2D histograms

Until numpy release 1.5, the underlying numpy histogram function was
incorrect with “normed ="True® if bin sizes were unequal. MPL
inherited that error. It is now corrected within MPL when using
earlier numpy versions.



Examples

In addition to the above described arguments, this function can take a
**xdatax* keyword argument. If such a **data** argument is given, the
following arguments are replaced by xxdata[<arg>]**:

* A1l arguments with the following names: 'weights', 'x'.

Additional kwargs: hold = [True|False] overrides default hold state

In [62]:

n = np.random.randn(100000)
fig, axes = plt.subplots(l, 2, figsize=(12,4))

axes[0].hist(n, bins=50)
axes[0].set_title("Default histogram")
axes[0].set_xlim((min(n), max(n)))

axes[1l].hist(n, cumulative=True, bins=50)
axes[1l].set_title("Cumulative detailed histogram")

axes[1l].set_xLlim((min(n), max(n)));

Default histogram

Cumulative detailed histogram
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In [41]:
fig, ax = plt.subplots()
ax.plot(xx, Xx**2, XX, XX**3)

ax.text(0.15, 0.2, r"$y=x"2$8", fontsize=20, color="blue")
ax.text(0.65, 0.1, r"$y=x"3$", fontsize=20, color="green");
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In [42]:

help(plt.subplots)






Help on function subplots in module matplotlib.pyplot:

subplots(nrows=1, ncols=1, sharex=False, sharey=False, squeeze=True, subplot
_kw=None, gridspec_kw=None, x*x*xfig_kw)
Create a figure with a set of subplots already made.

This utility wrapper makes it convenient to create common layouts of
subplots, including the enclosing figure object, in a single call.

Keyword arguments:

*nrows* : int
Number of rows of the subplot grid. Defaults to 1.

*ncols* : int
Number of columns of the subplot grid. Defaults to 1.

*sharex* : string or bool
If xTrue*x, the X axis will be shared amongst all subplots. If
*Truex and you have multiple rows, the x tick labels on all but
the last row of plots will have visible set to *Falsex
If a string must be one of "row", "col", "all", or "none".
"all" has the same effect as *Truex, "none" has the same effect
as *Falsex.
If "row", each subplot row will share a X axis.
If "col", each subplot column will share a X axis and the x tick
labels on all but the last row will have visible set to *Falsex.

*sharey* : string or bool
If *True*x, the Y axis will be shared amongst all subplots. If
*True*x and you have multiple columns, the y tick labels on all but
the first column of plots will have visible set to *Falsex
If a string must be one of "row", "col", "all", or "none".
"all" has the same effect as *Truex, "none" has the same effect
as *Falsex.
If "row", each subplot row will share a Y axis and the y tick
labels on all but the first column will have visible set to *Falsex.
If "col", each subplot column will share a Y axis.

*squeezex : bool
If xTrue*x, extra dimensions are squeezed out from the
returned axis object:

- if only one subplot is constructed (nrows=ncols=1), the
resulting single Axis object is returned as a scalar.

- for Nx1 or 1xN subplots, the returned object 1is a 1-d numpy
object array of Axis objects are returned as numpy 1-d
arrays.

- for NxM subplots with N>1 and M>1 are returned as a 2d
array.

If xFalsex, no squeezing at all 1is done: the returned axis
object 1is always a 2-d array containing Axis instances, even if it
ends up being 1x1.

*subplot_kw* : dict
Dict with keywords passed to the
:meth: ~matplotlib.figure.Figure.add_subplot® call used to
create each subplots.



*gridspec_kw* : dict
Dict with keywords passed to the
:class: ~matplotlib.gridspec.GridSpec’ constructor used to create
the grid the subplots are placed on.

*fig_kwx : dict
Dict with keywords passed to the :func: figure® call. Note that all
keywords not recognized above will be automatically included here.
Returns:
fig, ax : tuple
- xfigx is the :class: matplotlib.figure.Figure® object
- xax* can be either a single axis object or an array of axis
objects if more than one subplot was created. The dimensions
of the resulting array can be controlled with the squeeze
keyword, see above.

Examples::

np.linspace(0, 2xnp.pi, 400)
np.sin(x*xx2)

< X
I}

# Just a figure and one subplot
f, ax = plt.subplots()
ax.plot(x, vy)
ax.set_title('Simple plot')

# Two subplots, unpack the output array immediately
f, (axl, ax2) = plt.subplots(l, 2, sharey=True)
axl.plot(x, y)

axl.set_title('Sharing Y axis')

ax2.scatter(x, y)

# Four polar axes
plt.subplots(2, 2, subplot_kw=dict(polar=True))

# Share a X axis with each column of subplots
plt.subplots(2, 2, sharex='col'")

# Share a Y axis with each row of subplots
plt.subplots(2, 2, sharey='row')

# Share a X and Y axis with all subplots
plt.subplots(2, 2, sharex='all', sharey='all')
# same as

plt.subplots(2, 2, sharex=True, sharey=True)



In [43]:

fig, ax = plt.subplots(2, 3)
fig.tight_layout()
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subplot2grid

In [44]:

fig = plt.figure()

axl = plt.subplot2grid((3,3), (0,0), colspan=3)
ax2 = plt.subplot2grid((3,3), (1,0), colspan=2)
ax3 = plt.subplot2grid((3,3), (1,2), rowspan=2)
ax4 = plt.subplot2grid((3,3), (2,0))

ax5 = plt.subplot2grid((3,3), (2,1))
fig.tight_layout()
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gridspec
In [45]:

import matplotlib.gridspec as gridspec



In [46]:

fig = plt.figure()
gs = gridspec.GridSpec(2, 3, height_ratios=[2,1], width_ratios=[1,2,1])
for g 1in gs:

ax = fig.add_subplot(g)

fig.tight_layout()
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In [47]:

fig, ax = plt.subplots()

ax.plot(xx, Xx**2, XX, XX**3)
fig.tight_layout()

# inset
inset_ax = fig.add_axes([0.2, 0.55, 0.35, 0.35]) # X, Y, width, height

inset_ax.plot(xx, Xx**2, XX, XX**3)
inset_ax.set_title('zoom near origin')

# set axis range
inset_ax.set_xlim(-.2, .2)
inset_ax.set_ylim(-.005, .01)

# set axis tick locations
inset_ax.set_yticks([0, 0.005, 0.01])
inset_ax.set_xticks([-0.1,0,.1]);
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http://www.scipy.org/Cookbook/Matplotlib/Show colormaps
(http://www.scipy.org/Cookbook/Matplotlib/Show_colormaps)

In [48]:

alpha = 0.7
phi_ext = 2 *x np.pi * 0.5

def flux_qubit_potential(phi_m, phi_p):
return 2 + alpha - 2 * np.cos(phi_p) * np.cos(phi_m) - alpha * np.cos(phi_ext - 2xphi
_p)

In [49]:

phi_m = np.linspace(0, 2*np.pi, 100)
phi_p np.linspace(0, 2xnp.pi, 100)
X,Y = np.meshgrid(phi_p, phi_m)

Z = flux_qubit_potential(X, Y).T



pcolor



In [50]:

help(plt.pcolor)






Help on function pcolor 1in module matplotlib.pyplot:

pcolor(*xargs, **kwargs)
Create a pseudocolor plot of a 2-D array.

note::

pcolor can be very slow for large arrays; consider
using the similar but much faster
:func: ~matplotlib.pyplot.pcolormesh” -dinstead.

Call signatures::

pcolor(C, *xkwargs)
pcolor (X, Y, C, xxkwargs)

*Cx is the array of color values.

*X*x and *Y*, if given, specify the (*xx, *y*) coordinates of
the colored quadrilaterals; the quadrilateral for C[i,j] has
corners at::

(X{i, 31, Y@i, 31,
(XCi,  j+i], Y[i,  j+11),
(XCi+1, jI,  Y[i+1, j1),
(X[i+1, j+1], Y[i+1, j+1]).

Ideally the dimensions of *X* and *Yx should be one greater
than those of *Cx; if the dimensions are the same, then the
last row and column of *Cx will be qgnored.

Note that the column 1index corresponds to the
*xx-coordinate, and the row index corresponds to xyx; for
details, see the :ref: Grid Orientation
<axes-pcolor-grid-orientation>" section below.

If either or both of *X*x and xYx are 1-D arrays or column vectors,
they will be expanded as needed into the appropriate 2-D arrays,
making a rectangular grid.

*X*, *Y* and *Cx may be masked arrays. If either C[i, j], or one
of the vertices surrounding C[i,j] (*X* or *xY* at [i, j], [i+1, j],
[i, j+1],[i+1, j+1]) is masked, nothing is plotted.

Keyword arguments:

*cmap*: [ *Nonex | Colormap ]
A :class: matplotlib.colors.Colormap” instance. If *Nonex, use
rc settings.

*norm*: [ *Nonex | Normalize ]
An :class: matplotlib.colors.Normalize  dinstance 1is used
to scale luminance data to 0,1. If x*Nonex, defaults to
:func: normalize’.

xvmink/*vmaxx: [ *Nonex | scalar ]
*vminx and *vmax* are used in conjunction with *normx to
normalize luminance data. If either 1is *Nonex, 1t
is autoscaled to the respective min or max
of the color array *Cx. If not *Nonex, xvmin* or
*vmaxx passed in here override any pre-existing values



supplied in the *normx -dinstance.

xshading*: [ 'flat' | 'faceted' ]
If 'faceted', a black grid is drawn around each rectangle; if
'flat', edges are not drawn. Default 1is 'flat', contrary to
MATLAB.

This kwarg is deprecated; please use 'edgecolors' qdinstead:
* shading='flat' -- edgecolors='none'
* shading="'faceted -- edgecolors="'k'

xedgecolorsx: [ *Nonex | ““'none' " | color | color sequence]
If x*xNone*, the rc setting is used by default.

If "“'none' ", edges will not be visible.
An mpl color or sequence of colors will set the edge color

*xalpha*x: "0 <= scalar <= 1" or *Nonex
the alpha blending value

*snap*: bool
Whether to snap the mesh to pixel boundaries.

Return value is a :class: matplotlib.collections.Collection’
instance.

_axes—-pcolor-grid-orientation:

The grid orientation follows the MATLAB convention: an

array *xCx with shape (*nrows*, *ncolumnsx*) is plotted with

the column number as *X* and the row number as xY*, dincreasing
up; hence it is plotted the way the array would be printed,
except that the *Y*x axis 1is reversed. That is, *Cx is taken
as *Cx(*xy*x, *xx*).

Similarly for :func: meshgrid  ::
X = np.arange(5)
y = np.arange(3)
X, Y = np.meshgrid(x, vy)

is equivalent to::

X = array([[0, 1, 2, 3, 4],
[07 l’ 27 3? 4])
(0, 1, 2, 3, 411)
Y = array([[0, 0, 0, 0, O],
[l’ 1’ l’ l’ 1]!
(2, 2, 2, 2, 211)

so if you have::
C = rand(len(x), len(y))
then you need to transpose C::
pcolor (X, Y, C.T)

or::



pcolor(C.T)

MATLAB :func: pcolor’ always discards the last row and column

of *Cx, but matplotlib displays the last row and column if *Xx and
*Y*x are not specified, or if *Xx and *Y* have one more row and
column than *Cx.

kwargs can be used to control the
:class: ~matplotlib.collections.PolyCollection’ properties:

agg_filter: unknown

alpha: float or None

animated: [True | False]

antialiased or antialiaseds: Boolean or sequence of booleans

array: unknown

axes: an :class: ~matplotlib.axes.Axes  -instance

clim: a length 2 sequence of floats

clip_box: a :class: matplotlib.transforms.Bbox ™ -instance

clip_on: [True | False]

clip_path: [ (:class: ~matplotlib.path.Path’, :class: ~matplotlib.tran

sforms.Transform™) | :class: ~matplotlib.patches.Patch® | None ]

tted'

cmap: a colormap or registered colormap name

color: matplotlib color arg or sequence of rgba tuples

contains: a callable function

edgecolor or edgecolors: matplotlib color spec or sequence of specs
facecolor or facecolors: matplotlib color spec or sequence of specs
figure: a :class: matplotlib.figure.Figure’ dinstance

gid: an 1id string

hatch: [ I/l | I\\l | l|| | " | l+l | IXI | IOI | |Ol | |.l | l*l ]
label: string or anything printable with '%s' conversion.

linestyle or dashes or linestyles: ['solid' | 'dashed', 'dashdot', 'do
| (offset, on-off-dash-seq) | " '='"" | " '==t"" | "0t ot

Nome'™™ | “ v ottt triit
linewidth or linewidths or lw: float or sequence of floats
norm: unknown

offset_position: unknown

offsets: float or sequence of floats

path_effects: unknown

picker: [None|float|boolean|callable]

pickradius: unknown

rasterized: [True | False | None]

sketch_params: unknown

snap: unknown

transform: :class: ~matplotlib.transforms.Transform® -{instance
url: a url string

urls: unknown

visible: [True | False]

zorder: any number

note::

The default *antialiaseds* is False 1if the default
*edgecolors*="none" is used. This eliminates artificial lines
at patch boundaries, and works regardless of the value of
alpha. If xedgecolorsx is not "none", then the default
xantialiasedsx is taken from

rcParams['patch.antialiased'], which defaults to *Truex.
Stroking the edges may be preferred if *alpha* dis 1, but

will cause artifacts otherwise.



. seealso::
:func: ~matplotlib.pyplot.pcolormesh’

For an explanation of the differences between
pcolor and pcolormesh.

In addition to the above described arguments, this function can take a
**xdata*x* keyword argument. If such a **data** argument is given, the
following arguments are replaced by xxdata[<arg>]x*x:

* All positional and all keyword arguments.

Additional kwargs: hold = [True|False] overrides default hold state

In [51]:

fig, ax = plt.subplots()

p = ax.pcolor(X/(2*np.pi), Y/(2*np.pi), Z, cmap=matplotlib.cm.RdBu, vmin=abs(Z).min(), vm
ax=abs(Z) .max())
cb = fig.colorbar(p, ax=ax)
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In [52]:

help(plt.imshow)






Help on function dimshow in module matplotlib.pyplot:

imshow (X, cmap=None, norm=None, aspect=None, interpolation=None, alpha=None,
vmin=None, vmax=None, origin=None, extent=None, shape=None, filternorm=1, f
ilterrad=4.0, imlim=None, resample=None, url=None, hold=None, data=None, **xk
wargs)
Display an image on the axes.

Parameters

X : array_like, shape (n, m) or (n, m, 3) or (n, m, 4)
Display the image in X' to current axes. "X may be a float
array, a uint8 array or a PIL image. If "X ' dis an array, it
can have the following shapes:

- MxN -- luminance (grayscale, float array only)
- MxNx3 -- RGB (float or uint8 array)
- MxNx4 -- RGBA (float or uint8 array)

The value for each component of MxNx3 and MxNx4 float arrays
should be in the range 0.0 to 1.0; MxN float arrays may be
normalised.

cmap : " ~matplotlib.colors.Colormap’, optional, default: None
If None, default to rc “image.cmap’ value. ‘cmap’ 1is ignored when

"X has RGB(A) +information

aspect : ['auto' | 'equal' | scalar], optional, default: None
If 'auto', changes the image aspect ratio to match that of the
axes.

If 'equal', and “extent’ 1is None, changes the axes aspect ratio to
match that of the image. If “extent’ 1is not “None', the axes
aspect ratio is changed to match that of the extent.

If None, default to rc " “image.aspect’ value.

interpolation : string, optional, default: None
Acceptable values are 'none', 'nearest', 'bilinear', 'bicubic',

'splinel6', 'spline36', 'hanning', 'hamming', 'hermite', 'kaiser',
'quadric', 'catrom', 'gaussian', 'bessel', 'mitchell', 'sinc',
'"lanczos'

If “dnterpolation’ 1is None, default to rc “dimage.interpolation’.
See also the "filternorm™ and "filterrad® parameters.

If “dnterpolation’ 1is 'none', then no interpolation is performed
on the Agg, ps and pdf backends. Other backends will fall back to
'nearest’'.

norm : ~~matplotlib.colors.Normalize , optional, default: None
A “~matplotlib.colors.Normalize  +instance is used to scale
luminance data to 0, 1. If 'None', use the default
func: normalize’. ‘norm’ 1is only used if X' 1is an array of
floats.

vmin, vmax : scalar, optional, default: None
‘vmin® and ‘vmax® are used in conjunction with norm to normalize
luminance data. Note if you pass a ‘norm’ qinstance, your
settings for “vmin® and “vmax® will be qignored.

alpha : scalar, optional, default: None



The alpha blending value, between 0 (transparent) and 1 (opaque)

origin : ['upper' | 'lower'], optional, default: None
Place the [0,0] index of the array 1in the upper left or lower left
corner of the axes. If None, default to rc “image.origin’.

extent : scalars (left, right, bottom, top), optional, default: None
The location, in data-coordinates, of the lower-left and
upper-right corners. If “None ', the image 1is positioned such that
the pixel centers fall on zero-based (row, column) -indices.

shape : scalars (columns, rows), optional, default: None
For raw buffer images

filternorm : scalar, optional, default: 1

A parameter for the antigrain image resize filter. From the
antigrain documentation, if “filternorm® = 1, the filter
normalizes integer values and corrects the rounding errors. It
doesn't do anything with the source floating point values, it
corrects only 1integers according to the rule of 1.0 which means
that any sum of pixel weights must be equal to 1.0. So, the
filter function must produce a graph of the proper shape.

filterrad : scalar, optional, default: 4.0
The filter radius for filters that have a radius parameter, i.e.
when interpolation is one of: 'sinc', 'lanczos' or 'blackman'

Returns

image : “~matplotlib.image.AxesImage’

Other parameters

kwargs : “~matplotlib.artist.Artist’ properties.

matshow : Plot a matrix or an array as an image.

Unless *extent* is used, pixel centers will be located at integer
coordinates. In other words: the origin will coincide with the center
of pixel (0, 0).

Examples

In addition to the above described arguments, this function can take a
**data*x* keyword argument. If such a **data** argument is given, the
following arguments are replaced by x*xdata[<arg>]**:

* A1l positional and all keyword arguments.



Additional kwargs: hold = [True|False] overrides default hold state

In [53]:

fig, ax = plt.subplots()
im = ax.imshow(Z, cmap=matplotlib.cm.RdBu, vmin=abs(Z).min(), vmax=abs(Z).max(), extent=
(0, 1, 0, 1])

im.set_interpolation('bilinear')

cb = fig.colorbar(im, ax=ax)
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In [54]:

help(plt.contour)






Help on function contour in module matplotlib.pyplot:

contour (*args, *xkwargs)
Plot contours.

:func: ~matplotlib.pyplot.contour’ and

:func: ~matplotlib.pyplot.contourf’ draw contour lines and
filled contours, respectively. Except as noted, function
signatures and return values are the same for both versions.
:func: ~matplotlib.pyplot.contourf’ differs from the MATLAB
version in that it does not draw the polygon edges.

To draw edges, add line contours with

calls to :func: ~matplotlib.pyplot.contour".

Call signatures::

contour(Z)

make a contour plot of an array *Zx. The level values are chosen
automatically.

contour(X,Y,Z)

*X*, xY* specify the (x, y) coordinates of the surface

contour (Z,N)
contour(X,Y,Z,N)

contour up to *Nx automatically-chosen levels.

contour(Z,V)
contour(X,Y,Z,V)

draw contour lines at the values specified in sequence *Vx,
which must be in increasing order.

contourf (..., V)

fill the "“len(V)-1"" regions between the values in *Vx,
which must be in dincreasing order.

contour(Z, *xkwargs)

Use keyword args to control colors, linewidth, origin, cmap ... see
below for more details.

*X* and *Y* must both be 2-D with the same shape as *Z*, or they
must both be 1-D such that ““len(X) ' 1ds the number of columns -1in
xZ* and " “len(Y)" " dis the number of rows in *Zx.



**C = contour(...) " returns a
:class: ~matplotlib.contour.QuadContourSet™ object.

Optional keyword arguments:

xcorner_maskx: [ *Truex | *Falsex | 'legacy' ]
Enable/disable corner masking, which only has an effect if *Zx is
a masked array. If *Falsex, any quad touching a masked point is
masked out. If *Truex, only the triangular corners of quads
nearest those points are always masked out, other triangular
corners comprising three unmasked points are contoured as usual.
If 'legacy', the old contouring algorithm is used, which is
equivalent to *False* and is deprecated, only remaining whilst the
new algorithm is tested fully.

If not specified, the default is taken from
rcParams['contour.corner_mask'], which is True unless it has
been modified.

*colors*: [ *Nonex | string | (mpl_colors) ]
If *None*, the colormap specified by cmap will be used.

If a string, like 'r' or 'red', all levels will be plotted 1in this
color.

If a tuple of matplotlib color args (string, float, rgb, etc),
different levels will be plotted in different colors in the order
specified.

*alphax: float
The alpha blending value

*cmap*: [ *Nonex | Colormap ]
A cm :class: ~matplotlib.colors.Colormap’ -dinstance or
*Nonex. If *cmapx is *Nonex and *colorsx is *Nonex, a
default Colormap is used.

*norm*: [ *Nonex | Normalize ]
A :class: matplotlib.colors.Normalize® instance for
scaling data values to colors. If xnormx is *Nonex* and
xcolors* is *Nonex, the default linear scaling 1is used.

*vmin*, *vmax*x: [ *Nonex | scalar ]
If not *Nonex, either or both of these values will be
supplied to the :class: matplotlib.colors.Normalize’
instance, overriding the default color scaling based on
*levelsx*.

*levels*: [level®, levell, ..., leveln]
A list of floating point numbers 1dindicating the level
curves to draw, in dincreasing order; e.g., to draw just
the zero contour pass " “levels=[0]""

*origin*x: [ *Nonex | 'upper' | 'lower' | 'image' ]
If *None*x, the first value of *Zx will correspond to the
lower left corner, location (0,0). If 'image', the rc
value for "“dimage.origin’ "~ will be used.

This keyword 1is not active if *Xx and *xY*x are specified 1in
the call to contour.



xextent*: [ x*Nonex | (x0,x1,y0,yl) ]

If xoriginx is not *Nonex*, then *extentx is interpreted as
in :func: matplotlib.pyplot.imshow : it gives the outer
pixel boundaries. In this case, the position of Z[0,0]

is the center of the pixel, not a corner. If *originx is
*Nonex, then (*x0%, *xy0x) is the position of Z[0,0], and
(*x1%, *ylx) s the position of Z[-1,-1].

This keyword dis not active if *X* and *Yx are specified 1in
the call to contour.

xlocator*: [ *Nonex | ticker.Locator subclass ]
If *locatorx is *Nonex, the default
:class: ~matplotlib.ticker.MaxNLocator  is used. The
locator 1is used to determine the contour levels if they
are not given explicitly via the *Vx argument.

xextend*: [ 'neither' | 'both' | 'min' | 'max' ]
Unless this 1is 'neither', contour levels are automatically
added to one or both ends of the range so that all data
are included. These added ranges are then mapped to the
special colormap values which default to the ends of the
colormap range, but can be set via
:meth: matplotlib.colors.Colormap.set_under® and
:meth: matplotlib.colors.Colormap.set_over®  methods.

*xunits*, xyunits*: [ *Nonex | registered units ]
Override axis units by specifying an instance of a
:class: ‘matplotlib.units.ConversionInterface .

*antialiased*: [ *Truex | *Falsex ]
enable antialiasing, overriding the defaults. For
filled contours, the default is *True*x. For line contours,
it is taken from rcParams['lines.antialiased'].

*nchunk*: [ 0 | integer ]
If 0, no subdivision of the domain. Specify a positive integer to
divide the domain into subdomains of xnchunkx by *nchunk* quads.
Chunking reduces the maximum length of polygons generated by the
contouring algorithm which reduces the rendering workload passed
on to the backend and also requires slightly less RAM. It can
however +introduce rendering artifacts at chunk boundaries depending
on the backend, the *antialiased* flag and value of *alphax.

contour-only keyword arguments:

*1linewidthsx: [ *Nonex | number | tuple of numbers ]
If *linewidths* is *Nonex, the default width in
“*lines.linewidth™ " in ~“matplotlibrc’® ds used.

If a number, all levels will be plotted with this linewidth.

If a tuple, different levels will be plotted with different
linewidths in the order specified.

*linestylesx: [ *Nonex | 'solid' | 'dashed' | 'dashdot' | 'dotted' ]
If xlinestyles* is *Nonex, the default is 'solid' unless
the lines are monochrome. 1In that case, negative
contours will take their linestyle from the "“matplotlibrc



*“contour.negative_linestyle " setting.
*linestyles* can also be an iterable of the above strings
specifying a set of linestyles to be used. If this
iterable 1is shorter than the number of contour levels
it will be repeated as necessary.

contourf-only keyword arguments:

*hatchesx*:

A list of cross hatch patterns to use on the filled areas.
If None, no hatching will be added to the contour.

Hatching is supported in the PostScript, PDF, SVG and Agg
backends only.

Note: contourf fills dintervals that are closed at the top; that
is, for boundaries *zlx and *z2%, the filled region qis::

z1l < z <= z2
There 1is one exception: if the lowest boundary coincides with
the minimum value of the *z*x array, then that minimum value
will be included in the lowest interval.
**Examples: **

plot:: mpl_examples/pylab_examples/contour_demo.py

plot:: mpl_examples/pylab_examples/contourf_demo.py

plot:: mpl_examples/pylab_examples/contour_corner_mask.py

Additional kwargs: hold = [True|False] overrides default hold state

In [55]:

fig, ax = plt.subplots()

cnt = ax.contour(Z, cmap=matplotlib.cm.RdBu, vmin=abs(Z).min(), vmax=abs(Z).max(),
extent=[0, 1, 0, 1])
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3D

In [56]:

from mpl_toolkits.mplot3d.axes3d {import Axes3D

Surface plot

In [57]:

fig = plt.figure(figsize=(14,6))

# ‘ax' 1s a 3D-aware axis instance because of the projection='3d' keyword argument to add
_subplot
ax = fig.add_subplot(1l, 2, 1, projection='3d'")

p = ax.plot_surface(X, Y, Z, rstride=4, cstride=4, linewidth=0)

# surface_plot with color grading and color bar

ax = fig.add_subplot(1, 2, 2, projection='3d')

p = ax.plot_surface(X, Y, Z, rstride=1, cstride=1, cmap=matplotlib.cm.coolwarm,
linewidth=0, antialiased=False)

cb = fig.colorbar(p, shrink=0.5)
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In [58]:
help(ax.plot_surface)

Help on method plot_surface in module mpl_toolkits.mplot3d.axes3d:

plot_surface(X, Y, Z, *args, xxkwargs) method of matplotlib.axes._subplots.A
xes3DSubplot instance
Create a surface plot.

By default it will be colored in shades of a solid color,
but it also supports color mapping by supplying the xcmapx
argument.

The “rstride’ and “cstride’ kwargs set the stride used to
sample the +input data to generate the graph. If 1k by 1k
arrays are passed in the default values for the strides will
result in a 100x100 grid being plotted.

*X*, *Y*, *xZ* Data values as 2D arrays

xrstridex Array row stride (step size), defaults to 10
xcstridex Array column stride (step size), defaults to 10
*colorx Color of the surface patches

*cmap* A colormap for the surface patches.

*facecolorsx Face colors for the dindividual patches

*Nnormx* An 1instance of Normalize to map values to colors
*vminxk Minimum value to map

*Vmaxx* Maximum value to map

*shadex Whether to shade the facecolors

Other arguments are passed on to
:class: ~mpl_toolkits.mplot3d.art3d.Poly3DCollection’

Wire-frame plot



In [59]:
fig = plt.figure(figsize=(8,6))

ax = fig.add_subplot(1, 1, 1, projection='3d'")

p = ax.plot_wireframe(X, Y, Z, rstride=4, cstride=4)
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In [60]:
fig = plt.figure(figsize=(8,6))
ax = fig.add_subplot(1,1,1, projection='3d'")

ax.plot_surface(X, Y, Z, rstride=4, cstride=4, alpha=0.25)

cset = ax.contour(X, Y, Z, zdir='z', offset=-np.pi, cmap=matplotlib.cm.coolwarm)
cset = ax.contour(X, Y, Z, zdir='x', offset=-np.pi, cmap=matplotlib.cm.coolwarm)
cset = ax.contour(X, Y, Z, zdir='y', offset=3*np.pi, cmap=matplotlib.cm.coolwarm)

ax.set_x1im3d(-np.pi, 2*np.pi);
ax.set_ylim3d (0, 3*np.pi);
ax.set_zlim3d(-np.pi, 2*np.pi);
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In [61]:
fig = plt.figure(figsize=(12,6))
ax = fig.add_subplot(1,2,1, projection='3d'")

ax.plot_surface(X, Y, Z, rstride=4, cstride=4, alpha=0.25)
ax.view_init (30, 45)

ax = fig.add_subplot(1,2,2, projection='3d')
ax.plot_surface(X, Y, Z, rstride=4, cstride=4, alpha=0.25)

ax.view_init (70, 30)

fig.tight_layout()
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RRZZT IR

EESE

« ¥HFEIEHE (http:/matplotlib.org/users/beginner.html)

o EZ35E (http://matplotlib.org/users/developer.html)




In [6]:

%matplotlib inline
import numpy as np

import matplotlib
import matplotlib.pyplot as plt

In [7]:

X
y

np.linspace(0, 5, 10)
X *x 2

fig = plt.figure()

axes = fig.add_axes([0.1, 0.1, 0.8, 0.8]) # left, bottom, width, height (range 0 to 1)

axes

axes
axes
axes

.plot(x, vy,

lrl)

.set_xlabel('x")
.set_ylabel('y")
.set_title('title');

- . . title

201

15

10

In [8]:
print(plt.style.available)

['seaborn-deep', 'seaborn-whitegrid', 'grayscale', 'seaborn-notebook', 'five
thirtyeight', 'seaborn-darkgrid', 'seaborn-white', 'seaborn-dark-palette',

'seaborn-pastel', 'seaborn-poster', 'classic', 'bmh', 'seaborn-dark', 'seab
orn-paper', 'seaborn-talk', 'seaborn-ticks', 'seaborn-colorblind', 'seaborn-
bright', 'dark_background', 'seaborn-muted', 'ggplot']



In [13]:

plt.style.use('seaborn-paper')

np.linspace(0, 5, 10)
= X *xx 2

< X
I}

fig = plt.figure()

axes = fig.add_axes([0.1, 0.1, 0.8, 0.8]) # left, bottom, width, height (range 0 to 1)
axes.plot(x, y, 'r'")

axes.set_xlabel('x")

axes.set_ylabel('y"')
axes.set_title('title');

ftle

B



In [1]:

%matplotlib inline

import pandas as pd
import numpy as np

import matplotlib.pyplot as plt

In [2]:

Python for Astronomy

Pandas

(REZEE

FEAFEERALSE FEHEMRKLE (China-vo)

China-»

data = pd.read_table('data/drl.sample', delimiter="',")

In [3]:

data.head()

Out[3]:

ra

dec

mag2

332.202274

-2.056767

17.12

332.471576

-2.085015

18.10

332.368745

-1.955771

16.64

332.206665

-1.868653

17.19

332.348725

-2.136096

16.21




In [4]:

data.ra



out[4]:



O o ~NOUhd WNEO

NNNNNNNNNNRRRRBRRRBRBRBR B
WO NN WNRER®OO®ONOUDMWNRO

969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998

332.
332.
332.
332.
332.
332.
332.
332.
332.
332.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.
331.

333.
333.
333.
333.
333.
333.
333.
333.
333.
333.
333.
333.
333.
332.
333.
332.
332.
333.
332.
333.
332.
332.
333.
332.
332.
332.
332.
332.
333.
333.

202274
471576
368745
206665
348725
444417
222379
351381
506374
244417
551234
768314
621652
772340
656890
753596
721996
645975
777682
755536
573480
829413
568160
854516
812125
730088
789860
764592
672794
698572
422293
780378
612375
578496
416844
516416
360288
105776
337832
367444
250518
140347
132170
824680
047730
794817
925200
022310
929870
052310
842742
937900
088170
975800
964376
904375
857210
891050
020110
113113



Name: ra, dtype: float64

In [5]:

from astropy import units as u

from astropy.coordinates import Angle

fig = plt.figure()

axes = fig.add_axes([0.1, 0.1, 0.8, 0.8]) # left, bottom, width, height (range 0 to 1)
axes.scatter(data['ra'], data['dec'], s = data['mag2'])

xticks = axes.get_xticks()
yticks = axes.get_yticks()

xt = ["$%.1f {\circ}s$"%n for n in xticks.tolist()]
yt = ["$%.1f {\circ}$"%n for n in yticks.tolist()]
xt,yt

axes.set_xticklabels(xt)
axes.set_yticklabels(yt)

Out[5]:

[<matplotlib.text.Text at 0x10d447198>,
<matplotlib.text.Text at 0x10d44bc50>,
<matplotlib.text.Text at 0x10d472a20>,
<matplotlib.text.Text at 0x10d455048>,
<matplotlib.text.Text at 0x10d4474a8>,
<matplotlib.text.Text at 0x10d43dccO>,
<matplotlib.text.Text at 0x10d4ac748>,
<matplotlib.text.Text at 0x10d4b20f0>,
<matplotlib.text.Text at 0x10d4b2b00o>]

20F

=2

320.0 330.0 3310 32,0 333.0 334.0 335.0

In [ ]:



AstroML Sample (http://www.astroml.org/sklearn tutorial/auto examples/plot sdss images.html)

In [2]:

%matplotlib inline



In [3]:




import os
from urllib.request +import urlopen

import pylab as pl
from matplotlib import image

def _fetch(outfile, RA, DEC, scale=0.2, width=400, height=400):

"mMfFetch the image at the given RA, DEC from the SDSS server'"""

url = ("http://casjobs.sdss.org/ImgCutoutDR7/"
"getjpeg.aspx?ra=%.8f&dec=%.8f&scale=%.2f&width=%i&height=%i"
% (RA, DEC, scale, width, height))

print("downloading %s" % url)

print(" -> %s" % outfile)

fhandle = urlopen(url)

open(outfile, 'wb').write(fhandle.read())

def fetch_image(object_type):
"""Return the data array for the image of object type'""
if not os.path.exists('downloads'):
os.makedirs('downloads"')

filename = os.path.join('downloads', '%s_image.jpg' % object_type)
if not os.path.exists(filename):

RA = 1dimage_locations[object_type]['RA']

DEC = image_locations[object_type]['DEC']

_fetch(filename, RA, DEC)

return image.imread(filename)

image_locations = dict(star=dict(RA=180.63040108,
DEC=64.96767375),
galaxy=dict(RA=197.51943983,
DEC=0.94881436),
quasar=dict(RA=226.18451462,
DEC=4.07456639))

# Plot the images
fig = pl.figure(figsize=(9, 3))

# Check that PIL is installed for jpg support
if 'jpg' not 1in fig.canvas.get_supported_filetypes():
raise ValueError ("PIL required to load SDSS jpeg images")

object_types = ['star', 'galaxy', 'quasar']

for i, object_type in enumerate(object_types):

ax = pl.subplot(131 + 1, xticks=[], yticks=[])

I = fetch_image(object_type)

ax.imshow(I)

if object_type != 'galaxy':

pl.arrow(0.65, 0.65, -0.1, -0.1, width=0.005, head_width=0.03,

length_includes_head=True,
color='w', transform=ax.transAxes)

pl.text(0.99, 0.01, object_type, fontsize='large', color='w', ha='right',

transform=ax.transAxes)

pl.subplots_adjust(bottom=0.04, top=0.94, left=0.02, right=0.98, wspace=0.04)



pl.show()




In [2]:

import numpy as np

Python for Astronomy

AstroPy

7T 5h 72
FPEAZREERALSE FEHEMEXLSE (China-Vvo)

China-\/»

AstroPy I B

BHEXSE ML, Astropy Projectfll astropy &, BIZE— 1MNEAKITY, BEENFERTENZORE
o

Astropy Project FH astropyiZ U8 B EHK -

Astropy ProjectTl H H2011FF &R, B3 7T ZMERIMREMNNZEE, HAUFELXMNIERIET,
HEIBNSEFRAE v1.2 - T1H MY http://www.astropy.org (http://www.astropy.org)

AstroPy #Zi0»

AstroPy /OB H—RIIMEMA AR, LR OBBEMEEE. XHSEIEIORMN. RXHEST A
ERHEFARERRS.

B HIRER S EIE

o RMNEH astropy.constants

o BI5#&E astropy.units

o NZEEHHFEE astropy.nddata

o KIERIE astropy.table

o BEI5HH astropy.time

o KXHMFRAESB astropy.coordinates

o HRBFRRS astropy.wcs

o REGHE astropy.modeling

o HIBRHDWTERF astropy.analytic_functions



XH5#HiE 1/0
« BRAXHESREO
o FITS SUH#R1E astropy.io.fits
o ASCII RIEIRIE astropy.io.ascii

» VOTable SXfF##E astropy.io.votable
e 1/O ZXIR astropy.io.misc

RXItESIA

o« HF5IERK astropy.convolution

o FEIETIMM{L astropy.visualization
o FHZEITHE astropy.cosmology

o KXHITHF T A astropy.stats

e EWAXEIEIA astropy.vo

REFLEERRK

e MEBRS astropy.config

o /Ot astropy.io.registry

- HERS

o Python &£ %%

o AstroPy #Z OB ITEEE astropy.utils

o AstroPy MiXBNF astropy.tests.helper

AstroPy &€&

AstroPyFk R 2168 fE AstroPyF & BRIEMZEOFREISEN —RIINES XLBELEEE —EM LMK
H8,10F L2 AstroPy Eft EFIAAH RN EE, EEEARSETFER. £
http://www.astropy.org/affiliated/ (http://www.astropy.org/affiliated/) AT E FA BN EEEZR.

In [9]:

import astropy



RXEH

AstroPy KX EHE: astropy.constants .

EHIESE
& & B $# ik
G 6.67384 x 1071 | mikg~'s72 | EHEH
L_sun 3.846 x 10%° w KPHHE
M_earth 5.9742 x 10%* kg HER [
M_jup 1.8987 x 10%7 kg KEFE
M_sun 1.9891 x 10*° kg XRAFEE
N_A 602214129 mol™ |tk s
x 10
R 8.3144621 JK Ymol™" | Stz
R_earth 6378136 m HhEK 7B F1F
R_jup 71492000 m KETREFE
R_sun 695508000 m K BHTRE
Ryd 10973731.6 m™! E{Z(7% % Rydberg constant
ao 5'291711721 I m ﬂ%’fj_\':/:/f_% Bohr radius
x 10~
alpha 0.00729735257 fE LA 1 55 2
atmosphere | 101325 Pa XEE
N 1.495“97871 " .
x 10
b_wien 0.0028977721 mK BRBEESY
c 299792458 ms~ | EEHE
. 1.602_1]97657 c —
x 10
epso 8'854_-1128782 Fm™! TrEEH
x 10
g0 9.80665 ms™2 | EEAMEE
: 06260657 | | e
x 10
bar LOSASTIT3 Js | swsemmns
x 10
k_B 1'38(12?88 JK=' | BR#SEH
x 10
3.08567758
kpc % 109 m TFRZERE




1 2901
m_e ? 09_3;? ? kg HFIRE
x 10
1.67492735 -
m_n y 10_27 kg HFinE
1.67262178 =
m_p x 10_27 kg FiFlaE
muo 125663706 NA™ | merss
X 10
muB 9'274_-2?968 JT-1 IR F
x 10
o 3.085157758 m P
x 10
sigma_T 6'652_4;2873 m? S B ST #L E
X 10
sigma_sb  |5.670373 x 1078 | WK™*m™2 | #r&% - BAR#ZEEHK
1.66053892 o s
u y 10_27 kg IRFlREE

R EAfE

In [5]:

from astropy.constants import M_earth, M_sun, R_earth, R_sun

In [6]:
M_sun / M_earth
Oout[6]:

332948.34

In [7]:
R_sun / R_earth
Out[7]:

109.04565

In [8]:
print(M_earth)

Name = Earth mass
Value = 5.9742e+24
Uncertainty = 5e+19
Unit = kg

Reference = Allen's Astrophysical Quantities 4th Ed.




In [10]:
print(M_earth.cgs) # cgs#=
# X F'Quantity ' J§#& astropy.units' 4%, ‘constants' #FE unit' &, TIXHF—EKIGIHF LI,

5.9742e+27 g

Unit
AstroPy Unit : astropy.units o
astropy.units EXYEEMBEN, HAISTIEERN—LE4, b ks 2 cgs TS

e astropy.units.si Sl Unit

e astropy.units.cgs CGS Unit

e astropy.units.astrophys R{RIIEFEKENL

e astropy.units.function.units

e astropy.units.imperial

e astropy.units.cds CDS format unit

e astropy.units.equivalencies —ZHIRERNRIXEM AT

In [10]:

from astropy import units as u

Quantity

In [18]:

k = 100 * u.AU
type (k)
Out[18]:

astropy.units.quantity.Quantity

In [19]:
k.value, k.unit
Out[1l9]:

(100.0, Unit("AU"))

In [24]:
# RLEHA
k.to(u.km)
out[24]:

1.4959787 x 10'° km



In [20]:
15.1 * u.meter / (32.0 * u.second)
Out[20]:

0.471875

In [21]:
3.0 x u.kilometer / (130.51 x* u.meter / u.second)

Out[21]:

0.022986744 km

S
m
In [22]:
(3.0 * u.kilometer / (130.51 * u.meter / u.second)).decompose()
Out[22]:

22.986744 s

In [25]:
# O RX Pz, BT

from astropy.units {import -imperial

cms u.cm / u.s

mph imperial.mile / u.hour

q = 42.0 * cms

q.to(mph)
Out[25]:

0.93951324 %

In [26]:
# PHEN
(u.s *x -1).compose()
Out[26]:

[Unit("Bqg"), Unit("Hz"), Unit("2.7027e-11 Ci")]

In [29]:
# SI , CGS
k.si, k.cgs
Oout[29]:

(<Quantity 14959787070000.0 m>, <Quantity 1495978707000000.0 cm>)



In [30]:

# RXFEFHrA

(1000 * u.nm).to(u.Hz)

UnitConversionError Traceback (most recent call last)
<ipython-input-30-65e17937747d> in <module> ()

1 # RLFEFHAKX

2
---=-> 3 (1000 * u.nm).to(u.Hz)

/usr/local/lib/python3.5/site-packages/astropy/units/quantity.py in to(self,
unit, equivalencies)

651 unit = Unit(unit)

652 new_val = self.unit.to(unit, self.view(np.ndarray),
--> 653 equivalencies=equivalencies)

654 return self._new_view(new_val, unit)

655

/usr/local/1lib/python3.5/site-packages/astropy/units/core.py in to(self, oth
er, value, equivalencies)

987 If units are inconsistent

988 nmmoan
--> 989 return self._get_converter(other, equivalencies=equivalencie
s) (value)

9290

9291 def in_units(self, other, value=1.0, equivalencies=[]):

/usr/local/lib/python3.5/site-packages/astropy/units/core.py in _get_convert
er (self, other, equivalencies)

889 pass
890
--> 891 raise exc
892
893 @deprecated('1.0")

/usr/local/lib/python3.5/site-packages/astropy/units/core.py in _get_convert
er (self, other, equivalencies)

875 try:

876 return self._apply_equivalencies(
--> 877 self, other, self._normalize_equivalencies(equivalen
cies))

878 except UnitsError as exc:

879 # Last hope: maybe other knows how to do 1it?

/usr/local/lib/python3.5/site-packages/astropy/units/core.py in _apply_equiv
alencies(self, unit, other, equivalencies)

859 raise UnitConversionError (

860 "{0} and {1} are not convertible".format(
--> 861 unit_str, other_str))

862

863 def _get_converter(self, other, equivalencies=[]):

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



In [31]:
(1000 * u.nm).to(u.Hz, equivalencies=u.spectral())

Out[31]:

2.9979246 x 10'* Hz

In [32]:
# A
q = 15.1 * u.meter / (32.0 * u.second)

"{e.value:0.03f} {0.unit:FITS}".format(q)
Out[32]:

'0.472 m s-1'

N-dimensional datasets (astropy.nddata)]

5 numpy B ndarray £, ENEM—MINRAXZENZNEREHE,



In [3]

from astropy.nddata +import NDData

np.zeros((12, 12, 12))

array

NDData(array)

nddl

nddl

Out[3]

[ Ry -

NDData([[

0.11,

b

0.

(L o.,

[ o.,

[[ 0.,

[ o.,

~

—
~ o
Lo B e B |
o O o
o O o
o O o
o © o
o O o
o O o



In [5]:
nddl.meta

Out[5]:

OrderedDict()

In [6]:

nddl.unit

In [7]:

nddl.uncertainty

In [8]:

nddl.wcs

In [11]:

ndd = NDData([1l, 2, 3, 4], unit="meter")
ndd.unit

out[1l1]:

m
In [12]:
ndd.meta[ 'exposure_time'] = 340.

ndd.meta
Out[l2]:

OrderedDict([('exposure_time', 340.0)])

Time

from astropy.time dimport Time

In [13]:

from astropy.time import Time

In [14]:

times = ['2016-01-01T00:00:00.123456789"',

'2015-01-01T00:00:00"']

t = Time(times, format='disot', scale='utc')

t

Out[1l4]:

<Time object: scale='utc' format='disot' value=['2016-01-01T00:00:00.123"

15-01-01T00:00:00.000"']>

'20



Format

Format Class E
bvear TimeBesselianEpoch 1
y (../api/astropy.time.TimeBesselianEpoch.html#astropy.time. TimeBesselianEpoch)
TimeBesselianEpochString .
byear_str . . . . . . . . . |
(../api/astropy.time.TimeBesselianEpochString.html#astropy.time.TimeBesselianEpochString)
cxcsec TimeCxcSec (../api/astropy.time.TimeCxcSec.html#astropy.time.TimeCxcSec) €
datetime TimeDatetime (../api/astropy.time.TimeDatetime.html#astropy.time.TimeDatetime) :
. TimeDecimalYear
decimalyear i ] ) , ) ) ) z
(../api/astropy.time.TimeDecimalYear.html#astropy.time.TimeDecimalYear)
fits TimeFITS (../api/astropy.time.TimeFITS.html#astropy.time.TimeFITS) C
gps TimeGPS (../api/astropy.time.TimeGPS.html#astropy.time.TimeGPS) €
iSO TimeISO (../api/astropy.time.TimelSO.html#astropy.time.TimelSO) C
isot TimeISOT (../api/astropy.time.TimelSOT.html#astropy.time.TimelSOT) C
jd TimeJD (../api/astropy.time.TimedJD.html#astropy.time.TimeJD) z
ear TimeJulianEpoch -
V4
W (../api/astropy.time.TimedulianEpoch.html#astropy.time.TimeJulianEpoch)
, TimeJulianEpochString .
jyear_str ] ] ] ) ) . . ) ) .
(../api/astropy.time.TimedJulianEpochString.html#astropy.time.TimeJulianEpochString)
mjd TimeMJD (../api/astropy.time.TimeMJD.html#astropy.time.TimeMJD) £
plot_date TimePlotDate (../api/astropy.time.TimePlotDate.html#astropy.time.TimePlotDate) 7
unix TimeUnix (../api/astropy.time.TimeUnix.html#astropy.time.TimeUnix) ¢
da TimeYearDayTime .
V4
yaay (../api/astropy.time.TimeYearDayTime.html#astropy.time.TimeYearDayTime)
In [18]:

from datetime +import datetime

time2 =

t =

datetime.now()

Time(time2, format='datetime', scale='utc')



In [19]:

t

Out[1l9]:

<Time object: scale='utc' format='datetime' value=2016-06-28 06:55:07.811364
>

In [27]:

t = Time.now()

t

out[27]:

<Time object: scale='utc' format='datetime' value=2016-06-27 23:00:00.794208
>

In [20]:

t.iso

out[20]:

'2016-06-28 06:55:07.811"'

In [21]:
t.jd
Out[21]:

2457567.7882848536

In [22]:
t.mjd
Oout[22]:

57567.28828485375

In [23]:
t.yday
out[23]:

'2016:180:06:55:07.811"'

In [24]:
t.byear
out[24]:

2016.4911253597104



In [25]:
t.format
Out[25]:

'datetime'

In [26]:

t.format = 'mjd'
t

out[26]:

<Time object: scale='utc' format='mjd' value=57567.28828485375>

Time Scale (Time standard)

Scale

Description

tai

International Atomic Time (TAI)

tcb

Barycentric Coordinate Time (TCB)

tcg

Geocentric Coordinate Time (TCG)

tdb

Barycentric Dynamical Time (TDB)

tt

Terrestrial Time (TT)

ut1

Universal Time (UT1)

utc

Coordinated Universal Time (UTC)

o Jeaunp{orcfen{iaJen{ T Je{mrm){ron
4

sidereal
time delta utl utc

T

TCG delta tdb tt

TCB



In [1]:

import pandas as pd

YRS

In [2]:

data = pd.read_csv('data/sample.txt', sep="']|")

In [3]:

data

Oout[3]:

obsid |[designation |[obsdate |[Imjd |planid |spid |fiberid |ra dec s

J220848.54- [2011-

0101001 020324.3 10-24 55859 | F5902 |1 1 332.202274 (-2.056767 (2.
J220953.17- [2011-

1(101002 020506.0 10-24 55859 |F5902 |1 2 332.471576 [-2.085015 | 2.
J220928.49- [2011-

21101008 015720.7 10-24 55859 [ F5902 |1 8 332.368745 [-1.955771 (1.
J220849.59- [2011-

3101009 015207 1 10-24 55859 [F5902 |1 9 332.206665 |-1.868653 | 1.
J220923.69- [2011-

41101016 020809.9 10-24 55859 |F5902 |1 16 332.348725 [-2.136096 | 2.
J220946.66- [2011-

51101017 015526.5 10-24 55859 |F5902 |1 17 332.444417 (-1.924046 (2.
J220853.37- [2011-

61101020 015915.4 10-24 55859 [ F5902 |1 20 332.222379 (-1.987626 | 2.
J220924.33- [2011-

71101021 F5902 |1 21 2.351381 [ -1. .

010 014833.5 10-24 55859 | F590 332.35138 809333 |6

J221001.52- [2011-

81101023 020100.8 10-24 55859 |F5902 |1 23 332.506374 (-2.016900 | 2.

9 rows x 32 columns

In [ ]:

data['obsid']

In [ ]:

data['designation']



In [4]:
data['obsdate']
Out[4]:

2011-10-24
2011-10-24
2011-10-24
2011-10-24
2011-10-24
2011-10-24
2011-10-24
2011-10-24
2011-10-24
Name: obsdate, dtype: object

0 ~NoO U WNREO

In [5]:

import numpy as np
from astropy.table import Table

a = [1, 4, 5]

b = [2.0, 5.0, 8.2]

c = [IX|’ lyl’ 'Z']

t = Table([a, b, c], names=('a', 'b', 'c'), meta={'name': 'first table'})
t

out[5]:

<Table length=3>

a b c
int64 float64 str1
1 2.0 X
4 5.0 y

5 8.2 z



In [2]:

data_rows = [(1, 2.0, 'x'),
(4’ 5'0’ 'y')’
(5, 8.2, 'z")]

t = Table(rows=data_rows, names=('a',
dtype=('i4', 'f8', 'S1'))

t
Out[2]:

<Table length=3>

a b c

int32 | float64 | bytes1

1 2.0 X

4 |50 y

5 8.2 z

In [3]:
t['b'].unit = 's'
t

Out[3]:

<Table length=3>

a b c

S

int32 | float64 | bytes1

1 2.0 X

4 5.0 y

5 8.2 z

In [5]:

t['b'].format = '7.3f"'

lbl,

'c'),

meta={'name':

'first table'},



In [6]:
t
Out[6]:

<Table length=3>

a b c

S

int32 | float64 | bytes1

1 2.000 |[x

4 |5.000 |y

5 8.200 |z

In [7]:
t.colnames

Out([7]:

In [7]:
# frg il
t[0:2]['b"]
Out[7]:

<Column name='b' dtype="'float64' length=2>
2.0

5.0

In [10]:

from astropy.time import Time
from astropy.coordinates {import SkyCoord

tm = Time(['2000:002', '2002:345'])

sc = SkyCoord([10, 20], [-45, +40], unit='deg')
t = Table([tm, sc], names=['time', 'skycoord'])
t

Out[10]:

<Table length=2>

time skycoord
deg,deg
object object

2000:002:00:00:00.000 | 10.0,-45.0

2002:345:00:00:00.000 | 20.0,40.0




In [13]:

from astropy.table {import Table, Column

t = Table()

tl'a'] = [1, 4]

t['b'] = Column([2.0, 5.0], unit='cm', description='Velocity"')
tl'e'] = ['x', 'y']

t = Table(names=('a', 'b', 'c'), dtype=('f4', 'i4', 'S2"))
t.add_row((1, 2.0, 'x'))

t.add_row((4, 5.0, 'y'))

t

Out[1l3]:

<Table length=2>

a b c

float32 | int32 | bytes2

1.0 2 X

4.0 5 y

In [17]:

# Column

col = Column([1, 2], name='a') # shape=(2,)

col = Column([[1, 2], [3, 4]]1, name='a') # shape=(2, 2)
col = Column([1, 2], name='a', dtype=float)

col = Column(np.array([1l, 2]), name='a')

col = Column(['hello', 'world'], name='a')

In [19]:

t.columns # Dict of table columns (access by column name, index, or slice)
t.colnames # List of column names

t.meta # Dict of meta-data
len(t) # Number of table rows
out[19]:

3



In [ ]:

# access

t['a'] # Column 'a'

t['a'][1] # Row 1 of column 'a'

t[1] # Row obj for with row 1 values
t[1]['a"'] # Column 'a' of row 1

t[2:5] # Table object with rows 2:5

t[[1, 3, 4]] # Table object with rows 1, 3, 4 (copy)

t[np.array([1l, 3, 4])] # Table object with rows 1, 3, 4 (copy)

t[[1] # Same table definition but with no rows of data

t['a', 'c'] # Table with cols 'a', 'c' (copy)

dat = np.array(t) # Copy table data to numpy structured array object
t['a'].quantity # an astropy.units.Quantity for Column 'a'

t['a'].to('km') # an astropy.units.Quantity for Column 'a' in units of kilometers
t.columns[1] # Column 1 (which is the 'b' column)

t.columns[0:2] # New table with columns 0 and 1

In [ ]:
##

print(t) # Print formatted version of table to the screen
t.pprint() # Same as above

.pprint(show_unit=True) # Show column unit
.pprint(show_name=False) # Do not show column names
.pprint(max_lines=-1, max_width=-1) # Print full table no matter how long / wide it 1is

t + t

~+

.more() # Interactively scroll through table like Unix "more"

print(t['a']) # Formatted column values
t['a'].pprint() # Same as above, with same options as Table.pprint()
t['a'].more() # Interactively scroll through column

lines = t.pformat() # Formatted table as a list of lines (same options as pprint)
lines = t['a'].pformat() # Formatted column values as a list



In [23]:

t['b'].format = "%6.3f"
t['b'].unit = 'm sec”-1"
t

Oout[23]:

<Table length=3>

a b c

m sec”-1

int64 | float64 str1

1 2.000 X

4 |5.000 y

5 8.200 z

In [26]:
t.info('stats')

<Table length=3>

name mean std min max
a 3.33333333333 1.6996731712 1 5
b 5.06666666667 2.53157833947 2.0 8.2

I _ _ _ _

/Users/hebl/anaconda/lib/python3.5/site-packages/astropy/table/column.py:26
8: FutureWarning: elementwise comparison failed; returning scalar instead, b
ut in the future will perform elementwise comparison

return self.data.__eq__(other)

In [27]:
t['b'].info
out[27]:

name = b

dtype = floatée4
unit = m sec”-1
format = %6.3f
class = Column
n_bad = 0
length = 3



In [8]:

'head data/catalog

1 BD+44 4550 3 36042
00509.9+451345114.44-16.88 6.70 +0.07 +0.08
12-0.018 -018 195 4.2 21.6AC 3

2 BD-01 4525 6128569
00503.8-003011 98.33-61.14 6.29 +1.10 +1.02
45-0.060 +014V

3 33 PscBD-06 6357 2812857210021
00520.1-054227 93.75-65.93 4.61 +1.04 +0.89 +0.54
09+0.089 +.014-006SB10 < 17 2.5 0.0 3%

4 86 PegBD+12 5063 87 917012004
00542.0+132346106.19-47.98 5.51 +0.90
45-0.012 -002V?

5 BD+57 2865 123 21085
00616.0+582612117.03-03.92 5.96 +0.67 +0.20
63+0.030 +.047-012V 0.8 1.4 *

6 CD-4914337 142214963 W
00619.0-490430321.61-66.38 5.70 +0.52 +0.05
65-0.038 +.050+003SB 5.7 5.4 *

7 10 CasBD+63 2107 144 109782005
00626.5+641146118.06 1.75 5.59 -0.03 -0.19
08 0.000 -000V 153 *

8 BD+28 4704 166 73743
00636.8+290117111.26-32.83 6.13 +0.75 +0.33
80-0.182 +.067-008V 2.6 158.6AB 4%

9 CDh-23 4 2031660531003
00650.1-230627 52.21-79.14 6.18 +0.38 +0.05
00-0.045 +003V

10 BD-18 6428 256147090
00718.2-172311 74.36-75.90 6.19 +0.14 +0.10

18+0.036 -009V? 195

46

61

69

AlVn

gG9

Var?

000001.

235956.

000013.

KOIIIbCN-0.5

G5III

000033.

V640 Cas 000101.

G5V

G1IV

BOIIT

33

KoV

ATV

A6Vn

000108.

000114.

000125.

000143.

000211.

1+4440220
-0.0

2-0103300
+0.0

0-0616010
-0.0

8+1250230
+0.0

8+5752450
+0.2

4-4937510
+0.5

4+6338220
e+0.0

2+2828110
+0.3

0-2339470
+0.1

8-1756390
-0.0



In [31]:

##I0

bsc = Table.read("data/catalog",

readme="http://vizier.china-vo.org/ftp/cats/V/50/ReadMe",
format="ascii.cds")
bsc



Downloading http://vizier.china-vo.org/ftp/cats/V/50/ReadMe [Done]



out[31]:

<Table masked=True length=9110>

HR |Name (DM HD SAO FK5 |IRflag |r_IRflag | Multiple | ADS | ADScom
int64 (str10 |stri1 int64 |int64 |int64 |stri str1 str1 str5 [str2
1 |- |BP g 36042 |- |- |- - 46 |-
4550
2 - f;? 6 128569 |- |-- -- - —- |-
3 izc g??S';)G 28 128572 (1002 || - -- — |-
4 izg 556;12 87 |91701 |2004 |- |- - — |-
5 |- 2;6257 123 |21085 |- |- |- - 61 |-
6 - 25'4337 142 |214963 |- |-- -- W - |-
7 2)23 21[)0“;63 144 |10978 |2005 |-  |-- - -
8 |- 550228 166 |73743 |- |- |- - 69 |-
9 |- CD-234 |203  [166053 (1003 |-- - -- - |-
9101 |-- E:ég 225197 (147064 |-- |- - -- —- |-
9102 |-- (23;'8950 225200 (166031 |--  |-- - -- - |-
9103 |3 Cet 21[);1 225212 [ 147066 | 2001 || - -- —- |-
9104 |-- 1857;66 22521610956 |--  |-- - -- - |-
9105 |-- 553“;41 22521836037 |-- |l - -- 30 |--
9106 |-- (23;‘;;3 225233 (255629 |-- |- - -- - |-
9107 |-- 552;33 225239 (53622 |2002 |-- - - —- |-
9108 |-- ggggz 225253 255631 | 1001 |-- - -- - |-
BD+25



9109 |-- 5068 225276 | 73731 |-- I -- -- 42 |--
BD+60
9110 |-- 0667 225289 110962 |-- -- -- -- -- --

Format Read | Write |Auto-identify Deprecated
aastex Yes |Yes No Yes
ascii Yes |Yes No

ascii.aastex Yes |Yes No

ascii.basic Yes |Yes No

ascii.cds Yes |[No No
ascii.commented_header Yes |Yes No

ascii.daophot Yes |No No

ascii.ecsv Yes |Yes No

ascii.fixed_width Yes |Yes No
ascii.fixed_width_no_header Yes |Yes No
ascii.fixed_width_two_line Yes |Yes No

ascii.html Yes |Yes Yes

ascii.ipac Yes |Yes No

ascii.latex Yes |Yes Yes

ascii.no_header Yes |Yes No

ascii.rdb Yes |Yes Yes

ascii.sextractor Yes |No No

ascii.tab Yes |Yes No

ascii.csv Yes |Yes Yes

cds Yes |[No No Yes
daophot Yes |No No Yes
fits Yes |Yes Yes

hdf5 Yes |Yes Yes

html Yes |Yes No Yes
ipac Yes |Yes No Yes
latex Yes |Yes No Yes
rdb Yes |Yes No Yes
votable Yes |Yes Yes

In |

t = Table.read('aj285677t3_votable.xml"')

]:




In [ ]:




In [1]:
%matplotlib inline
import numpy as np
In [2]:

from astropy.coordinates -+import SkyCoord # High-level coordinates

from astropy.coordinates {import ICRS, Galactic, FK4, FK5 # Low-level frames
from astropy.coordinates import Angle, Latitude, Longitude # Angles

import astropy.units as u

Bk

SkyCoord (COORD, [FRAME | frame=FRAME], [unit=UNIT], keyword_args ...)
SkyCoord (LON, LAT, [DISTANCE], [FRAME | frame=FRAME], [unit=UNIT], keyword_args
SkyCoord ([FRAME | frame=FRAME], <lon_name>=LON, <lat_name>=LAT, [unit=UNIT],

keyword_args ...)

In [4]:

cl = SkyCoord(10, 20, unit='deg')
cl

out[4]:

<SkyCoord (ICRS): (ra, dec) in deg
(10.0, 20.0)>

In [5]:

coords = ["1:12:43.2 +1:12:43", "1 12 43.2 +1 12 43"]

c2 = SkyCoord(coords, frame=FK4, unit=(u.hourangle, u.deg), obstime="3J1992.21")
c2

out[5]:

<SkyCoord (FK4: equinox=B1950.000, obstime=J1992.210): (ra, dec) 1in deg
[(18.18, 1.21194444), (18.18, 1.21194444)]>

In [6]:

c3 = SkyCoord("1h12m43.2s", "+1d12m43s", frame=Galactic)
c3

Out[6]:

<SkyCoord (Galactic): (1, b) 1in deg
(18.18, 1.21194444)>



In [8]:

c3 = SkyCoord("1h12m43.2s +1d12m43s", frame=Galactic)
c3

out[8]:

<SkyCoord (Galactic): (1, b) 1in deg
(18.18, 1.21194444)>

In [9]:

c4 = SkyCoord("15h17+89d15")
c4

Oout[9]:

<SkyCoord (ICRS): (ra, dec) in deg
(229.25, 89.25)>

In [16]:

c5 = SkyCoord("J080000.00-050036.00", unit=(u.hour, u.deg))

In [17]:
cl,c2,c3,c4,c5
Out[1l7]:

(<SkyCoord (ICRS): (ra, dec) 1in deg
(10.0, 20.0)>,
<SkyCoord (FK4: equinox=B1950.000, obstime=J1992.210): (ra, dec) in deg
[(18.18, 1.21194444), (18.18, 1.21194444)]>,
<SkyCoord (Galactic): (1, b) 1in deg
(18.18, 1.21194444)>,
<SkyCoord (ICRS): (ra, dec) in deg
(229.25, 89.25)>,
<SkyCoord (ICRS): (ra, dec) 1in deg
(120.0, -5.01)>)

In [18]:

cl.data

out[18]:

<UnitSphericalRepresentation (lon, lat) in deg
(10.0, 20.0)>

In [20]:

cl.ra, cl.dec

Out[20]:

(<Longitude 10.0 deg>, <Latitude 20.0 deg>)



In [21]:

cl.distance(c2)

TypeError Traceback (most recent call last)
<ipython-input-21-1903a29c48c4> 1in <module> ()
----> 1 cl.distance(c2)

TypeError: 'Quantity' object is not callable

In [24]:
c2.obstime
Out[24]:

<Time object: scale='utc' format='jyear_str' value=J1992.210>

In [25]:
cl.distance
Oout[25]:

1

In [26]:
c4.spherical
Oout[26]:
<SphericalRepresentation (lon, lat, distance) in (deg, deg, )
(229.25, 89.25, 1.0)>
In [27]:
c2.to_string
Out[27]:
<bound method SkyCoord.to_string of <SkyCoord (FK4: equinox=B1950.000, obsti
me=J1992.210): (ra, dec) 1in deg
[(18.18, 1.21194444), (18.18, 1.21194444)]>>
In [28]:
c2.frame
Oout[28]:
<FK4 Coordinate (equinox=B1950.000, obstime=J1992.210): (ra, dec) in deg
[(18.18, 1.21194444), (18.18, 1.21194444)]>
In [29]:
c2.frame.data
out[29]:

<UnitSphericalRepresentation (lon, lat) in (hourangle, deg)
[(1.212, 1.21194444), (1.212, 1.21194444)]>



In [30]:

# Transform

from astropy.coordinates {import FK5

In [31]:

cl.galactic

Out[31]:

<SkyCoord (Galactic): (1, b) 1in deg
(119.26936774, -42.79039286)>

In [32]:

cl

out[32]:

<SkyCoord (ICRS): (ra, dec) in deg
(10.0, 20.0)>

In [33]:

cl.transform_to('fk5'")

Out[33]:

<SkyCoord (FK5: equinox=J2000.000): (ra, dec) in deg
(10.0000085, 20.00000153)>

In [34]:

cl.transform_to(FK5(equinox='J1975"))

Oout[34]:

<SkyCoord (FK5: equinox=J1975.000): (ra, dec) 1in deg
(9.67112136, 19.86286033)>

In [35]:

#OALIRR G

c = SkyCoord(x=1, y=2, z=3, unit='kpc', representation='cartesian')

In [36]:

c

Out[36]:

<SkyCoord (ICRS): (x, y, z) in kpc
(1.0, 2.0, 3.0)>

In [37]:

c.representation = 'cylindrical'



In [38]:

c

Out[38]:

<SkyCoord (ICRS): (rho, phi, z) in (kpc,
(2.23606798, 63.43494882, 3.0)>

In [40]:

c.info

Oout[40]:

dtype = object
unit = kpc,deg,kpc
class = SkyCoord
n_bad = 0

In [41]:

c.representation = 'spherical'

In [42]:
C

out[42]:

<SkyCoord (ICRS): (ra, dec, distance) in (deg, deg, kpc)

deg, kpc)

(63.43494882, 53.3007748, 3.74165739)>

In [43]:

c.representation = 'unitspherical'

In [44]:
c
Out[44]:

<SkyCoord (ICRS): (ra, dec) in deg
(63.43494882, 53.3007748)>



In [48]:

import matplotlib.pyplot as plt

ra = np.random.rand(100)*360.0 * u.degree
dec = (np.random.rand(100)*180.0-90.0) * u.degree

c = SkyCoord(ra=ra, dec=dec, frame='-dcrs')

ra_rad = c.ra.wrap_at(180 * u.deg).radian
dec_rad = c.dec.radian

fig = plt.figure(figsize=(8,4.2))

ax = plt.subplot(11l, projection="aitoff")
ax.set_title("Aitoff projection of our random data")
ax.grid(True)

ax.plot(ra_rad, dec_rad, 'o', markersize=2, alpha=0.3)
fig.subplots_adjust(top=0.95,bottom=0.0)

Ajtoffsprojection of our random data

150° 120° 90°  60° - ¢ . 300 e %00 120°

75¢

In [ ]:

150*



In [1]:

import numpy as np
from astropy.vo.client import conesearch
conesearch.list_catalogs()

Out[l]:

['2MASS All-Sky Point Source Catalog 1',
'Guide Star Catalog v2 1',

'SDSS DR7 - Sloan Digital Sky Survey Data Release 7 1',
'SDSS DR7 - Sloan Digital Sky Survey Data Release 7 2',
'SDSS DR7 - Sloan Digital Sky Survey Data Release 7 3',
'SDSS DR7 - Sloan Digital Sky Survey Data Release 7 4',
'SDSS DR8 - Sloan Digital Sky Survey Data Release 8 1',
'SDSS DR8 - Sloan Digital Sky Survey Data Release 8 2',

'The HST Guide Star Catalog, Version 1.1 (Lasker+ 1992) 1',

'The HST Guide Star Catalog, Version 1.2 (Lasker+ 1996) 1',

'The HST Guide Star Catalog, Version GSC-ACT (Lasker+ 1996-99) 1',
'The PMM USNO-Al1.0 Catalogue (Monet 1997) 1',

'The USNO-A2.0 Catalogue (Monet+ 1998) 1',

'"Two Micron A1l Sky Survey (2MASS) 1',

'"Two Micron A1l Sky Survey (2MASS) 2',

'USNO-A2 Catalogue 1']

In [2]:

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

c = SkyCoord.from_name('M31"')
C

out[2]:

<SkyCoord (ICRS): (ra, dec) in deg
(10.6847083, 41.26875)>



In [3]:

result = conesearch.conesearch(c, 0.1 * u.degree, catalog_db="'2MASS All-Sky Point Source
Catalog 1')

Trying http://irsa.ipac.caltech.edu/cgi-bin/0Oasis/CatSearch/nph-catsearch?CA
T=fp_psc&

Downloading http://irsa.ipac.caltech.edu/cgi-bin/Oasis/CatSearch/nph-catsear
ch?CAT=fp_psc&SR=0.1&VERB=1&RA=10.6847083&DEC=41.26875 [Done]

WARNING: W22: http://irsa.ipac.caltech.edu/cgi-bin/0Oasis/CatSearch/nph-catse
arch?CAT=fp_psc&SR=0.1&VERB=1&RA=10.6847083&DEC=41.26875:5:0: W22: The DEFIN
ITIONS element 1is deprecated in VOTable 1.1. 1Ignoring [astropy.io.votable.t
ree]

WARNING: W27: http://irsa.ipac.caltech.edu/cgi-bin/Oasis/CatSearch/nph-catse
arch?CAT=fp_psc&SR=0.1&VERB=1&RA=10.6847083&DEC=41.26875:6:0: W27: COOSYS de
precated in VOTable 1.2 [astropy.io.votable.tree]

WARNING: W06: http://irsa.ipac.caltech.edu/cgi-bin/Oasis/CatSearch/nph-catse
arch?CAT=fp_psc&SR=0.1&VERB=1&RA=10.6847083&DEC=41.26875:12:0: W06: Invalid
UCD 'POS_EQ_RA_MAIN': Unknown word 'POS_EQ_RA_MAIN' [astropy.io.votable.tre
e]

WARNING: WO6: http://irsa.ipac.caltech.edu/cgi-bin/Oasis/CatSearch/nph-catse
arch?CAT=fp_psc&SR=0.1&VERB=1&RA=10.6847083&DEC=41.26875:13:0: W06: Invalid
UCD 'POS_EQ_DEC_MAIN': Unknown word 'POS_EQ_DEC_MAIN' [astropy.io.votable.t
ree]

WARNING: WO6: http://irsa.ipac.caltech.edu/cgi-bin/Oasis/CatSearch/nph-catse
arch?CAT=fp_psc&SR=0.1&VERB=1&RA=10.6847083&DEC=41.26875:40:0: W06: Invalid
UCD '"ID_MAIN': Unknown word 'ID_MAIN' [astropy.io.votable.tree]

In [4]:

result

Oout[4]:

<Table masked=True length=2008>

ra dec err_maj ... scan_key coadd_key coadd

deg deg ce

float64 floate4 float64 ... 1int32 int32 int32
10.733 41.215 0.22 ... 69157 1590591 33
10.738 41.216 0.25 ... 69157 1590591 33
10.726 41.211 0.23000000000000001 ... 69157 1590591 33
10.740 41.193 0.20000000000000001 ... 69157 1590592 44
10.744 41.198 0.13 ... 69157 1590592 44
10.684 41.194 0.27000000000000002 ... 69157 1590592 44
10.683 41.193 0.28999999999999998 ... 69157 1590592 44
10.689 41.190 0.34999999999999998 ... 69157 1590592 44
10.692 41.195 0.2800000000000000603 ... 69157 1590592 44
10.779 41.219 0.29999999999999999 ... 69158 1590631 232
10.768 41.226 0.29999999999999999 ... 69157 1590591 33
10.810 41.238 0.35999999999999999 ... 69158 1590631 232
10.787 41.233 0.31 ... 69158 1590631 232
10.794 41.238 0.13 ... 69158 1590631 232
10.798 41.238 0.26000000000000001 ... 69158 1590631 232
10.801 41.238 0.27000000000000002 ... 69158 1590631 232
10.806 41.237 0.08000000000000000602 ... 69158 1590631 232
10.780 41.203 0.23999999999999999 ... 69158 1590631 232

10.793 41.222 0.25 ... 69158 1590631 232



In [5]:

result.array



Out[5]:



masked_array(data = [ (10.733387, 41.214523, 0.22, 0.2, 178, b'00425601+4112

522', 15.968, --, --, --, 14.864, --, --, --, 15.066, 0.1738, 0.174, 8.51,
b'UUC', b'002', b'001', b'000', b'000004', 12.1, 69, 1287660706, 2, 0, b'l2
87660709', b'n', b'1997-10-24', 8, 121.211558, -21.628691, -42.4, 2450745.85

89, --, --, 1.01, --, --, -—, --, 15.685, 0.431, 2873.2, 207.5, b'ne', 0, 1,
b'e', --, --, -—, --, 0, -—, 69157, 1590591, 33)

(10.73756, 41.215744, 0.25, 0.21, 81, b'00425701+4112566', 16.313, 0.1649,
0.1653, 9.71, 14.736, --, --, --, 14.256, --, --, -—, b'CUU', b'200', b'10

0', b'000', b'050000', 12.1, 249, 1287660709, 2, 0, b'1287660706', b'n', b'l
997-10-24', 8, 121.214979, -21.627583, -53.7, 2450745.8589, 1.47, -—-, ——, 1

5.749, 0.143, --, --, --, ——, 2868.7, 196.2, b'ne', 0, 1, b'0', -——, ——, ——,
--, 0, -—-, 69157, 1590591, 33)

(10.726409, 41.210964, 0.23, 0.21, 89, b'00425433+4112394', 16.3, 0.1528,
0.1533, 9.83, 15.077, --, --, --, 14.548, --, -—, -—, b'BUU', b'200', b'10
0', b'000', b'050000', 22.8, 56, 1287660709, 2, 0, b'1287660724', b'n', b'19
97-10-24', 8, 121.205778, -21.632061, -23.5, 2450745.8589, 1.48, --, ——, 16.
611, 0.367, -—, --, --, ——, 2886.2, 226.4, b'ne', 0, 1, b'0', ——, ——, ——, -

-, 0, ——, 69157, 1590591, 33)

)

(10.805706, 41.237198, 0.08, 0.06, 90, b'00431336+4114139', 12.351, 0.0194,
0.0229, 360.6, 12.026, 0.0202, 0.022, 223.11, 11.945, 0.02, 0.0218, 145.69,
b'AAA', b'222', b'111', b'000', b'666666', 11.3, 73, 1287682716, 2, 0, b'l2
87682701', b'n', b'1997-10-24', 9, 121.270882, -21.607929, 162.63, 2450745.8
671, 1.35, 0.99, 1.15, 12.355, 0.011, 12.049, 0.007, 11.944, 0.027, 2779.7,

87.5, b'nw', 1, 1, b'0e', --, --, --, -—, 0, --, 69158, 1590631, 232)
(10.780244, 41.203281, 0.24, 0.23, 83, b'00430725+4112118', 16.113, --, —-,
--, 15.767, 0.1867, 0.1869, 7.11, 14.682, -—, -—, --, b'UCU', b'020', b'0Ol

0', b'000', b'001500', 21.2, 272, 1287660744, 2, 0, b'1287682447', b'n', b'l
997-10-24', 9, 121.249032, -21.641165, 231.7, 2450745.8671, -—, 0.83, —--, -
-, --, 15.572, 0.428, --, -—-, 2902.3, 18.5, b'nw', 0, 0, b'0', -, —-, -——, -
-, 0, -—, 69158, 1590631, 232)

(10.792816, 41.222042, 0.25, 0.23, 84, b'00431027+4113193', 16.481, 0.1669,

0.1673, 8.04, 15.627, 0.1766, 0.1768, 8.09, 14.912, --, --, -—, b'CCU', b'2
20', b'110', b'000', b'050500', 37.2, 301, 1287682628, 2, 0, b'1287682587"',

b'n', b'1997-10-24', 9, 121.259899, -21.622743, 197.58, 2450745.8671, 1.42,

1.18, --, 16.057, 0.194, 15.071, 0.124, --, --, 2834.5, 52.6, b'nw', 0, 1,

b'e', --, --, --, --, 0, --, 69158, 1590631, 232)],

mask = [ (False, False, False, False, False, False, False, Tru
e, True, True, False, True, True, True, False, False, False, False, False, F
alse, False, False, False, False, False, False, False, False, False, False,

False, False, False, False, False, False, True, True, False, True, True, Tr
ue, True, False, False, False, False, False, False, False, False, True, Tru
e, True, True, False, True, False, False, False)

(False, False, False, False, False, False, False, False, False, False, Fals
e, True, True, True, False, True, True, True, False, False, False, False, Fa
lse, False, False, False, False, False, False, False, False, False, False, F
alse, False, False, False, True, True, False, False, True, True, True, True,

False, False, False, False, False, False, True, True, True, True, False, Tr
ue, False, False, False)

(False, False, False, False, False, False, False, False, False, False, Fals
e, True, True, True, False, True, True, True, False, False, False, False, Fa
lse, False, False, False, False, False, False, False, False, False, False, F
alse, False, False, False, True, True, False, False, True, True, True, True,

False, False, False, False, False, False, True, True, True, True, False, Tr
ue, False, False, False)

HE)

(False, False, False, False, False, False, False, False, False, False, Fals
e, False, False, False, False, False, False, False, False, False, False, Fal
se, False, False, False, False, False, False, False, False, False, False, Fa
lse, False, False, False, False, False, False, False, False, False, False, F
alse, False, False, False, False, False, False, False, True, True, True, Tru



e, False, True, False, False, False)
(False, False, False, False, False, False, False, True, True, True, False,
False, False, False, False, True, True, True, False, False, False, False, F
alse, False, False, False, False, False, False, False, False, False, False,
False, False, False, True, False, True, True, True, False, False, True, Tru
e, False, False, False, False, False, False, True, True, True, True, False,
True, False, False, False)
(False, False, False, False, False, False, False, False, False, False, Fals
e, False, False, False, False, True, True, True, False, False, False, False,
False, False, False, False, False, False, False, False, False, False, Fals
e, False, False, False, False, False, True, False, False, False, False, Tru
e, True, False, False, False, False, False, False, True, True, True, True, F
alse, True, False, False, False)],
fill_value = (le+20, le+20, le+20, le+20, 999999, '?', le+20, le+20,
le+20, le+20, le+20, le+20, le+20, le+20, le+20, le+20, le+20, le+20, '?',
Y, v, 2, 1?2, 1e+20, 999999, 999999, 999999, 999999, '?', '2', '?2', 9
99999, 1le+20, le+20, le+20, le+20, le+20, le+20, le+20, le+20, le+20, le+20,
le+20, le+20, le+20, le+20, le+20, '?', 999999, 999999, '?', le+20, 999999,
let+20, le+20, 999999, 999999, 999999, 999999, 999999),
dtype = (numpy.record, [('ra', '<f8'), ('dec', '<f8'), ('err_ma
j', '<f8'), ('err_min', '<f8'), ('err_ang', '<i4'), ('designation', '0'),
('j_m', '<f8'), ('j_cmsig', '<f8'), ('j_msigcom', '<f8'), ('j_snr', '<f8'),
(‘h_m', '<f8'), ('h_cmsig', '<f8'), ('h_msigcom', '<f8'), ('h_snr', '<f8'),
("k_m', '<f8"'"), ('k_cmsig', '<f8'), ('k_msigcom', '<f8'), ('k_snr', '<f8'),
('ph_qual', '0"), ('rd_flg', '0"'), ('bl_flg', '0'), ('cc_flg', '0'), ('nde
t', '0"), ('prox', '<f8'), ('pxpa', '<i4'), ('pxcntr', '<i4'), ('gal_conta
m', '<i4'), ('mp_flg', '<i4'), ('cntr', '0'), ('hemis', '0'), ('xdate',
'0'), ('scan', '<i4'), ('glon', '<f8'), ('glat', '<f8'), ('x_scan', '<f8'),
('jdate', '<f8"), ('j_psfchi', '<f8'), ('h_psfchi', '<f8'), ('k_psfchi', '<
f8'), ('j_m_stdap', '<f8'), ('j_msig_stdap', '<f8'), ('h_m_stdap', '<f8'),
("h_msig_stdap', '<f8'), ('k_m_stdap', '<f8'), ('k_msig_stdap', '<f8'), ('d
ist_edge_ns', '<f8'), ('dist_edge_ew', '<f8'), ('dist_edge_flg', '0'), ('dup
_src', '<i4'), ('use_src', '<i4'), ('a', '0'), ('dist_opt', '<f8'), ('phi_op
t', '<i4'), ('b_m_opt', '<f8'), ('vr_m_opt', '<f8'), ('nopt_mchs', '<i4'),
('ext_key', '<i4'), ('scan_key', '<i4'), ('coadd_key', '<i4'), ('coadd',6 '<
i4')1))

In [6]:

result.array['ra']

Out[6]:
masked_array(data = [10.733387 10.73756 10.726409 ..., 10.805706 10.780244 1
0.792816],
mask = [False False False ..., False False False],
fill_value = le+20)



AstroQuery

» Simbad: Basic data, cross-identifications, bibliography and measurements for astronomical objects
outside the solar system.

« Vizier: Set of 11,000+ published, multiwavelength catalogues hosted by the CDS.

» |IRSA dust: Galactic dust reddening and extinction maps from IRAS 100 um data.

» NED: NASA/IPAC Extragalactic Database. Multiwavelength data from both surveys and
publications.

» IRSA: NASA/IPAC Infrared Science Archive. Science products for all of NASA's infrared and sub-
mm missions.

» UKIDSS: UKIRT Infrared Deep Sky Survey. JHK images of 7500 sq deg. in the northern sky.

» MAGPIS: Multi-Array Galactic Plane Imaging Survey. 6 and 20-cm radio images of the Galactic
plane from the VLA.

« NRAO: Science data archive of the National Radio Astronomy Observatory. VLA, JVLA, VLBA and
GBT data products.

» Besancon: Model of stellar population synthesis in the Galaxy.

« NIST: National Institute of Standards and Technology (NIST) atomic lines database.

« Fermi: Fermi gamma-ray telescope archive.

» SDSS: Sloan Digital Sky Survey data, including optical images, spectra, and spectral templates.

» Alfalfa: Arecibo Legacy Fast ALFA survey; extragalactic HI radio data.

» SHA: Spitzer Heritage Archive; infrared data products from the Spitzer Space Telescope

« Lamda: Leiden Atomic and Molecular Database; energy levels, radiative transitions, and collisional
rates for - astrophysically relevant atoms and molecules.

» QOgle: Optical Gravitational Lensing Experiment Ill; information on interstellar extinction towards the
Galactic bulge.

» Splatalogue: National Radio Astronomy Observatory (NRAO)-maintained (mostly) molecular radio
and millimeter line list service.

» CosmoSim: The CosmoSim database provides results from cosmological simulations performed
within different projects: the MultiDark project, the BolshoiP project, and the CLUES project.

» ESO Archive

* ALMA Archive

 GAMA database

* NVAS archive

» Open Expolanet Catalog (OEC)

In [7]:

from astroquery.simbad import Simbad
result_table = Simbad.query_object("m31")

result_table.pprint(show_unit=True)

MAIN_ID RA DEC ... COO_WAVELENGTH COO0_BIBCODE
llh m sll ||d m Sll
M 31 00 42 44.330 +41 16 07.50 ... I 2006AJ....131.1163S
In [8]:

from astroquery.vizier import Vizier

catalog_list = Vizier.find_catalogs('LAMOST')



In [9]:
print({k:v.description for k,v in catalog_list.items()})

{'J/ApJ/798/110': 'Equivalent widths of LAMOST metal-poor stars (Li+, 201
5)', 'J/other/RAA/15.1424': 'LAMOST luminous infrared galaxies (Lam+, 201
5)', '3/AJ/145/159': 'LAMOST. II. ugriz photometry of 526 new quasars (Huo+,
2013)', 'J/other/RAA/15.1154': 'M-giant star candidates in LAMOST DR 1 (Zho
ng+, 2015)', 'J/A+A/570/A107': 'WDMS from LAMOST DR1 (Ren+, 2014)', 'J/othe
r/RAA/15.1197': 'LAMOST DR2 star clusters candidate members (Zhangt+, 2015)',
'J/MNRAS/448/822"': 'LAMOST candidate members of star clusters (Xiang+, 201
5)', 'J/other/RAA/15.1438': 'LAMOST new QSOs in M31 and M33 vicinity (Huo+,
2015)', 'J/other/RAA/11.924': 'Atmospheric parameters for 771 stars (Wu+, 2
011)', 'J/other/RAA/15.1325': 'Be stars in LAMOST DR1 (Lin+, 2015)', 'J/ApJ
S/220/19': 'LAMOST obs. in the Kepler field. I. (De Cat+, 2015)', 'J/MNRAS/4
49/1401': 'Am stars candidates from LAMOST DR1 (Hou+, 2015)', 'V/146': 'LAMO
ST DR1 catalogs (Luo+, 2015)', 'J/MNRAS/452/765': 'White dwarf candidates us
ing LAMOST DR3 (Gentile Fusillo+, 2015)', 'J/other/RAA/15.1392': 'LAMOST glo
bular clusters in M 31 and M 33 (Chen+, 2015)', 'J/AJ/152/6': 'Parameters of
Kepler stars using LAMOST & seismic data (Wang+, 2016)', '3J/AJ/150/42': 'Ca
talog of 2612 M dwarfs from LAMOST (Zhongt+, 2015)', 'J/AJ/150/187': 'Abundan
ces and stellar parameters of LAMOST stars (Lee+, 2015)', 'J/other/RAA/15.11
82': 'M Dwarf catalog of LAMOST DR1 (Guo+, 2015)', 'J/other/RAA/15.1414': 'E
+A galaxy candidates 1in LAMOST DR2 (Yang+, 2015)', 'J/AJ/146/34': 'Infrared
photometry of DA white dwarfs from LAMOST (Zhang+, 2013)'}

In [10]:
catalog_list.keys()
out[10]:

dict_keys(['3/ApJS/220/19', 'I/AJ/145/159', 'J/other/RAA/15.1154"', 'J/A+A/57
0/A107', 'J/other/RAA/15.1197', 'J/MNRAS/449/1401', 'J/other/RAA/15.1424",

'J/other/RAA/15.1438"', 'J/MNRAS/448/822', 'J/other/RAA/11.924', 'J/other/RA
A/15.1325', 'J/ApJ/798/110', 'J/AJ/146/34', 'J/MNRAS/452/765', 'J/other/RAA/
15.1392', 'V/146', 'J/AJ/152/6', 'I/AJ/150/42', 'I/AI/150/187', '3I/other/RA
A/15.1182', 'J/other/RAA/15.1414'])

In [11]:

from astropy.coordinates import Angle

result = Vizier.query_region("3C 273", radius=Angle(0.1, "deg"), catalog='GSC')

In [12]:
print(result)

TablelList with 3 tables:
'0:I/254/out' with 15 column(s) and 17 row(s)
'1:I1/271/out' with 23 column(s) and 50 row(s)
'2:I/305/out' with 35 column(s) and 50 row(s)



In [13]:

print(result['I/271/out'])

_RAJ2000 _DEJ2000 _r GSC2.2 e e aPA Status
deg deg deg ce deg
187.232068 2.126962 0.087503 N12001333545 0.27 130.3 10102
187.267540 2.147471 0.095629 N12001333616 0.15 139.2 10112
187.292515 2.149536 0.098223 N12001333619 0.17 118.0 102
187.183862 2.031656 0.096244 N12001333250 0.41 99.5 10012
187.210711 2.012360 0.078183 N12001333173 0.19 47.2 10102
187.216187 2.100738 0.078358 N12001333477 0.48 22.1 10112
187.189455 2.086431 0.094713 N12001333440 0.10 172.7 10112
187.206795 2.075025 0.074575 N1206013337 0.02 122.9 10112
187.193045 2.095777 0.095250 N120013334 0.04 54.1 10112
187.212103 2.108647 0.086528 N120013333 0.04 30.5 10112
187.241476 1.960722 0.098646 N12001332978 0.07 11.0 10112
187.247385 1.958396 0.098832 N12001332971 0.14 169.4 112
187.289263 1.976185 0.077060 N12001335948 0.58 100.6 100102
187.304849 2.002505 0.056702 N120013351 0.11 163.6 10112
187.284938 2.005146 0.047779 N120013348 0.08 131.7 10112
187.249944 2.031602 0.034834 N12001333248 0.106 85.1 112
187.254497 2.013624 0.045289 N12001333178 0.07 147.8 10102
187.273495 2.009878 0.042754 N12001333164 0.08 14.7 10112
187.302838 2.008650 0.050353 N12001333162 0.11 123.1 10112
187.306472 2.007573 0.053151 N12001333156 0.34 42.2 10102

Length = 50 rows

In [14]:

result = Vizier.query_object("HD 226868", catalog=["NOMAD", "UCAC",

print(result)

TablelList with 3 tables:
'0:I/297/out' with 29 column(s) and 50 row(s)
'1:1/289/out' with 27 column(s) and 18 row(s)
'2:1/322A/out' with 64 column(s) and 28 row(s)
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"LAMOST'])



In [15]:
print(result['I/297/out'])

_RAJ2000 _DEJ2000 _r NOMAD1 ... Hmag Kmag Xflags R
deg deg arcm ... mag mag

299.553972 35.206047 1.8017 1252-0387738 ... 14.092 13.704 00001

1
299.557761 35.208218 1.6446 1252-0387753 ... 16.016 15.262 00800
299.557850 35.213869 1.7535 1252-0387754 ... 14.425 14.135 00001
299.560278 35.208417 1.5283 1252-0387769 ... -- -— 00001
299.560997 35.211502 1.5552 1252-0387771 ... 15.935 15.471 00800
299.561232 35.208408 1.4832 1252-0387773 ... 15.351 15.047 00802
299.561497 35.201692 1.4130 1252-0387776 ... 13.640 13.465 00001
299.562633 35.207706 1.4057 1252-0387784 ... 15.294 14.896 00802
299.562731 35.218836 1.7023 1252-0387786 ... 15.093 14.954 00003
299.564331 35.220031 1.6867 1252-0387794 ... 15.266 15.041 00003
299.581908 35.201578 0.4122 1252-0387887 ... -- -— 00201
299.582021 35.208511 0.5806 1252-0387888 ... 15.577 15.384 00802
299.582069 35.223708 1.3864 1252-0387890 ... 15.115 14.910 00401
299.582094 35.230200 1.7624 1252-0387891 ... -- -— 00001
299.584617 35.234339 1.9838 1252-0387898 ... -- -— 00001
299.584681 35.220561 1.1704 1252-0387899 ... 15.060 14.686 00403
299.584958 35.201653 0.2627 1252-0387900 ... -= -- 00201
299.585102 35.209595 0.5433 1252-0387902 ... 15.539 15.384 00802
299.586356 35.200542 0.2044 1252-0387908 ... 14.480 14.118 00802
299.586801 35.216694 0.9216 1252-0387910 ... 15.394 14.444 00802

Length = 50 rows

In [16]:

agnh = Vizier(catalog="VII/258/vv10").query_constraints(Vmag="10.0..11.0")[0]

agn.pprint()

_RAJ2600 _DEJ20606 Cl nR Name ... U-B Mabs FC r_Vmag r_z

deg deg ... mag mag

10.6846 41.2694 Q M31 ... 0.73 -- 1959 1978 1936
60.2779 -16.1108 Q NPM1G-16.0168 ... -- -24.8 -- -- 988
27.2387 5.9067 A * NGC 676 ... -- -20.6 -= -- 1034
40.6696 -0.0131 A NGC 1068 ... ©0.13 -18.8 1973 592 58
139.7596 26.2697 A NGC 2824 ... -- -21.8 -= -- 2528
147.5921 7T72.2792 A NGC 2985 ... -- -19.8 1973 1377 1033
173.1442 53.0678 A NGC 3718 ... -- -19.2 2619 1377 1033
184.9608 29.6139 A uUucC 7377 ... -- -19.1 -- -- 2500
185.0287 29.2808 A NGC 4278 ... 0.51 -17.8 1973 590 1033
186.4537 33.5467 A NGC 4395 ... -- -17.3 1973 1377 1033
192.7196 41.1194 A NGC 4736 ... 0.52 -16.4 1973 1377 1032
208.3612 40.2831 A NGC 5353 ... -- -21.2 - -- 368



In [17]:

guide = Vizier(catalog="II/246", column_filters={"Kmag":"<9.0"}).query_region(agn,
radius="30s", inner_radius="2s")[0]
guide.pprint()

_q _RAJ2000 _DEJ2000 r RAJ2000 ... scanKey coaddKey coadd Opt
deg deg arcs deg
1 10.686015 41.269630 3.917 10.686015 ... 69157 1590591 33 Opt
1 10.685657 41.269550 2.911 10.685657 ... 69157 1590591 33 Opt
1 10.685837 41.270599 5.462 10.685837 ... 69157 1590591 33 Opt
1 10.683263 41.267456 7.878 10.683263 ... 69157 1590591 33 Opt
1 10.683465 41.269676 3.228 10.683465 ... 69157 1590591 33 Opt
3 27.238636 5.906066 2.294 27.238636 ... 59940 1378619 256 Opt
4 40.669277 -0.014225 4.214 40.669277 ... 7053 162197 9 Opt
4 40.668802 -0.013064 2.876 40.668802 ... 7053 162197 9 Opt
4 40.669219 -0.012236 3.399 40.669219 ... 7053 162197 9 Opt
4 40.670761 -0.012208 5.271 40.670761 ... 7053 162197 9 Opt
4 40.670177 -0.012830 2.293 40.670177 ... 7053 162197 9 Opt
11 192.721982 41.121040 8.751 192.721982 ... 13349 307008 44 Opt
11 192.721179 41.120201 5.163 192.721179 ... 13349 307008 44 Opt

SDSS

In [19]:

from astroquery.sdss 1import SDSS

from astropy import coordinates as coords

/usr/local/lib/python3.5/site-packages/astroquery/sdss/__init__.py:28: UserW
arning: Experimental: SDSS has not yet been refactored to have 1its 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 [20]:
pos = coords.SkyCoord('0Oh8m05.63s +14d50m23.3s', frame='dicrs')
xid = SDSS.query_region(pos, spectro=True)
print(xid)
ra dec objid ... run2d 1instrument
2.02344596303 14.8398237521 1237652943176138868 ... 26 SDSS
In [21]:
sp = SDSS.get_spectra(matches=x1id)

im SDSS.get_images(matches=xid, band='g')



In [35]:
print(sp[0][1].data)

[(30.596626, 3.5797, 0.064408027, 0, 0, 1.2189666, 8.154254, 36.077015)
(33.245728, 3.5797999, 0.0, 0, 0, 1.2187515, 7.656426, 34.997238)
(35.895119, 3.5799, 0.062928334, 0, 0, 1.2185355, 7.2311668, 35.379208)

., (53.27969, 3.9635, 0.2728394, 0, 0, 0.64196426, 4.1553526, 50.136108)
(50.236168, 3.9635999, 0.28062949, 0, 0, 0.64184296, 4.2312737, 50.033169)
(51.702717, 3.9637001, 0.18243204, 0, 33554432, 0.64171964, 4.3413963, 50.2

08874) ]

In [29]:

im

Oout[29]:

[[<astropy.io.fits.hdu.image.PrimaryHDU at 0x1054baeb8>,
<astropy.ijo.fits.hdu.image.ImageHDU at 0x1054c1358>,
<astropy.io.fits.hdu.table.BinTableHDU at 0x1054cla20>,
<astropy.io.fits.hdu.table.BinTableHDU at 0x1054c8358>]]

In [32]:

im[0].info()

Filename: (No file associated with this HDUList)

No. Name Type Cards Dimensions Format

(0] PRIMARY PrimaryHDU 85 (2048, 1489) float32

1 ImageHDU 6 (2048,) float32

2 BinTableHDU 27 1R x 3C [49152E, 2048E, 1489E]
3 BinTableHDU 79 1R x 31C [J, 3A, 1, A, D, D, 23,

J, b, b, D, D, D, D, D, D, D, D, D, D, D, D, D, D, D, D, D, D, D, E, E]



In [18]:

help(Vizier.query_object)

Help on function query_object in module astroquery.utils.process_asyncs:

query_object(self, *xargs, xxkwargs)
Queries the service and returns a table object.

Serves the same purpose as "query_object® but only
returns the HTTP response rather than the parsed result.

Parameters

object_name

str

The name of the didentifier.
catalog : str or list, optional

The catalog(s) which must be searched for this identifier.

If not specified, all matching catalogs will be searched.
radius : “astropy.unit.Unit’ or None

A degree-equivalent unit (optional)
coordinate_system

If the object name s given as a coordinate, you xshouldx use

‘query_region’, but you can specify a coordinate frame here

instead (today, J2000, B1975, B1950, B1900, B1875,

str or None

Galactic, Supergal., Ecl.J2000, )

Returns

table : A “~astropy.table.Table  object.

In [37]:

from astropy import units as u
from astroquery.xmatch import XMatch

table = XMatch.query(catl=open('data/list.txt'),

In [38]:

print(table)

cat2="vizier:II1/246/out’,

max_distance=5 * u.arcsec, colRAl='ra'

colDecl="'dec')

.352044 267.22029
.578188 267.22029
.699368 267.22029
.822922 267.22029
576677 267.22029
.219609 274.83971
.633225 275.92229
.536998 283.26621
.178542 306.01575
.853178 322.493
4.50395 322.493

O O O NWWRHRK

17485281-2021323
17485288-2021328
17485264-2021294
17485299-2021279
17485255-2021326
18192154-2525377
18234133-3021582
18530390-0842276
20240382+3352021
21295836+1210007
21295861+1210023

B1855,

MeasuredD

© O O ON O NNNNN

2450950.
2450950.
2450950.
2450950.
2450950.
2451407.
2451021.
2451301.
2450948.
2451080.
2451080.

8609
8609
8609
8609
8609
5033
7212
7945
9708
6935
6935



In [39]:
lcat data/list.txt

ra,dec
267.22029,-20.35869
274.83971,-25.42714
275.92229,-30.36572
283.26621,-8.70756
306.01575,33.86756
322.493,12.16703



In [41]:

table.columns



out[4l]:



TableColumns([('angDist',
<MaskedColumn name='angDist' dtype='float64' length=11>

O H OKFF O P~MhWWEHHR

.352044
.578188
.699368
.822922
576677
.219609
.633225
.536998
.178542
.853178

4.50395),
('ra', <MaskedColumn name='ra' dtype='float64' length=11>

267.
267.
267.
267.
267.
274.
275.
283.
306.

22029
22029
22029
22029
22029
83971
92229
26621
01575

322.493
322.493),
('dec', <MaskedColumn name='dec' dtype='float64' length=11>

-20.
-20.
-20.
-20.
-20.
-25.
-30.
-8.
33.
12.
12.

35869
35869
35869
35869
35869
42714
36572
70756
86756
16703
16703),

('2MASS', <MaskedColumn name='2MASS' dtype='strl6' length=11>
17485281-2021323

17485288-2021328

17485264-2021294

17485299-2021279

17485255-2021326

18192154-2525377

18234133-3021582

18530390-0842276

20240382+3352021

21295836+1210007

21295861+1210023),

('"RAJ2000"',

<MaskedColumn name='RAJ2000' dtype='float64' length=11>

267.
267.
267.
267.
267.
274.
275.
283.
306.
322.

220049
220348
219344
220825
218994
839773
922233
266284
015944
493171



3
('
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oMol ool oMo o oMo
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<

[clcl oo oM oMolo oMol

0.

( 1

<

1

1

( 1

1
1

1

22.494242),
DEJ2000',
MaskedColumn name='DEJ2000' dtype='float64' length=11>
-20.35899
20.359125
20.358171
20.357754
20.359064
25.427162
30.366171
-8.70769
33.867275
12.166862
12.167332),
errHalfMaj',
MaskedColumn name='errHalfMaj' dtype='float64' length=11>
.15

.14

.13

.08

.14

.06

.08

.06

.06

0.1

0.1),
errHalfMin',
MaskedColumn name='errHalfMin' dtype='float64' length=11>
.11

.12

.12

.07

.13

.06

.08

.06

.06

.08
08),
errPosAng',
MaskedColumn name='errPosAng' dtype='int64' length=11>
16

58

33

7

87

90

55
45

90

79

1),

Jmag', <MaskedColumn name='Jmag' dtype='float64' length=11>
9.931

8.868

9.562

0.756

0.431

9.368

2.947



12.182
13.575
9.798
10.057),
('"Hmag', <MaskedColumn name='Hmag' dtype='float64' length=11>
8.822
. 784
.525
. 725
.348
.431
12.334
11.534
12.684
9.339
9.72),
('"Kmag', <MaskedColumn name='Kmag' dtype='float64' length=11>
7.55
8.53
.445
. 287
.926
.919
12.145
11.38
12.321
9.176
9.483),
('e_Jdmag', <MaskedColumn name='e_Jmag' dtype='float64' length=

0 O W 0o

~N N 0o

11>
0.239

©O 00 0 0 o6
'_l
u
(o)}

.109
0.077),
('e_Hmag', <MaskedColumn name='e_Hmag' dtype='float64' length=
11>
0.241

[l ol oo olNo]
@
>
N

0.15
0.136),
('e_Kmag', <MaskedColumn name='e_Kmag' dtype='float64' length=
11>

0.128
0.119
0.103



.036
.127
.063
.026
0.1
0.088),
('Qfl', <MaskedColumn name='Qfl' dtype='str3' length=11>
EEU
uuB
uuB
EBA
CEU
AAA
EEE
AAA
AAA
EEA
EEE),
('Rfl', <MaskedColumn name='Rfl' dtype='int64' length=11>
226
662
662
222
226
211
222
222
222
222
222),
('X'", <MaskedColumn name='X' dtype='int64' length=11>
2

© o o6

© OO N O NNMNDNN

0),
("MeasuredD',
<MaskedColumn name='MeasurelD' dtype='float64' length=11>
2450950.8609
2450950.8609
2450950.8609
2450950.8609
2450950.8609
2451407 .5033
2451021.7212
2451301.7945
2450948.9708
2451080.6935
2451080.6935)])



