RadioDatavAICRIVES
how to find, retrieve, and
Image radio data:

a lay-person’s primer
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SRENSiaRdard radier maging surveys that
OrOV d EITS Images

POV ic) find your source In the VLA/VLBA
_gch-*- Ves

=S E0W to choose which data to download
ﬁ_r
P ﬁom those archives

“= That there is an easy method to convert
these data into preliminary images




HINILELons: ofithis talk:

> TS nr-‘_\; ahetimaceiogllenies
Jf) lages > 10t catalegs' or fiux densities

ENPNESIS onl Interferometers (vs. single dishes)

SSIeREquality; high-resolution imaging

ENVuch better archives (1)

2 Ji arlly NRAO instruments

EJVIuch recent work (kudos to John Benson ©)

—

- — Again, better archives (!!!)
-~ — [Leoking to ALMA/EVLA: the shape of things to come!

~® Concentrate on existing, currently find-able data
e Aimed at intrepid explorers, not super-pundits
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SEUICES Of riadio data:
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> Wil seeg] O\ /er entire sky at <= 1.5 GHz
> Rasgll rJon:. typlcally 45 arcsec

F<J\/IJ 10IS ‘ 0f 0.5 mJy (NVSS/1.4 GHz, >-40)
= t0 2 mJdy (SUMSS/0.84 GHz, <-30)
sIage stamp servers > JPG/FITS images
K NVSS 5 G A

XE; 1’
J) .




SOUIICES f«ragg’dataws"

S EVETRIFOTEN SKY/ SUrVeys: WENSS
'Mr\w/\/ S, FIRST,

> Melya) targeted speC|aI -Interest surveys
— Celgl dian Galactic Plane Survey (CGPS)

S EHSP BIMA-SONG

": —VLLBI: MOJAVE, Radio Reference Frame Image
- Database, DRAGN, VLBA Calibrator Survey, .

— SIRTF/Spitzer First Look Survey
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0) TN

SASEC
74 MHz |VLA/B |100 mJy
s0asec
S 326 MHz (WSRT |3.6 mly
— S4asec
SUMSS' |Dec<-30 |843 MHz | MOST |1.3-2 mJy
45asec
CGPS ||b|<5 408,
=74 147 | 1420




SEIIICES frr:ag@‘data—&m?‘?eé"

\/lr\ SIGSEC-arcminveselutien oyver few: te) 105 of arcminutes

YiEYSillliZicsecond reselution  over arcseconds

GCE r percmnube reselution over degrees

BNGNEREal proprietany period

BRRENImS raw data via ftp

Algirelle Telescope Compact Array (ATCA): arcsecond
reLJLLL, O OVEI arcminutes

—Ee month proprietary period

ﬁ- .:E:Jnall to get raw data

FI\/IERLIN 10s of milliarcsecond resolution over arcminute
_— One-year proprietary period
© Working on processing all data for public use!
e Others

— do not exist (WSRT, OVRO, PdBI, GMRT)
— painful to search (BIMA, EVN/JIVE)
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SOUICES C fﬁ-@ﬂ&dﬂtﬁﬂ‘ﬂmﬁ'
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raV (VIEA): the woerknerse, —3 B of aata!

\/er \ I o) g rs_elme Array (VLBA)

eieeniEank Telescope (GBT)

OERECITpIopetary period

RELUNAS ;—f'“ data via ftp

- srrruLs ‘elescope Compact Array (ATCA): dec < -30
S 18-n ﬁﬁth proprietary period

= E-mail to/get raw data

TMERJ__IN high-res’n for dec > 0-ish

“— One-year proprietary period
- © Working on processing all data for public use!

e (Others

— do not exist (WSRT, OVRO, PdBI, GMRT)
— painful to search (BIMA, EVN/JIVE)
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SOLULEES fﬁ@q&data-&fm

2> NRAC - .
g CIyrLarge Array VICA): therworkioerse, —3 TB of datal
BYEAlono| Baseline Array (VLBA)

=EEenBank lielescope (GBT)

— Rezurr S ﬁw data via ftp

Telescope Compact Array (ATCA)

|I te get raw data

S VERLIN: (England)
“—@Wprklng on processing all data for public use!

® Others
— do not exist (WSRT, OVRO, PdBI, GMRT)
— painful to search (BIMA, EVN/JIVE)
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=REIR0 adio data: ;
Ch; osm%-elescop?

WIREITSOUIT!

40 > VLA/VLBA
) > MERLIN

-

s -0 > ATCA

e,~= ed resolution & source size?

J'J'_A/ATCA arcsecond to arcmin resolution over
~ few to 10s of arcminutes

— MERLIN: 10s of milllarcseconds res’'n over arcmin
— VLBA: milliarcsecond res’n over arcseconds

L>
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NRAQ Data Archlve System
Raturns a tabular listing based on quary pammetars

"'f'-'u are here : Archive Home > Advanced Coery Bemenk highightadin yallow are not pel working L SearCh by

Thlh Irme page ie a ksl bed mainy dor kealing ihe ncionally of dillerent iypos and combinalions of

archive quariee. T he organizaion andappsearance of 1he pape i eomewhal of 2 mege. Once we batier .Sou rce name (S I M BA D) or

underesiand whal kinds of arhianced quaries cur wears will require, 1he lorme paoe will be recrganizedinio
position + radius

eomel hing more rational. (b always paye o be opti miclic |
Submit Query | Check Query Clear Form |

*\/LA configuration

| I.:.I.IF:LI Ciorkrol Paramebers : °ObS FrequenCy

s..ani.].l:&._. Obs. Summary Table | E-;ﬂ_l.l‘--:iumuJ_;E-tarttima |
hie HE TR Son Croer 1:[AsC |
- Formal IW' Eo Z. W|
Max O Fiowes F-r et £ 2. [Ber
Ganeral Search Paramatars Actively evolving — feedback is

very welcome!!!

Ciject Search Reld :

Cibject Name '1. C433 Searah Ty | SIMBAD Reschar |

Direcked Searc h Fiald :
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NRAO Archive DB Query Results - OBSSUMMARY Returns:
Table Listing .
, *Observing frequency
Data Selection Parameters : Table Sort Order :
STVIDAD Long. Center= i Son Okt = At eConfiguration

Search Radi

Qor pants=X *Exposure time
Displaying nrows: 12 . .Ban dWidth

- Project  Source EnI!Fnd RafFreq FirstTime LastTime Exposure Bandwlidth Confly chans

a5 °*Number of ch I
ABIEI4 3C433 X 235,000 ° .l. 3110 50.000 u m e r O C an n e S
ABIEI4 30433 X 465,000 ° g 9 .l 3110 50.000 U m m o

ABOSGH 21232803 X 8414900 Jomer0d 30MaeOt 100,000

savcon zens X swesy UM RUBS oo - what's an array configuration?

ABDEA4 x 5235000 ; W TFOQ 50,000

osom SHE WUSD 0 oo - why does the frequency matter?
R - what’s up with this %8&%* column

5464.900 e - ¢ =180 100,000

sweer eon x eneew BEE BEY w wee listing the number of channels?!?

AEQEET 21232604 X BAG4900 ne 93and gn 100.000
5414500 -2 ! 360 100000

AKD403 35433 X 5464.900 = § - : 360 100,000

How do | choose which data
to look at???
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Sding radio data:
GIIE king tﬁ'@(-VLA) a

' . | . '

Sazren Q/ (r"" 0 aray
HEGUERCY,

Umm ':at’s an array configuration?
= ar Jof Why does the frequency matter?

= ‘-“ d'what's up with this %&%* column listing
’“ *the number of channels?!?

o How do | choose which data to look at???

First, have a stiff drink...



;hoo\ 0| your data: _}.a-—

dofweﬂ‘- —

- Arjierirle re\w Se (primary peam): Ao A/D

CA/VLBA:

n @ 20cm (1.4 GHz)
in@ 6cm (4.9 GH2)

rcmin @ 2cm (15 GH2)

= larcmin @ 0.7cm (45 GHz)

'-_-E_—--

hror atic aberration (beam smearing)

cén t focus wide bandwidths all at once, over the entire
primary beam

— leads to radial smearing towards edges of field at higher
resolutions (e.g., VLA/A config.)

-> If you have a nice high-res’'n image with lots of dots in the
middle and radial smears further out, talk to someone!
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_OTB”@ 6Ccm 1.2” @ 6cm

= e D: 1.0 km
- 14” @ 6cm




Criggslel your data_f 10oc \/B B
esolution™

50 it's sy' you always use A configuration!”
Wall,, no

- aurrz*n brlqhtness sensitivity: you want to
il LGl the resolution to the source size, for

——-

Iaximum sensitivity
. Chromatlc aberration

® |nterferometers act as spatial filters...and
you're guite likely to high-pass filter your
source away.

—
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Shiopsing your data: S

ol smg strﬂ&ure

r ’. T

INENEGIMELErST IaVve the resolution of a telescope
ifle size o 1the antenna separation (e.g. kilometers)

- Unwrzu~- ely that size scale’s the only one they
1) egu; |
—— =—=ﬁL ce the need for >> 2 antennas ©
__, jjou nave lots of telescopes widely separated
F_from one another, you learn lots about the fine-
- Scale source structure...and nothing at all about the
source as a whole.

— For matf types. we measure only the high-frequency
Fourier components

<
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SHEESING Your data:™
MISSINg Stueture.




Cridoslle Ly our data: _)-.a-—

e

) smg strﬁﬁure

B: 11km
1.2” @ 6cm

e
| i D: 1.0 km
C 3 4km 14” @ 6cm
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D: 1.0 km
14” @ 6cm



SHEESING Yourr data: -

IISsing structure

D: 1.0 km
14” @ 6cm
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AIPS User 213 CAS A: B CLN
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AIPS User 213 CAS A: B CLN

AIPS User 213 CAS A:C CLN
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AIPS User 213 CAS A: B CLN

AIPS User 213 CAS A: C CLN AIPS User 213 CAS A: D CLN

B
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A CONHG

AIPS User 213 CASA: A AIPS User 213 CAS A: B CLN AIPS User 213 CASA: A+B+C+D

A+B+C+D
) 0.3” +
total flux

AIPS User 213 CAS A:C CLN AIPS User 213 CAS A: D CLN
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20hs. Status Summary

Table 3: Configuration Properties

0.7 cm

1.3

4.3

43.0

Configuration A B C D
Brmax (km1) 36.4 11.4 3.4 1.03
Bmin(kmt) 0.68 0.21 0.035° 0.035
Synthesized Beamwidth fgppw (arcsec)’>23 |
400 cm 24.0 80.0 260.0 850.0
90 cm 6.0 17.0 56.0 200.0
20 cm 1.4 3.9 12.5 44.0
6 cm 0.4 1.2 3.9 14.0
3.6 cm 0.24 0.7 2.3 8.4
2 cm 0.14 0.4 1.2 3.9
1.3 cm 0.08 0.3 0.9 2.8
0.7 cm 0.05 0.15 0.47 1.5
Largest Angular Scale 01 a5 (arcsec)™*
400 cm 800.0 | 2200.0 | 20000.0 20000.0
90 cm 170.0 540.0 4200.0 4200.0
Largest 20 cm 38.0 120.0 900.0 900.0
i 6 cm 10.0 36.0 300.0 300.0
visible 3.6 cm 7.0 20.0 180.0 180.0
structure 2 cm 4.0 12.0 90.0 90.0
1.3 cm 2.0 7.0 60.0 60.0

43.0




=REIRe radio datas e
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ecking the (\VLA) archi

NRAO hive DB ' Results - OBSSUMMARY -
tive DB Query Restls Returns:

—_——— -

Data Selection Parameters : Table Sort Order :

Object Name = 30433 Sout By = Stati / O bS fre u e n C

SIME AD Long. Cente 44 75 Son Order = Asc n
ME AD Lat. Center = (

Seach Radins

Obs. Bands=X

L] L]
v’ Configuration
Displaying nrows: 12
RafFreq FirstTime LastTime Exposure Bandwliditl Confly chans . EX OS u re ti m e
000 ’ K2 a11a 50.000 p

ABDED4 c 3 S465.000 b "'E.. 3110 50.000

.
*Bandwidth

ABDSER 503 X B464.900 3 MOt 43 100,000

ABDEA4 3 ( 000 2 7700 £0.000 ; I
ABDEI4 3 ‘ 5414500 180 100,000
ABDEI4 ‘ B464.900 180 100,000
ABDEET ¢ 8414900 Jo00 3 _4,: 100,000
8464.900 SO0 3 ¥3dand3 100,000
-t 5
8414.900 3 ._ 100,000

Qf. 4
8464900 2 100,000



| C’fJHOO-\!! Y our data: ——
i S & oc 1/(T Av)1/?
SEJ s|t|V|ty“f-“"—r ( AY)

——

IO IIUEIFOISER/AaLtIoNS are hetter

SEVENNMOre true for interferometers
SVBresandwidth is good

=—ap _'r_t firom spectroscopy, chromatic aberration,

~ e Some freguency bands are more sensitive
than others
— depends on the instrument
— 5 or 8 GHz probably a good bet



Frequency
(GHz)

0.073 - 0.0745
0.3 - 0.34
1.24 - 1.70
4.5-5.0
8.1-8.8
14.6 - 15.3
22.0 - 24.0
40.0 - 50.0

Frequency

(GHz)
0.073 - 0.0745
0.3 -0.34
1.24 - 1.70
4.5-5.0
8.1-8.38
14.6 - 15.3
22.0 - 24.0
40.0 - 50.0

e

> StatusSummary:

Table 4: VLA Sensitivity

Band Name

approximate
wavelength

RMS Point-Source
Sensitivity
(12 hours)

(mJy)
15(3)
0.17()
0.0066
0.0064
0.0053
0.020
0.025(4)
0.030(%)

System
letter
code (K)
1000-10000
150-180
35
45
35
120
50 - 80
80

Antenna
Primary

Untapered
Brightness
Sensitivity ()
(D-config)
(mKelvins)

Beam Size
(FWHP)
OprB

Temperature!

Antenna
Efficiency?

(%)

RMS (10 min)
Sensitivity

Peak/Total
Confusing
Source
in Beam
(Jy)
20/350
1.8/15
0.11/0.35
0.002
0.001
0.0001
0.00001

Confusion
Level
(D-config)
(mJy)
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NRAO hive DB ' Results - OBSSUMMARY -
tive DB Query Restls Returns:

Data Selection Parameters : Table Sort Order :

Object Naime = 3C433 Son By = Stai O b S fre u e n C

SIME AD Long. Cente 44 75 Son Order = Asc n
ME AD Lat. Center = (

Seach Radins

Obs. Bands=X

Configuration

Displaying nrows: 12

RafFreq FirstTime LastTime Bandwlditll Conflg chans

s w b Exposure time

ABDEI4 3 X 5465000 7 o 50.000 .
ABDSEE 3 X B414.900 friecia il o 100000 4 B a n dWI d t h
ABDSER 503 X B464.900 To 0 oMt s 100,000
ABDE4 3 X 000 3 : 50000
DN M vinll N | eNumber of channels
ABDE4 3 X 5414900 ; 5 100,000
ABDE4 . D4B4AS00 ; 100,000
ABOBET ¢ es1e900 2odando an o 100,000
464,900 poand?  FaAndd R 100,000

-t
B414.900 32 S-Ju ; 100,000

Qf. 4
8464900 2 el 100,000



T

Sing your data: __":'1
2ase of redliction,

rlc)

O

> ContigleiggRE easier than spectral line
— DmJJe annel data are simplest

“C emm frequenmes are easier than edges
. EGHZ IS easlier than <1 GHz or >15 GHz

o EBI is trickier than VLA/ATCA
: s New data are better than old



=REIRe radio datas e

e

ecking the (\VLA) archi

NRAO hive DB ' Results - OBSSUMMARY -
tive DB Query Restls Returns:

—_——— -

Data Selection Parameters : Table Sort Order :

Object Naime = 3C433 Son By = Stai O b S fre u e n C

SIME AD Long. Cente 44 75 Son Order = Asc n
ME AD Lat. Center = (

Seach Radins

Obs. Bands=X

Configuration

Displaying nrows: 12

RafFreq FirstTime LastTime Exposure Bandwldth Conflg fichan,

e wm . e b Exposure time

ABDED4 c 3 S465.000 b "'E.. 3110 50.000

.
Bandwidth

ABDSER 503 X B464.900 3 MOt 43 100,000

ABDEA4 3 3 000 2 TFOQ 50,000

ABDSI4 3 ( 5465000 3 : ' 7700 50000 N u I I l b( ir Of

ABDEI4 3 ‘ 5414500 180 100,000
ABDEI4 ‘ B464.900 180 100,000 ‘ I I al l I le I S
ABDEET ¢ 8414900 Jo00 3 _4,: 100,000
8464.900 SO0 3 ¥3dand3 100,000
-t 5
8414.900 3 ._ 100,000

Qf. 4
8464900 2 100,000



Table 4: VLA Sensitivity

Frequency Band Name System Antenna RMS (10 min)
(GHz) approximate letter Temperature! | Efficiency? Sensitivity
wavelength code (K) (%) (mJy)
0.073 - 0.0745 400 cm 4 1000-10000 15 150(3)
0.3-0.34 90 cm P 150-180 40 1.4(3)
1.24 - 1.70 20 cm L 35 55 0.056
4.5 - 5.0 6 cm C 45 69 0.054
8.1-8.8 3.6 cm X 35 63 0.045
14.6 - 15.3 2 cm U 120 58 0.19
22.0 - 24.0 1.3 cm K 50 - 80 40 0.104)
40.0 - 50.0 0.7 cm Q 80 35 0.25(5)
Frequency RMS Point-Source Untapered Antenna Peak/Total RMS
Sensitivity Brightness Primary Confusing Confusion
(12 hours) Sensitivity (%) Beam Size Source Level
= (D-config) (FWHP) in Beam (D-config)
- (GHz) (mJy) (mKelvins) 0pB (Jy) (mJy)
~ o 0.073 - 0.0745 15(3) 300 700’ 20/350 lots
0.3 - 0.34 0.17(3) 52.0 150’ 1.8/15 500
1.24 - 1.70 0.0066 1.9 30/ 0.11/0.35 30
4.5 - 5.0 0.0064 1.9 9/ 0.002 1
8.1-8.8 0.0053 1.5 5.4/ 0.001 0.4
14.6 - 15.3 0.020 6.0 3/ 0.0001 0.05
22.0 - 24.0 0.025(%) 10.0 2/ 0.00001 —
40.0 - 50.0 0.030(%) 20.0 1/ — —




DeaJJre
|

th data: l’-_-..
rst Iook‘E-

IETCICIVES send’raw’ uv-data, not Images

> OLlles |rty precessing: VLARUN, VLBARUN
(i uclc' Lorant Sjouwerman ©)

-~ —cal _get ieasonable guick-look images in a few
=== minutes, with no special punditry required

-'—Sfallures tend to be obvious

; Rules of thumb:

— |t IS easler to destroy than to create!
— the wackier the image, the easier it Is to fix
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DERIIG g yith data:

st look ™

ICHIVES SEND raw Uv=data, Not images
o] ty processing: VLARUN, VLBARUN

05 u_ho l@nt Sjouwerman ©)

" tireasonable quick-look images in a few minutes,
0 special punditry required

ﬂl

m (@)
| S
2N

)
(ab
1 —l_ :
(:D

‘1’-1'.'5:
] f,‘

'
[T
—

—‘Load In data (FILLM)

— Set array configuration; image size; depth of
deconvoelution

— VLARUNI = calibrated data & images
— Write them out (FITTP)
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NVSS: 45"

-

;r:'_:.;—-""" = ;-:}__‘_',, ; ” 1 —
~ NVSS: 45” res'n FIRST: 5.4” resn
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NRAOD hive DB Query Results - OBSSUMMARY O bS . F re q u e n Cy

Data Selection Parameters :

Object Mame = 3C433

SIME AD Long. Cente
MEAD Lat. Center =

Search Radins

Obs. Bands=X

Mex Rows = 1000

Displaying nrows: 12
Raf Fraq
ABDED4 c { i i]

ABDED4 c 3 S465.000

ABDSES 3 X 5414500

ABDSER 503 X B464.900 3

ABDS34 3 ‘ 000 2

ABDS34 3 ( 5465000 3

ABDED4 c 3 54148900

ABDED4 3 5464.900

ABOEET 3 58414.900

8464.900 o,

Table Listing

Table Sort Order :

Som B

1.4 GHz for size

3110

=5t

50.000

Configuration

FIr.stTITe La.st:Tll:ne Exposure Bandwldth l:-:-nflg jhuns ® C fo r reS’ n (1 5”) +

3110
S0-May-04
ar
90-May-04
ar
TFOQ
TFOD
180

180

5414900 oo

o 14
D464 900 a

50.000

100,000

100,000

50,000

50.000

100,000

100,000

100,000

100,000

100,000

100,000

large structure
Exposure time
°[ongest available
Continuum
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. VLA/C @ 20cm:

15” res’n =
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GREY: 3C433 IPOL 1400.000 MHZ 3C433 NVSS.LCL001.1
0 50

Kilo ARC SEC

-06 -

0.6 0.4 0.2 0.0 -0.2
Kilo ARC SEC
Center at RA 21 23 43.646 DEC 25 04 32.80
Grey scale flux range=-10.0 100.0 MilliJY/BEAM




paidithe anchive:

REY: IPOL 8439 HZ 3 3,0 k
GHE(;\': 30433 IP?:,. 6350.000 M’le 3C~!1’3.ICL-’|'6D|.‘=‘ ane 3(?433 95.0‘ S00M| Eun‘c‘n cw?s’l:u3 GREY: 3C433 IPOL 8350.000 MHZ 3C433.1CL001.1000
2 3 0 5 10 15

ARC SEC
ARC SEC
ARC SEC

40 30 20 10 0-10 -20 -30 -40
ARC SEC

60 80 40 20 1] =20
® pbsect P Co A 21 23.44.06300 DEG 35 04
Center at RA 21 23 44.06300 DEC 25 04 30.8200 nter al RA 21 6
5.0 45 At Centor at RA 21 23 44.063 DEC 25 04 30.92 Grey scale flux range= -3.00 23.00 Milll)
ANy s S a0 ARG I TREAN Grey scale flux range= -30.0 230.0 MilllJY/BEAM :

e — -

—— D C = B+C+D
VLA/B+C+D @ 4cm =2 1.5” res'n

Elapsed time: ~1 hour




Déa gawitn data: J —

rst Iook"“'

GREY IC10 IPOL 4860 100 MHZ IC10 |CL001 1
-10 5 10

d .
- -
* -

=IIUNES tend tor he |
SIVIOUS:

S5 easier to destroy

: r anrte createl

__7_ -==-.= _e Wackier the image,

= --"_

,., 1he easier it is to fix

o
[
w
Q
[
<

Kilo

i

i

-
—

0.8 0.6 0.4 0.2 00 -02 -04 -06 -08
Kilo ARC SEC
Center at RA 00 17 37.768 DEC 59 01 25.21
Grey scale flux range=-10.00 10.00 JY/BEAM

IC10




PLot file version 1 created 04-FEB-2004 11:00:33
GREY: IC10 IPOL 4860.100 MHZ 1C10.ICL001.1
=10 -5 0

0.8

g == Note the flux density scale!

Kilo ARC SEC

0.8 0.6 0.4 0.2 00 -0.2

Kilo ARC SEC

Center at RA 00 17 37.768 DEC 59 01 25.21
Grey scale flux range=-10.00 10.00 JY/BEAM



PLot file version 1 created 04-FEB-2004 11:00:33 PLot file version 1 created 04-FEB-2004 11:06:21
GREY: IC10 IPOL 4860.100 MHZ 1C10.ICL001.1 GREY: IC10 IPOL 4860.100 MHZ 1C10.ICL001.12
=10 -5 0 5 0 1 2

Kilo ARC SEC
Kilo ARC SEC

08 06 04 02 00 -02 -04 -0 J 08 06 04 02 00

-0.2 -0.4 -0.6
Kilo ARC SEC Kilo ARC SEC
= Center at RA 00 17 37.768 DEC 59 01 25.21 Center at RA 00 17 37.768 DEC 59 01 25.2]
Grey scale flux range=-10.00 10.00 JY/BEAM Grey scale flux range= 0.000 4.000 MilliJY/BEAM

Flag two 10-second records... ...et voilal

i

-0.8
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BDEZIING Wit data ot ‘f;

fie next Stéps

— [

OISIOIF0OCUIMmeEntation
BOEEVational Status Summary (VLA/VLBA)
— SVil 're?; _Imagmg Schools & books
SAIPS Coo okibook
'_ ere to help!
mail: analysts@nrao.edu
= '*Auto -analysis of VLBI data
— Short- or long-term visits to NRAO, with hands-on help at
any level

® Travel & page charge support for some archival
Work




R CHVEIYANOIKING On improving the archive
— rllrerlrI/ roducmg lots of good stuff: e.g., half
ifle Pos sters here!

a ezry —requwed for ALMA and the EVLA
et§*of new radio telescopes coming this

-*decade SMA, EVLA, ALMA, eMERLIN,
~ a good time to learn!



