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² If your program is taking a long time to run, its probably wrong.
² Don’t use more words on the answer than were used in the 

question.
² Understanding Ned’s answers may be as challenging as 

understanding the original question.
² In research, the answer is not in the back of the book.

Ned’s Research Guide



² Only wear a jacket and tie if over $1M is at stake, or
² at a thesis defense for a customary fee of $0.25.
² Tennis shoes are always acceptable

Ned’s Fashion Guide
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10-88 MHz usable Galactic noise-dominated (>4:1) 24-87 MHz

4 independent beams x 2 pol. X 2 tunings each ~16 MHz bandwidth

All sky (all dipoles) modes:  TBN (70 kHz-bandwidth; continuous)

TBW (78 MHz-bandwidth, 61 ms burst)

40+ publications, now observing jointly with VLA

Five “outrigger” antennas at up to 500 m baselines

LWA1 discoveries: meteors, pulsars, Sun, Jupiter & Ionosphere

Open skies – LWA1 is funded by NSF and AFRL

LWA1
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The Sky
35-80 MHz

Dowell et al. 
2017

+ New Low
Frequency Sky
Model generator



Jupiter



Decametric Jovian Emission
Decametric Jovian Emission



Emission from Jovian Planets
PASI image 
of a Jovian 
burst
at 25.61 MHz

• Low frequency:
eB / 2πme = 28 MHz at 10 G

• Bright! ~100 mJy flux density 
predicted at 10 pc

• High circular polarization:
LWA is very good at this!

• Predictably time-variable:
• pulsar-like emission
• secondary eclipses
• periastron passages of 

high-eccentricity HJs



LWA1	Pulsar	Detections



LWA1	Pulsar	Detections

Schinzel	- LWA1	&	beyond 12

J0030+0451
B0031-07
J0034-0534
B0138+59
J0203+70
B0320+39
B0329+54
B0355+54
B0450+55
B0525+21
B0531+21*
B0628-28
B0655+64
B0809+74
B0818-13
B0823+26
B0834+06
B0919+06
B0943+10
B0950+08
B1112+50

B1133+16
B1237+25
J1327+34
B1508+55
B1540-06
B1541+09
B1604-00
B1612+07
B1642-03
B1706-16
B1749-28
B1822-09
B1839+56
B1842+14
B1919+21
B1929+10
B2020+28
B2110+27
J2145-0750
B2217+47
J2324-05

• 99 Pulsars detected (58 
through pulsations, 2 through 
single pulses)

• 7 MSPs detected
• Periods from 1.9ms to 3.7s

Stovall	et	al.	(2014)



Dispersion	of	a	Pulse

13
Eftekhari et	al.	(2016)
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Coronal	Mass	Ejection
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Catching	a	Coronal	Mass	Ejection

Howard et al 2016
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Catching	a	Coronal	Mass	Ejection
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Catching	a	Coronal	Mass	Ejection



Meteors – by reflection 



International Space Station



Great Balls of Fire!

Obenberger et al. 2014, 2016

Light curves of the brightest transients



Obenberger et al 2016
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Fig. 1.— Aerial view of the LWA1 radio observatory.

Table 1: Summary of LWA1 Specifications

Specification As Built Description

Beams: 4, independently-steerable, each dual-polarization
Tunings: 2 independent center frequencies per beam
Freq Range: 24–87 MHz (>4:1 sky-noise dominated); 10–88 MHz usable
Instantaneous bandwidth: ≤16 MHz × 4 beams × 2 tunings
Minimum channel width: ∼0 (No channelization before recording)
Beam FWHM: [8,2]◦ at [20,80] MHz for zenith-pointing
Beam SEFD: ∼3 kJy (approximately frequency-independent) zenith-pointing
Beam Sensitivity: ∼ 5 Jy (5σ, 1 s, 16 MHz) for zenith-pointing
All-Dipoles Modes: TBN: 75 kHz bandwidth continuously from every dipole

TBW: Full band (78 MHz) every dipole for 61 ms, once every ∼5 min.

However, LWA1 per-dipole system temperature is dominated by Galactic noise by a factor of

at least 4:1, whereas LOFAR per-dipole system temperature is at best 1:1. Taking this into

account, we estimate all of LOFAR is more sensitive than LWA1 by a factor of no greater than

∼4 on a per-bandwidth basis, at LOFARs optimum frequency (∼60 MHz). We also note that

LWA1 (34◦N) sees a significantly different portion of the sky than LOFAR (∼52◦N), including

access to the interesting Galactic center and inner plane regions. A graphical comparison of

LWA1 with LOFAR and other contemporaneous instruments is shown in Fig. 2.

For the convenience of the reader, Table 2 provides a glossary of defining some of the more

arcane acronyms associated with LWA1.
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Fireballs – Persistent Trains



Fireballs – Persistent Trains



A Next Generation Very Large Array (ngVLA)

²5-150 MHz Aperture Array
²>4 beams
²AGN, transients, exoplanets, stellar 

flares, pulsars, follow-up at high 
resolution and sensitivity (~0.1 mJy
in 1 hour)

²150-800 MHz Prime Focus Feeds
²Commensal
²AGN, exoplanets, stellar flares, 

pulsars

Improvements over 
current VLA 
• ~10x Sensitivity at 30 GHz 
• ~10x Resolution at all bands
• 1.2 – 116GHz  (vs. 1 – 50GHz)
• 5 MHz – 800 MHz option



Juno at Jupiter


