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Goals:

Overview the radio universe

Citizen Science via radio astronomy and space physics
Science literacy with NASA education partners (NSSEC)
Provide a hands-on experience in radio astronomy
Enable access to Online observatories and real data

and The Radio JOVE

The Radio JOVE Project
JOVE Team
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EDUCATION CONSORTIUM

> The Radio
%’ JOVE Project

earning Science by Observing and

Analyzing Radio Signals from

Jupiter, the Sun and our Galaxy
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» Radio "stars" scattered over the sky - most are luminous radio galaxies
or quasars (average distance > 5 x 10° ly)

(c) National Radio Astronomy Observatory / Associated
Universities, Inc. / National Science Foundation
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Why Radio Astronomy?

- Some objects are “invisible” at Earth and in space
- We can learn something new about the universe

Tidal Interactions in M81 Group

Stellar Light Distribution 21 cm HI Distribution Jupiter (GHz)

M81
Galaxy Group




Major Discoveries

* Radio Galaxies — powered by black holes
e Cosmic Microwave background
 Gravitational radiation

 Cold interstellar gas

* Neutron stars (pulsars)

* Exoplanets

* Gravitational lensing”™"
e Gravity Waves?

The Galaxy

A. Mellinger Photomosaic
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Radio Continsim (408 MHz) Bonn, fodrell Bank,

and Parkes

Naval Research Laboratory

The Galactic center

Wide-Field Radio Image of the
Galactic Center
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Sources of Radio Emission

e Solar System - sun, planets Quantitatively, an image is really a

» Milky way - star forming regions, radio intensity distribution map
old stars, supernova remnants

« Extragalactic - quasars, radio jets
* Molecules

Emission Mechanisms

« Thermal Emission — blackbody radiation,
free-free emission, spectral lines

* Non-thermal emission — cyclotron,
synchrotron, gyrosynchrotron, masers




Nebulae in Orion

Image 1: Optical “image” from a
planetarium program showing the
stars of Orion — green outlines the
nebulae




Nebulae in Orion

Ill

Image 1: Optical “image” from a
planetarium program showing the
stars of Orion — green outlines the
nebulae

Image 2: Radio image showing
ionized hydrogen — good agreement
with the nebulae.




Nebulae in Orion

Image 1: Optical “image” from a
planetarium program showing the
stars of Orion — green outlines the
nebulae

Image 2: Radio image showing
ionized hydrogen — good agreement
with the nebulae.

Image 3: Atomic hydrogen. Very
different. Galactic plane begins in
the upper left.
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Image 3: Atomic hydrogen. Very
different. Galactic plane begins in
the upper left.
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shows giant molecular (H,) clouds
where new stars form.



Stellar Phenomena — pulsars, supernovae
Crab Nebula _

(4}
18 5£P, 1993 o
s

. . .
RA D I O MI @ CatechPasachol! Maln
Photo trom Hale 5mTeleecops Hale

QQQQQQ

¥k
= o s
v 59 oo ® .

; . ‘. . g

. -

Optical &% 8 GHz VLBI sequence of a supernova in M81 (1993-1997)
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Wide-Field Radio Image of the
Galactic Center

Naval Research Laboratory
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‘ (Kassim, LaRosa, Lazio, & Hyman 1999)
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Active Galactic Nuclei



Resolution - Interferometry

Radio image from Haystack
37-m single dish telescope
at a frequency of 43 GHz

Radio image made with the
27-element Very Large Array.

v
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Hydrogen maser clock
(accuracy 1 sec in
1 million years)




Supermassive Black Hole . ea

First Image of a Supermassive Black Hole .

A supermassive black hole lies at the heart of the galaxy Pricti s D
M87, about 55 million light-years distant in the Virgo

cluster of galaxies. A glowing disk of light is bent around

the black hole by its enormous gravity.


https://eventhorizontelescope.org/

Supermassive Black Hole . ea

First Image of a Supermassive Black Hole

A supermassive black hole lies at the heart of the galaxy
M87, about 55 million light-years distant in the Virgo
cluster of galaxies. A glowing disk of light is bent around
the black hole by its enormous gravity.

M87  © Anglo-Au
Photo by David Mal

M87 black-hole-powered jet of subatomic

particles.Credits: NASA and (STScl/AURA)


https://eventhorizontelescope.org/

The Universe

Cosmic Microwave Background
at 22 — 90 GHz Credit: NASA/WMAP Science Team
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Radio Sun

Optical H-alpha Radio X-ray
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Solar Radio Burst at 20 MHz — notice the sharp rise and the
gradual decline of the burst. This is typical of Type Il solar bursts.

16/06/04 by NICEro in Nice {(France)
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Radio Jupiter

Jupiter S-bursts are the short popcorn
popping sounds in this lo-B storm
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@NSSEC

NASA SPACE SCIENCE
EDUCATION CONSORTIUM

Radio Jove Participants

1999 - present

* Citizen Scientists

®* Interested amateurs

* High Schools

* Colleges & Universities

70 Countries have participated in Radio Jove
More than 2400 kits sold



Radio Jove
20 MHz Receiver

Jan. 26, 2003 lo-B L-Bursts  20.1 MHz EELIEPNE\A /o Greenma

T — 0 1 g 0 0 [ e e S e S S
09:45:01 UT 09:47:01 UT 09:43:01 UT 03:51:01 UT 03:53:01 UT

Observing Software from Radiosky.com

* You build it

* You operate it

* You collect data

* You analyze data
* You archive data
You do science

Basic System

e 20 MHz Receiver
e Dipole Antenna

e Recording and
Analysis Software

e S300 + computer

(NSSEC

Hardware and Software S/ ARG,

Spectrograph and
Wide Band Antenna

Observing Software from Radiosky.com

Advanced Systems
e 15-30 MHz Radio Spectrograph
e Software Defined Radio (SDR)
e Spectrograph Software
e $2500 + computer

23



o4 | Space Science Education Partners [(EINS=Ee

EDUCATION CONSORTIUM

Partner #1. NASA Space Science Education Consortium (NSSEC)
e 26 Space Science Education Partners
e Collaborate in Education and Public Outreach

Partner #2. Citizen Scientists ‘ Unied SI8tes
e 11 spectrograph stations established in the USA . e WS S A,I"CM'
Jupiter/Solar radio emissions, ionosphere, and space weather D et

e Society of Amateur Radio Astronomers (SARA) T 3 oncic ey

Richard Flagg,
Hawali

K T

Partner #3. Juno Mission
* Support the Juno Mission with observations
e Collaborate with professional radio observatories § — sy e

Juno Mission = pooccesseeeeee—

May 2019
nday Monday |Tnmh_r'\\'edusdayi Thursday ‘ Fridmy  Saturday

Partner #4. Worldwide Data Archives
e NASA-Planetary Data System (PDS) INASA/JPL-Caltech

e Virtual Wave Observatory (heliophysics wave data)
e VESPA — Virtual European Solar and Planetary Access
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e Jupiter Radio Emission Structure

Research Interests

e Solar Radio Emissions
e l[onosphere Radio Wave Propagation
e Milky Way Galaxy

Projects

* Build a radio telescope

* Make Observations (coordinated
sessions)

* Analyze, Compare, and Archive Data

* Advanced Projects (spectrographs,
ionosphere, long-term studies)

Research and Projects OHN2DEC

EDUCATION CONSORTIUM

Spectrograph  28-Oct-2013, HNRAO, PA
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Comparison observations with a spectrograph (top) and a single

frequency receiver (bottom). [Data from J. Brown] 2



Projects

e Maps of the Jupiter
Radio sources

e Jupiter Emission
microstructure

e Radio wave
propagation

Probability of Jupiter Radio Emissions
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Jupiter Longitude, CML (°)

Jupiter radio emission occurrence
probability plotted as a function of
orbital phase of lo and Jupiter
longitude (CML). [J. Sky, radiosky.com]

NASA SPACE SCIENCE
EDUCATION CONSORTIUM

lo Phose

About 750 Jupiter radio observations in the
Radio Jove archive over an lo Phase vs Jupiter
Longitude (CML) plot. The observations are
most concentrated near lo-related Jupiter racgsio
storms. [L. Garcia]



Projects

e Maps of the Jupiter Radio sources

Research and Projects

e Jupiter Emission microstructure

e Radio wave propagation 5

Jupiter observations with a
spectrograph and a 20 MHz
receiver. Jupiter emissions
show fine spectral structure
such as modulation and
Faraday lanes due to
propagation effects.

[J. Brown and W. Greenman]
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27
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=0 Research and Projects 7 AR
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Research Interests e
e Jupiter Radio Emission Structure ’; typelll
e Solar Radio Emissions

e l[onosphere Radio Wave Propagation
e Milky Way Galaxy

1-,;3630

16 LGM TFD Anay

(zHIN) Aouanbau4

Frequency-time
spectrogram comparison
observations of solar radio
bursts seen by different
observers.

[C. Higgins, W. Greenman,
and J. Brown]




NSSEC

TV Solar Radio Citizen Science NSSEC

Solar Radio Burst

2005 2018 Monthly Solar Data Counts
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2005-2018 Solar Radio Data collected by
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160

J. Brown (SC, PA), W. Greenman (FL),

COU ntS : J. Thieman (MD), Chuck Higgins (TN)

1.

D. Typinski (FL)

'
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SRB Monthly Avg Values

Observe the Sun with a
Radio Jove telescope

Count daily solar bursts

Compute average for 1
month

Send Data to Radio Jove
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graph o i i
MTSU Undergrads: Monica Villarreal, Jacob Burleson, Luke Garner, Courteney Gibson, Beverly Warner, Travis Marlow

2005 — 2018 Monthly Solar Radio Burst Counts (SRB) at 20 MHz correlate well with
the visible Sunspot Number (SSN) and the 10.7 cm (2800 MHz) Radio Flux data.



HWNSSEC
Research and PrOJects OliZRes

Research Interests WA1 Observatory20 Jan 2015

. . . Bl Jupiter Radio
e Jupiter Radio Emission Structure

é Emission 7 It Irl ‘

e Solar Radio Emissions 9 A } "'r ﬁ '

: : @ "' b

e l|onosphere Radio Wave Propagation = ? e
Q

e Milky Way Galax “

y y y Florida
March 25 2018 The Dbservatory of Heliolown : Thomas Asheraft @ Lamy, New Mesico, USA  RCP : 20 Jan’ zon':5 /" ' ‘
lonosphere Lightning “Echoes” | |

Polarized spectroscopic observations of Jupiter’s spectral
structure. [D. Typinski]
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Frequency-time data of lightning and interference mavtoun —— mseur

propagation in Earth’s ionosphere [T. Ashcraft] 24-hr intensity-time radio emission from the Galaxy [J. Shinn]

First Radio JOVE Citizen Science paper: ; .onlineli .wiley.com/doi/full/10.1029/2020GL 087307 30



https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020GL087307

Twenty-five Radio Jove observers are shown on the map for the
August 21, 2017 total eclipse. [Background: eclipse.gsfc.nasa.gov]

New effort for
2024 Solar Eclipse

2017 Solar Eclipse COHNSOEC

EDUCATION CONSORTIUM

2017 Coordinated Activity
e 25 Radio Jove groups observed the solar eclipse

e Only 7-8 observers made science-quality observations
e Citizens Scientists — Large Learning Curve

e Two stations show evidence that the lunar shadow
affected the received solar emissions

Example Solar Eclipse Observations

T 78 ."j rm-! ” ml"] ﬂTl II I ‘

A

Frequency-Time spectrograph solar eclipse observations on August 21, 2017 from 16-21
UT at 15-30 MHz in TN (100% eclipse) and NM (75% eclipse). Radio burst intensity are
reduced near the time of totality in the Murfreesboro, TN data as compared with the
data from Lamy, NM. 31



ONSSEC

NASA SPACE SCIENCE
EDUCATION CONSORTIUM

Radio JOVE Summary

radiojove.gsfc.nasa.gov

* Radio JOVE is an active citizen science project

4 Partnerships: NASA Education (NSSEC), Citizen Scientists, _
Juno Mission, and Data Archives Brochure available

The Radio JOVE Project
* Collaborate in Science, Education, and Public Outreach LB

* NASA
¢ Raytheon
e University of Florida

* 11 active citizen scientists; more coming soon 69 The Radio
: Eafi;klilsell\:\fyasll\[fc:ihd::/gnl Community College ;"'":" & JOVE PI'OjeCt

= Kochi National College of Technology

 Continue to coordinate observations to support science - e

For More Information Jupiter, the Sun and our Galaxy
http://radiojove.gsfc.nasa.gov/ i

* Jupiter, Solar, lonosphere research projects

32



National Aeronautica and Space Administration

Planetary Surfaces

EDUCATION CONSORTIUM

Landforms Exoplanets

g‘ \ - WStellar Disks
NASA SPACE SCIENCE
A

{— ey Love NASA Science?

NASA Citizen Science Projects

Join a NASA Citizen Science Project!

Citizen science projects at NASA and beyond are scientific
collaborations betwaen scientists and interestad membears
of the public. Through these collaborations, voluntears, or
“citizen scientists,” have made thousands of important
sciantific discovaries, including:

* Mare than half of the known comets.

» Hundrads of extrasolar planets.

* Tha oldest protoplanatary disk and the oldest disk around
a white dwari.

* A naw Kind of aurora.

Along the way, citizan scientists have co-authored publi-
cations in professional scientific journals, observed with
telescopas around tha world, and mada many lasting friend-
ships. They have learned about climate change, interstal-
lar dust grains, the surface of Mars, meteors, panguins,
mosquitcs, and gravitational waves, and they have halped
protect people from landslides.

Most projects requira no prior knovdedge, experience, or
special tools bayond a computer or cell phona. Soma proj-
ects invite you 1o use your smartphona to photogmph or
record information and upload this data to a project w
Paople with advanced degreas or other relavant traini

also invited to work with NSSEC on thasa projects!

All citizen scienca projects aim to teach you everything you
n2ed to know as you go along—so don't worry if you never
studied science or math in school!

Just ba forewamead: NASA citizen science is the real thing.
There ara no guarantead results, and sometimes the answers
will ramain unknown. But if you're tired of just reading about
other people’s ground-braaking discoveries and ready to get
your hands on scientific data nobody has ever seen before, go
to one of the URLs listed here and get startad. Join NSSEC on
the journey to discover more about our universa!

Are you an educator or a student? NASA also supporis
educational projects for hands-on and mora advancad ax-
ploration. For example, Radio JOVE (radiojove.gsfc.nasa.

lcomeas participants to help establish a network of
low-cost, around-based radio receivers to study the Sun and
Jupiter by observing their radio emissions. Through Radio
JOVE, studants and amateur scientists can also discover
how space weather affects parts of the Earth's atmosphere.

For more information a.bcu.
please visit: scianc

For more about NA.SA crm\ d< ]
please visit: 1

Citizen Science Projects with NASA

NASA has been involvad with citizen science sinca
the 1920%. Here is a list of tha currently active
projects as of 2018.

Astrophysics
« Planet Hunters TESS
- Wwww.pianathunters.on
» Backyard Worlds: Planat 9

- wwiw.backvardworlds.org

Earth Science
« Citizan-Enabled Asrosol Measurements for
Satellites

- CSU-caams.com
. Clcu:la - GLOBE Obs».arver

. I:ake Observer
- www iskeohserverorg
. Land Cmar — GLOBE Otvserver

Planetary Science and Heliophysics
* Aurorasaurus

- firepalisinthasky com au
« International Astronomical Search Collaboration
ek

» Sungrazer Project
- syngrEzarnn navy.mil
« Targat Asteroids

NSSEC

NASA SPACE SCIENCE
EDUCATION CONSORTIUM

33


https://science.nasa.gov/citizenscience

Chuck Higgins
chiggins@mtsu.edu

Thank you!

The End

2017 Solar Eclipse
MTSU Media Services
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Radio Bands

HF: below 30 MHz decameter (3 - 30 MHz)
Shortwave radios, CBs
AM band (0.5 - 1.7 MHz)
VHF: 30-300 MHz meterwave (TV/FM)
UHF: 300 — 3000 MHz decimeter
(phones, LAN, cable TV, microwave ovens, GPS)
Microwave: 1000-30,000 MHz
SHF: microwave (3 - 30 GHz) radars _
EHF: millimeter (30 - 300 GHZ) CLASS FREQUENCY WAVELENGTH ENERGY - o 10“;“’"'"-~.,t

Infrared: sub-millimeter (300 - 700 GHz) ¥ Fratwicl U AN

3 EHz 100 pm 12.4 keV
SX 300 PHz | 1 nm 1.24 keV

Frequency (Hz)
Wavelength

Gamma-rays

o
z

Ultraviolet /
/100 nm
"N\ g 1000 nm
T um

Electromagnetic

Spectrum

100 um

1000 um
1000 MHz — N 3 1mm

- 30PHz | 10 nm 124 eV

Microwave Bands gol'::‘JH_l._zH 100 nm 122;4 95 Microwaves [~ 1cm
~ z Hm 1.24 e 500 MHz -

L-band ~ 20 cm 30 THz | 10 pm 124 meV 0 Ce” phoneS
~ 3 THz 100 um 12.4 meV

S_band 10 cm 300 GHz | 1 mm 1.24 meV T f — 09 _ 19 GHZ

_ ~ 30GHz | 1cm 124 peV 1

X-band ~ 3 cm 3 GHz 1 dm 12.4 peV § ' )\ — 30 cm

Ku(or U)-band ~ 2 cm 300 MHz | 1 m 1.24 peV
~ 30MHz | 10m 124 neV

K-band ~ 1 cm 3MHz [100m | 12.4 nev

300 kHz | 1 km 1.24 neV

30kHz | 10 km 124 peV

3 kHz 100 km 12.4 peV

300 Hz 1 Mm 1.24 peV Long-waves
30 Hz 10 Mm 124 feV

3 Hz 100 Mm | 12.4 feV

Louis E. Keiner - Coastal Carolina University



History of Radio Astronomy

1930s

1932 — Karl Jansky, extraterrestrial “hiss” (MW at 20 MHz)

1938 — Grote Reber, maps the Galaxy at 160 MHz (non-thermal
emission) [“Controversial” paper published in 1940]

1940s

- 1944 Oort, van de Hulst predict the 21-cm line of H
- 1945 end of WWII —radio telescopes built in
Holland, England, and Australia (Interferometers)
- radar reflections off the Moon
- Cygnus A and Cassiopeia A sources identified
- 1949 optical and radio sources identified
1950s
- synchrotron mechanism proposed
- 1951 Ewen and Purcell find the 21-cm line of H
- 1955 Radio emission from Jupiter accidentally discovered
- Radar studies of planets and the 15t satellite!

1960s
- Quasars discovered
- SETI begins
- Interstellar molecular lines
- 1965 Cosmic microwave background
- 1967 Pulsars discovered

1970s, 1980s, 1990s, 2000s
Increased technology and large arrays



Mechanisms of Radio Emission

Thermal Emission

1. Thermal Emission — blackbody radiation

2. Free-free emission — thermal
‘bremsstrahlung’ radiation (for local
thermodynamic equilibrium (LTE)

3. Spectral Line Emission —i.e. 21 cm line of H

Spectral Line Emission

Lower Energy "Ground" State

d

View Animastion | Reset

Emission of
21-cm photon

1000

1500 2000
Wavelength (nm)

Free-Free Emission

.

View Anirmation | Reset




2.
3.

Mechanisms of Radio Emission

Non-thermal Emission
1.

Cyclotron/Synchrotron emission —
magnetobremsstrahlung radiation
Gyrosynchrotron — pulsars

Masers — stimulated emission
associated with molecules (in molecular
clouds or envelopes of old stars)

Masers

View Anirmation | Reset



