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\ / Sample of LWA-SV
o lonospheric Science

1. HF sounding with a DPS4D
2. HF sounding with Lightning

3. VHF imaging of gravity waves in the
ionospheric E region
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LWA-SV to KAFB
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Frequency-and-Angular-Sounding

o O Mode
o X Mode

*FAS relates the power spectra
of Az, El, and Doppler (or R) to
the spectra of the bottomside
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\ /
\/ Radio Emission from Lightning

Breakdown of air often occurs

In steps Slow Motion

Each step produces a short
(~10us) broad band (HF —
UHF; 3 — 3000 MHz) radio
burst

-Easily observed with an

antenna or an Array such as
the LWA-SV
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\/ Radio Emission from Lightning
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y
/ Observations with LWA-SV

Frequency in MHz

1 Hop: 1.54 ms delay T HER Y el 1 Hoy

2 Hop: 3.58 ms delay 2 Hop: 3.58 ms delay

op: 1.54 ms delay

2 4 6 8 10
Time in ms

For isolated bursts it is easy to see the 1 Hop and 2 Hop ionospheric reflections
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\/ Imaging the Lionograms
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How a TID might produce different lonogram Reflections

An Example out of phase lonospheric Disturbance
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\ / Sample of LWA-SV
o lonospheric Science

1. HF sounding with a DPS4D
2. HF sounding with Lightning

3. VHF imaging of gravity waves in the
ionospheric E region
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o Traveling Emitting Blobs

» Traveling Emitting Blobs often form
near the horizon of All-Sky Images

 Often seen in the 20 — 70 MHz
range

« Sometimes appear to be narrow
band, but often broader than 100
kHz band of LASI

« Oftentimes are both linearly and
circularly polarized

» Typically move from North to South
* Rarely South to North

1 « Is 7 times more likely to occur
when local foEs is above 6 MHz
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oy Traveling Emitting Blobs
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o LWA-SV Broadband Imager
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o LWA-SV Broadband Imager
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Q June 19 2019 40 ps All-Sky imaging

Saved raw TBN data
during a typical
event

Imaged at 40 us
resolution

Movie shows that
blobs are actually
composed of short
duration bursts
(much like lightning

However, no
lightning within 100s
of km
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L Could Lightning be the source of VHF?
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GOES-East ABI L1b Radiances 2019-01-05 18:02:18.1Z
ABI band number: 13 (10.33 um)
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Near Vertical from Both Stations

The phenomenon seen near vertical
from both stations

Triangulation puts it in the E region
(~110 km)

Velocity puts it at ~60 m/s (AGW
speeds)

Could it be scattering of lightning?

— it would have to be of ducted
modes (2000+ km)

— Why appear isotropic (both
stations point back to scattering
region)

Could it be self emission?
— Why prefer near horizon?
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\~Z Scintillation pattern across
N2 the array

Amplitude
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Scintillation pattern across

Amplitude

the array

80
60 |
40 |

20 |

=20 |

40 |

-60

DISTROBUTION A: Cleared for Public Release

29



UNCLASSIFIED

THE AIR FORCE RESEARCH LABORATORY

Geometry of the Observations
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Geometry of the Observations

DISTROBUTION A: Cleared for Public Release




UNCLASSIFIED

Geometry of the Observations
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