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First Installation - May 2015

underground container
underground Bx [KUIak et al., 2014]
antenna field coaxial cables
AAS1130 (100 reter)
By ELA10 receiver




Antenna Placement
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Dr. Hamid Chorsi

Dr. Ashanthi Maxworth,
Researcher at UCLA (L bcocer What does ELF

University of Maine ~ Ryan Jacobs Receiver

Dr. Poorya Hosseini Lead RF Engineer  Ryan Gillespie " Installation
EM Engineer at Quantinuum System Integration
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2 " dgsletter CU Denver News
From lightning strikes to cosmic-scale
__ - kT events
- W@" _ : — Professor Golkowski, engineering students install receiver
S b N T X that detects electromagnetic waves from lightning strikes;

has implications on gravitational wave research



ELA10 vs ELA12
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H .
UGO ELF Station Upgrade Process on March 13t 2026
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a ,well-done job’ smile of satisfaction on the team's faces sums up the completion of the task




Qs Department of Electrical Engineering
L ) UNIVERSITY OF GOLORADO DENVER

Comparisons of ELF and VLF Recordings of

Lightning Impulses
URSI NRSM 2026, Boulder Colorado
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Propagation Velocity of ELF Transients

VLF propagation (multimode): v,~0.993 ¢

30
20
10
0

> —10
m 20
—30

B-field [pT]

Example Sferic
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Low—TPass filtered signal

B-field |pT]
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ELF propagation (TEM mode): v, (f, h, o) <c

tELF — tVLF +ts

Very Simple Formula [Wait, 1960]

distance current waveform

! .

t,=0.09 22 Lo 45
4]

!

reflection Conductivity
height at reflection
height

Propagation time strongly affected by
lonospheric profile parameters.
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. Site & Instruments —
Combined VLF and ELF Measurements were taken X - | o 3
near Hugo, Colorado, on 24 July 2025, between 1700 a3 | . =
to 1900 UTC. P ol - e

The instruments deployed included a Stanford
University-designed VLF AWESOME system [2], a
GeorgiaTech-designed VLF system, a SongMeter
bioacoustic recorder adapted for VLF measurements
[3], and an existing permanently installed ELF receiving
site.

All equipment was owned/operated by faculty &
stooolmmts fememm s L= 9f Colorado Denver.
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Context

ORADO DENVER

ELF & VLF Sferic Components

The ELF and VLF sferic components have
significant differences in their propagation
characteristics  through  the  earth-
lonosphere wave guide.

The VLF component arrives first, generally
exhibiting 3 to 10 rapid oscillations over
0.21t0 2 ms.

The ELF component arrives during or after
the VLF component depending on
distance and ionospheric conditions along
the propagation path from source to
= receiver, and generally consists of 2 to 5
half-oscillations over 8 to 12 ms.
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Context

ILORADD DENVER

Sferic VLF Component
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Sferic ELF Component 'Slow-Tail' (Highpassed at 5 Hz)
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ELF components in sferics are not
always observed as their presence
and intensity depends the lightning
event characteristics and on the
lonospheric propagation conditions
along the path from source to receiver
as mentioned.

In particular, as ELF components
propagate by a quasi-transverse
magnetic mode, the altitude of the
lowest layer of the ionosphere and the
presence of a day nlght transition

prevent ELF propagation [1].
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EMW Oriented Sferic Recorded Near 18:15:18.99000
Sferic VLF Component
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EMW Oriented Sferic Recorded Near 18:15:47.24250

| Steric VL Component | For the following analysis, start and stop times are

i A (©) —mmmnienEd | racorded for the VLF and ELF components of each ~

27 1| sferic ‘event’ inspected (a, b). All times given are

E o 1| UTC. Sferics not containing both VLF and ELF
E " e e | components were not included in this analysis.

@—|— -

|| Durations and lag times are calculated. Peak

Intensities of the magnetic field measured by the

B wmemw wseas  wseae  wseso | jnstruments are also recorded (c), but as the data is

raw digital output and not calibrated to a known
physical quantity, this information is not analyzed
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As ELF measurements exhibit slow and gradual variation in intensity over

long intervals below 5 Hz, all following results shown are high-pass filtered at 5 Hz.
Figure on bottom left are those gradual variations, on right are comparisons of unfiltered/filtered signal measurements.
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Recorded VLF/ELF Statistics - Component Duration

This is the length of the individual components for each sferic.

- 50% of VLF sferic components persisted between 0.8 & 1.9 ms, and having a
median duration of 1.1 ms.
50% of ELF components persisted between 6.8 & 10.1 ms with a median of
7.88 ms.

Scatterplot of Sferic Component Durations
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of Electrical Enginesting Recorded VLF/ELF Statistics - VLF to ELF Delay

This is the measured delay from the beginning of the sferic in
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LJ Depertment of Bectrical Engineering Recorded VLF/ELF Statistics - Total Sferic Duration

" Histogram of Total Sferic Duration (VLF Start to ELF Stop)
13} I
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Hugo
April 24, 2026
4 azimuth slides with decreasing amplitude+

last slide for high amplitude impulses
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Hylaty
April 24, 2026
azimuth slides

Are there solar flates after 8 and 18 ?
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X2 . 5 X-ray Solar Flares

: . , 6-hr max: M6 1815 UT Apr24
An X2.5 solar flare erupted from Active Region 4419 at 08:13 UTC on April 24, 2026, 24-hr: X2 0814 UT Apr24

marking the second X-class event within hours after an earlier X2.4 flare at 01:07
UTC. The event started at 08:01 UTC and ended at 08:18 UTC. A large coronal mass
ejection (CME) was produced.

An X2.5 solar flare erupted from Active Region 4419 at 08:13 UTC on April 24, 2026, marking the second X-
class event within hours after an earlier X2.4 flare at 01:07 UTC. The event started at 08:01 UTC and ended
at 08:18 UTC. A large coronal mass ejection (CME) was produced.
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