HNRAO Observing Log
40.673181 N — 80.437885 W

EN90sq

Date: May 16, 2019
Object: Jupiter — lo-B

Observer: Unattended

oRseERVATORY

Start - Time UT: 0457:50 Planetary K-index:
Jupiter Altitude (deg): | 19.2 Jupiter Azimuth (deg): | 146.7
Jupiter CML: 85.84 Jupiter Io Phase: 095.68
Jupiter RA (hr/min): 17:27 Jupiter Dec (hr/min): | -22:36
Hour Angle (hr/min): | -02:17 Polarization RCP
Sun Altitude (deg): -30.7 Sun Azimuth (deg): 356.5
Sun RA (hr/min): 03:23 Sun Dec (hr/min): 18:34
End — Time UT: 0613:48 De: -2.8
Jupiter Altitude (deg): | 25.2 Jupiter Azimuth (deg): | 164.6
Jupiter CML: 131.77 Jupiter Io Phase 106.34
Hour Angle (hr/min): | -01:00 Duration (min): 116
Sun Altitude (deg): -28.9 Sun Azimuth (deg): 017.2
Max Frequency MHz | 30 Min Frequency MHz 18
Observatory Configuration
Spectrograph Antenna Polarization System Multicoupler Multicoupler Calibrated
Receiver Loss B
RCP -8.35dB #2 RCP Port 1 +10dB | Twice daily
FSX-8S TFD LCP 759dB | #1LCP Port | +10dB | Twice daily
FSX-2 LWA RCPILCP N/A N/A N/A
manual select
SDRPlay RSP2 #1 TFD RCP -8.35dB #2 RCP Port 2 +3dB Twice daily
SDRPlay RSP2 #2 TFD LCP -7.59 dB #1 LCP Port 2 +3dB Twice daily
JOVE Il HNRAO #2 dfglz . Linear 3.66dB | #3Linear | Port4+3dB | 7/19/2019

Radio JOVE dipoles phased @ 32 degrees for 2018-2019 season
Typinski AN-TFD-24-4 array phased @ 35 degrees for 2018-2019 season
Four LWA antenna array phased @ 35 degrees and orientation for observation: 45 degrees
Radio Sky Spectrograph software version 2.9.26
Radio-SkyPipe software version 2.7.33

Radio-Jupiter Pro software version 3.8.2

Network Time Server GpsNtp-Pi, Reeve Engineering

All times are synced with a local GPS locked NTP server.
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[MODE |CML RANGE [lo RANGE [MAX F [POLAR |ARC NOTES
oD  [0-200 lo5-130  [18  |LH  [Early |Also called "fourth source”
B  [105-185) [80-110) [395 |[RH  |[Early |Also called "early source”
Inon To-B [80-200 lo360  [38 |RH  [Early [Voyager info
lo-A  [200270)  [205-260) [38  |[RH  |Late |Also called "main source”
lnon-To-A [(230-280)  [0-360  [38  |RH  |Late |
lo-C  [300-20) l225-260) [36  |RH&LH|Late |Also called "third source”
Inon-To-C [300-360 lo360  [32  |RH&LH|Late [Voyager info
https:/www.radiosky.com/jupmodes.html
Modulation Lanes Designations”
L - Burst S-Burst
L1 —No lanes S1 —No lanes
L2 - Positive slope S2 — Positive slope
L3 - Cross hatched S3 — Cross hatched
L4 — Negative slope S4 — Negative slope
“Modulation Lanes in the Dynamic Spectra of Jovian L-bursts, J.J.
Riihimaa, Astron. & Astrophys. 4, 1970
3
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Jupiter / Sun angular separation 150.5 degrees

All spectrographs and receivers operating. All antennas functioning normally. No known issues.
Several brief periods of rain. Precipitation static was heavy at 0616 UT. There were several other
periods of drizzle but none of the rain effected the data. The spectrograph charts show unknown
RFI as horizontal bright bands and lines. Unknown RFI in the SkyPipe record rendered that data

unusable. Cass A was not apparent in the data set.

All RCP spectrographs, FSX-8S, FSX-2 and SDRPLay RSP2, recorded this lo-B storm. All three
spectrographs recorded data.

Given De and the position on the CML/IO plane, this was a weak lo-B storm with scintillation
present. Long periods of inactivity between bursts. The storm was composed of positive drift L-

bursts and S-bursts with L2 modulation lanes.

Emissions began at 18 MHz and reached about 30 MHz at the end with emission intensity ranged
from near GB to 1 or 2 dB above GB as seen from this observatory.

Nothing else of note. Concurrent [o-D storm report attached to this report.

EOR

SDRPlay RSP2 / TFD Array
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FSX-8S / TFD Array

HMBAD - 051162019 - UTC - TFD Array - RCP - Correction file: Correction Aray HMBAD 2017 01 31 FSX-85 TFD 15-30.cav

UEZEO0  O53G5 05:48:45 DE:00:38 051230 052423 053515 DE:45:08 07-00:00
HMEBAD - 05/16/2019 UTC - TFD Armay - LCP - Correction file: Carrection Array HHMBAD 2017 01 31 FSX-85 TFD 15-30.cav

152500 05:36:53 05: 4545 DE:00: 36 061230 06:24:23 06 36:15 064508 07-00:00
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HMBAD - 05/16/2019 - UTC - TFD Array - RCP - Correction file: Correction Aray HMBAD 2017 01 31 FSX-85 TFD 15-30.cav

UE4EO0  O54745 055030 055215 055600 055845 050730 DE:0415 DE:07:00
HMEBAD - 05/16/2019 UTC - TFD Amay - LCP - Correction file: Carrection Aray HHMBAD 2017 01 31 FSX-85 TFD 15-30.cav

154500 05 47.45 055030 055315 05:56:00 055645 06:01:30 06:04:15 05:07-00
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FSX-2 / LWA Array

HMBAD - 051162019 - UTC - L'wid Avray - RCP - Comechion file: Correction Aray HNRAD 2017 07 31 FS-2 Lwid 15-30.csv
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HMRBAD - 051162019 - UTC - L'wid Avray - RCP - Comechion file: Correction Aray HNRAD 2017 07 31 FS-2 Lwid 15-30.csv

UE4EO0 054745 055030 055215 05:56.00 055845 050730 DE04:15 DE:07.00
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HNRAO Observing Log
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Date: May 16, 2019
Object: Jupiter — Io-D

Observer: Unattended

oRseERVATORY

Start - Time UT: 0527:10 Planetary K-index:
Jupiter Altitude (deg): | 22.0 Jupiter Azimuth (deg): | 153.4
Jupiter CML: 103.58 Jupiter Io Phase: 099.80
Jupiter RA (hr/min): 17:27 Jupiter Dec (hr/min): | -22:36
Hour Angle (hr/min): | -01:47 Polarization LCP
Sun Altitude (deg): -30.6 Sun Azimuth (deg): 004.6
Sun RA (hr/min): 03:23 Sun Dec (hr/min): 18:34
End — Time UT: 0750:19 De: -2.8
Jupiter Altitude (deg): | 26.1 Jupiter Azimuth (deg): | 189.4
Jupiter CML: 190.13 Jupiter Io Phase 119.88
Hour Angle (hr/min): | 00:36 Duration (min): 197
Sun Altitude (deg): -20.0 Sun Azimuth (deg): 040.4
Max Frequency MHz | 24 Min Frequency MHz 15
Observatory Configuration
Spectrograph Antenna Polarization System Multicoupler Multicoupler Calibrated
Receiver Loss B
RCP -8.35dB #2 RCP Port 1 +10dB | Twice daily
FSX-8S TFD LCP 759dB | #1LCP Port | +10dB | Twice daily
FSX-2 LWA RCPILCP N/A N/A N/A
manual select
SDRPlay RSP2 #1 TFD RCP -8.35dB #2 RCP Port 2 +3dB Twice daily
SDRPlay RSP2 #2 TFD LCP -7.59 dB #1 LCP Port 2 +3dB Twice daily
JOVE Il HNRAO #2 dfglz . Linear 3.66dB | #3Linear | Port4+3dB | 7/19/2019

Radio JOVE dipoles phased @ 32 degrees for 2018-2019 season
Typinski AN-TFD-24-4 array phased @ 35 degrees for 2018-2019 season
Four LWA antenna array phased @ 35 degrees and orientation for observation: 45 degrees
Radio Sky Spectrograph software version 2.9.26
Radio-SkyPipe software version 2.7.33

Radio-Jupiter Pro software version 3.8.2

Network Time Server GpsNtp-Pi, Reeve Engineering

All times are synced with a local GPS locked NTP server.

16 |

© HNRAO 2019




HNRAO Observing Log
40.673181 N — 80.437885 W

I
relative
g

__relative
31%rbbability

JAWICS Ngo

nﬂe:ﬂ\ u\'rﬂnv

© HNRAO 2019



HNRAO Observing Log ‘OBSERVATORY
40.673181 N — 80.437885 W
EN90sq
[MODE |CML RANGE [lo RANGE [MAX F [POLAR |ARC NOTES
oD  [0-200 lo5-130  [18  |LH  [Early |Also called "fourth source”
B  [105-185) [80-110) [395 |[RH  |[Early |Also called "early source”
Inon To-B [80-200 lo360  [38 |RH  [Early [Voyager info
lo-A  [200270)  [205-260) [38  |[RH  |Late |Also called "main source”
lnon-To-A [(230-280)  [0-360  [38  |RH  |Late |
lo-C  [300-20) l225-260) [36  |RH&LH|Late |Also called "third source”
Inon-To-C [300-360 lo360  [32  |RH&LH|Late [Voyager info
https:/www.radiosky.com/jupmodes.html
Modulation Lanes Designations”
L - Burst S-Burst
L1 —No lanes S1 —No lanes
L2 - Positive slope S2 — Positive slope
L3 - Cross hatched S3 — Cross hatched
L4 — Negative slope S4 — Negative slope
“Modulation Lanes in the Dynamic Spectra of Jovian L-bursts, J.J.
Riihimaa, Astron. & Astrophys. 4, 1970
18 |
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Jupiter / Sun angular separation 150.5 degrees
All spectrographs and receivers operating. All antennas functioning normally. No known issues.

Several brief periods of rain. Precipitation static was heavy at 0616 UT. There were several other
periods of drizzle but none of the rain effected the data. The spectrograph charts show unknown
RFI as horizontal bright bands and lines. Unknown RFI in the SkyPipe record rendered that data
unusable. Cass A was not apparent in the data set.

Both the LCP spectrographs, FSX-8S and SDRPlay RSP2, recorded this Io-D storm. The FSX-
8S spectrograph data also recorded the Io-B storm that was occurring at the same time.

Given De, this was a relatively strong Io-D storm with scintillation present. Long periods of
inactivity between bursts. The storm was composed of positive drift L-bursts and S-bursts with

L2 modulation lanes.

Composed of L-bursts and S-bursts, this storm was positive drift with L4 modulation lanes. There
was an lo-B storm concurrent this Io-D storm.

Emissions began at 15 MHz and most likely lower in frequency and reached about 24 MHz at the
end of emissions.

Emission intensity ranged from near GB to several dB above GB as seen from this observatory.
There were several groups of S-bursts that were the strongest in the storm, 0612:35 UT, 0621:55
UT, 0626:00 UT and 0724:15 UT.

Nothing else of note. Concurrent lo-B storm report attached to this report.

EOR

19 |
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SDRPlay RSP2 / TFD Array
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HHBAUC TS LS LI L A LLE S DR Plag s piab 2 ntediation: LT = HNBAT LA 2O G LT TLRE Db  HIR B2 oo

DEAS00 DE110 051820 DE:18:30 051840 DE:1E:50 051500

WK'S N

AN\ /AT Y\

23.00

22.00

21.00

20.00

19.00

18.00

17.00

DE15:10 DE:15:20

HNBAD - 08/16/2013 - UTC - TED Array - LCP - SDBPlaw - BSE2 - Integration .13 - HNRAD LA 2017 1110 SDRplayz TED 16-24.05v__

15:21:20 06:21:30 06:21:40 D5 21:50 06: 2200 06:22:10 06 2220

23.00

22.00

21.00

20.00

19.00

18.00

17.00

06:22:30 05:22:40
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HUEAL BT LR PD Aisas LRSS DR HObZ Intediation it e HHEAD LA 2 e LT LSDRplab 2 TR Bl oek

DEZOED DBZ300 052310 052320 052330 D5: 2340 05 2350

T WK'S N~

AN\ /AT Y\

23.00

22.00

2100

20.00

19.00

18.00

17.00

0E:24:00 052410

HNRAQ - 05/16/2013 - UTC - TED Array - LCP - SDRPIay -ASP2- Integration .1 - HNRAQ LA 2017 1L 10 5SDRplaye TFDU16-2d.cov

152525 06 25.35 06:25:45 D5 2555 06 26:05 06:26:15 0 26: 25

23.00

22.00

21.00

20.00

19.00

18.00

17.00

06:26:35 05 26:45
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SNEAU BT LLELE TED driae LB SURRIG o= Intediationi (1< HNHAD LA M £ 1 ILaDRpS 2 TR E2d e

23.00

22.00

2100

20.00

19.00

18.00

17.00

UE3045  DB30ES 05 31:05 DE:31:15 053125 D5 31:35 053145 D5 31:55 D5 32:05

HHRAD - 05/16/2013 - UTC - TFD Anay - LLE - SDRPlap - BSEZ -Integration [.1s - HNRAD LA 2017 1 110 SDRplave TFD 16-24.cov___

23.00

22.00

21.00

20.00

19.00

18.00

17.00

153305 063335 063345 053355 06:34:05 06:34:15 06 34:25 06:34:35 05 34:45
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UE3445  DG34ES 5. 35:05 053515 053525 053535 05 35.45

JWK’'S N~

AN\ /AT Y\

23.00

22.00

2100

20.00

19.00

18.00

17.00

DB 3555 D5 35:05

HNRAD - 05/16/2013 UTC - TED Array - LCP - SDRPIay -RSP2 - Integiation D.1s - HNRAQ CA 20171 110 SDRplave TFD 1624 cov

15:36:05 063615 06:36:25 D536 35 06 36:45 063655 06 37.05

23.00

22.00

21.00

20.00

19.00

18.00

17.00

06:37:15 053725
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U305 0B3R5 053825 053535 053845 D5 3655 053505

HNRAQ - 05/16/2013 - UTC - TED Array - LCP - SDRPIay -RSP2- Integration .15 - HNRAC LA 2017 1L 10 SDRplaye TFDL16-24.cov

T5:40:05 064015 064025 D5:40:35 0640145 064055 06 41:05

JWK’'S N~

AN\ /AT Y\

23.00

22.00

2100

20.00

19.00

18.00

17.00

053515 053525

23.00

22.00

21.00

20.00

19.00

18.00

17.00

06:41:15 05:41:25
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AHAL Do tB el el LT Ariavs LER- S DB Pl Bk Intediation D 12k HHHAT L 2B L LGBEDl b2 THER]

23.00

22.00

2100

20.00

19.00

18.00

17.00

UE4245  DG42E5 054705 DE4%15 054325 054335 054345 DE:43:55 D 44:05

HNRAQ - 08/16/2013 - UTC - TED Array - LCP -SDRPI 4 playz TED 16:24.03v

23.00

22.00

21.00

20.00

19.00

18.00

17.00

54525 06:45.35 06:45:45 054555 064505 0646115 0 46:25 06:46:35 054545

34 |
© HNRAO 2019



HNRAO Observing Log
40.673181 N — 80.437885 W
EN90sq

HUBAt T 5 et 0 UL T BL A e ELR S DR Plans bk 2 Intediation L0 2s N BATL LA UL G T ILADEDlab2 TR B2 cov

UE4E4E DG4GES 05:47-05 DEAT15 054725 054735 054745

- \A’K’S “ll\

AN\ /AT Y\

23.00

22.00

2100

20.00

19.00

18.00

17.00

DE:47:55 DE:48:05

HNRAD - 05/16/2013 - UTC - TED array - LCP - SDRPIay -RSP2- Integration .15 - HNRAQ LA 2017 1110 SDRplaye TFDU 1624 cov

54805 064215 064525 054235 06 4545 064555 06 43.05

23.00

22.00

21.00

20.00

19.00

18.00

17.00

06:4315 05:43:25
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- \A’K’S “ll\

AN\ /AT Y\

HHBAU TS LT LT T e LR SUR Rl bigEZIntediation: L = S AT LS 20 A TG BEpl b2 TR E A ped

UEG0E DBELS 055025 DE:50:35 055045 055055 055105

23.00

22.00

2100

20.00

19.00

18.00

17.00

DE:51:15 DEE1:25

HHRAD - 05/16/2013 - UTC - TFD Arab - LLE - SDRFlay _RSEZ - Integration L1 - HNBACLCA 20171110 SDRplay2 TED 16-2d.cov______

155165 DE:5205 065215 DE:5225 065235 D6:52:45 065255

23.00

22.00

21.00

20.00

19.00

18.00

17.00

D6:5305 055315
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HUBAU TS LLLE T L ity EUR S DR Plag s Sl Intediation L1 < HHESS LR 20T A T ILGDEDI b2 THIM B Al sou

0BG35 DG5S 055335 DE:E2:45 055355 DE:54:05 055415 DE:54:25

HHRAD - 05/16/2013 - UTC - TFD Anab - LLE - SDRFlay - RSPZ - Integration 0.1 - HNBADLCA 20171110 SDRplay2 TEDL1E-24.cov___

155565 D6:56:05 065615 DE:56:25 06:56:35 065645 06:56:55 065705

23.00

22.00

2100

20.00

19.00

18.00

17.00

DE:54:35

23.00

22.00

21.00

20.00

19.00

18.00

17.00

055715
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HHBAU TS UL T BD Bitaue LER =S DB Bl pab 2 Intediation Dl <s HNHADLEA 20T 1 T HGDELIb2 TR B2t oei

UEE83E  DBEL45 055855 D555 055515 DE:55:25 055535

~WK’'S N~

AN\ /AT Y\

23.00

22.00

2100

20.00

19.00

18.00

17.00

DE:55:45 055555

HNRAD - 05/16/2013 - UTC - TED Array - LCP - SDRPIay -RSP2 - Integration .15 - HNRAQ CA 2017 1L 10 SDRplave TFDU16-2d.cov

155355 070005 070015 07-00:25 070035 07-00:45 070055

23.00

22.00

21.00

20.00

19.00

18.00

17.00

07-01:05 07-01:15
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SR B20L I U LR TR Atsas LRSS DR a2 - Intediation it e HHEAD LA 2 A LT LLDRplb 2 TR B2l eey

UROREE 070805 07-08:15 070835 070835 07-08:45 070255

HNRAQ - 05/16/2013 - UTC - TED Array - LCP - SDBRPIay - RSP2- Integration .15 - HNRACLLA 2017 1L 1D SDRplayz TFD 16-2d.cov__

170315 07-09:25 070335 07-09:45 070355 07-10:05 071015

23.00

22.00

2100

20.00

19.00

18.00

17.00

07-05:05 07-05:15

23.00

22.00

21.00

20.00

19.00

18.00

17.00

07-10:25 07-10:35
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JWK'S N

AN\ /AT Y\

UPAEEE 071605 071515 071635 071635 07-16:45 071655

HMRAQ - 08/16/2013 - UTC - TED Array - LCP - SDBPIay - RSP2_ Integration .15 - HNRACLLA 2017 110 SDRplayz TFD 16-2d.cov__

172115 07-21:25 07-21:35 072145 07-21:55 07-22:05 07-2215

23.00

22.00

2100

20.00

19.00

18.00

17.00

071705 071715
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22.00

21.00

20.00

19.00

18.00

17.00

07-22:25 07-22.35
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T WK'S N~

AN\ /AT Y\

HUEAISABULT LD TP Sisas LLRS DR B kb2 ntediationlit == HHEAD LA £ LT LS DR Rl TRV At osis

23R 072405 072415 072455 072435 07-24:45 072455

HNRAD - 08/16/2013 - UTC - TED Array - LCP - SDBPlay - RSE2- Integration 013 - HNRAD LA 2017 1110 SDREIayz TED 16-24.cav

74315 07-43:25 07-43:35 07-43:45 074355 07-50:05 075015

23.00

22.00

2100

20.00

19.00

18.00

17.00

072505 07-25:15

23.00

22.00

21.00

20.00

19.00

18.00

17.00

07-50:25 07-50:35
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FSX-8S / TFD Array

HMBAD - 05/16/2019 - UTC - TED Array - RCP - Correction file: Correction Aray HMBAD 2017 01 31 FSX-85 TFD 15-30.cav

UEZE00  O54423 DE:02:45 DE: 2208 054230 07-01:53 072115 07-40:38 02:00:00
HMEBAD - 05/16/2019 UTC - TFD Armay - LCP - Correction file: Carrection Array HHMBAD 2017 01 31 FSX-85 TFD 15-30.cav

152500 05 44:73 060345 052308 064230 070153 072115 07-40:38 05:00:00
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HMBAD - 051162019 - UTC - TFD Array - RCP - Correction file: Correction Aray HMBAD 2017 01 31 FSX-85 TFD 15-30.cav

UEZEO0  O53G5 05:48:45 DE:00:38 051230 052423 053515 DE:45:08 07-00:00
HMEBAD - 05/16/2019 UTC - TFD Armay - LCP - Correction file: Carrection Array HHMBAD 2017 01 31 FSX-85 TFD 15-30.cav

152500 05:36:53 05: 4545 DE:00: 36 061230 06:24:23 06 36:15 064508 07-00:00
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JOVE II Receiver / JOVE Dipole Array

M rEm\ /AT

HNRAQ - 5/16/2018

10659 -

8527 -

6395 -

Y
;

4264 -

Antenna Temp Deg. K x1000

2132+

e
05:25:0

T o
05:47:08 06:09:1

06:31:25 06:53:3

g I
07:15:42 07:37:5

08:00:00

{Red} 20.1 MHz Calibrated Jove receiver / Dipoles
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