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First Run: Jan 27First Run: Jan 27--Mar 2 Mar 2 

Second Run: Feb 25Second Run: Feb 25--Mar 3Mar 3

Third Run: Mar 26Third Run: Mar 26--Mar 31Mar 31

Artificial Airglows Observed at HIPAS 
in the Lunar New Moon Periods

Jan 2006

Sun Mon Tue Wed Thu Fri Sat
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8 9 10 11 12 13 14
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March 2006

Sun Mon Tue Wed Thu Fri Sat
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12 13 14 15 16 17 18
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Feb 2006

Sun Mon Tue Wed Thu Fri Sat
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HIPAS Optical Measurement HIPAS Optical Measurement 
EquipmentEquipment

CCD Camera:  1. Hamamatsu C7190CCD Camera:  1. Hamamatsu C7190--10 EB10 EB--CCDCCD
512x512 12512x512 12--BIT ResolutionBIT Resolution
1010 s Minimum Exposure s Minimum Exposure 
Minimum Temperature: Minimum Temperature: --5050°°CC

2.  Hamamatsu C47422.  Hamamatsu C4742--9898--24 ERG24 ERG
1344x1026  141344x1026  14--BIT ResolutionBIT Resolution
1010 s Minimum Exposure s Minimum Exposure 
Minimum Temperature: Minimum Temperature: --6060°°CC

Camera Lens:      24mm/F2.0, 24mm/F2.8, 50mm/F1.2Camera Lens:      24mm/F2.0, 24mm/F2.8, 50mm/F1.2

Telescope:           2.7m Diameter Telescope:           2.7m Diameter Liquid MirrorLiquid Mirror Telescope (LMT)Telescope (LMT)

Fresnel Lens:      1.1m Focusing LensFresnel Lens:      1.1m Focusing Lens
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Airglow Generated by Radio Waves fromAirglow Generated by Radio Waves from
HIPAS Transmitter ArrayHIPAS Transmitter Array

The heater antenna array is capable of delivering a cumulative The heater antenna array is capable of delivering a cumulative 
power output of 43.7 MW at a zenith angle of up to 36power output of 43.7 MW at a zenith angle of up to 36 with a with a 
total of eight crossed dipoles in the array.  Each dipole spans total of eight crossed dipoles in the array.  Each dipole spans 9494
feet in length and sits 46 feet off the ground. feet in length and sits 46 feet off the ground. 

The effective frequency range is between 2.80 and 2.90 MHz and The effective frequency range is between 2.80 and 2.90 MHz and 
supports both X and O mode polarizations.supports both X and O mode polarizations.

The array is located at HIPAS at latitude: 64The array is located at HIPAS at latitude: 64 5252’’ 22.422.4”” N;N;
longitude: 14longitude: 1466 5050’’ 12.412.4”” W.W.
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HIPAS Transmitter Array HIPAS Transmitter Array –– PowerPower
Lock Loop ControlLock Loop Control

Power Lock Loop (PLL) Power Lock Loop (PLL) 
function was added to function was added to 
HIPAS transmitter array HIPAS transmitter array 
control program (HCP).  It control program (HCP).  It 
locks the output power to a locks the output power to a 
certain level (Ex: 100KW for certain level (Ex: 100KW for 
each TX).  This function was each TX).  This function was 
used to regulate power when used to regulate power when 
the RF frequency is shifting the RF frequency is shifting 
between 2.842MHz to between 2.842MHz to 
2.859MHz on 2.859MHz on 20060329UT 20060329UT 
andand 20060330UT.20060330UT.
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Artificial Airglows Observed at HIPAS 
met double resonance conditions

Double Resonance Conditions:

f = 2 fce = fpe (z) (1)

f = 2 fce = fUH = (fce
2 + fpe

2)1/2 (2)

Here fce is the electron gyro frequency,  fpe is the electron 
plasma frequency, and f is the heater frequency 
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Ionogram shows plasma resonance Ionogram shows plasma resonance 
at 2at 2××ffcece altitude on altitude on 20060201 4:00 UT20060201 4:00 UT

The density profile and the The density profile and the 
second harmonic versus the second harmonic versus the 
height curve  intersects at height curve  intersects at 
2.85 MHz 2.85 MHz –– the frequency the frequency 
transmitted on Feb. 1, 2006 transmitted on Feb. 1, 2006 
04:00 UT. 04:00 UT. 

The ionogram recorded The ionogram recorded 
during the airglow period during the airglow period 
indicated double resonance indicated double resonance 
condition (1) was satisfied condition (1) was satisfied 
at the applied heating at the applied heating 
altitude of 230 km.altitude of 230 km.
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Airglow was detected by using Airglow was detected by using 
the new CCD camera the new CCD camera 
(Hamamatsu, C4742(Hamamatsu, C4742--9898--
24ERG) with 24ERG) with NikkorNikkor lenslens
(24mm f/2.8D AF Nikon), 7.5 (24mm f/2.8D AF Nikon), 7.5 
sec exposure for each picture, sec exposure for each picture, 
FS63010FS63010--50 filter, High Gain, 50 filter, High Gain, 
4x4 super4x4 super--pixel on pixel on 
20060201UT.20060201UT.

The resolution is 336The resolution is 336××336336
pixels.  Each pixel has a 14bit pixels.  Each pixel has a 14bit 
resolution.  The resolution.  The strongeststrongest
airglow was observed from airglow was observed from 
3:49AMUT to 4:11AMUT.  The 3:49AMUT to 4:11AMUT.  The 
TX schedule is 2 minutes on TX schedule is 2 minutes on 
and 2 minutes offand 2 minutes off..

630nm Airglow Images Observed 630nm Airglow Images Observed 
on 2006 February 1on 2006 February 1stst 4:00 AM UT.4:00 AM UT.

The average brightness is estimated 
by average all the pixel in the image. 
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PixelPixel--size Bright Spot Observed insize Bright Spot Observed in
630nm image on 20060201UT airglow630nm image on 20060201UT airglow

The airglow brightness was The airglow brightness was 
rere--estimated using just one estimated using just one 
pixel, the brightest airglow pixel, the brightest airglow 
is about 130 Rayleigh. is about 130 Rayleigh. 

Although noisy, it shows the Although noisy, it shows the 
accurate brightness of the accurate brightness of the 
airglow.  The pixel is airglow.  The pixel is 
locatedlocated at theat the center of the center of the 
airglow (x=163, y=88).  airglow (x=163, y=88).  
The background floor is the The background floor is the 
same as used to create the same as used to create the 
previous image.previous image.
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Drive Off (image #190)Drive Off (image #190)

Exposure time: 3:53:56 to 3:54:3.5 Exposure time: 3:53:56 to 3:54:3.5 

Drive On (image #201)Drive On (image #201)

Exposure time: 3:55:46 to 3:55:53.5Exposure time: 3:55:46 to 3:55:53.5

HCP ScheduleHCP Schedule

20062006--0202--01 03:52:00 DRIVE OFF01 03:52:00 DRIVE OFF 00:02:0000:02:00
20062006--0202--01 03:54:00 DRIVE ON01 03:54:00 DRIVE ON 00:02:0000:02:00

The images were acquired by C4742The images were acquired by C4742--9898--24 ERG (High Gain, 4X4, 24 ERG (High Gain, 4X4, 
7.5s) with 24mm/F2.8 7.5s) with 24mm/F2.8 NikkorNikkor Lens and 630FS10Lens and 630FS10--50 filter.50 filter.

630nm Airglow Images on 2006 630nm Airglow Images on 2006 
Feb. 1Feb. 1stst 3:50 UT3:50 UT..
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Airglow image on 20060201UT with Airglow image on 20060201UT with 
background subtractionbackground subtraction

This image was the This image was the 
subtraction of the image subtraction of the image 
whenwhen TXsTXs are on (#201) and are on (#201) and 
the image when the image when TXsTXs are off are off 
(#190).  The granulation of (#190).  The granulation of 
airglow was observed which airglow was observed which 
may be created by density may be created by density 
cavitonscavitons and plasma and plasma 
irregularities.irregularities.
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A cross section of 630nm airglow A cross section of 630nm airglow 
image observed on 20060201UT.image observed on 20060201UT.

The relative intensity The relative intensity 
profiles of image #190 profiles of image #190 
and image #201 on the and image #201 on the 
previous viewgraph are previous viewgraph are 
shown after subtracting shown after subtracting 
the background  image the background  image 
#189.#189.
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Twilight Effect on Airglow Twilight Effect on Airglow 

6:496:496:346:347:557:556:316:315:265:264:364:362006/03/312006/03/31

7:137:136:326:327:487:486:276:275:235:234:334:332006/03/302006/03/30

7:047:046:036:037:427:426:236:235:195:194:304:302006/03/292006/03/29

5:315:315:045:045:565:564:584:584:024:023:143:142006/03/042006/03/04

5:205:204:344:345:505:504:524:523:563:563:073:072006/03/022006/03/02

5:155:155:005:005:435:434:464:463:503:503:013:012006/02/282006/02/28

4:174:173:243:244:274:273:303:302:302:301:321:322006/02/012006/02/01

Airglow EndsAirglow EndsAirglow StartsAirglow StartsAstronomical Astronomical 
Twilight Twilight 

Nautical Nautical 
Twilight endsTwilight ends

Civil Twilight Civil Twilight 
endsends

Sun Set Sun Set 
(UT)(UT)

DateDate

Airglow could be affected by twilight period when the sun createAirglow could be affected by twilight period when the sun creates oxygen s oxygen 
atoms.  Airglow starts around Nautical Twilight and ends before atoms.  Airglow starts around Nautical Twilight and ends before AstronomicalAstronomical
Twilight in 2006.  The time is from Twilight in 2006.  The time is from U.S. Naval ObservatoryU.S. Naval Observatory, for airglow , for airglow 
location: W147° 17’, N64° 25’.location: W147° 17’, N64° 25’.
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Airglow on 2006 March 2Airglow on 2006 March 2ndnd UTUT

The HIPAS airglow was also detected by Todd Pedersen at The HIPAS airglow was also detected by Todd Pedersen at 
HIPAS at 630 nm (red) and 557.7 nm (green). HF radiated 3 HIPAS at 630 nm (red) and 557.7 nm (green). HF radiated 3 
minutes on and 2 minutes off. minutes on and 2 minutes off. 
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Airglow was detected by our old CCD Airglow was detected by our old CCD camera.  Thecamera.  The settings settings
are: 8 second exposure, high gain, are: 8 second exposure, high gain, EB_GainEB_Gain 16, 4X4 super 16, 4X4 super 
pixel.  The RF frequency is 2.84MHz.  The filter we used is pixel.  The RF frequency is 2.84MHz.  The filter we used is 
630/10nm.630/10nm.

Ionogram shows plasma resonance Ionogram shows plasma resonance 
at 2fat 2fcece altitude on 20060302 5:15 UTaltitude on 20060302 5:15 UT



1616

Ionogram shows Ionogram shows 
plasma resonance (1) occurred 235 km altitude at 5:30 AM UT, butplasma resonance (1) occurred 235 km altitude at 5:30 AM UT, but movedmoved
up to 290 km at 5:45 AM UT.up to 290 km at 5:45 AM UT.

The settings for old CCD camera are: 8 The settings for old CCD camera are: 8 
seconds exposure, Low Gain, EBseconds exposure, Low Gain, EB--Gain 16, Gain 16, 
Super pixel 4X4, temperature Super pixel 4X4, temperature --7°C.  The 7°C.  The 
upperupper figure shows the airglow acquired figure shows the airglow acquired 
by the old CCD camera.by the old CCD camera.

5:30 UT

5:45 UT

2006 Mar 4th 5:10-5:40 AM UT
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557.7nm Airglow on 20060304UT.557.7nm Airglow on 20060304UT.

AirglowAirglow was detectedwas detected by our by our 
Fresnel lens system, which Fresnel lens system, which 
includes a 36 inch diameter includes a 36 inch diameter 
lens, 560/5 nm line filter,  a lens, 560/5 nm line filter,  a 
photomultiplier tube (PMT), photomultiplier tube (PMT), 
and a data acquisition and a data acquisition 
system.  HF radiation system.  HF radiation 
transmitted 3 minutes on transmitted 3 minutes on 
and 2 minutes off. and 2 minutes off. 
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630nm Airglow on 20060329UT.630nm Airglow on 20060329UT.

This figure shows the effect of frequency This figure shows the effect of frequency 
shift on the airglow emission intensity shift on the airglow emission intensity 
observed in 2006 Mar 29 UT. When observed in 2006 Mar 29 UT. When 
frequency was shifting down from 2.859 frequency was shifting down from 2.859 
MHz to 2.842 MHz, the airglow decreases  MHz to 2.842 MHz, the airglow decreases  
after the initial increase at the power on.after the initial increase at the power on.
When frequency was shifting up from When frequency was shifting up from 
2.842 to  2.859 MHz, the emission 2.842 to  2.859 MHz, the emission 
increases sharply until the HF power was increases sharply until the HF power was 
turned off. This effect would be turned off. This effect would be expectedexpected
When the double resonance  frequency is When the double resonance  frequency is 
above the applied heating frequency. above the applied heating frequency. 
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When frequency was shifting down from 2.859 When frequency was shifting down from 2.859 
MHz to 2.842 MHz, the airglow increased  MHz to 2.842 MHz, the airglow increased  
sharply.  When frequency was shifting up from sharply.  When frequency was shifting up from 
2.842 to  2.859 MHz, the emission stopped 2.842 to  2.859 MHz, the emission stopped 
increasing while the HF power was still on. This increasing while the HF power was still on. This 
effect would be expected when the double effect would be expected when the double 
resonance  frequency is below the applied resonance  frequency is below the applied 
heating frequency. heating frequency. 

630nm Airglow on 20060330UT.630nm Airglow on 20060330UT.

This was in fact the case by measuring the double resonance freqThis was in fact the case by measuring the double resonance frequencies (1) and uencies (1) and 
(2) as shown at the bottom (2) as shown at the bottom plots.plots. AtAt UT 6:45 AM maximum emission was detected UT 6:45 AM maximum emission was detected 
when the HF was less then 10 kHz above double resonance between when the HF was less then 10 kHz above double resonance between thethe ffuhuh and 2fand 2fcece..
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1.1. Enhanced airglows were generated near the double resonance that Enhanced airglows were generated near the double resonance that 
matches the plasma resonances and the second harmonic electron matches the plasma resonances and the second harmonic electron 
cyclotron frequency: cyclotron frequency: 

Feb 1Feb 1stst 2006 04:00 UT (strong airglow)2006 04:00 UT (strong airglow)
Feb 28Feb 28thth 2006 5:00 UT (very weak)2006 5:00 UT (very weak)
Mar 2Mar 2stst 2006 05:15 UT (weak airglow)2006 05:15 UT (weak airglow)
Mar 4Mar 4thth 2006 05:30 UT (weak airglow)2006 05:30 UT (weak airglow)
Mar 29Mar 29thth 2006 06:35 UT (strong airglow)2006 06:35 UT (strong airglow)
Mar 30Mar 30thth 2006 06:50 UT (strong airglow)2006 06:50 UT (strong airglow)
Mar 31Mar 31stst 2006 06:46 UT (weak, 2 cycles)2006 06:46 UT (weak, 2 cycles)

2.  The size of the airglow is about 92.  The size of the airglow is about 9ºº X 9X 9ºº.  At 240km, it is about 38km .  At 240km, it is about 38km 
diameter.diameter.

3.  The brightest airglow on 20060201UT is 130 Rayleigh.3.  The brightest airglow on 20060201UT is 130 Rayleigh.
4.  Drive frequency was scanned in a 17kHz band while doing the 4.  Drive frequency was scanned in a 17kHz band while doing the airglowairglow

run.  Whether the drive frequency is higher or lower than the dorun.  Whether the drive frequency is higher or lower than the doubleuble
resonance frequency was deduced by the behavior of the airglow resonance frequency was deduced by the behavior of the airglow 
curve.  On 20060329UT, the double resonance frequency was eithercurve.  On 20060329UT, the double resonance frequency was either
higher than the drive frequency, or at the higher part of the higher than the drive frequency, or at the higher part of the 
frequency scan band.  On 20060330UT, the double resonance was frequency scan band.  On 20060330UT, the double resonance was 
either lower than the drive frequency, or at the lower part of teither lower than the drive frequency, or at the lower part of thehe
frequency scan band. frequency scan band. 

SummarySummary


