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Thi is in re pon e to your email dated September 30, 2014, received in this office 
October I, 2014, reque ting information under the Freedom of Information Act (FOIA) 
(enclosure I). Und r Department of Defense rules implementing the FOIA publi hed at 
32 CFR 286, your r quest wa cat goriz d as "other." 

nclo ure 2 i a computer-g nerated bibliography prepared by matching th ubject terms 
in your request against our Techn ica l Report database. The bibliography may contain 
some document that do not apply to the specific subject areas in which you are 
interested; however, to eliminate any of the key earch terms could also eliminate 
documents that do ap1 ly to your ubj ct area(s) of intere t. 

Enclosure 3 con i t of a bibliography that contains unclassified description of classified 
and/or uncla ifi cl/l imit d di tribution documents related to your reque t. These 
docum nt may only b r lea ed by the controlling activity. Request for these 
docum nt shou ld b fo rward d to the controlling activity, u uall y identified in the 
Di tribution tatement field of th citation. Thi office upon request can research 
documents with no controlling activity identified. NOTE: Although some of the 
citations listed on the bibliography at attachment 2 may indicate that the document can be 
view d and/or downloaded in full text b advised that these citation /documents are not 
ava ilable to the general public through the DTIC Online Public Techni ca l R port 
databa . 

To date, there are no a se sable fees for ervices from DTIC. Please understand that 
other memb r of the public may submi.t a FOIA reque t for copies of FOI requests 
r ceived by thi offic , or the names of tho e who have submitted reque ts. hould such 
occur, your nam and, if a k cl for a copy of your request will be rel ea ed; however your 
home addre and home telephone number will not be released. Other private citizens 
who have obtained your name by using such a request may contact you; however, 
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contact me at (703) 767-9204 if you hav any que ti on ·. Thank you for your interest in 
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EXPORT CONTROL  
The following notice applies if this bibliography includes abstracts with 
references marked "Export Control" EXPORT CONTROL WARNING 
NOTICE This document contains technical data whose export is restricted by 
the Arms Export Control Act (Title 22, U.S.C., sec. 2751 et seq.) or 
Executive Order 12470. Violations of these export laws are subject to severe 
criminal penalties. Distribution of this document is subject to DoDD 5230.25.  

DOWNGRADING ACTION  
The security classification of each entry in this listing is current as of the date 
of the bibliography. Do not downgrade or declassify individual bibliographic 
entries without referring to the complete and current classification authority, 
duration, and change markings associated with the document referenced in 
the bibliographic entry.  

DESTRUCTION NOTICE  
For classified documents, follow the procedures in DoD 5200.22-M, National 
Industrial Security Program Manual, Section 7, or DoD 5200.1-R, 
Information Security Program Regulation, Chapter VI, Section 7. For 
unclassified, limited documents, destroy by any method that will prevent 
disclosure of contents or reconstruction of the document.  

CONTROLLED REPORTS  
You may obtain copies of controlled reports only if you are within the 
audience authorized by the secondary distribution markings assigned by the 
controlling office or if you are specifically authorized by the controlling 
organization. To request specific authorization, please complete a DTIC 
Form 55, Request for Release of Limited Document. Be sure to include all 
the information needed to identify the document and a justification as to why 
you need the document. DTIC encourages the use of the Automated Form 55 
for those with access to the Internet. The Automated Form 55 can be found 
at: http://www.dtic.mil/dtic/formsNguides/registration/form55.html. For 
those using the paper form, please fax your completed Form 55 to DTIC.  



IRD RESTRICTIONS  
Independent Research And Development (IRD) information held by DTIC in 
its IRD Collection is Company Proprietary data and is only for the official 
use of DoD personnel registered with DTIC. IRD information is protected as 
Trade Secrets (per 18 U.S.C. Chap. 90, Sections 1839) and its further 
distribution is not authorized. IRD information, printed or displayed, will be 
safeguarded as required, to preclude unauthorized dissemination to non-DoD 
personnel and organizations. (Per DoD 5100.66 and DLAR 5230.3 Encl. 1 
Paragraph 3F). Penalties for the unauthorized distribution of IRD information 
are extensive and severe. (18 U.S.C. Section 1905 and 18 U.S.C. Chap. 90, 
Sections 1831 and 1832)  

WARNING TO CONTRACTORS  
As a condition of obtaining DTIC services, all information received from 
DTIC that is not clearly marked for public release will be used only to bid or 
perform work under a U.S. Government contract or grant or for purposes 
specifically authorized by the U.S. Government agency that is sponsoring 
access. Further, the information will not be published for profit or in any 
manner offered for sale. Non-compliance may result in termination of access 
and a requirement to return all information obtained from DTIC.  

ASSISTANCE  
If you need assistance with the search strategy or format for your 
bibliography, please contact 703-767-8265/8274, DSN 427-8265/8274 or 
Toll Free 1-800-CAL-DTIC (225-3842), (Menu selection 3, submenu 1, 
Training/Search Assistance).  

 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE , 20 - JOURNAL ARTICLES; 
DTIC USERS ONLY  
Distribution Statement:Availability: Pub. in Artic Research in the United States, v12, p70-72, 
Fall/Winter 1998. Available only to DTIC users. No copies furnished by NTIS.  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) High Frequency Active Auroral Research Program  
PDF URL: (pdf) - 386 KB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA402480 
Accession Number: ADA402480  
Personal Author(s): Kossey, P A ; Heckscher, J L ; Carlson, H C ; Kennedy, E J  
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Corporate Author: AIR FORCE RESEARCH LAB HANSCOM AFB MA SPACE VEHICLES 
DIRECTORATE  
Report Date: Jan 2002  
Abstract: ( U ) A major facility for conducting experimental radio science research is under 
development in Gakona, Alaska, as part of the High Frequency Active Auroral Research 
Program (HAARP), jointly managed by he Air Force Research Laboratory and the Office of 
Naval Research. A key objective of the program is to identify and characterize the physical 
processes that can be initiated in the atmosphere, ionosphere, and space via interactions with 
high power radio waves.  
Abstract Classification:Unclassified  
Descriptive Note: Journal article  
Pages:4 Page(s)  
Report Number: AFRL-VS-TR-2002-1568 ( AFRLVSTR20021568 ) , XC - AFRL-VS-HA ( 
XCAFRLVSHA )  
Monitor Series: AFRL-VS-HA ( AFRLVSHA )  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE , 20 - JOURNAL ARTICLES; 
DTIC USERS ONLY  
Distribution Statement:Availability: Pub. in QST-Official Jnl of the American Radio Rely 
LEague, v80 n9, p33-35, Sep 1996. Available only to DTIC users. No copies furnished by NTIS.  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) The High Frequency Active Auroral Research Program  
PDF URL: (pdf) - 836 KB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA401810 
Accession Number: ADA401810  
Personal Author(s): Kennedy, Edward J ; Heckscher, John  
Corporate Author: AIR FORCE RESEARCH LAB HANSCOM AFB MA SPACE VEHICLES 
DIRECTORATE  
Report Date: Sep 1996  
Abstract: ( U ) During a public open house at a new government facility in Gokona, Alaska, a 
visiting ham was overheard to say, 'this is a ham's dream station'. The visitor, a KL7 from 
Anchorage, was referring to the antenna array being constructed for the High Frequency Active 
Auroral Research Program (HAARP). The array, together with its associated transmitters - called 
the Ionospheric Research Instrument (IRI) - is being constructed to play an integral role in an 
area of physics called active ionospheric research.  
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Abstract Classification:Unclassified  
Pages:4 Page(s)  
Report Number: AFRL-VS-HA - TR-2002-1569 AFRL-VS-HA ( AFRLVSHATR20021569 
AFRLVSHA ) , XC - TR-2002-1569 AFRL-VS-HA ( XCTR20021569 AFRLVSHA )  
Monitor Series: TR-2002-1569 ( TR20021569 ) , AFRL-VS-HA ( AFRLVSHA )  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) HAARP Diagnostic Instruments; High Frequency Active Auroral Research Program  
PDF URL: (pdf) - 4 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA426081 
Accession Number: ADA426081  
Personal Author(s): Kossey, Paul A ; Battis, James C  
Corporate Author: AIR FORCE RESEARCH LAB HANSCOM AFB MA SPACE VEHICLES 
DIRECTORATE  
Report Date: Dec 2002  
Abstract: ( U ) This report describes the suite of diagnostic instruments at a major facility for 
experimental radio science research, under development in Gakona, Alaska. This site is being 
developed as part of the High Frequency Active Auroral Research Program (HAARP). A key 
objective of the program is the identification and characterization of the physical processes 
initiated in the ionosphere and space via interactions with high power radio waves. Among these 
phenomena are: plasma instabilities and turbulence; electron acceleration, including the 
production of optical and infrared (IR) emissions; the generation, maintenance and/or 
suppression of ionization structures aligned along the earth's magnetic field; the modulation of 
currents in the ionosphere, thereby producing virtual antennas in space to generate 
ULF/ELF/VLF radio waves; and the production of stimulated electromagnetic emissions (SEE). 
The efficiencies that can be obtained in the initiation, maintenance, and control of such processes 
and techniques to excite selected (individual) processes, or to suppress unwanted ones, are also 
research areas of increasing interest. To provide the experimental capabilities required to meet its 
objectives, the HAARP Gakona facility includes a powerful, phased-array, high-frequency (HF) 
transmitter and an extensive complement of radio-frequency and optical diagnostic instruments.  
Abstract Classification:Unclassified  
Descriptive Note: Interim rept. 1 Oct 2002-30 Sep 2003  
Pages:71 Page(s)  
Report Number: AFRL-VS-TR-2003-1570 ( AFRLVSTR20031570 ) , XC - AFRL-VS-HA ( 
XCAFRLVSHA )  
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Monitor Series: AFRL-VS-HA ( AFRLVSHA )  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Electromagnetic Spectrum Occupancy Study of a Potential Transmitter Site for the 
HF Active Auroral Research Program (HAARP).  
PDF URL: (pdf) - 12 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA288909 
Accession Number: ADA288909  
Personal Author(s): Goldstein, Joseph A ; Kennedy, Edward J ; McGown, Monroe Y  
Corporate Author: NAVAL RESEARCH LAB WASHINGTON DC  
Report Date: 30 Sep 1994  
Abstract: ( U ) This report presents the results of measurements conducted by the Naval 
Research Laboratory in May and June 1993. The purpose of the measurements was to ascertain 
the radio frequency occupancy in the immediate vicinity of the proposed High Frequency Active 
Auroral Research Program (HAARP) facility to be constructed in the Gakona, Alaska area. The 
HAARP facility will consist of a large planar array of antennas excited by phased high power 
transmitters operating in the lower portion of the HF band (2.8 to 8 MHz). The existing 
electromagnetic spectrum usage in the vicinity of Gakona was measured in order to assess the 
potential for electromagnetic interference problems arising from the HAARP facility. The 
measurements covered the frequency spectrum from 2 MHz to 1000 MHz. Data was collected 
for a period of 17 days in May and early June 1993. There are a large number of users in the HF 
band and data shows a normal diurnal pattern of energy increase in the lower portion of the band 
in the nighttime hours. The number of users decreases with increasing frequency because the 
propagation path at higher frequencies is dependent upon line-of-sight signal paths. Gakona is a 
very rural area and is separated by hilly terrain from surrounding residential and commercial 
activities. Above the HF bend, the most prominent signal identified is a 152 MHz transient signal 
that saturates the signal path of our measurement apparatus. The signal is so strong that it 
produces harmonics throughout the measurement band and distorts the display of the data. 
Another strong feature that is sometimes observed is a 450 MHz signal.  
Abstract Classification:Unclassified  
Descriptive Note: Interim rept. May-Jun 93,  
Pages:50 Page(s)  
Report Number: NRL/MR/5554--94-7622 ( NRLMR5554947622 ) , XB - ONR ( XB )  
Monitor Series: ONR  
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FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) HAARP, Research and Applications  
PDF URL: (pdf) - 1 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA355641 
Accession Number: ADA355641  
Personal Author(s): Papadopoulos, Dennis ; Bernhardt, Paul A ; Carlson, Herbert C , Jr ; Gordon, 
William E ; Gurevich, Alexander V  
Corporate Author: NAVAL RESEARCH LAB WASHINGTON DC  
Report Date: Jan 1990  
Abstract: ( U ) This report describes and documents the scientific uses and the wide range of 
applications created by the HF Active Auroral Research Program (HAARP). The report is based 
on the deliberations of a scientific committee sponsored by the Air Force Research Laboratory 
and the Office of Naval Research and convened by the East-West Space Science Center of the 
University of Maryland. The HAARP represents a technological advancement with capabilities 
that allow for new and unique dual-use research and application opportunities. Use of the 
ionosphere as an active, nonlinear medium allows the primary HF energy to be transformed in a 
controlled fashion into coherent radiation from 0.001 Hz to 40 kHz and into incoherent IR and 
visible wavelengths. This function, supplemented with the generation of FAS and with the use of 
the transmitter as a radar, makes the HAARP transmitter a unique source for remote sensing and 
communication uses.  
Abstract Classification:Unclassified  
Pages:19 Page(s)  
Report Number: XB - NRL ( XB )  
Monitor Series: NRL  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Investigation of Ionospheric Disturbances and Associated Diagnostic Techniques.  
PDF URL: (pdf) - 981 KB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA307797 
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Accession Number: ADA307797  
Personal Author(s): Duncan, L M  
Corporate Author: CLEMSON UNIV SC  
Report Date: 12 Dec 1995  
Abstract: ( U ) The objectives of this research and development program were to conduct 
simulation modeling of the generation and propagation of atmospheric acoustic signals 
associated with surface and subsurface ground disturbances; to construct an experimental 
measurement system for exploratory research studies of acoustic generated ionospheric 
disturbances; to model high power radio wave propagation through the ionosphere, including 
nonlinear wave plasma interaction effects; and to assist in the assessment of diagnostic systems 
for observation of ionospheric modification experiments using existing and planned high latitude 
high power rf transmitting facilities. A computer simulation of ionospheric response to ground 
launched acoustic pulses was constructed and results compared to observational data associated 
with HF and incoherent scatter radar measurements of ionospheric effects produced by 
earthquakes and ground level explosions. These results were then utilized to help define the 
design, construct and test for an HF Doppler radar system. In addition, an assessment was 
conducted of ionospheric diagnostic instruments proposed for the Air Force/Navy High 
Frequency Active Auroral Research Program (HAARP).  
Abstract Classification:Unclassified  
Descriptive Note: Final rept. 1 Jan 92-31 Dec 94,  
Pages:21 Page(s)  
Report Number: PL* - TR-94-2309 PL/HANSCOM ( PLTR942309 PLHANSCOM ) , XC - TR-
94-2309 PL/HANSCOM ( XCTR942309 PLHANSCOM )  
Monitor Series: TR-94-2309 ( TR942309 ) , PL/HANSCOM ( PLHANSCOM )  
Contract/Grant/Transfer Number: F19628-90-K-0054 ( F1962890K0054 )  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Distribution Statement:Approved for public release; distribution is unlimited.  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Creation of Artificial Ionospheric Layers Using High-Power HF Waves  
PDF URL: (pdf) - 1 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA545439 
Accession Number: ADA545439  
Personal Author(s): Pedersen, T ; Gustavsson, B ; Mishin, E ; Kendall, E ; Mills, T ; Carlson, H 
C ; Snyder, A L  
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Corporate Author: AIR FORCE RESEARCH LAB HANSCOM AFB MA SPACE VEHICLES 
DIRECTORATE  
Report Date: 30 Jan 2010  
Abstract: ( U ) We report the first evidence of artificial ionospheric plasmas reaching sufficient 
density to sustain interaction with a high-power HF pump beam produced by the 3.6 MW High-
Frequency Active Auroral Program (HAARP) transmitter in Gakona, Alaska. The HF-driven 
ionization process is initiated near the 2nd electron gyroharmonic at 220 km altitude in the 
ionospheric F region. Once the artificial plasma reaches sufficient density to support interaction 
with the transmitter beam it rapidly descends as an ionization wave to approximately 150 km 
altitude. Although these initial artificial layers appear to be dynamic and highly structured, this 
new ability to produce significant artificial plasma in the upper atmosphere opens the door to a 
new regime in ionospheric radio wave propagation where transmitter-produced plasmas 
dominate over the natural ionospheric plasma and may eventually be employed as active 
components of communications, radar, and other systems.  
Abstract Classification:Unclassified  
Descriptive Note: Journal article  
Pages:5 Page(s)  
Report Number: AFRL-RV-HA-TR-2011-1031 ( AFRLRVHATR20111031 ) , XC - AFRL-RV-
HA ( XCAFRLRVHA )  
Monitor Series: AFRL-RV-HA ( AFRLRVHA )  
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FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE , 26 - NOT AVAILABLE IN 
MICROFICHE  
Distribution Statement:Approved for public release; distribution is unlimited., Availability: This 
document is not available from DTIC in microfiche.  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Ionospheric Modification at Twice the Electron Cyclotron Frequency  
PDF URL: (pdf) - 5 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA435721 
Accession Number: ADA435721  
Personal Author(s): Djuth, F T ; Pedersen, T R ; Gerken, E A ; Bernhardt, P A ; Selcher, C A ; 
Bristow, W A ; Kosch, M J  
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Corporate Author: AIR FORCE RESEARCH LAB HANSCOM AFB MA  
Report Date: 01 Apr 2005  
Abstract: ( U ) In 2004, a new transmission band was added to the HAARP high-frequency 
ionospheric modification facility that encompasses the second electron cyclotron harmonic at 
altitudes between 220 and 330 km. Initial observations indicate that greatly enhanced airglow 
occurs whenever the transmission frequency approximately matches the second electron 
cyclotron harmonic at the height of the upper hybrid resonance. This is the reverse of what 
happens at higher electron cyclotron harmonics. The measured optical emissions confirm the 
presence of accelerated electrons in the plasma.  
Abstract Classification:Unclassified  
Descriptive Note: Journal article  
Pages:8 Page(s)  
Report Number: AFRL-VS-HA-TR-2005-1070 ( AFRLVSHATR20051070 ) , XC - AFRL/MA ( 
XCAFRLMA )  
Monitor Series: AFRL/MA ( AFRLMA )  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Investigations of the Nature and Behavior of Plasma Density Disturbances That May 
Impact GPS and Other Transionospheric Systems  
PDF URL: (pdf) - 1 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA419703 
Accession Number: ADA419703  
Personal Author(s): Fremouw, Edward J ; Mazzella, Andrew J , Jr ; Rao, Guan-Shu  
Corporate Author: NORTHWEST RESEARCH ASSOCIATES INC BELLEVUE WA  
Report Date: 26 Nov 2001  
Abstract: ( U ) This report summarizes research during the fourth year of a contract for 
investigating (a) natural variations in ionospheric total electron content (TEC) and (b) plasma 
and electromagnetic effects produced by transmitting high-powered HF waves into the 
ionosphere. Ongoing efforts to maintain and utilize data from the Air Force Ionospheric 
Measuring Systems are being conducted. Initial efforts in upgrading these systems for enhanced 
data collection and reporting capabilities also are being conducted. Preliminary scintillation 
capabilities at the GPS L1 and L2 frequencies were established, with additional arrangements for 
incorporating UHF scintillation measurements also being accomplished. An array of diagnostic 
instruments is being maintained and enhanced in association with the High-frequency Active 
Auroral Research Program (HAARP). In addition to a classic riometer and a GPS Total Electron 
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Content (TEC) sensor previously operating at the HAARP site, NWRA also operates a set of 
Transit receivers for measurements of TEC and scintillation at VHF and UHF, supplementing the 
receiver at HAARP with a receiver north of the site and an additional receiver installed south of 
the HAARP site.  
Abstract Classification:Unclassified  
Descriptive Note: Annual rept. 1 Sep 2000-31 Aug 2001  
Pages:30 Page(s)  
Report Number: NWRA-CR-01-R240 ( NWRACR01R240 ) , AFRL-VS - TR-2002-1672 AFRL-
VS ( AFRLVSTR20021672 AFRLVS ) , XC - TR-2002-1672 AFRL-VS ( XCTR20021672 
AFRLVS )  
Monitor Series: TR-2002-1672 ( TR20021672 ) , AFRL-VS ( AFRLVS )  
Contract/Grant/Transfer Number: F19628-97-C-0078 ( F1962897C0078 )  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Investigations of the Nature and Behavior of Plasma-Density Disturbances That May 
Impact GPS and Other Transionospheric Systems  
PDF URL: (pdf) - 1 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA417708 
Accession Number: ADA417708  
Personal Author(s): Andreason, Angela M ; Holland, Elizabeth A ; Fremouw, Edward J ; 
Mazzella, Andrew J , Jr ; Rao, G S  
Corporate Author: NORTHWEST RESEARCH ASSOCIATES INC BELLEVUE WA  
Report Date: 31 Oct 2002  
Abstract: ( U ) This report summarizes research during a contract for investigating (a) natural 
variations in ionospheric total electron content (TEC) and (b) plasma and electromagnetic effects 
produced by transmitting high-powered HF waves into the ionosphere. Ongoing efforts to 
maintain and utilize data from the Air Force Ionospheric Measuring Systems are being 
conducted. Initial efforts in upgrading these systems for enhanced data collection and reporting 
capabilities also are being conducted. Preliminary scintillation capabilities at the GPS L1 and L2 
frequencies were established, with additional arrangements for incorporating UHF scintillation 
measurements also being accomplished. An array of diagnostic instruments is being maintained 
and enhanced in association with the High-frequency Active Auroral Research Program 
(HAARP). In addition to a classic riometer and a GPS Total Electron Content (TEC) sensor 
previously operating at the HAARP site, NWRA also operates a set of Transit receivers for 
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measurements of TEC and scintillation at VHF and UHF, supplementing the receiver at HAARP 
with a receiver north of the site and an additional receiver installed south of the HAARP site.  
Abstract Classification:Unclassified  
Descriptive Note: Final rept. 10 Sep 1997-30 Sep 2002  
Pages:33 Page(s)  
Report Number: NWRA-CR-02-R247 ( NWRACR02R247 ) , AFRL-VS - TR-2003-1540 AFRL-
VS-HA ( AFRLVSTR20031540 AFRLVSHA ) , XC - TR-2003-1540 AFRL-VS-HA ( 
XCTR20031540 AFRLVSHA )  
Monitor Series: TR-2003-1540 ( TR20031540 ) , AFRL-VS-HA ( AFRLVSHA )  
Contract/Grant/Transfer Number: F19628-97-C-0078 ( F1962897C0078 )  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Distribution Statement:Approved for public release; distribution is unlimited.  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) An Electromagnetic Interference Study of Potential Transmitter Sites for the HF 
Active Auroral Research Program (HAARP)  
PDF URL: (pdf) - 1 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA267743 
Accession Number: ADA267743  
Personal Author(s): Goldstein, Joseph A ; Kennedy, Edward J ; Eley, Adrian S ; Rupar, Michael 
A  
Corporate Author: NAVAL RESEARCH LAB WASHINGTON DC  
Report Date: 19 Jul 1993  
Abstract: ( U ) This report presents the results of Electromagnetic Interference (EMI) 
measurements conducted by the Naval Research Laboratory in June of 1991. This study 
examined a number of potential sites for the location of the proposed High Frequency Active 
Auroral Research Program (HAARP) transmitter facility. The proposed HAARP facility will 
consist of a large planar array of antennas excited by phased high power transmitters operating in 
the lower portion of the HF band (2.8 to 8 MHz). Several candidate locations were identified for 
study in the vicinity of Fairbanks, Alaska. The magnitude of EMI in the population centers and 
on other commercial and public facilities in the vicinity of Fairbanks from the high power 
transmitter is a major factor in the site selection process for HAARP. The EMI investigations 
were conducted in two phases. For Phase I of the study, EMI measurements were conducted at 
two receiver locations using an airborne transmitter at thirteen potential HAARP sites. The 
results from the Phase I measurements were examined and the two most promising candidate 
transmitter locations were selected for more comprehensive measurements during Phase II. For 
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meetings to provide a forum for reporting results and discussion of individual experiments and 
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became necessary to develop a quantitative model of the pump-wave self-absorption in the 
ionospheric D-region (publication 1), a quantitative model of electron heating in the ionospheric 
F-region (publication 2) taking into account D-region absorption, and an empirical model of 
electron temperature and optical emission intensity enhancements (publication 3) as a function of 
pump wave power. These tasks have been completed (see publications 1-3) using the EISCAT 
facility with its incoherent scatter radar, so progress on the originally specified task at HAARP 
can now be made.  
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ELF electromagnetic fields on the DEMETER spacecraft are used to estimate the total ELF 
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acceleration when the local plasma and second gyroharmonic frequencies match. With fo 3fc the 
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RESEARCH  
Report Date: 13 Feb 2004  
Abstract: ( U ) Observations of airglow at 630 nm (red line) and 557.7 nm (green line) during the 
February 2002 campaign at the High Frequency Active Auroral Research Program (HAARP) 
heating facility are analyzed. We find that during injections toward magnetic zenith (MZ) the 
green and red lines gain 5 R within 1 s and 20 R within 10 s, respectively. We term this period 
the onset of the HF-induced airglow. A model of the onset at magnetic zenith is developed. It 
accounts for background photoelectrons and dissociative recombination of O(+)2. It is shown 
that heating and acceleration of background electrons dominate the airglow onset. We propose a 
scenario for the generation of strong Langmuir turbulence for injections outside the Spitze 
region, including magnetic zenith.  
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Report Date: Feb 2010  
Abstract: ( U ) The High Frequency Active Auroral Research Program (HAARP) HF ionospheric 
heater is used to inject ELF/VLF signals into the magnetosphere to study wave-particle 
interactions that lead to nonlinear amplification. HAARP-generated whistler mode echoes are 
observed after twice crossing the equatorial plane in magnetospheric ducts. The magnetospheric 
paths traversed by the signals are determined to be in the range 5.06 less than L less than 5.19 
with associated cold plasma densities of 177 cm(-3) less than N(eq) less than 185 cm(-3). The 
amplitude and phase of the echoes are observed to exhibit exponential temporal increase. A 
decrease in input amplitude by 14 dB is observed to yield a delay in onset of nonlinear growth by 
approx. 1 s. Nonlinear theory of cyclotron resonant currents formed by electrons phase trapped in 
the potential well of the input wave is used to analyze the simultaneous evolution of amplitude 
and phase of the observations. The average nonlinear resonant current vector is found to rotate in 
relation to the input wavefields during growth, and the magnetospheric linear growth rate is 
estimated to be 31-45 dB/s.  
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Abstract: ( U ) Results from the first science experiment with the new HF Active Auroral 
Research Program (HAARP) facility in Alaska are reported. The initial experiments involved 
transmission of high frequency waves from HAARP to the NASA/WIND satellite. The objective 
was to investigate the effects of space plasmas on high power (approx. 300 kW) radiowave 
transmission from the ground to high altitudes in the magnetosphere. The data acquired suggest 
that structured space plasmas along the propagation path impose a power law spectrum of 
intensity fluctuations on the transmitted waves, resembling that of scintillation interactions. 
However, because the transmitted wave frequencies are near ionospheric plasma frequencies, 
other types of wave-plasma interactions may occur. The measurements can provide an important 
new diagnostic tool for space plasmas.  
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Report Date: 22 Feb 2003  
Abstract: ( U ) Airglow production at various beam positions relative to the magnetic field was 
investigated as part of an optics campaign at HAARP in February 2002. Strong emissions up to 
several hundred Rayleigh at 630.0 nanometers and more than 50 R at 557.7 nanometers were 
produced in a small spot approximately 6 inches diameter located near the magnetic zenith when 
the transmitter beam was directed up the magnetic field. This effect was observed hundreds of 
times over a wide range of frequencies and ionospheric conditions. The spot at HAARP appears 
on average just equatorward of the nominal magnetic field direction, deflects somewhat toward 
the beam center when the beam is scanned, and varies slightly in size with transmitter frequency. 
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Red-to-green ratios as low as 3 were observed, with both wavelengths showing significant onset 
delay. Identifiable enhancements in red-line emission were produced down to 2 MW ERP in a 
power ramp experiment.  
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Abstract: ( U ) This project comprises five separate elements that address science and education 
objectives of the HAARP program. These elements are: (1) To establish the characteristics of the 
ionospheric source region responsible for the ELF/VLF waves generated by modulation of 
HAARP HF emissions, and to measure the ELF radiation pattern. (2) To attempt to stimulate 
hydromagnetic waves in the onospheric waveguide using the HAARP heater. (3) To develop a 
simulation model for the plasma physical and electromagnetic ffects of localized ionospheric 
heating with the purpose of predicting outcomes of heating experiments and to guide the design 
of ew experiments. (4) Using the SuperDARN instrument on Kodiak, to examine the formation 
of ionospheric irregularities within the heated volume and the relationship of the irregularities to 
other observations such as the generation of Stimulated Electromagnetic missions. (5) To 
provide scientific education about HAARP and physical science in general to members of the 
local Copper Valley ommunity. In this report the results of research obtained to date in each of 
the five program elements are reviewed, and ecommendations for follow up activities are 
presented.  
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Abstract: ( U ) HF-induced fine-scale electron density variations and/or enhanced airglow in the 
ionosphere were investigated. These irregularities appear to trap waves and cause them to self-
focus. Knowing what irregularities exist is important for improving communications and for pure 
discovery research on wave-particle interactions in the lower ionosphere at high latitudes. To 
develop accurate models of its behavior, lower ionospheric structure must be known. Under this 
grant, we conducted telescopic imaging of heater-induced airglow at HAARP to optically 
measure fine structure in the ionosphere and to study airglow sources. In the presence of aurora 
and a strong blanketing E layer, HAARP was modulated at intervals of several seconds. For 
several cycles, small bright airglow spots were observed whenever HAARP was on. These spots 
are elongated horizontally, indicating drift motion, and are the same order of brightness as the 
aurora. Such bright artificial airglow was never recorded previously. These results were 
published in the journal Nature.  
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Abstract: ( U ) Observations of airglow at 630 nm (red line) and 557.7 nm (green line) during HF 
modification experiments at the High Frequency Active Auroral Research program (HAARP) 
heating facility are analyzed. We propose a theoretical framework for understanding the 
generation of Langmuir and ion acoustic waves during magnetic zenith injections. We show that 
observations of HF-induced airglow in an underdense ionosphere as well as a decrease in the 
height of the emitting volume are consistent with this scenario.  
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Abstract: ( U ) Under-dense HF heating experiments were conducted near local solar noon as 
well as in the nighttime with the HF heater transmitting at 9.1 MHz directed along the 
geomagnetic zenith and run at 2 min on and 2 min off. The effective isotropic radiated power of 
the HF transmitter exceeded 3 GW. The Digisonde operated in a fast mode was used to monitor 
the temporal evolution of the ionospheric electron density distributions in the bottomside of the 
ionosphere (in the ranges from 90 to 190 km in the noontime and from 230 to 350 km in the 
nighttime). The electron temperature distributions were then evaluated. The results show that the 
electron density distributions are modified continuously over the experimental periods. In the 
noontime, the electron density decreases/increases in time in the region below/above a height at 
about 140 km, manifesting the change of the balance between the photoionization and the 
electron-ion recombination and the electron-oxygen dissociative attachment losses by the 
heating. In the nighttime, the ionosphere was lifted by 30 to 50 km through continuously upward 
expansion, resulting in the drop of the electron density in the bottomside of the ionosphere in 
time. A comparison with the ionogram, height, and electron density distribution of unheated 
ionosphere with similar background conditions further elaborates the observation of thermal 
expansion.  
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Abstract: ( U ) A large-scale ionospheric modification by HF heaters was explored via HAARP 
digisonde operated in a fast mode. The results show that the ionogram virtual heights and the 
height spread of the ordinary-wave sounding echoes were changed significantly by the O-mode 
heater; the X-mode heater imposed no noticeable effect on the ionograms. The enhanced virtual 
height spread exceeds 40 km, more than 15% of sounding echo's average virtual height. The 
heater downshifted/upshifted the virtual height in the low/high frequency region around the 
heater frequency by as much as 15 and 7.5 km. The modifications were developing to last more 
than 10 seconds after the heater was turned off. The perturbed ionosphere took more than 60 
seconds to recover. The modified electron density distribution indicates that the electron density 
and temperature increases exceed 10% and 25% over a large altitude region (30 km) from below 
to above the HF reflection height.  
Abstract Classification:Unclassified  
Descriptive Note: Journal article  
Pages:6 Page(s)  
Report Number: AFRL-RV-HA - TR-2010-1031 AFRL-RV-HA ( AFRLRVHATR20101031 
AFRLRVHA ) , XC - TR-2010-1031 AFRL-RV-HA ( XCTR20101031 AFRLRVHA )  
Monitor Series: TR-2010-1031 ( TR20101031 ) , AFRL-RV-HA ( AFRLRVHA )  
Contract/Grant/Transfer Number: FA8718-08-C-0049 ( FA871808C0049 )  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Investigations of the Nature and Behavior of Plasma-Density Disturbances That May 
Impact GPS and Other Transionospheric Systems  
PDF URL: (pdf) - 2 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA402166 
Accession Number: ADA402166  
Personal Author(s): Fremouw, E J ; Holland, E A ; Mazzella, A J , Jr  
Corporate Author: NORTHWEST RESEARCH ASSOCIATES INC BELLEVUE WA  

https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA518937
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA402166


Report Date: 21 Oct 1998  
Abstract: ( U ) As solar maximum approaches, the 'space-weather' vulnerability of systems that 
depend upon transionospheric radio propagation will increase. Likely effects include variable 
range errors in the Global Positioning System (GPS) due to variations in ionospheric 'total 
electron content' (TEC), spatial gradients in such errors, and the scintillation' of signals employed 
in a variety of navigation, communication, and other systems. This report summarizes research 
performed in the first year of a contract aimed at: (a) investigating the behavior of naturally 
occurring variations in TEC and the plasma-density irregularities that produce scintillation as 
solar activity increases, and (b) observing such phenomena and others that may be produced 
artificially by means of high-frequency (HF) heating of the ionosphere in the HF Active Auroral 
Research Program (HAARP). The first-year efforts included collection and processing of TEC 
data from USAF's Ionospheric Measuring System (IMS); campaign operation of a portable 
ionospheric monitor for measurement of TEC and scintillation at Ascension Island; preliminary 
assessment of plasmaspheric contribution to TEC; and coordinating development of a variety of 
diagnostic instruments for HAARP.  
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Personal Author(s): Andreasen, C C ; Fremouw, Edward J ; Mazzella, Andrew J ; Rao, G S ; 
Secan, James A  
Corporate Author: NORTHWEST RESEARCH ASSOCIATES INC BELLEVUE WA  
Report Date: 12 Feb 1998  
Abstract: ( U ) The effects of the ionosphere on numerous communication, navigation, and 
surveillance systems continue to be of Air Force concern. In this project, Northwest Research 
Associates (NWRA) is collaborating with researchers from Air Force Research Laboratory at 
Hanscom AFB and others to address these concerns in three broad areas. In the most advanced 
effort, operational code for running a gridded version of the WBMOD ionospheric scintillation 
model, called WBMGRID, with the full Scintillation Decision Aid (SCINDA) system was 
delivered to the 50th Weather Squadron (now the 55th Space Weather Squadron). The most 
extensive of the NWRA efforts involved careful use of two-frequency GPS receivers to measure 
ionospheric total electron content (TEC), which introduces range errors on operational GPS 
links. Central tasks in this effort included utilization of receivers at four operational sites of the 
Ionospheric Measuring System (IMS), continued development and refinement of the IMS 
employing a fifth receiver located at Hanscom, and assessment and analysis of the resulting data. 
The newest of the efforts goes beyond passive observation of ionospheric effects on radiowave 
systems to preparation for active experiments in the High Frequency Active Auroral Research 
Program (HAARP).  
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Personal Author(s): Sentman, Davis D ; Wescott, Eugene M ; Olson, John V ; Otto, Antonius ; 
Bristow, William A  
Corporate Author: ALASKA UNIV FAIRBANKS GEOPHYSICAL INST  
Report Date: 27 Feb 2004  
Abstract: ( U ) This Final Report covers the activities and results of the subject contract during 
the period 29 July, 1999 to 31 August, 2003. The concept underlying the research was to 
investigate the manner in which the Gakona HF Transmitter interacts with the ionospheric D- 
region, and by means of a number of experiments and theoretical models to characterize the 
resultant effects. A Public Outreach program was instituted to help educate the community in the 
Gakona area about the goals and research of the HAARP program. The work in the contract was 
divided into 5 subtasks, each under the direction of a separate UAF investigator: 1. ELF/VLF 
Wave Measurement and Interpretation Program (I). Sentman), 2. ULF Wave Measurement 
Program (J. Olson), 3. Simulation (A. Otto), 4. SuperDARN Operations (W. Bristow), and (5) 
Public Outreach (D. Solie). These subtasks are described in their respective Sections.  
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Abstract: ( U ) ELF/VLF radio waves (300 Hz - 30 kHz) are difficult to generate with practical 
antennae, because of their extraordinarily long (10 - 1000 km) wavelengths, and the lossy nature 
of the Earth's surface at these frequencies. ELF/VLF waves have been successfully generated via 
amplitude modulated (AM) HF (2 - 10 MHz) heating of the lower ionosphere. Through the 
temperature-dependent conductivity of the lower ionospheric plasma, a patch of the ionospheric 
current becomes a large radiating antenna. We implement a new method of ELF/VLF wave 
generation, herein named geometric modulation, involving scanning the HF heating beam in a 
geometric pattern without modulating its power. Utilizing results from the upgraded 3.6 MW 
radiated HAARP HF antenna array, we show that geometric modulation can enhance ELF/ VLF 
wave generation by up to 11 dB over the conventional AM method. Geometric modulation also 
allows directional launching of the signal into the Earth-ionosphere waveguide, forming an 
unprecedented steerable large-element ELF/VLF ionospheric phased array.  
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Abstract: ( U ) The FEIS describes the potential environmental impacts of constructing and 
operating a proposed ionospheric research facility in interior Alaska. The system is referred to as 
HAARP (High-frequency Active Auroral Research Program), and would be used primarily for 
conducting pioneering studies of ionospheric properties. This proposed facility would be the 
most technologically advanced in the world. The program could lead to a better understanding of 
the ionosphere and enable researchers to develop methods for enhanced communications for both 
civilian and defense applications. The HAARP system consists of a powerful high frequency 
radio transmitter, referred to as the ionospheric research instrument, and a number of scientific 
data gathering (diagnostic) instruments  
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Kuo, Steven S ; Snyder, Arnold  
Corporate Author: NORTHWEST RESEARCH ASSOCIATES STOCKTON SPRINGS ME  
Report Date: 14 May 2009  
Abstract: ( U ) Results of experiment conducted at Gahona, Alaska, using intensity-modulated 
HF heating waves of 3.2 MHz to generate geomagnetic pulsations and large-scale field-aligned 
density irregularities (FAI), are reported. The echo traces of o- and x-mode sounding pulses from 
3.53 to 4 MHz were recorded during heater on/off periods. The ionograms showed that only 
xmode echo traces were significantly affected by the HF heater. The returns from 3.53 to 3.8 
MHz disappeared during heater on period and reappeared after heater was turned off. Ray 
tracings are performed to explore the effect of FAI on the backscattering o- and x-mode 
sounding pulses. The drastic difference between the FAI effects on o- and x-mode backscattering 
trajectories provides a theoretical interpretation of the observation. Geomagnetic pulsations as 
large as 2.5 nT were also recorded by a Fluxgate Magnetometer. Thermal filamentation of the 
HF heater leads to the simultaneous generation of FAI and geomagnetic pulsations.  
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Abstract: ( U ) This report describes the prototype 16-beam, 38.6 MHz riometer system 
developed by APTI and the University of Maryland for the HAARP program. The prototype 
system is the forerunner for a full-scale imaging riometer diagnostic instrument for 
characterizing the ionospheric volume perturbed by controlled RF heating experiments. The 
prototype system, installed at the HAARP site near Gakona, AK, consists of a 1 x 16 antenna 
array phased in one dimension (beam width of 6.7 deg) and oriented approximately along the 
magnetic meridian. The system responds sensitively to natural variations or auroral absorption, 
such as those caused by magnetospheric substorms, and provides clear evidence of its capability 
to discern spatial structure and motion. A newly observed feature seen near dusk are intense, 
short-duration absorption spikes accompanied by only weak magnetic signatures. The proximity 
of the prototype system to the HAARP RF heater can result in significant interference to the 
riometer signal, making the data unusable at times. Detailed data comparisons have not yet been 
made with operations of the heater. However, the full scale imaging capability of the proposed 
instrument, and a remote location, may be required to detect small scale modifications of the 
ionosphere caused by the RF heater.  
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Abstract: ( U ) With the progressive increase in solar activity, effects in the near-earth space 
environment (space weather) are becoming more intense and variable. They are manifested as 
increased plasma content of the ionosphere and protonosphere and as greater variability in these 
regions, with impacts on Global Positioning System (GPS) navigation, radio-wave 
communications, and other applications. This report summarizes research performed in the 
second year of a contract intended to: (a) investigate natural variations in total electron content 
(TEC) and scintillation associated with solar activity, and (b) observe artificially induced 
changes in the ionosphere by means of ground-based radio-wave emissions. The efforts for this 
second year included collection and processing of TEC data from the USAF Ionospheric 
Measuring Systems deployed at various sites, development of techniques for monitoring the 
electron content of the protonosphere. augmenting capabilities for providing near-real-time data 
for space-weather monitoring for the Space Environment Network Display, and coordinating and 
implementing development of diagnostic instruments for the High-frequency Active Aurora 
Research Program. Technical developments also were pursued to avoid the effects of artificial 
limitations imposed by the Year 2000' problem and the similar 'GPS Week Poll-over'.  
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Corporate Author: NORTHWEST RESEARCH ASSOCIATES INC BELLEVUE WA  
Report Date: 23 Oct 2000  
Abstract: ( U ) This report summarizes research during the third year of a contract for 
investigating (a) natural variations in ionospheric total electron content (TEC) and (b) plasma 
and electromagnetic effects produced by transmitting high-powered HF waves into the 
ionosphere. The efforts included collecting, processing, and analyzing TEC data from USAF 
Ionospheric Measuring Systems (IMS) and Real-Time Monitors (RTM) deployed at various 
sites, maintaining and operating those MS and RTM units, negotiating the Year-2000 transition, 
developing 20-Hz GPS data-collection systems for deployment. and initial developments toward 
extending current IMS capabilities. in addition to recording TEC variations by means of two-
frequency GPS receivers at several locations, work during the year enhanced and exploited 
several diagnostic instruments deployed for the High frequency Active Aurora Research 
Program (HAARP). Under HAARP, measurements employing both GPS and coherent VHF-
UHF signals transmitted from satellites in low-earth polar orbit resulted in time histories and 
latitudinal scans of absolute TEC over Maska, and enhanced operation of the HAARP classic 
riometer resulted in essentially continuous observations of 30-MHz radiowave absorption over 
south-central Alaska. Analysis of a thermal instability expected to enhance generation of 
ELF/VLF waves by amplitude modulation of an HF heating wave has been extended into the 
non-linear regime.  
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Report Date: 04 Dec 2010  
Abstract: ( U ) Significant research effort has been directed at global ionospheric specification 
using the UML-operated Global Ionospheric Radio Observatory (GIRO). In 2010, GIRO 
continued acquisition and dissemination of both real-time and retrospective knowledge of 
electron density profile (EDP) in the ionosphere from 64 digisonde locations around the world. 
Highly accurate, manually validated EDP records from GIRO were used to calibrate DMSP F18 
UV sensors and quantify errors introduced by the horizontal smear of COSMIC radio 
occultations. Comparative analysis of the profile inversion algorithms against incoherent scatter 
radar measurements has identified a deficiency of the POLAN technique used in QualScan 
software involved in EDP uncertainty analysis for AFWA. The utility of the high-resolution and 
high cadence Doppler skymaps in characterizing the plasma velocity profile in the heated region 
above HAARP has been clearly established. Specification of D region absorption from 
Digisonde measurements has proven to be highly sensitive and thus able to detect and model M-
class flare events.  
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Report Date: 05 Dec 2003  
Abstract: ( U ) The coordinated South American ionospheric measurement campaign, COPEX 
was held from October through December, 2002. Analysis of the sounder data from the 
equatorial site at Cachimbo, Brazil reinforced the general understanding of the difficulty in 
predicting the onset of spread F on any particular night Measurement of sporadic E formation at 
the magnetic field footprint in the anomaly regions provided no insight into the spread F 
formation problem. RPI/IMAGE reception of groundbased VLF transmissions in space over a 
period of two years was used to determine the efficiency for generating whistler mode waves that 
propagate along the magnetic field to the satellite. These results are compared with AFRL ray 
tracing simulations. Extensive analysis was carried out on the use of VLF/LF transmissions from 
a space platform to interact with high energy trapped electrons in the plasmasphere and scatter 
them so that they cannot cause damage to low earth orbiting satellites.  
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Abstract: ( U ) Aircraft based direction finding (DF) in the high frequency (HF) band is difficult 
due to the aircraft?s size with respect to wavelength and limited azimuthal resolution. A B-dot 
sensor is useful for detection of the time varying magnetic field and offers improved integration 
into an aircraft. What the B-dot sensor gains in integration it gives up in sensitivity because it is 
designed for frequencies above 5 GHz. Design of an airborne HFDF array using Bdot sensors is 
based in maximizing the physical extent of the array and eliminating multiple main beams. The 
goals of this research are to complete a computational analysis of a B-dot sensor, evaluate a 
cluster of closely spaced B-dot sensors, and design an array of B-dot sensor clusters on a 
simulated airborne HFDF platform. The B-dot sensors are simulated to determine the sensitivity 
of the sensor and sensor cluster. Eight and ten-sensor elements are placed on a simulated 
airframe to characterize the direction finding capability in the HF band. Additionally, a field test 
is accomplished to compare the simulated B-dot sensor cluster to an actual cluster of Bdot 
sensors. The B-dot sensor is inadequate for use in an HFDF array due to a lack of sensitivity, but 
based on initial simulations a larger B-dot sensor, designed for 700 MHz, offers equivalent 
sensitivity to previous research. Utilizing a cluster of sensors improves the radiation efficiency 
by 6 dB. The eight and ten-element arrays offer a limited direction finding capability due limited 
sidelobe reduction. The addition of two sensors does present sidelobe reduction; therefore, 
additional sensors will improve the direction finding capability of the airborne HFDF array.  
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Report Date: 01 Oct 2000  
Abstract: ( U ) The primary objective of the Summer 2000 Student/Faculty Science Campaign 
was to provide competitively selected university faculty and students with opportunities for 
upper atmospheric and space physics research involving the HAARP high frequency transmitter 
and associated diagnostic instrumentation located near Gakona, Alaska. This report documents 
the technical program and participants and includes a compilation of the Student I Faculty 
experiment summaries in areas ionospheric generation of ULF/ELF/VLF radiowaves, D-Region 
diagnostics, SuperDARN observations of HAARP induced ionospheric irregularities, and 
potential for telescopic assessments of HAARP induced ionospheric airglow.  
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Abstract: ( U ) The requirements of achieving ionospheric modification by ground-transmitted 
HF heating waves are discussed. The directly relevant processes including linear mode 
conversion and parametric instabilities are explained physically. The nonline & Schrodinger 
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equation for Langmuir waves is reviewed and the initial conditions of two types of nonlinear 
solutions are discussed; from which the criterion for Langmuir soliton generation is pointed out.  
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Report Date: 15 Mar 2001  
Abstract: ( U ) During the period of performance a program of instrument construction, 
technique development, data acquisition, and data analysis was carried out in order to 
characterize the auroral electrojet and the ambient and modified D-region directly above and 
near the HAARP (High Frequency Active Auroral Research Program) facility in Alaska. To 
accomplish this goal, five VLF D-region diagnostic systems were constructed and deployed in 
five High Schools near the HAARP facility and along the west coast of Alaska. In addition in 
order to characterize the auroral electrojet on a continental scale and to allow prediction of its 
location, four VLF D-region diagnostic systems were constructed and deployed in four High 
Schools on the east coast of the United States and Canada. Data from the complete array of D-
region diagnostic systems was acquired during a number of Fall and Spring HAARP campaigns 
during the period of performance. This data was then used to determine the state of the D-region 
above HAARP during the campaigns and to provide information on the location of the auroral 
electrojet. The salient scientific results from the observations were published in the scientific 
literature and also reported at the annual RF Ionospheric Interactions Workshop in Santa Fe, 
New Mexico. In addition a portion of this data formed one of the bases of a Ph.D. dissertation 
completed at Stanford University.  
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Report Date: Sep 2008  
Abstract: ( U ) The Naval Research Laboratory will provide an orbiting calibration sphere to be 
used with ground-based laser imaging telescopes and HF radio systems. The Precision 
Expandable Radar Calibration Sphere (PERCS) is a practical, reliable, high-performance HF 
calibration sphere and laser imaging target to orbit at about 600 km altitude. The sphere will be 
made of a spherical wire frame with aspect independent radar cross section in the 3 to 35 MHz 
frequency range. The necessary launch vehicle to place the PERCS in orbit will be provided by 
the Department of Defense Space Test Program. The expandable calibration target has a stowed 
diameter of 1 meter and a fully deployed diameter of 10.2 meters. A separate deployment 
mechanism is provided for the sphere. After deployment the Precision Expandable Radar 
Calibration Sphere (PERCS) with 180 vertices will be in a high inclination orbit to scatter radio 
pulses from a number of ground systems, including (1) over-the-horizon (OTH) radars operated 
by the United States and Australia; (2) high power HF facilities such as HAARP in Alaska, 
EISCAT in Norway, and Arecibo in Puerto Rico; (3) the chain of high latitude SuperDARN 
radars used for auroral region mapping; and (4) HF direction finding for Navy ships. With the 
PERCS satellite, the accuracy of HF radars can be periodically checked for range, elevation, and 
azimuth errors. In addition, each of the 360 vertices on the PERCS sphere will support an optical 

https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA532032


retro-reflector for operations with ground laser facilities used to track satellites. The ground laser 
systems will be used to measure the precise location of the sphere within one cm accuracy and 
will provide the spatial orientation of the sphere as well as the rotation rate. The Department of 
Defense facilities that can use the corner-cube reflectors on the PERCS include (1) the Air Force 
Maui Optical Site (AMOS), (2) the  
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Abstract: ( U ) Cascade of Langmuir waves excited by parametric decay instability (PDI) in 
ionospheric heating experiments is studied. In resonance cascade the mother Langmuir wave has 
to propagate downward to the resonant location of the daughter line for the resonant decay. To 
balance the propagation loss of the mother Langmuir wave, a large power ratio (approx. 10 dB) 
between two consecutive cascade lines in observed HFPLs is required. The nonresonant cascade 
proceeds at the same location of PDI. The threshold power has a N(2) dependence for V(e) 
greater than 2NV(i) and a square root of N dependence for V(e) less than 2N(Vi), where N is the 
cascade step number.  
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Report Date: Jan 2003  
Abstract: ( U ) At high frequency, radio waves will interact with space plasmas and surfaces of 
local astronomical objects, producing an echo that can provide new diagnostic data. The 
availability of high power radars operating at high frequencies opens a window for the remote 
investigation of our surrounding space environment. We discuss and illustrate this technique 
with some specific examples.  
Abstract Classification:Unclassified  
Descriptive Note: Conference paper  
Pages:7 Page(s)  
Report Number: XB - ONR ( XB )  
Monitor Series: ONR  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Distribution Statement:Approved for public release; distribution is unlimited.  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) The 2010 Polar Aeronomy and Radio Science (PARS) Summer School  
PDF URL: (pdf) - 2 MB -  

https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA514972


https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA554880 
Accession Number: ADA554880  
Personal Author(s): Kennedy, Edward J ; Snyder, A L ; Secan, James A  
Corporate Author: NORTHWEST RESEARCH ASSOCIATES INC REDMOND WA  
Report Date: 30 Dec 2011  
Abstract: ( U ) The Polar Aeronomy and Radio Science (PARS) Summer School offers graduate 
students the opportunity to participate in a two week program consisting of scientific lectures and 
tutorials on the earth's upper atmosphere and ionosphere at the University of Alaska, 
Geophysical Institute, and experimental research at the High frequency Active Auroral Research 
Program (HAARP) Research Station at Gakona, Alaska. The 2010 PARS Summer School, 
conducted over the period July 12-22, 2010, included a total of 21 students and 14 advisors or 
visiting scientists representing 12 universities. During the research period at the HAARP facility, 
students conducted a wide variety of experiments ranging from the study of methods and 
generation efficiency for Extremely Low Frequency (ELF) waves, to the study of Field Aligned 
Irregularities (FAI) and their influence on Global Positioning System (GPS) accuracy. This 
report discusses the organization and execution of the 2010 PARS Summer School and presents 
summaries of the research carried out by each of the participating graduate students.  
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Abstract: ( U ) Generation of ELF and VLF waves in the HF heating wave modulated polar 
electrojet is studied. Through the Ohmic heating by the amplitude-modulated HF heating wave, 
the conductivity and thus the current of the electrojet is modulated to set up the ionospheric 
antenna current. However, it is shown that a stimulated thermal instability is also excited by the 
amplitude-modulated HF heating wave. This instability introduces an electron temperature 
modulation more effectively than that by the passive Ohmic heating process and is expected to 
improve considerably the intrinsic efficiency of ELF and VLF wave generation by the 
amplitude-modulated HF heating wave. Moreover, the generation efficiency and signal quality 
also depend on the HF wave modulation scheme. Thus, four amplitude-modulation schemes are 
examined and compared.  
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Corporate Author: DEPARTMENT OF DEFENSE WASHINGTON DC  
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Abstract: ( U ) The Navy, Air Force, Defense Nuclear Agency, Ballistic Missile Defense 
Organization, and U.S. Special Operations Command hereafter referred to as DoD Components, 
invite small business firms to submit proposals under this program solicitation entitled Small 
Business Innovation Research (SBIR). Firms with strong research and development capabilities 
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in science or engineering in any of the topic areas described in Section 8.0 are encouraged to 
participate. Subject to availability of funds, DoD Components will support high quality research 
or research and development proposals of innovative concepts to solve the listed defense-related 
scientific or engineering problems, especially those concepts that also have high potential for 
commercialization in the private sector. Objectives of the DoD SBIR Program include 
stimulating technological innovation, strengthening the role of small business in meeting DoD 
research and development needs, fostering and encouraging participation by minority and 
disadvantaged persons in technological innovation, and increasing the commercial application of 
DoD-supported research or research and development results. The Federal SBIR Program is 
mandated by Public Laws PL 97-219, PL 99443, and PL 102-564. The basic design of the DoD 
SBIR Program is in accordance with the Small Business Administration (SBA) SBIR Policy 
Directive, January 1993. The DoD Program presented in this solicitation strives to encourage 
scientific and technical innovation in areas specifically identified by DoD Components.  
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Report Date: 09 Nov 2011  
Abstract: ( U ) Artificial ionospheric plasmas are formed on the bottom side of the natural 
ionospheric F region during high-power high-frequency (HF) heating experiments and descend 
to altitudes as low as 140 km before disappearing. Optical emissions produced during these 
events often exhibit bull s-eye structures, where the artificial plasma is thought to form a central 
spot that diverts or blocks HF waves to form an empty ring of emissions from the natural 
ionosphere at higher altitudes. We present multisite image data showing that, in some cases, both 
the spot and rig represent distinct artificial plasma layers.  
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Report Date: 29 Jul 2010  
Abstract: ( U ) ELF/VLF radio waves (300 Hz to 30 kHz) have been successfully generated via 
modulated HF (3-10 MHz) heating of the lower ionosphere in the presence of natural currents, 
most recently with the HAARP facility in Alaska. Generation is possible via amplitude 
modulation or via two techniques involving motion of the HF beam during the ELF/VLF cycle, 
known as beam painting and geometric modulation. In this paper, we describe a theoretical 
model describing the HF heating and ionospheric responses, followed by a full-wave calculation 
of ELF/VLF propagation, and utilize this end-to-end model to derive the predicted radiated 
ELF/VLF pattern up to 1000 km from the HF heater in the Earth-ionosphere waveguide. We 
quantitatively compare the generated ELF/VLF signals on the ground from various generation 
techniques and find it to be generally in agreement with earlier measurements. We apply a 
simplified ELF/VLF propagation model to quantify the contribution of the ELF/VLF phased 
array in the radiation pattern resulting from geometric modulation and find this contribution to be 
significant. We also use a limited HF heating model to quantify the degree to which the current 
power level of HAARP is sufficient for the beam painting technique, since this technique 
requires high HF power densities at high altitudes.  
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Report Date: Jan 2011  
Abstract: ( U ) The Ionospheric Interactions project, based at Interamerican University of Puerto 
Rico, is developing a state-of-the-art multi-point digital radio system which will build on their 
past research and significantly accelerate the scientific community's understanding of 
ionospheric turbulence and its impacts.  
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Corporate Author: NORTHWEST RESEARCH ASSOCIATES INC BELLEVUE WA  
Report Date: 01 Mar 2007  
Abstract: ( U ) A virtual ionospheric antenna to generate ELF (extremely low frequency) waves 
is achievable by using amplitude modulated HF (high frequency) waves to modulate the 
electrojet current. The results of the numerical analysis show that the radiation intensities of ELF 
waves produced by the modulated electrojet vary with the modulation frequency. Moreover, a 
ratio of two radiation intensities at two frequencies is height dependent. Thus, with the aid of the 
numerical results, the experimental measurements on the ratios of the radiation intensities of the 
ELF waves can provide unambiguous information on the height of the electrojet contributing to 
the ELF radiation. An experiment using the HAARP heating facility has been performed in 2005. 
The experimental results of three independent intensity ratios (25 Hz/205 Hz, 25 Hz/325 Hz, and 
25 Hz/625 Hz) are used to demonstrate this new diagnostic technique. The height of the source 
region, where the modulated electrojet radiates most effectively, is determined to be between 94 
Km and 97 Km.  
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Abstract: ( U ) The Department of Defense (DoD) Science & Technology (S&T) Program seeks 
to ensure that United States warfighters have superior and affordable technology to support their 
missions. To meet this end, DoD implemented Defense Reliance to foster and facilitate 
collaboration between the Defense Services and Agencies. The overall goal of Reliance has been 
to provide a forum for Defense S&T Executives to coordinate their individual strategies into one 
overall Defense S&T Strategy. This process allows the Defense S&T Executives to invest, 
divest, or collaborate in research, based on the priorities of the other Components, in order to 
provide the most complete, cost-effective solutions for the warfighter. Technological superiority 
has been and continues to be a cornerstone of our national military strategy. The Defense S&T 
Strategy enables the development and transition of capabilities across the full spectrum of 
challenges inherent in an uncertain future. Several areas play a particularly pivotal role in 
executing the QDR strategy, and the Department has accepted some risk in countering traditional 
challenges, while shifting emphasis on enhancing capabilities to combat irregular, catastrophic, 
and disruptive threats. Providing the warfighter with the tools needed to accomplish the mission 
is the number one priority of Defense S&T. Continued technology development is fundamental 
to enabling the warfighter to dominate in the face of a continuously changing world and 
environment. The DoD S&T successes of today will continue to strengthen the capabilities for 
the warfighters of tomorrow. This document, the 2007 Defense Science and Technology Success 
Stories, demonstrates how the Defense Services and Agencies have continued to achieve many 
goals, such as increasing the efficiency and capability of existing technologies, developing 
systems that do more with less, and developing stronger and affordable methods of achieving 
mission success.  
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to ensure that United States' warfighters have superior and affordable technology to support their 
missions. To meet this end, DoD implemented Defense Reliance to foster and facilitate 
collaboration between the Defense Services and Agencies. The overall goal of Reliance has been 
to provide a forum for Defense S and T Executives to coordinate their individual strategies into 
one overall Defense S and T Strategy. This process allows the Defense S and T Executives to 
invest, divest, or collaborate in research, based on the priorities of the other Components, in 
order to provide the most complete, cost-effective solutions for the warfighter. Technological 
superiority has been and continues to be a cornerstone of our national military strategy. The 
Defense S and T Strategy enables the development and transition of capabilities across the full 
spectrum of challenges inherent in an uncertain future. Several areas play a particularly pivotal 
role in executing the QDR strategy, and the Department has accepted some risk in countering 
traditional challenges, while shifting emphasis on enhancing capabilities to combat irregular, 
catastrophic, and disruptive threats. Providing the warfighter with the tools needed to accomplish 
the mission is the number one priority of Defense S and T. Continued technology development is 
fundamental to enabling the warfighter to dominate in the face of a continuously changing world 
and environment. The DoD S and T successes of today will continue to strengthen the 
capabilities for the warfighters of tomorrow. This document, the 2007 Defense Science and 
Technology Success Stories, demonstrates how the Defense Services and Agencies have 
continued to achieve many goals, such as increasing the efficiency and capability of existing 
technologies, developing systems that do more with less, and developing stronger and affordable 
methods of achieving mission success.  
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Corporate Author: NORTHWEST RESEARCH ASSOCIATES INC BELLEVUE WA  
Report Date: 17 Aug 2005  
Abstract: ( U ) Under this contract, Northwest Research Associates (NWRA) is performing 
measurements of the ionosphere in order to investigate plasma phenomena in both the natural 
ionosphere and in the ionosphere perturbed by the High-frequency Active Auroral Research 
Program (HAARP) high-frequency heater. The research being conducted falls within Hanscom 
Technical Areas 3(a), Ionospheric Effects Research and Department of Defense Systems, and 
3(b), Ionospheric Research Technology, of the Broad Agency Announcement VS-O3-Ol released 
by the Air Force Research Laboratory (AFRL). As a contribution to Technical Area 3(b), we are 
collaborating with scientists and engineers from AFRL, the Naval Research Laboratory (NRL), 
and other research organizations in the application of diagnostic instrumentation to HAARP. 
Among the HAARP instruments that we are applying to ionospheric research are three NWRA 
ITS1OS coherent radio receiving systems for measuring relative Total Electron Content (TEC) 
and recording scintillation, and an Ashtech Model Z-FX UPS receiver for measuring absolute 
TEC. We are posting TEC from these instruments, and phase-scintillation records from the 
ITS10S receivers, on the HAARP Web site (www.haarp.alaska.edu) for telescience applications 
and for decision-making during active experiments, and we are also focusing on inverting the 
TEC data tomographically to produce images of the F layer over Alaska. Research topics under 
the foregoing objectives are reported in Section 2.  
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Abstract: ( U ) The electrical resistivity of the ground can be measured by several methods. One, 
which has proven useful, is the controlled source magnetotelluric method (CSAMT). Current 
over a wide range of frequencies is introduced into the earth through a grounded dipole. Then the 
resulting electric and magnetic fields are measured at a distance greater than several skin depths. 
The apparent resistivity is then calculated by: p = 1/5f E/B(exp 2) The apparent resistivity vs. 
frequency can be converted into true resistivity vs. depth, This grant involved an investigation 
into the HAARP virtual antenna pattern out to 200 km, and its use as a CSAMT transmitter.  
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Abstract: ( U ) The FY 96 Geophysics Technology Area Plan describes Phillips Laboratory's 
exploratory and advanced technology development in the field of geophysics. The document 
addresses user needs, goals, major accomplishments, and changes from last year for each 
geophysics thrust. Thrust 1 describes geophysics for space operations and communications. 
Thrust 2 covers geophysics for air and combat operations. Finally, thrust 3 addresses geophysics 
with corporate applications. (AN)  
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Abstract: ( U ) This report is a compilation of papers from academic and other research institutes 
that describe ionospheric phenomena and parameters that affect electromagnetic propagation. 
The report addresses both mid-latitude and high-latitude effects. The first chapter describes the 
morphology of the ionosphere, briefly covers the neutral atmosphere and expands on the 
influence of the geomagnetic field, ionospheric electric field and currents, and particle 
precipitation at high latitudes. Chapter 2 looks at the instrumentation for obtaining the relevant 
data. An analysis of the mapping of total electron content in geographic co-ordinates is presented 
in Chapter 3 with an aim of providing timely information to the users.  
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designated as the Prime Contractor to represent the NPRSC. Since the HAARP facility will be 
built in Alaska, the GI-UAF can provide various logistic support activities, in addition to playing 
the role of coordinating the scientific advisory and support functions for the NPRSC at the 
request of the ONR/AFPL  
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FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) FY97 Geophysics Technology Area Plan.  
PDF URL: (pdf) - 2 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA323635 
Accession Number: ADA323635  
Corporate Author: PHILLIPS LAB KIRTLAND AFB NM  
Report Date: Mar 1997  
Abstract: ( U ) The FY97 Geophysics Technology Area Plan describes Phillips Laboratory's 
exploratory and advanced technology development strategy to support AF environmental and 
Army air and combat operations. Systems that sense environmental conditions from space will 
be increasingly important in providing this support. Objective is to improve the specification and 
forecasting, for longer periods and more precisely, of performance limiting battlespace 
conditions wherever our forces operate.  
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Corporate Author: AIR FORCE RESEARCH LAB BROOKS AFB TX HUMAN 
EFFECTIVENESS DIR/RADIOFREQUENCY RADIATION BRANCH  
Report Date: Feb 2004  
Abstract: ( U ) The Radio Frequency Radiation (RFR) Branch of the Directed Energy Bioeffects 
Division, Human Effectiveness Directorate, Air Force Research Laboratory (AFRL/HEDR), has 
completed work regarding biological effects of exposure to different power densities, specific 
absorption rates, and unique pulse parameters of RFR. Data to maintain appropriate RFR 
exposure standards were published in numerous peer-reviewed journal articles. The studies 
included various levels of organization, including: whole animal, animal systems, cell, sub-
cellular, and macromolecular levels. These data will continue to be used to make sound decisions 
regarding safe exposure of humans in the Air Force workplace. This bibliography is a list of 
peer-reviewed journal articles, peer-reviewed books, book chapters, and refereed proceedings, 
non-peer reviewed publications and abstracts, and technical reports, from the period 1997-2003.  
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RESEARCH  
Report Date: Mar 2001  
Abstract: ( U ) Ionospheric sounding in the equatorial and high latitude ionosphere and the 
development of new analysis techniques shows new ways for ionospheric diagnostics 
comparison of Digisonde ionograms and drift measurements with optical all sky images provides 
an explanation of the equatorial anomaly spread F signatures on ionograms, and their relation to 
satellite scintillation effects. For the auroral and polar cap region the Generalized Digisonde Drift 
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Analysis (GDDA) program was developed to increase drift velocity fields. This facilitated the 
monitoring of polar patches. A new ARTIST4 system was developed for the AF Digisondes and 
the DISS system to strengthen the quality of the data and the station networking. All output data 
are now in the SAO 4.2 format. ARTIST4 now calculates an estimated topside profile with a 
scale height derived from the shape of the bottomside profile. Concept and breadboard designs of 
a topside sounder were developed and tested at the Millstone Hill digisonde site. These tests 
showed successful implementation of pulse and chirp waveforms for a topside advances sounder 
(TOPAS).  
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Report Date: 29 Oct 2008  
Abstract: ( U ) The Global Ionospheric Processes basic research task has focused on three core 
areas: the equatorial ionosphere, the polar ionosphere, and active experiments. In equatorial 
ionospheric research, the group concluded work on previous solar maximum experiments 
including the Conjugate Points Experiment (COPEX), made preparatory investigations for 
C/NOFSA satellite mission, and carried out initial research with the satellite after launch. In the 
high latitudes, a chain of stations across the polar cap was completed with the installation of 
instruments at Station Nord, Greenland, to observe the formation and evolution of polar cap 
patches and scintillation-producing irregularities. Significant progress was made in 
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understanding substorm plasma injections as they relate to subauroral plasma streams and other 
phenomena near the plasmasphere boundary. A number of advances were made in active 
experiments, especially with the HAARP facility. This included reproduction of artificial optical 
emissions from the E layer, quantitative determination of optical emission generation efficiency, 
and investigations into naturally occurring subauroral precipitation structures that could prove 
useful for controlled particle precipitation experiments. We also detail a number of technology 
transitions resulting from this research.  
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Abstract: ( U ) Non-invasive imaging of underground structure is important for the detection of 
hidden tunnels and other hazards, as well as resource exploration, mineral exploration, and 
environmental contamination problems. We processed and analyzed electromagnetic imaging 
data sets provided by the Air Force Research Laboratory (AFRL). The main parts of this study 
included: 1) subsurface imaging using smooth minimum-structure algorithms, 2) adaptation of 
imaging algorithms for parametric inversions, 3) analysis of the sensitivity and resolution of data 
to subsurface features and sharp boundaries, and 4) modification of robust processing algorithms 
for AMT data. Our analysis using synthetic data for simple models indicates the subsurface 
tunnels can be successfully detected if they are at a depth to diameter ratio of approximately 3:1 
or less. Detection of tunnels in actual field conditions is more difficult because of the low signal 
levels in the AMT frequency range and geologic noise. This was evident in all data sets analyzed 
under this contract. The HAARP transmitter has the potential to be a valuable exploration tool in 
that it could generate EM fields that appeared locally as plane waves and could overcome the 
problems with low AMT signal levels and geologic noise. Our modifications to robust 
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processing algorithms for AMT data and for controlled source data have proven useful for 
analyzing data with low signal levels and large amounts of noise.  
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Report Date: 31 Jul 2008  
Abstract: ( U ) A research campaign was conducted at the joint US joint Air Force, US Navy, 
and DARPA High-Latitude Active Auroral Research Program (HAARP) site near Gakona, AK, 
during the period 21 February through 3 March 2008. The focus of the campaign was on 
generation of plasma-density irregularities in the ionosphere an optical and RF emissions from 
the ionosphere as a by-product of the interaction between the HAARP HF heater and the 
atmosphere and ionosphere above HAARP. This report documents the preliminary results 
obtained from this campaign through short (two to three page) summaries provided by the 
Principal Investigators for each of the experiments runs.  
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Abstract: ( U ) The DoD In-House RDT&E Activities Report and Database Project is the 
DDR&E's central source of information on laboratory status, and serves four essential purposes: 
(1) Since inception, it has been the only compilation of statistics organized by location on DoD 
RDT&E activities; (2) It provides the basis for prompt responses to many general queries about 
DoD RDT&E activities without recourse to special surveys, etc.; (3) It provides a historical 
database which can be used for tracing consolidations and organizational changes, and for 
special analyses and trend studies; and, (4) It provides insight into the technical and 
organizational environment of the DoD laboratories and the financial manpower and facility 
investments made in them.  
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Report Date: Dec 1993  
Abstract: ( U ) 1. Ion-Molecule reactions at high temperatures. 2. Optical and atmospheric 
turbulence. 3. Generation of ELF and VLE waves in the HF heater-modulated Polar electrojet. 4. 
Incidence rate estimate of elevated pediatric blood lead.  
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Report Date: 30 Apr 2004  
Abstract: ( U ) During three years following the solar maximum of the year 2000, NorthWest 
Research Associates (NWRA) conducted ionospheric measurements at several Air Force 
research and operational locations and analyzed the data collected thereby. The measurements 
were performed using a variety of radiowave techniques, most involving transionospheric radio 
propagation, and included observations of ionospheric perturbations via high-power 
transmissions under the High-frequency Active Auroral Research Program (HRRRP). Notable 
among the instruments employed were the Air Force Ionospheric Measuring System (AN/GMQ-
35) and the NWRA ITS10S coherent radio receiving system. The primary measurements were of 
ionospheric total electron content (TEC) and radiowave scintillation, for describing the 
ionosphere and its plasma-density structures during this solar epoch and under the perturbing 
influence of HAARP. Records of TEC were inverted tomographically to produce two-
dimensional (altitude vs. latitude) images of plasma density. By these and other means, 
ionospheric features such as the main F-layer trough and polar patches were characterized for 
application to Air Force environmental models.  
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Abstract: ( U ) The Air Force Research Laboratory, Space Vehicles Directorate (AFRL/RV) has 
developed the Demonstration and Science Experiments (DSX) mission to research technologies 
needed to significantly advance Department of Defense (DoD) capabilities to operate spacecraft 
in the harsh radiation environment of Medium-Earth Orbits (MEO). The ability to operate 
effectively in the MEO environment significantly increases the DoD's capability to field space 
systems that provide persistent global space surveillance and reconnaissance, high-speed 
satellite-based communication, lower-cost GPS navigation, and protection from space weather 
and environmental effects on a responsive satellite platform. The three DSX physics-based 
research/experiment areas are 1. Wave Particle Interaction Experiment (WPIx): Researching the 
physics of Very-Low-Frequency (VLF) electro-magnetic wave transmissions through the 
ionosphere and in the magnetosphere and characterizing the feasibility of natural and man-made 
VLF waves to reduce and precipitate space radiation 2. Space Weather Experiment (SWx): 
Characterizing, mapping, and modeling the space radiation environment in MEO, an orbital 
regime attractive for future DoD, Civil, and Commercial missions; and 3. Space Environmental 
Effects Experiment (SFx): Researching and characterizing the MEO space weather effects on 
spacecraft electronics and materials. Collectively, thirteen individual payloads are combined 
together from these three research areas and integrated onto a single platform (DSX) which 
provides a low-cost opportunity for AFRL due to their common requirements. All three 
experiments require a 3-axis stabilized spacecraft bus (but no propulsion), a suite of radiation 
sensors, and extended duration in a low inclination, elliptical, MEO orbit. DSX will be launch-
ready in summer 2010 for a likely launch co-manifest with an operational DoD sate  
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Corporate Author: NORTHWEST RESEARCH ASSOCIATES INC REDMOND WA  
Report Date: 31 Aug 2008  
Abstract: ( U ) During the report period, NorthWest Research Associates (NWRA) conducted 
ionospheric measurements at several Air Force research and operational locations and analyzed 
the data collected thereby. The measurements were performed using a variety of radiowave 
techniques, most involving transionospheric radio propagation, and included observations of 
ionospheric perturbations via high-power transmissions under the High frequency Active Auroral 
Research Program (HAARP). Total Electron Content (TEC) from a chain of stations in Alaska 
were inverted tomographically to produce altitude versus latitude images of plasma density. By 
these and other means, ionospheric features such as the main F-layer trough and polar patches 
were characterized for application to Air Force environmental models. Studies of ionospheric 
scintillation focused on the performance of models for scintillation were conducted. A number of 
studies were undertaken to develop better means of partitioning GPS TEC data in altitude and to 
assess uncertainties in TEC derived from GPS observations.  
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Abstract: ( U ) The proposed HAARP emitters at the Gakona (Alaska) preferred site and at the 
Clear AFS (Alaska) alternative site are the Ionospheric Research Instrument (IRI), the Incoherent 
Scatter Radar (ISR), and the Vertical Incidence Sounder(VIS). The electromagnetic interference 
(EMI) impact of those emitters on receiving systems in the vicinity of the sites is estimated in 
this study. The results are intended for use as an input to the Air Force Environmental Impact 
Statement as part of the Environmental Impact Analysis Process.  
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Abstract: ( U ) January 2008 was the beginning of a new solar cycle called solar cycle 24. In this 
new 11 year cycle, as with all solar cycles, the sun will have an increase in magnetic activity 
until the maximum is reached in about 2012 or 2013, and then decrease until about 2019 when 
minimum will be reached. This type of dynamic activity in the sun has been visibly manifested 
for centuries in the number of sunspots on the sun, with the maximum of the cycle corresponding 
to the maximum of the number of sunspots. The maximum of solar cycle 24 will possibly have a 
peak 30-50 percent greater than the peak of solar cycle 23 as depicted in Figure 1 [Dikpati, et al, 
2006; Phillips and Hathaway, 2006], and thus it will possibly be an intense cycle for 
geomagnetic storms. As mentioned, these cycles have been the object of study for scientists for 
centuries. What has not occurred in centuries past however is the analysis of the solar cycle and 
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its impact on military operations. This is obvious since no military operations have needed to 
incorporate the solar cycle and its dynamics into planning since it generally had no effect on 
operations. Times have changed and the military has extensively utilized Space assets in 
operations for approximately the last twenty years. Thus for two solar cycles, specifically cycles 
22 and 23, we have incorporated Space weather into mission analysis. Weather in general has 
had significant impact on operations since warfare began; either benefiting one force or the 
other. The following are just a few examples of such operational impacts created by weather 
conditions. In 1915, German forces use of poison gas and wind blew the chemicals back onto 
German lines and destroyed four Prussian regiments. In 1944, the D-Day weather forecast was 
for conditions favorable to air, sea and ground operations together ? a rare event.  
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Corporate Author: NATIONAL ACADEMY OF SCIENCES WASHINGTON DC  
Report Date: 06 Aug 2012  
Abstract: ( U ) The 2012 USNC-URSI National Radio Science Meeting was held in Boulder, 
Colorado, 04-07 January 2012. This open science meeting is sponsored by the U.S. National 
Committee (USNC) of the International Union of Radio Science (URSI), and held in cooperation 
with the IEEE Antennas and propagation Society, Circuits and Sensing Society, 
Communications Society, Electromagnetic compatibility Society, Geoscience and Remote 
Sensing Society, Information Theory Society, Instrumentation and Measurement Society, 
Microwave Theory and Techniques Society, and Nuclear Science Society. Papers were presented 
in the interest areas of the URSI Scientific Commissions (c.f. www.ursi.org): Electromagnetic 
Metrology, Fields and Waves, Signals and Systems, Electronics and Photonics, Electromagnetic 
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Environment and Interference, Wave Propagation and Remote Sensing, Ionospheric Radio and 
Propagation, Waves in Plasmas, Radio Astronomy, and Electromagnetics in Biology and 
Medicine.  
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Corporate Author: NAVAL RESEARCH LAB WASHINGTON DC  
Report Date: May 2004  
Abstract: ( U ) The mission of the Naval Research Laboratory is to conduct a broadly based 
multidisciplinary program of scientific and advanced technological development directed toward 
maritime applications of new and improved materials, techniques, equipment, systems, and 
ocean, atmospheric, and space sciences and related technologies. Areas covered in this review 
include acoustics; atmospheric science and technology; chemical/biochemical research; 
electronics and electromagnetics; information technology and communications; material science 
and technology; ocean and atmospheric science and technology; optical sciences; remote 
sensing; simulation, computing, and modelling; and space research and satellite technology.  
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Abstract: ( U ) The FEIS describes the potential environmental impacts of constructing and 
operating a proposed ionospheric research facility in interior Alaska. The system is referred to as 
HAARP(High-frequency Active Auroral Research Program), and would be used primarily for 
conducting pioneering studies of ionospheric properties. This proposed facility would be the 
most technologically advanced in the world. The program could lead to a better understanding of 
the ionosphere and enable researchers to develop methods for enhanced communications for both 
civilian and defense applications. The HAARP system consists of a powerful high frequency 
radio transmitter, referred to as the ionospheric research instrument, and a number of scientific 
data gathering (diagnostic) instruments. This document addresses three alternatives associated 
with the construction of the HAARP facility; namely construction at either Clear or Gakona, and 
the no action alternative. Issues and resources that were examined for both of the sites include 
land and minerals, vegetation and wetlands, mammals, birds, aquatics, hydrology and water 
quality, air quality, socioeconomics, cultural resources, subsistence, recreation, aesthetics, 
possible bioeffects of radio frequency radiation, electromagnetic environment and radio 
frequency interference, atmosphere, threatened and endangered species, hazardous materials and 
wastes, and irretrievable commitment of resources  
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Personal Author(s): Liebowitz, Ruth P ; Kindler, Evelyn M  
Corporate Author: PHILLIPS LAB HANSCOM AFB MA  
Report Date: 26 Sep 1995  
Abstract: ( U ) This chronology is a continuation of the 1985 report (AFGL-TR-02O1, Special 
Reports, No. 252) published under the title Chronology: From the Cambridge Field Station to the 
Air Force Geophysics Laboratory, 1945-1985. Together, these two chronologies cover the fifty 
years of research and development undertaken by the Air Force's Geophysics Directorate since 
its founding shortly after the end of World War II. As did the earlier chronology, this update lists 
major organizational developments and events relating to the laboratory's scientific programs. It 
also includes related illustrations and appendices. The work is intended to provide an updated 
historical reference for staff at the directorate and at related government agencies.  
Abstract Classification:Unclassified  
Descriptive Note: Special rept.,  
Pages:45 Page(s)  
Report Number: PL-TR-95-2134 ( PLTR952134 ) , SR-275 ( SR275 ) , XC - PL/HANSCOM ( 
XCPLHANSCOM )  
Monitor Series: PL/HANSCOM ( PLHANSCOM )  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE , 20 - JOURNAL ARTICLES; 
DTIC USERS ONLY  
Distribution Statement:Availability: Pub. in Jnl. of Geophysical Research, v104 nA9, p19,889-
19,1894,1 Sep 1999. Available only to DTIC users. No copies furnished by NTIS.  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Excitation of Short-Scale Field-Aligned Electron Density Irregularities by 
Ionospheric Topside Sounders  
PDF URL: (pdf) - 609 KB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA402322 

https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA301134
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA402322


Accession Number: ADA402322  
Personal Author(s): Kuo, S P ; Lee, M C ; Kossey, P  
Corporate Author: AIR FORCE RESEARCH LAB HANSCOM AFB MA  
Report Date: 27 May 1999  
Abstract: ( U ) Generation of short-scale field-aligned electron density irregularities on a short 
timescale ( 1 s) by ionospheric topside sounder pulse's is studied. It is a four-wave parametric 
coupling process, in which a sounder-launched Z mode pump wave decays into two electron 
Bernstein sidebands and a geomagnetic field-aligned density irregularity. The dispersion relation 
of the parametric coupling process has been derived and analyzed. The results show that meter-
scale field-aligned electron density irregularities (FAI) can be excited with growth rates of the 
order of 10(exp 5)/sec. under the resonance conditions that f(sub o) congruent f(sub p) congruent 
nf(sub c), where f(sub o), f(sub p) and f(sub c) are the pump wave frequency, electron plasma 
frequency, and electron cyclotron frequency, respectively, and n is an integer. The excited FAI 
extend along the magnetic field toward the satellite path, causing the incoherent scattering of the 
subsequently transmitted sounding pulses. This is suggested to be a possible cause of long-
duration Z mode echoes appearing on the Alouette 2 ionograms when f(sub o) congruent f(sub p) 
congruent nf(sub c), as reported by Benson 1997. It is found that the threshold field of the 
instability decreases with increased n. It may explain why long-duration Z mode echoes were 
only observed when n - 4.  
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Abstract: ( U ) Extensive modeling of equatorial depletions was carried to compare the Agua 
Verde, Chile all-sky airglow (630.0 nm) observations with the Digisonde results from the same 
site. The motion/structure of depletions observed away from the magnetic equator showed west-
to-east drift speeds of 80-100 m/s and lifetimes of the order of 2 hrs. On the quiet nights the 
airglow emission was about a factor of two greater than on nights when depletions were present 
indicating a lower F-layer altitude on quiet nights. This is consistent with the lack of depletions 
on the quiet nights as instabilities are more likely to form as altitude of layer increases. Qaanaaq 
polar Digisonde drift measurements were used to analyze the motion/structure of polar patches 
as they drifted over the site. A switch in IMF from Bz negative to positive resulted in the absence 
of patches after the change in field direction. Doppler analysis was used to separate the vertical 
ionosphere motion resulting from electron-ion recombination from the true vertical plasma drift. 
Results of this modeling are shown and Digisonde data from Puerto Rico are compared to 
incoherent scatter radar velocities.  
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Corporate Author: NAVAL RESEARCH LAB WASHINGTON DC  
Report Date: Jan 2010  
Abstract: ( U ) NRL's mission is to conduct a broadly based multidisciplinary program of 
scientific research and advanced technological development directed toward maritime 
applications of new and improved materials, techniques, equipment, systems, and ocean, 
atmospheric, and space sciences and related technologies. The Naval Research Laboratory 
provides primary in-house research for the physical, engineering, space, and environmental 
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sciences; broadly based applied research and advanced technology development programs in 
response to identified and anticipated Navy and Marine Corps needs; broad multidisciplinary 
support to the Naval Warfare Centers; and space and space systems technology, development, 
and support.  
Abstract Classification:Unclassified  
Pages:286 Page(s)  
Report Number: XB - NRL ( XB )  
Monitor Series: NRL  
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Accession Number: ADA578456  
Personal Author(s): Scherbarth, Mark ; Smith, Durand ; Stuart, Janet ; Ginet, Greg ; Adler, 
Aaron  
Corporate Author: AIR FORCE RESEARCH LAB KIRTLAND AFB NM SPACE VEHICLES 
DIRECTORATE  
Report Date: 08 Aug 2009  
Abstract: ( U ) The Air Force Research Laboratory (AFRL) Space Vehicles Directorate has 
developed the Demonstration and Science Experiments (DSX) mission to research technologies 
needed to significantly advance Department of Defense (DoD) capabilities to operate spacecraft 
in the harsh radiation environment of medium-earth orbits (MEO). The ability to operate 
effectively in the MEO environment significantly increases the DoD s capability to field space 
systems that provide persistent global targeting-grade space surveillance and reconnaissance, 
high-speed satellite-based communication, lower-cost GPS navigation, and protection from 
space weather and environmental effects on a responsive satellite platform. The three DSX 
physics-based research/experiment areas are: 1. Wave Particle Interaction Experiment (WPIx): 
Researching the physics of very-low-frequency (VLF) electro-magnetic wave transmissions 
through the ionosphere and in the magnetosphere and characterizing the feasibility of natural and 
man-made VLF waves to reduce and precipitate space radiation. 2. Space Weather Experiment 
(SWx): Characterizing, mapping, and modeling the space radiation environment in MEO, an 
orbital regime attractive for future DoD, Civil, and Commercial missions. 3. Space 
Environmental Effects (SFx): Researching and characterizing the MEO space weather effects on 
spacecraft electronics and materials. Collectively, thirteen individual payloads are synergized 

https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA578456


together from these three research areas and integrated onto a single platform (DSX) which 
provides a low-cost opportunity for AFRL due to their common requirements. All three groups 
of experiments require a 3-axis stabilized spacecraft bus (but no propulsion), a suite of radiation 
sensors, and extended duration in a low inclination, elliptical, MEO orbit. DSX will be launch 
ready in summer 2010 for a likely launch co-manifest with an operational DoD satellite on an 
EELV (evolved expendable launch vehicle).  
Abstract Classification:Unclassified  
Descriptive Note: Conference paper  
Pages:16 Page(s)  
Report Number: AFRL-RV-PS-TP-2009-1004 ( AFRLRVPSTP20091004 ) , XC - AFRL-RV-PS 
( XCAFRLRVPS )  
Monitor Series: AFRL-RV-PS ( AFRLRVPS )  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Electromagnetic Wave Structures Within Subauroral Polarization Streams  
PDF URL: (pdf) - 1 MB -  
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DIRECTORATE  
Report Date: 01 Aug 2003  
Abstract: ( U ) We report on oscillations in electric (deltaEy) and magnetic (deltaBz) fields and 
plasma density (deltaNi) observed by Defense Meteorological Satellite Program (DMSP) 
satellites within fast subauroral convection streams in the evening sector during the magnetic 
storm of 6 November 2001. There are two types of wave phenomena. The first and more 
common is characterized by electromagnetic and plasma density variations that have the same 
frequency range of 0.15 Hz in the spacecraft frame of reference. The second is characterized by 
large-amplitude plasma and field oscillations over a broader range of frequencies O.1 to 0.3 Hz. 
In this case the perturbation densities and fields appear to have different frequency responses. In 
this and other magnetic storms, strong waves are associated with the precipitation of 30 keV 
ions. Ratios of deltaEy/deltaBz indicate encounters with mixtures of electromagnetic (in part 
Alfvenic) and electrostatic modes. Poynting vectors associated with the oscillations can be 
directed either into or out of the ionosphere. The density perturbations appear to be extended 
east-west corrugations in the plasma flow streams with north-south wavelengths of 50 km. The 
deltaEy and deltaNi variations were anticorrelated, as required for current conservation. Our 
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analysis shows that Alfvenic perturbations arc consistent with expected effects of irregular 
potential distribution around ionospheric density irregularities mapped to the magnetosphere. 
Inertial currents act to generate mesoscale field-aligned currents carried by Alfven waves, as was 
previously discussed with regards to auroral arcs formation. We suggest that deltaNi 
irregularities observed by DMSP satellites in the evening sector began as striated plasma patches 
in the polar cap that convected to subauroral latitudes.  
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Report Date: Aug 2001  
Abstract: ( U ) This report provides the results of a brief study of the possible effects of 
ionospheric scintillation on a space-based, foliage-penetration (FOPEN), ground moving-target 
indication (GMTI) radar operating in the ultrahigh-frequency (UHF) band. The results of 
publicly available data and analyses are applied to a specific strawman FOPEN space-based 
radar (SBR) system operating from low-Earth orbit. Performance degradations due to 
ionospheric scintillation and a combination of ionospheric scintillation and internal clutter 
motion caused by wind are calculated for a 3 m/s target minimum detectable velocity (MDV) at 
15-deg grazing, point parameters felt to be minimally acceptable for an operational system. 
Space-time adaptive processing (STAP) is used to provide the clutter rejection necessary for 
successful performance. Implications of ionospheric scintillation for synthetic aperture-based 
GMTI processing are also discussed.  
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Report Date: Jul 2011  
Abstract: ( U ) As globalization and technological change continue at ever increasing rates, the 
need for a strong technical base also increases for the Department of Defense (DoD). The core of 
this DoD technical base is the Defense Laboratory Enterprise, which provides a cadre of highly 
skilled scientists and engineers and the infrastructure required to remain at the forefront of 
technology development and awareness. Defense laboratories, operated by the, Army, Navy, and 
Air Force are recognized as Department assets and are a vital element of the interconnected 
academic and industrial base credited with keeping our military the most technologically 
advanced in the world. The Defense Laboratory Enterprise is comprised of organizations across 
22 states employing over 38,000 scientists and engineers performing, overseeing and 
participating in over $30B of work per year. The enterprise provides world leading competencies 
across a broad research and development portfolio advancing basic sciences with horizon 
potential, developing militarily relevant technology which transitions to industry, providing 
quick response and prototyping capability for emerging threats and unmatched support and focus 
to warfighters in any contingency. In challenging times, a deep understanding of our complex 
and diverse Defense Laboratory Enterprise system and workforce is needed to ensure the 
Department can maintain this world class technical capability. This document provides an 
introduction to each laboratory, their core technical competencies and focus areas in order to 
provide the military community, senior leaders, and the American public with a better 
understanding of the potent capabilities resident therein.  
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Report Date: 01 Mar 2005  
Abstract: ( U ) Radio wave experiments have been conducted at Arecibo, Puerto Rico and 
Gakona, Alaska together with numerical analyses aimed at investigating man-made and 
naturally-occurring ionospheric plasma turbulence. Research progress and results reported 
include the following. (1) Ionospheric ELF and VLF experiments in Alaska discover that a 
horizontal Hertzian magnetic dipole (HMD)) with a radius of about 7 km at an altitude around 70 
km is responsible for the generation of ELF/VLF waves. (2) Numerical analyses of ELF and 
VLF wave generation show that the modulation scheme using the half-wave rectified wave is the 
most efficient one to generate signals at the modulation frequency and second harmonic, 
confirming our theoretical predictions. (3) Theoretical study of ionospheric HF heating 
experiments finds that the dominant factors, determining the number of cascade lines in the 
radar-detected spectrum of HF enhanced plasma lines (HFPLs), include the ion-to-electron 
temperature ratio, Ti/Te, the background plasma inhomogeneity scale length, and the heating 
wave field intensity. (4) The very intense ionospheric plasma turbulence observed over Arecibo, 
Puerto Rico on December 26, 2004 was possibly triggered by the tsunami-induced gravity waves 
propagating from Sumatra, Indonesia to Puerto Rico about 23 hours after the occurrence of a Mw 
= 9.2 earthquake.  
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Abstract: ( U ) The following reports were submitted during the 1992 Summer Faculty Research 
Program: Coherent Heterodyne Array Doppler Imaging; Calibration Techniques for a Low 
Energy X-Ray Irradiation Chamber; Ultrawideband Antennas with Low Dispersion; Optical 
Angle-Angle Doppler Imaging; Second-Harmonic Generation in Corona-Poled Materials.  
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Abstract: ( U ) It is shown that oscillating two-stream instability (OTSI) can be excited in sizable 
spatial region below the reflection height of the O-mode HF heating wave in mid-latitude 
ionospheric heating experiments. Near the reflection height, the threshold field of OTSI increases 
drastically with the oblique propagation angles of its Langmuir sidebands whose angular 
distribution is thus confined in narrow cones around the geomagnetic field. Therefore, obliquely 
propagating Langmuir sidebands of OTSI prefer to be excited in their matching height regions, 
where sidebands satisfy local dispersion relation. Their matching heights move downward from 
the reflection height as oblique propagation angles increase.  
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Report Date: Jun 2005  
Abstract: ( U ) The 32nd Annual IEEE International Conference on Plasma Science (ICOPS) was 
successfully held 20-23 June 2005 at the Portola Plaza Hotel by Fisherman's Wharf in Monterey, 
California. A total of 467 technical papers were presented by 438 registrants from 32 countries 
around the globe.  
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Corporate Author: NEW MEXICO UNIV ALBUQUERQUE OFFICE OF THE VICE 
PROVOST FOR RESEARCH  
Report Date: Jul 2013  
Abstract: ( U ) Under this task, we have augmented the hardware of the Long Wavelength Array 
(LWA) to provide a significant riometric capability, in order to search for anomalous absorption 
events that are associated with radiation belt precipitation events. Although limitations arising 
from initial data quality and radio frequency interference (RFI) have slowed implementation, the 
DTRA-supported augmentations are being incorporated into the standard data flow of the 
Prototype All-Sky Imager (PASI), in order to give real-time, 24/7 riometry. Incorporation of an 
outrigger site, to enable treatment of the unknown structure of the celestial background and the 
effects of confusion noise, was completed. However, RFI issues have prevented combination of 
outrigger data with LWA1.  
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Report Date: May 2000  
Abstract: ( U ) RFR is an acronym for radiofrequency radiation, which refers to the emission and 
propagation of electromagnetic waves in the frequency range nominally from 3 kHz to 300 GHz. 
Such waves are characterized as nonionizing radiation because the intrinsic (quantum) 
electromagnetic energy absorbed by a body at any frequency within this range is much too low to 
ionize (eject electrons) from molecules of the body. Equivalent terms in the literature on RFR 
bioeffects include electromagnetic radiation (EMR), nonionizing radiation (NIR), nonionizing 
radiofrequency electromagnetic (RFEM) fields, and electromagnetic fields (EMF). It should be 
noted, however, that the acronym EMF has lately become associated primarily with possible 
bioeffects of 50-Hz and 60-Hz electric and magnetic fields from powerlines.  
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Abstract: ( U ) Cross-border tunnels have been used by drug, people smugglers and terrorist 
organizations for clandestine entry or exit and transportation of contraband materials under the 
borders. The ability to detect these tunnels is paramount to successful border control. The 
Synchronized Electromagnetic Gradiometer uses the enhanced conductivity associated with 
tunnels, as compared to the surrounding medium, to detect the tunnels. A low-frequency 
electromagnetic (EM) signal is used to illuminate the area of interest. This signal in turn, induces 
current flow in any conductors within the tunnel that generate secondary EM fields observable at 
a distance from the tunnel. The magnitude of the secondary wave can be orders of magnitude 
less than the illuminating signal. An efficient detection system has been achieved by using a 
gradiometer design that suppresses the illuminating signal by more than 70 dB while maximizing 
the secondary signal with a narrow bandwidth (BW = 1Hz) synchronized receiver. This paper 
describes the performance of the Synchronized Electromagnetic Wave Gradiometer during 
several field studies and demonstration including the Otay Mesa cross-border tunnel near San 
Diego, California.  
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Abstract: ( U ) Apart from being used for plasma physics, the HF facility near Tromsoe, Norway, 
can be used to perturb the ionosphere at various heights in different ways, thereby giving 
information about the ionosphere. The co-located incoherent scatter radars are probably the most 
powerful instrument for probing the ionosphere, but HF techniques can complement the radars 
and even have some advantages. The principal perturbation method is to increase the electron 
temperature in a controlled way, some examples of which are presented here. Artificial electron 
heating in the E and F regions is useful for testing aeronomical models. More recently it has been 
discovered that electron heating can dramatically affect polar mesospheric echoes observed by 
VHF and UHF radars. Particularly the overshoot effect promises to be a powerful diagnostic of 
the physics and chemistry related to the formation of these layers, which are thought to involve 
dust, ice particles and aerosols. Radio induced optical emissions provide a way of measuring the 
lifetimes of excited species at different heights in the ionosphere, thereby providing a way of 
measuring the neutral density which is one of the most important parameters determining the 
lifetime. The technique of creating artificial periodic irregularities set up in the standing wave 
pattern of the upgoing and ionospherically reflected HF wave provides valuable information all 
heights below reflection. One particular feature of this method is that it can detect the presence 
of layers around 50 km and measure vertical winds, and electron densities and temperatures at 
various heights.  
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Abstract: ( U ) This report provides abstracts for technical publications produced during 1998 by 
personnel of the Information Technology Division (ITD), one of the largest research and 
development collectives at the Naval Research Laboratory (NRL). The abstracts are organized 
into sections that represent the six branches within ITD: the Navy Center for Applied Research 
in Artificial Intelligence, Communication Systems, the Center for High Assurance Computer 
Systems, Transmission Technology, Advanced Information Technology, and the Center for 
Computational Science. Within each section. a list of branch papers published in 1997 has been 
included; abstracts for these papers may be found in prior-year editions of this report. 
Information on obtaining a copy of one or more of the abstracted or listed publications is also 
provided.  
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Abstract: ( U ) The purpose of this AU-18 Space Primer is to provide an unclassified one-stop 
shopping resource for the space professional and the joint war fighter to better understand the 
capabilities, organizations, and operations of space forces.  
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Report Date: Feb 1993  
Abstract: ( U ) This report presents results of a series of site and noise surveys performed in 
Alaska. Surveys were performed at the former OTH-B site at Gulkana with the aim of 
determining the spectrum occupancy and background noise level at nominally 38 MHz, 420 
MHz and 440 MHz. Three site surveys were performed at Elmendorf AFB near Anchorage, 
aimed at determining the spectrum occupancy and background noise levels at 40 to 50 MHz. 
Noise surveys were also performed at three existing radar sites, Galena, Kotzebue and Cape 
Lisburne at 40 to 50 MHz. This report contains a presentation of the survey and measurement 
methodology, including antenna patterns, absolute noise level calibrations, and noise level 
predictions. The features of the individual sites are presented with a discussion of the data 
collected.... Noise, HF and VHF frequency range, Interference, Spectral occupancy  
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Report Date: 25 Apr 2005  
Abstract: ( U ) The equatorial electrojet (EEJ) is an intense electric current that flows in the 
ionosphere in a narrow zone above the magnetic dip equator during the daytime. The electrojet 
current produces a large enhancement of the surface component of the geomagnetic field at and 
in the vicinity of the dip equator. The EEJ is most intense around local noontime and appears to 
be more stable than other ionospheric current systems. This report presents a brief overview of 
the characteristics of the EEJ, including its location, electron density profile, current distribution, 
and magnetic field. In addition, the diurnal and seasonal variations of the EEJ are discussed. The 
relationship of the EEJ to the worldwide dynamo current system is discussed, in addition to a 
comparison with the aurora electrojet (AEJ). A derivation of the EEJ current distribution is 
presented that is based on an anisotropic conductivity model of the ionosphere. A summary of 
several experiments involving the generation of low4requency signals from a heated and 
modulated EEJ is also given. It is anticipated that this report will provide helpful background 
information to scientists and engineers engaged in the development of future experiments that 
involve the transmission of signals in the ELF and VLF frequency bands from a heated and 
modulated EEJ.  
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Report Date: 05 Jul 1994  
Abstract: ( U ) Information Technology Division's Technical Paper Abstracts 1993 documents 
the accomplishments of projects at the seven branches of the Information Technology Division. 
The seven branches are: Navy Center for Applied Research in Artificial Intelligence (NCARAI) 
including: machine learning, intelligent decision aids, interactive systems, sensor-based systems, 
and neural networks; Communications Systems; Human-Computer Interaction; Center for 
Computer High Assurance Systems; Transmission Technology; Advanced Information 
Technology; and Center for Computational Sciences. Points of contact are indicated for 
acquiring additional technical information about the projects, and an order form is provided for 
obtaining copies of the publications abstracted.  
Abstract Classification:Unclassified  
Pages:105 Page(s)  
Report Number: NRL/MR/5510--94-7497 ( NRLMR5510947497 ) , XB - ONR ( XB )  
Monitor Series: ONR  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Distribution Statement:Approved for public release; distribution is unlimited.  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Department of Defense Extract of the Budget of the United States Government for 
Fiscal Years 1992 and 1993  
PDF URL: (pdf) - 37 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA240106 

https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA282882
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA240106


Accession Number: ADA240106  
Corporate Author: DEPARTMENT OF DEFENSE WASHINGTON DC  
Report Date: 04 Feb 1991  
Pages:419 Page(s)  
Report Number: XD - DOD ( XD )  
Monitor Series: DOD  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:01 - APPROVED FOR PUBLIC RELEASE  
Distribution Statement:Approved for public release; distribution is unlimited.  
Report Classification: Unclassified  
Collection: Technical Reports  
Title: ( U ) Information Technology Division's Technical Paper Abstracts  
PDF URL: (pdf) - 5 MB -  
https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA283150 
Accession Number: ADA283150  
Personal Author(s): Wiley, Cathy J  
Corporate Author: NAVAL RESEARCH LAB WASHINGTON DC  
Report Date: 05 Jul 1994  
Abstract: ( U ) 'Information Technology Division's Technical Paper Abstracts 1993' documents 
the accomplishments of projects at the seven branches of the Information Technology Division. 
The seven branches are: Navy Center for Applied Research in Artificial Intelligence (NCARAI) 
including: machine learning, intelligent decision aids, interactive systems, sensor-based system, 
and neural networks; Communications Systems; Human-Computer Interaction; Center for 
Computer High Assurance Systems; Transmission Technology; Advanced Information 
Technology; and Center for Computational Sciences. Points of contact are indicated for 
acquiring additional technical information about the projects, and an order form is provided for 
obtaining copies of the publications abstracted.  
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Abstract: ( U ) Information Technology Division Technical Paper Abstracts 1994 documents the 
accomplishments of projects at the six branches of the Information Technology Division. The six 
branches are: Navy Center for Applied Research in Artificial Intelligence (NCARAI) including: 
computational reasoning for intelligent decision aids, intelligent M4 (multi-media, multi-modal) 
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Technology, Advanced Information Technology, and Center for Computational Science. Points 
of contact are indicated for acquiring additional technical information about the projects, and an 
order form is provided for obtaining copies of the publications abstracted.  
Abstract Classification:Unclassified  
Pages:82 Page(s)  
Report Number: NRL/MR/5510--95-7764 ( NRLMR5510957764 ) , XB - ONR ( XB )  
Monitor Series: ONR  
 
FOIA U2 Display  
Distribution/Classification  
Distribution Code:A - UNLIMITED DISTRIBUTION  
Secondary Dist:Approved For Public Release; Distribution Unlimited. Availability: Office of the 
Deputy Secretary of Defense, Washington, DC 20301-1000.  
Export Control:No  
For Pay:No  
Copyrighted - No Govt Rights:No  
Classification:UNCLASSIFIED  
Collection: TEMS  
Title: Report On Activities And Programs For Countering Proliferation And Nbc Terrorism. May 
1998.  
PDF URL: 

https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tr&docId=ADA298067


https://www.dtic.mil/DTICOnline/downloadPdf.search?collectionId=tems&docId=CBRNIAC-
CB-175776 
Accession Number:CBRNIAC-CB-175776  
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Performing Organization:PROGRAM REVIEW COMMITTEE WASHINGTON DC  
Date of Publication:01 May 1998  
Abstract: Congress directed, in the 1994 National Defense Authorization Act (NDAA), that the 
Counterproliferation Program Review Committee (CPRC) be established to review activities and 
programs related to countering proliferation within the Office of the Secretary of Defense (OSD), 
Department of Energy (DOE), US Intelligence, and the Joint Chiefs of Staff (JCS). The high 
level national commitment to counter proliferation threats is reflected in the CPRC's 
membership. It is chaired by the Secretary of Defense, and composed of the Secretary of Energy 
(as Vice Chair), the Director of Central Intelligence (DCI), and the Chairman of the Joint Chiefs 
of Staff (CJCS). The CPRC is chartered to make and implement recommendations regarding 
interdepartmental activities and programs to address shortfalls in existing and programmed 
capabilities to counter the proliferation of nuclear, biological, and chemical (NBC) weapons of 
mass destruction (WMD) and their means of delivery. In the 1997 NDAA, Congress broadened 
the CPRC's responsibilities and specified that the CPRC also review activities and programs of 
the CPRC-represented organizations related to countering paramilitary and terrorist NBC threats. 
The findings and recommendations of the CPRC's annual review for 1998 are presented in this, 
its fifth annual report to Congress.  
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Corporate Author: STANFORD UNIV CA  
Report Date: Jan 2010  
Abstract: ( U ) We present observations of transient luminous events (TLEs) recorded during a 
summer TLE observation campaign in 2008 at Langmuir Laboratory near Socorro, New Mexico. 
The campaign featured observations made by a free-running, ground-based multianode 
photometric array called the Photometric Imager of Precipitated Electron Radiation (PIPER). As 
a photometric array, PIPER has high (40 ms) temporal resolution and enough spatial resolution 
(16 anodes per photometer) to make it particularly useful in the study of fast TLEs like elves and 
halos. As a free-running instrument, there are no missed detections and no unwanted sampling 
bias introduced by triggering. As a ground-based instrument, it can follow individual storms over 
the course of their lifetime rather than randomly sampling over large numbers of storms as 
required by space-based instruments. During the campaign, 143 sprites, 803 elves, and 166 halos 
were observed over six storms, resulting in averaged elve-to-sprite and halo-to-sprite occurrence 
ratios of 5.6:1 and 1.2:1, respectively. There was considerable variability in the elve-to-sprite 
occurrence ratio from storm to storm, ranging from a low of 3.7:1 to a high of 13.4:1. Overall, 
78.2% of the elves and 55.4% of the halos were associated with negative cloud-to-ground 
lightning strikes (-CGs); no sprites associated with ?-CGs were observed. Additionally, 40 events 
in which pairs of elves occur in rapid succession, events we refer to as elve doublets, were 
observed in several storms. The duration between elves in the elve doublet events was typically 
120 ms. The causative mechanism for these events is still under deliberation.  
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Performing Organization:PROGRAM REVIEW COMMITTEE WASHINGTON DC  
Date of Publication:01 May 1996  
Abstract: Congress directed, in the 1995 National Defense Authorization Act, that the CPRC be 
established to review activities and programs related to countering proliferation within the 
Department of Defense (DoD), Department of Energy (DOE), US Intelligence, and the Joint 
Chiefs of Staff (JCS). This high level national commitment to counter proliferation threats is 
reflected in the CPRC's membership. It is chaired by the Secretary of Defense, and composed of 
the Secretary of Energy (as Vice Chairman), the Director of Central Intelligence (DCI), and the 
Chairman of the Joint Chiefs of Staff (CJCS). The CPRC is chartered to make recommendations 
relative to modifications in programs required to address shortfalls in existing and programmed 
capabilities to counter the proliferation of weapons of mass destruction (WMD). The CPRC is 
also tasked to assess progress toward implementing its previous recommendations and the 
recommendations of its predecessor, the Nonproliferation Program Review Committee (NPRC). 
This report presents the findings and recommendations of the CPRC's annual review for 1996.  
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Performing Organization:CALIFORNIA UNIV BERKELEY LAWRENCE BERKELEY LAB  
Date of Publication:01 Jan 2002  
Abstract: The recent contamination of several US buildings by letters containing anthrax 
demonstrates the need to understand better the transport and fate of anthrax spores within 
buildings. We modeled the spread of anthrax for a hypothetical office suite and estimated the 
distribution of mass and resulting occupant exposures. Based on our modeling assumptions, 
more than 90% of the anthrax released remains in the building during the first 48 hours, with the 
largest fraction of the mass accumulating on floor surfaces where it is subject to tracking and 
resuspension. Although tracking and resuspension account for only a small amount of mass 
transfer, the model results suggests they can have an important effect on subsequent exposures. 
Additional research is necessary to understand and quantify these processes.  
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the Department of Defense (DoD), Department of Energy (DOE), U.S. Intelligence, and the Joint 
Chiefs of Staff(JCS). This high level national commitment to counter proliferation threats is 
reflected in the CPRC's membership. It is chaired by the Secretary of Defense, and composed of 
the Secretary of Energy (as Vice Chairman), the Director of Central Intelligence (DCI), and the 
Chairman of the Joint Chiefs of Staff(CJCS). The CPRC is chartered to make recommendations 
relative to modifications in programs required to address shortfalls in existing and programmed 
capabilities to counter the proliferation of weapons of mass destruction (WMD). The CPRC is 
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recommendations of its predecessor, the Nonproliferation Program Review Committee (NPRC). 
This report presents the findings and recommendations of the CPRC's annual review for 1996.  
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Department of Defense (DoD), Department of Energy (DOE), US Intelligence, and the Joint 
Chiefs of Staff(JCS). This high level national commitment to counter proliferation threats is 
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the Secretary of Energy (as Vice Chairman), the Director of Central Intelligence (DCI), and the 
Chairman of the Joint Chiefs of Staff(CJCS). The CPRC is chartered to make recommendations 
relative to modifications in programs required to address shortfalls in existing and programmed 
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Abstract: ( U ) The 13th International Ionospheric Effects Symposium (IES2011) was held at the 
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the Office of Naval Research (ONR), the Air Force Office of Scientific Research (AFOSR), and 
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Abstract: ( U ) The United States Air Force Summer Faculty Research Program (USAF- SFRP) 
is designed to introduce university, college, and technical institute faculty members to Air Force 
research. This is accomplished by the faculty members being selected on a nationally advertised 
competitive basis during the summer intersession period to perform research at Air Force 
Research Laboratory Technical Directorates and Air Force Air Logistics Centers. Each 
participant provided a report of their research, and these reports are consolidated into this annual 
report.  
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Report Date: Jan 2010  
Abstract: ( U ) We use the three-dimensional full-wave method and Born approximation 
technique to calculate the scattered VLF field in the near zone of ionospheric disturbances 
created by lightning electromagnetic pulses. The method fully accounts for the anisotropicity of 
the ionosphere magnetized by a nonvertical geomagnetic field. We calculate the VLF amplitude 
perturbation on the ground for vertical and horizontal lightning discharge configurations. The 
results show that the magnitude of the scattered signal is strongly dependent on the direction of 
the incident VLF wave.  
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Report Date: 31 Oct 2011  
Abstract: ( U ) This report provides a summary of the progress in developing and testing a space 
flight prototype Doppler Asymmetric Spatial Heterodyne (DASH) interferometer, for the 
purposes of measuring winds in the Mesosphere and Lower Thermosphere/Ionosphere (MLTI). 
The motivation behind developing a prototype instrument during this SBIR Phase II is to raise 
the technical readiness level (TRL).  
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Abstract: ( U ) In the light of the current and ongoing needs of DoD and other agencies for 
detection of subsurface structures and monitoring of activities within those structures there is a 
crucial need for tools that allow one to evaluate the myriad of proposed VLF/ELF sensor 
systems. The overall objective of this effort is to develop analytical tools to model and assess 
proposed ELF/VLF sensor systems for detection of underground structures. The approach taken 
is to: (a) model the primary electric and magnetic fields generated by local (e.g. current loops or 
electric dipoles), remote (e.g. HAARF/HIPAS), and natural sources (e.g. external noise); (b) 
model the perturbed fields due to the specified underground structures; (c) combine the primary 
and perturbed fields along with the external noise for an effective field at the sensor; (d) model 
the sensor (the GEM-2 from Geophex, Ltd.) given the manufacturer's specifications and then 
using these results; and (e) evaluate the response of the sensor system to the specified 
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Abstract: ( U ) Keo Consultants participated in the research of the Ionospheric Applications 
Branch at Phillips Laboratory, by implementing improvements in research optical 
instrumentation (imagers and photometers). This research involved numerous field trips to study 
aurora, airglow, ionospheric scintillations, barium releases, and heater experiments. Keo 
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Accession Number: ADA329119  
Personal Author(s): Michielssen, Eric C  
Corporate Author: NAVAL POSTGRADUATE SCHOOL MONTEREY CA  
Report Date: Mar 1997  
Abstract: ( U ) MAJOR TOPICS OF THIS CONFERENCE INCLUDE: (1) VISUALIZATION; 
(2) ADVANCED TIME-DOMAIN METHODS; (3) MODEL REDUCTION METHODS FOR 
COMPUTATIONAL ELECTROMAGNETICS; (4) COMPUTER SIMULATION OF 
ANTENNAS; (5) RADIATION PHYSICS; (6) COMPUTATIONAL METHODS FOR 
INVERSE SCATTERING; (7) WAVELETS AND FRACTALS; (8) FDTD AND FVTD; (9) 
INTEGRATED CIRCUITS AND PHOTONICS; (10) SIGNAL PROCESSING TECHNIQUES 
FOR CEM; (11) ANTENNA APPLICATIONS; (12) SCATTERING AND DIFFRACTION; 
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model is the first and to our knowledge the only simulation model that can resolve the dynamic 
and nonlinear electromagnetic interaction between the ionosphere and the magnetosphere. The 
simulation is aimed at modeling fast temporal and small spatial scale ionospheric structures 
associated, for instance, with filamentary aurora and ionospheric heating experiments. The 
results presented in this paper focus on ion and electron heating by different sources, i.e., ion 
heating due to plasma-neutral friction, electron heating resulting from energetic particle 
precipitation and by ohmic dissipation in strong field-aligned currents. This work is motivated by 
a specific auroral event that was observed simultaneously with optical and radar instruments. A 
consistent explanation of this event is possible in the presence of ohmic heating of electrons in a 
strong field-aligned electric current layer.  
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magnetosphere is presented. Under a double resonance condition whistler wave is 
simultaneously in cyclotron resonance with deV and MeV electrons. The injected whistler waves 
is first amplified by the background keV electrons via loss-cone negative mass instability to 
become effective in precipitating MeV electrons via cyclotron resonance elevated chaotic 
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scattering. The numerical results show that a small amplitude whistler wave can be amplified by 
more than 25 dB. The amplification factor reduces only about 10 dB with a 30 dB increase of the 
initial wave intensity. Use of an amplified whistler wave to scatter 1.5 MeV electrons from an 
initial pitch angle of 86.5 deg to a pitch angle 50 deg is demonstrated. The ratio of the required 
wave magnetic field to the background magnetic field is calculated to be about 8 x 10(-4). An 
optimal approach reducing the population of MeV electrons in the magnetosphere is presented. 
Under a double resonance condition whistler wave is simultaneously in cyclotron resonance with 
deV and MeV electrons. The injected whistler waves is first amplified by the background keV 
electrons via loss-cone negative mass instability to become effective in precipitating MeV 
electrons via cyclotron resonance elevated chaotic scattering. The numerical results show that a 
small amplitude whistler wave can be amplified by more than 25 dB. The amplification factor 
reduces only about 10 dB with a 30 dB increase of the initial wave intensity. Use of an amplified 
whistler wave to scatter Is MeY electrons from an initial pitch angle of 86.50 to a pitch angle 
50% is demonstrated. The ratio of the required wave magnetic field to the background magnetic 
field is calculated to be about 8 x 10(-4).  
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interagency coordination, and other applicable federal and local regulations, the US Air Force 
has conducted an assessment of the potential environmental consequences of the NAVSTAR 
Global Positioning System (GPS) Block IIR satellite constellation and the Medium Launch 
Vehicle III (MLV III) program. Proposed Action: The Air Force proposes to transport, process, 
launch, operate, and ultimately dispose of 21 NAVSTAR GPS Block IIR Space Vehicles (SV) 
using the 21 Delta II Launch Vehicles (LV) proposed for acquisition under the MLV III program 
from Cape Canaveral Air Station (AS), Florida. The Block IIR SVs will replenish the current 
Block II/IIA SVs as their operational life ends.  
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