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~ The President’s Page ~ 

 
 
The SARA Annual meeting is almost upon us. The program is shaping up to be one of the 
best ever. If you have an opportunity to attend, please do. The information exchange and 
camaraderie is simply the best. For more information go the www.radio-astronomy.org. 
 
SARA is looking for a few good folks to help steer our society. To date, the membership has 
let others lead it. If you want to become more involved in SARA, please let me know, and we 
will be happy to have you run for office. The following positions are open: President, Vice 
President, Director and Director at Large. All organizations need “new blood” to help 
formulate the future direction. If interested, please let me know. 
 
SARA has added ninety-nine (99) new members at the time of this writing. The SARA Board 
is absolutely delighted and hopes the new members will benefit from the knowledge of our 
membership and will utilize the SARA Mentor program to assist them in their radio 
astronomy projects. Many thanks to the members, to the Board and especially to Bill and 
Melinda Lord for their untiring recruitment. 
 
This past year, SARA has partnered with a number of organizations to help increase the 
knowledge of the SARA membership and, as importantly, help interest the children of the 
world in radio astronomy. SARA Partners are as follows: 
 

·  Stanford University SuperSID Project - A Very Low Frequency Sudden Ionospheric 
Disturbance monitor http://solar-center.stanford.edu/ 

·  NASA Radio Jove - This project monitors Jovian Storms and Solar disturbances 
http://radiojove.gsfc.nasa.gov/ 

·  The Inspire Project - NASA sponsored which monitors very low frequency natural 
phenomena http://theinspireproject.org/ 

 
SARA recently participated in the Dayton Hamvention. For those who may not be aware, this 
is the premier amateur radio meeting in the United States. SARA gained several new 
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members as well as sparking interest in radio astronomy among the ham community. We 
expect to be at more ham and other science meetings in the next SARA fiscal year. 
 
SARA Director Jon Wallace has been running a series of radio astronomy articles in the 
Amateur Radio Relay League (ARRL) QEX publications. Check out www.arrl.org to order 
the magazine or see the content. Many thanks to Jon for introducing radio astronomy to the 
ham community. 
 
This is my last President’s Letter as SARA’s President. I have truly enjoyed leading our fine 
society and hopefully have helped bring the wonders of radio astronomy to the membership. 
However, it’s time to turn over the reins to someone else who will continue to keep SARA as 
the leader in amateur radio astronomy. I will not stray far from SARA and will continue to 
serve the Board as Past President. The future of SARA will only continue to get better in the 
coming years. 
 
I am looking forward to seeing many of you at the SARA annual meeting at NRAO in Green 
Bank, WV on July 4th-7th. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tom Crowley, KT4XN 
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~ From the Editor’s Desk ~ 
 
 

Thank you for your continued support. We accept a wide variety of submissions formatted 
in Microsoft Word. I am particularly looking for basic articles on a regular basis; please keep 
the articles coming. One will find the updated guidelines on the SARA website as a 
downloadable PDF: http://radio-astronomy.org/publicat/authjrnl.pdf. It is important that 
you look at these guidelines carefully; noncompliance greatly increases the workload of the 
staff and could cause scheduling delays. A tentative publication schedule for the remaining 
issues for the rest of the fiscal year is included to assist you in making your contributions. 
(But there is some flexibility). (Since there is a printer-friendly version of the table of 
contents, simply instruct your printer to print from page 2 onward to conserve ink.) 
 
This issue features the Annual SARA Conference particulars and a series of captivating 
papers. I am particularly delighted to feature a celebrated lady in astronomy, Linda Morabito, 
the discoverer of volcanoes on Jupiter’s moon, Io. Linda was so kind to contribute this article 
to us on the excitement of radio astronomy. SARA has made great progress in outreach and 
with getting students involved with research through our grant program. In a recent email to 
me, I think Linda said it well, “Original research by students is an astounding and recent 
occurrence in education, and I am thrilled to give it the focus and could not be more 
delighted that it is in radio astronomy. I am so pleased to be in any way part of SARA.” 
 
The critically important superheterodyne principle, which is basic to radio astronomy, is 
covered by Bill Seymour. Also find Jovian sweepers at HF (Tapinski), building an SDR SID 
(Leech) and Azimuth alignment of a Yaesu G-5500 rotor (Rudolph). The solar radio 
astronomy miscellany is on the solar spectrometer network, e-Callisto (Monstein). 
 
The April/May 2010 Issue will have a conference debriefing and other things to be 
announced.  
 

Tentative Publication Schedule of Remaining Issues 2009/2010 Fiscal Year 
 
Release Date— 
Membership Distribution:  
Jun/Jul Wednesday July 29 
 
Review Date— 
Jun/Jul Monday July 27 
 

Due Date— 
Radiowaves or Administrative Sections: 
Jun/Jul Saturday July 25 
 
Due Date*— 
Journal Articles and Columns Section: 
Jun/Jul Monday July 13 

 
* Earlier due dates will be necessary for complex articles; submit one month prior to 
Officer’s review is preferred. Note: Distribution dates are tentative and subject to change. 

 
 
 
John C. Mannone, Senior Editor 
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~ New Student Grants Awarded ~ 
 
 

Student and Teacher Grants 
 
Kerry Smith, Jim Brown and Bill Lord of the SARA Grant Committee announce that the 
following  grants have been awarded since the last Journal (Feb/Mar 2010).  
  
Chirag Jain of India was awarded $500 towards his attendance at Astronomy Camp in Arizona. 
According to Dr. Don McCarthy, Chirag is one of the “most motivated students” he has had 
apply for the camp. The camp awarded a scholarship to Chirag, and the additional money is to 
help him make the trip from India to Arizona. 
 
Dr. Raj Kombiyil of Kerla, India was awarded a Radio Jove Unit to use at Amrita Vishwa 
Vidyapeetham High School. Dr. Kombiyil will use the Radio Jove with his high school 
engineering students and well as with graduate students from the Integrated Physics and Math 
Program. He expects to have 200 students involved with the Radio Jove Project this year. He 
also plans to do outreach in the surrounding village, which he hopes will build “excitement and 
enthusiasm for science amongst students from a young age.” 
 
An Itty Bitty Telescope (IBT) is being sent to Allan Whittome who teaches grades 2 through 8 at 
Badgingarra School in Australia. Mr. Whittome wants the students to experience the excitement 
of detecting the sun, their own body radiation and tree branches. He plans to use the IBT to 
introduce 100 students to the basics of radio astronomy within his school, surrounding schools, 
and communities. 
 
Jean-Phillipe Muller, an Applied Physics teacher at Lycée Louis Armand — Labo d’electronique 
school in Mulhouse, France, has requested an Inspire and SuperSID unit. He teaches students 
between 19 and 23 years of age who are learning electronics and applied physics to be 
electronics technicians.  Kathleen Franzen, President of the Inspire Project, donated the Inspire 
unit for this grant. 
 
 
Stanford/SARA Grants 
 
In addition to the SARA Grants awarded this year, the Stanford Solar Center and SARA 
SuperSID collaboration has sent 58 units free of charge to students and teachers in Austria, 
Azerbaijan, Brazil, Chile, China, Columbia, Czech Republic, Ethiopia, France, Greece, Guyana, 
India, Nigeria, South Africa, Turkey, United States, Uzbekistan and Zambia. 
 
 
 
 

 
 

Bill Lord, Vice President 
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Figure 1: Bill Lord talks to a father and son about 
radio astronomy projects. 

Figure 2: Jim Sky explains Radio Jove to Make 
Magazine writer 

Figure 3: Manning the booth L to R Stephen Biggs, 
Melinda Lord and Paul Schou 

~ Dayton Hamvention: Great Success for Radio Astronomy ~ 
By Bill Lord, Vice President 

 
 
The Society of Amateur Radio Astronomers shared a booth with the Radio Jove team and the 
Inspire Project at the Dayton Hamvention this year. This was the first year we participated in the 
event and we had a very positive response from the attendees. The booth was manned by Jim 

Sky representing Radio Jove, Paul Schou 
representing the Inspire Project and Stephen 
Biggs, Bill and Melinda Lord representing 
SARA.   
 
The team handed out over 2200 pieces of 
literature on radio astronomy and the various 
projects, including SuperSID, the IBT, 
Radio Jove, Inspire and meteor detection. 
Steele Hill from NASA sent posters, 
computer disks and holographic postcards to 
hand out in addition to the other brochures. 

We had seven people join SARA and have since 
received a student membership as a result of the 
event. Some of our current SARA members took 
time to stop by and visit as well. 

 
The ARRL blog cited the Radio Jove booth 
as the “Dayton Discovery” on Friday. We 
also spoke with ARRL Education Director 
Debra Johnson and Miguel Enriquez about 
working together to promote technology in 
schools. 
 

Jim Sky answered questions and played some recordings of Jupiter storms for a writer from 
Make Magazine. The Dayton Hamvention is billed as the largest hamfest in the world and 
attracts a huge crowd from all over. We spoke to visitors from Australia, New Zealand, Turkey, 
Romania, England, Canada, Japan and from all over the U.S.A.   
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~ New Members ~ 
 
 
Please welcome our new or returning SARA members who have joined since the issuance of last issue. 
(Please accept our apologies if your name is missing. If it is so, please send an email to the Treasurer 
(Melinda Lord) and to my Associate Editor (Bill Seymour). We will make sure it appears in the 
subsequent Journal issue). As of May 16, 2010:  
 

 
First Name Last Name City State Country Ham ID 

Ken Anderson Cincinnati OH   N8QFY 
Thomas Azlin Vienna VA   N4ZPT 
Jonathan Batchelder Waynesville OH   KD8NHL 
Greg Bates Hines OR     
Dave Benham Berkley MI   K8TRF 
Roger Coleman Seattle WA     
Tim Crawford Arch Cape OR     
Leland DePriest East Lansing MI     
Rd Gallant Charlottetown Prince Edward Canada   
Jose Gelpi Virginia Beach VA     
Warren Gibbs Ballwin MO   KD0HGG 
Stan Grigsby Alexandria VA   WA6AA1 
Glenn Gutleben Pacifica CA   KC6JFE 
Ralph Hyre Milford OH   N3FGW 
Todd Ketterman Brooklyn NY     
Moayede Khodakarami Hamedan   Iran   
Toshiyuki Kondo Shinjyuku-ku Tokyo Japan JR1NVU 
Jared Lemons Denver CO     
Doug Loughmiller McKinney TX   W5BL 
Justin Medina Denver Co     
Ray Mitchell Hayward CA     
Justin Myrick Cookeville TN   W3EJ 
Harvey Nystrom Dummerston VT     
John Pieniadz Harleyville SC   AK4MW 

David Pitchford Grevenmacher Grevenmacher 
Luxembo
urg   

Brad Robertson Mechanicsburg PA   N3OFI 
Cameron Rout Calgary Alberta Canada   
Jesse Sanderfer Campbell CA     
Lee Scheppmann San Diego CA   KD0IF 
Michael Welch Georgetown   Guyana   
Wendy West Denver CO     
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~ Membership Dues & Promotions ~ 
 

SARA Membership Dues 
 

Membership dues are $20.00 US per year and all dues expire in June. Student memberships are $13.33 
US per year. Members joining from June to December of 2008 will renew their membership June 2009. 
Members joining January to June 2009 will renew June 2010. 
 
Or pay once and never worry about missing your dues again with the SARA Life Membership. Sara Life 
Memberships are now offered for a one-time payment of twenty times the basic annual membership fee 
(currently $400 US). 
 

Journal Archives & Other CDs Promotion 
 
The entire set of The Journal of The Society of Amateur Radio Astronomers is available on CD. It goes 
from the beginning of 1981 to the end of 2008 (over 4000 pages of SARA history!). Or you can choose 
one of the following CD’s or DVD*: (Prices are US dollars and include postage.) 
 
  SARA Journals from 1981 through 2008 
  SARA Mentor CD, compiled by Jim Brown 
  SARA Navigator (IBT) CD and DVD, compiled by Jon Wallace 
  The Quest for Contact narrated by Dr. Jill Tarter (DVD)  
 

Members     Each Disk*      $15    
Disk + One year Membership extension  $30   

Non-Members   Each Disk      $25    
Disk + One year Membership   $30   

Overseas Members   Each Disk       $20 (Airmail)   
Disk + One year membership extension  $35     

 
*Already a member and want any or all of these CD’s or DVD’s? Buy any one for $15.00 US or get any 
three for $35.00 US. 

 
SARA Store Now On Line 

 
SARA offers the above CD’s, DVD’s, printed Proceedings and Proceedings on CD at the SARA Store at 
http://www.radio-astronomy.org/node/120. Proceeds from sales go to support the student grant program. 
Members receive an additional 10% discount on orders over $50. Payments can be made by PayPal or 
mail check or money order to (note change of address):  

SARA 
c/o Melinda Lord 
P.O. Box 915 
Washington, IA 52353 

 
Melinda Lord, Treasurer 
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~ 2010 SARA Annual Meeting and Technical Conference ~ 
 
 
This edition of the Journal contains information about the upcoming Annual Conference 4 July - 
7 July, 2010 at the National Radio Astronomy Observatory in Green Bank, West Virginia. In 
addition to the conference, Lynn Crowley is offering to take non-participating spouses on local 
tours on Monday and Tuesday. 
 
Door prizes: We have several door prizes to be given out to registered participants.  Jim Brown 
is donating a Radio Jove unit, Jim Sky is donating a thumb drive of ALL of his software 
programs, and we have an Inspire kit, SuperSID unit and other great prizes. 
 
Conference Registration Fees: The fee for the 2010 Conference has been set at $165 US for all 
registered participants. This fee includes Conference registration, payment of your 2011 SARA 
membership dues, one copy of the published Conference Proceedings and CD (to be distributed 
at the meeting), morning coffee breaks, afternoon snack breaks, evening refreshments, and eight 
meals, as indicated below. Please note that all SARA 2009 memberships expire on 15 June 2010. 
Since SARA Membership Dues are now inseparable from Conference registration, all registered 
attendees automatically become SARA Members in Good Standing through 15 June 2011.  
 
SARA Life Members, or those who have already paid their 2011 membership dues prior to 
registering, may deduct $20 from the above amount. Those registered for the 2010 Conference 
who subsequently purchased a Life Membership any time during the 2010-2011 membership 
year may deduct $20 from the Life Member Fee (currently set at $400 US). And, because SARA 
offers a 33% membership discount for students, all fulltime students under the age of 18 may 
deduct $6.67 from the above Conference registration fee.  

The attendance fee for an accompanying family member (non-participating spouse, child, or 
companion of a registered Conference attendee) is $80, which includes morning coffee breaks, 
afternoon snacks, evening refreshments, and meals. The cited fees are calculated on a break-even 
basis, and apply only to advance registrations received prior to 31 May 2010. All registrations 
received thereafter are subject to an additional late registration fee as indicated below. 

Included Meal Plan: Green Bank is a small community with few dining establishments. Thus, 
SARA has arranged for conference registration to include a meal plan at the NRAO employee's 
cafeteria, to include: Dinner Sunday night; Breakfast / Lunch / Dinner Monday and Tuesday; 
Breakfast on Wednesday. 

The NRAO Cafeteria is not a public dining facility, does not sell individual meals to visitors, and 
is, in fact, doing us a favor in allowing our group to use their cafeteria at all. Thus, the Meal Plan 
is an integral part of, and inseparable from, Conference Registration. Please note that, in addition 
to the above meals, the Conference fee (or Accompanying Person fee) includes refreshments and 
coffee breaks during the Conference presentations, and snacks and beverages in the Drake 
Lounge in the evenings.  

Exceptions to the meal plan will be considered on a case-by-case basis, for those Conference 
attendees residing on site, or others with special dietary needs. Please contact our Treasurer 
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directly with your specific requests. In general, except under unusual circumstances, one should 
consider the cost of meals to be a part of, and inseparable from, the conference registration fee. 

 Conference Proceedings: Once again this year, a formal, printed Proceedings, including 
technical papers and supplemental material, is being professionally published. One copy of the 
Proceedings is included in your paid Conference Registration as well as a CD. (Proceedings are 
not provided to accompanying family members.) A limited number of additional copies of this 
year's and previous years' Proceedings will be available at Green Bank for $20 US each. You 
may, if you wish, reserve and prepay additional Proceedings copies, by including the appropriate 
amount in your check to our Treasurer. 

Advance Registration Deadline: Because SARA Conferences require quite a bit of advance 
planning, early registration is encouraged. To register for the 2010 SARA Conference at the rates 
cited above, your remittance in full must be received by our Treasurer (not simply postmarked) 
not later than 31 May, 2010. All registrations received after that date, or walk-in registrations, 
will be assessed an additional 15% late registration fee.  

Payment of Conference Fees: Checks (in US Dollars only, drawn on a US bank) should be sent 
in advance to:  

SARA, Treasurer Melinda Lord 
PO Box 915 
Washington, IA 52353 USA 
phone +1 319-591-1130  

NOTE: You may now remit your SARA Conference Registration via PayPal, direct your 
payment to treasurer_at_radio-astronomy_dot_org. It is still necessary to send your name, 
address, membership status, name(s) of accompanying person(s), and other pertinent registration 
information to our Treasurer, via post or email.  

Lodging: Attendees should make their own reservations at one of the (regrettably few) motels or 
Bed & Breakfasts located in the Green Bank vicinity. Do not try to "show up" and expect to find 
a room, as the motels are not that big and may fill up if anything else is going on in the area.  

·  Boyer Motel: (304) 456-4667 (5 miles) [Boyer is "adequate" to "very basic", more of a 
“mom and pop's” local motel.]  

·  Hermitage: back open under new management. P.O. Box 8, Bartow, WV 24920. Toll 
Free: (888) 456-4808; Direct: (304) 456-4808  
 

Dorm Rooms: We have a few dorm rooms at NRAO made available to us, which are assigned in 
the following priority:  

1. Attendees with disabilities / special circumstances  
2. Conference Speakers  
3. Conference Organizers  
4. SARA Officers and Board Members  
5. General SARA Membership  
 



 13 

The SARA Vice President makes the room assignments. So do not call NRAO asking about 
these rooms. We will stay in contact with NRAO and e-mail people if rooms become available. 
If you would like to be placed on the standby list, e-mail our Vice President.  

The SARA Vice President chairs our annual Conference. To enhance your standings on the dorm 
room list, contact our Vice-President and be a presenter at the conference. We usually get only 8-
11 rooms. It is therefore recommended that you do not wait until the last minute to make 
reservations at local motels, thinking you might get a dorm room. And, to enhance your 
standings for next year, run for an office in SARA and/or be a presenter.  

Dorm room prices are comparable to the local motels.  

Bed and Breakfasts: There are a few Bed & Breakfasts within reasonable driving distance: 

·  Carriage House Inn at Huntersville (304-799-6706) 20-30 minutes south  
·  Current B&B at Hillsboro (304-653-4722) 60-70 minutes south  
·  Jerico B&B at Marlinton (304-572-3739) 45 minutes south  
·  Van Reenan House at Marlinton (304-799-5677) 40 minutes south  
·  Old Clark Inn at Marlinton (304-799-6377) 40 minutes south.  
·  Buffalo Run Lodge (304) 456-3036 (800) CALL WVA (225-5982) 
 
Camping: There is a campground beside the Boyer Motel for those wanting to make it a family 
camping vacation. (Note: NRAO policy does not allow overnight “parking lot camping” in RVs 
on their facility.) 

Nearby Tourist Attractions:   

Cass Railroad - a shay steam locomotive ride for the whole family. It’s located about 10 
miles west of Green Bank. An enjoyable hour ride up a nearby mountain and back aboard 
a restored logging train.  

Snowshoe Ski Resort - Nothing going on in summer. But a fun ride if you've heard of it 
but never been. It’s kind of an upside down ski resort. By that I mean the hotels are at the 
top of the mountain, and you ski down and get chair lifted back up. The same mountain 
also sports a challenging golf course with unusual tee to green elevation changes.  

Spruce Knob - State Park is about 30 miles north of Green Bank. Views of several states 
from a mountain lookout tower on a clear day.  

Seneca Caverns - A limestone cave tour and rocks for your collection.  

Luray Caverns - Luray Virginia. A several hour ride from Green Bank, but is well worth 
it on the way there or on the way home. One of the largest cave tours in the east. Sports 
an unusual console organ that plays carefully selected stalactites with small solenoid 
driven hammers. 
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~ Ladies Outings at SARA Annual Conference 2010 ~ 
 
 

Monday, July 5 
 
8:00 AM - Meet in Residents Dorm Lobby and based on interest car pool to either the Greenbrier 
Hotel in White Sulphur Springs, or the Pearl S. Buck birthplace in Hillsboro 
 
10:30 AM - Interior Tour of the Greenbrier Hotel 
 
Noon-ish -  Lunch at the Greenbrier Hotel in Draper's Cafe 
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 Menu items from $9 to $20. Check out the restaurant at:   
www.greenbrier.com/site/dining-drapers.aspx 
 
      
After Lunch – Shopping arcade at the Greenbrier and/or the shops in town  
Check out the shopping arcade at: http://www.greenbrier.com/site/activities-
detail.aspx?cid=2092 
 
4 PM-ish – Return to Green Bank 
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9:30 AM – Tour the Pearl S. Buck Birthplace 
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www.pearlsbuckbirthplace.com 
 
Noon-ish -  Lunch at the Greenbrier Grill and Lodge  
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After Lunch – Shopping & antiquing in and around Marlinton 
4 PM-ish – Return to Green Bank 
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Tuesday, July 6 
 
8:30 AM – Meet in Residents Dorm Lobby to car pool to Smoke Hole Caverns 
“A
 ���
��
 ��
 ���
����1��
 �������
 ��
 *���

 ����
�
 ��
 2��

 � �������3�

4��
���
 '�����	���
  ��
 �������
 &���
 �����	
 
�
 
��
 ������
 ��
 
��

"$50��
 ���
���
����
�	
����
(��)�
6���
�������
�
������
�� �
&����


��
 �����
 
�)�
 
����
 �����
 �
 ����)
 ��

 
��
 &��
 ��
�
 �
 :   
www.smokehole.com 
 
Noon-ish -  Lunch at the Graceland Inn on the campus of Davis & Elkins College in Elkins 
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After Lunch – Shops in Elkins 
 
4 PM-ish – Return to Green Bank 
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~ 2010 SARA Conference Abstracts & Schedule ~ 
 

 
Keynote Speakers/Abstract 
 
The Annual SARA Conference this year will feature the core Radio Jove team as the keynote 
speakers. Read below to find out more about the team and the formation of Radio Jove. 
 
The Radio JOVE Project - Shoestring Radio Astronomy 
Dr. James Thieman 
 
Can students learn basic radio astronomy for $100? That was the main question asked by a group 
of friends from the University of Florida more than ten years ago. At that time the group got 
together at Goddard Space Flight Center, inviting a few others who were also interested in radio 
astronomy, and formulated a project to test that basic question. The project was named Radio 
JOVE, using the alternate name of the god Jupiter, since a number of us had studied the planet 
Jupiter in radio astronomy research at the University of Florida. Jupiter would be a main focus 
for the project as one of the most interesting radio sources in the sky at the decameter 
wavelengths (3-30 MHz frequencies) that would be studied. The capital letters JOVE are often 
used, not as an acronym, but to suggest a radio station call sign just as an additional reminder of 
the part of the spectrum being studied. (Indeed there is or was a radio station JOVE in Spain, or 
so we were once told.) 
 
Dick Flagg had worked at the University of Florida as an electrical engineer, creating, 
developing, and operating much of the equipment used in the UF research. He had since retired 
and moved to Hawaii but still liked to keep his hand in on various radio projects. Together with 
the others, he asserted he could create a radio astronomy telescope kit that could be sold for no 
more than $100 for students to build and learn the basics of radio astronomy. Many others such 
as Prof. Tom Carr (one of the founders of radio research at the University of Florida), the late 
Ron Parise (astronaut), Jaydeep Mukherjee (Florida Space Grant Director) would contribute to 
this development through helping with the antenna design, creating software for data plotting, 
providing funding, writing manuals and instructional materials, and building websites and 
archives for the project. It was agreed we would emulate the already successful nonprofit 
INSPIRE project in which radio astronomy receiver kits were being sold for amateur study of the 
Earth's natural and manmade radio emissions in the KHz range. Indeed, Bill Pine, a high school 
physics teacher in Ontario, California and the distributor of INSPIRE kits, agreed to be the 
distributor of Radio JOVE kits if we could get the project successfully started. He, INSPIRE co-
founder Bill Taylor, and INSPIRE supporter Jim Green provided essential advice and assistance 
that made the effort feasible.  
 
The main problem was how to get the money to start the project. We decided to apply for a 
Director's Discretionary Fund grant from Goddard Space Flight Center. These grants were for 
projects that were considered risky and might not result in success. Jim Thieman served as the 
leader of that effort. We received sufficient money to finish the development of the telescope and 
to purchase enough parts for 100 kits. We had decided to give away the first ten kits to beta 
testers, but the other kits would be sold at half price, $50 apiece, as an incentive to get the project 
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started. After the first 100 kits the $100 cost for follow-on kits would be sufficient to purchase 
more parts and keep the project going on a self-sustaining basis. This seems to work since we 
have recently distributed our 1400th kit. The kits have been sent to nearly all of the United States 
and more than 60 countries around the world. Of course costs of the parts went up over the years 
and extra items were added to the kits, so we now sell the kits for $190 plus shipping. We 
believe it is still a great bargain.  
 
Further information about Radio JOVE will be presented at the SARA Conference in Green 
Bank in the summer of 2010. We have a great team that keeps the project running, mostly 
through volunteer services. The core team members and a little information about each are listed 
below. 

 
 

Figure 1: The JOVE Team from left to right, Jim Thieman, Wes Greenman, 
Dick Flagg, Jim Sky, Jim Gass, Bill Pine, Jim Green, Len Garcia, and Chuck 
Higgins. 

 
 
Dick Flagg - (RF Associates, Inc.) - Electrical engineer who created and developed the RJ1.1 
receiver and JOVE spectrograph. He continues to provide expert advice on the building of the 
kits and troubleshooting of the problems our participants run into. Dick also maintains the 
Windward Community College Radio Observatory (WCCRO), one of the professional 
observatories linked to Radio JOVE.  
 
Len Garcia - (Goddard Space Flight Center) - Radio astronomer, editor of the JOVE Bulletin and 
curator of the JOVE archive. Len created and maintains the software for the archive. He also 
created a museum kiosk that teaches about the radio sounds of Jupiter, the Sun, etc. especially 
for those with visual and audio impairments.  
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Jim Gass - (Goddard Space Flight Center) - Computer scientist, Radio JOVE webmaster and 
curator of the web site and the main instructional CD. He once was the creator and curator of the 
first NASA website. 
 
Wes Greenman - (University of Florida, retired) - Electrical engineer, main parts orderer, and 
assembler of the kits for distribution. Wes helps to maintain the University of Florida 
professional radio astronomy facility.  
 
Chuck Higgins - (Middle Tennessee State University) - Associate Professor of Physics and 
Astronomy and distributor of the Radio JOVE kits. With the help of his students Chuck does 
final assembly and packing of the kits, handles the orders and payments, and distributes them 
worldwide.  
 
Francisco Reyes - (University of Florida) - Associate Scientist and Director of the University of 
Florida Radio Observatory (UFRO). Francisco also oversees the microwave link from the 
observatory to the UF campus that enables internet distribution of the signals.  
 
Jim Sky - (Radio-Sky Publishing) - Creator and developer of the Radio-SkyPipe and 
spectrograph software - the heart of Radio JOVE data collection. Jim also created the Radio-
Jupiter Pro software that enables predictions of Jupiter radio emission high probability times. He 
also designed and programmed the digital circuitry for our spectrographs at the WCCRO and 
UFRO.  
 
Jim Thieman - (Goddard Space Flight Center) - Radio Astronomer, Data Systems Manager, and 
manager of the Radio JOVE project. Jim arranges telecons for the staff and the Radio JOVE 
participants and coordinates the internal activities and external interfaces with other education 
and outreach organizations.  
 
We often receive help from many other individuals, too numerous to name, whose assistance has 
been invaluable for the continuance of our operations. We hope to have as many of the core team 
as possible at the SARA conference to present more about Radio JOVE and where we hope to go 
in the future. Come and learn more about the project and the group this coming July! 
 
 

 
Figure 2: Jupiter Radio CG Gallery Simulation Image 

By Imai Lab., Kochi National College of Technology, http://jupiter.kochi-ct.jp/cg/ 
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Other Conference Speakers/Abstracts 
 
Interfacing A Pan/Tilt Mount To Planetarium Software  
By Paul Oxley 
 
Abstract: The paper describes a system that interfaces between a pan and tilt mount and readily 
available planetarium software using the Astronomy Common Object Model (ASCOM) 
standards. The system uses a driver created in C# language that works with the ASCOM 
platform to receive position commands from Planetarium software such as “The Sky” or “Cartes 
du Ciel.” A PIC microprocessor is used via the USB port to generate the necessary control 
voltages for the Pan and Tilt motors. The paper also describes the challenges faced when 
developing a real time control system using techniques such as multi-threading and multiple 
processor interfaces. 
 
 
The Space Weather Monitor Program 
By Nicholas Gross, Center for Integrated Space Weather Modeling, Boston University 
Deborah Scherrer, Stanford Solar Center, Stanford University 
 
Abstract: Solar activity can involve explosive events such as Solar X-Ray Flares, which can have 
dramatic effects here on Earth. X-Ray Flares can cause sudden changes in the ionosphere that 
can effect radio transmissions. The Sudden Ionospheric Disturbance (SID) Monitor is an 
inexpensive instrument, funded through NSF and NASA, used to look for abrupt changes in the 
signal strength of a known radio transmitter caused by disruptions in the ionosphere due to Solar 
Flares. These instruments have been distributed for student use in the classrooms both nationally 
and internationally under the guidance of suitable mentors. The monitor plugs into a computer 
that collects the data and can upload results to a central database. The user builds his own loop 
antenna. This talk will describe the science of the Solar Flares, their interaction with the Earth’s 
Ionosphere, the operations of the SID monitor, and the science that can be done using the 
monitor. 
 
 
Research on Structure and Dynamics of Spiral Galaxies 
By Bruce Rout 
 
Abstract: The following three papers; The Spiral Structure of NGC 3198, A Comparison of 
Distance Measurements to NGC 4258 and Distance, Rotational Velocities, Red Shift, Mass, 
Length and Angular Momentum of 111 Spiral Galaxies in the Southern Hemisphere, challenges 
the existence of dark matter, establishes a straight-forward method of measuring the distance to 
spiral galaxies and presents an accurate Hubble diagram of galaxies in the Southern Hemisphere 
which seriously questions the theory of an expanding universe. 
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Geomagnetometry for Amateur Radio Astronomers  
By Whitham D. Reeve  
 
Part I Abstract: The Earth's magnetic field is directly affected by the Sun. This paper provides an 
overview of the Earth's magnetic properties and characteristics, how we measure and keep track 
of the Sun's effects, and the characteristics of geomagnetic storms. A companion paper, 
Application of the Simple Aurora Monitor (SAM) at Northern Latitudes, discusses an instrument 
that amateur radio astronomers can use to monitor geomagnetic activity. 
 
 
Application of the Simple Aurora Monitor (SAM) Geomagnetometer at Northern Latitudes 
By Whitham D. Reeve 
 
Part II Abstract: The Earth's magnetic field reacts to solar activity in various ways. The reaction 
at northern latitudes (> 60 deg. N) can be quite spectacular and interesting. This paper discusses 
the Simple Aurora Monitor (SAM) geomagnetometer and its application and performance in the 
Reeve Observatory over the one year period from May 2009 to May 2010. Comparisons with 
solar events and the Alaska Magnetometer Chain and GOES are included. A working SAM will 
be available at the SARA 2010 Conference for examination by conference participants. The 
SAM is a semi-professional system that is available in kit form. The Earth's magnetic field reacts 
to solar activity in various ways. The reaction at northern latitudes (> 60 deg. N) can be quite 
spectacular and interesting. This paper provides an overview of geomagnetic properties and 
discusses the Simple Aurora Monitor (SAM) and its application in the Reeve Observatory over 
the one year period from May 2009 to May 2010. The SAM is a semi-professional system that is 
available in kit form. A working SAM will be available for examination by conference 
participants. 
 
 
Radio Astronomy with Moby Dish 
By David E Fields and Stan Kurtz 
 
Abstract: An abandoned 4.5 m C-band dish has been reconditioned for radio astronomy 
applications. Adventures and results will be presented and discussed.  It was anticipated that the 
dish would be, because of its gain, useful for a variety of research and educational projects. The 
ensuing adventure was more involved than expected -- it included disassembly, transport, 
extensive modification to permit Alt/Az agility, and erection, plus development of control and 
monitoring electronics.  Local flora and fauna provided their own challenges and insults.  
Nevertheless, significant progress has been made and initial results of the project will be 
presented. 
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Amateur Solar Radio Astronomy: An Integrated Approach 
By John C. Mannone 
 
Abstract: After a general introduction on solar emission dynamics and the Earth-Sun connection, 
various tools available to the amateur solar radio astronomer are discussed. As an example, 
electromagnetic waves and particle fluxes from a specific solar event (coronal mass ejection) 
will be followed from its occurrence to its detection by various radio astronomy instruments 
inexpensively available to the amateur (Radio JOVE, SID, Natural Radio, etc.). The emphasis 
will be on correlation of observations (across the EM spectrum) with other amateur data. In 
addition, it is shown how to acquire professional data. This includes equipment in terrestrial 
observatories and space satellites and probes (Nancay Array, SOHO, GOES, etc.) 
 
 
The Phase Switched Interferometer 
By Bruce Randall WD4JQV 
 
Abstract: The Phase Switched Interferometer is a method of getting improved resolution with 
amateur size instruments.  It uses the interference pattern of a pair of antennas spaced along a 
baseline to resolve more detail.  This paper is a look at how it works, a practical way to build 
one, and some observations with the instrument.  The instrument described here operates at 
408MHz. 
 
 
Statistical Methods for 20 MHz Continuum Measurements using the Radio Jove RJ 1.2 Dipole 
Array 
By John G. Younger, MD, MS 
 
Abstract: Using the RJ1.2 array for continuum measurements is a challenge in that it has a broad 
and fixed beam, is tuned at a wavelength at which the sky has low spatial signal variability, and 
may be unavoidably deployed in a high-noise environment. Identifying extraterrestrial sources is 
fraught with over-interpretation of signals that may not be reproducible night-to-night. Here I 
develop a framework for statistically summarizing multiple nights’ observations from the RJ1.2 
and constructing confidence bounds around those observations.  I also describe a simulation 
method to estimate how many observations may be necessary to affirm the extraterrestrial nature 
of a noise source. 
 
 
Observations of Pulsars at 26.3 and 45 MHz using Two Large Arrays 
By Francisco Reyes  
 
Abstract: Some of the complications for detecting pulsars at low frequency are the decrease of 
the flux density of the pulses, the increase of the galactic background noise temperature and the 
increase of the dispersion of the pulses. In the 1980’s two large low frequency arrays were used 
for observing pulsars. It was possible to obtain the pulse shape and width, the pulse flux density 
and energy and the dispersion measure. The restrictions, limitations and the requirements for 
making low frequency observations of pulsars will be discussed. 
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Tentative Schedule 
 
 
Sunday July 4, 2010  
  
Time  Speaker     Topic 
12:30 PM Melinda Lord, Treasurer Registration and Payment of Conference Fees (all day) 
12:30 PM    Radio Astronomy- Beginner Session 
3:00 PM Tom Crowley, President 40 Foot Radio Telescope Familiarization Workshop 
5:15 PM    Dinner in NRAO Cafeteria 
6:15 PM NRAO Scientist  Current Observations at NRAO 
7:15 PM    Hands-on Radio Astronomy on the Lawn 
7:15 PM    Drake Lounge Open for Impromptu Presentations and Social 
 
    
Monday  July 5, 2010  
 
Time  Speaker     Topic 
7:45 AM    Breakfast at NRAO Cafeteria 
9:00 AM Bill Lord, Vice President Introductions and Opening Remarks 
9:15 AM Tom Crowley, President SARA Announcements 
9:30 AM Jove Team   Keynote Presentation- The Radio JOVE Project – Shoestring 

Radio Astronomy 
10:30 AM    Coffee Break and Poster Session 
11:00 AM Jove Team   The Radio JOVE Project - Shoestring Radio Astronomy 
12:00 AM Paul Oxley  Interfacing A Pan/Tilt Mount To Planetarium Software  
12:30 PM    Lunch in NRAO Cafeteria 
1:30 PM Tom Crowley, President Call for Nominations of Officers and Directors 
2:00 PM Bruce Randall  A 408MHz Phase Switched Interferometer 
2:30 PM Whitham Reeve  Geomagnetometry for Amateur Radio Astronomers  
3:00 PM    Snack Break and Poster Session 
3:30 PM Kathleen Franzen  The Inspire Project 
4:00 PM John Mannone  Amateur Solar Radio Astronomy: An Integrated Approach 
4:30 PM Bruce Rout  Research on Structure and Dynamics of Spiral Galaxies 
5:15 PM    Dinner in NRAO Cafeteria 
6:30 PM    SARA Board of Directors Meeting 
7:30 PM    Flea Market in Dorm Parking Lot and Lobby 
7:30 PM    Drake Lounge Open for Impromptu Presentations and Social 
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Tuesday July 6, 2010  
  
Time  Speaker     Topic 
7:45 AM    Breakfast at NRAO Cafeteria 
9:00 AM Tom Crowley, President SARA Elections 
9:30 AM Tom Crowley, President SARA Business Meeting 
10:00 AM    Coffee Break and Poster Session 
10:30 AM John Younger  Statistical Methods for 20 MHz Continuum Measurements 
      using the Radio Jove RJ 1.2 Dipole Array 
11:00 AM Francisco Reyes   Observations of Pulsars at 26.3 and 45 MHz using Two Large 
      Arrays 
11:30 AM Whitham Reeve  Application of the Simple Aurora Monitor (SAM) 
      Geomagnetometer at Northern Latitudes 
12:00 AM Nick Gross  Observing Sudden Ionospheric Disturbances 
12:30 PM    Lunch in NRAO Cafeteria 
1:45 PM Location TBA  SARA Group Photo 
2:00 PM Sue Ann Heatherly NRAO High-Tech Tour 
3:30 PM    Snack Break and Poster Session 
4:00 PM David Fields  Radio Astronomy with Moby Dish 
4:30 PM Jim Moravec  Involving Students and Teachers in Radio Astronomy 
5:00 PM    2011 Conference Plans 
5:15 PM    Dinner in NRAO Cafeteria 
6:30 PM    Hands-on Radio Astronomy on the Lawn 
6:30 PM    Drake Lounge Open for Impromptu Presentations and Social 
    
 
Wednesday July 7, 2010 
  
Time  Speaker     Topic 
7:45 AM    Breakfast at NRAO Cafeteria 
10:00 AM    Conference Ends, Pay room bills in NRAO Business Office 
 

 
        Figure 3: Forty-Foot Radio Telescope at NRAO 
   (Operating Manual: www.gb.nrao.edu/epo/manual.pdf) 
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~ Call for Nominations ~ 
 
 

Per the SARA By-Laws this is the official call for nominations for SARA officers and board.  If 
you are interested in running for office and would like to know more about the positions, please 
contact a Board member or the President Tom Crowley. 
 
The requirement to be on the board is to attend the board meetings at the annual meeting. If you 
will be unable to attend the annual meeting, then the Director at Large position may be for you.  
This position is a full board position only attending the annual meeting is not required. 
 
The following positions will be up for election in July: 
 

President 
Vice President 
Director at Large (one) 
Directors (three) 

 
If you want to run for one of the available SARA officer or Board positions please drop a note to 
the Secretary Stephen Biggs copying President Tom Crowley. Contact information is listed in 
this Journal. 
 
Note: There has been a change in the length of the term of office to be served by elected officers, 
In May 2010, the SARA Board (consisting of officers and directors) voted on and approved the 
following: 
 
THE MOTION 
 
“The election of President and Vice-President will be voted on in even years, and the Secretary 
and Treasurer will be voted on in odd years. This change will start in the 2010 election. The 
current VP term will end in 2010, and the Treasurer term will be extended until 2011. The term 
of office will remain as two years beginning in 2010 for the President and Vice-President and 
2011 for the Secretary and Treasurer.” 
 
 
 
 
 

 
 
 
 

Tom Crowley, President 
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~ Radio Astronomy Resources ~ 
 

 
SARA 

http://radio-astronomy.org 
 
 

SETI League 
http://www.setileague.org 

 
European Radio Astronomy Club 

(Peter Wright) 
http://www.eracnet.org/ 

 
Pisgah Astronomical Research Institute  

 (Don Cline) 
http://www.pari.edu 

 
Tamke-Allan Observatory 

(David Fields) 
http://www.roanestate.edu/obs 

 
Deep Space Exploration Society 

(Rex Craig/Jamie Riggs) 
http://www.deep-space.org/ 

 
Jamesburg Earth Station volunteer group 

http://www.jamesburgdish.org 
http://www.bambi.net/jamesburg.html 

 
Radio Sky Publishing 

(Jim Sky) 
http://www.radiosky.com 

 
RF Associates 
(Richard Flagg) 

1721-I Young Street 
Honolulu, HI 96826 

(808) 947-2546 

 
 
 
 

National Radio Astronomy Observatory 
http://www.nrao.edu 

 
Radio Astronomy Supplies 

(Jeffrey M. Lichtman) 
http://www.radioastronomysupplies.com 

Jeff@RadioAstroSupplies.com 
 

RFSPACE, Inc. 
(Pieter Ibelings) 

Radio Astronomy Receivers) 
http://www.rfspace.com 

info@rfspace.com 
 

Shirleys Bay Radio Astronomy Consortium 
(Marcus D. Leech) 

http://tech.groups.yahoo.com/group/sbrac-
astronomy/ 

marcus@propulsionpolymers.com 
 

GNU Radio 
(Eric Blossom) 

http://www.gnu.org/software/gnuradio/doc/expl
oring-gnuradio.html 

 
Simple Aurora Monitor: SAM-International 

(Whitham D. Reeve)  
http://www.reeve.com/SAMDescription.htm 

SAMInfo@att.net 
 

Radio Astronomy Links 
http://www.cv.nrao.edu/fits/www/yp_radio.html
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JJOOUURRNNAALL  AARRTTIICCLLEESS  &&   CCOOLLUUMMNNSS  
SSEECCTTIIOONN 
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~ The Excitement of Radio Astronomy ~ 
By Linda Morabito 

 
 
Radio astronomy is thrilling! Once you involve students of any age in taking Jupiter’s 
temperature, looking at quasi-stellar objects to validate that scintillation is the cause of the 
varying of those objects’ intensities as viewed from Earth, or to try to determine if there is a 
correlation of the mass of a supermassive black hole at the center of a galaxy to the ratio of its 
synchrotron radiation, as measured by the radio telescope, to Spitzer Space Telescope data of the 
infrared radiation emitted from the accretion disk surrounding the black hole, students will never 
forget it. In fact, all they really need to do is input commands to the radio telescope and see the 
dish move toward the pointing they have input, and you’ve got them! There is nothing like 
commanding a 34-meter radio telescope to make a student understand that the accumulation of 
science astronomical data is exciting! 
 
For me the accumulation of such data that I participated in for students as part of the Goldstone 
Apple Valley Radio Telescope (GAVRT) Program for the Lewis Center for Education Research 
in Apple Valley, CA, had special significance as well. The 34-meter radio telescope, now a state-
of-the-art instrument, was not too long ago decommissioned from its former use by NASA. It 
had served to uplink commands to NASA’s Voyager Spacecrafts, and downlink data that had 
rewritten the textbooks on the planets of the outer solar system. I know, because I had been part 
of the Voyager mission. In fact, on 9 March 1979, working as a navigation engineer on Voyager, 
I made what is still considered by many scientists the largest discovery of the planetary 
exploration program, the discovery of the volcanic activity on Jupiter’s moon Io. That radio 
telescope, and in fact, radio astronomy has enormous significance to me. Now the correlation of 
the use of that telescope and others has come full circle to planetary exploration of the outer 
planets. Students have and will continue to characterize the radiation environment around Jupiter 
that has aided and will continue to help plan NASA’s Juno mission to Jupiter. I salute all who 
have this region of the electromagnetic spectrum as their passion. 

 

 
Linda Morabito 
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~ An Introduction to Linda Morabito ~ 
 
 

I have the distinct pleasure of introducing to you someone whom you already know well, Linda 
Morabito. She is personable, talented, and the discoverer of volcanism on Io. I have extracted 
some pertinent things from our email exchanges during April. Linda contacted me because of my 
work with Voyager (see Figure 1) and Viking as a research chemist for Martin Marietta back in 
the 1970’s and because I am a NASA/JPL Solar System Ambassador (Tennessee since 2008). 
 
As a former Jet Propulsion Laboratory Astronomer, Linda discovered the volcanic activity on 
Jupiter's moon Io on March 9, 1979 while working at Jet Propulsion Laboratory as a member of 
the Voyager Navigation Team. (See National Geographic Magazine, cover story, January 1980 
or http://photojournal.jpl.nasa.gov/catalog/PIA00379.)  The active volcanism on Io has been 
described as the largest discovery of the planetary exploration program. 
 
Linda has written a memoir which includes the history of the discovery of active volcanism on 
Io. Learn more via Space Place on Facebook http://www.facebook.com/pages/Linda-Morabitos-
Space-Place/286624679900 or on her website http://www.lindamorabito.com. There is a place to 
provide feedback on her website, which is what I gladly did. 
[http://www.lindamorabito.com/comments.html] 
 
Linda has been working with radio astronomy as well, using the dishes at Goldstone Apple 
Valley. She has graciously agreed to contribute an article for the Journal (see preceding page). 
   

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 1: Voyager I and instrument layout 

http://voyager.jpl.nasa.gov/spacecraft/instruments.html 
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~ Io Volcanism and Effects on Radio Astronomy ~ 
By John C. Mannone, Senior Editor 

 
 

“On March 9, 1979, a young female astronomer, Linda Morabito sat at her computer at Jet 
Propulsion Laboratory, and noticed a strange object off the edge of a moon of the planet Jupiter, 
that at first appeared to be another world…Linda discovered that the moon of Jupiter called Io 
was geologically alive, far more volcanically active than even the Earth.  For her work in space 
exploration and discovering the volcanic plume emanating from an active volcano on Io, Linda 
has been awarded three NASA Group Achievement Awards, for Voyager Flight Operations, 
Navigation Team; Voyager Mission Operations System Design, Ground Data Systems 
Development; Voyager Mission Design, Ephemeris Development, and NASA’s Certificate of 
Appreciation for the work which led to her discovery.” 
http://www.lindamorabito.com/about.html. 
 
“Perhaps the most beautiful aspect of this discovery is that it represents one of the greatest 
triumphs of theory in the last quarter of the 20th century. The theoretical prediction of Io's 
volcanism came out in print in Science a week before the photos were snapped: Peale, S.J., 
Cassen, P. and Reynolds, R.T., Science, 203, 892-894 (March 2, 1979), Melting of Io by Tidal 
Dissipation. The abstract reads, 
 
The dissipation of tidal energy in Jupiter’s satellite Io is likely to have melted a major fraction of 
the mass. Consequences of a largely molten interior may be evident in pictures of Io’s surface 
returned by Voyager 1. 
 
A quote in the article: “The surface of the type of body postulated here has not yet been directly 
observed, and although the morphology of such a surface cannot be predicted in any detail, one 
might speculate that widespread and recurrent surface volcanism would occur.” (Adapted from 
the Unmanned Spaceflight http://www.unmannedspaceflight.com/index.php?showtopic=6433.) 

 
Her discovery is reported in, L.A. Morabito, S. P. Synnott, P.N. 
Kupferman, Stewart A. Collins, "Discovery of Currently Active 
Extraterrestrial Volcanism," Science, Vol. 204, 1 June 1979, pp 972. 
 
The volcanism on Io plays a significant role on Jovian radio 
astronomy. In chapter 6 of their Basics of Radio Astronomy series, 
JPL/NASA (Radio Astronomy Apple Valley) discusses the sources of 
radio emissions. Download the following PDF (576 kB): 
http://www2.jpl.nasa.gov/radioastronomy/Chapter6.pdf. 
 
Radio emissions are derived from ions caught in the Jovian magnetic 
field lines. The charged particles spiral along these lines and 
subsequently crash into Jupiter’s atmospheric molecules, thereby 

exciting them. They emit radio signals (Jovian storms) and with simple equipment, amateurs can 
detect the decametric wavelengths (high frequencies, say around 20 MHz). This is not dissimilar 
to the way the auroras are produced on Earth. However, on Jupiter, the effect by the solar wind is 
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enhanced by the ions of sulfur and oxygen being spewed by the Io volcanoes into the very thin 
ionosphere of Io. Ten tons per second of material are ejected and Jupiter’s magnetic field traps 
them. 
 
Read more about signals from Jupiter from the Radio JOVE site (http://radiojove.gsfc.nasa.gov/), 
Jim Sky’s Radio Sky Publishing (http://www.radiosky.com) or on Space Today Online 
(http://www.spacetoday.org/SolSys/Jupiter/JupiterRadio.html), an interesting venue that has a 
broader scope and should be bookmarked along with the other sites mentioned. 

 
 

 
Figure 1: Loki erupting during Voyager I flyby Marc h 4, 1979 (Courtesy of NASA) 

Distance from Io: 310,000 miles (500,000 km). Photo Number: P-21334 
 



 31 

~ Radio Astronomy at Goldstone-Apple Valley ~ 
 

 
 

Goldstone-Apple Valley Radio Telescope (GAVRT) Vision Statement: Students team with 
scientists to conduct cutting edge research leading to discovery.  GAVRT excites K–12 students 
while accomplishing educational and scientific objectives. http://www.lewiscenter.org/gavrt/ 

 
The GAVRT program allows you and 
your students to operate a 34-meter 
(112-foot) radio telescope from your 
classroom. Partnered with scientists and 
other observatories from around the 
world, you will do real research and 
exploration. We cannot predict exactly 
what you will see! Available projects 
(all with Standards-based curriculum) 
include studying black holes, planets, 
and helping to monitor the health of 
spacecraft. 

 
As was mentioned earlier, the Basics of Radio Astronomy, by Diane Fisher Miller, is available 
here, http://www2.jpl.nasa.gov. This workbook, although applicable to all radio astronomy, was 
developed to support training for the Goldstone-Apple Valley Radio Telescope. It answers 
questions like: What is the Goldstone-Apple Valley Radio Telescope? What's the purpose of this 
"workbook"? The contents, which can be individually downloaded or as an entire document (1.4 
Mb) are as follow: 
 
Cover, Table of Contents, and Introduction 
 
Ch 1. Discovering an Invisible Universe 
Ch 2. The Properties of EM Radiation 
Ch 3. The Mechanisms of EM Emission 
Ch 4. Effects of Media 
Ch 5. Effects of Motion and Gravity 
Ch 6. Sources of Radio Frequency Emissions 
Ch 7. Mapping the Sky 
Ch 8. Our Place in the Universe 
 
 
 

 
 
 
Appendix: A. Glossary, B. References and 

             Further Reading 
Index 
Final Quiz 
Final Quiz with Answers 
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~ Beginner’s Corner: The Superheterodyne Principle ~ 
A Critical Component of Modern Communications Receivers 

By Bill Seymour, Associate Editor 
 
 

Abstract: In the basic superheterodyne receiver design, originally conceived for 
military needs during the First World War, the incoming signal voltage is 
combined with a voltage from a local oscillator and converted to a voltage of a 
lower or intermediate frequency, which is amplified and detected to reproduce the 
original signal. Many superheterodyne receiver requirements are met with simple 
designs. They may include one tuned r-f amplifier stage, only one or two i-f 
amplifier stages, and limited audio frequency amplification. The advantage of the 
superheterodyne in employing a fixed tuned intermediate frequency amplifier to 
obtain band sharing and constant selectivity for all channels does not exist in 
other types of receivers such as the tuned r-f receiver or in the superregenerative 
receiver. The superheterodyne has supplanted other types of receivers almost 
completely for either amplitude or frequency modulation reception. 
 

*** 
 
                              
 The Years Leading Up To World War I  
 
The superheterodyne (hetero-“different” and dyne- “power”) principle for radio receivers was to 
find its first practical application when the world was at war in 1915-1918. Technology tends to 
take giant leaps ahead during times of war, and this was particularly true of radio 
communications during the First World War, being fought between the Allies and the Central 
Powers of Europe. 
 
Where many important theoretical discoveries in the laboratory often remain in obscurity during 
times of world peace, the practical needs of war tend to accelerate the practical application of 
science. Such was the case for the British who were desperately seeking better radio direction 
finder technology in order to locate German ships. 
 
Out of international experimentation and discovery would emerge radio technology to meet the 
urgent military needs of this War. The new science of radio was born during the last decades of 
the 19th century when inventors had steadily advanced the technology, which would make 
possible the transmission of radio waves through the air. One of the earliest inventors, a brilliant 
young German scientist named Heinrich Hertz experimenting with electrical phenomena in the 
year 1887, unlocked the secret of wireless waves. He proved that electrical waves could be sent 
out at will around an oscillating circuit. 
 
Hertzian waves, as they were called, became the subject of laboratory experiments in many 
lands. Even though electrical messages sent through wires in the form of telegraphy had existed 
for many years, it was not until 1892 that Sir William Crookes, in a magazine article, pointed out 
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the possibility of using these waves in “telegraphy across space” by specially tuned instruments 
employing definite wavelengths. Thus, the foundation was being laid for the future development 
of “wireless” radio transmitters and receivers. It remained for a gifted and persistent Italian 
youth, Guglielmo Marconi, to develop his crude sending and receiving apparatus of home origin 
and to overcome many obstacles in this great scientific achievement. 
 
 
The U. S. Army Desperately Seeks to Improve Existing Radio Direction Finding 
Equipment to More Accurately Locate Enemy Ships 

 
The original heterodyne technique was pioneered by Canadian inventor Reginald Fessenden, but 
it was not pursued at the time because the local oscillators available were unstable in their 
frequency output. The superheterodyne principle was revisited in 1918 in France by U. S. Army 
Major Edwin Armstrong. He invented this receiver as a means of overcoming the deficiencies of 
early vacuum tube triodes used as high frequency amplifiers in radio direction finding (RDF) 
equipment. Unlike simple radio communication which needs only to make transmitted signals 
audible, direction finders need to take measurements of received signal strength, which 
necessitates linear amplification of the actual carrier wave received. In a triode radio frequency 
(rf) amplifier, if both plate and grid are connected to resonant circuits on the same frequency, 
stray capacitive coupling between the grid and the plate will cause the amplifier to go into 
oscillation if the stage gain is much more than unity. In early designs, more than 100 low gain 
triode stages had to be connected in cascade to make workable equipment. This drew enormous 
amounts of power and required a team of maintenance engineers. The strategic military value 
was so important, however, that the British Admiralty felt that the high cost was justified. 
 
Armstrong had realized that, if RDF receivers could be operated at a higher frequency, this 
would allow the detection of enemy ships much more effectively. However, no practical “short 
wave” amplifier existed (defined then as any frequency above 500 KHz) due to the limitation of 
triodes of that era.  
  
A “heterodyne” refers to a beat or “difference frequency” produced when two or more radio 
frequency carrier waves are fed into a detector, and originally described in Fessenden’s method 
of making Morse Code transmissions from an Alexanderson alternator type transmitter audible. 
With the spark gap transmitters widely in use at that time, the Morse Code signal consisted of 
short bursts of a heavily modulated carrier wave which could be clearly heard as a series of short 
chirps or buzzes in the receiver’s headphones. Fessenden’s idea was to run two Alexanderson 
Alternators, one producing a carrier frequency 3 KHz higher than the other. In the receiver’s 
detector, the two carriers would beat together to produce a 3 KHz tone, which would be heard in 
the headphones as Morse signal with a series of 3 KHz beeps.  
 
Later, when vacuum tubes became available, the same result could be achieved more 
conveniently by incorporating a “local oscillator” in the receiver; this became known as a “beat 
frequency oscillator” or BFO. As the frequency of the BFO was varied, the pitch of the 
heterodyne could be heard to vary with it. However, if the frequencies were too far apart, the 
heterodyne became ultrasonic and was no longer audible. 
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Major Armstrong Makes a Technology Breakthrough 
 
In September of 1919, Major Armstrong gave publicity to an indirect method of obtaining short 
wave receiver amplification, called the superheterodyne. The basic idea is to reduce the 
incoming radio frequency signal to some suitable super-audible frequency which can be 
amplified efficiently, then passing this current through a radio frequency amplifier, and finally 
rectifying and carrying on to one or two stages of audio frequency amplification. 
 
It had been noticed some time before that if a regenerative receiver was allowed to go into 
oscillation, other receivers nearby would suddenly start picking up stations and frequencies 
different than the stations were actually transmitting on. Armstrong and others eventually 
deduced that this was caused by a “supersonic heterodyne” between the transmitting station’s 
carrier frequency and the oscillator frequency. Thus, for example if a station was transmitting on 
300 KHz  and the oscillating receiver was set to 400 KHz, the transmitting station would be 
heard not only at the original 300 KHz but also at 100 KHz and 700 KHz.  
 
Armstrong realized that this was a potential solution to the “short wave” amplification problem, 
since the beat frequency still retained its original modulation but on a lower carrier frequency. To 
monitor a frequency of 1,500 KHz, for example, he could set up an oscillator to1,560 KHz which 
would produce a heterodyne difference frequency of 60 Hz, a frequency which could then be 
much more conveniently amplified by the triodes of those years. He termed this the 
“Intermediate Frequency”, often abbreviated as “IF”. 
 
Early superheterodyne receivers used IF’s as low as 20 KHz, often based on the self-resonance 
of iron-core transformers. (This made them extremely susceptible to image frequency 
interference, but at the time the main objective was sensitivity rather than selectivity.) Using this 
technique, a small number of triodes could do the work that formerly required dozens of triodes. 
 
 
After the War: The Commercialization of Superheterodyne Receivers 
 
Although Armstrong’s ideas were quickly adopted and put into practice by the military, the 
superheterodyne principle was less popular when commercial radio broadcasting began in the 
1920’s. There were many factors involved, but the main issues were the need for an extra tube in 
the oscillator, the generally high cost of the receiver, and the level of technical skill required to 
operate it. For early domestic radios, tuned radio frequency receivers (TRF), also called the 
Neutrodyne, were much more popular because they were less expensive to purchase, easier for a 
non-technical owner to use, and less costly to operate. Armstrong eventually sold his 
superheterodyne patent to Westinghouse, who then sold it to RCA, the latter monopolizing the 
market for superheterodyne receivers until 1930. 
 
By the 1930’s, improvements in vacuum tube technology rapidly eroded the TRF receiver’s cost 
advantages, and the explosion in the number of broadcasting stations created a demand for 
cheaper, higher performing receivers. The development of practical, indirectly heated cathode 
tubes allowed the mixer and oscillator functions to be combined in a single pentode tube, in the 
so-called autodyne mixer. This was rapidly followed by the introduction of low-cost multi-
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element tubes, specifically designed for superheterodyne operation. These allowed the use of 
much higher intermediate frequencies (typically around 440-470 KHz), which eliminated the 
problem of image frequency interference. By the mid 1930’s, the TRF technique was obsolete 
for commercial receiver production. 
 
The superheterodyne principle was eventually adopted for all commercial radio and television 
equipment designs. 
 
 
An Overview of Modern Superheterodyne Technology 
 
The superheterodyne receiver consists of three principal parts: the local oscillator, a frequency 
mixer that mixes the local oscillator’s signal with the received signal, and a tuned amplifier. 
Reception starts with an antenna signal, optionally amplified, including the frequency the user 
wishes to tune, fd. The local oscillator is tuned to produce a frequency close to fd, fLO. The 
received signal is mixed with the local oscillator's, producing four frequencies in the output; the 
original signal, the original fLO, and the two new frequencies fd+fLO and fd-fLO. The output signal 
also generally contains a number of undesirable mixtures as well. (These are 3rd- and higher-
order intermodulation products. If the mixing were performed as a pure, ideal multiplication, the 
original fd and fLO would also not appear; in practice they do appear because mixing is done by a 
nonlinear process that only approximates true ideal multiplication.) 
 
The amplifier portion of the system is tuned to be highly selective at a single frequency, fIF. By 
changing fLO, the resulting fd-fLO (or fd+fLO) signal can be tuned to the amplifier's fIF. In typical 
amplitude modulation ("AM radio" in the U.S., or MW) receivers, that frequency is 455 KHz; 
for FM receivers, it is usually 10.7 MHz; for television, 45 MHz. Other signals from the mixed 
output of the heterodyne are filtered out by the amplifier. 
 
The diagram below shows the basic elements of a single conversion superhet receiver. The 
essential elements of a local oscillator and a mixer, followed by a fixed-tuned filter and IF 
amplifier, are common to all superhet circuits. Cost-optimized designs may use one active device 
for both local oscillator and mixer—this is sometimes called a “converter” stage. One such 
example is the pentagrid converter. 
 

 
Figure 1: Superheterodyne Receiver 
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The advantage to this method is that most of the radio's signal path has to be sensitive to only a 
narrow range of frequencies. Only the front end (the part before the frequency converter stage) 
needs to be sensitive to a wide frequency range. For example, the front end might need to be 
sensitive to 1–30 MHz, while the rest of the radio might need to be sensitive only to 455 KHz, a 
typical IF. Only one or two tuned stages need to be adjusted to track over the tuning range of the 
receiver; all the intermediate-frequency stages operate at a fixed frequency which need not be 
adjusted. 
 
To overcome obstacles such as image response, multiple IF stages are used, and in some case 
multiple stages with two IFs of different values. For example, the front end might be sensitive to 
1–30 MHz, the first half of the radio to 5 MHz, and the last half to 50 KHz. Two frequency 
converters would be used, and the radio would be a "Double Conversion Super Heterodyne"—a 
common example is a television receiver where the audio information is obtained from a second 
stage of intermediate-frequency conversion. Receivers which are tunable over a wide bandwidth 
(e.g. scanners) may use an intermediate frequency higher than the signal, in order to improve 
image rejection. 
  
Superheterodyne receivers have superior characteristics to simpler receiver types in frequency 
stability and selectivity. They offer much better stability than tuned radio frequency (TRF) 
receivers because a tunable oscillator is more easily stabilized than a tunable amplifier, 
especially with modern frequency synthesizer technology. IF filters can give much narrower 
passbands at the same Q factor than an equivalent RF filter. A fixed IF also allows the use of a 
crystal filter when exceptionally high selectivity is necessary. Regenerative and super-
regenerative receivers offer better sensitivity than a TRF receiver, but suffer from stability and 
selectivity problems. 
 
In the case of modern television receivers, no other technique was able to produce the precise 
bandpass characteristic needed for vestigial sideband reception, first used with the original 
NTSC system introduced in 1941. This first involved a complex collection of tunable inductors, 
which needed careful adjustment, but since the early 1980s these have been replaced with 
precision electromechanical surface acoustic wave (SAW) filters. Fabricated by precision laser 
milling techniques, SAW filters are much cheaper to produce, can be made to extremely close 
tolerances, and are extremely stable in operation. 
 
 
The Future: Software Defined Radio 
 
Microprocessor technology allows replacing the superheterodyne receiver design by a software 
defined radio architecture, where the IF processing after the initial IF filter is implemented by 
software. This technique is already in use in certain receiver designs, such as very low cost FM 
radios incorporated into mobile phones where the necessary microprocessor is already in the 
system. 
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Figure 2: Armstrong's Paris Laboratory (U.S. Army Signal Corps photos) 
(Cited from Antique Radios: http://www.antiqueradios.com/superhet/) 
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~ Sweepers ~ 
By Dave Typinski 

 
 

While observing Jovian and solar emissions at 20.1 MHz, interference in the form 
of signals that sweep from low to high in frequency are often observed. Presented 
here is a brief description of one kind of “sweeper” that is found in the HF 
spectrum: over the horizon radar (OTHR). These appear as diagonal lines in HF 
spectrograph plots and as spikes in strip charts. I found that the sweepers I 
observe at 20.1 MHz are radar signals; I also found that the ionospheric sounders 
that I can detect do not transmit above 20 MHz. 
 

*** 
 
 
The Observation 
 
I use two Radio Jove (RJ) direct conversion receivers tuned 100 KHz apart, one at 20.05 MHz 
and the other at 20.15 MHz.1 The audio outputs of these receivers are sent to Radio-SkyPipe 
(RSP), a strip chart program that uses a PC’s sound card as an analog to digital converter.2 I also 
use an SDR-14 that feeds a spectrograph application, either Spectrograph or Spectravue.3,4,5 The 
RJ receivers and the SDR-14 are fed simultaneously through power splitters by an RJ dual-dipole 
array phased to look directly south with an elevation angle of ~50°.6 Figure 1 is a block diagram 
of my observatory equipment configuration. 
 
 

Hardware Software

Power
combiner

phasing

cable

Power
splitter

Power
splitter

SDR-14
17-21 MHz

RJ rcvr
20.05 MHz

RJ rcvr
20.15 MHz

L

R

PC

Radio-SkyPipe II

PC

Spectrograph
or

Spectravue
 

 
Figure 1: AJ4CO Observatory Station Architecture 
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In this arrangement, a portion of the local oscillator signals from the two RJ receivers leaks back 
through the power splitters into the SDR-14. This is advantageous. The RJ receivers do not have 
frequency displays and tend to drift in frequency from day to day by a few KHz; however, I can 
use the SDR-14 and Spectravue to obtain a measurement of the receivers’ frequencies at any 
given time. 
 

 
 

Figure 2: Strip chart showing a sweeper event (circled) 
 

 

 
   

Figure 3:  Zoomed in view of the sweeper event shown in Figure 2 
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While watching or reviewing the RSP strip chart, I often see a spike on the lower channel 
followed by a spike on the upper channel. The spectrograph plot of the same time period shows a 
diagonal line crossing 20.1 MHz at roughly the same time as the spikes appear in the strip chart. 
I conclude that these pulses are from a source that sweeps from low to high frequency, hence the 
name “sweeper.” 
 
Figure 2 represents one such event I observed on 4/17/2010. This represents a four-minute 
segment of the day’s drift scan I recorded using Radio-SkyPipe II. Figure 3 shows a zoomed-in 
view of the same event. 
 
I measured the time between the pulses using Figure 3. Knowing the frequencies of the two RJ 
receivers, I calculated the sweep rate necessary to produce the observed pulses. With a 10 Hz 
RSP sample rate, the uncertainty in the time of each pulse is 50 ms. Receiver local oscillator 
frequencies were measured with Spectravue to the nearest 100 Hz. 
 

( ) ( )
( ) ( )

KHz/s 5  84
 ms 50  s 33.69 ms 50  s 34.89

Hz 50  MHz 20.0459Hz 50  MHz 20.1463
 rate Sweep ±=

±-±
±-±

=  (1) 

 
Figure 4 shows a four second vertical waterfall spectrograph plot of the sweeper. This plot was 
made with Spectravue and subsequently edited using Paint Shop Pro, an image editing 
application. The contrast and colors were enhanced to make the sweeper trace more visible; also, 
text and graphic indicators were added. 
 

 
Figure 4:  Spectrograph plot of the sweeper. The two circles highlight the sweeper 
crossing each RJ local oscillator signal. Note the pulsed nature of the swept signal. Note 
also the gap in the swept emission at 20 MHz; I suspect this is to avoid interfering with 
WWV. 

 
 
Using the amplitude triggered wav recorder function in RSP, I captured a 12 KHz sample rate 
audio file of this event. RSP channel 1 is stereo left, channel 2 is stereo right. I examined this file 
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using Sony Vegas to obtain a more accurate timing of each pulse.7 I made no effort to align the 
wav file with UTC; I was concerned only with the duration between the pulses. Figure 5 shows 
three screen captures from the Vegas waveform display. Note the double-hump appearance; the 
center is the zero beat as the sweeper’s frequency matches the local oscillator frequency. Note 
also the 8.3 ms periodic signal courtesy of the local power company. 
 
 
 
 
 
 
 
 
   a) 
 
 
 
 
 
 
 
 
 
 
 
 
   b) 
 
 
 
 
 
 
 
 
 
 
 
 
   c) 
 
 
 
 

Figure 5: (a) both pulses, (b) channel 1 relative time at 2.082 s, 
(c) channel 2 relative time at 3.305 s 
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The timing precision of Vegas is 500 ms. The pulse zero beat centerline was determined by eye 
using the waveform’s profile, however, so a more reasonable uncertainty is 2 ms. I make the 
assumption that the sound card’s sample rate drift over 1 second is less than 1 part in 103. The 
receiver local oscillator frequencies are the same as that shown in equation (1). 
 

( ) ( )
( ) ( )

KHz/s 0.2  2.81
 ms 2  s 2.082 ms 2  s 3.305

Hz 50  MHz 20.0459Hz 50  MHz 20.1463
 rate Sweep ±=

±-±
±-±

=  (2) 

 
 
Source Characteristics 
 
The ~80 KHz/s sweep rate and the pulsed nature of the signal shown in Figures 2, 3, and 4 
indicates that this was most likely an observation of a Relocatable Over the Horizon Radar 
(ROTHR) emission.  
 

 
 

Figure 6: Typical ROTHR emission plot. Note BS and VI sounder signals crossing at ~18 MHz 
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The US Navy operates three known AN/TPS-71 ROTHR installations.8 They are located in 
Virginia, Texas, and Puerto Rico. Each ROTHR installation has two transmitters that sweep from 
low to high frequency (see Figure 6). 
 
1) A backscatter (BS) sounder; i.e., an over the horizon radar. The beam has a very low elevation 
angle and is aimed in a generally southward azimuth. This transmitter starts at 5 MHz and 
sweeps to ~30 MHz with short pauses every 20 KHz. The overall sweep rate is ~80 KHz/s. 
 
2) A vertical incidence (VI) sounder; i.e., an ionosonde. The beam is aimed straight up at 90° 
elevation. This transmitter starts at 2 MHz and sweeps continuously to 20 MHz at 100 KHz/s. 
Note that the VI sounder stops transmitting before it can be observed at 20.1 MHz. 
 
Emissions from BS and VI sounders are often observed at the same time. As such, I suspect the 
VI sounder provides information about the current state of the ionosphere to the BS sounder (the 
over the horizon radar). When the signals from both sounders are received simultaneously, I 
observe that the VI sounder overtakes the BS sounder at ~18 MHz. At my location in North 
Central Florida, the VI signal is often much weaker than the BS signal. 
 
 
Source Identification 
 
The characteristics of the BS sounder’s timing remain poorly characterized by the amateur 
community. Fortunately, a BS sweep is often seen to be associated with a VI sweep, the timing 
of which is very well understood. Thus, I determine which ROTHR BS sounder was likely to be 
transmitting at ~20.1 MHz at 17:54:34 UTC by analyzing the timing of the associated VI signal. 
I make the assumption that there is a VI sweep associated with every observed BS sweep, 
regardless of whether I can observe the VI sweep. 
 
The VI sounder start times are very precisely controlled, occurring on the edge of a UTC second 
of time. Each ROTHR station repeats a sweep every 12 minutes. While the schedules of which 
station is emitting when in each 12-minute block are not published, each station usually stays 
with the same schedule for days to weeks at a time. 
 
One can determine the current timing of each ROTHR schedule if one can precisely time the 
arrival of a VI pulse at a known frequency. Knowing the distance of the ROTHR transmitters 
relative to the receiving antenna, one can account for the light-time delay. For example, if a 
receiver is precisely tuned to 13 MHz, the VI sounder will take exactly 110 seconds to sweep 
from 2 MHz to 13 MHz. If an observer in England has a receiver tuned to 13 MHz and sees a VI 
pulse occur 20 ms past the boundary of a UTC second, then that VI pulse must have come from 
the Virginia ROTHR since Virginia is 0.020 light seconds from England. One can also determine 
that the VI sweep must have started 110.020 seconds prior to the observed time. Using that 
information and the sweep rates of the VI sounder, one can calculate the time at which the 
signals from the VI sounders should appear at any frequency at any location. 
 
Peter Martinez, G3PLX, has an ongoing project to passively monitor the emissions from 
ROTHR VI sounders and similar swept frequency transmitters.9 Peter provided me with the 
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signal timing—called the “chirptime”—of the three ROTHR VI sounders as he observed them 
on the morning of April 17th, 2010. 
 
Puerto Rico 720:20 
Texas  720:189 
Virginia 720:197 
 
In this notation, the “720” represents the signal’s repetition rate in seconds—which works out to, 
in this case, 12 minutes. The 12-minute blocks are defined as starting at exactly 0, 12, 24, 36, and 
48 minutes past the UTC hour.  
 
The “:nnn” represents the time in seconds past the start of each 12-minute block that the VI 
sounder signal starts sweeping from 0 MHz. Note that the VI sounder doesn’t actually start 
transmitting at 0 MHz, however, extrapolating the sweep back to 0 MHz is a convenient and 
unambiguous way to state the timing. For example, the Puerto Rico ROTHR VI sounder starts its 
sweep (at 0 MHz) 20 seconds into the 12-minute block. 
 
While the chirptime indicates the timing of the VI sounder, the start timing of the BS sounder is 
not known with precision. I observed a BS sounder crossing 20.0459 MHz at 17:54:33.7 UTC ± 
0.4 seconds. Note that I drop the uncertainty in frequency from here out because it is swamped 
by the uncertainty in the timing. 
 
 

chirptime

VI transmit   start time

begin   12-minute block0 s

+189 s

+209 s

0 MHz 2 MHz 5 MHz 18 MHz 20.0459 MHz

+393.7 s

17:48:00

17:51:09

17:51:29

17:54:33.7

UTC

Time

BS sounder   crosses 20.0459 MHz

Time within
12-minute

block

Frequency

Calculated BS transmit start time,  17:51:30.4 UTC ± 0.4 s

t

 
Figure 7: BS and VI sounder timing for the Texas ROTHR at 1748 UTC on 4/17/2010 
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The BS sounder starts sweeping at 5 MHz. To sweep from 5 MHz to 20.0459 MHz at 82.1 
KHz/s ± 0.2 KHz/s takes 183.3 ± 0.4 seconds. (See Figure 7.) 
 
Subtracting 183.3 s from 17:54:33.7 UTC gives us a calculated transmitting start time of 
17:51:30.4 UTC ± 0.4 s. If the VI sounder started at the same time, it too would have started 
transmitting at 17:51:30.4 UTC ± 0.4 s.  
 
Backing 20 seconds off the transmitting start time to obtain a VI chirptime, I obtain 17:51:10.4 
UTC ± 0.4 s. 
 
The nearest 12-minute block starting prior to 17:51 UTC occurs at 17:48 UTC. Therefore, the 
calculated chirptime would be 3 minutes and 10.4 seconds ± 0.4 seconds into the 12-minute 
block, or in chirptime notation, 720:190.4 ± 0.4 seconds. 
 
The closest observed ROTHR chirptime observed by Peter Martinez is the Texas ROTHR VI 
sounder at 720:189. 
 
The 1.4-second difference (Dt as shown in Figure 7) between the VI start time and the calculated 
BS start time may have several causes. 
 
 Either: 
 

1) The BS sounder started transmitting 1.4 seconds after the VI sounder started 
transmitting. 

 
 Or, the BS and VI sounders start simultaneously and: 
 

2) The narrow bandwidth (~100 KHz) over which the BS sounder sweep rate was 
calculated may not provide an accurate enough measure of its average sweep rate from 5 
MHz to 20 MHz. 

 
3) Random pauses occur in the BS sweep. As shown in Figure 6, the BS sounder in that 
instance paused for 0.5 seconds just below 18 MHz, then picked up again at the same 
frequency. The signal at 17:51 UTC was too weak below ~19 MHz to tell whether this 
occurred for that event. Also, it is unknown whether any pauses occur below 17 MHz. 
Two such pauses would bring the BS sounder’s calculated start time into agreement with 
the VI sounder’s start time. 

 
4) The PC system clock in the machine on which RSP was running is not perfectly 
accurate. An SNTP client adjusts the system clock to UTC every two hours if the offset is 
greater than 50 ms. The system clock should therefore always be within 50 ms of UTC. 
However, I have not verified its performance with a GPS-locked clock. 
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I therefore conclude the following: 
 

1) The 1.4 s difference between the VI start time and the calculated BS start time is due 
to measurement error and a poor understanding of the exact profile of the BS sweep. 

  
2) The signal observed crossing 20.1 MHz at 17:54:34 UTC was generated by the Texas 
ROTHR where the VI sounder started transmitting at 17:51:29 UTC. 

 
I suspect that the ROTHR BS and VI sounders start transmitting at the same time; however, 
carefully timed observations of the RF spectrum from below 2 MHz to above 5 MHz are needed 
to confirm this.  
 
Figure 8 is a Google Maps image of the Texas ROTHR site, roughly 30 miles WSW of Corpus 
Christi, Texas.10 
 

 
 

Figure 8: The Texas ROTHR site, image © Google, Inc. 
 

 
Summary 
 
The double spikes in my two-channel RSP charts are radar signals, specifically ROTHR BS 
sounders. Timing of one such event evinced a signal from the Texas ROTHR BS sounder. The 
ROTHR VI signals are visible in spectrograph plots below 20 MHz, but not above 20 MHz. 
Other types of ionosondes may sweep above 20 MHz; however, I have not observed any. 
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10 Google Maps view of 27.52635N 98.110185W, 
    http://maps.google.com/maps?ll=27.52635,-98.110185&t=h&z=17   
 
 
For more information, please contact 
Dave Typinski 
AJ4CO Observatory 
davetyp@typnet.net 
 
 
Dave Typinski, AJ4CO, has been involved with amateur radio astronomy since 2009. He lives in 
High Springs, Florida, where he runs a company that decorates ceramic tile. 
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~ Science without Hardware: 
Building an SDR SID Receiver in an Afternoon ~ 

Marcus Leech, Science Radio Laboratories, Inc. 
 
 

Abstract: Very recent work in the area of Sudden Ionospheric Disturbance (SID) 
monitors based on Software Defined Radio (SDR) techniques and the Gnu Radio 
framework is presented. We show excellent results using a minimum of RF 
hardware, with an emphasis on software signal-processing techniques. 

 
***  

 
 
Introduction 
 
The author recently attended the SARA Western Conference, held March 20th and 21st 2010 at 
Stanford University, Palo Alto, California. 
 
During the conference, several papers were presented ion techniques and hardware for 
monitoring the ionosphere, and in particular VLF receivers intended to detect anomalous 
ionospheric conditions, using the reflection technique. This technique uses distant VLF 
transmitters as standard reference signals to allow measurement of the real-time condition of the 
ionosphere. Receivers of various types have been deployed world-wide to allow broad 
participation in long-term scientific data collection about the ionosphere, and the effects that are 
visited upon it by such sources as the Sun, thunderstorms, gamma-ray bursts, cosmic particle 
showers, etc. 
 
The hardware necessary for gathering and analyzing the VLF signals varies in complexity and 
cost over nearly two orders of magnitude. From the very capable AWESOME receiver, to the 
elegant and simple SuperSID ii receiver. 
 
Since the VLF signals of interest generally occur in the 12 KHz to 40 KHz region, it seemed that 
applying SDR techniques, using garden-variety sound-cards could be usefully applied to the SID 
problem. Indeed, the SuperSID receiver makes extensive use of this proposition—the sole 
hardware component is nothing more than an impedance matching amplifier with only modest 
gain. 
 
 
Enter Gnu Radio 
 
The Gnu Radioiii  architecture is a suite of applications and libraries designed to facilitate the 
construction of sophisticated signal-processing systems, based on the notion of Software Defined 
Radio—the movement of signal-processing elements of a radio design into the software domain, 
usually on a general-purpose computing platform. 
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This author has extensive experience constructing radio astronomy applications using Gnu 
Radio, and it seemed that a prototype Gnu Radio-based SID receiver could be constructed while 
partially distracted by listening to talks at the recent SARA Western Conference. 
 
Indeed, the GRC application that comes with Gnu Radio facilitates a very rapid approach to 
constructing signal-processing pipelines. Rather than writing code, the experimenter uses a 
graphic, building-block approach to constructing a signal processing chain, and testing that 
chain. 
 
There was already an “existence proof” that and SDR-based approach to the SID problem was 
practical and feasible—the SuperSID receivers already take advantage of SDR. 
What advantage, then, could be brought about by having a Gnu Radio based approach to the 
same problem space? 
 
There are things that the SuperSID receivers don't do, but their more-expensive AWESOME 
cousins handle quite nicely. 
 
Synoptic sampling of the base-band data, for example, isn't handled by the SuperSID receivers, 
yet it should be fairly straightforward to offer that with an SDR-based architecture. 
 
The AWESOME receivers also demodulate the VLF signals, and process the demodulated data 
to derive long-term carrier phase information—useful in looking for subtleties in perturbations of 
the signals cause by the ionosphere. The Gnu Radio architecture offers a very rich toolbox of 
signal-processing blocks that have been heavily optimized to perform well on commodity 
hardware, which means that creation of lots of custom signal-processing blocks would not likely 
be a requirement for a so-called UltraSID-SDR receiver. The basic architecture of such a receiver 
developed over the course of an afternoon, while the author was listening to some very 
enlightening talks on a number of interesting subjects. Since that time, the idea has blossomed 
considerably. 
 
The signal arrives from a simple 1.8 meter diameter square-loop antenna, shown in figure 1a, 
with about 100 meters of 18 gauge wire wound onto it. Followed by 20 meters of coaxial cable, 
and then plugged directly into the line-in input of a 96 KHz sound card on an otherwise-
unremarkable Pentium-D based Linux computer. Note that there is no amplifier between the 
antenna and the audio card. Useful results can be obtained without an amplifier at all, because 
modern sound cards are remarkably sophisticated signal processors. They typically have very 
large dynamic range (over 100 dB) due to the use of 24-bit sampling. Their inputs are very often 
optimized for low noise. Even though an amplifier-less design will only “stimulate” a few of the 
low-order bits of the sound cards A/D converter, that is all that is required to produce quite 
adequate results. 
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Figure 1: GRC Flow-graph of SID Receiver 
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Figure 1a: 1.8M square-loop antenna, 100 meters of wire 
 
 
Once the signal arrives at the sound card, it is digitized, and this is where Gnu Radio/GRC come 
into the picture. The signal is split in several directions, one is copied out to the speaker, via an 
“Audio Sink” block. The audio also goes to a fixed multiplier (a “gain” block if you will), and 
then to a simple filter that transforms the real-mode signal as seen by the sound card, into a 
“complex (I and Q)” signal as seen by most of the rest of the processing blocks. Using a complex 
representation of the signal makes some types of transforms easier in Gnu Radio, so we convert 
the signal into complex form as early as is practical, using a Hilbert transform block. This gives 
us the entire bandwidth from roughly DC to 48 KHz to filter and analyze. This “chunk” of 
bandwidth is copied to an output file, through a series of blocks that arranges to gather up 
samples of that bandwidth into “chunks”, and write those chunks out to a file, suitably 
“synoptically sampled” (which just means that only one chunk in N is ever actually written out to 
disk, so that the disk data are a synopsis of the full raw data). 
 
Since we can process the entire DC-48 KHz lump digitally, we have the opportunity to process 
several VLF channels in parallel, and in this implementation, we process 4 channels in parallel. 
Were it not for the limited graphical “real estate” within GRC, adding another 4 or more 
channels would be entirely practical. 
 
Each “channel” is defined by its spectral occupancy. We use FIR filter blocks to carve out a 
particular channel. For example, the NAA station transmits at a center frequency of 24.0 KHz, 
and uses MSK modulation, giving it a roughly 300 Hz bandwidth. It is simple to construct an 
FIR filter to extract such a 300 Hz-wide channel from the wider input bandwidth. The Gnu Radio 
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architecture includes not only the machinery involved in FIR filters, but also the filter-
coefficients design functions as well. Indeed, there are 4 such blocks, so-called Decimating FIR 
Filter blocks that perform this task, one such block per channel, the coefficients for which are 
calculated as needed, based on the desired channel parameters, using a Bandpass Filter Designer 
(gr.firdes.band_pass, in this case) function. 
 
Once we have our channel (for example, NAA would extend from 23.850 to 24.150 KHz) we 
need to determine what the received power is in that channel. So, we use an RMS block that 
calculates the Root Mean Square power, and includes an integrator stage that can be adjusted 
with respect to integration time. Data leaves the RMS block at a rate that is twice the selected 
channel bandwidth. Such a high rate (600 sps for a 300 Hz channel) is not generally appropriate 
for channel-power logging, so we arrange for the channel-power data to be reduced in sample 
rate down to 8 sps, prior to sending the data to an external file (sid_output in this case). 
 
In order to facilitate eventual phase-sensitive measurements, one of the 4 channels may be 
demodulated using a GMSK de-modulator, with the result recorded in an external file. The 
“plumbing” is arranged so that one of the four filtered channels is routed to a GMSK de-
modulator block, and thence to an external file (in this case, demod_output). It is instructive to 
see how such a function may be “plumbed” in an SDR architecture. Prior to the de-modulator, 
there is an Adder block, which simply adds all the signals from all of the channel filters, which 
would seem to be inappropriate, except that the inputs to the adder block are preceded by a 
Multiply Const  block. We arrange it so that only the channel that has been selected for 
demodulation has a value of '1' as the multiplier constant, while the others have zeros. In this 
way, only the selected filter output will be contributing any non-zero data to the adder block in 
front of the de-modulator. The non-selected channels thereby “disappear” in the adder. 
 
Since scientists (professional and amateur alike) need something to look at while their data are 
being gathered, folded, spindled, and mutilated, we also route the channel RMS power outputs to 
a Scope block, which can show in real time, the detected RMS power for all 4 channels. We also 
display the entire input base-band spectrum in an FFT spectral display, which is updated at a rate 
of a few hertz, and integrated. 
 
Many of the useful operating parameters of the receiver are also exposed via appropriate 
graphical controls, although in actual operation, this author uses a start-up script to set the 
parameters at the beginning of a data-gathering session (often of several-days duration), and 
doesn't touch them again after starting the observing session. 
 
 
Results 
 
While experimenting with signal processing blocks is entertaining, and intellectually stimulating 
as an enterprise all to itself, it's also nice if the results are practically useful. 
 
The system described above has been in use, at time of writing, for about 10 days, and has 
already produced meaningful results. 
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First, we show a screen-capture of a recent run where the NAA VLF station, located in Cutler, 
Maine, was clearly engaging in some On/Off Keying (OOK) experiments with their transmitter, 
during their apparently-regular 23:00 EST to 24:00 EST nightly “down” time: 
 

 
Figure 2: Screen capture of SID receiver during anomalous NAA reception 

 
 
Figure 2 shows the user interface reasonably well, and also shows the post-detector output for 
NAA during their “experimental phase”, with the carrier varying significantly in power roughly 
every 10 seconds. The NAA station peaks at roughly 1.8M watts, so one wonders what they use 
to modulate that kind of power. Perhaps a hapless volunteer and a Frankenstein-esque knife-
switch? 
 
Useful results have already been obtained with respect to ionospheric propagation, as this post-
processed plot of NAA (Cutler Maine), and NML (LaMoure, North Dakota) shows. The daytime 
curve for NAA is very much “classic”, clearly showing sunset/sunrise transients, and a nice 
smooth curve throughout the course of the day. NML shows similar data, but the inverse of what 
would normally be expected, with apparent daytime enhancement of the signal. 
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There are a few transient events shown that made it through the impulse-noise removal algorithm 
used by the post-processor. Such events can be investigated further for correlation with 
observations of solar activity, for example, or correlation with electrical storms along the likely 
refraction path between the transmitter and receiver. 
 
 

 
Figure 3: Reception of NAA and NML stations during a normal day 

 
 
Here is another post-processed plot showing just the NAA station, and a so-called “quiet-day 
curve”, with daytime absorption producing roughly 8.4 dB in peak absorption during the day, 
compared to the nighttime signal levels. It also shows, very clearly, the sunrise/sunset transients 
that are characteristic of this type of ionospheric monitoring. 
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Figure 4: NAA reception showing classic quiet-day curve 
 
 
 
Conclusions 
 
It is clear that an SDR-based approach, and one that uses Gnu Radio, can provide not only a 
rapid-prototyping mechanism for new ideas and techniques, but also a working system of 
considerable scientific merit. 
 
 
Post-scriptural comments 
 
Shortly after perfecting the first version of this system, the author encountered the work of 
Chuck Forsberg, who has been using Gnu Radio for SID monitoring for quite some time. While 
the system described here is noticeably more sophisticated than that contemplated by Mr. 
Forsberg, it seems only fair to point out the existence of a similar system that pre-dates the 
system described in this paper.iv 
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Figure 5: Marcus Leech 

 
 
i See, for example: Deborah Scherrer- The SID & AWESOME Space Weather Monitoring 
Programs and also: Tim Huynh- Technical Aspects on the SuperSID Pre-amp 
ii See: http://www.radio-astronomy.org/node/142 
iii See: http://www.gnuradio.org 
iv See: http://www.omen.com/vlf.html 
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~ Azimuth-Aligning a Mast-Mounted Yaesu G-5500 
Rotator & Antenna from the Ground ~ 

 

By Michael Rudolph 
 
 
 

Abstract: The Yaesu G-5500 elevation/azimuth rotator system is popular among 
amateur radio astronomers and amateur radio operators because it can be 
controlled via an RS-232 serial interface and suitable software, thereby providing 
a relatively economical means of tracking celestial objects and satellites. To be 
able to point and track accurately, the antenna’s azimuth must be oriented both 
with respect to True North and the rotator’s controller, a task that is difficult to 
achieve once the antenna is raised. This paper describes a simple method for 
azimuth-aligning a mast-mounted G-5500 rotator and antenna from the ground, 
utilizing a laser pen, a magnetic compass, and a special jig that the operator can 
easily build and that will be usable for most rotators. 
 

*** 
 
 
The Problem 
 
Mounting a tracking rotator and antenna on a mast is an economical option as compared to 
tower-mounting, and can often be employed where zoning regulations prohibit the erection of a 
tower. The Yaesu G-5500 elevation/azimuth rotator system is also an economical choice, often 
making the combination of them desirable. One of the G-5500’s rotators elevates the antenna 
(elevation rotator), and the other turns the antenna in azimuth (azimuth rotator). Both have to be 
directionally aligned with respect to the G-5500’s electronic controller which must “know” in 
which direction the antenna is pointing at all times. Pre-positioning the antenna’s elevation prior 
to it being raised is simple. You merely depress the G-5500 control console’s left elevation 
button to rotate the G-5500’s elevation rotator to its left-hand (zero-degree) stop, and then secure 
the antenna to the elevation boom (the one that runs through the elevation rotator) so that the 
antenna points 90 degrees with respect to the mast, and counter-clockwise with respect to the 
mast when looking at it from above; raising the mast to vertical will not change that orientation. 
In contrast, pre-positioning the antenna so that it will rise into a known azimuth orientation is 
quite difficult and, what’s more, once the antenna is raised it is equally difficult to judge the 
direction in which it is pointing and to adjust it. How to overcome this difficulty is the subject of 
this paper. 
 
 
My Antenna Assembly 
 
My VHF log periodic antenna is attached in a vertically polarized orientation to the end of an 
eight-foot long steel tube (elevation boom) that passes through, and is secured to, the G-5500’s 
elevation rotator. Equal lengths of the boom protrude from both sides of the rotator, and the end 
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of the boom that is opposite the antenna has counterbalancing weights on it equal to the weight 
of the antenna. The G500’s elevation rotator is bolted to the top of the azimuth rotator, and the 
assembly is attached to the top of a 25-foot mast that is, in turn, bracketed in a vertical position 
to the outside wall of the observatory’s control room. For the moment I am not using an exterior 
pre-amp, so the coaxial cable from the antenna and the control cables from the G-5500 lead 
directly into the control room to the G-5500 control console which, in turn, is connected (via a 
digital interface) to a computer running Nova for Windows satellite tracking software. 
 
 
Equipment 
 
The part of the mast supporting the G-5500 rotator system must itself be capable of being 
rotated, either by motor or by hand. I chose to rotate the entire mast by hand before tightening 
the brackets that secure it to the side of the observatory building. To facilitate this, I capped the 
bottom end of the mast, and provided a hard smooth surface on the ground to bear its weight. 
 
My choice of a magnetic mapping compass was the Brunton Eclipse 8097 (Figure 1) because it 
has a straight edge along one of its sides, and can be read to within half-a-degree. There are 
many green laser pens to choose from; mine is completely tubular (also Figure 1), and can 
therefore rest securely against a straight-edge on the jig that is described below. 
 

 
 

Figure 1: Compass and Laser Pen on Platform 
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The jig and the stand that holds it (Figure 2) are made entirely of non-magnetic materials; this is 
important because it must not affect the magnetic compass it will be supporting. Materials I have 
found useful are aluminum plate, turned aluminum rod, PVC pipe, wood slab, and brass and 
nonmagnetic stainless steel hardware. 
 

 
 

Figure 2: Full View of Jig and Stand 
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The heart of the jig is a flat plate (mine is made of aluminum) with a straight raised fence, and a 
hinge that connects to a non-magnetic rod (Figure 3) so that various angles can be made between 
the plate and the rod (my hinge can be tightened, but it is not necessary). 
 
 

 
 

Figure 3: Jig Plate Showing Guide Fence and Pivot 
 
 
The rod is attached vertically to a wooden platform that can be leveled, and which has a plastic 
fitting with a compression knob mechanism (Figure 4) that receives the vertical rod. The 
compression mechanism allows the aluminum rod to rotate when it is loose, and prevents it from 
rotating when it is tight. The particular fitting I employed was salvaged from the base of an old 
photography enlarger, but any non-magnetic fitting that does the same will do. 
 

 

 
 

Figure 4: Plastic Base with Compression Knob 
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Azimuth Alignment Procedure 
 
While the antenna and G-5500 rotator assembly and mast are still at ground level and with the 
controlling electronics connected, the elevation rotator is aligned as described in the second 
paragraph of this paper. The assembly and mast are then raised to their full vertical height and 
secured by brackets that allow the mast to be rotated into initial azimuth alignment from the 
ground. This may be accomplished by turning the mast by hand or via a turning motor that is 
independent of the G-5500’s azimuth rotator (if turning by hand, do not tighten the brackets at 
this point). 
 
With the antenna now raised, perform the following steps: 
 
1. Depress the left azimuth button on the G-5500 control console until the antenna stops rotating, 
and the console’s azimuth meter reads zero-degrees. 
 
2. Place yourself and the jig a distance away from the vertical mast where both the antenna and 
part of the mast are visible. Level the jig. 
 
3 Perform a preliminary positioning of the antenna by rotating the mast until the end of the 
elevation boom holding the antenna is approximately facing the jig. 
 
4. Place a laser pen on top of the jig’s hinged plate and either hold it or clamp it against the jig’s 
raised fence (Figure 5). 
 

 
 

Figure 5: Laser Pen on Horizontal Jig Plate 
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5. With the laser pen turned on, rotate and pivot the jig plate on its hinge until the laser beam 
illuminates anywhere on the mast. Secure the plate at that position so that it can no longer rotate. 
This points the laser toward the mast. 
 
6. Remove the laser from the jig plate and replace it with the magnetic compass (set to zero 
declination) whose straight edge is placed along the same edge of the plate as was the laser 
(Figure 6). Pivot the plate into a horizontal position and read the compass’ magnetic bearing in 
degrees as it is pointing toward the mast. Let us say it is m degrees magnetic. 
 

 
 

Figure 6: Compass on Horizontal Jig Plate 
 

 
7. Convert the magnetic compass bearing to a True bearing. Every place on earth has a magnetic 
declination, which is the east or west angular difference between magnetic north and True north 
as measured from that place. Since your antenna must be oriented with respect to True north and 
your compass’ bearing was magnetic, you must make a calculated conversion that necessitates 
your knowing the magnetic declination of your geographic location; this can be obtained at 
www.ngdc.noaa.gov/geomagmodels/Declination.jsp. If we consider westerly declinations to be 
“+” and easterly declinations to be “-”, the equation to convert from a magnetic compass bearing 
to a true compass bearing is T = m – d degrees, where T and m are True and magnetic bearings 
respectively, and d is the declination at the specific location. After this calculation is made, if T 
is not within the interval 0 �  T < 360 degrees, it must be adjusted to its equivalent angle that is 
within that interval (e.g. – 10 degrees should be adjusted to its equivalent 350 degrees). 
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8. Now calculate the supplement of T, which we shall call TSupp. T is the True compass bearing 
from the jig to the mast, but what is needed is the bearing from the mast to the jig. Since the True 
compass bearing in degrees from the jig to the mast (as measured in paragraph 6 above) is m - d  
(remembering that “d” may be either positive or negative), the bearing from the mast to the jig 
TSupp is chosen to be either + 180 degrees or – 180 degrees from T, so that TSupp falls in the 
interval 0 �  TSupp < 360 degrees (where necessary, adjust TSupp to be within that interval in the 
same way as T was adjusted previously). 
 
Since above calculations have been difficult to describe, I have provided examples below. 
Remember that m is the magnetic compass bearing pointing toward the mast; T is that same 
bearing converted to True; d is the geomagnetic declination; and TSupp is the angular supplement 
of T where 0 �  TSupp < 360 degrees. 
 

Example 1a:  If m = 200 deg. and d = 11 deg. West, TSupp = {[200 – (+11)] - 180} = 9 
degrees  
 
Example 2a:  If m = 10 deg. and d = 11 deg. East, TSupp = {[10 – (-11)] + 180} = 201 degrees  

 
9. Now calculate the smaller complement of TSupp which we shall call Tcomp, where Tcomp >= 0 
degrees. This is done by subtracting 90 degrees from TSupp, and adding 360 degrees only if the 
result is negative. 
 

Example #1b:  In Example #1a, Tsupp = 9 deg., so Tcomp = (9 – 90 + 360) = 279 degrees. 
 
Example #2b:  In Example #2a, Tsupp = 201 deg., so Tcomp = (201 – 90) = 111 degrees. 
 

Knowing Tcomp is important for the next step because the mounted antenna points 90 degrees 
with respect to the elevation beam (the horizontal tube that passes through the elevation rotator, 
and to which the antenna is attached). 
 
10. Now move the azimuth rotator electrically (via its control console) to Tcomp degrees. For 
greater accuracy, this should be done using your tracking software rather than relying on the G-
5500’s control console’s meter. 
 

HINT: The next few steps require two people in communication – one at the mast and the 
other at the jig, which is still pointing toward the mast. 

 
11. Person #1:  Make sure that the brackets holding the mast vertically are loose if the mast is to 
be rotated by hand. 
 
12. Person #2:  Without changing the jig’s azimuth orientation, place the laser pen once more 
along the jig plate’s raised edge, turn it on, and pivot the plate vertically (Figure 7); it should still 
project its spot along the mast. 
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Figure 6: Compass on Horizontal Jig Plate 
 

 
13. Person #2:  Continue to pivot the jig plate vertically while holding the laser pen along the 
plate’s raised edge so that the laser projects its spot to the height of the antenna system’s 
elevation beam. 
 
14. Person #1:  Begin rotating the mast so that the end of the elevation beam holding the antenna 
points in the direction of the jig. 
 
15. Person #2:  Direct Person #1 to slow the turn as the tip of the antenna’s elevation beam 
approaches where the laser is pointing, and direct him to stop turning when the laser spot exactly 
illuminates the hollow tip of the beam. 
 
16. Person #1:  Tighten the brackets holding the mast so that the mast can no longer rotate. 
 
17. Person #2:  Perform a final test of alignment by pivoting the jig plate and laser pen up and 
down. The laser’s spot should be able to illuminate both the mast and the elevation beam’s 
hollow tip using only the up and down movement allowed by the jig plate’s hinge. 
 
18. Now return to the G-5500’s control console and depress the left azimuth button until the 
antenna stops rotating and the console meter needle reaches its zero degree stop. 
 
The antenna is now pointing horizontally to True north, and the alignment is complete. 
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*** 
 
The Azimuth-Elevation combination rotator is ideal for space communication antennas. The 
Azimuth Rotator features a turning range of 450°, while the Elevation Rotator has a rotation 
range of 180°. 
 
 

 
Complete Az-El Rotation System 
 
 If you're just starting out in satellite operation, the G-
5500 provides a complete Azimuth-Elevation 
rotation system that's ideal for most all Amateur 
applications. the dual controller lets you keep track of 
all aspects of the antenna system's positioning, and 
the G-5500 includes an interface jack for computer 
control, supported by the optional GS-232A 
Computer Controlled as well as many aftermarket 
control programs and interfaces. 
 
(Cited from http://www.yaesu.com/)  
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~ Solar Radio Astronomy Miscellany ~ 
Solar Radio Spectrometer – Network, e-CALLISTO 

By Christian Monstein, HB9SCT 
 
 

CALLISTO radio spectrometers to observe solar flares have been distributed to more than 12 
locations around the globe. The instruments observe automatically the solar radiation and their 
data is collected every day via Internet and stored in a central database. A public web-interface 
exists through which data can be browsed and retrieved. The instruments form a system called e-
CALLISTO network. It is still growing in the number of stations, as redundancy is desirable for 
full 24-hour coverage of the solar radio emission in the meter and low decimeter band. The e-
CALLISTO system has already proven to be a valuable new tool for radio monitoring, for 
monitoring solar activity and for space weather research. 
 
The investigation of the Sun has made great progress in the past decade due to observations from 
satellites and space probes in solar particles, X-rays, extreme UV and by white-light coronal 
emission. On the other hand, the radio emission of solar flares, first observed more than sixty 
years ago, is not understood, indicating that the dynamics of the solar corona and its plasma 
phenomena emitting radio waves are not known. Thus the solar radio emission as observed from 
ground based telescopes after many decades of study poses still many enigmas. Understanding 
radio emission can only progress by combination with observations at other wavelengths from 
space. There are only few ground based solar radio instruments that survey a large part of the 
spectrum. Presently, the full network coverage of the solar radio spectrum is limited to daylight 
in Europe, whereas space probes observe fulltime. 
  
Radio waves at meter waves can be used as a diagnostics of the solar processes and they provide 
the first signature of flare shocks (Type II events) and electron beams escaping from the Sun on 
open magnetic field lines (Type III bursts). In addition, they record unexplained emissions of 
active regions and long lasting emission after large flares. Most recent interest focuses on the 
predictive potential of radio emission regarding CMEs heading toward Earth. They greatly 
disturb our local space weather and are potential hazards for space missions.  
 
e-CALLISTO, initialized in the frame of the International Heliospheric Year 2007, aims a 24-
hour coverage of the radio emission of the Sun. The goal is to spread identical spectrographs in 
the meter wave and low decimeter radio band around the globe and to connect them through the 
Internet. The e-CALLISTO project is based on a spectrometer unit, provided by ETH Zurich, as 
well as an antenna and a PC interface to the internet, provided by the local partners. The 
Compact Astronomical Low-cost Low-frequency Instrument for Spectroscopy and 
Transportable Observatory (CALLISTO) has been described in detail by Benz et al. (2004).  
 
The CALLISTO spectrometer is composed of a handful of standard electronic components 
available from the consumer market and few others from eBay, assembled on a single PCB 
(printed circuit board). This PCB fits into a standard aluminum box and has connectors for the 
antenna, computer, power supply, focal plane unit and - as an option - to an external 1 MHz 
clock source. A complete set of drawings, parts list, procedures, PCB-layout and also the 
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complete software is freely available on the internet (for the address, see URL at the end of 
paper). Up to now, almost all CALLISTO spectrometers have been assembled by young 
apprentices (mechanics) of the ETH physics department. Each Callisto was completely tested 
using an automated test setup, controlled by a PC connected to a programmable radio signal 
generator via IEEE488 interface bus. The most important test results of every manufactured 
CALLISTO are also available on the Internet.  
 
 
 

 
Fig. 1: CALLISTO printed circuit board (top view) assembled by 
mechanics apprentices at ETH Zurich. Board layout shows a RISC 
processor ATmega16 on top, and a standard TV-tuner in the centre. 

 
 
The spectrometers have been shipped or carried by an ETH engineer to the host institutes. The 
worldwide distribution is displayed in Fig. 2. An important first step was a site evaluation, 
revealing sometimes unexpected interference by nearby radio transmitters. A spectral overview 
was made using a special function of CALLISTO for every host site. It allows measuring the 
whole frequency range from 45 MHz to 870 MHz in steps of 62.5 KHz leading to 13200 
channels. This high resolution spectrum is then used to create a dedicated frequency program 
avoiding channels with terrestrial interference. Such a frequency program observes only those 
frequencies with low rfi and if needed it jumps over spectral ranges like the FM band between 80 
MHz and 110 MHz. Several spectral overviews have been made during the last years, the results 
are available online (see URL below). 
 
In most cases, the detected interference was home made by computers or other electronic 
devices. A major advantage of the CALLISTO instrument is the programmable maximum gain 
of the antenna input power in the range of -70 dBm up to -30 dBm to cope with the dissimilar 
level radio frequency interference at different locations. 
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Fig. 2: Geographical distribution of CALLISTO host sites in 
March 2010. Hawaii, Mannheim, Perth and Melbourne are in 
starting phase while Czech Republic, Morocco, Turkey, Ecuador, 
Indonesia and Malaysia are in planning phase. All stations shown 
above are delivering data to our database. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Logarithmic periodic antenna 30 MHz – 1300 
MHz of e-CALLISTO in Daejeon, South Korea. The 
system (beside solar radio astronomy) is also used for 
radio-monitoring. About half of the present host sites 
have built their antennas from standard aluminum 
profiles in their local workshops. All others procured 
broad-band radio amateur antennas from local stores.  
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In general, there is no need for a permanent operator. Once the system is powered and configured 
it runs automatically, controlled by an internal scheduler of the PC. This scheduler allows 
automatic starting and stopping of observations as well as controlling of an optional focal plane 
unit with up to 64 different configurations.  
 
All data and log files of each host site between local sunrise and sunset are first stored on a local 
data disk. After sunset a PERL script running on our server connects every host in all the 
countries and collects FIT- files. Only data files relating to times of flares as reported in the list 
of NOAA are transferred to our server, all others are ignored. It means that only data with a 
certain probability to contain solar radio events are collected. The finally transferred and stored 
data are then sorted into a structured archive on our server giving free access for everybody.  
 
The e-CALLISTO system has had its first success already in December 2006, when the last large 
flares of the present cycle occurred. These X-class flares where observed by the then newly 
launched Hinode satellite and may remain the only large flares observed by this satellite in the 
near future. Thus, they are currently studied by several groups around the world. None of the 
flares were observed during the entire length from the ground due to the short December daylight 
in the Northern hemisphere. However, e-CALLISTO, then operating in Switzerland, India and 
Siberia, covered more than 60 % of the time. 
 

 
 

Fig. 4: Spectrogram of a low frequency type III radio event observed in Bleien, 
Switzerland. The e-CALLISTO spectrometer was connected to an up-converter 
and a simple biconical antenna fixed in east-west-position, pointing to south. 
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Figure 5 below shows the solar flare radio emission of December 13, 2006 observed by the e-
CALLISTO spectrometer unit in Siberia, Russian Federation. The data is displayed as a 
spectrogram; intense emission presented bright, no emission blue. There are 200 channels 
displayed horizontally, time progressing to the right. The pseudo three-dimensional 
representations of time, frequency, and intensity produce an image that can be interpreted more 
easily. The frequency is given in MHz on the left increasing downwards. As the emission is 
proportional to the density (plasma emission), the vertical axis also represents altitude in the 
solar atmosphere, comprising about one to two solar radii above the photosphere. As density 
decreases with altitude, height increases upward in the picture. The radio emission is tilted 
towards the right, indicating that an exciter is moving upwards. Assuming a density model of the 
corona, the speed can be estimated. It amounts to about a third of the speed of light. The 
emission is therefore interpreted as the signature of an electron beam escaping from the Sun. 
Note the low level of interference in Fig. 5. Only few terrestrial emissions are seen as horizontal 
lines. 
 

 

 
Fig. 5: Spectrogram of a complex broad-band radio event observed with e-CALLISTO 
spectrometer in Badary (Siberia), operated by the Institute of Solar-Terrestrial Physics 
(ISTP), Siberian Branch of Russian Academy of Sciences, Irkutsk, Russian Federation. 
It shows different types of solar flares of type II and III and decimeter pulsations 
(bottom right). 

 
The e-CALLISTO network is still growing and produced first results. It has already shown its 
usefulness and delivered first results despite the currently low level of solar activity. The data is 
retrieved automatically from currently 12 stations every day. Some stations have worked reliably 
for nearly four years. The interest of researchers to join the net is still great. More stations are 
planned, but limited by travel-money and by the availability of our engineers. Growth in the 
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pacific area (see Fig. 2) is desirable from a scientific point of view. The e-CALLISTO network 
will be a reliable tool to observe and study solar activity during the upcoming ascending and 
maximum phases of cycle 24. The learning effect and motivation of the people involved may be 
another justification, interesting to be evaluated in a few years. 
 
The German HAM radio amateur journal “Funkamateur” will publish (starting in May 2010) a 
detailed description (German language) of the spectrometer. Assuming that there will be 
sufficient interest from the amateur community, they intend to sell kits for Callisto spectrometer. 
 
Link to all Callisto-related documents at ETH Zurich:  
http://www.exp-astro.phys.ethz.ch/astro1/Users/cmonstei/instrument/callisto/index.php 
 
Link to all archived data at ETH Zurich: 
http://www.astro1obs.phys.ethz.ch/cgi-
bin/showdir?dir=Argos_Callisto_Phoenix_Archive&file=dir.html 
 
Link to a blog of our Irish colleagues, doing science with Callisto: 
http://callistotcd.blogspot.com/ 
 
Author’s blog about actual status of e-Callisto network: 
http://e-callisto.blogspot.com/ 
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~ Astronomy Art & Poetry ~  
 
  
Dr. Sarah Noble’s art, Daedalus in Orange, is featured in this issue. She is a lunar and planetary 
geologist at the NASA Marshall Space Flight Center in Huntsville, AL. Her research focuses on 
the formation and evolution of lunar soil. She is also an artist and her work flows over into her 
art; it’s her primary inspiration. (Her space art is commercially available. See her webpage, 
http://www.interplanetsarah.com/, for more details.) 
 
I thought about this piece of artwork and wondered how it could be linked to radio astronomy. I 
thought of the moon emitting radio waves (as a black body). Could the painting be thought of as 
a false color rendition of that radio emission? Probably not, the shadowed areas are likely at the 
same subsurface temperature. So what do I do? What any good poet would do...write a poem! 
However, there's still no radio astronomy in it. But does it matter? No, it doesn’t because it was 
my thinking about science and radio astronomy that inspired this non-scientific, but no less 
significant, work because it embraces the mission statement cited below. So enjoy it anyway. 
 
Space art serves the most basic function of fine art: that of inspiration. It directs our focus 
toward the space frontier, where human destiny inevitably lies. We are in the midst of a human 
adventure that will be remembered when the international squabbles of our century are long 
forgotten. We are stepping off ancestral Earth, and learning what wonders and resources are 
scattered throughout the sunlit blackness of space. It is an adventure for artists, scientists, and 
all humankind (Mission statement from the International Association of Astronomical Artists). 
 
Figure 1: Daedalus in Orange 
© 2008 Sarah Noble (acrylic on canvas)  

Daedalus 
By John C. Mannone 
 
Looked toward the heavens, longed 
to kiss the yellow sun in the day, 
love the orange moon in the night. 
So he fashioned some cunning wings 
to sail the sky, to flirt with heaven, 
but the warm sun melted his heart 
and the cold moon broke his wings. 
 
Then he said, tomorrow I will leave 
this place, not worry about them— 
the fickle moon, the blazing sun. 
Instead, I’ll fix my eyes on the blue 
stars. My soul already lifting, 
tingling with their bright hot sparkles. 
 

John C. Mannone is a widely published award-winning poet nominated for the 2009 Pushcart Prize and 
the 2010 Rhysling Poetry Award. His work appears in speculative fiction and literary journals. 
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