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Abstract: In this document, we briefly describe the NOAA HF Radar (generally referred to as a Dynasonde) in the context of deploying an existing instrument in Lycksele under support provided by IRF and the National Science Foundation.  The costs of deployment and maintenance will be shared between IRF and Utah State University (USU).  The motivation for operating a Dynasonde in Lycksele is also described from the perspectives of IRF and USU as well as in the context of Space Weather and Upper Atmosphere research in general.  The classical ionosonde network system in Sweden is discussed from both the historical and future perspectives.

1. Introduction

The evolution of the “classical” ionosonde to a digitally controlled instrument began during the 1960s with prototypes of the kinesonde and dynasonde developed at the National Oceanic and Atmospheric Administration (NOAA) in Boulder, CO.  In the late 1970s, a design for a modern research instrument based on NOAA’s kinesonde and dynasonde work was undertaken by the engineering staff at the Space Environment Laboratory [Grubb, 1978].  The computer control and data acquisition subsytems of the NOAA instrument have been modified to keep pace with the advance of technology and these modifications [Argo and Hindman, 1986] have been applied to the various dynasondes currently operational.  The receiving and transmitter systems have not been changed except in very minor detail.  We note that several different digital ionosonde designs have been developed over the past two decades; the most prolific of these is the University of Lowell Digisonde [Reinisch, 198x] which is widely used.  While the dynasonde and digisonde produce essentially identical geophysical outputs, the instrument methodologies are auite different.  The dynasonde has proven to be a highly versatile research instrument and has recently been adapted to make mesospheric soundings by the Geophysics Group at the British Antarctic Survey [Jones, et al., 1997; Jones and Davis, 1998].  

Currently, NOAA dynasondes are operated in Norway (EISCAT), Utah (USU) and Antarctica (BAS).  In northern Scandinavia a dynasonde is located in Tromsö, located ≈200 km poleward of Kiruna, site of the most northernmost station in the “Scandinavian Chain” (nowadays called the Swedish Ionosonde Network).  With the dynasonde in Tromsö, it is possible get a rough idea of the state of the ionosphere over Kiruna; since Lycksele is situated ≈300 km from Kiruna, it would be highly desirable to have a Dynasonde located there, especially during the upcoming solar maximum period, which is predicted to attain a peak during the spring of 2000.

Classical ionospheric sounding has been carried out in Sweden since the 1950s using three stations (the Scandinavian Chain) at Kiruna, Lycksele and Uppsala.  The instrumentation and the procedures used for analyzing the data have been changed several times over the years.  Presently, the three ionosondes are almost identical and they produce data which are manually scaled and sent all over the world.  The ionograms (in image format) are available on the internet, together with several programs that can be employed to reduce them to standard parameters.  Using a recently written Java program (developed by a student at IRF), one can inspect the  ionograms via the internet together with their scaled data.  It is also possible to manually derive the real electron density profile using the widely used POLAN [Titheridge, 1985] analysis program 

With the advent of the Global Positioning Satellite (GPS) system, it is now possible to acquire highly accurate timing, making it feasible to receive ionosonde echoes from all three stations anywhere in northern Sweden.  With simple receivers distributed over a wide area, one can derive a detailed perspective of the ionosphere over the whole of northern Sweden.  By utilizing these data in modern computer system equipped with virtual reality, one can visualise the ionosphere over Sweden as seen by ionosondes; this system is what we call DISSUS.

2. The NOAA Dynasonde

The Dynasonde is a natural extension of the classical ionosonde in the sense that when sending radiopulses that are reflected from the ionized layers in the ionosphere, one examines the pure reflected pulses.  The received echoes keep most of the original information in the transmitted pulse and are only slightly distorted due to the physical processes at work in the ionosphere.  The dynasonde measures the quadrature amplitude of the received echoes as a function of frequency, from the angle of arriveal, radial Doppler, and the polarisation of the received can be derived.

We note that the Dynasonde was very carefully engineered to be a good neighbor in the radio spectrum; this is manifest in the shape of the transmitted pulse, which results in a transmitted signal that is extremely clean.  There is considerable experience in this regard from operations in Antarctica by both BAS and USU, as well as at EISCAT.  The flexibility built into the system allows a set of “protected” frequencies, at which transmission will not occur, to be specified by the user.

Taking into account the work of J.W. Wright, the dynasonde concept has been used for ≈30 years and a considerable knowledge base has been amassed.  Since the deployment of the first dynasondes in the early 1980s, more than 150 scientific publications (including student theses and dissertations) have been written.  There is considerable work being carried out in the United Kingdom, both at the British Antarctic Survey and at the Rutherford Appelton Laboratory.  The dynasonde at EISCAT is in synoptic operation and the engineers there are technically cognizant of the system hardware.  At USU, we operate a dynasonde at the Bear Lake Observatory and have an ongoing program currently supported by the National Science Foundation.  In 1995, we acquired the better part of two complete systems formerly used by the Los Alamos National Laboratory.  With that equipment, we have three of the six original dyansondes in-house.

Although some of the dynasonde hardware components are old in design, they have proven to be reliable; in most cases, out-of-date components can be substituted with modern equivalents.  In comparison with the IRF-ionosondes, the dynasonde transmits a peak pulse power of about 6 kW; IRF-ionosondes have less than 1 kW in the pulses.  The receiving antenna system for the Dynasonde is more complicated than the corresponding antennas used for the IRF-ionosondes.  The transmitter antennas are not or need not be more complicated than the IRF-transmitting antennas; the only difference could be that they have to be modified to handle somewhat higher transmitter power.

A digital video (miniDVT) has recently been made which shows the Dynasonde at Bear Lake, 60 km NE of Logan, UT and all of the participants in the recent Dynasonde workshop held at Logan.  Part of that video will be put on the net.

3. Scientific objectives

· From a general point of view

Ionospheric physics is a mature science and, thanks to advances in computer and electronics technologies, is today finding increasing use in atmospheric physics (ordinary weather physics), communication, navigation, and space weather studies, besides in auroral physics.  Ionosondes have been used in auroral studies for several decades. 

The reasons to use it is not the same as in the 1950s;  Regarding the communications and navigation it is used for doing corrections for high frequency wave propagation and not as in the older days in the field of short-wave communications where one dealt with the whole reflection mechanisms; of course this knowledge has to be known in order to interpret the results.
Regarding the space weather we have many for electromagnetic disturbances sensible electronic instruments so we need to have prognoses about up coming solar-terrestrial disturbances. 

As a science, it is important in itself, and it has to be stressed that it is a mature science with roots in the science of electromagnetic fields and can be studied formally with great success; the ionosphere is much more complicated than normal double refracting media [Ratcliffe, 1969].

· From USU’s point of view 

1) The support we have received from the National Science Foundation was predicated on the deployment of a dynasonde in Svalbard and collaboration with the EISCAT Svalbard Radar program.  Although the Lycksele site will not present the same scientific opportunities, there are significant advantages to the proposed site, not the least of which is the collaboration between USU and IRF both at the professional and student level.  We have common interests in the automatic reduction of ionograms and new ways of visualising the ionospheric data.  The following is a brief outline of scientific topics that can be pursued:

2) The study of PMSE (Polar mesospheric summer echoes).  These echoes are routinely detected with the dynasondes at Halley (76°S) and Tromsø (69°N); our measurements in Utah commonly show echoes at heights of 90 km.

3) Routine mesospheric sounding.  The IDI (imaging Doppler interferometry) technique has been adapted for use with the Halley dynasonde and we are nearly ready to embark on a similar program with the USU dynasonde at Bear Lake.  This requires some additional computer infrastructure above and beyond what will be supplied with the dynasonde.

4) Oblique ionospheric sounding between Lycksele and Tromsø.  This has only been attempted once before [Wright and Kressman, 1982] and is a fertile new area for research.

5) Pulse compression coding for increased effective transmitter gain.

6) Space Weather Studies
· From IRF’s point of view

At IRF we have an archive of ionograms dating from the 1950s that have been acquired by the Swedish ionosonde network.  This archive is stored on 16-mm film, 35-mm film and 35-mm paper.  In addition, we have scaled data from the same stations for the same period of time. 

We at IRF are in the situation of having to decide what to do with the data.  We can disregard it all together and only do archiving in duty bounds.  If we decide to do only the archiving the problem is solved for a while, but if we decide to continue to use it in a scientific way we have to know its meaning and arrange the data according to that.  Therefore, we are obliged to keep the knowledge about the ionogram archive intact.

We have decided to continue with ionospheric sounding, which means that we need to at least maintain our systems at the very least; but why not at the same time try to keep up with the most advanced systems in the world. 

At present we have an idea, DISSUS which fits very well with the Dynasonde concept; by running these two systems together, we can keep our solid knowledge of classical ionospheric science and continue to properly use our old data, at the same time going forward with new science.

4. Existing Dynasonde equipment.

At Utah State University, an operational Dynasonde exists, including everything except for the antennas (it is shown in the video mentioned above).  A suitable transmitting antenna is available from a vendor in Australia, although it is possible to build a good transmitting antenna from components already existing in Lycksele or even to use the antenna already installed there.  The receiving antennas consist of an array of dipoles (broad band); large diameter aluminum tubing for the elements already exists at USU (as do the antenna preamplifiers) but it could perhaps be easier and/or less expensive to build them from materials available in Lycksele or Kiruna.
5. The Lycksele Observatory

The Lycksele Observatory is located at 64.6°N, 18.9°E and consists of one main building containing nine rooms and a kitchen.  Six of the rooms and the kitchen are on the first floor and the remaining rooms are on the second floor.  In addition to the main building there are several small houses, of which one has been used as a guest house.  This house was originally owned by Professor Willy Stoffregen one of the early pioneers of ionospheric physics; it was also used to house the Observatory during the 1950s.  The surrounding space is outfitted with numerous antennas, some of which are unused, as indicated on the included map.  The area of the space available for antennas is about 600*500 m2..

Existing space in Lycksele for a Dynasonde.

The indoor space required for the Dynasonde is an area of 2*2 m2 in a room already equipped with ordinary electronic instruments.  In Lycksele there is such a room with that amount of free space.  It is in the mainbuilding, where the existing IRF ionosonde is situated.  A suitable outdoor space required for the transmitting and receiving arrays needed for the Dynasonde exists at the Lycksele Observatory.

In addition to the Lycksele space there is a site suitable for the receiver part of a Dynasonde if one were to separate the receiving and transmitter systems (this has not previously been undertaken); the space can be hired and is situated 100 km from the site in Lycksele.  There is a general concept regarding the Lycksele site to separate the transmitting activities with the sensible receiving activities; magnetometers, riometers, ionosonde receivers, etc.

Internet connections at the Lycksele Observatory

The Lycksele observatory is equipped with an ISDN-connection for computers.  This connection has a bit rate of 64 kbits/s and is adequate for communication and control of the Dynasonde.  It is insufficient for high data acquisition rates, although … In such a case there will be other solutions; storing data on high capacity (2 GB) Iomega Jaz drive and sending them once a week to a main computer centre for IRF; increasing the data speed can be a solution in the future.

Logistical Considerations.

The Dynasonde would be installed by people from IRF under the leadership of Tom Berkey. The maintenance of the Dynasonde will be carried out by IRF-Kiruna staff and one person associated with the Lycksele Observatory.  The Dynasonde is capable of being accessed remotely via the internet; the data storage device will need to be checked about once a week depending on the nature of the storage unit.  The scientific work can exclusively be done remotely.  The start of the installation will be around November 1998 and operation is anticipated to begin in December 1998.

6. Cost Estimates

Working hours : The USU and BAS dynasondes operate on a 5 minute synoptic schedule.  The B-mode format is typically used and the sounding time is about 80 sec.  This results in 288 ionograms per day which can amount to more than 1 MB of data, depending on ionospheric conditions.

Transportation : $2000 (US) The cost will be shared between USU and IRF.

Additional components (antennas, cables) : These costs are estimated at ≈$2000 which will be assumed by IRF.  Most of the components that comprise the receiving array (preamplifiers, dipole elements, twinaxial cable) are available at USU.  The question of cost effectiveness (shipping vs. local purchase) needs to be addressed.  Suitable supports (wooden masts) for the receiving array will be needed.
Buildings : No additional costs; general facilities from IRF. It is IRF’s duty, if possible, to provide places for scientific instruments.
Maintenance : Outside of periodic calibration of the receiving system, routine maintenance is minimal.  System failures will need to be addressed with assistance from personnel at EISCAT, USU or the British Antarctic Survey.  Spare modules can be supplied from USU; spare parts can be obtained domestically or from USU.  EISCAT also maintain a large inventory of spare parts.  Routine maintenance will be provided by IRF, included as part of the normal maintenance of the site at Lycksele.  It is feasible to make arrangements with BAS to conduct their annual training (for Halley winter-over engineers and physicists) at Lycksele.  In this way, those with local responsibility for maintenance can obtain “hands-on” training from the engineers from BAS.
Scientific collaboration : Research projects will take its own costs.  “Or how to say something”

7. Conclusions

The costs for placing a Dynasonde in Lycksele will be

Total initial costs for IRF:  $3000

Running costs for IRF:   “I do not know “. 

It can be of a great general scientific importance to have a Dynasonde operational in the middle of northern Sweden; just equatorward of the “normal” auroral oval. 

IRF will benefit a lot with a co-operation with the Dynasonde people at USU and the other scattered around the world.

We suggest that a Dynasonde be installed in Lycksele as soon as practical and to be operational there for at least the next solar cycle.
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Appendix

From early correspondence

>>Dear Rickard,

>>        This letter is motivated by a recent exchange of email with

>>Christer Juren.  Christer and I have common interests in the area of

>>ionospheric sounding; I have been very much interested in the work he has

>>done with transputers, and he made a visit to Utah State University a few

>>years ago at which time he demonstrated some of his work.

>>        My recent correspondence with Christer has focused on a project fo=

r

>>which I have already received funding from the Arctic Sciences Division

>>within the Office of Polar Programs at the National Science Foundation.

>>This program (operation of a digital sounder in Svalbard) was originally

>>intended to be a joint collaboration with Phil Williams at Aberystwyth but

>>funding from the UK side didn't materialize.   However, I was able to

>>convince my Program Manager (Odile de al Beaujardiere) at the NSF to go

>>forward with the program, but we recently ran into a major problem in the

>>cost of deployment of the instrument on BjØrnØya (=89$60K).  That left=

 me

>>with a funded program but nowhere to install the instrument.  To this end,

>>I made numerous inquiries within the Norwegian research community but was

>>unable to generate any interest.  Christer has suggested that there could

>>be some opportunity in Sweden, either near Kiruna or in Lycksele.

>>        Our digital sounder or "dynasonde" is a research instrument that

>>can function both in a synoptic role and as a specialized tool for

>>campaigns (the EISCAT dynasonde  is operated in this manner  at

>>Ramfjordmoen).  There are currently three operational dynasondes, one here

>>in Utah, the instrument in Ramfjordmoen and one at Halley (Antarctica).  W=

e

>>work closely with the British Antarctic Survey and with Mike Rietveld at

>>EISCAT.  Our interests are very much aligned with those of Christer and a

>>collaboration would, I think, be very productive.  A dynasonde Workshop

>>will be held here at USU in June and if the collaboration I am proposing i=

s

>>of interest, it could be very beneficial if he were to attend.

>>        Details of my funded program are described in the research proposa=

l

>>that Christer has obtained from a local server; you can see the focus of

>>our research in that document.  A proposal that I am currently preparing

>>for submission to the NSF contains information regarding some of the

>>instrumental details of the dynasonde and has also been downloaded by

>>Christer.  Feel free to consult either of these documents for further

>>detail regarding the dynasonde and some of my research interests.

>>        I would be extremely interested to enter into a collaborative

>>program with IRF and I think there is much good ionospheric science that

>>would result from the merging of our interests.  I want to stress that I a=

m

>>prepared to go forward with this project immediately, since my funding is

>>already in place.  If a collaborative program is to be established, it

>>would be useful to consider options for a future program within the

>>Svalbard archipelago, since that is the original scientific basis of my

>>program.  However, as a consequence of your student program, as well as th=

e

>>proximity to Esrange and your institution, I am more inclined to consider

>>Kiruna as a optimum location, but perhaps I am getting ahead of myself!!

>>

>>        The obligations that would be incumbent on IRF are: 1) a

>>transmitting antenna, 2) some provision for deploying the receiving

>>(interferometer) array, 3) provisions for operation and maintenance, and 4=

)

>>a building for installation.  Obviously, these require some IRF resources

>>which may not be available, so I can understand your administrative

>>problems.  However, I hope you will view this proposed collaboration in a

>>positive light and that we can find a means to work together.

>>

>>Med hilsen,

>>Tom
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