Random Comments on Life and Science – Ken McCracken.

My childhood saw many moves, to new states, schools, as follows: Morooka Primary (1939- Brisbane): Deepdene Primary (1940-1943- Melbourne); Telopea Park Primary (1943-1944- Canberra): Canberra High School, (1945-6); Hobart High School (1946-1949). I became very adaptable. Change never frightened me. This carried through to my science. And I did precisely the same to our children. I was a 1940’s “nerd” (called a “swot” then). I experimented in chemistry, radio, aerodynamics, the manufacture of rockets and explosives, etc, taking them to quite advanced levels of amateur interest while still a teenager. I “matriculated” from high school at the age of 16, at a time when entry to the University of Tasmania required that I be 17. For a year I worked as the “laboratory boy” in the research department of the Electrolytic Zinc Company, near Hobart. Having a congenital heart defect that inhibited conventional sport, I was a very avid “bushwalker” in the then unmapped and formidable “south west” of Tasmania.. I “knocked over” most of the most difficult mountain peaks in that area. National Service in the Army, and then six years in the “Citizens Military Force” gave me a marvelous training in working with a wide spectrum of society.

In my research work in the Physics Department of the University of Tasmania, I was pretty much a “one man band”. Starting in 1955, I was solely responsible for developing the “neutron monitor” network in Australia and its possessions for the “International Geophysical Year”, 1957-1958.  I operated my own laboratory on the slopes of Mt. Wellington near Hobart. I built much of a very large amount of state of the art electronics. I established a cosmic ray observatory in New Guinea (1957). Using brief telex messages I managed neutron monitors in the Antarctic. I published a remarkable number of papers for a young person in top journals. I had a VERY tolerant PhD supervisor, Dr. AGFenton. By the time I went to the USA in 1959 I had a very good “hands on” approach to experimental research, and was well known in the literature. (Much of this is expanded in “Blast Off- Scientific Adventures at the Dawn of the Space Age”, 2008, New Holland. 

PhD thesis.   “ Variations in the Cosmic Ray intensity”, 1959, Supervisor, A.G. Fenton

The two years as a post-doc at MIT were vital in my professional development. While initially very intimidated by people such as Bruno Rossi and other top flight people there and in NASA, it was they who put me at ease and welcomed me as a (junior) equal. The mathematical modeling I did there established me on the international stage with people like Bruno and Frank McDonald (NASA) making certain everyone knew about it. (See Blast Off)

My first “break through” was to develop a mathematical model for the motion of relativistic charged particles in a high order simulation of the Earth’s magnetic field. At the time, it was “right on the edge”. It worked. Those calculations allowed me to make a crucial observation. At the time we knew NOTHING about the interplanetary space. There were three theoretical models of the interplanetary magnetic field. The occurrence of a large solar flare, and my calculations of many particle orbits provided unambiguous verification of one, the Parker solar wind model. My mathematical model also solved a long standing problem regarding the distribution of cosmic rays on the surface of the Earth. Both gave me very wide exposure by 1962. My computer program, written in 1959, is still in use today (See Blast Off) 

Important papers:  3 published in the same issue of the Journal of Geophysical Research, 1962 on the propagation of relativistic cosmic ray particles in interplanetary space. Two papers on the geomagnetic cut-off rigidity in a 6 degree expansion of the geomagnetic field. One on the nature of the diurnal variation in the cosmic radiation.   

My transition to space science was relatively easy. A scruffy 6 page proposal to NASA, written on an overnight flight to Europe, led to a “shoot out” between Jim van Allen (of radiation belt fame) and I to contribute a “second class” experiment on the Pioneer spacecraft to the vicinity of Mars and Venus (see Blast Off). Other satellite flights followed. I was sitting on the committee deciding who in the USA would get to fly on NASA satellites. My satellite instruments were designed to measure the directional characteristics of cosmic rays in space. It had never been done, and was regarded as beyond the capability of the time. We did it, because we realized that the newly developed “integrated circuit” gave us quite unprecedented analytical power (for the time). The “anisotropy” instruments we flew on seven spacecraft provided highly detailed information of the diffusion processes in space, and on the properties of the interplanetary magnetic fields. The papers written from this work led to the award of a “NASA group achievement award”.(See Blast Off)   

Important Papers.  Five on the nature of the low energy galactic and solar cosmic radiation observed simultaneously at a number of different positions in the solar system. Major contributor to the first understanding of the interplanetary medium, and the Sun’s influence thereon.  NASA report on protecting astronauts from radiation illness (or death) during the Apollo program. 

In early 1964 Bruno Rossi and his colleagues from American Science and Engineering discovered the first “x-ray star” in a rocket flight. I, and a colleague at MIT, George Clark, realized that these  “x-ray stars” might  be seen from balloon altitudes if you used a detector with directional properties.  He did it from Texas, I from India. Both of us discovered major x-ray stars by mid 1964. I was to continue in x-ray astronomy when I returned to Australia in 1966 (see below) (See Blast Off) 

Despite my success there, I had no inclination to stay in the US. I was appointed to the second chair in physics at Adelaide.  We concentrated on x-ray astronomy from balloons and rockets.  No one had made any observations from the southern hemisphere up to then and we were guaranteed good results. And got them. This led to my award of the Pawsey Medal by the Australian  Academy of Science. 

Important papers. Two in “Nature”, the first announcing discovery of x-ray sources in the southern sky, the second announcing the variability of X-ray sources. This was a big result at the time (cover story of an issue of Nature I recall).

Nevertheless I had severe withdrawal symptoms from the heady days of the space age (in the US, NASA had “gone over the top” and it was becoming very difficult to get funding, etc). Then I got two offers over a period of one year- one from MIT for a “full professorship”, and one from CSIRO to set up a new division to develop improved mineral exploration techniques. Having accepted the first, and my family and I having spent 4 months working for the Indian Space Research Organization en route there, I accepted the second and told MIT I was not coming. I was always somewhat uncertain about leaving Australia for good, and the shootings at Kent State University and other developments in the US while we were in India tipped the balance. (On top of memories of the Kennedy assassination, see Blast off ). I returned to the CSIRO job. 

Changing from cosmic ray detectors on the ground, to building satellites, and to x-ray astronomy was never that difficult. Changing to leading a research laboratory in mineral exploration, about which I knew next to nothing, was a leap of faith. Victor Burgman  (physicist, and CSIRO executive member) had the view that the exploration industry had too much “baggage” and that someone with “a background in the new space technologies” should be found. (CSIRO then was somewhat different from now in that it saw its role as doing pioneering work BEFORE society or industry recognized that it needed to be done or were willing to put money into it).  Having left Australia immediately after finishing my PhD work,  I was little known to the Australian scientific world but CSIRO “found me” through their links to Prof. Eric Rudd of the Geology Department at the University of Adelaide. I decided to establish 6 different research programs. Four were extraordinarily successful (“SIROTEM, Remote Sensing, “on-stream” mineral analysis, and mathematical modeling). The other two were quite successful and we had no lemons. The key, I believe, was that I saw that semiconductors, mathematics, fast computers, satellites, nuclear physics, etc, were going to make great changes to mineral exploration. At the time conventional geologists and geophysicists did not have the background to recognize this. Victor Burgman was vindicated. My role in establishing and leading the Division led, over time to my first CSIRO medal, the Ian Wark medal, the Haddon King Medal (both Australian  Academy of  Science) , and being a joint recipient of the Australia Prize. (Also Fellowships of AAS and ATSE). I published a creditable number of papers on the theory of electromagnetic exploration techniques, while moonlighting from my real job of leading the Division (the Chief led- others managed- big difference).

Important Papers. Three dealing with the theory of why the “time domain” electromagnetic methods work so well in the Australian environment. 

The Australian Mineral Industry Research Association (AMIRA) played an important role in our research. The various companies would send their young geophysicists etc to the Mineral Physics 6 monthly “show and tells”. They had the modern training, and the interest to understand what we were doing. They did a Trojan Horse trick and smartly introduced our new ideas into their companies. They pushed us very well. We “academics” soon learnt what did and didn’t matter in the real world. The company people  learned about how research really works. The rapid rise in the technical competence of the Australian mining industry was largely due to the work AMIRA sponsored, and the research done in laboratories such as ours. At one time I was censured mildly by the CSIRO executive because 55% of my Divisions funds were coming from industry. At the time, many people in CSIRO thought 10% was excessive.    

Boredom started to set in again about 1983, and I convinced the Chairman of the CSIRO Executive, Dr. Paul Wild, to support me in the CSIRO Office of Space Science and Applications (COSSA) initiative. The CSIRO Executive thought I would run it and my Division of Mineral Physics in parallel.  I  told them that this would doom both, and they agreed that I leave Mineral Physics and start COSSA in 1985. Goaded to action, the Australian Government established the Australian  Space Board, and I was appointed to it . I failed in my ambition to get an Australian space program going, however we did achieve some focus on space and some good things were done. Alas, a space program it was not. Brian Embleton, my successor at COSSA, had more success in establishing the “Fedsat” program and managing it through to its launch in 2002.

In 1989 I was diagnosed with a heart defect and was invalided out of CSIRO.  I was instantly approached by four mining companies to help them in improving their exploration technologies (individually). This was to be brain work, with no management stress or experimental work, just theory and asking awkward questions. This was a most enjoyable (and useful) activity. 

It led to the greatest challenge, and greatest risk of my whole career. BHP approached me in 1990 to assist in determining if it was possible to measure gravity (for exploration purposes) from a low flying aircraft. An accuracy of 1 part in 108 was needed, in the presence of noise 107 greater than the signal due to the motion of the aircraft. Most said it was totally impossible. I recognized that technology the US had developed for the Trident submarines, at a cost of $400m (1990 $), and which they were throwing out might do the trick. Everyone else was scared stiff by it.  By 1996 we had it operating in low flying, one engine aircraft, and achieving a performance three times better than the specification set by BHP exploration. We had some terrible crises such as   “get it working in 48 hours or the project is cancelled”. It was really an incredible story about how modern technologies can do things that were totally impossible only 20 years ago. It led to my being joint recipient of my second CSIRO medal. 

Over the years, I had remained in contact with my old friends in the US space community. When in Australia, they would visit our farm near Mittagong, NSW. On one such visit I was shown some data that was regarded as absolutely wrong by the glaciological community. (Short-lived spikes in the nitrate record). As with time domain EM, remote sensing, and airborne gravity I could see reasons why “conventional wisdom” might be wrong. It was clear that gaining acceptance of the data (as records of solar flares in the past) would take very careful strategies and tactics. (See Blast Off).  After 5 years of part time work it was published in two major papers in the  Journal of  Geophysical Research. There was immediate acceptance that the features in the glaciological record did, in fact, represent the production of cosmic rays by the Sun hundreds of years ago. 

Two subsequent papers examined the manner in which solar production has varied over the large cycles of solar activity;  eg during the Maunder, and Spoerer Minima when the Sun was very “inactive” and there were very few sunspots. These papers yielded an entirely counter-intuitive result. It led to an important (recent) paper by me in the journal “Solar Weather” (2007). This predicts that the solar effects on us will be much greater than now when we go into another “grand Minimum” such as the Maunder Minimum or similar. In all probability, we are going into one now. See paragraph 22 below.

While working on the nitrate data I became more aware of the 10,000 year long Carbon 14 records in tree rings, and the Beryllium 10 record in polar ice. These had never been looked at carefully from a cosmic ray point of view. This I did, and examined the consequences of the observational data in terms of the cycles of solar activity in the past (3 major papers) 

This led to close collaboration with an American, Frank McDonald, a  Swiss, Juerg Beer, and a South African, Harm Moraal. From this has come 4 major papers on solar physics, and in particular, the manner in which the interplanetary field has varied with time. The latter was a  completely new  type of analysis and  probably has an important bearing on climate change. (Next paragraph)

My close study of the Sun’s behavior over the past 10,000 years has  made me an interested bystander in the climate change debate. I take the position that I am not an expert in climate change, but that I have knowledge regarding the Sun on par with those who contributed the solar input to the fourth report of the International Panel on Climate Change (IPPC).  This has led to presentations at the Australian Academy of  Science, and mild participation in public debate. Suffice to say I irritate both the “greenhouse alone” advocates, and the “Sceptics”. I participate because I believe science is going to get a bad reputation for overstating the case, and I think it important that someone of standing is on record for having taken an unbiased position for reference to at a later date. 

Summary

What am I?  I regard myself as a scientific pioneer. I relish the completely unknown or the un-conventional view (or worse). I have no fears of ridicule. I like to go back to first principles, and see what the present generation has forgotten, or where new technology allow the impossible of a previous decade to be done. I like doing this both in “pure science” and in applied science. I have a 7 to nil success ratio. This doesn’t mean I am smart but it may mean that some people are too conservative. My work has created careers for a lot of people who tread the new paths I have opened up. . 

Any regrets.    None, although it might have been useful if I had been a better committee person.  I like to lead from the front and don’t suffer bureaucratic time wasting (or wasters) gladly.  . 

My interest in applied research. From the 1950s I have been interested in both pure science and the applications thereof to practical ends. Perhaps it was my mucking around in radio as a teenager. Perhaps my year as the “laboratory boy” at the Electrolytic Zinc works in Hobart. Perhaps it was Bruno Rossi and MIT. Whatever, I have always welcomed the challenge to be socially relevant through applied science, while also seeking new knowledge, the more controversial and way-out the better. CSIRO was a great place to have both.  Either, alone, would be less interesting. And more to the point, each side provides ideas that are useful when transferred to the other. 
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