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evaluated at 6l = 0, 9j = §j (j > 1), where 6j are maximum likelihood estimates
(more generally, estimates with what Neyman termed 'local root-n consistency'), and
(Ij are the regression coefficients of dL/d91 on the dL/dOj, as estimated from the
second-order derivatives. Neyman's procedures were, however, subsequently
examined by P. A. P. Moran [R17], who showed that they were asymptotically
equivalent to the use of the likelihood ratio test and to tests using maximum
likelihood estimators, and noted that they had also previously been discussed by
myself [R2]. Moran also noted the generalization to the case where the null
hypothesis involved more than one parameter e.g. 0X = 92 = ... = 9r = 0
(1 < r < k).

Neyman's wide-ranging contributions to applied fields are referred to elsewhere
in this memoir; but within the framework of the general theory of statistical inference
it might be added that his avowedly behaviouristic approach to inductive problems
[e.g. 1132] did not inhibit his emphasis on the need for specific stochastic models
applicable to the particular problem under investigation. As his interest in
applications developed, model-building became an even more important aspect of
his researches. At the end of his own review of his illustrious and influential research
career he notes [1160, p. 162]:

'particularly in the more recent decades, the delight I experience in trying
to fathom the chance mechanisms of phenomena in the empirical world'.

III. NEYMAN AS ASTRONOMER

BY THORNTON L. PAGE

I'd like to contribute as much as possible to the Royal Society Memoir on Jerry
Neyman. He was a true friend, as well as my statistical mentor. As you may
remember, he put me up in his house on Amherst Avenue; then, after I suffered a
serious auto accident, arranged for me to spend a quarter doing research and editing
several books at Berkeley. I have strong memories of his humour and devotion to
work. One evening he joined us for supper in our Berkeley apartment, and I served
herring snacks on crackers with 6 o'clock drinks. Jerry said, 'Oh, I like dead fish', and
herring snacks have been 'dead fish' to us ever since. When we were working on the
statistics of double galaxies, he would often terminate supper with 'It's time to get to
work\ which he pronounced to rhyme with York.

Jerry was intensely Polish. I first got to know him after the I.A.U. Congress in
Moscow when we (together with 16 other western astronomers) toured southern
Russia, visiting several Soviet observatories. At one point we were taken to a Soviet
resort on the Black Sea for swimming and boating. I was swimming while Jerry and
several others drank coffee in a small seaside restaurant. When I joined them, in my
bathing suit, the Soviet police moved in and arrested me. It seems that there is a
strict Soviet law against entering a public restaurant in a bathing suit. Jerry
persuaded them that I was just a dumb American, but told me that I must change my
clothes then and there under police escort. I was embarrassed as I did this in full view
of several lady astronomers, but it satisfied the police.

On another occasion, Neyman showed his understanding of Russians and their
language. At each observatory we were given a ceremonial luncheon highlighted by
toasts in wine by the hosts 'to our guests from overseas', and by one of us 'to our
hospitable hosts'. We took turns making the responses, and in Burakan, Soviet"
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Armenia, it was the turn of a Canadian astronomer, who ended, 'to our friends, the
Russians'. When this was translated, there was a dead silence. Jerry, knowing that the
Armenians dislike the northern Russians, jumped up and said 'She means the
Armenians'; which led to clapping and laughter.

On statistical problems, Neyman was a perfectionist. Near the end of his life, I
crossed swords with him on the question of weather modification by cloud seeding,
which I think has been proved by tests in Israel and off the coast of Florida. Jerry
insisted that, because the Israelis shifted their time intervals of rain-gauge readings,
their results were statistically meaningless. He had earlier shown that western U.S.
tests of cloud seeding proved nothing. He doubted the NOAA Florida tests, but did
not live long enough to see them completed.

My major scientific association with Jerzy Neyman was in the study of binary
galaxies. He and Elizabeth Scott had reviewed counts of galaxies by Shane and
Wirtanen showing the clustering of galaxies. My main idea was to measure the
average mass of galaxies by their motions in pairs. Because the orbit of one galaxy
around another takes millions of years, the only significant data are the measured
differences in radial velocity (from Doppler shifts in the spectra) of galaxies in pairs.
In 1932, the Swedish astronomer, Erik Holmberg, had proposed that, statistically,
such measurements could be used to estimate the combined mass of two galaxies in a
pair. I measured radial velocities of 35 pairs of galaxies, and sought Jerzy Neyman's
help in analysing them in 1958.

Despite several simplifying assumptions (circular orbits, linear separations of
known distribution, random orientation of orbits, negligible error in angular
separations, etc.), the statistical problems turned out to be complex. Neyman soon7

recognised that my measured differences in radial velocity, DV, between the two
galaxies in a pair had the largest errors, and assumed that DVis a normal random
variable. He then helped me through the mathematics, involving integration over
two projection angles, to derive a regression between the observed {DV)2, the
angular separation, S, and the mean radial velocity, V, allowing for a weighting factor
to credit the better observations over less accurate ones. The mean mass obtained
from this regression turned out to be different for spiral and elliptical galaxies. These
results were presented and discussed at the 4th Berkeley Symposium on
Mathematical Statistics and Probability [III10].

Neyman himself greatly enjoyed organising symposia, and was very good at it.
He seemed to know personally all the statisticians in the world, and kept in touch
with them through the International Statistical Institute. He was quick to recognise
new applications of statistics in fields as different as astronomy and meteorology. He
strongly encouraged scientists to get more data so as to improve their statistical
conclusions. By using radial velocities published by others, I was able to increase my
35 to 66 pairs of galaxies, and my average masses and mass/luminosity ratios were
accepted for almost 20 years. Recently, Turner collected data on 156 galaxy pairs,
carefully avoiding selection effects, and used different statistics to analyse the data,
trying to show that galaxies have large, dark, massive haloes. He has been challenged
by Peterson and Rood, using radio as well as optical data. It is fair to say that the
statistics of double galaxies are unsettled in 1982!

In 1961, Neyman, Scott, and I organised a Conference on the Instability of
Systems of Galaxies, at Santa Barbara, California, just before the I.A.U. meeting in
Berkeley. As might have been expected, Jerry exercised his organisational expertise,
rounding up 17 prominent astronomers from Russia, Sweden, Germany, Holland,
Belgium, the U.S., and Canada to discuss motions in groups of galaxies ranging from
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2 to over 1000 members. In preparing a Summary of the Conference (published
[1123], along with the 18 separate papers) he used excellent judgement in selecting
the major contributions and pointing out the statistical puzzles, many of which
remain today. The Summary closes with the admission that "more questions have
been raised than settled". That well describes Jerzy Neyman: he raised questions.
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