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ALLAN SANDAGE RECEIVES 1991 
CRAFOORD PRIZE 

Astronomer Allan R. Sandage of the 
Observatories of the Carnegie Institu­
tion of Washington, in Pasadena, 
California, received the 1991 Cra­
foord Prize from the Royal Swedish 
Academy of Sciences on 25 Septem­
ber. The Crafoord Prize is awarded 
for work in fields not recognized by a 
Nobel Prize, including astronomy, 
mathematics, geoscience and the life 
sciences. Sandage was cited for "his 
very important contributions to the 
study of galaxies, their populations of 
stars, clusters and nebulae, their evo­
lution, the velocity- distance relation 
(or Hubble constant) and its evolution 
with time." 

In 1951 Sandage, along with Hal­
ton Arp and William Baum, discov­
ered the main sequence termination 
point in the Hertzsprung-Russell dia­
gram of globular clusters. This dis­
covery, together with the theoretical 
explanation of this point by Martin 
Schwarzschild of Princeton Universi­
ty, enabled Sandage and Schwarzs­
child to determine the ages of globu­
lar clusters in the Milky Way to be 
about 10 billion years. Therefore the 
universe must be at least that old. 
Sandage and Gustav Tammann of 
the University of Basel, Switzerland, 
derived a distance scale for objects in 

the universe using various yard­
sticks, including Cepheid variables in 
the Milky Way and in nearby galax­
ies, and supergiants, supernovae and 
hot gaseous regions around giant 
stars in more distant galaxies. San- · 
dage also discovered that the bright­
est galaxies in a given rich galactic 
cluster tend to have about the same 
luminosity as those in any other 
cluster. This finding enabled observ­
ers to determine the distance to a 
cluster based on the luminosity of its 
brightest member. 

Sandage and Tammann have re­
fined estimates of the Hubble rela­
tion between the velocity of a ga­
laxy's recession, as indicated by its 
spectral redshift, and its distance. 
Sandage has also studied the Hubble 
relation's change with time. Its rate 
of change is important in estimating 
the age of the universe, because the 
inverse of the Hubble relation is the 
time the universe has been expand­
ing if no deceleration has occurred. 
In 1960 Sandage and Thomas Mat­
thews of the University of Maryland 
were the first optical observers of 
objects that Maarten Schmidt later 
identified as quasars. 

Sandage received his PhD in 1953 
from Caltech, where he worked as a 

SEVERAL ACOUSTICS RESEARCHERS 
RECEIVE ASA MEDALS 
At the November meeting of the 
Acoustical Society of America, held in 
Houston, four individuals were recog­
nized for their contributions. 

Gideon Maidanik accepted the 
Trent-Crede Medal for his "profound 
impact on structural acoustic analy­
ses and measurements in the applica­
tion of the concepts of structural 
wavenumbers and statistical energy 
analysis." In 1967 Maidanik and 
Donald Jorgensen developed the 
boundary wavevector filter , a device 

for measuring the wavenumber spec­
tral components of the pressure field 
generated by hydrodynamic flow over 
a boundary. Since the early 1970s 
Maidanik's research has concentrat­
ed on problems related to the acoustic 
signatures generated by ships. 

Maidanik received a PhD in physics 
from Brown University in 1959. He 
began working as a senior scientist for 
Bolt Beranek & Newman in 1960. In 
1966 he joined the David Taylor 
Model Basin, where he is now a 

Allan R. Sandage 

research assistant for Edwin Hubble. 
In 1952 he was appointed a staff 
member of the Observatories of the 
Carnegie Institution. His observa­
tions· have primarily been made with 
the Hale Telescope at Mount Palo­
mar, the Hooker Telescope at Mount 
Wilson and the Du Pont Telescope at 
Las Campanas, Chile. 

principal scientist. 
The Silver Medal in Physical 

Acoustics was presented to Allan D. 
Pierce for his "many significant con­
tributions to acoustics, its basic phys­
ical principles and applications." 
Pierce's wide-ranging interests have 
included atmospheric acoustics, non­
linear acoustics, underwater sound 
and physical acoustics. Among his 
contributions is the introduction of 
the adiabatic approximation, which is 
now one of the basic tools of research 
on sound propagation in the ocean. 

After receiving a PhD in physics 
fron:i MIT in 1962, Pierce worked 
briefly for the Rand Corp and the 
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Avco Corp. In 1966 he joined the MIT 
faculty, and in 1973 he moved to the 
Georgia Institute of Technology. 
Since 1988 he has held the Leonhard 
Chair in Acoustics at Pennsylvania 
State University and has been techni­
cal director of its center for acoustics 
and vibration. 

The Silver Medal in Speech Com­
munication went to Arthur S. House 
for "contributions to the understand­
ing of speech production, perception 
and recognition." Among House's 
contributions is the series of studies 
he did on segment durations in 
speech. This work showed how large 
data bases can be measured and 
interpreted to yield significant infor­
mation about speech in the conversa­
tional mode. 

House earned a PhD in speech 
from the University of Illinois in 
1951. He began working as a re­
searcher at MIT in 1953 and became 
a professor of audiology and speech 
science at Purdue University in 
1964. In 1971 he joined the Institute 
for Defense Analysis in Princeton, 
New Jersey. 

ASA gave the Silver Medal in 
Psychological and Physiological 
Acoustics, Musical Acoustics and 
Noise to W. Dixon Ward, who was 
chosen for "furthering knowledge of 
auditory perception in psychological 
and musical acoustics and increasing 
the understanding of the etiology of 
noise-induced hearing loss." Ward's 
work relating pitch-shift effects and 
pitch variability to practical musical 
scales has "set the standard for re­
search in this field," the citation said. 
He has also done research on the 
relations of acoustic exposure to tem­
porary shifts in threshold auditory 
sensitivity. 

After receiving a PhD in experi­
mental psychology from Harvard in 
1953, Ward worked at the Central 
Institute for the Deaf and then at the 
research center of the subcommittee 
on noise of the American Academy of 
Ophthalmology and Otolaryngology. 
In 1962 he became a professor of 
otolaryngology and communications 
disorders at the University of Minne­
sota, Minneapolis; since 1972 he has 
also been a professor of environmen­
tal health and psychology. 

OBITUARIES 

Arkady Migdal 
The theoretical physicist Arkady Mig­
dal died on 9 February 1991 in Prince­
ton, where he was visiting at the time. 
He was an amazing, Renaissance-type 
man who left an unforgettable im-
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print on his colleagues, students and 
friends. 

Migdal was born on 11 March 1911 
in Byelorussia. In 1929 he entered 
Leningrad State University, but he 
was expelled in 1931 due to his 
"nonproletarian origin." That same 
year he was arrested and placed 
under investigation for several 
months. He worked at an electric 
plant from 1931 to 1936, when he was 
readmitted to Leningrad State Uni­
versity. When Migdal entered gradu­
ate school, also at Leningrad State 
University, his scientific adviser was 
an outstanding young physicist, M. P . 
Bronstein. Although their collabora­
tion was tragica lly interrupted in 
1938 when Bronstein was arrested 
and executed during Stalin's purges, 
his influence on Migdal was very 
important. 

From 1939 to 1943, Migdal wrote 
several outstanding papers that be­
came the basis for the doctoral degree 
he received in 1943. In those papers 
he developed a new method of approx­
imation, "tossing," that allowed him 
to solve problems involving the ioni­
zation of atoms in collisions with 
neutrons and also to make extensive 
calculations of the atomic processes 
associated with a and /3 decays. Prob­
ably the most remarkable result was 
his prediction of the "giant" dipole 
resonance in photonuclear absorp­
tion, which is related to relative 
oscillations of protons and neutrons. 
This effect was discovered experimen­
tally in 1947. Also in this period, 
Migdal first realized that in the low­
temperature limit the specific heat of 
helium II must be dominated by 
phonons and hence exactly computa­
ble. This unpublished work had con­
siderable influence on Lev Landau's 
subsequent theory of superfluidity. 

In 1945 Migdal joined Igor Kurcha­
tov's group in Moscow, which was 
developing the atomic bomb. He com­
bined his mandatory duties with work 
in fundamental science. (Kurchatov 
maintained a benevolent attitude to 
these "distractions.") In 1950 Migdal 
reported that in nuclear reactions 
resulting in the creation of slow 
particles, the final stages of the inter­
actions produce a very characteristic 
and universal energy dependence. 
Similiar work was done years later by 
Kenneth Watson. 

During the 1950s Migdal worked in 
plasma physics and also tried to 
understand superconductivity. He 
fully realized the importance of the 
phonon-electron interactions and de­
veloped ingenious methods beyond 
perturbation theory for treating 
them. (The nonperturbative nature 
of superconductivity was obvious to 
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him.) These methods have now be­
come classics in the theory of metals . 
Migdal , and independently Walter 
Kohn, discovered the singularities in 
the phonon spectrum now known as 
the Migdal-Kohn singularities. By 
concentrating on the phonons rather 
than on electron-electron scattering 
Migdal missed discovering the true 
mechanism for superconductivity. 

Nevertheless, his phonon work was 
brilliant and was one of the first 
nontrivial applications of quantum 
field theory in solid-state physics. 
Developing this line of thought, Mig­
dal discovered in 1957 a very general 
theorem for a system of interacting 
fermions : there exists a jump in the 
one-particle momentum distribution. 
This theorem became the cornerstone 
for the theory of Fermi liquids later 
developed by Landau. 

During the next period of his work 
Migdal applied his newly acquired 
knowledge of superconductivity, 
Green's function methods and Feyn­
man diagrams to nuclear physics. In 
1958 he realized that superfluidity 
inside a nucleus should manifest itself 
in a drop of the momentum of inertia. 

From 1958 to 1966 Migdal devel­
oped an extensive theory in which he 
treated a nucleus as a Fermi liquid, 
and using this theory he was able to 
express most of the nuclear properties 
in terms of several universal con­
stants. This theory was the first 
rigorous treatment of strong interac­
tions inside nuclei. In the 1970s 
Migdal complemented the theory by 
considering the fascinating possibility 
that a pion instability might lead to a 
pion condensation in some cases. Un­
fortunately, this phenomenon has not 
yet been found experimentally. 

During the 1980s Migdal shifted 
gears to try to develop a new semi-


