Darryl Holm Is Teaching in London

Darryl Holm, a Los Alamos National Laboratory Fellow and employee of the Continuum Dynamics Group (CCS-2), is teaching graduate-level mathematics at Imperial College in London this year.

The job came about because of professional connections developed during almost 15 years of working on turbulence in ocean circulation, and, specifically, years of working on the Parallel Ocean Program (POP) at the Laboratory.

Holm said he was interested in the modeling of geophysical fluids, and he found that Cambridge University does that very well. He became involved with the Isaac Newton Institute for Mathematical Sciences at Cambridge, went to their programs, served as a scientific advisor, and worked on developing a technique for modeling turbulence that would preserve the Kelvin Circulation Theorem.

“Turbulence modeling,” Holm said, “is about describing what cannot be computed”; it is “about modeling the sub-grid-scale activity.” He added, “The circulation theorem is the fundamental property of fluid dynamics, which should be preserved in this modeling.”

Through his work, he met many people at Cambridge and elsewhere around the United Kingdom (UK). For 10 years, starting in the mid-1990s, he was at Cambridge nearly every summer. He found Cambridge to be “the perfect setup” because the university is so prestigious that one can invite people to come and speak, and they will almost always say yes.

Cambridge “gave me a good reputation,” he said, and he became known because of his work at “the Newton.”

When the Imperial College position became available, he said, “They already knew me and what I do.” His work on ocean circulation and his experience at the Laboratory had given him an international reputation, he said, adding, “LANL is very well known around the world. It is a mainstream actor in the international science community.”

Holm is teaching “Geometry, Mechanics, and Symmetry,” part of the fourth-year mathematics curriculum at Imperial College. “Modeling gets into it,” he said, “because the modeling I do is based on exactly those three things.”

He started teaching at the college in January 2004. This year, he planned to teach during the “spring term,” which runs from Jan. 10 through March 18, and then be back at the Laboratory for about a month. After this break, he planned to return to Imperial for the summer term from April 23 through July 1. He will be in Los Alamos in July, August, and September, and then he will return to London to teach again during the “autumn term” from October through mid-December.”

The position is renewable. He doesn’t know yet exactly when he will return to Los Alamos for good.

The students he is teaching are first-year graduate students. He explained that in the United Kingdom, college students graduate after three years. Graduate students then spend another three years in specialized schools to earn a Ph.D.

Imperial College, he said, “only teaches science, technology, and medicine. All they do is science. They work very hard.”

Holm has taught at the University of Minnesota and at the University of California-Santa Cruz as well as in London. Asked how the students at Imperial College compare to those he has taught in the United States, he said they are “more or less the same as U.S. students, but they’re under a lot of time pressure.” They take classes without tests during the year, then do all their preparation and take all of their examinations during the spring terms. “It’s a do-or-die situation,” he said. “They take exams, and if they don’t do well, they don’t come back.”

Although he is teaching in London, Holm is still very much in touch with his own research in Los Alamos—specifically, EPDiff, a model of shallow-water motion with a free surface. Holm said, “It includes internal waves in the ocean in which the waves are so nonlinear that their kinetic energy is more important than their potential energy. Such a situation is called a ‘geodesic flow’ on the space of smooth maps, which take the initial position of a fluid particle as it is mapped to its present position.”

“This is where geometry and symmetry come into the description of the wave,” he added. “The solutions of this equation concentrate into waves, which appear, for example, as curved lines on the sea as observed from the Space Shuttle.”

Holm said, “The motion of these waves is very similar to the tsunami calculations done by the National Oceanic and Atmospheric Administration (NOAA) as a result of the recent earthquake (in the Indian Ocean).”

Holm has studied the NOAA simulations and noticed many similarities to the solutions of EPDiff. “EPDiff provides a promising long-wave description of the propagation of tsunamis over large distances,” he concluded.

Holm said that persons interested in seeing a NOAA simulation of the tsunami should go to http://www.pmel.noaa.gov/tsunami/Mov/TITOV-INDO2004.mov. Those who have computers at Los Alamos National Laboratory and are interested in more information about EPDiff should go to the EPDiff website recently posted by Holm’s colleague, Martin Staley, T-7, at http://t7.lanl.gov/~staley/animations.shtml. (This website is not available to those whose computers are outside the Laboratory.)

Holm also provided a satellite image using 30-centimeter synthetic aperture radar (SAR) of a sequence of internal waves propagating from east to west across the South China Sea. The coastline of South China is seen at the top of the figure. Hong Kong is at top left. The internal waves are seen as “lines on the sea” about 200 kilometers long and separated by about 75 kilometers. These lines are the SAR signatures of internal waves generated by tides in the Luzon Straight between Taiwan and the Philippines a few hundred kilometers further to the east. Internal waves move much more slowly than tsunamis, but they have many of the same properties in their interactions. For example, they merge together when they interact, as seen in the interaction of internal waves to the west of Dong-Sha atoll in the center of the figure. The solutions of EPDiff mimic this behavior accurately, as shown in two-dimensional numerical simulations of EPDiff performed by Staley at Los Alamos. Holm is working with observers and modelers sponsored by the U.S. Office of Naval Research to investigate the three‑dimensional aspects of this wave merger. 

