Science Non-Strosity: There’s Plenty of Room at the Bottom
Packet 2

Questions by Ray Anderson, Bruce Arthur, Matthew Feldman, Darwin Fu, Brandon Hensley, Colin McNamara, Evan Silberman, Andrew Ullsperger, and Dwight Wynne
1. Eversion-caused fractures of the proximal part of this bone are called Maisonneuve fractures, and those of the distal part are called Dupuytren fractures, while a shear fracture of the weakest part of this bone, just above the (*) lateral malleolus, is known as Pott's fracture.  In addition to the scapula and the iliac crest, this bone is often used in jaw reconstruction, as it has the longest available segment of revascularized bone in the body.  The head of this bone attaches to the biceps femoris muscle and the lateral collateral ligament, and the crural interosseous membrane divides it from the bone medial to it, the tibia.  For 10 points, name this thinner and slightly shorter of the two bones in the lower leg. 

ANSWER: fibula (4) [DW]

2. Donald Knuth came to the conclusion in 1972 that he would never be able to find a minimal solution to a more difficult version of this problem after spending a "solid week working on it pretty hard." The first formulation of this problem locates its genesis in Benares, India, and not in the location it is currently (*) named for. The parameters of the problem are ostensibly established by the fixed and immutable laws of Bramah, although modern solutions generally do not employ diamond needles, brass plates, or priests. With three pegs, this puzzle can be solved in two to the n minus one moves. For ten points, name this ubiquitous example of a problem solvable by a recursive algorithm, a puzzle wherein a stack of discs must be moved from one post to another, making sure to place smaller discs only on larger ones. 
ANSWER: Towers of Hanoi (2) [ES]
3. The (1,5) disulfonic acid of this molecule is named after Armstrong and Wynne, while its (1,6) disulfonic acid is named after Beilstein and Schultz and its (2,6) disulfonic acid is named after Ebert and Merz.  An incorrect structure of this molecule was proposed by Bamberger, while Auwers correctly predicted that it has multiple (*) resonance structures based off of Erlenmeyer's correct prediction of its structure.  Heat transfer coefficients for complicated surfaces can be computed by making models of those surfaces using this compound, then exposing those models to an air flow; this method works because this molecule easily sublimes at room temperature.  For 10 points, name this simplest polycyclic aromatic hydrocarbon with chemical formula C10H8, which consists of two fused benzene rings and is a major component in mothballs.
ANSWER: naphthalene (3) [DW]
4. Leopold Kronecker notably denied that these entities existed, and Robinson’s differentials were initially thought to work around some difficulties in analysis of them.  In set theory, they can be created by partitioning a particular set into two nonempty subsets such that all members of the first are less than the second.  The (*) Dedekind cut creates these, which are dense in the set of rational numbers.  A “diagonal argument” is central to one proof that these numbers are not countable, a proof first given by Cantor. For 10 points, name the union of the sets of algebraic and transcendental numbers, a subset of complex numbers whose imaginary parts are all zero.
ANSWER: Real numbers (2) [CM]

5. This man supervised a thesis defense in which one committee member exclaimed, “I have no doubt that the dissertation is all right, but…Why is it so secret?”  That thesis discussed radioactive corrections to Compton scattering, one of several contributions made by his lab while studying the hydrogen bomb, while his own thesis dealt with “Heat conductivity and absorption of sound in dielectrics.” While studying an effect named after him, Douglas (*) Osheroff found a reproducible kink in a certain curve, known as the “A” transition.  That poor alternative to alternative demagnetization, Robert Richardson’s “favorite example of the use of the Clausius-Clapeyron equation,” was experimentally verified by Yuri Anufriev.  This man’s namesake particle undergoes a double exchange predicted by Triple-Regge Theory, and with Landau and Migdal he names an effect in which ultrarelativistic electrons undergo reduced bremmstrahlung.  For 10 points, name this Soviet physicist, whose namesake adiabatic compressional cooling of helium-3 was the subject of an infamously difficult bonus part at 2008 ACF Nationals. 

ANSWER: Isaak (or Yuzik, apparently) Yakovlevich Pomeranchuk [accept Boris Ioffe from confused people until “heat”; accept Pomeranchuk cooling between “Douglas” and “particle”] (5) [DW]

6. This molecule’s namesake “synthase” consists of an α-β-β-α complex whose active sites are joined by a solvent-filled tunnel, according to the structure determined by Hyde, Miles, and Davies.  Unlike two similar molecules whose hydroxylations also exhibit the NIH shift, this molecule’s biosynthetic pathway includes anthranilate.  One intermediate in its degradation pathway spontaneously forms (*) quinolate, and that pathway’s last seven steps are identical to that of lysine.  The aroH operon shares a repressor with two E. coli operons named after this amino acid, and a decarboxylase converts its 5-hydroxy form to serotonin.  For 10 points name this essential amino acid that contains an indole group, is symbolized W, and is responsible for feelings of sleepiness after eating too much turkey. 

ANSWER: tryptophan [accept trp; accept early W] (2) [DW]

7. The fourth chapter of this book discusses the views of Dr. Mary Hesse on Voodoo and Aristotle, which the author compares to traditional Chinese medicine. This book cites Newton’s theory of colors as an example of ad hoc hypothesizing and argues that the (*) Church was more committed to reasonability than Galileo, as it considered the social consequences of his theory. Newer editions of this book contain parts of author’s later book, Science in a Free Society. This book, which criticizes the consistency criterion, was originally intended to be a dialogue with Imre Lakatos, who would present the rationalist counterpoints. For 10 points, name this manifesto of epistemological anarchism and refutation of Karl Popper, a 1975 book by Paul Feyerabend that says the scientific process should not have rules.
ANSWER: Against Method: Outline of an Anarchistic Theory of Knowledge [accept: Wider den Methodenzwang; Against the Method Obligation or similar (as literal translation of German title)] (4) [BA]

8. This letter denotes a kind of Ioffe-Pritchard trap with nonzero magnetic field at all points in the trap.  The Alloy specification language is somewhat derived from a set theory-based specification language developed by Jean-Raymond Abrial that is also denoted by this letter.  The discrete equivalent of the (*) Laplace transform is known by this letter, as is a high-energy left-handed form of the DNA double helix.  In chemistry, this letter denotes an alkene whose highest priority groups are on the same side of the double bond, and in math, this letter denotes the set of integers.  For 10 points, give this letter that also denotes a “score” indicating the number of standard deviations away from the mean of a normal distribution, and a “line” separating adjacent sarcomeres. 

ANSWER: Z (2) [DW]

9. Their most general form is derived from the Cauchy momentum equation, usually by first splitting the stress tensor into the deviatoric tensor and the pressure.  By defining separate regimes above and below a critical shear stress, they may be extended to Bingham plastics, while modeling shear stress in terms of a power law allows them to model (*) rheopectic and thixotropic behaviors.  For inviscid systems, they reduce to the Euler equations.  If Newtonian behavior is assumed, they can be derived from the Reynolds transport theorem.  It is an open question whether smooth solutions for them in three dimensions always exist.  For 10 points, name this set of partial differential equations which describe fluid flow.

ANSWER: Navier-Stokes equations (2) [AU]

10. Peter Vitousek and others have conducted numerous studies of primary succession on this island.  Charles Keeling made the first time series measurements of atmospheric carbon dioxide concentration on this island's second highest mountain that also contains a solar observatory near the NOAA/CMDL station.  Two major massifs on this island result in a rain shadow in its (*) western side, and a variation of 5000 mm in its annual precipitation.  The lowest of its five massifs has provided a certain subset of Earth scientists an active research site since 1983.  For 10 points, one can find the Keck Telescopes on the top of Mauna Kea, the NOAA and solar observatories on the slopes of Mauna Loa, and numerous volcanologists at Kilauea, on what largest, namesake island of a U.S. state?
ANSWER: Hawai'i [grudgingly accept things like Big Island of Hawai’i or anything else you would accept if this was a geography question] (1) [RA]
11. One of these entities stimulates the production of antizyme, a regulator of polyamines, and they can also be used to rescue doppel-programmed ataxia.  Carleton Gajdusek won the 1976 Nobel Prize in Physiology or Medicine for his study of one disease caused by these agents.  In (*) Gerstmann-Sträussler-Scheinker disease, these infectious agents affect the cerebellum; in Fatal Familial Insomnia, they affect the thalamus region.  An end to ritual cannibalism has largely decreased the prevalence of the aforementioned disease of the Fore of New Guinea.  First discovered in diseased hamster brains by Stanley Prusiner, these agents are also responsible for Creutzfeldt-Jakob Disease.  For 10 points, name these misfolded proteins that cause Bovine Spongeform Encephalopathy, or Mad Cow Disease, and whose name is short for “proteinaceous infectious particle.” 

ANSWER: prions (3) [DW]

12. They have been suggested as being responsible for the antiferromagnetic coupling in compounds like dicopper tetraacetate, and in the compounds where they are present, they are responsible for a barrier to rotation. They are also often involved in the three-center two electron agostic interaction in (*) organometallic systems.  Most commonly seen in high oxidation state transition metal compounds such as potassium octachlorodirhenate, their study was pioneered by Cotton and Walton.  They also may be produced in alkynes by exciting electrons in the pi antibonding orbital. For 10 points, name this covalent bond with greater bond order than sigma or pi bonds.

ANSWER: delta bonds (3) [AU]

13. In the 2000s, the BOOMERANG series of Antarctic circumpolar balloon flights measured it, whereas the Soviet experiment Relikt-1 was the first to measure it.  Tigran Shmanonov, Ralph Alpher, Robert Herman, and Robert (*) Dicke all made temperature estimates of it.  Doroshkevich and Novikov declared it to be measurable the same year the most famous measurement of its existence was made.  Two telescopes in the Chilean Atacama desert are being built to measure anisotropies of it along with the South Pole telescope, and the ESA's Planck satellite.  For 10 points, name this phenomenon that is about 2.7 K in temperature, measured by COBE and WMAP, and discovered by Robert Wilson and Arno Penzias at Bell Labs, a phenomenon which provides strong evidence of the Big Bang.
ANSWER: Cosmic Microwave Background Radiation (2) [RA]

14. Anderson and Goulden developed a truck-based platform to measure this phenomenon regionally, whereas Richard Allen and Wim Bastiaanssen developed the METRIC and SEBAL models to estimate it using satellite and ground data.  The Hargreaves and Blaney-Criddle equations are older empirical methods to estimate it, while the GRACE satellite can calculate it as a residual if other processes in the cycle involving it are known.    C.W. Thornthwaite mapped the global (*) potential of it, while the FAO recommends using an equation named after Penman and Montieth to estimate the reference variety of it.   Most accurately measured using a lysimeter, it can be calculated by dividing latent energy by the heat of vaporization.  For 10 points, name this phenomenon which estimates water removed from both bare surface and plants by vaporization.
ANSWER: Evapotranspiration [accept ET; prompt on either Evaporation or Transpiration by itself] (4) [RA]

15. The Brace-Grothendieck theorem states under what conditions one of these entities may have the Dunford-Pettis property.  A subset of one of these entities is conditionally weakly compact if and only if it is conditionally countably weakly compact by the Eberlein-Smulian theorem, and James’s theorem states the conditions under which one of these entities may be (*) reflexive.   Every weak basis for one of them is a Schauder basis, and they are the Cauchy completion of normed linear spaces.  A Hilbert space is always one, though the converse of that statement is not true.  For 10 points, give this term for complete normed vector spaces, named after a Polish mathematician who cut up a ball and rearranged the pieces into two balls of the same size and shape of the original ball along with Alfred Tarski. 

ANSWER: Banach spaces (4) [DW]

16. This concept’s canonical form can be derived using Rindler’s method, and Harold White has published papers arguing both for and against the York Time as an underlying mechanism.  Alternatives to this concept are named after Ori and Soen as well as Krasnikov, who discovered that a hypothetical observer inside it would be (*) causally disconnected from an observer at its surface.  It was inspired by both cosmic inflation and the Casimir Effect, and one sticking point is its dependence on negative energy density.  This solution to the Einstein equation was posited in a 1994 paper subtitled “Hyper-fast Travel Within General Relativity.”  For 10 points, name this theoretical region of space-time that could break away from the surrounding space-time and start moving faster than the speed of light, named after the Mexican physicist and astronomer who theorized it. 

ANSWER: Alcubierre warp drive (metric), or Alcubierre (warp) bubble (6) [DW]

17. It derives from a series of experiments involving arthropod colonization of mangrove isles, and its terms are taken from the Verhulst logistic function.  Stephen Stearns predicted this theory would suggest a (*) split of traits into a group of semelparity, an early age of maturity, and large reproductive effort, and a group of iteroparity, delayed reproductive age, and a smaller reproductive effort.  These two traits manifest themselves as selection for maximum population growth in an uncrowded environment and selection for competitive ability in a crowded environment, respectively.  For 10 points, name this selection theory developed by Robert MacArthur and E. O. Wilson denoted by two letters.

ANSWER: r/K selection theory (4) [AU]
18. This class of compounds may undergo the Wagner-Meerwein rearrangement, and they contain a carbon with a characteristic NMR shift of over 300 ppm downfield from a TMS standard. Tropylium is a rare example of a (*) stable one that can form a salt with poor anionic nucleophiles. They are stabilized by inductive effects and hyperconjugation, which explains why tertiary ones are more stable than primary ones. Their central carbon is sp2 hybridized and they are subject to nucleophilic attack as an intermediate in the Sn1 and E1 reactions. For 10 points, name this class of reaction intermediates featuring a positively charged trivalent carbon atom. 

ANSWER: Carbocation [or carbonium ion] (3) [DF]

19.  Appearing suddenly in the 1860s, it was first noted by R. P. Greg in December of 1862. Though it began unimpressively, the number of objects per hour has increased nearly tenfold through the decades. Its origin remained a question until 1983 when NASA’s Infrared Astronomical Satellite discovered the (*) asteroid 3200 Phaethon, which had a perfect orbital match to it. Known for its multi-colored display, it is best viewed in the Northern Hemisphere beginning around December 6. For 10 points, name this annual meteor shower whose radiant is in the constellation containing the stars Castor and Pollux. 

ANSWER: Geminids (5) [BH]

20. Fleischmann et al used silver electrodes in the first-ever reported observation of the “surface-enhanced” version of this effect; that effect is sometimes known as surface plasmon resonance.  Neodymium YAG lasers are often used in the pump-probe experiment used to measure the “time-resolved” version of this effect.  This effect works because a (*) vibration changes a molecule’s induced dipole moment or polarizability.  Spectral lines appear on either side of the Rayleigh lines; those at higher energy are called anti-Stokes lines while those at lower energy are Stokes lines.  For 10 points, name this inelastic scattering named after an Indian physicist.

ANSWER: Raman scattering or spectroscopy or effect or microscopy (2) [DW]
