Science Non-Strosity: There’s Plenty of Room at the Bottom
Packet 6

Questions by Ray Anderson, Bruce Arthur, Matthew Feldman, Darwin Fu, Brandon Hensley, Colin McNamara, Evan Silberman, Andrew Ullsperger, and Dwight Wynne
1. Ridders’ method performs this action by factoring out an exponential function that turns a residual function into a straight line.  It isn’t optimization, but the van Wijngaarden-Dekker-Brent method for performing this action combines inverse quadratic interpolation with simpler approaches to doing it.  Broyden’s method was the first algorithm to do this in multiple dimensions without having to compute the (*) Jacobian, which is required in Newton-Raphson methods for doing this.  The Tartaglia-Cardano formula works with functions of degrees three and four, though Abel proved that this action cannot be explicitly performed on quintic functions.  For 10 points, identify this action that is often done using the quadratic formula.

ANSWER: finding the roots of a polynomial [accept clear equivalents; prompt on partial answer] (2) [DW]

2. Newer variations of it include a reverse technique and a variant based on competitive binding.  A “sandwich” one of these utilizes a separate mounted (*) antibody to perform specific capture, in contrast to the indirect version where the sample of interest is fixed to the surface by adsorption.  Detection is usually carried out through the action of an enzyme such as alkaline phosphatase or horseradish peroxidase on a chromogenic or fluorogenic substrate.  Having largely supplanted methods requiring autoradiographic detection, for 10 points, this is what biochemical technique that determines the concentration of an antigen based on its binding to antibodies?

ANSWER: ELISA or Enzyme-Linked Immunosorbent Assay or EIA or Enzyme Immunoassay (4) [AU]

3. When composed of variegated marble, it is known as pavonazzetto, and is an example of the collapse type common in karst topography.  When similar material is formed under metamorphic conditions, it is instead known as (*) cataclasite.   One type is generated in impact cratering events, and often includes shocked quartz in its composition.  Diatremes are volcanic pipes which have filled with this rock which is often formed during violent hydrothermal events.  Their usually rapid formation prevents their clasts from undergoing the weathering characteristic of conglomerate clasts.  For 10 points, name this clastic rock composed of angular fragments.

ANSWER: breccia (4) [AU]

4. This law is utilized in the Wissenberg-Rabinowitsch equation as a Newtonian constitutive equation. Wilberforce extended its application to situations where the ratio of (*) inertial forces to viscous forces exceeds a critical value. When the ratio of forces, given by the Reynolds number, is low, this law gives the value of the friction factor used in the Darcy-Weisbach equation. It can be derived from the Navier-Stokes equations and assumes that the flow is essentially laminar along the axis and zero in the radial direction. For 10 points, name this law of fluid mechanics which is used to characterize laminar flow through a tube with a constant circular cross section, such as the flow of blood through a capillary. 

ANSWER: Hagen-Poiseuille’s Law or equation or principle or some other logical equivalent (3) [DF]

5. Among this man’s early work was the examination of mouse vaginal cells during animal trials for the estrogen replacement product Emmenin.  He worked with Margherita Cotonio Bourne on rat cataracts, and he delivered a speech to UNESCO discussing the “Contribution of Science and Technology and its Limits,” a concept explored in works like The (*) Science Myth and Slaves Unaware.  He may be better known for works of popular nutrition like Townsman’s Food and Technological Eating: Where Does the Fish Finger Point?  A regular panelist on the science-based television show Don’t Ask Me, for 10 points, name this British scientist known for wildly waving his arms around, who memorably contributed to a Thomas Dolby work with the exclamation, “SCIENCE!” 

ANSWER: Magnus Alfred Pyke (3) [DW]

6. Using laser pumping, measurements of this phenomenon have been made of +1 cations of bismuth and lead.  Hendrik van de Hulst was the first to theorize that this phenomenon in another atom might be visible, though a fire delayed Muller and Oort’s detection of it.  The NIST uses the existence of this phenomenon in (*) cesium-133 to standardize the value of the second.  This phenomenon can penetrate molecular clouds that would otherwise be opaque in the visible spectrum, and one occurring at 1420 MHz is known for producing the 21-centimeter line.  For 10 points, name this transition in which a photon is generated when an electron changes spin states, whose namesake splitting of a spectral line is smaller than in fine structure.

ANSWER: hyperfine structure transition (3) [MF]

7. One group of these objects is sometimes named after Walter Kaminsky, and Kinney and Staley proposed a model for their synthesis. Solvay produced the second (*) generation of these objects, which are characterized by the presence of a Lewis base, while the third generation is supported by magnesium chloride. Cossee and Arlman described a namesake mechanism of their action.   With the exception of a few containing vanadium, these objects are almost always heterogeneous.  Industrially, these objects are most widely used in the production of polypropylene and polyethylene, though they can be generally used to polymerize any alkene.  For 10 points, name these catalysts often containing titanium and aluminum, named after a German and an Italian chemist. 

ANSWER: Ziegler-Natta catalysts [prompt on catalysts before “generation”] (4) [DW]

8. In the biosynthesis of flavonoids, it complexes with coumaric acid, while biosynthesis of terpenoids begins with reduction of its hydroxylmethylglutaryl derivative to mevalonate, a step which may be inhibited by statin drugs.  It also plays a role in histone* acetylation and acetylcholine synthesis.  This substance is synthesized from three components: adenosine triphosphate, the vitamin panthotenic acid, and decarboxycysteine, which provides the thiol group essential to its function as a carrier of acyl groups.  For 10 points, name this small molecule which transports an acetyl group produced from the oxidation of pyruvate into the Krebs cycle.

ANSWER: coenzyme A or CoA or CoASH (1) [AU]
9. It is located at an energy significantly above the peak of the Maxwell-Boltzmann distribution with a typical energy of 300 kiloelectron volts for the Carbon-12 plus alpha reactions common in AGB stars. Since it always occurs at energies greater than kT, the number of particles in its energy range depends exponentially on (*) temperature. Tunneling is evidenced by integrating it and noting that the fraction of particles passing through the Coulomb barrier is far greater than the fraction of particles classically above the barrier. Given by the maximum of the product of the Maxwell-Boltzmann distribution and the tunneling probability of nuclei through the Coulomb barrier, for 10 points, name this peak that is defined by the energy window in which fusion is most likely to occur, named after a Russian physicist better known for theorizing the Big Bang.
ANSWER: Gamow peak (4) [BH]

10. Karl et al. examined ecosystem changes in the North Pacific Subtropical one during the 1991-92 El Niño.  The Kuroshio, East Australia, and Gulf Stream currents lie on the eastern boundaries of these, while the California, Canary, and Humbolt Currents lie on their western boundary. The aforementioned currents and these (*) arise from the pressure gradient and Coriolis force and result in clockwise rotations in the Northern Hemisphere and counter-clockwise rotations in the Southern Hemisphere.  These large rotating centers have extremely low nutrient concentrations, and can give rise to abnormalities visible from trans-Pacific flights, the Great Pacific Garbage patch.  For 10 points, name these ogliotrophic, oceanic rotating systems that can be found in the middle of major ocean basins, once called “doldroms,” a “widening” one of which appears in Yeats' Second Coming.
ANSWER: oceanic gyre [prompt on early currents or doldroms] (3) [MF]


11. Halton’s sequence is a quasi-random sequence generated using these objects, and the Mellin inversion method provides an error estimate for a theorem associated with them; an elementary proof of that theorem was discovered by Selberg and (*) Erdös.  A Polish mathematician who co-developed the hydrogen bomb lends his name to a “spiral” involving them.  Wilson’s theorem states that for this kind of number x, quantity x minus one, factorial, is equal to -1 mod x, while Dirichlet proved that a series involving the reciprocal of these numbers diverges.  The fundamental theorem of arithmetic states that every positive integer can be uniquely represented as a product of these numbers.  For 10 points, name these numbers that are only divisible by one and themselves. 

ANSWER: prime numbers [accept primes; do not accept or prompt on anything more specific] (1) [DW]

12. Larry Laudan distinguished between a strong and weak form of this concept while arguing against Adrian Grünbaum, who gave this concept its name; Imre Lakatos also divided it into a strong and weak form.  Its original form explicitly did not apply to (*) physiology, one of four distinctions made by Jules Vuillemin; another important difference between its two forms is the addition of the words “come what may.”  Both forms dispute the idea of “crucial experiments.”  For 10 points, name this thesis whose modern form showed up in Two Dogmas of Empiricism, which generally states that a single experiment cannot in and of itself disprove a single hypothesis. 

ANSWER: Duhem-Quine thesis or Quine-Duhem thesis [prompt on underdetermination thesis or anything mentioning Quine or Duhem by itself] (5) [DW]

13. The innermost shell of a Bergman alloy has this shape, and alloys of gallium and alkali metals often take the shape of two of them connected together.  It is the only Frank-Kasper polyhedron containing only degree five vertices.  An orthogonal one is named after Jessen, and the cube-5 compound is formed by connecting the (*) centers of its faces.  Tricorn protease is one protein with this shape, and Caspar and Klug demonstrated that the best-known proteins to take this shape are formed from 12 pentamers and a multiple of 10 hexamers.  Fullerenes are often described as the “truncated” form of this shape. For 10 points, name this shape exhibited by many viral capsids as well as B12 and other molecules with twelve atoms, a polyhedron with twelve vertices and twenty faces. 

ANSWER: icosahedron (2) [DW]

14. Edward Teller was the second director of this institution currently headed by George Miller.  In 2006, it installed several dozen modern Gatling Guns against opposition from the local populace.  One of its researchers, John Hunter, proposed a supergun to launch satellites into space, while the (*) National Ignition Facility here will study the conditions necessary to initiate controlled nuclear fusion.    Its primary weapons research at its Superblock involves the Stockpile Stability Program, which uses supercomputer modeling to assess weapons’ readiness, and its Titan laser is the world's most powerful.  For 10 points, name this federal research facility in a certain Northern California city that, along with a nearby facility, is named after the inventor of the cyclotron.
ANSWER: Lawrence Livermore National Laboratory [accept Lawrence Livermore National Laboratory; prompt on anything mentioning Lawrence by itself; do not accept “Lawrence Berkeley National Laboratory”] (3) [RA]

15. Walsh calculated this quantity by considering stretching force constants, while Philips used dielectric values to calculate it for diamond-like crystals. Allen utilized the configuration energy to find it, while Huggins proposed an alternative to the (*) original thermal chemical method. Martynov and Batsanov determined it by averaging successive ionization energies while Sanderson measured electron density to determine it. Both Gordy and Allred-Rochow made use of the covalent radius and the effective nuclear charge, while Mulliken utilized the ionization potential and the electron affinity. For 10 points, name this chemical property whose most commonly used definition is the one developed by Linus Pauling, which assigns the highest value for this property to fluorine. 

ANSWER: Electronegativity (1) [DF]

16. This system and its associated represenatation language were originally designed to serve as the brains of a robot named "Shakey", and represents knowledge using formulas of the first-order predicate calculus. Backward-directed implementations of this system run breadth-first and employ regressions, and the original recursive forward-directed implementation of this system was subject to the Sussman Anomaly, becoming trapped in a loop while trying to stack three blocks in a particular order. Operators in this system consist of a set of preconditions about the state of the world, a delete list, and an add list. Developed at (*) Stanford by Fikes and Nilsson, for 10 points, identify this AI planning system. 
ANSWER: STRIPS [Stanford Research Institute Problem Solver] (6) [ES]
17. One alternative to this hypothesis is sometimes named after the “Vicar of Bray” and sometimes after Fisher and its namesake. A paper by Cooke and Elliott suggests a mechanism through which DAZ fails to obey this hypothesis.  The first new data in support of it was obtained in the φ6 (*) RNA virus in 1990, while Bell was the first to give experimental verification of it by re-analyzing senescence in protozoa.  An experiment by Mukai questioned its assumption of multiplicative epistasis, leading to a similar hypothesis known as Kondrashov’s hatchet.  It explains the gradual loss of useful genes on the human Y chromosome, which does not recombine with any other chromosome. For 10 points, name this statement that over time, genomes of asexual populations will irreversibly accumulate deleterious mutations. 

ANSWER: Muller’s Ratchet (4) [DW]
18. According to a 1990 paper by Klein and Seiler, power-law corrections to the Kubo formula vanish in systems undergoing this effect.  U(1) Kac-Moody algebras describe certain entities associated with one form of this effect.  Low energy excitations at an “edge” associated with that form are identical to those of a one-dimensional Luttinger liquid.  Robert (*) Laughlin won the Nobel Prize in Physics for his discovery of that anomalous version, later termed “fractional,” while the discovery of the “integer” version was also rewarded with a Nobel Prize, for Klaus von Klitzing.  For 10 points, the application of a magnetic field perpendicular to the direction of current flow results in a third perpendicular voltage quantized in multiples of h over e squared in what effect? 

ANSWER: quantum Hall effect (3) [DW]

19. Similar activity to these compounds is seen in the transition metal-containing Schrock carbenes, while condensation of an amino acid and an aldehyde can produce azomethine examples.  The (*) Corey-Chaykovsky reagent is an example of these which may be prepared by reacting DMSO and methyl iodide in the presence of a strong base, and it may be used to convert a carbonyl to an epoxide.  Other sulfonium varieties are seen in the Swern oxidation and the Stevens rearrangement.  Also used in a phosphonium form to convert carbonyls to alkenes in the Wittig reaction, for 10 points, name these chemical species with adjacent atoms bearing positive and negative charges.

ANSWER: ylides (4) [AU]
 

20. A species of frogs known as Odorrana tormota is unique in its voluntary control of this anatomical feature. Medical tests used to evaluate its function in humans include the Toynbee and Politzer tests as well as one that can also diagnose heart problems, the (*) Valsalva test. It is about 4 centimeters long in human adults but shorter in children, making it easier to become infected and resulting in otitis media. Non-infectious conditions affecting it include a rare physical disorder in which it remains open, allowing for the sufferer to hear his own heartbeat. For 10 points, name this anatomical feature which equalizes the pressure by connecting the pharynx to the middle ear. 

ANSWER: Eustachian tube [or auditory tube; or pharyngotympanic tube] (3) [DF]

