Science Non-Strosity: There’s Plenty of Room at the Bottom
Packet 9

Questions by Ray Anderson, Bruce Arthur, Matthew Feldman, Darwin Fu, Brandon Hensley, Colin McNamara, Evan Silberman, Andrew Ullsperger, and Dwight Wynne

1. Title or author is acceptable.  This seminal work gives “Witten’s derivation of knot invariants…from three-dimensional Chern-Simons quantum field theory” as confirmation of one hypothesis, and it claims that both the complementarity principle and a bootstrap theory developed by Chew suggest the equality of free, reflecting, periodic, and antiperiodic boundary conditions.  The author further notes that the invariance of the Einstein field equation must (*) “act transitively,” and refers to the theory of “manifolds without boundary” in a section discussing Luce Irigaray.  This paper begins with a quotation from Valerie Greenberg, and a notable footnote claims that Zermelo-Fraenkel set theory is “hegemonic” while comparing mathematicians to feminists.  For 10 points, name either this paper famous for being published in a 1996 issue of Social Text despite being “liberally salted with nonsense,” or its author, who revisited its aftermath in the 2008 book Beyond the Hoax. 

ANSWER: “Transgressing the Boundaries: Towards a Transformative Hermeneutics of Quantum Gravity” by Alan D(avid) Sokal [accept either; accept Sokal affair or hoax] (6) [DW]
2. This event was immediately preceded by the Bolling-Allerod optimum. Kennett et al. have argued that this event was caused by a comet impact, an idea known as the “Clovis comet hypothesis”, while in 2001 Clement et al. proposed that it was caused by changes in Earth’s orbit that shut down the El Niño cycle.   It may have led to the (*) extinction of camels and megafauna in North America. This event is named for an alpine wildflower whose sedimentary remains in peat bogs helped confirm it, and it was probably caused by the sudden collapse of the thermohalide cycle in the North Atlantic following a glacial dam break that unleashed Lake Agassiz. For 10 points, name this anomalous period of cold climate roughly 12,000 years ago, when the global warming associated with the end of the last ice age suddenly and temporarily reversed itself.
ANSWER: Younger Dryas Stadial [accept: Nahanagan Stadial; Loch Lomond Stadial; prompt on Dryas or Dryas Stadial; I suppose you should also prompt on global cooling, or on thermohalide collapse or equivalent until mentioned] (4) [BA]

3. Fisher and Kasteleyn developed an algorithm calculating this entity in planar graphs in polynomial time, though Jensen and Sinclair proved that calculating it in general is #p-complete.  Horiuti’s equation relates four different ratios of this entity, and the (*) Saha equation gives its ratios between an ion plus electron and a neutral atom.  For a hydrogen atom it has a value of 2, and an identically-named entity in mathematics is defined as the number of ways of writing an integer as a sum of positive integers.  Free energy is proportional to its natural logarithm, as it is given by the weighted sum over different states of e to the negative energy over temperature.  For 10 points, name this function, which in statistical mechanics comes in “canonical” and “grand canonical” forms. 

ANSWER: partition function [accept partition after “function”] (3) [DW]

4. In 1999, Phlippen et al. showed that this process is accompanied by a massive release of cardioactive peptide, which may account for changes in behavior during this process. Wigglesworth linked the circulatory systems of two animals to prove that this process is controlled by a circulating hormone, now known to be the steroid 20E, though this process is initiated by (*) prothoracicotropic hormone. This process is preceded by apolysis, and an organism undergoing it becomes teneral and leaves an exuvium. Some animals cease to undergo this process when they reach the imago stage. Occurring after each instar, for 10 points, name this process by which an arthropod sheds its exoskeleton.
ANSWER: molting [accept ecdysis] (1) [BA]

5. A catalog of these objects was published by Mazets, who analyzed data from the KONUS experiment, while another was published by Fishman using data from the BATSE experiment.  Lamb and Paczynski participated in a 1995 debate about their location.  Berezinsky and Prilutsky analyzed one possible mechanism for their formation, based on (*) neutrino-antineutrino annihilation, while Prilutsky and Usov developed the first cosmological model of them, using active galactic nuclei.   The BeppoSAX experiment discovered the first x-ray afterglow in these objects, discovered by Klebesadel et al while analyzing data from the Vela satellites, whose original purpose was to watch for nuclear tests.  For 10 points, name these intense flashes of the namesake uncharged radiation.

ANSWER: gamma ray bursts [accept gamma ray bursters; accept GRBs] (3) [DW]
6. The purex process begins by dissolving used nuclear fuel in an aqueous solution of this compound.  Heating a mixture of Gunzburg's reagent and this compound gives a yellowish-red residue, while Erdmann's reagent combines it with (*) sulfuric acid. A 90% platinum/10% rhodium gauze catalyst is the most common one used in the first step of the process that produces this compound, which consists of three oxidation steps and is named after a German chemist born in Latvia.  This product of the Ostwald Process combines with hydrochloric acid to form aqua regia. For 10 points, identify this strong acid used in the production of fertilizers and other nitro compounds.
ANSWER: nitric acid [accept HNO3; accept aqua fortis] (1) [DW]

7. In 2008, Kumar et al. showed that galectin-3 binds to this structure in human colon cancer cells, inhibiting its activities, and it can also be inhibited by the anti-fungal agent venturicidin. One subunit of this is named for the A6L gene. One notable mechanism of this structure was first observed by M. Yoshida. It contains a subunit known as the (*) “Oligomycin-Sensitivity Conferring Protein,” so named because oligomycin can inhibit its activities. For studying this protein, John Walker shared the 1997 Nobel Prize with Paul Boyer. This protein contains the gamma unit or axle, which rotates upon receiving particles from the F0 proton channel. For 10 points, identify this enzyme found in the mitochondria, which catalyzes the production of a namesake universal energy carrier.
ANSWER: ATP Synthase [accept adenosine tri-phosphate synthase or ATP synthetase] (2) [BA]

8. Type III of this phenomenon was first observed by Dubois, Rubio, and Berge by measuring the horizontal temperature gradient in a small rectangular cell versus the modulation of a beam of light sent through the cell. Type II is related to a subcritical Hobf bifurcation while Type I is characterized by a real eigenvalue that crosses the unit circle at positive one and is generated by an inverse (*) tangent bifurcation. The mechanisms for it were proposed by Pomeau and Manneville, who solved the differential equations of the Lorenz model numerically. Systems displaying this phenomenon are characterized by long regions of laminar phase interspersed with short erratic outbursts. For 10 points, identify this phenomenon that is the alternation between regular and chaotic dynamics. 

ANSWER: intermittency (6) [BH]
9. The Fiorini-Wilson conjecture is implied by a generalization of this theorem, and Hadwiger’s conjecture is another generalization of it.  Kaufman generalized a statement about cross products in 3-dimensional space to this theorem.  (*) Kempe's 1879 proof of this theorem, sometimes known as Guthrie's problem, was found flawed, although his Kempe chains contributed to furthering work on the problem.  Martin Gardner published a counter-example to it in 1975, but it was an April Fool's Day joke.  Wolfgang Haken and Kenneth Appel gave the first known proof of it using a computer.  For 10 points, name this theorem stating that, given constraints that regions with a common boundary cannot share the namesake property, a certain number of those properties suffice to add hue to all planar graphs. 

ANSWER: Four Color Problem/Theorem [accept Guthrie's Problem before mentioned] (3) [CM]
10. This phenomenon can only be observed in solution-like environments where isotropic rotational averaging eliminates the dependency of the magnitude on the angle. Its magnitude is inversely proportional to the (*) sixth power of the distance, but its effects are negligible when the distance exceeds four angstroms. Generating this effect requires the use of two resonance frequencies, with one being continuously emitted. Essentially a form of magnetic dipole coupling, it differs from J-coupling in that the protons involved act through space as opposed to bonds. For 10 points, name this effect which causes nuclear relaxation during an NMR or MRI and is the basis of the NOESY technique. 

ANSWER: Nuclear Overhauser effect [prompt on NOE] (5) [DF]
11. A G/A single nucleotide polymorphism at position 22018 of a certain gene on chromosome 2, or a C/T or T/T single nucleotide polymorphism at position 13910 of that gene, is a marker for the lack of this disease.  Campbell and Matthews hypothesized that Charles (*) Darwin suffered from the systemic form of this disease, which is often mistaken for irritable bowel syndrome.  Often diagnosed through the Hydrogen Breath Test, it rarely occurs before the age of six because, in sufferers of this disease, the promotor for a certain enzyme is not switched off until around that age.  That enzyme breaks down a certain disaccharide into glucose and galactose.  For 10 points, name this inability to digest a sugar commonly found in dairy products.
ANSWER: lactose intolerance (3) [DW]
12. This man's experiments with blue and yellow papers led to his conclusion that "I have never experienced a third color from the two overlapping colors," and Rayleigh unknowingly replicated his experiments concluding that spatial localization of sound is dependent on interaural level differences.  An (*) inlet named after this man ensures that only ions of a specified mass are injected into a flow tube used to study ion-molecule reactions; that kind of inlet is also used to reduce the noise level in fans.  A tube named after this man is commonly used to measure flow rate, and his namesake effect is often used in carburetors and is a special case of the Bernoulli Effect.  For 10 points, name this Italian scientist whose namesake effect states that fluid velocity increases as the diameter of the tube decreases.
ANSWER: Giovanni Battista (or Giambattista) Venturi (3) [DW]
13. AMA is used as a reagent in a modification of this reaction involving oligoethylene glycols.  One alternative to this reaction uses 2,4,6-trichlorobenzoyl chloride, while another forms an o-acylisourea intermediate and uses 4-dimethylaminopyridine as a catalyst; those alternatives are named for (*) Yamaguchi and Steglich.  This reaction begins with the protonation of one reactant by an acid catalyst followed by nucleophilic attack by the other reactant yielding a tetrahedral intermediate, which undergoes a tautomeric shift to give the products. The yield of this equilibrium reaction can be improved by the use of azeotropic distillation or drying agents to remove water since the reverse reaction is hydrolysis. For 10 points, name this reaction which joins an alcohol and a carboxylic acid to form a fragrant functional group.   

ANSWER: Fischer Esterification [prompt on partial answer] (3) [DF]
14. When this event occurs under a glacier, a tuya can be formed, and this kind of event led to the formation of the Wolfenstein formation in Germany and Rowley Rags in Britain. One breakthrough in the prediction of these events was made by the Swiss scientist Bernard Chouet. This event is frequently preceded by a harmonic (*) tremor. This event can result in the formation of tuff, and it can also produce lapilli and tephra. In 1912, an event of this kind in Alaska created a fumarole field. Machines used to predict these events often check for increased levels of sulfur dioxide, and these events can generate pyroclastic flows, a’a, or pahoehoe. For 10 points, name this event where a volcano releases things such as lava or gas from its vent.
ANSWER: volcano eruption (1) [BA]
15. In 1976, Martin Gardner estimated that algorithms for this problem would not provide a solution for a certain challenging input for 40 quadrillion years. State-of-the-art algorithms aimed at this task in the early 20th century included a difference of squares method developed by Kraitchik and a continued fraction method from Lehmer and Powers. A heuristic method to solve this problem finds cycles in an iterated formula, and is known as (*) Pollard's rho algorithm. There is no known polynomial time algorithm for this task, adding to the security of the RSA encryption system. For 10 points, identify this computational task that is tackled by the quadratic sieve method, the decomposition of a number into its constituent primes, which can be naively completed by trial division. 
ANSWER: prime factorization (1) [ES]
16. A 1974 paper by Steven Savitt labeled this school of thought as radical rather than conservative, while a definition of this school by Lycan and Pappas claims that you must either accept its strong form or reject it entirely. Wilfred Sellars argued that the concepts rejected by this school may be culturally inherited. Steven Stich -- a former member of this school -- wrote a book subtitled “The Case Against (*) Belief” that extended this school to computational science. Paul Boghossian claimed that this school refutes itself because it rejects truth conditions but claims that certain sentences are false, while other critics note that this school’s target actually has strong explanatory power and should not be abandoned despite lack of physical evidence. Expounded in writings such as Neurophilosophy, this school is most closely associated with Paul and Patricia Churchland. For 10 points, name this school in philosophy of the mind that judges theories about the mind based on how well they reduce to the biological level and rejects what it terms “folk psychology”.
ANSWER: eliminative materialism [accept eliminativism; prompt on physicalism or materialism] (6) [BA]

17. The Teller-Redlich rule governs one of these concepts, and another related to atmospheric chemistry is named after Dole.  Several of them are described by the Bigeleisen equation, and the oxidation of leuco-crystal violet by chloranil was one of eight reactions in which Isaacs et al studied them. (*)  Tunneling is thought to explain one of them involving  muonium.  The most famous of them was predicted by Herbert Fröhlich and independently discovered by Emanuel Maxwell and Bernard Serin in mercury.  That one involves the dependence of the critical temperature for superconductivity on the namesake entities, and the dependence of a reaction rate constant is known as the “kinetic” variety.  For 10 points, name these effects in which an atom of one mass is substituted for an atom of a different mass, one of which is named after deuterium. 

ANSWER: isotope effects [accept isotope after “effects” and prompt on it before] (4) [DW]
18. Papadias developed an algorithm for blind source separation based on maximizing the “multiuser” form of this concept, and estimates of it have been used to quantify noise in microwave devices.  It’s not correlation, but one type of this concept can be found by adding three to the (*) Pearson type; the variance of an estimator for that type, named after Fisher, is roughly equal to 24 divided by the sample size.  Its “excess” is defined as the fourth central moment divided by the square of the second central moment. Its minimum value is -6/5 for a symmetric, unimodal distribution; it also takes that value for a uniform distribution between zero and one.  It is equal to zero for a Gaussian distribution.  For 10 points, name this measured of relative peakedness of a distribution. 

ANSWER: kurtosis (4) [DW]
19. This effect explains the nondegeneracy of exciton transitions on a quantum dot.  One form of this effect was first experimentally confirmed by Garton and Tomkins.  Another version of this effect is responsible for polarization of a carrier gas in the Zener model of carrier-induced (*) ferromagnetism.  Those effects are the “quadratic” and “giant” versions, respectively.  The “displacement” due to this effect is equal to the Bohr magneton divided by Planck’s constant, and this effect is often modeled using an S-curve.  Its anomalous version applies to atoms with odd atomic number, while the Stark Effect is its electrical analog and the Paschen-Back effect is a special case of this effect in the presence of strong magnetic fields.  For 10 points, name this effect describing the splitting of spectral lines in a magnetic field, named after a German physicist. 

ANSWER: Zeeman Effect (2) [DW]
20. A deficiency in one of this class of proteins caused hypersensitivity to oxazolone in a paper by Antonopoulos et al investigating its role in the migration of Langerhans cells.  cFLIPL and cFLIPS interfere with activation of this class of enzymes, and they can be irreversibly inhibited by molecules containing (*) CMK or FMK functional groups.  Number 12 of this class of enzymes is found almost exclusively in the endoplasmic reticulum, while number 9 is activated by Apaf-1 upon release of cytochrome c from mitochondria.  Among their substrates are poly(ADP-ribose) polymerase, topoisomerase I, and lamins, all of which are cleaved by number 3 as part of their namesake “cascade.”  Number 8 is activated at the DISC, or death-inducing signaling complex.  For 10 points, identify this class of proteases that includes ICE, all of which act as downstream signaling molecules during apoptosis. 

ANSWER: caspases [or cysteine(-dependent) aspartases] (4) [DW]
