Science Non-Strosity: There’s Plenty of Room at the Bottom
Packet 1

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

1. One protein that binds to this protein also binds to proline-rich sequences in the membrane proteins Vasp and Mena, and another is knocked out in the singed mutant.  Phosphatidyl-inositol-4,5-bisphosphate regulates the binding of vinculin to both talin and this other protein, whose function is performed by nematode Major Sperm Protein in the only (*) eukaryotic cells known to lack one form of it.  In addition to the aforementioned profilin and facsin, severin and gelsolin bind to this protein and sever it.  Two toxins often used to study it are cytochalasins and phalloidin.   Thymosin β4 sequesters this protein, which undergoes treadmilling because the critical concentration at its (+) and (-) ends is not the same.  This protein consists of G monomers which polymerize into F filaments, which make up the microfilaments of the cytoskeleton.  For 10 points, name this protein that forms cross-bridges with myosin in muscle cells. 

ANSWER: actin (2) [DW]

2. One scientist from this present-day country has an eponymous large ring synthesis in which a dicarboxylic acid is converted to a cyclic ketone, which is used to synthesize animal musk. That scientist shared the 1939 Nobel Prize with Adolf Butenandt for partially synthesizing (*) testosterone. Another scientist from this country was the first to separate the enantiomers of Troger’s base, thus proving that nitrogen can be the chiral center of a molecule. That scientist is also the namesake of a priority rule along with Cahn and Ingold. In addition to Ruzicka and Prelog, another scientist from this country realized that seismic waves are refracted and thus must be passing through a boundary, while another scientist from this country worked for Westinghouse and is infamous for his “death ray”. For 10 points, name this homeland of Mohorovicic and Nikola Tesla, a former Yugoslav Republic with capital at Zagreb.
ANSWER: Croatia [accept Croats or Hrvatska] (3) [BA]

3. In an example of interesting nomenclature, adding 90 to the numbers given to each of these compounds will give one the exact number of atoms of each of its constituent elements.  They can be produced using a pentavalent antimony salt, a reaction discovered by Frederic (*) Swarts and revised by McNary and Henne.  An important theory about them was proposed by Rowland and Molina after James Lovelock used an electron capture detector to identify the presence of two of them in the atmosphere.  After that theory about a potentially dangerous radical reaction was verified, the Montreal Protocol was signed to prevent further production of them.  For 10 points, name these compounds, the best known of which is Freon, which wreak havoc in the mesosphere by destroying ozone. 

ANSWER: chlorofluorocarbons [accept CFCs] (2) [DW]

4. The first solution to a nontrivial instance of this problem was presented by Dantzig, Fulkerson, and Johnson in 1954 and employed linear programming technqiues to provide a solution for a graph of 42 nodes. An optimal solution to the "Sweden" instance of this problem, the largest one so far solved, was generated by the (*) Lin-Kernighan heuristic. Formally stated, the problem is to find the Hamiltonian cycle for a weighted graph with the minimum edge cost. For 10 points, identify this NP-hard problem in computer science, based on the task of visiting every city in a territory and returning to the start while driving a minimum distance. 
ANSWER: traveling salesman problem (2) [ES]
5. Wenzel and Jacobson reported that urea derivatives can catalyze this reaction, whose boronic acid modification is sometimes named after Petasis.  Unlike a similar set of reactions, alpha-unbranched aldehydes can be used as a reactant in a proline-catalyzed form of this reaction, since proline blocks attack from the (*) Re face of one reactant in the second step.  In 1917 Robert Robinson used this reaction to perform the first biomimetic synthesis, of the alkaloid tropinone.  In acidic media, its first step involves the formation of an iminium ion, which reacts with an enol in the second step to form the namesake "base."  For 10 points, name this reaction in which ketones and aldehydes react with primary or secondary amines and formaldehyde to form a beta-amino-carbonyl compound, named after a German chemist.
ANSWER: Mannich reaction (5) [DW]

6. Cruetzburg and Pentland lend their names to now-extinct species of this creature that lived on Crete and Sicily and suffered from island dwarfism. These animals are believed to have evolved from Elomeryx and the now-extinct Anthracotherides. A seminal 1998 Ursing and Arnason paper studied the mitochondrial DNA of this creature, and, along with a J. Gatesy study on this creature’s blood clotting protein, established that this (*) artiodactyl was not closely related to pigs, whose molar structure they superficially share, but rather to cetaceans. This animal’s incisors grow horizontally, while its canine teeth have evolved to resemble tusks and are used for fighting. This creature’s pygmy species is distinguished by less foot webbing. For 10 points, name this large African amphibious mammal, whose name translates as “water horse”.
ANSWER: hippopotamus [accept hippo or hippopotami; prompt on water horse until mentioned] (1) [BA]

7. The first production of bare uranium without the use of high-energy particle accelerators used instead one of these devices making use of electron beams.  The namesake of one of these devices also lends his name to a widely used vacuum gauge; that one was used in the (*) ATHENA experiment and is named after Penning.  The Cirac-Zoller approximation of the Hamiltonian is applicable if these devices are used in quantum computing.   One of them sometimes named after Paul consists of a ring electrode and two cap electrodes and is known as the "quadrupole" version.  Another one makes use of cyclotron resonance and is often used in conjunction with the Fourier transform in mass spectrometry.  For 10 points, name these devices that are used to store charged particles. 

ANSWER: ion trap [accept early electron beam ion trap] (4) [DW]

8. The Nessler method uses tetraiodomercuriate(II) to determine the amount of this compound present in solution, and a solution of this compound is used as a standard stress corrosion agent for copper and its alloys.  Reacting mineralized organic compounds with hot concentrated sulfuric acid, when followed by placing the products in alkaline solution, yields this compound via the (*) Kjeldahl method.  Kuhlmann proposed the “status nascendi” theory of this compound’s formation, and an accidental explosion prevented Le Chatelier from performing high-pressure synthesis of this compound.  This compound reacts with alkyl halides to produce primary amines, and it is produced industrially by the Haber-Bosch process.  For 10 points, name this compound with formula NH​3, which you probably don’t want to be mixing with bleach. 

ANSWER: ammonia [accept early NH3] (1) [DW]

9. The nearest one is sometimes called “The Ghost of Mirach” because it lies in the light of the red giant star of that name. A black hole spinning at nearly the speed of light was discovered in the center of one known as MCG-6-30-15, while M84 and M85 are ones found in the Messier catalog. Because they contain mostly old Population II stars, they are often mistaken for (*) elliptical galaxies when viewed face-on. According to one theory, they were once spiral galaxies whose interstellar material has since been lost or used up due to interactions with other galaxies. Located at the fork of the Hubble classification diagram, these are, for 10 points, what disk-shaped galaxies with no spiral arms and practically no star formation? 

ANSWER: lenticular galaxies or S0 galaxies (5) [BH]

10. At ultra-high densities of this, color-flavor locking is predicted to occur, and this material would behave as a superfluid.   It may currently exist in nature in stars such as XTE J1739-285, a sub-millisecond pulsar.  It has possibly created at the (*) Brookhaven Relativistic Heavy Ion Collider, but results suggest the substance created there does not exhibit the material behavior its name implies, but rather more as a liquid.  Below the energy necessary to form it, the components of this substance undergo hadronization and are bound in normal matter.  Believed to be the state of the universe at an age of a few microseconds, for 10 points, name this state of matter in which certain elementary particles are deconfined.

ANSWER: quark-gluon plasma or QCD matter (3) [AU]
11. A convergence theorem named for this concept can be used to prove the Radon-Nikodym theorem.  Its corresponding transform is the discrete analog of the stochastic integral.  One of these concepts is described by Wald’s equation. Jensen’s inequality can be used to prove that one named after (*) Doob fits the criteria for a sequence to be one, namely that for each random variable Xn, the expectation of Xn is finite and the expectation of Xn+1 given X0, X1, up to Xn is equal to Xn.  This term was first used to describe a betting system wherein the amount of a bet was doubled if the previous bet was lost and halved if the previous bet was won.  For 10 points, name these random processes that differ from Markov processes in that they depend on all past values, not just the most recent value. 

ANSWER: martingales (4) [DW]

12. The presence of this metabolic pathway in the human liver is suggested by the liver’s ability to carry out cyanide-insensitive fatty acid oxidation from palmitate. One NADH molecule is produced for every two (*) acetyl groups it processes and unique enzymes along it includes isocitrate lyase and malate synthase. Like the citric acid cycle, it begins with the synthesis of citrate from acetyl CoA and oxaloacetate. It commonly occurs in oil-rich seeds where it powers the growth until photosynthesis can occur. For 10 points, name this metabolic pathway used by plants and bacteria to convert two carbon acetyl groups into four carbon molecules used in gluconeogenesis, allowing them to synthesize glucose from fats. 

ANSWER: glyoxylate cycle [or pathway or other logical equivalents] (5) [DF]

13. In 1920 this man published a compendium on the three-body problem in Acta Mathematica and became interested in the n-body problem later in his career. He improved upon Riemann’s contour integral formula for the number of primes in a given region, and he gave a proof of the existence of irrotational waves.  A paper published jointly with (*) Ricci-Curbastro on the theory of tensors was published in Mathematische Annalen at the request of Felix Klein and he discussed his treatment of a static gravitational field with Einstein. For 10 points, name this Italian mathematician notable for his work in absolute differential calculus and its applications to relativity, as well as being the namesake of the a symbol that equals zero if any of its indices are equal, one if the indices represent an even permutation, and negative one for odd permutations. 

ANSWER: Tullio Levi-Civita (5) [BH]

14. In 1981, an irregular outer moon of this planet was discovered by Reitsema et al. when it occulated a star, while in 2002 Matthew Holman discovered a heavily inclined satellite of this planet named Sao. Courage, Liberty, Equality, and Fraternity are arcs in this planet’s outermost Adams Ring. Since 2001, six minor planets with the (*) same orbital period as it have been discovered. This planet is home to an observable atmospheric phenomenon nicknamed “Scooter.” It has moons named Larissa and Galatea, as well as an icy moon with a retrograde orbit, and the Small and Great Dark Spots. For 10 points, name this body that Triton orbits, the outermost planet of the solar system.  
ANSWER: Neptune (1) [BA]
15. Electricity bills in the Solomon Islands, the populations of towns, a tournament’s tennis scores, the areas of rivers, baseball statistics, the molecular weights of compounds, and the street addresses of the first 342 people in the book “American Men of Science” were among the data sets used by its namesake to develop it. Charlie Eppes uses it to solve a series of burglaries in NUMB3RS, while many state and national income tax agencies use it to detect fraud. Ted (*) Hill was the first to give a satisfactory explanation of it in 1998, and its discovery supposedly began by noticing that some pages of a logarithm book were dirtier than others. For 10 points, give this phenomenological law that states that the probability that a number begins with a digit D is given by the log base ten of one plus one over D, giving high probability to one and monotonically decreasing through nine. 

ANSWER: Benford’s Law (5) [BH]

16. Richard Seager and Noah Diffenbaugh have used regional ones with a resolution as high as 25 km.  Early examples of these used a "flux correction" procedure to establish a realistic baseline scenario, whereas most current ones such as version 3.0 of CCSM do not use flux correction.  Manabe, Smagorinksy, Wetherald, and Bryan developed the first ones in the late 1960s at (*) NOAA GFDL.  Older versions were uncoupled or coupled to slab representations of other surfaces while most ones are fully coupled.  A distributed computing version of one run by Oxford University through the Berkeley Open Computing project has been used to assess the statistical range of climate sensitivity.  For 10 points, name this class of model which can be coupled to atmosphere, biosphere, ocean, or geologic models to assess past and future states of the biosphere.
ANSWER: Global Circulation(ing) Model(s) [or Global Climate Model(s)] (4) [RA]

17. menA and menB mutants contains this protein in the A1 site.  A methylation reaction involving MSBQ methyltransferase follows the condensation of solanyl diphosphate and homogentisate in its biosynthesis; however, homogentisate is not necessary for its synthesis in (*) cyanobacteria.  DCMU and DBMIB are used to study the role of this protein in regulating transcription of PetF.  This molecule twice undergoes a reaction with pheophytin, as it can accept two electrons, but only one at a time.  Oxidation of this protein is the rate-limiting factor in the photosynthetic electron transport chain involving Photosystem II. For 10 points, name this protein found in chloroplasts and abbreviated PQ. 

ANSWER: plastoquinone [there are various plastoquinones, but plastoquinone-9 is the one referred to in the first sentence; accept early PQ] (5) [DW]

18. Huggins’ constant is used in a Taylor series expansion for this property, and the Falkner-Skan transform gives a dimensionless spatial similarity variable based on this property. Zimm has used a combination of this property and elastic relaxation to measure the molecular weight of large DNA.  The Sutherland equation relates this property to temperature, and the (*) Prandtl number is the ratio of this property to thermal diffusivity.  Blood is a Cassonian fluid, so it does not have a constant value of this property like a Newtonian fluid would.  Usually measured in poise, for 10 points, name this measure of a fluid’s resistance to flow.

ANSWER: viscosity (1) [DW]
19. The derivation of this equation assumes that molecules that pass the critical dividing surface cannot return, and that the vibrational modes of these molecules follow the (*) Boltzmann distribution. Using this equation requires knowledge of the Gibbs energy of activation and three constants: Boltzmann’s, Planck’s, and the ideal gas constant. Unlike a similar equation, it is based on the transition state theory and thus is useful for reactions in which the simple collision model does not hold. For 10 points, name this equation of chemical kinetics which, like the Arrhenius equation, relates the reaction rate to temperature. 

ANSWER: Eyring-Polanyi Equation [or Eyring-Polanyi equation] (3) [DF]

20. The "forgiving" variety of this structure, described in 2008 by Hayes et al, is self-healing, and thus can be used to protect a peer-to-peer network from attack. Any two vertices of these data structures are linked by a unique path, and all nontrivial instance of them contain at least one node with degree one. Also known as acyclic connected graphs, (*) they are employed by parsers to represent syntax, and Prim's algorithm can find the minimum spanning variety of these. They are better known for their use in such self-balancing varieties as AVL and splay. For 10 points, identify these data structures used in heaps and to represent binary searches, whose unions are known as forests. 
ANSWER: trees [accept minimum spanning tree before "parsers"] (1) [ES]
