Science Non-Strosity: There’s Plenty of Room at the Bottom
Packet 8

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

1. In 1995 IUPAC recommended the discontinuation of the use of this standard's predecessor and Pee Dee Beleminite in reporting results.  Horita and Majobe have evaluated how fractionation changes with temperature ranging from freezing to the critical temperature against this standard.  Unlike its predecessor created from physical samples at NIST, this standard developed at (*) Scripps Institute is not a sample of its namesake substance, but instead four ratios, including 1.5576 x 10-4 deuterium/hydrogen and 2.00520 x 10-3 O-18/O-16.  For 10 points, name this isotopic standard that shares its name with the city that is home to the IAEA; a standard for reporting isotopic work involving hydrogen and oxygen.
ANSWER: Vienna Standard Mean Ocean Water [accept VSMOW or weird bastardizations like Vienna SMOW; I guess prompt on Vienna; do not accept SMOW by itself, as that’s the thing that VSMOW replaced] (6) [RA]
2. Acid-catalyzed Michael addition can initiate the aza variant of this reaction, while when followed by Bergman cyclization, another variant of this reaction can yield tetrahydronaphthalene from macrolactones.  Elliot Marvell deduced the mechanism of its “abnormal” variant.  An orthoacetate is used in the (*) Johnson modification of this reaction, while an allyl ester of a carboxylic acid is used in its Ireland modification.  This reaction itself is the oxa variant of the Cope Rearrangement.  For 10 points, name this [3,3]-sigmatropic rearrangement that produces an unsaturated carbonyl from an allyl vinyl ether, named after a German chemist whose namesake condensation produces beta-keto-esters. 

ANSWER: Claisen rearrangement [accept just Claisen after “sigmatropic rearrangement”] (4) [DW]

3. When the Gurken protein binds to the receptor for this protein in Drosophila, the genes spitz and vein are transcribed to activate that receptor. In AMACO, a domain derived from it contains an overlapping consensus sequence for both O-glucosylation and O-fucosylation.  Deleting the Kringle-1 domain and this domain from tissue plasminogen activator gives the (*) anticoagulant reteplase additional serum half-life.  In C. elegans, this protein controls the contractility of smooth muscle, and it also stimulates development of the vulva.  Iressa and Erbitux are among the drugs that inhibit the receptor of this molecule also known as urogastrone.  Stanley Cohen won the 1986 Nobel Prize in Physiology or Medicine for discovering this protein in the salivary gland extracts of mice. For 10 points, name this growth factor that promotes wound healing and cell division and may affect skin cells. 

ANSWER: epidermal growth factor or EGF [accept early (beta-)urogastrone] (6) [DW]

4. E6 and Mirror Universe are two models of one hypothetical type of this particle; r-process nucleosynthesis is thought to be enhanced by conversion to that type. The density dependence of its effective mass was discovered by Wolfenstein, who with (*) Mikheyev and Smirnov names a model of their oscillation.  The aforementioned hypothetical type is called “sterile” and is a candidate for dark matter.  These objects are ejected during electron capture.  The first evidence of these objects was observed by Cowan and Reines, and they come in electron, muon, and tau varieties.  For 10 points, name these subatomic particles studied by the Super-Kamiokande observatory, which are chargeless, nearly massless, and symbolized with the Greek letter ν. 

ANSWER: neutrino (2) [DW]
5. This computer scientist wrote in one communication that a computer system that employed the "end of line" character violated the principles of general purpose computing. He designed the shunting yard algorithm for converting infix notation to postfix notation, which he proposed along with F.L. Bauer. The (*) Bellman-Ford algorithm replaces his namesake algorithm for graphs with negative edge weights, and applying that algorithm repeatedly can solve the all-pairs shortest path problem. For 10 points, name this computer scientist whose namesake algorithm provides the shortest path between any two vertices in a directed graph with nonnegative edge weights. 
ANSWER: Edsger Dijkstra (2) [ES]
6. Drugs used to treat this condition include drospirenone and clomipramine, while Menkes et al found that it can be aggravated by a tryptophan deficiency.  Robert Frank was the first to clearly define it, and a 1953 paper by Raymond Greene and (*) Katharina Dalton coined its name.  A severe form of it is a type of “dysphoric disorder,” and cramps are almost always associated with it.  In addition to depression, Zoloft and Prozac have been used to treat this condition whose aetiology is currently unknown but may include hormonal and psychosocial factors.  It typically occurs during the luteal phase of a certain cycle.  For 10 points, name this collection of physical, psychological, and behavioral changes that may occur at a certain time of the month in some women. 

ANSWER: premenstrual syndrome or premenstrual tension [accept PMS or PMT] (3) [DW]

7. One man with this last name developed a model of scarless wound repair, and that current professor in the Stanford Medical School was one of nine authors on a seminal paper that showed how stem cells could be obtained via liposuction.  Another man with this last name added a trigonometric forcing function to Richard Goodwin’s model of business cycles and wrote a book on “Nonlinear Dynamical Economics.” A third man developed, independently of Maxwell, an (*) electromagnetic theory of light, and lends his name to a relation between magnetic vector potential and scalar potential.  Philip Merilees actually coined the name of an effect discovered by a fourth man with this last name, who preferred “seagull” to the namesake animal that might “Set Off a Tornado in Texas.”  In addition to Peter, Hans-Walter, Ludwig, and Edward, Konrad wrote On Aggression and studied imprinting as the father of ethology.  For 10 points, give this last name also shared by Max, whose namesake curve plotting the distributional equality of two variables is often used to measure income inequality. 

ANSWER: Lorenz (2) [DW]

8. Its production may be stimulated by administration of the diterpene forskolin, and in Euglena gracilis, its production is activated by exposure to light.   In some slime molds, the release of this substance organizes aggregation, while in bacteria it binds to (*) catabolite gene activator protein.  It is decomposed by phosphodiesterases; in addition, its targets are often desensitized by phosphorylation via negative feedback. Released upon activation of a G protein by a G protein coupled receptor, its main role is to activate enzymes in the protein kinase A family.  For 10 points, name this second messenger signaling molecule, a derivative of a nucleotide.  
ANSWER: cyclic adenosine monophosphate or cyclic AMP (2) [AU]
9. Measurements of this phenomenon allow one to calculate the mass of a white dwarf without the mass-radius relation.  The Galileo spacecraft used an ultrastable crystal oscillator to detect this phenomenon. R. F. C. Vessot measured it using a rocket-bound hydrogen maser and confirmed predictions by one part in ten thousand.  R. K. (*) Sachs and A. M. Wolfe showed that large-scale fluctuations in cosmic density should lead to different values of this for observed microwave photons. Stellar masses have attempted to be deduced through measurements of it, but adjustments for pressure shifts and proper application of the Doppler Effect create large uncertainties. The Mössbauer effect on iron-57 gamma rays provided high enough resolution for R. V. Pound and G. A. Rebka to confirm it in the 1960 Harvard Tower Experiment. For 10 points, identify this phenomenon that is the shift of spectral lines toward longer wavelengths by atoms emitted in a strong gravitational field. 

ANSWER: gravitational redshift (3) [BH]
10. Reacting an oxide or sulfide of this element with potassium cyanide yields the diatomic form of this element along with potassium cyanate in the Fresenius-von Babo method.  Reacting sulfuric acid and zinc, then reacting the resulting hydrogen with an oxide of this element and heating, produces the monatomic form of this element in a method named after (*) Marsh and Berzelius.  Robert Bunsen discovered that hydrated ferric oxide acts as an antidote to poisoning from this element.  Sahachiro Hata and Paul Ehrlich discovered that a compound Ehrlich had made by reacting this element with phenol was an effective treatment for syphilis.  For 10 points, name this major component of Salvarsan, a toxic metalloid with atomic number 33 that is often paired in semiconductors with gallium.
ANSWER: arsenic or As (1) [DW]
11. The family of this organism contains four extant species, three native to Asia and one native to North America, which are also the only extant species in its order, Xiphosura.  Its distinctive caudal spine is used for steering and uprighting itself, and they possess five pairs of (*) book gills.  They have a total of seven eyes, including two lateral compound eyes, a feature found in no other living chelicerates.  Their blood uses hemocyanin as its oxygen carrier, and an extract of its blood amebocytes is used in the gel clot procedure for bacterial endotoxin testing.  More closely related to the arachnids than to decapod crustaceans, for 10 points, name this arthropod which has existed essentially unchanged since the Paleozoic era.

ANSWER: horseshoe crab or family Limulidae (2) [AU]
12. Researchers have found evidence for a paramagnetic form of this effect which is metastable and can be disrupted by external noise. Type II materials exhibit this effect by surrounding the (*) normal state filaments with the vortex state. One theoretical explanation of it is the London equation, which shows that the field in question undergoes exponential decay. Superconductors that exhibit it will also exhibits perfect diamagnetism, since any induced current will have zero resistance and perfectly cancel the external magnetic field. For 10 points, name this effect in which a material transitioning into a superconductor excludes magnetic fields form its interior, which is utilized to levitate magnets in science demonstrations. 

ANSWER: Meissner-Ochsenfeld Effect (3) [DF]
13. Singular perturbation problems are a subset of these equations, and one MATLAB routine for solving them is based on the work of Klopfenstein.  The Kaps-Rentrop algorithm was the first method for solving these equations, while Bader and Deuflhard modified the (*) Burlisch-Stoer algorithm in order to solve them.  The most common method for solving them is a modified semi-implicit Runge-Kutta method named after Rosenbrock.  Most explicit methods of solving these equations lead to instability due to step size problems, and they also exhibit a notorious loss of precision.  For 10 points, name these sets of differential equations in which the dependent variables vary on widely different scales. 

ANSWER: stiff differential equations [prompt on differential equations] (6) [DW]

14. Possible scenarios for the formation of these objects were confirmed via supercomputer calculation at the University of Texas by Matthew Choptuik. Hans Jurgen Seifert claimed that inhomogeneity could cause momentary types of these objects, while Christodoulou showed that they could form in a scalar field. Multiple scenarios for the formation of these objects were presented by (*) Shapiro and Teukolsky in 1991. They could result from rapid spinning, while an oblong star collapsing into a spindle shape might contain these objects at its narrow ends. These objects violate the cosmic censorship hypothesis, because they would allow observation of infinitely dense matter, and examples include the Big Bang. For 10 points, name this type of singularity that lacks an event horizon.
ANSWER: naked singularities [accept just naked after “singularity”] (4) [BA]
15. The Hajos-Parrish reaction extends its utility by allowing for enantioselective products from this reaction, particularly the Wieland-Miescher ketone. The Wichterle reaction uses a dichlorobutene derivative to perform alkylation rather than (*) methyl vinyl ketone, while the closely related Hauser reaction employs a Dieckman condensation and elimination in the second step to produce naphtalene derivatives, in place of this reaction's usual intramolecular condensation.  Through its formation of an alpha, beta-unsaturated cyclic ketone product, it is a key reaction for the production of complex cyclic molecules.   For 10 points, this is what reaction that combines the Michael addition with an aldol condensation?

ANSWER: Robinson annulation (4) [AU]
16. One of this man’s articles was expanded by computer scientist Charles H. Bennett in 1982, and this man published the short story collection The Voice of the Dolphins. This man first observed that cobalt could be used to create a salted (*) nuclear weapon with especially deadly fallout, a version of which was adopted as the “Doomsday Device” in Dr. Strangelove. In a 1929 paper, this man argued that the need to acquire information would result in a violation of the Second Law of Thermodynamics if Maxwell’s Demon were to exist. Along with Fermi, this man patented the neutronic reactor, but he is most associated with an idea that came to him while he was walking to work in London waiting for traffic lights to change. For 10 points, name this Hungarian physicist who first described a nuclear chain reaction.
ANSWER: Leo Szilard (3) [BA]

17. In 1973 Ihler et al reported the first use of these structures in enzyme replacement therapy.  Howell-Jolly bodies are the remains of one process performed during the maturation of these objects.  Heinz bodies in these structures can form as a reaction to some antibiotics and other oxidizing drugs, and show up as “bumps” in a Romanowsky stain.  (*) Kupffer cells destroy these structures, which can aggregate to form rouleaux.  If they are abnormally shaped, they are known as poikilocytes or schistocytes, while polycythemia refers to an abnormally high concentration of these cells.  Immature forms of these cells are called reticulocytes.  A genetic disorder whose heterozygote form confers some resistance to malaria causes these cells to take on the shape of a sickle instead of their usual biconcave form.  For 10 points, name these notably enucleated cells that use hemoglobin to transport oxygen in the blood. 

ANSWER: erythrocytes [accept red blood cells; prompt on blood cells] (1) [DW]

18. The adaptive version of this algorithm developed by Faller, Gallager, and Knuth, and later improved by Vitter, runs more slowly than the static version but does not depend on foreknowledge of character probabilities. This algorithm constructs a full binary (*) tree from the input data by creating a trivial tree for each character in the input data labeled with the frequency of each character, then successively merging the trees with the lowest root frequency. A prefix code for each letter is then determined by concatenating the edge labels of the path to the letter. For 10 points, identify this lossless compression algorithm. 
ANSWER: Huffman coding (4) [ES]
19. When dealing only with these, the differential relationship between a degree of freedom and a generalized coordinate is the same as the differential relationship between the corresponding velocities, allowing the use of dot cancellation. The forces associated with them are often perpendicular to (*) virtual displacements and always do no virtual work. While a bead confined to an elliptical wire and a typical Atwood machine configuration are examples of them, a ball sitting on a sphere but allowed to roll off or a particle confined to a box are not. Taking its name from the Greek for “whole law”, this is, for 10 points, what type of constraint that depends only on position and perhaps time, and that can be further subdivided into scleronomic and rheonomic types? 

ANSWER: holonomic constraints (5) [BH]

20. Freund examined the kinematics of these entities and their transcurrent variety.  A 1975 paper by Vogt and Johnson examined the interactions of these and longitudinal waves at the Mid-Oceanic Ridge, while Yuen et al. discussed shear deformation zones along these and (*) subducting slabs.  Moore discussed the geologic evidence for these in the Gulf of California, while Ranalli examined the role of these in causing large horizontal displacements on the ocean floor.  Rea looked at spreading centers that did not contain these, whereas Kawasaki et al. examined the mode of seismic release at these entities.  For 10 points, name this type of fault often found at plate boundaries with predominately horizontal motion, prominent examples of which include the San Andreas.
ANSWER: transform faults [grudgingly accept strike-slip fault] (2) [RA]

