Science Non-Strosity: There’s Plenty of Room at the Bottom
Packet 3

Questions by Ray Anderson, Bruce Arthur, Matthew Feldman, Darwin Fu, Brandon Hensley, Colin McNamara, Evan Silberman, Andrew Ullsperger, and Dwight Wynne
1. Phipps and Taylor performed a critical test of this experiment in 1927 using hydrogen, and they confirmed its results. The sulfur in one of its namesake’s cheap cigars accidentally turned the trace of this experiment’s (*) atom beam jet black, inspiring the use of a photographic development process. The beam was first passed through a non-homogeneous magnetic field, resulting in the deflection of the atoms into two beams based upon the spin of an unpaired outer shell electron. For 10 points, name this 1920 experiment that demonstrated the spatial quantization of the spin moment of momentum of electrons by deflecting silver atoms through a magnetic field. 

ANSWER: Stern-Gerlach experiment (3) [BH]

2. The three-letter sequence is the same.  It represents a non-cancerous condition in which the epithelial cells of the milk ducts in the breast abnormally proliferate.  It also represents a sequence on Drosophila chromosome 2 that codes for serine esterase, laminin subunit a2, and over 200 other proteins, including its namesake (*) enzyme, whose F/S allozymes are sometimes used to illustrate epistatic selection.   Deficiency of a hormone known by this three-letter sequence causes diabetes insipidus; that hormone is released along with oxytocin from the posterior pituitary gland.  “Atypical” Class I isozymes of an enzyme represented by this sequence are found in 85% of Asians and are responsible for the so-called “Asian glow” after drinking alcohol.  For 10 points, give this three-letter sequence that denotes an enzyme responsible for breaking down alcohols or an osmoregulatory hormone also known as vasopressin. 

ANSWER: ADH (3) [DW]

3. Zhang and Poole developed a union-product operator for one approach to working around this problem, and Carl Wagner attempted to show that a problem popularized by Robert Nozick, (*) Newcomb’s Problem, is a special case of it.   Lindley and Novick showed that there is no criterion for determining when this problem occurs, in the first paper since an 1899 paper by Pearson to suggest its relationship to causation.  Sometimes named after Yule, this concept is most often applied to medical statistics, though Dwight Wynne forgot the name of it when applying it to ACF Nationals bonus conversion and the canonical example is the batting averages of David Justice and Derek Jeter.  For 10 points, name this paradox in which an overall trend reverses itself when the sample is stratified. 

ANSWER: Simpson’s paradox [accept early Yule-Simpson paradox; accept early reversal paradox; accept context-specific independence or CSI and prompt on anything mentioning inference until "Newcomb"] (4) [DW]

4. The Chock and Eigen-Winkler methods are two competing mechanisms for the formation of some of these objects, while an inconsistency between a second-order rate law for their formation and the expectation of dissociation was resolved by the Eigen-Wilkins mechanism.  The most common model of these objects was developed by Alfred (*) Werner.  The trans effect governs substitution reactions involving planar ones, especially those containing platinum, and one nicknamed “SAT” or “sitting-atop” occurs when two bonds attach a metal to a porphyrin.  Often consisting of a Lewis acid and a Lewis base, for 10 points, name these structures in which ligands are bound to a central metal ion. 

ANSWER: coordination compounds [accept coordination complexes] (2) [DW]

5. The timing architecture of this system employs a global variable named "jiffies", which counts the processor ticks since the system was started. Multithreaded application support in this environment is provided by a nonstandard implementation of lightweight processes based on the "clone" system call, The Completely Fair Scheduler, merged into this piece of software in 2007, uses a red-black tree instead of runqueues to keep track of future task execution. File systems commonly used with this (*) kernel include ext2 and ext3. For 10 points, name this open source monolithic operating system kernel created as a descendant of Minix by Linus Torvalds that is distributed with Debian and Ubuntu. 
ANSWER: Linux (3) [ES]
6. With “particle,” this word names the maximum distance from which particles could have traveled to an observer in the age of the universe. With “New,” the (*) plural of this word names NASA’s unmanned robotic spacecraft mission to Pluto that was launched in 2006. This word is defined as the intersection of the celestial sphere with a plane perpendicular to the plumb line, and when paired with “event” names the distance from a black hole within which nothing can escape. For 10 points, what is this word that most commonly refers to the boundary between the sky and the ground? 

ANSWER: horizon (1) [BH]

7. Historical procedures used in this field include ones named after Frommer and Legal.  In this field, sulfosalicylic acid is used in the Kingsbury-Clark procedure, while other procedures use Esbach’s reagent and Trinder reagent.  This field was greatly advanced in a landmark 2000 Lasne and de Ceaurriz study, and an important concept in this field is determination of (*) specific gravity of a certain substance.  One popular method uses the so-called “dipstick,” and among the commercial applications of this field are home pregnancy tests. For 10 points, name this field that uses non-invasive collection methods to diagnose metabolic disorders or detect drug use, which people have tried to undermine using maskers and the Whizzinator. 

ANSWER: urine testing [accept urinalysis; grudgingly prompt on early drug testing] (2) [DW]

8. Though this quantity is not related to rate constants, a lesser known equation for it is known as the Eyring equation. The better known Sabine equation for it assumes room temperature and that waves encounter (*) boundaries one at a time. Cathedrals such as Notre Dame have a high value of around eight seconds for it while a value of around two seconds is desired for general purposes. It is defined as the time it takes for sounds to drop 60 decibels below its original level, which increases with reflective surfaces but decreases with absorbing surfaces. For 10 points, name this quantity which measures the amount of time it takes for echoes to disappear when sound is produced in an enclosed space, such as an auditorium or a concert hall. 

ANSWER: Reverberation time [prompt on Reverb] (4) [DF]

9. They represent an invasive species threat in the San Francisco Bay area, and are a threat to native populations worldwide due to their being an immune carrier of Batrachochytrium dendrobatidis, the chytrid fungus.  Human chorionic gonadotropin stimulates (*) oocyte production in these organisms, leading to their use in a pregnancy test which was commonly used until the development of immunoassays.  Species in this genus like tropicalis are used if the pseudotetraploidy of the laevis species is undesirable.  Their unusually large oocytes are approximately 1 millimeter in diameter, leading to their best known use.  For 10 points, name this model organism of developmental genetics, a genus of clawed frogs native to sub-Saharan Africa.

ANSWER: Xenopus frogs [accept X. laevis until mentioned] (5) [AU]
10. Huxman et al. are using it to study the resilience of Pinon Pine, while another part of it is being used to study the effects of algae on coral.  Severinghaus and Broecker used the isotopic composition of part of it to determine the fate of oxygen and carbon dioxide in it.  Conceived by John Allen, Margaret Augustine, and others at the Synergia Ranch, the funding for it was provided by (*) Edward Bass.  Most of its initial research in it was conducted by physician Roy Walford, who found anti-aging evidence as a result of the low caloric intake of the eight people confined in it during the two year first mission.  Consisting of desert, ocean, rainforest, grassland, and agricultural "biomes", for 10 points, name this large, hermetically-sealed greenhouse in the Arizona desert that was the site of a high-profile "expedition" in the 1990s.
ANSWER: Biosphere 2 [do not accept or prompt on "Biosphere," as that would be the Earth] (3) [RA]
11. The Young-Dupré equation relates this property to the contact angle. The ratio of buoyant forces to forces generated by this property is the dynamic Bond number.  The Marangoni number is directly proportional to the variation in this property during Marangoni convection, which is induced by this property.  For certain objects, it is equal to the change in (*) pressure times the radius of the object divided by two via Laplace’s Law.  Defined as the free energy per unit of surface area, for 10 points, name this tendency for like molecules at an interface to cohere, a property that can be reduced with the use of surfactants.

ANSWER: surface tension (1) [DW]
12. It has little to do with ammonia, but one form of this technique uses the Bosch process, and is a variant of a process that uses a radio frequency power source to create a plasma.  In addition to the “deep reactive ion” form, another form of this technique uses gaseous xenon difluoride and is known as the “vapor phase” form.  An (*) anisotropic form of this technique uses alkali hydroxides and reveals <111> planes, and doping with boron provides a “stop” layer for it.  Though it is commonly done with a silicon-based substrate, this process can be accomplished with any metal substrate by using aqua regia.  For 10 points, name this process typically used in integrated circuit and MEMS fabrication, in which material is removed from a wafer. 

ANSWER: etching [accept dry etching until “alkali”; accept deep reactive ion etching until mentioned] (5) [DW]

13. In 2008, a newly-discovered species of this creature was named in honor of Polish scientist Halszka Osmolska, while closely-related genuses include Tsaagan and Saurornitholestes. Turner, Kacovicky, and Norell studied the forearm bones of this creature and discovered six ulnar papillae, which they argued was evidence for the presence of (*) quill knobs and therefore feathers. Remains of this creature are found primarily in the Gobi desert, and one notable fossil of this dinosaur shows it locked in combat with a Protoceratops. This dromaeosaurid’s relatives include the larger Deinonychus. For 10 points, name this carnivorous dinosaur with a retractable claw on its feet, whose name means “fast thief”.
ANSWER: Velociraptor (1) [BA]
14. In 2000, Zhang and Harding suggested a limit called the “deathline” that explains why these objects do not produce certain emissions. These objects were also studied by Kaspi and McLaughlin, while Gaensler noted that phenomena believed to be caused by these objects are frequently preceded by massive progenitors. Ferrario conjectured the (*) “fossil” theory of these objects. The traditional model of these objects was introduced by Duncan & Thompson. Believed to be surrounded by electron clouds, they produce Alfven waves and cause photon splitting, scattering suppression, and vacuum birefringence. AXP’s and soft gamma repeaters are believed to be caused when one of these objects undergoes a starquake, and their namesake characteristic is the result of the dynamo effect. For 10 points, name this type of neutron star with an extremely strong magnetic field.
ANSWER: Magnetars [prompt on neutron stars] (4) [BA]

15. Examples of these compounds include the Petasis reagent and Tebbe's reagent, both of which are based on titanium, and the variety with intramolecular bridging among multiple centers, known as the ansa- types.  They do not require aromaticity in their structures, as is evident by the compound formed by (*) cyclooctatetraene and uranium.  A special variant are the “piano stool” compounds, which include the manganese-based gasoline additive MMT.   Their ligands are described in terms of their hapticity with the central ion, with the canonical example being a cyclopentadienyl ligand with a hapticity of five.  For 10 points, name these complexes of a transition metal ion with a cyclic organic system.

ANSWER: metallocenes (4) [AU]
16. BAPTA-AM is used to differentiate between functions of this class of proteins and LPS.  Hip binds to the ATPase domain of this class of proteins through its tetratricopeptide repeat domain; the newly formed complex then binds to Hop.  Its fourteen amino acid TKD sequence is thought to be a (*) tumor-specific recognition structure for natural killer cells, as that sequence is extracellular in tumor but not normal cells.  In E. coli, this class is represented by DnaK, and in mitochondria it is necessary for production of proteins containing iron sulfide clusters.  This protein is needed for the inactivation of HRI, an eIF2α kinase; thus, low levels of this protein are possibly a cause of reduced protein translation.  For 10 points, name this best-known eukaryotic chaperone protein. 

ANSWER: heat shock protein 70 [or hsp70; prompt on hsp or heat shock protein] (6) [DW]

17. It was shown by Bolda et al that for any dispersive dielectric medium there exists a frequency for which this quantity must be negative, infinite, or greater than the speed of light. Sommerfield and Brillouin proved that while it can be superluminal in regions of anomalous (*) dispersion, this does not conflict with special relativity since the signal velocity does not exceed c in these regions. It is defined as the derivative of angular frequency with respect to wave number, and is the velocity at which the wave crest of the modulation amplitude propagates. For 10 points, identify this quantity which is equal to the phase velocity when the index of refraction of a medium is independent of frequency. 

ANSWER: group velocity (4) [BH]
18. Derivatives of this molecule include the Hirao-Itsuno and Corey reagents.  Due to the formation of a highly inert intermediate with phosphine, this molecule is often used to stabilize chiral phosphorus compounds, and a complex of it with either dimethyl sulfide or (*) THF is used to reduce ketones.  A dimer of this molecule reduces carboxylic acids and contains banana bonds.  Wilkinson’s catalyst or other rhodium-based catalysts are often used in the best-known reaction involving this molecule. H.C. Brown proposed the mechanism by which this compound adds to an alkene; when followed by oxidation, the overall reaction yields an alcohol that is the anti-Markovnikov product.  For 10 points, name this Lewis acid, the canonical example of a trigonal planar molecule in VSEPR theory, that contains three hydrogens and element number 5. 

ANSWER: borane [accept BH3] (4) [DW]

19. A 1992 paper by Andrew Granville concerns “Zaphod Beeblebrox’s Brain” and a certain part of this object.  Multiplying a diagonal matrix containing powers of one over rad two by the transpose of the Cholesky decomposition of a matrix of Delannoy numbers gives this object.  One variant of this object, which can be considered an infinite one-dimensional cellular automaton, is known by a portmanteau word that combines its (*) namesake with Galois.  The earliest known construction of it was by Jia Xian, several centuries before its namesake studied it.  For 10 points, name this structure most commonly used to find the coefficients of binomials to a power, named for a 17th century French mathematician. 

ANSWER: Pascal's Triangle (1) [CM]

20. A 1948 paper by Kety and Schmidt details the use of this compound to determine cerebral blood flow, while Linn and Doran assessed the effect of soil water content on its production in agricultural soils.  Goreau et al. measured its production by bacteria in (*) semi-anoxic conditions, and a 1998 paper detailed why its budget was the least constrained of any of the gases regulated by the Kyoto Protocol.  It has an atmospheric lifetime of 120 years and a global warming potential about 300 times that of carbon dioxide.  Humphrey Davy found that alkaline sulfites can help produce this gas, which he referred to as “dephlogisticated nitrous air,” and Thomas Beddoes described the effects of its inhalation.  As additive E942, it is found in “whippits” and is abused by recreational users.  For 10 points, name this compound used by auto racers and formerly by dentists who used it as an analgesic.
ANSWER: nitrous oxide [or N2O; prompt on laughing gas; do not accept “nitric oxide”] (1) [RA]

