Science Non-Strosity: There’s Plenty of Room at the Bottom
Packet 4

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

1. The Todd function T(x) has the property that T(x) equals T(-x) times this function of x.  Lindemann’s theorem states that performing this function on a set of linearly independent algebraic numbers results in a set of algebraically independent numbers, and Nesterenko proved the algebraic independence of (*) π and this function of π.  It is equal to the sum of the secant of the Gudermannian and the tangent of the Gudermannian, or the sum of the hyperbolic sine and hyperbolic cosine.  In electrical engineering, phasors make use of the Euler formula, which states that this function of iθ is equivalent to cis θ.  It is the only nonzero function that equals its own derivative.  For 10 points, name this function whose inverse is the natural log. 

ANSWER: (natural) exponential function [accept things like exponentiation with base e; accept e to the x or really anything starting with e to the (some argument)] (1) [DW]

2. Mechanosensory defects are found in macho, alligator, and steifftier mutants of this organism, while Farber’s work on its gastrointestinal tract has led to the fat free mutant. A January 2009 paper by Dutton et al used this organism to study Yemenite deaf-blind syndrome by (*) knocking out sox10.  George Streisinger pioneered its use as a model organism, and his group at Oregon produced the cyclops and spadetail mutants.  In addition to Drosophila, Christiane Nusslein-Volhard’s Nobel Lecture concerned this model organism.  Bradycardia is a hallmark of its slo mo mutant, while its no tail mutants lack a notochord.  An apocryphal story claims that a jilted scientist named its heartless pinhead mutant after her ex-boyfriend. For 10 points, name this model organism commonly used to study vertebrate development. 

ANSWER: zebrafish [accept Danio rerio] (6) [DW]

3. Qiu et al suggested a “non-nascent” mechanism of formation of compounds containing these entities, and A.G. Howard proposed a specific one. When combined with inductively coupled plasma emission spectroscopy, generation of these entities can detect selenium and antimony.  The formation of “platelets” of these objects perpendicular to the direction of applied stress is known as their “reorientation.”  The stability of (*) carbocations can be measured by an “affinity” named after these ions.  An alloy of lanthanum and five nickel atoms complexes with these ions to form catalysts, while other metals are used with them in a namesake kind of fuel cell.  Nitriles, esters, and many other organic compounds can be reduced using an agent containing lithium, aluminum, and four of these ions.  For 10 points, name these ions that typically consist of one proton and two electrons. 

ANSWER: hydrides [accept H-] (3) [DW]

4. The Sixtus-Tonks effect occurs in Wiegand sensors due to this effect.  In thin films, it is thought to be due to the creation of a vortex near the edge of the film, though its nature is more commonly studied using the zero-temperature random field (*) Ising model.  Its namesake developed a microwave-generating triode vacuum tube with Kurz.  It occurs when a slowly varying magnetic field causes discontinuous namesake “jumps” in magnetic flux density due to irreversible motion of domain walls.  Its 1919 discovery was the first experimental verification of magnetic domains, and it emits a namesake “noise.”  For 10 points, name this effect demonstrated through the presence of audible “pops”  when a ferromagnetic material is hooked up to a speaker, named after its German discoverer. 

ANSWER: Barkhausen effect [accept Barkhausen avalanche, pulsation, jump; accept Barkhausen noise before given] (4) [DW]

5. Hjorth and Tanvir calibrated its intrinsic zero point in 1997, though the universality of the zero point is not certain as it might have some variation from cluster to cluster. It was discovered simultaneously by Dressler et al., known as the 7 Samurai, and Djorgovski and Davis in 1987, the latter of whom suggested that it might apply to S0 in addition to (*) elliptical galaxies. It can be written in terms of the effective surface brightness of a galaxy at its effective radius and it seems to represent the whole family of elliptical galaxies. For 10 points, name this two dimensional surface in the three dimensional space defined by a galaxy’s gravitational well, radius, and luminosity on which elliptical galaxies appear to reside. 

ANSWER: fundamental plane (5) [BH]

6. One man with this name showed, with Fuchs, that hydrogen ions form during dialysis of gold sols, and conducted experiments with Sven Oden on the mobility of protein ions that were published in Colloid Chemistry of the Proteins.  His son sometimes appends his name to Lüders’ theorem, and examined the dispute between Robert Fludd and the title astronomer in “The Influence of Archetypal Ideas of the Scientific Theories of Kepler,” a work that appears with the companion essay “Synchronicity: An Acausal Connecting Principle” by (*) Carl Jung.  That man, whose namesake “effect” explained his ability to cause lab equipment to fail simply by being in the vicinity, sent Heisenberg a blank sheet of paper with the caption “This is to show the world that I can paint like Titian.  Only technical details are missing” after Heisenberg announced that he and this former classmate of his had developed a unified field theory.  He memorably reviewed a colleague’s paper with the statement, “This isn’t right.  This isn’t even wrong.”  For 10 points, name this father-son pair of Austrian scientists, the younger of whom coined the term “quantum numbers” and came up with a principle stating no two electrons could have the same set of them. 

ANSWER: Wolfgang Pauli [yes, they’re both named Wolfgang] (2) [DW]

7. This process appears to require an asymmetrical distribution of the protein Numb, and in humans Prox1 plays an important role in this process.  Other important proteins in this process include the MBD family and TLX, and it can be detected through CD133 expression or by using bromodeoxyuridine.  A combination of antidepressants and (*) exercise can stimulate this process, which can be aided by overexpression of wnt3.  The Hes pathway is activated by Notch to inhibit this process.  The sonic hedgehog pathway regulates this process in the dentate gyrus of the hippocampus of adults, disproving a long-held dogma that this process cannot occur once the brain has reached maturity.  For 10 points, name this process in which new cells of the nervous system are produced. 

ANSWER: neurogenesis (4) [DW]

8. Ostwald ripening is a consequence of this quantity’s dependence on particle size. This quantity is plotted against temperature in an Ellingham diagram, and the Margules and van Laar equations relate this quantity to the activity coefficient. Phillips and Williams modified a diagram plotting this quantity over the Faraday constant against the oxidation state, the (*) Frost diagram.  The Flory-Huggins interaction parameter appears in a namesake expression giving the “partial molar” value of this quantity, also generally referred to as chemical potential.  It is equivalent to the work done under constant pressure and temperature, and this quantity “of formation” is negative for thermodynamically stable compounds.  For 10 points, give this thermodynamic quantity, whose change is equal to the change in enthalpy minus the product of temperature and the change in entropy, which is named after an American scientist. 

ANSWER: Gibbs free energy [prompt on G; accept solubility until “Ellingham”] (1) [DW]

9. Ways by which these algorithms of artificial intelligence generate successive iterations include the roulette wheel and tournament methods. Operators employed by these algorithms can create variation by altering the data at individual loci, called (*) point mutation, or can simulate sexual reproduction through chromosomal crossover. Adaptation in Nature and Artificial Systems describes, for 10 points, what method from AI in which candidate solutions are assessed by a fitness function, the best solutions selected and varied, and then propogated through multiple generations until a solution is found, a form of evolutionary computing? 
ANSWER: Genetic Algorithms (3) [ES]
10. An important seven-point model in this subject was introduced by Wendell Bird, and one branch of it studies thrust faults.  One of the first books on this subject was written by Philip Gosse, while the defining text on this subject was written by John Whitcomb and Henry (*) Morris.  A man with Asperger’s Syndrome by Proxy gate-crashed the opening of a museum devoted to this subject. Testimony by Marianne Wilson helped a federal district court rule that it was not science; that ruling was confirmed by the Supreme Court in Edwards v. Aguillard, which ruled that teaching of this subject failed the Lemon test.  For 10 points, name this pseudoscience that combines incorrect assumptions about real science with Biblical literalism to arrive at the conclusion that evolution is wrong.

ANSWER: creation science [accept scientific creationism; do not accept or prompt on “intelligent design,” as nothing but the giveaway refers in any way to intelligent design] (2) [DW]
11. Michel-Levy charts can be used to determine the order of the retardation associated with this phenonmenon. It can only be observed in materials whose properties are anisotropic with (*) respect to an axis. It can be naturally observed in molecules such as sodium nitrate and Rutile, Tourmaline or be induced by a electromagnetic field as in the Cotton-Mouton, Voigt and Kerr effects. However, it is most commonly seen in Nicol, Glan-Foucalt and Wollaston prisms, all of which utilizes calcite crystals. For 10 points, name this phenonmenon in which light divides into two components in a material, sometimes called double refraction. 

ANSWER: Birefringence [prompt on double refraction] (3) [DF]

 
12. The first known one of these is the Bray-Liebhafsky reaction, which utilized a mixture of hydrogen peroxide and potassium iodate in dilute sulfuric acid. A modified version of the Bray reaction known as the (*) Briggs-Rauscher equation adds malonic acid and maganase ions to the reaction mixture. Ones using a ceric-cerous system or Ferroin indicator belong in the Belousov-Zhabotinsky family of these reactions. Many of them employ a starch indicator which responds to changing levels of iodine. For 10 points, name this group of reactions that cycle through a series of colors over time, which are either named for their apparent violation of Le Chatlier’s Principle or their ability to keep time. 

ANSWER: Clock reactions [or non-equilibrium reactions; prompt on chemical oscillators or oscillating reactions] (4) [DF]

13. Doug MacAyeal argues that discharges from this body of water caused the Dansgard-Oeschger cycle. The Nastapoka arc under this body of water may be the remains of an ancient impact event. Just north of this body, one can find the Barnes cap. Despite a global rise in sea levels, this body of water has shrunk over the past 10,000 years due to (*) isostatic lift, the result of its interactions with the Laurentide Ice Sheet, and this body of water was the final watershed of Lake Agassiz and received the draining water of Lake Agassiz at the end of the last Ice Age. Containing the Belcher Islands, this is, for 10 points, what large bay of the Arctic Ocean that cuts into Canada?
ANSWER: Hudson Bay [prompt on Arctic Ocean until mentioned] (1) [BA]
14. One of these objects denoted JM1 regulates iron uptake, and the Rep/STB system is responsible for partitioning another of these objects, 2µm, between mother and daughter cells in yeast.  Clowes divided one class of these objects into “stringent” and “relaxed,” and a meeting in a Honolulu delicatessen led to Cohen and Boyer’s agreement to collaborate on several experiments advancing their study, including the (*) cleavage of SC101 by the restriction enzyme EcoRI.  A process involving sex pili, conjugation, allows organisms to transfer these objects. For 10 points, name these common cloning vectors, often consisting of circular non-nuclear DNA fragments, the best known of which are F, which initiates conjugation, and R, used to confer antibiotic resistance. 

ANSWER: plasmids [prompt on episomes] (3) [DW]

15. The "nested" version of this mechanism, described in 2004 by Nystrom et al, creates derivative versions of all the incorporated components of the container being derived from. Prototype-based languages like JavaScript employ the differential version of this process, describing objects in terms of their differences from their prototype object. Java and Ruby employ (*) interfaces and mixins, respectively, rather than allow the "multiple" form of this, in which classes have more than one direct superclass. For 10 points, name this feature of object-oriented systems, the derivation of classes from superclasses. 
ANSWER: inheritance (3) [ES]
16. The term “sausage machine” was used by Imre Lakatos to describe an ideal solution to this problem. Thomas Kuhn proposed different solutions to this problem in normal or extraordinary circumstances. The Vienna Circle stressed the (*) verificationist solution to this problem, which focused on the role of empirical observation. Karl Popper argued that the solution to this problem requires contrasting induction and deduction, only the latter of which is falsifiable. For 10 points, name this problem from Philosophy of Science, which deals with how to draw the line between science and non-science.
ANSWER: demarcation problem (5) [BA]

17. The Mustard and Senning procedures were developed in the 1960s to surgically correct one of these anatomical anomalies.  The tetralogy of Fallot is a characteristic collection of four of these, while Ebstein's anomaly is commonly seen in Wolff-Parkinson-White patients, and is also sometimes caused by maternal lithium use.  They may be caused by exposure to (*) teratogens or by maternal illness in addition to causation by genetic predisposition.  Another common cause is premature birth, as seen in the prevalence of patent ductus arteriosus.  They may occur at a cellular level, as in Jervell and Lange-Nielsen syndrome, a form of long QT interval syndrome, but are more commonly thought of as structural abnormalities which affect blood flow such as patent foramen ovale.  For 10 points, name these irregularities common to a vital organ.

ANSWER: congenital heart defects [accept things like transposition of the great arteries or transposition of the great vessels until “tetralogy”] (3) [AU]
18. A polyomino whose minimum bounding box is equal to its perimeter can be described using this term.  An open bounded d-dimensional polyhedron with this property has a Euler measure of (-1)^d, and a closed one can be expressed as a set of bounded solutions to a set of linear inequalities.  A surface is uniformly (*) this if when the norm of the average of two points on the surface is greater than 1-delta, then the norm of the difference of the points is epsilon.  A polygon with this property has a minimal circumscribed triangle with an area of at most twice the area of the polygon, and the sum of the measures of the interior angles of such a polygon is 180 degrees times two less than the number of sides.  A function whose second derivative is always positive can be called concave up, or this.  For 10 points, name this property of a polygon where the line segment connecting any two points on the polygon is contained inside the polygon.

ANSWER: convexity (2) [CM]
19. One type of this process involves a "sphere of action" within which the probability of this process occurring is one, and other types include "parallax" and "depth-dependent."  If diffusion constants and molecular radii are known, the efficiency of this process can be calculated using the (*) Smoluchowski equation.  Cyclodextrins and macromolecules protect against this process, and dithionite is one molecule that undergoes it.  It is often represented by a concave-up curve relating relative intensity on the y-axis to concentration on the x-axis; a plot named for Stern and Volmer.  For 10 points, name this process in fluorescent spectroscopy, in which the fluorescence intensity of a fluorescent sample decreases.
ANSWER: quenching [accept word forms; grudgingly prompt on "fluorescence spectroscopy" until mentioned] (6) [DW] 
20. Motivated by an account of a family dying when the seal on their refrigerator ruptured, this man and Leo Szilard patented a refrigerator that cooled using only heat as input. A model of the universe that is isotropic and homogeneous with zero curvature and zero cosmological constant is named for him and (*) de Sitter, while the rule that a repeated index in an expression is meant to be summed over every possible value of that index is known as his summation convention. Winning the 1921 Nobel Prize in Physics for his “discovery of the law of the photoelectric effect,” for 10 points, name this physicist also known for his development of the theories of general and special relativity.
ANSWER: Albert Einstein (1) [BH]

