Science Non-Strosity: There’s Plenty of Room at the Bottom
Packet 5

Questions by Ray Anderson, Bruce Arthur, Matthew Feldman, Darwin Fu, Brandon Hensley, Colin McNamara, Andrew Ullsperger, and Dwight Wynne
1. Von Gierke’s disease can lead to overstimulation of this biological pathway, which, unlike a similar pathway, is not inhibited by high concentration of fluoride ions.  Enediolate intermediates occur in its epimerization and isomerization reactions, which occur in parallel and result in either (*) xylulose or ribose derivatives, respectively; those derivatives are then converted to the final products by transketolase and transaldolase.  This process is sometimes named after the product of its second reaction, 6-phosphogluconate, and its oxidative phase produces six molecules of NADPH for every three of glucose-6-phosphate that enter this pathway.  For 10 points, name this metabolic pathway that produces fructose-6-phosphate and glyceraldehyde-3-phosphate via a phosphorylated five-carbon sugar intermediate. 

ANSWER: pentose phosphate pathway [accept pentose phosphate shunt; accept hexose monophosphate or HMP pathway or shunt; accept early phoshpogluconate pathway or shunt] (4) [DW]

2. Miller’s algorithm is sometimes used to generate a recurrence relation for these entities, and Steed’s method simultaneously calculates both them and their derivatives.  e to the i z cos θ is equal to the sum from n equals negative to positive infinity of i to the n times e to the i n θ times this function of z by the Jacobi-Anger expansion.  By Mehler’s formula, ones of order (*) zero are proportional to the integral from 0 to infinity of the sin of x cosh t dt, while the ones of order plus or minus one-half are equal to the square root of 2 over pi x, times cos or sin x.  They are the solutions to the equation x squared d squared y d x squared plus x dy dx plus y times quantity x squared minus ν squared equals zero, their namesake’s differential equation, but are also used in the solution to the Laplace differential equation in spherical and/or cylindrical coordinates.  For 10 points, name these functions denoted by Jν(x) and named after a German astronomer.

ANSWER: Bessel functions [accept Bessel functions of the first kind as all clues point either uniquely to Bessel functions of the first kind or to Bessel functions of any kind] (4) [DW]
3. Lemaire applied this concept to ionospheric plasmas in a paper describing the “formation of the plasmapause.”  Aggarwal and Oberbeck generalized this concept to a solid body, and Rawal used it as the basis for his derivation of Bode’s Law. This concept, sometimes named after Jacobi, can be derived using a Taylor expansion of (*) gravity about a spherical object and finding the locus of points where the self gravity is equal to the simplified Taylor expansion for tidal forces.  Its French namesake originally postulated it while attempting to explain the origin of Saturn’s rings. For 10 points, name this limit, approximately 2.44 times the radius of a large object, within which any body held together only by its self-gravity will be torn apart by tidal forces. 
Answer: Roche Limit [accept early tidal limit; accept early Jacobi limit; accept radius for limit in any of the answers; accept just Roche after “limit”] (3) [MF]
4. In most types of this device, a compensation capacitor that is added to make it unity gain stable is responsible for the slew rate, defined as the maximum rate of change in output voltage. The ratio of differential voltage amplification to common mode voltage amplification is defined as the (*) common mode rejection ratio for this device and gives rise to error in the output voltage. An ideal one has zero input current, zero output impedance, and infinite input impedance, which modern devices mimic closely. For 10 points, name this ubiquitous device in analog electronics able to be used in inverting and non-inverting configurations, often depicted as a triangle with a right-pointing apex.

ANSWER: Operational Amplifier (3) [BH]

5. In yeast, several DEAH proteins are required for this entity to function, and under high temperature conditions heat reversal factor can restore partial function.  The H complex is a competitor to the formation of this structure, which proceeds through E, A, B, and C complexes.  One of its products is converted from a (*) lariat structure by a debranching enzyme.  It forms two phosphodiester bonds in two sequential transesterification reactions, and the consensus sequence to which it binds starts with GU and ends with AG.  Its major components include the U1, U2, U4, U5, and U6 snRNPs.  For 10 points, identify this structure responsible for modifying pre-mRNA by performing the namesake function to yield a string of exons. 

ANSWER: spliceosome (5) [DW]
6. While working on the creation of this device, one of the creators wrote a paper proposing the development of magnetic memory. This device's memory was stored in ring counters, which employed flip-flops to store the digits zero through nine. Modifications suggested by John von Neumann allowed it to operate with a stored program. It was developed by J. Presper (*) Eckert and John Mauchly under contract from the U.S. Army at the University of Pennsylvania, and most of its operating life was spent calculating ballistic tables at the Aberdeen Proving Ground in Maryland. For 10 points, identify this first general-purpose electronic digital computer. 
ANSWER: ENIAC (1) [ES]
7. A 1988 paper by Baldocchi et al. developed the mathematical and physical assumptions necessary to obtain the one-dimensional transport required by this measurement technique.  This technique assumes that there is no net advection of the energy or gas being measured, but does not require neutral stability like Bowen Ratio Energy Balance method.  The friction velocity, u star, is used to remove periods when it calculates erroneous fluxes.  Reynolds (*) decomposition is used to obtain fluctuating components of vertical velocity and the scalar of interest, while its fundamental equation multiplies the fluctuating components by atmospheric density to obtain the surface flux.  For 10 points, name this micrometeorological technique used by the Ameriflux, CarboEurope, and iLEAPS to measure the direct exchange of energy, water, and other matter between the Earth's surface and atmosphere.
ANSWER: Eddy Covariance [accept Eddy Correlation or EC] (6) [RA]

8. The lesser known type II of this phenomenon is governed by the Brunauer-Emmett-Teller equation. The more well-known type I is governed by the Freundlich and Langmuir equations. Type II is the (*) physical form of the phenomenon while the latter is the chemical form and is further classified into molecular and dissociative varieties. It is almost always an exothermic process and for gases, increases with increasing pressure. It leads to an increase in concentration of a component in the interphase region relative to the bulk region. For 10 points, name this process by which solute particles accumulate on a surface to form a film. 

ANSWER: adsorption [do not accept or prompt on absorption] (2) [DF]

9. This man may not have received his Nobel Prize had Gustaf Retzius not resigned from the Caroline Institute several years before, or had Carl Sundberg not championed this man, playing down his support of the reticular theory and his views that dendrites played no role in conducting electrical impulses, or had Bror Gadelius and Emil Holmgren been more convincing in their arguments that (*) Santiago Ramon y Cajal be given the full prize instead of sharing it with this man.  That prize was largely for using a silver-containing compound to completely stain a small percentage of neurons, not for discovering an organelle believed for many years to be an artifact of that stain.  For 10 points, name this Italian scientist who discovered a namesake “body” that packages proteins. 

ANSWER: Camillo Golgi (1) [DW]

10. This equation was first derived to describe the effects of perturbations on the orbit of the moon, and the theory of beam stability in circular accelerators is an application of it. Determinants of infinite order were employed by its namesake in solving it, while complex solutions of it are given by the (*) Floquet Theorem. The Mathieu equation, which arose from the study of waves in an elliptical cavity, is a special form of it. It takes the form q double dot plus a of t times q dot plus b of t times q equals zero with a of t and b of t periodic.  For 10 points, name this differential equation named for an American mathematician and astronomer that often arises when a system in periodic motion experiences some perturbation.

ANSWER: Hill’s equation (6) [BH]

11. Antibody catalysts have been used to facilitate reactions, including one using an epoxy-alcohol as a reactant, in violation of this principle. A modified version of it must be applied when using an enolate anion as the Nucleophile. It considers three properties of a reaction: the number of atoms in the (*) end product, the hybridization of the electrophilic center and whether the bond formation is endo or exo. It states that the endo-trigonal formation of 3,4 or 5 carbon cyclic products and the exo-digonal formations of 3 or 4 carbon cyclic products are unfavorable. For 10 points, name this set of rules, proposed by a namesake British chemist, which describes the favorability of ring closure reactions. 

ANSWER: Baldwin’s Rules of Ring Closure (5) [DF]

12. Specialized types of this process are solifluction and gelifluction, which most commonly occur in tundra regions, and can be assisted by frost heaving .  The resulting material from this process is known as (*) colluvium, which may form an apron around a hill.  Its rate depends on the composition of the material involved, the presence of water, the presence of anchoring vegetation, and of the slope gradient.  This process occurs at a rate of centimeters per year, in contrast with rapid mass wasting like rockfalls and landslides.  For 10 points, name this mass wasting process, the slow movement of rock or soil down a slope.

ANSWER:  creep (2) [AU]
13. In radiology, the radiation dose given to any organ is equal to the amount of activity in that organ multiplied by an entity by this name.  Another entity by this name is a measure of deformation resistance.  A binary tree is a height-biased leftist tree if this entity for the left child is no smaller than that of the right child at every internal node, and this entity represents the (*) shortest distance from a node to an external node.  This name is also given to the result of a secret formula that incorporates “measures of tossup performance and bonus performance,” strength of schedule, and overall finish.  For 10 points, give the common term, which names a statistic NAQT uses to determine who gets ICT bids.

ANSWER: s-value [prompt on partial answer] (2) [DW]
14. RyR-2 and JP-2 are proteins most prevalent in this type of tissue. Membrane-bound granules containing the precursor to an aldosterone antagonist are found at both poles of the nuclei in one type of this tissue.  This tissue’s function is governed by the (*) Frank-Starling law, and it often appears as diads instead of the triads found in a similar type of tissue.  Intercalated disks hold together the cells of this tissue.  An extensive sarcoplasmic reticulum network is responsible for the long refractory period of cells of this tissue, some of which are autorhythmic and some of which must be depolarized through a signal from the SA node.  For 10 points, name this kind of tissue that is responsible for producing the contractions of a beating heart. 

ANSWER: cardiac muscle [prompt on things like muscle, as RyR-2 and JP-2 are most abundant in the cardiac type] (1) [DW]

15. The formulators of this experiment were unaware of the similar suggestions made by Walter Elsasser years earlier and the experiment’s results were later expanded by the (*) Stern-Estermann experiment. A faraday box was used to collect data for it and its results surprisingly conformed to Bragg’s Law. It utilized a nickel target, a heated filament source and a rotating detector which allowed for data on the angular dependence of intensity. Its results helped to confirm that the wavelength lambda is equal to Planck’s constant over momentum. For 10 points, name this experiment in physics which confirmed the DeBroglie’s hypothesis of the wave nature of matter by demonstrating that electrons diffract. 

ANSWER: Davisson-Germer Electron Diffraction Experiment (2) [DF]
16. Features and operators of these programming elements are employed in parsing expression grammars. PEGs are in turn able to recognize recursive syntax which these constructs cannot. These program elements share a name with formal constructs that describe languages that are equivalent to finite (*) automata according to Kleene's theorem and that are closed under the union, concatenation, and star operations. Languages that are not context-free and are not part of the namesake class of these constructs can be recognized when features such as backreferences and lookahead are added. For 10 points, identify these programming constructs that match strings against patterns, implemented in tools like "awk" and "grep", and as a primary feature of Perl. 
ANSWER: regular expressions [accept regexs or regexps] (4) [ES]
17. One of this concept’s namesakes graces a law stating that if n is the number of published papers, and f(n) is the number of scientists publishing those papers, then f(n) is inversely proportional to n2.  The other namesake of this concept denotes a class of integral equations sometimes paired with the more-difficult-to-solve (*) Fredholm equations.  William Bray’s experiment reacting hydrogen peroxide and iodate gave product proportions predicted by the first’s namesake “oscillator,” while the second originated the idea of replacing hydrogen in airships with helium.  This concept’s best-known use was developed by the second to model the fish population in the Adriatic Sea.  Given by the equations dx/dt = ax – bxy and dy/dt = -cy + dxy, for 10 points, name this most common mathematical model of predator-prey interactions. 

ANSWER: Lotka-Volterra equation(s) [or Volterra-Lotka equation(s); prompt on Lotka before “other”] (4) [DW]

18. This functional group is found in monensin and other ionophore antibiotics, which disrupt bacterial membrane transport by complexation with monovalent cations.  Those without significant bond strain generally show low reactivity, and are often used to (*) solvate organometallic reagents, but these compounds are also prone to autoperoxidation.  As six-member heterocycles, they are known as pyrans, and the five-member heterocycles are known as furans. The aryl type may be prepared using the Ullman condensation, which couples an aryl halide to a phenol in the presence of activated copper, while aliphatic ones may be be prepared from dehydration of alcohols or by nucleophilic substitution of an alkyl halide with an alkoxide ion, the Williamson synthesis.  For 10 points, name this functional group with two substituent groups singly bound to an oxygen.

ANSWER: ethers (1) [AU]

19. A dispute over the name of this substance was settled by Salisbury and Ross in 1992. This fifteen-carbon substance is partially produced via the mevalonic pathway. Xanthonin is an intermediary formed when this substance is synthesized via oxidation from the breakdown of the carotenoid violaxanthin, and its active form is an aldehyde. This molecule inhibits the formation of Kinetin Nucleotides, and its transport is notably (*) non-polar. It was studied by Artsaenko in mutant tobacco plants, but its discovery is credited to Frederick Addicott. A lack of this hormone can cause vivipary due to premature germination, as well as wilting, since it regulates the guard cells of stomata. Originally called dormin, it is found in seeds and dormant buds and inhibits stem elongation. For 10 points, name this plant hormone named for the belief that it caused fruits and leaves to be cut from stems.  
ANSWER: abscisic acid [accept abscisin II; accept ABA; accept dormin before mention; accept also (2Z,4E)-5-[(1S)-1-hydroxy-2,6,6-trimethyl-4-oxo-2-cyclohexen-1-yl]-3-methyl-2,4-pentadienoic acid; prompt on abscisin] (3) [BA]

20. One of Nesper’s criteria states that if a Zintl phase has this property, then that property must be temperature-dependent.  Gorter developed an empirical equation describing absorption due to this property, and Al’tshuler developed a theory of (*) relaxation in lanthanides due to this property.  Two theories of this property are named after Brilouin and Langevin.  The van Vleck form of this property is temperature-independent, and its weakest form was explained in terms of Fermi-Dirac statistics by Pauli.  Certain types of oximetry take advantage of the fact that oxygen has this property, which occurs above the Curie temperature.  For 10 points, name this type of magnetism found in substances with unpaired electrons. 

ANSWER: paramagnetism (1) [DW]
