Questions by Paul Lujan, Stephen Lee, and editors—round 7
1. Its variants include the Buenos Aires, Manitoba, Lisbon, and Ann Arbor forms. This protein has a central cavity that is a site for binding of the regulatory agent 2,3-BPG. Max Perutz led the pioneering studies that detailed the structure of this protein. FTP, name this protein for which mutations in the corresponding genes can result in diseases including sickle cell anemia, the oxygen carrier of red blood cells.


Ans: hemoglobin
2. They are preserved by canonical transformations, and using them, a Hamiltonian vector field can be converted into a Lie (pron. LEE) algebra. They are bilinear and antisymmetric, and obey the Jacobi identity. They can be used to show that a dynamical system is Hamiltonian. For ten points, identify this dynamical quantity named after a French mathematician.

Ans: Poisson brackets

3. Above it is the unsaturated zone, including the capillary fringe; below lies the saturated zone. It’s not an artesian well, but a perched one can result when an aquiclude lies between two aquifers. Recharge takes place by infiltration, and can be supplied by influent streams, while discharge can generate effluent streams. Reaching the surface in rivers and at springs, FTP name this zone which marks the upper limit of groundwater.


Ans: groundwater table

4. Proved in 1678, corollaries of this theorem include the existence of the Nagel, Gergonne and Lemoine points, as well as the existence of the incenter, orthocenter, and center of gravity of a triangle. It can be extended to hyperbolic triangles by using an appropriate length function, and can be shown to be equivalent to the theorem of Menelaus. For ten points, name this theorem which provides a condition for the mutual intersection of three lines inscribed in a triangle.

Ans: Ceva's theorem (accept Theorem of Menelaus before mention, although it probably wasn't proved in 1678...oh well)

5. This metallic element is the most strongly diamagnetic metal known. It has only one stable isotope, but over two-dozen known unstable ones. It shares with common water the unusual property of expanding after a liquid-to-solid phase change. It is also one of the elements in the decay series that converts uranium-238 into a stable isotope of another element. For ten points, name this element, a component of the active ingredient of Pepto-Bismol.

Ans: bismuth

6. In a charging capacitor, current is flowing onto each plate, but no current is flowing between the plates. Thus, applying Kirchhoff's junction rule at one of the plates creates an apparent contradiction. Furthermore, while Ampere's law predicts that no magnetic field would be created between the plates, a magnetic field does indeed exist. These contradictions can be resolved by introducing, for ten points, a term representing what quantity added to Ampere's Law by Maxwell?

Ans: displacement current (accept the Ampere-Maxwell law or equivalents before "Ampere's Law")

7. First proposed by Lynn Margulis in the early 1970s, the protist Pelomyxa palustris is often cited as a supporter of this theory. Pelomyxa contains no mitochondria, but do contain bacteria within it that serve a similar function. Mitochondria, chloroplasts, and centrioles also contain their own DNA, further supporting this hypothesis. FTP, name this theory that purports that eukaryotic organelles have their origins in bacteria symbiotically living inside larger bacteria.


Ans: endosymbiotic theory or endosymbiont hypothesis [accept equivalents]

8. Rising 11 kilometers above their surroundings, they are comparable in height to the Himalayan range, although the lack of erosion gives them a markedly different appearance than any terrestrial mountains. Located on Ishtar Terra, their height is less than the Martian mountains because the surface gravity is greater, comparable to Earth's. FTP, name this mountain range, the highest area of Venus.

Ans: Maxwell Mountains or Montes
9. "I had never seen anything in the least like them before. A single look at them is enough to show that they could only be written down by a mathematician of the highest class. They must be true because, if they were not true, no one would have had the imagination to invent them." These results included work on continued fractions and infinite series, and these words were written by G. H. Hardy on first receiving correspondence from, for ten points, what famous Indian mathematical prodigy?

Ans: Srinivasa Ramanujan (prompt on Hardy before he’s mentioned)

10. Compounds containing this group may be treated first with silver oxide and then with bromine to form an alkyl bromide. They also combine with alcohols in an acid-catalyzed reaction called the Fischer esterification. For ten points, name this functional group, found in compounds containing names such as "valeric", "myristic", "formic", and "acetic".

Ans: carboxyl group
11. It had twice as many registers as its predecessor and four 16-bit index registers, increasing the addressable memory to 1 megabyte. It had twice the bus width of the previous model--16 bits--increasing its processing power tenfold over its predecessor chip. Initially used in IBM's Displaywriter typewriters, it became almost standard in personal computers and helped establish Intel's dominance in the CPU market. FTP, what is this successor to the 8080 in a popular line of CPUs with numerical names?

Ans: 8086 Intel CPU
12. The person who originally derived this called it the "grand canonical distribution", but it is now referred to by his name. It is an extension of the partition function to a system in which the number of particles may vary, and hence is also referred to as the "grand partition function". For ten points, identify this thermodynamical quantity, obtained by adding up the namesake factor over all states of the system and all numbers of particles.

Ans: Gibbs sum (prompt on grand canonical distribution or grand partition function before they're mentioned)

13. For polynomials, the Bombieri one satisfies Bombieri's inequality, while the L2 form for inner product spaces always satisfies the parallelogram law. In general it must be positive-definite, homogeneous, and obey the triangle inequality. In the finite dimensional case, all definitions of it are equivalent, since they produce the same topology. A complete metric space equipped with one is known as a Banach space. The absolute value and modulus satisfy the requirements for, FTP, what abstract measure of size?


Ans: norm

14. Two types of reactions occur: an alkylation reaction in which polyalkylation and rearrangements are common, and an acylation (pron. a-sill-AY-shun) reaction that is not prone to rearrangement and forms a deactivated product. It occurs at high temperatures of 375 degrees Kelvin in the presence of Lewis acid catalysts such as ferric or aluminum chloride, which binds to the halogens on the alkyl or acyl products, leading to electrophilic aromatic substitution. FTP, name this reaction named after its French and American discoverers, which produces an alkylbenzene or acylbenzene.


Ans: Friedel-Crafts reaction
15. These proteins are typically homodimers, reflecting the substrate on which they act. Most are inactivated by heat, but some require an extraction with phenol to destroy their activity. In nature their function is to protect bacteria from the possible deleterious effects of foreign DNA. However, they are better known for a different use. FTP, name this class of enzymes whose most commonly used members are Bam H 1 and Eco R 1, known for cutting DNA in specific places.

Ans: restriction enzymes or type II restriction endonucleases
16. Stanier showed that they could measure the Fourier components of brightness distributions. Ryle worked on their use in radio astronomy, helping formulate the detailed principle of aperture synthesis, and introducing phase switching. The two element primitive array type produces fringes with spacing given by the angle which produces a change of a wavelength in the path difference. FTP, the VLBA is an example of what tool used in the Michelson-Morley experiment?


Ans: interferometers
17. The most comprehensive experimental test was in the work of Aspect, Grangier, and Roger, in 1982, but it was tested frequently after its initial proposition in 1964, usually with two-photon atomic transitions rather than pion decays. It disproves the assumptions behind the EPR paradox, and supports the Copenhagen interpretation of quantum mechanics. For ten points, name this theorem of quantum mechanics which shows that local hidden variables cannot exist.

Ans: Bell's theorem or inequality or the Bell-Wigner theorem
18. It describes why the compressibility factor of a gas isn’t always equal to 1. It can predict the Boyle temperature, and is not accurate at the critical point. Much easier to use than the alternative Dieterici and Berthelot equations, the factor “b” accounts for molecular size, while factor “a” accounts for the effect of intermolecular forces on pressure. FTP, name this equation that modifies the ideal gas law for a real gas.


Ans: van der Waals equation

19. One popular engine for dealing with these was written by Henry Spencer, and was incorporated into the first version of Perl. Common metacharacters used include ^ (caret) for beginning-of-line, ? (question mark) to indicate that the preceding element is optional, and . (period) as a one-character wildcard. For ten points, identify these strings used to perform pattern matching in such languages as grep and awk.

Ans: regular expressions or regexps

20. The gene for this disease was identified in 1989, but before that it had been known that it was on chromosome 7 in humans for several years. Possession of the disease-causing form is thought to confer protection against cholera. The most common disease-causing mutation is a deletion of the phenylalanine at position 508. FTP, name this disease, whose typical symptoms include sterility in males, very salty sweat, and accumulation of mucus in the lungs.


Ans: cystic fibrosis

1. Identify the following astronomers who did important work on galaxies F15PE, 5 if you need an easier clue.

15) He classified galaxies by morphology, distinguishing between irregular, elliptical, spiral, and barred spiral galaxies.

5) He found that galaxies are receding from us at a rate proportional to their distance.


Ans: Edwin Hubble
15) Local Galactic rotation is characterized by his parameters: the local shear rate and local rotation rate.

5) He proposed that there are billions of comets in a cloud around the Sun at a distance of about two-thirds of a light year.


Ans: Jan Oort

2. Name the type of genetic mutation FTPE.

10) This type of mutation does not alter the protein sequence of the affected gene.

Ans: silent mutation
10) This type of mutation changes an amino acid into a stop codon, resulting in a truncated protein.

Ans: nonsense mutation
10) In this type of mutation, a purine is mutated into a pyrimidine, or vice versa.


Ans: transversion mutation
3. Answer the following questions about approximation methods in quantum mechanics FTPE.

10) The simplest type of approximation is just to make a guess for the wave function, and obtain an upper bound for the ground-state energy from this guess. Name this principle.

Ans: variational principle
10) Also known as the "semiclassical" method, this method assumes that the changes in V are over a scale much larger than the wavelength of the particle.

Ans: WKB or JKWB method (stands for Wentzel, Kramers, Brillouin, and Jeffreys)

10) Named after two scientists, it assumes that electron and nuclear motions are separable and that the electron reacts instantaneously to position changes of the nucleus.

Ans: Born-Oppenheimer approximation
4. Answer the following questions about common software faults FTPE.

10) The most common type of security hole is this problem, created when an application writes an excessively large amount of data into a stack-allocated array variable.

Ans: buffer overflow
10) This is a common bug in multithreaded programs, occurring when several threads perform a side-effecting operation in an unpredictable order, resulting in a nondeterministic outcome.

Ans: race condition

10) The first common type of denial-of-service attack was this, where a computer sends a large number of TCP packets trying to establish a connection with a server, but with a forged, nonexistent source address.

Ans: syn flood (pron. sin flood)

5. Given the functional group attached to benzene, name the common name of the resulting compound FTPE.

10) -OH

Ans: phenol
10) -NH2

Ans: aniline

10) -C2H3

Ans: styrene

6. Identify the following types of monosaccharides, none of which is glucose, FTPE.

10) This six-carbon sugar differs from glucose in that two carbon atoms are linked off the ring, as opposed to the usual case of one. It is so named because it was first found in fruits.


Ans: fructose
10) This five-carbon sugar has a -H and an -OH attached to carbon. It is notable for forming the backbones of RNA.


Ans: ribose
10) This three-carbon sugar is the smallest sugar and exists only as the straight-chain form. It has a double-bonded oxygen on carbon 1 and -OH groups on the other two carbons.


Ans: glyceraldehydes

7. The first law of thermodynamics states that delta U = Q - W. FFPE and 5 for all correct, given a process, state which of those quantities is zero for the process. Multiple answers possible.

5) Constant volume        

Ans: Work
5) Constant pressure             

Ans: none
5) Constant temperature          

Ans: delta U or delta E or change in energy
5) Adiabatic process             

Ans: Q or heat
5) Free expansion in a vacuum    

Ans: all

8. Identify the following things associated with weathering FTPE.

10) Massive rocks tend to crack along these fractures, which can be columnar. Unlike faults they don’t show appreciable displacement.


Ans: joints
10) This rock, made of calcite and dolomite minerals, is especially susceptible to chemical weathering. Underground water often hollows out caverns in formations made of this rock.


Ans: limestone
10) Similar to spheroidal weathering, in this physical weathering process large flat or curved sheets of rock are fractured and detached from an outcrop.


Ans: exfoliation or sheeting
9. Answer these questions about the Human Immunodeficiency Virus FTPE.

10) Highly error prone, this is the enzyme through which HIV transcribes its RNA back into DNA.


Ans: reverse transcriptase
10) HIV gains entrance into helper T cells by attaching to this cell membrane receptor.


Ans: CD4
10) AZT is among a class of inhibitors of this HIV enzyme, which breaks up proteins made by the infected T-cells for assembly into viral components.


Ans: protease

10. There are at least 4 mathematical identities known as "Euler's theorem". Answer the following about some of them for 10 points each.

10) Euler's most famous theorem, of course, is in graph theory, relating the number of vertices, edges, and faces of a graph. It was inspired by the bridges of what city?

Ans: Konigsberg
10) Euler generalized this theorem, which states that for prime p, a to the p is congruent to a mod p, and, if p doesn't divide a, then a to the p-1 is congruent to 1 mod p.

Ans: Fermat's Little Theorem or Fermat's Primality Test
10) Another "Euler's theorem" relates the inradius and circumradius to the distance between the incenter and circumcenter, which lie on Euler's line. The midpoint of Euler's line is the center of what circle passing through the midpoints, perpendicular feet, and Euler points?

Ans: the nine-point circle or Feuerbach circle or Euler circle
11. Identify the following British scientists from inventions F15PE.

15) He invented the spinthariscope, used to measure alpha radiation from radium, as well as the radiometer. His namesake tube is an improved vacuum tube.


Ans: Sir William Crookes
15) He invented the mass spectrograph, with which he discovered many of the naturally occuring isotopes.


Ans: Francis William Aston

12. Name the chemical, 30-20-10.

30) One of its breakdown products in air is phosgene.

20) It forms in tiny amounts when water is chlorinated, which has resulted in debate about the safety of chlorination.

10) Its chemical formula is CHCl3.

 
Ans: chloroform
13. Answer the questions about theoretical computer science as applied to compilers, FTPE.

10) The syntax of most programming languages can be described by this construct, allowing parser generators to be designed based on finite automata.

Answer: context-free grammar
10) This type of mathematical structure represents the control flow of a program after it has been partitioned into basic blocks.

Ans: directed acyclic graph (don't accept "control-flow graph," we said *mathematical* structure)

10) This algorithm is used during the register allocation phase of a compiler. Mapmakers might be familiar with it.

Ans: graph coloring
14. Answer the following questions about photosynthesis FTPE.

10) Chlorophyll contains carbon, hydrogen, nitrogen, oxygen, and which other element located in the center of the molecule?


Ans: magnesium
10) What is the name of the enzyme responsible for the fixation of carbon dioxide?

Ans: rubisco or ribulose 1,5-bisphosphate carboxylase
10) This electron carrier transports electrons between photosystems II and I. It contains 4 iron and 4 sulfur atoms, a plastoquinol and two hemes. It is the main participant in the electron efficient Q cycle.


Ans: cytochrome b6f
15. Identify the names of the following hydrogen spectrographic series given descriptions FTPE.

10) Emitted in the ultraviolet spectrum, these are transitions from higher states to the ground state n=1.


Ans: Lyman series
10) Producing some lines in the visible spectrum, these are transitions from higher states to the first excited state n=2.


Ans: Balmer series
10) Emitted in the infrared spectrum these are transitions from higher states to the second excited state n=3.


Ans: Paschen series
16. F15PE, identify these favorite functions of physicists: special functions!

15) These functions are used in the connection formulas for the WKB approximation. They are the solutions to the equation d2y/dx2 (dee-squared y dee x-squared) = xy.

Ans: Airy functions
15) These functions provide the angular solutions to the Schrodinger equation in spherical coordinates. They are derived from the polynomials of the same name.

Ans: associated Legendre functions
17. FTPE, identify these structures of the heart.

10) This is the primary artery leading out of the left ventricle to the rest of the body.


Ans: aorta
10) This is the valve between the left ventricle and the left atrium.


Ans: mitral valve
10) These two valves separate the left ventricle from the aorta and the right ventricle from the pulmonary artery.


Ans: semilunar values
18. Identify these things from the search for extraterrestrial life, FTPE.

10) Terms in this equation include the number of planets, per solar system, with a suitable environment for life, and the fraction of suitable planets on which life actually appears.


Ans: Drake equation

10) It is defined as the region around a star in which an Earth-like planet can maintain liquid water on its surface.


Ans: habitable zone
10) The inner edge of the habitable zone is determined by the loss of water through the moist variant of the runaway version of this effect.


Ans: greenhouse effect
19. Identify the following Frenchmen who conducted experiments in physics, FTPE.

10) Based on his double vacuum experiment, this man formulated his principle, which states that pressure is constant throughout a static fluid.


Ans: Blaise Pascal
10) He independently developed the torsion balance and used it to show that the force of electricity is inverse square.


Ans: Charles Augustin de Coulomb
10) Using a rotating cogwheel, he made the first reasonable experimental measurement of the speed of light. He also used a beam splitter to send one beam upstream through moving water and one beam downstream before recombining and measuring the fringe shift.


Ans: Armand-Hippolyte-Louis Fizeau
20. Answer the following questions about formal charges FTSNOP.

10) Give the formal charges for nitrogen and boron in NH3BH3 F5PE. You have 10 seconds.

Ans: N: +1, B: -1

10) There are two possible formal charge structures in H2CNH2+. Name both the possible formal charges for nitrogen in this compound F5PE. You have 10 seconds.

Ans: N: 0, +1

10) FTP, the existence of two possible formal charge conformations like that of H2CNH2+ is an example of what chemical concept?

Ans: resonance
