TOSSUPS B10

Physics: Easy as Pions, by Quentin Roper of Drake University

1.
For a substance to be this, there must be a large number of particles of the substance to be within a Debye Sphere*, and a Debye length for these must be small compared to its physical dimensions. They are said to be quasineutral, meaning that, although the total charge in one of these can be taken to be zero, but nonzero electric fields within them can exist. For ten points, name these magnetohydrodynamic fluids, first identified by Sir William Crookes, examples of which can include interstellar medium, particles in the ionosphere, or the Sun.

Answer: Plasmas (prompt on Magnetohydrodynamic fluid)

2.
In 1764, he used the concept of virtual work to explain the libration of the moon. In Number Theory*, he proved that any integer can be represented as the sum of at most four perfect squares. His multipliers can be used in optimization problems in more than one dimension, and, to boot, he developed the Mean Value Theorem. For ten points, name this mathematician and mathematical physicist, who reformulated classical Newtonian Mechanics with the aid of a functional quantity named for him, classically formulated as the kinetic energy minus the potential energy.

Answer: Joseph Louis Lagrange (or Giuseppe Luigi Lagrangia)

3.
This phenomenon was first observed by its namesake in solid iridium* in 1957. Unlike its X-ray counterpart, this effect cannot be observed in free gasses, because the recoil energy for the gas particles is too high. For ten points, name this quantum mechanical phenomenon in which gamma rays are absorbed by an atom in a lattice crystal, and reemitted at essentially the same energy.

Answer: Mössbauer Effect (accept Gamma Ray Resonance)

4.
A German electron one of these located in Hamburg was responsible for finding the gluon*. The type of radiation named for this device is caused by the acceleration of relativistically charged particles, and for particles of lower mass, this can be the limiting factor in them.  For ten points, name this type of particle accelerator, whose electric and magnetic fields are varied precisely so that the beam can travel at a fixed radius.


Answer: Synchrotron (do not accept cyclotron or synchrocyclotron. Just in case)

5.
Although this man did not make sweeping advances in electromagnetism, his student, Heinrich Hertz*, would be the first to demonstrate electromagnetic radiation. Due to his father’s wishes, he started his career as a physiologist, but his true interests shown through with his discussions on energy in muscles.. For ten points, name this physicist who formulated a definitive statement of the First Law of Thermodynamics, and whose free energy is the difference of the internal energy and the product of temperature and entropy.

Answer: Hermann von Helmholtz (Do not, repeat, DO NOT accept Gibbs)
6.
Almost all of the action of this movie takes place in a rural town called Parkes,* where mayor Bob McIntyre is looking for vindication. Events in this movie include Glenn Lantham and Mitch Mitchell playing cricket on top of the title object, as well as a visit from the American ambassador. The crew is the primary receiving station in the Southern Hemisphere for the Apollo 11 mission in, for ten points, what movie, starring Sam Neill, whose titular object is in the middle of a sheep paddock in Australia.


Answer: The Dish
7.
The quantized version of this can be solved algebraically via the “step up” and “step down” operators.* Classically, Airy’s equation models one whose associated constant decreases with time. At any rate, the potential of either the classical or quantum variety is still proportional to the square of the velocity. For ten points, name this type of oscillator, examples of which include a spring or a pendulum.


Answer: Simple Harmonic Oscillator 

8.
Current resonance occurs when the reactance of this cancels the reactance of an inductor.* The voltage drop across this in an AC circuit can act as an integrator and, when in series with a resistor,  the voltage drop across this can attenuate high frequency signals and is called a “low pass filter”. For ten points, name this circuit element, whose plate variety is essentially two parallel plates designed to hold charge.



Answer: Capacitor
9.
Jakob wrote his masterpiece, Ars Conjectandi, on probability theory*, and thus the Trial is named after him. The second Nikolaus, with his much more famous brother, wrote papers on the St. Petersburg Paradox, as well as other problems in probability theory. Johann pioneered calculus, as well as found the equation for a catenary, and solved the Brachistochrone Problem. For ten points, give the common name of this Swiss family, whose youngest member, Daniel, derived a namesake equation relating to incompressible fluids.


Answer: Bernoulli
10.
As a cipher, it has a value of four. In particle physics, it represents four distinct particles,* two of which are excited states for protons and neutrons. The Kronecker is equal to one if its two indices are equal, and zero if they are not, and the Dirac one is the derivative of the step function. For ten points, name this Greek letter, whose lowercase version is used to represent partial charge, whose uppercase version, when placed on the left of a variable, denotes the change in that variable.



Answer: Delta
11.
His precise time of death is unknown, but when he died of a heart attack in 1943, he was essentially destitute, and left significant debt. He worked for Thomas Edison* for a while, but resigned when he didn’t receive a promised bonus of $50,000, and continued a feud with Edison over the merits of AC current vs. DC current. For his many contributions to electronics, he was put on the 100 Serbian dinar note. For ten points, name this man, namesake of the unit of magnetic flux density, and, yes, his famous coil.


Answer: Nikola Tesla
12.
The first such experiment performed on electrons was in 1961, by Claus Joenssen*, and it was replicated in Hitachi Japan in 1989. This experiment cannot be recreated if one tries to observe which of the openings the particle goes through, because then the wavefunction collapses, and interference will not occur. For ten points, name this type of experiment, designed to test the wave nature of a particle, whose most famous example, Young’s, did so with light.


Answer: Double Slit Experiment 

13.
This is the dominant force supporting the structure for metallic hydrogen, whereby the protons are spaced very close together. *This is a consequence of the Pauli Exclusion Principle, and, thus this force occurs only in structures composed of fermions. For ten points, if Peter Griffin had really become so massive that he’d collapsed into himself, name the phenomenon which would support his body, which also supports the structure of a neutron star.



Answer: Degeneracy Pressure
14.
A general formulation of this theorem can be applied to ideal gasses to derive Boyle’s Law. The proof of this theorem relies on the boundedness* of the paths of all particles, and its namesake quantity, usually denoted by G, which is the sum over all particles of the dot product of the position vector and momentum. For ten points, name this theorem, which, for inverse square law forces like gravity, implies that the time average of the kinetic energy is minus one-half the time average of the potential energy.


Answer: Virial Theorem
15.
In an interview with Tim Ferris, he said “When I hear of Schrödinger’s Cat, I reach for my gun.”* He showed that the surface area of a black hole can never decrease, and proved that, if General Relativity were true, the universe was at one point in space-time a singularity, thus confirming the Big Bang hypothesis. For ten points, name this Lucasian Chair of mathematics, diagnosed with Amyotrophic Lateral Sclerosis, whose namesake radiation is information that can escape from a black hole.


Answer: Stephen Hawking
16.
His band is an optical illusion with a sharp change in brightness in the center. His principle* states that the inertia of any system is the result of the interaction of that system with the rest of the universe, but his work on sensory perception and relational theory were ultimately overshadowed by his groundbreaking work on shockfronds. For ten points, name this Austrian physicist whose namesake number is the ratio of an object’s speed to that of sound.

Answer: Ernst Mach
17.
An application of this effect is in magnetic tape, by which music can be recorded, and also in armatures. In a material*, if the magnetic flux density is graphed against the applied magnetic field strength, the result is an S-curve that does not return to the origin, an indicator that the material has retained some of the magnetic field, or this phenomenon. For ten points, name this effect, by which the change in magnetizing force is not immediately reflected within the magnetized medium.


Answer: hysteresis
18.
Albert Einstein tried to construct a thought experiment to counter this, which involved a particle emitting radiation in a box.* Although this property is true in some form for any two symmetric variables that do not commute, its usual statement is in terms of position and momentum. For ten points, name this principle, which states that the product of the standard deviation of the position and momentum of a particle is at least one half Planck’s Constant.



Answer: Heisenberg’s Uncertainty Principle, or the Indeterminacy Principle (accept “relation” or “inequality” for “principle”)

19.
 The captain of this vessel and his second-in-command were “Browncoats” in the Unification Wars*. The Shepherd of this vessel, though a holy man, has a very keen knowledge of firearms and criminal activities. The doctor is a fugitive from the government, as is his sister, who suffered experimentation at the hands of the Alliance. For ten points, this describes characters who reside in, for ten points, what vessel, created by Joss Whedon and captained by Mal Reynolds, which is featured in the television series, Firefly, and a recently released namesake movie.


Answer: The Serenity (Prompt on Firefly until mentioned)
20.
This man conceived the notion of complementarity, where particles could be separately measured to have conflicting natures, such as the particle and wave natures of light. His magneton is equal to the magnetic moment of the electron, and, with his contemporary Werner Heisenberg, he developed the Copenhagen interpretation of Quantum Mechanics. For ten points, name this physicist, whose namesake model of the atom predicts circular electron orbits about the nucleus.


Answer: Niels Bohr
21.
This theorem is true for any system whose total energy can be expressed as the sum of terms proportional to the square of generalized positions and the square of their conjugate momenta, and a suitable potential. This theorem requires an energy continuum, and thus breaks down in the limit of quantum mechanics, when the gaps between vibrational energy levels is large. For ten points, name this theorem of Statistical Mechanics, which states that each degree of freedom adds half the product of the Boltzmann constant times the temperature to the total energy.


Answer: Equipartition Theorem
B10 Bonuses
1.
Name these statements that are logically equivalent, for ten points each.


a.
This law of electrostatics states that the electrostatic force between two point charges is proportional to the product of their charges and inversely proportional to the distance between them.



Answer: Coulomb’s Law

b. This law of Maxwell’s Equations, logically equivalent to Coulomb’s Law states that the divergence of the electric field is equal to the charge density divided by the permittivity of free space.

Answer: Gauss’s Law

c. This equation, logically equivalent to both Coulomb’s Law and Gauss’ Law, states that the Laplacian of the scalar potential is equal to minus the charge density over the permittivity of free space.
Answer: Poisson’s Equation

2.
Answer the following about antimatter, 5-10-15.


a.
(5) This is the name given to the antiparticle of the electron, along with “anti-electron”.


Answer: Positron
b. (10) This man predicted the existence of the positron with his namesake relativistic quantum mechanical equation.
Answer: Paul Adrian Maurice Dirac
c.
(15) This man was the first to discover the positron experimentally. He also unsuccessfully tried to rename the electron the “negatron”.

Answer: Carl D. Anderson
3.
Is it getting hot in here, or am I just recycling jokes from last year’s TTGT11? Answer the following about thermodynamics, for ten points each.

a.
In SI units, this is the amount of energy needed to raise the temperature of one kilogram of substance one Kelvin.


Answer: Specific Heat Capacity


b.
The ratio of the specific heat at constant pressure to the specific heat at constant volume, this quantity is used in various equations of state. If the Ideal Gas Law is assumed, the product of pressure and volume raised to this quantity is a constant.



Answer: Adiabatic Index (prompt on “gamma” or “kappa”


c.
With the entropy and volume held constant, this is the amount of energy that would be added to a closed system if one more particle were added to it.


Answer: Chemical Potential
4.
Name the… uh… word, 30, 20, 10.

a.
(For 30) This word describes topological spaces in which, given any two disjoint closed sets, one can find an open neighborhood of those sets which are also disjoint.

b.
(For 20) This describes an operator in a Hilbert Space that commutes with its adjoint, and a subgroup of a group whose left cosets equal their corresponding right cosets.

c.
(For 10) This word describes a class of random distributions. Friction is proportional to this force. Also, it describes two intersecting lines that intersect at right angles to one another.



Answer: Normal
5.
Go with the flow, man. Answer the following about fluid dynamics, 5-10-15.


a.
(For 5) The main mode of energy loss in a nonideal fluid, it is a measure of a fluid’s resistance to shear stress.


Answer: Viscosity

b.
(For 10) This dimensionless quantity is used to determine dynamic similitude. If this value is below 2300, the fluid flow is considered laminar, whereas if it is above 2300, flow is considered turbulent.


Answer: Reynold’s Number


c.
(For 15) This other dimensionless number, defined to be the ratio of the mean free path of a particle in the fluid to a characteristic length is used to determine whether in a particular fluid flow, continuum mechanics produces a good approximation. If it is greater than one, statistical mechanics should be used.



Answer: Knudsen Number
6.
You know that Einstein quote about relativity? Oh, come on now, you must have heard it before. The one about sitting with a pretty girl, or on an oven? No? Well it’s a dumb quote, and I’m not typing it here. Answer the following about Special Relativity, for ten points each.


a.
Though Fitzgerald had already come to the same conclusion, this Belgian physicist posited that moving bodies contract in their direction of motion. He is the namesake of a set of transformations in Special Relativity.


Answer: Hendrik Lorentz

b.
This is the vector space in which Special relativity is usually defined, consisting of three spatial components and one time component. 

Answer: Minkowski Space (or Minkowski Spacetime or Minkowski Manifold, prompt on “four-space” or partial answer)


c.
This is defined to be the group of isometries over Minkowski space. Subgroups include the rotations in the Lorentz group and the group of translations in Minkowski space.



Answer: Poincaré Group

7.
I’m still waiting for someone to discover the gravioli. Name the following Futurama characters from their likes/dislikes for 15 points, or a more detailed description for 5.

a.
(15) Likes: Manwiches, his job. Dislikes: People taking time off, his own shenanigans.


(5) The Planet Express acting bureaucrat, he’s from Jamaica, the Show-Me Island. An entire episode is dedicated to how he “Requisitioned His Groove Back”.



Answer: Hermes Conrad (Prompt on “Conrad”)
b. (15) Likes: Himself, Velour. Dislikes: Rejection, Hippies, The Neutral Planet.
(5) This captain of the Nimbus, this egomaniacal girdle-wearer has a sidekick, Kif. He also suffers from a very sexy learning disability, sexlexia. His namesake law is like his sex, hard and fast!
Answer: Zapp Brannigan (Accept either)

8.
Name this mystery quantity, 30-20-10.

a.
(30) In the case of a rigid solid about an arbitrary axis, this quantity can be generalized to a tensor in terms of the identity matrix and the projection operator, as well as two other intrinsic properties.


b.
(20) For a given axis, this quantity is the sum over every particle of the product of the particle’s mass times the square of its distance from the axis. For a continuous mass distribution, it is the integral of the square of the distance from the axis with respect to mass.

c.
(10) The constant of proportionality between angular momentum and angular velocity, as well as the ratio of the torque to angular acceleration, this quantity is the rotational analogue of mass.



Answer: Moment of Inertia
9.
What, no witty introduction? Now you know there’s something wrong. Name the following for ten points each.


a.
This circuit element consists of a collector, a base, and an emitter. They are used in electronic switches and amplifiers.
Answer: Transistors (Um… okay, sure, accept triodes, but don’t mention them if they aren’t guessed)

b. This theory of conventional superconductivity, named for the three men who developed it, states that in metals at low temperature, electrons can form pairs and predicts no resistance.
Answer: BCS Theory

c. This man, the only person in history to win two Nobel Prizes in Physics, won one in 1956, for his part in developing the transistor, and the other, in 1972, for being a codeveloper of BCS Theory.

Answer: John Bardeen 

10.
“’Cause this power you’re supplyin’, it’s electrifying!” Eh… right… Name the following about an electronic circuit element for ten points each.

a.
Also known as a p-n junction, this circuit element can either be forward, or reverse biased, and essentially control the direction of current flow in a circuit.


Answer: Diode
b. A diode whose breakdown voltage is greatly reduced due to heavy doping. It allows electrons to tunnel from the valence band of the p-type material to the conduction band of the n-type material.

Answer: Zener diode (accept avalanche diode)
c. Diodes are used, in addition to other circuit elements, to make these devices, that convert an AC input wave to a DC signal.

Answer: Rectifier
11.
I know, it’s a physics packet, but how about something for the other people on your team? What? No? Too bad. Name these baseball players that I have unlocked and currently bat 1-2-3 in my 2005 MVP Baseball dynasty, for ten points each.


a.
Batting leadoff is this ex-Cardinals left-fielder who held the records for most stolen bases in a season at 118 and most career stolen bases at 938 until Ricky Henderson broke both records.



Answer: Lou Brock

b.
Batting in the third position is this shortstop, nicknamed the “Flying Dutchman”, whose stint with the Louiville Colonels and, more famously, the Pittsburgh Pirates, earned him a seat as one of the five original inductees into the Baseball Hall of Fame.


Answer: John Peter “Honus” Wagner

c.
Batting number two is this Phillies centerfielder from 1948 to 1959 led the majors in batting average twice, with a career average of .308. He was inducted into the Hall of Fame in 1995 with another Phillies legend, Mike Schmidt.


Answer: Don Richard “Richie” Ashburn

12.
Wasn’t that a fun break? Now back to work, ya bunch of stiffs! Answer the following about Schrödinger’s equation, for ten points each.

a.
Schrödinger’s equation sets the product of i, Planck’s constant and the partial derivative of the wavefunction equal to this operator when operating on the wavefunction. In the Time Independent Schrödinger Equation, this operator is equal to the energy.


Answer: Hamiltonian Operator (prompt on H)


b.
In one dimension, sing the fact that the wavefunction obeys Schrödinger’s Equation, one can prove that the wavefunction can be taken to be either even or odd if this quantity, part of the standard Hamiltonian, is even in space.


Answer: the Potential Energy Term

c.
In three dimensions, the kinetic term of the standard Hamiltonian is proportional to this operator, defined as the composition of the divergence and gradient operators.



Answer: Laplacian operator

13.
Based on clues, name these movies whose physics is… well, atrocious, for ten points each.
a.
The title object of this movie, starring Aaron Eckhart and Hilary Swank, can’t just stop spinning, as it would violate conservation of angular momentum. Even if it did, microwaves probably wouldn’t travel in clouds melting bridges, and lightning wouldn’t encircle the Coliseum. 



Answer: The Core (ugh)


b.
Not even the title cutesy semi-sentient green transparent substance in this Robin Williams movie can bounce back from a barrier faster than it hit, as energy would not be conserved.



Answer: Flubber
c.
In order blow up an asteroid to prevent the titular event, even with drilling involved, Bruce Willis would have had to use 50 billion of the largest yield nuclear bombs ever made to deliver enough kinetic energy to miss the earth, not just one.



Answer: Armageddon


(PS: Call me a curmudgeon if you will, but someone needs to start paying a little heed, geez)
14.
Name these national laboratories, who help maintain the nuclear stockpile among other things, for ten points each.

a.
This New Mexico laboratory’s management contract is currently up-for-bids. In addition to its nuclear duties, this laboratory runs many of the most powerful supercomputers in the world, as well as its own neutron scattering center.


Answer: Los Alamos National Laboratory

b. Los Alamos’ “Sister” laboratory, this California laboratory was founded in 1952 and is planned to house the National Ignition Facility upon completion.

Answer: Lawrence Livermore National Laboratory
c. This laboratory, split between Albuquerque, New Mexico and Livermore, California, is mainly designed to test the non-nuclear components of nuclear bombs, and is administrated by a subsidiary of Lockheed-Martin.
Answer: Sandia National Laboratory

15.
Name these particles, for ten points each.

a.
These particles, which mediate intranuclear forces, were predicted by Hudeki Yukawa using his namesake potential. The charged ones were detected on photographic emulsions sent into the atmosphere on a balloon.



Answer: Pions (Do not accept gluons)

b. This particle was discovered before pions, and were originally thought to mediate intramolecular forces. It was later shown, however, that they were not mesons, but instead leptons, like electrons, but with a much higher mass.

Answer: Muons (accept “Mu lepton”)
c. The most massive of the leptons, this big brother to both muons and electrons has a very large rest mass of 1777 Mega-electronvolts.
Answer: Tauons (accept “tau lepton”)

16.
I’ll bet you were under the impression that you’d make it through the whole packet with no Stargate questions. Oh, how wrong you were. Answer the following for ten points each.


a.
This main character throughout the first eight seasons of Stargate: SG-1 as well as the original Stargate movie, this character gets promoted to Brigadier General after saving the world from countless attacks at the hands of the Goa’uld and Replicators.



Answer: Colonel/Brigadier General John “Jack” O’Neill (with two l’s!)


b.
Found in the Pegasus galaxy, this lost city built by the Ancients warranted its own Stargate spinoff.



Answer: Atlantis

c.
This race of aliens, from yet another galaxy, were allies of the Ancients before they left. They are Norse in theme, such as Thor and Heimdall, but the name of their race denotes not a set of Gods, but the place where they reside.



Answer: Asgard
17.
Name the scientist, 30-20-10.


a.
(For 30) 
The seat of Fullerian Professor of Chemistry was created for this man. He also first documented diamagnetism.


b.
(For 20) He is the namesake of two laws of electrolysis, and his effect is the rotation of the plane of polarization in polarized light in a magnetic field.


c.
(For 10) Also namesake of a unit of charge equal to that of one mole of electrons, this man discovered electromagnetic induction, and is also namesake of one of Maxwell’s Equations.



Answer: Michael Faraday
18.
Name these things from relativistic and non-relativistic quantum mechanics, for ten points each.

a.
This dimensionless constant, denoted with a lowercase alpha, is the ratio of the square of the electron charge to the product of Planck’s Constant and the speed of light. It is numerically approximately the inverse of 137.


Answer: the Sommerfeld Fine Structure constant


b.
This equation, named for its formulators, is a relativistic quantum mechanical equation describing scalar spinless particles. Its partner, the Dirac Equation, describes particles with spin.


Answer: Klein-Gordon-Fock Equation


c.
This effect of relativistic quantum mechanics predicts a slight differenc in the energy associated with 2s and 2p orbitals of the hydrogen atom, and won its namesake the 1955 Nobel in physics.


Answer: Lamb Shift
19.
Of up, down, anti-up, and anti-down, name each type of those quarks that compose the following particles, all or nothing, for ten points each. For example, if I were to say “positively charged pion”, you’d respond “up, and anti-down”. Please keep in mind that “none” may be an answer… riiiiiight…

a.
Proton



Answer: 2 Up, 1 Down

b.
Positively charged Kaon



Answer: 1 Up (1 anti-Strange)


c.
Lambda


Answer: 1 Up, 1 Down (1 bottom)

20.
Name these mathematical sets of functions that appear as physical solutions to equations.


a.
In the quantum oscillator, these functions occur as an orthogonal set of solutions of the wavefunction. They are orthogonal when integrated over the whole real line when multiplied by a Gaussian distribution function.



Answer: Hermite (pronounced “air-meet”) Polynomials

b. When solving Laplace’s Equation in spherical coordinates, one happens upon the “spherical” version of these functions. Those of the second kind, though mathematically accurate, usually do not form physically accurate states, as they diverge, so only those of the first kind correspond to physics.

Answer: Bessel functions


c.
These polynomials are orthogonal when integrated over the interval from negative one to one. They also arise when solving Laplace’s equation.


Answer: Legendre Polynomials

