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Physics
Read at: This Tournament Goes to Eleven VIII: Spinal Tap Takes Manhattan

Written by: Carl Boone of the University of California at Irvine
Final editing by: Andrew R. Juhl and the University of Iowa Academic Quiz Team

Description: All answers in this packet relate people, places, things, and ideas related to the study of and application of physics, G.

Tossups 

1. In abstract Hilbert space, it may be characterized by a ray, or, in ensembles, it may be characterized by a trace class operator.  In statistical mechanics, the exponential of it is integrated over phase space to give the partition function.  In quantum mechanics, it is the generator of time translations and its eigenvalues are the energy levels.  FTP, what is this Legendre transform of the Lagrangian, named for a 19th century Irish physicist?


ANS:
Hamiltonian
2. The heat capacity at the transition point to this phase is continuous, but the slope is discontinuous by a factor of 3.665 NK/T.  The transition to this phase occurs when the total number of particles in a system is greater than the amount allowed in excited energy states.  First proposed in 1925, it was observed in 1995 by a University of Colorado team.  FTP what is this low temperature phase for integer-spin particles, named after two twentieth century physicists.

ANS:
Bose-Einstein Condensation or Bose-Einstein Condensate
3. Einstein’s approximation for calculating it assumes a single frequency mode.  DeBye’s method of calculating this intrinsic property assumes a continuous spectrum of frequencies distributed according to Rayleigh’s expression.  It is defined as the derivative of internal energy with respect to temperature.  FTP, what is this measure, symbolized as c for mass units, that is often defined as the amount of energy needed to raise the temperature of a quantity of a substance by one degree of temperature?

ANS:
Specific heat capacity (or heat capacity)
4. Its one-dimensional form was exactly solved by a transfer matrix method in 1925.  The two-dimensional form was solved by Onsager in 1944, and higher dimensional forms are only numerically solvable for finite sized systems.  The model only takes into account an interaction between an external field and nearest neighbors, and involves only the z-component of spin, making it mathematically interesting but physically unrealistic.  FTP what is this model, used to test the accuracy of Monte-Carlo methods and named for the student who first solved the 1-dimensional case?

ANS:
Ising Model

5.
These are Legendre polynomials in cosine of theta, multiplied by exponentials of I times phi.  They are used as a convenient expansion basis for systems of azimuthal symmetry and appear as the angular part of the wave function for spherical potentials in quantum mechanics.  FTP, what are these functions, the eigenfunctions of orbital angular momentum, denoted Y – l – m  (why el em)? 

ANS:
Spherical Harmonics
6. For the graviton, this quantity should be two.  For other force mediators and vector mesons it is one.  Its quantization was discovered by the Stern-Gerlach experiment and it is known to be a type of angular momentum and gives stationary charged particles a magnetic moment.  FTP what is this quantity, with no classical counterpart, which is quantized in half-integer units of h-bar and is wrongly analogous to a particle rotating about an axis?

ANS:
Spin angular momentum

7. His dissertation at the University of Strasbourg applied Poincare’s theory of rotating bodies to the deformation of moons, but his most famous work was mailed to Einstein from the Eastern Front during WWI, where he died before realizing fame from finding the first solution to Einstein’s field equations.  The spatial metric for a spherical mass distribution, as well as the singularity point in that solution, is named for him.  FTP, name this physicist known for his pioneering studies on black holes, including his eponymous “radius”.

ANS:
Karl Schwarzschild
8. Classically, it is exactly one, but in Dirac theory it is exactly two.  Its exact value is extracted through perturbative methods using the vacuum fluctuation and is expanded in powers of the fine structure constant.  Currently, theory and experiment agree to a factor of less than one in one billion on—FTP—what quantity, which when multiplied by the Bohr magneton gives the true magnetic moment of the electron?


ANS:
Lande g-factor
9. It was theorized to explain the anomalous rotational speed of galaxies and extra gravitational lensing.  As it does not interact electromagnetically, it must be made of exotic theoretical particles such as axions and WIMPs. FTP what is this form of matter which makes up some 25% of the universe, so named because its existence is implied, not directly observed through light and is used as spaceship fuel in Futurama.


ANS:
Dark Matter 
10. Four of this university’s physicists, Walter Kohn, Alan Heeger, Herbert Kroemer, and David Gross, have won Nobel Prize in Physics or Chemistry since 1998.  This university is also home to the Kavli Institute for Theoretical Physics, a renowned international center for theoretical physics.  Recently the spin-Hall effect was discovered at, FTP, which University of California campus located some 100 miles northwest of Los Angeles?

ANS:
University of California, Santa Barbara (accept UC-Santa Barbara or UCSB)
11. It is an apparent force that acts perpendicular to the direction of motion.  As the Earth is a rotating reference frame, everything on Earth is subject to it, but its effects are small except over large distances and at high latitudes.  FTP what is this apparent deflection, named after a French scientist, which causes rotation in the atmosphere and ocean, but is not responsible for the direction of water swirling in a toilet?


ANS:
Coriolis Effect (accept Coriolis Force)

12. It orbits the Sun with a semimajor axis of approximately 1.5 light years.  As it passes nearby stars every 26 million years or so, it gets an energy boost which is felt on earth, causing a large drop in Earth’s biodiversity at these regular intervals.  FTP, what is this hypothesized companion star to the Sun, proposed by Berkeley physicist Richard Muller, named for the Greek goddess of retribution, and supposedly responsible for every mass-extinction in Earth’s history?


ANS:
Nemesis
13. Valet and Fert give the best theoretical description of the giant variety of it.  It arises because of the broken degeneracy of spins in magnetic materials, creating two conduction channels, one of which is full and nonconductive, the other empty and conductive.  Two differently polarized layers stacked together give rise to, FTP, what phenomenon, an extra decrease in conductivity between two magnetic layers when placed in a magnetic field?


Magnetoresistance

14. His quantum mechanics formalism involves constant operators and time-dependent states.  His equation has two forms: time dependent, which states that the Hamiltonian is the time evolution operator, and time independent which states that the Hamiltonian’s eigenvalues are the system’s energy levels.  More recently, the non-linear version of his eponymous equation has been proposed as a model to explain the existence of rouge ocean waves.  His paradoxical thought experiment involves a cat that is trapped in a box and is neither dead nor alive.  FTP, name this co-founder of quantum mechanics?

ANS:
Erwin Rudolf Josef Alexander Schrödinger
15. This effect is named from the Greek word that means "to press.  Crystals that display it include tourmaline, quartz, topaz, cane sugar, and Rochelle salt.  When mechanical pressure is applied to crystals with non-symmetrical unit cells, an electric potential appeared on the crystals' faces, and the reverse effect is also observed.  FTP, name this effect, used in many applications including quartz watches, that was discovered in 1880 by Pierre and Jacques Curie.


ANS:
Piezoelectric Effect OR Piezoelectricity
16. The prototype was used in Rutherford’s experiment to detect outgoing particles.  It consists of an inert gas, usually Argon, that becomes briefly ionized when contacted by a charged particle or high-energy photon, allowing the conduction of electricity which registers as a clicking sound.  FTP what is this standard device used to measure radiation, named after one of Rutherford’s students?

ANS:
Geiger Counter
17. In 1989, she became a professor of Physics at the University of California, San Diego, and she earned her PhD at Stanford.  Currently a CEO of her eponymous science company that creates scientific educational materials for elementary and middle school students, she is the only person to serve on the board of inquiry into the Challenger and Columbia disasters.  For ten points, name this scientist who entered NASA as a mission specialist and, who, on June 18, 1983, would become the first American woman in space.


ANS:
Sally Kristen Ride
18. He appeared at the Special People’s Games, taunting Joe Swanson.  He was seen in a pizzeria where he ended up stealing Philip Fry’s name for a hole in the space-time continuum.  He drank beer at Moe’s Tavern where he stole Homer Simpson’s idea for a donut-shaped universe, and he had an altercation with Principal Skinner underneath a gazebo.  He has also appeared as a physics professor at Brown University and as a poker player on the Starship Enterprise’s holodeck.  FTP who is this wheelchair-bound Cambridge astrophysicist, the most famous living sufferer of Amoytrophic Lateral Sclerosis, and author of A Brief History of Time?

ANS:
Stephen William Hawking
19. It is located about 6 light-years away, making it the third closest star to Earth, and has about 17% of the Sun’s mass.  This rapidly approaching red dwarf has the largest proper motion of any known star, and is thought to have planets because of periodic deviation in that motion, although no planets have currently been confirmed.  FTP, identify this star named after its 20th-century American discoverer.


ANS:
Barnard's Star
20. They are the only known material that can make a cable to the moon that will not collapse under its own weight.  Their electrical properties depend critically on the relative positions of their crystal axes and longitudinal axis.  They can be produced by adding rows of atoms into the middle of a Buckyball or simply by rolling a monoatomic sheet of graphite into a cylinder.  FTP what are these exciting new phase of carbon, which come in single and multi-walled varieties, named for the fact that they are incredibly tiny hollow cylinders?


ANS:
carbon nanotubes
21. Unlike Michelson-Morley, it will not detect varying speeds along different directions, but varying lengths of a laser’s path due to space being deformed as a linearly polarized gravitational wave passes by.  Like Michelson-Morely, this wave detection experiment uses an interferometer.  FTP what is this experiment, a collaboration of CalTech and MIT with observatories in Washington and Louisiana, designed to verify a prediction of General Relativity?

ANS:
Laser Interferometer Gravitational-Wave Observatory (LIGO)

22. A charged spin-1/2 particle in a magnetic does this around the magnetic field.  The Eath’s equinox also does this with a period of 25,800 years, causing Polaris not to be the North Star in the future.  Earth’s orbit does, FTP, what on 23,000 and 19,000 year cycles, which refers to a rotating body’s axis changing direction?

ANS:
Precession (accept word variants e.g. Precess)
Bonuses - Physics
1. Identify these things named for two people FTPE.

A. It gives the real part of the dielectric constant as an integral over the imaginary 
part.

ANS:
Kramers-Kronig relation

B. These equations determine whether a complex function is analytic by relating partial derivatives.

ANS:
Cauchy-Riemann equations

C. It gives the entropy change per volume change to the slope of the phase line when changing phases and can be used to calculate the saturation vapor pressure of a liquid.

ANS:
Clausius-Clapeyron equation

2. Identify these things named for three people FTPE.
A. It gives the damped time-evolution of a magnetic moment in a magnetic field.

ANS:
Landau-Lifshitz-Gilbert (LLG) equation
B. It is a time-dependent metric that describes a homogeneous, isotropic universe that obeys the Einstein equation.

ANS:
Friedman-Robertson-Walker (FRW) model

C. It is a comprehensive model for superconductivity.

ANS:
Bardeen-Cooper-Schreiffer (BCS) theory.
3. Identify the function, 30-20-10.
For 30- It is proportional to the Fourier transform of a constant.
For 20- It is the derivative of the Heaviside theta function.

For 10 - It describes a singularity and is named for a British physicist and the 4th letter of the Greek alphabet.

ANS:
Dirac delta-function

4. Its cross product with itself is proportional to itself, its components don’t commute with each other.  FTPE.

A. What is this quantum mechanical generator of rotations?


ANS:
Total Angular Momentum
B. What are the possible eigenvalues of each component of total angular momentum?


ANS:
Half-integer multiples of h-bar (h-bar = Planck’s constant divided by 2pi)


accept equivalents, do not accept integer multiples of h-bar

C. Which coefficients are used to change bases from individual particles’ angular 
momentum to a group of particles’ total angular momentum?

ANS:
Clebsch-Gordon coefficients

5. Identify the effect FTPE.
A. In a magnetic field perpendicular to the motion of electrons, the resistance increases in increments of (h/e2) as the magnetic field increases.

ANS:
Integer Quantum Hall Effect (do not accept Hall effect)

B. In a superconductor consisting of a loop, current flows spontaneously and indefinitely if a thin insulator is inserted into the loop.

ANS:
Josephson Effect

C. It is a shifted diffraction pattern in an electron beam in a region of zero magnetic field due to the presence of a non-zero vector potential.


ANS:
Aharonov-Bohm or Bohm-Aharonov Effect

6. FTPE, given the problem it solves, identify the special function or polynomial.
A. Quantum mechanical simple harmonic oscillator, without the Gaussian tails.

ANS:
Hermite polynomials

B. Radial part of the quantum mechanical hydrogen atom.

ANS:
LaGuerre polynomials

C. Radial part of anything involving Laplace’s equation in cylindrical coordinates.

ANS:
Bessel functions

7. Identify the thermodynamic quantity FTPE.
A. Two systems exchanging entropy are in equilibrium if this quantity is the same for each system.

ANS:
Temperature
B. Two systems exchanging particle are in equilibrium if this quantity is the same for each system.

ANS:
Chemical potential
C. Two systems exchanging volume are in equilibrium if this quantity is the same for each system.

ANS:
Pressure
19. It consists of a fission bomb next to a fusable fuel.  FTPE.

A. What is this weapon, possessed by few countries, named for the lightest element?


ANS:
Hydrogen bomb (H-bomb)
B. Which Hungarian-born Jewish physicist was put in charge of the US’s development of the hydrogen bomb?


ANS:
Edward Teller
C. The titular character movie character is supposedly an amalgamation of Teller, RAND Corporation strategist Herman Kahn, Nazi-turned-NASA rocket scientist Wernher von Braun, and JFK's Secretary of Defense, Robert McNamara?


ANS:
Dr. Strangelove
9. Identify the concept from Quantum Mechanics FTPE.
A. It reproduces classical mechanics by showing that operators’ expectation values follow Newton’s Second Law.


ANS:
Ehrenfest Theorem
B. It says that, for canonically conjugate operators, the product of the operators’ standard deviation is greater than one-half of h-bar.


ANS:
Heisenberg Uncertainty Principle
C. This man’s Golden Rule relates the rate for decays to occur to the matrix element of the decay potential.

ANS:
Enrico Fermi
10. Identify these things from electromagnetism FTPE
A. The magnetic field is defined as the curl of this quantity.

ANS:
Vector Potential
B. This quantity relates a material’s dipole moment to the electric field. 

ANS:
Electric Susceptibility
C. Fancy vector calculus on Coulomb’s Law gives this law, which relates the electric flux through a surface to the total charge inside that surface.

ANS:
Gauss’s Law
11. Identify these terms from thermodynamics FTPE.
A. These relationships relate partial derivatives of various thermodynamic variables to each other, for example partial T by partial V at constant S equals negative partial P by partial S at constant V.

ANS:
Maxwell Relations (do not prompt or accept “Maxwell Equations”)
B. It refers to a process where the heat exchange between a system and its 
environment is zero.

ANS:
Adiabatic
C. This creature mans a door and only allows certain molecules into one side of a 
tank, thereby increasing entropy and possibly violating the 2nd law of Thermodynamics.

ANS:
Maxwell’s Demon
12. Answer these questions relating to general relativity FTSNOP.
(10) Which planet’s perihelion has anomalies that were predicted by general relativity?


ANS:
Mercury
(15) What function of distance is the correcting term to the effective potential energy obtained from the Schwarzschild metric?


ANS:
-r -3 (accept equivalent forms, with or without the minus sign)
(5) If the sun were not perfectly this shape Mercury’s perihelion could be explained by Newton’s Law of Gravity.

ANS:
Sphere
13. Identify these quantum mechanical effects that arise from perturbations to the Hydrogen atom FTPE.
A. It is the splitting of energy levels due to an applied constant electric field.

ANS:
Stark Effect

B. It is the splitting of energy levels due to an applied magnetic field.  It has two parts, relating to the orbital angular momentum and the spin.

ANS:
Zeeman Effect

C. It is the splitting due to relativistic corrections to the Hamiltonian.

ANS:
Fine Structure
14. Identify these physics people from popular culture FTPE.
A. He converted a DeLorean into a time machine which sent Marty McFly into the past.


ANS:
Dr. Emmit Brown
B. He teaches the physics of quantum neutrino fields at Mars University and runs a package delivery service on the side.

ANS:
Professor Hubert Farnsworth
C. This nuclear physicist died after grabbing high voltage wires without safety gloves, claiming such safety wear is unnecessary since “[he is] Homer Simpson.”


ANS:
Frank “Grimey” Grimes
15. Identify the laws named for people FTPE.
A. It relates the force on an object due to a spring to the distance from the spring’s equilibrium point.

ANS:
Hook’s Law
B. It relates a planet’s orbital period to the planet’s semimajor axis.

ANS:
Kepler’s Third Law

C. It relates the force due to gravity between two massive bodies to their masses and separation.

ANS:
Newton’s Law of Gravity 


(accept equivalents including “Newton” and “Gravity”)
16. Answer these questions related to classical mechanics FTPE.
A. Hamilton’s Principle says that objects move so as to minimize this quantity.

ANS:
Action
B. The action is defined as the time integral of this quantity.

ANS:
Lagrangian
C. This theorem relates the average kinetic energy to the average potential energy for a system in a central potential.

ANS:
Virial Theorem

17. Identify the following as metal, insulator or semiconductor at room temperature FFPE.
A. Aluminum Oxide

ANS:
Insulator
B. Gallium Nitride

ANS:
Semiconductor
C. Germanium


ANS:
Semiconductor
D. Graphite


ANS:
Metal
E. Zinc Oxide


ANS:
Semiconductor
F. Aluminum Nitride

ANS:
Insulator
18. Fill in the quote by a physicist FTPE.

A. Stephen Hawking said, about A Brief History of Time, that,”someone told me that each [BLANK] I included in the book would halve the sales.”


ANS:
Equation
B. Albert Einstein, about Quantum Mechanics, said that, “God does not [BLANK] with the universe.”


ANS:
Play Dice
C. Richard Feynman said that “Physics is like [BLANK].  Sure, it may give some 
practical results, but that's not why we do it."

ANS:
Sex
19. Given the title of a standard undergraduate physics text, give the author.

A. Introduction to Electrodynamics

ANS:
David J. Griffiths
B. Physics for Scientists and Engineers
ANS:
Paul A. Tipler
C. Quantum Theory



ANS:
David Joseph Bohm

20. Name all six flavors of quarks FFPE.


ANS:
Up, Down, Strange, Charm, Bottom, Top
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