Special Relativity: 
1) Why was the hypothesis of Luminiferous Aether introduced?

“When light moves through a vacuum what is it that oscillates?” Luminferous aether filled the whole universe, massless, and perfectly non-viscous.

2) What was the goal of the Michelson Experiment? 

The experiment was designed to detect the changes of the speed of light as the Earth moved in the “ether –wind” in its motion on the Sun’s Orbit.

3) State the postulates of Special Relativity 

– The principle of relativity: The laws of physics must be the same in all inertial reference frames 
– The constancy of the speed of light: the speed of light in a vacuum has the same value, c = 3.00 x 108 m/s, in all inertial reference frames, regardless of the velocity of the observer or the velocity of the source emitting the light.


4) Which events will the two inertial observers moving relative to each agree on? 

- Their relative speed of motion v with respect to each other 
– The speed c of any ray of light 
– The simultaneity of two events which take place at the same position and time in some frame

5) What were the experiments in which time dilation was observed?

–Airplane flights –Muon decay –Twin Paradox
 
6) What is the Twin Paradox? 

Twin B leaves inertial frame of reference in fast rocket with speed v=const Twin A stays on Earth (inertial frame of reference) After certain period of time twin B rocket turns back and comes back to earth. After arriving on our planet B and A meet and twin B is biologically younger than twin A.



7) Mass Energy equivalence General Relativity: 

Mass–energy equivalence states that all objects having mass, or massive objects, have a corresponding intrinsic energy, even when they are stationary.


8) State the Equivalence Principle of General Relativity 

No local frame can distinguish between the two frames.

9) How is the gravity explained within the General Relativity framework 

Einstein's general theory of relativity explains gravity as a distortion of space (or more precisely, spacetime) caused by the presence of matter or energy.

10) What type of observation verified the GR predictions within the first few years after the GR theory was first presented? 

Einstein proposed that a beam of light should be bent downward by a gravitational field


Birth of Modern Physics, 
Quantum Mechanics Atoms and Molecules and Solids 

11) List the first three atomic models.

Thomson, Rutherford, Bohr

 
12) What were the experimental results that the successful atomic model had to explain 

13) Know the Bohr’s Postulates for Hydrogen atom. 

-The electron moves in circular orbits around the proton under the electric force of attraction
-Only certain electron orbits are stable
-Radiation is emitted by the atom when the electron makes a transition from a more energetic initial state to a lower-energy orbit.

14) Explain all the symbols in Schrödinger Equation. 

H- Hamiltonian operator (energy)
i constant
h-bar planck constant
Fork information about system
15) What is the role of Schrödinger equation in Quantum Mechanics? 

Express electron wavefunction as product of three functions

16) List the minimum properties of the wavefunction describing the QM system. 


17) What is the tunneling effect? 

Penetration through the potential barrier.

18) State the Pauli Exclusion Principle.

No two electrons in the atom could have the same set of quantum numbers.
 
19) Be able to correctly write the electronic shell occupancy for the given number of electrons. 


20) List the three fundamental types of chemical bonds and explain their origin

Ionic, Covalent, Van der Waals
21) What is the essence of the Born-Oppenheimer Approximation in Molecules?

the total wavefunction of the molecule may be represented
as the product of the four functions :
electronic, vibrational, rotational, and nuclear
 
22) Be able to correctly list the energy scaling for various parts of the molecular energy 




23) Explain the reasons for the Band Structure of Solids 

When the atoms are brought together to form a solid, these discrete energy levels become perturbed through quantum mechanical effects, and the many electrons in the collection of individual atoms occupy a band of levels in the solid called the valence band
24) Explain the difference in behaviour between insulators, conductors and semiconductors based on their band structure 

In insulators the electrons in the valence band are separated by a large gap from the conduction band, in conductors like metals the valence band overlaps the conduction band, and in semiconductors there is a small enough gap between the valence and conduction bands that thermal or other excitations can bridge the gap.


25) What are the novel artificial structures in which the restriction of the electrons mobility results in modification of their energy structure. 

Nuclear Physics and Stellar Evolution: 

26) what are the two nuclear models discussed in this class and what phenomena do they explain? 

Liquid-drop model 
– Provides good agreement with observed nuclear binding energies. 
– Explains well the mechanism of splitting of nucleus. 
Shell model 
– Predicts the existence of ultra stable nuclear configurations 
– Explains existence of magic numbers 
– Explains the parity and spin values for various nuclear states


27) What are the three radioactive decays? 

Alpha decay, beta decay, gamma radiation
28) What can be inferred about the nuclear force from the experimental evidence 
29) What is Hertzsprung-Russel Diagram? 

Temperature – by comparing the spectrum to that of a black-body 
Luminosity – by correcting the observed intensity for the distance to the star 
30) What is a protostar and how is it formed. 

A protostar is a very young star that is still gathering mass from its parent molecular cloud.

31) What stabilizes the radius of main sequence star when the star is in equilibrium? 


32) What stabilizes the radius of the white dwarf? 

White dwarfs are stabilized against a gravitational collapse by the pressure of the degenerate electron gas in the interior.

33) What stabilizes the radius of the neutron star?

Neutron stars are held up by neutron degeneracy pressure (about the density of an atomic nucleus).


 34) Evolution of massive star. (Name the stages) 

Red giant, supernova, neutron star, blackhole 

35) Evolution of small star. (Name the stages) 

36) Which elements were produced in Big Bang, which are produced in the cores of mainsequence stars, and which are fused inside the super-giant’s cores? 

Big Bang - Hydrogen, Deuterium, and Helium
Main Sequence - Helium
Super Giant -  oxygen, neon, silicon, sulphur, and even iron

37) What are the supernovas, and what are their role in the creating heavy elements? 

The iron core cannot provide any energy and so the star collapses quickly due to gravity and lack of radiation pressure. Collapse of the star is stopped suddenly by the neutron degeneracy pressure. The sudden stop causes a blast wave which causes the outer layers to explode in a supernova.

38) What is the Hubble Law? 

The relation between the distance of the galaxies to the Earth and their speed. 

39) What do we call Big Bang and how long ago it has happened? 

This big bang model states that the universe had a beginning, and that it was so cataclysmic that it is impossible to look back beyond it. 13.8 billion years.

40) What is the Background Radiation?

CBR represents the cosmic “glow” left over from the Big Bang.

41) Matter and Antimatter 

All particles have their antimatter particle partner ( same mass opposite charge)

42)Fermions and Bosons 

Division based on the value of the behavior under the exchange operation, and intrinsic spin of a particle. 
Particles with intrinsic spin of ½ or odd multiple of it, are FERMIONS. 
Particles with intrinsic integer spin are BOSONS.

43)Hadrons (Baryons and Mesons) and Leptons

Leptons (light particles such as electron and neutrino)
Mesons (medium weight particles: mesons pi) 
Baryons (heavy particles such as neutron and proton) 
 
44) Antimatter and Matter. Baryogenesis Problem 

Baryogenesis (also known as baryosynthesis) is the physical process that is hypothesized to have taken place during the early universe to produce baryonic asymmetry, i.e. the imbalance of matter (baryons) and antimatter (antibaryons) in the observed universe.

45) Fermions and Bosons – spin statistics theorem. 

The spin–statistics theorem relates the intrinsic spin of a particle to the particle statistics it obeys.

46) Eightfold Way and Quark Hypothesis. 

The eightfold way is a symmetric pattern proposed by Gell-Mann and Ne’ eman – There are many symmetrical patterns that can be developed • The patterns of the eightfold way have much in common with the periodic table

47) Experimental Evidence of Quarks 

48) Name all quarks and leptons 

Quarks: up,down,strange, charm, top, bottom
Leptons: electron, muon, tau, electron neutrino, muon neutrino, tau neutrino 

49) Color hypothesis. 

Color “charge” occurs in red, blue, or green – Anti-quarks have colors of anti-red, anti-blue, or antigreen – These are the quantum “numbers” of color charge

50) Standard Model 

– Six quarks with their antiparticles 
– Six leptons with their antiparticles 
– Four gauge bosons carrying the fundamental interactions


51) What are the four fundamental interactions and their mediators 

Gravitational force, Strong force, Weak force, Electromagnetic force

52) What is the evidence for the dark matter in the universe. 

Vera Rubin measured the velocity curve of edge-on spiral galaxies. Traditionally, it is believed that the centre of galaxies contains the majority of their mass. As such, it is believed that objects close to the outer edge should rotate slower than objects closer to the centre. However, it was observed that objects closer to the outer edge rotate just as fast as those close to the centre! This discrepancy was resolved by suggesting that there is another source of uniformly distributed matter that does not radiate, but does interact gravitationally. 

53) What is the evidence for the dark energy in the universe. 

In 1998, it was found, through observations of type 1a supernovae, that the expansion of the universe is in fact accelerating. It was predicted that the cosmological constant would need to contain about a 70% contribution for dark energy to explain the expansion acceleration that was observed • Remarkably, this matches right on with the missing mass problem! 

54) What is a inflation and the multiverse hypothesis ? 

•In physical cosmology, cosmic inflation, cosmological inflation or just inflation is the theorized extremely rapid exponential expansion of the early universe driven by a negative-pressure vacuum energy density

55) What is the ”fine-tuning” and Copernican hypothesis

the sun was stationary in the center of the universe and the earth revolved around it. 
