HIBBING COMMUNITY COLLEGE

COURSE OUTLINE
COURSE TITLE & NUMBER:  Modern Physics: PHYS 2030 
CREDITS:   3      ( 3 Lec/Lab 0)
PREREQUISITES:  PHYS 2021: General Physics 2
CATALOG DESCRIPTION:

Modern Physics is the third course in the physics sequence for students majoring in physics or engineering, as well as liberal arts studies.  This course focuses on physical discoveries made during the 20th century, including relativity, particle physics, quantum mechanics, and nuclear physics.

OUTLINE OF MAJOR CONTENT AREAS:

I. Electromagnetic waves

I. Maxwell’s equations

I. Unification of electromagnetism

I. Hertz’s discovery

I. Plane electromagnetic waves

I. Derivation of the speed of light

I. Properties of electromagnetic waves

I. Poynting vector

I. Momentum

I. Radiation pressure

I. Production of EM waves by an antenna

I. Spectrum of EM waves

II. Special relativity

II. Einstein’s postulates

II. Time dilation

II. Length contraction

II. Twin paradox

II. Simultaneity and the order of events

II. Lorentz transformation

II. Velocity addition

II. Mass and energy

II. Electricity and magnetism

II. Massless particles

III. Particle physics

III. Particle properties of waves

III. Blackbody radiation

III. Photoelectric effect

III. Comptom effect

III. Pair production

III. Photons and gravity

III. Wave properties of particles

III. De Broglie waves

III. Probability waves

III. Phase and group velocities

III. Particle diffraction

III. Particle in a box

III. Uncertainty principle

III. Atomic Structure

III. Early atomic models

III. Atomic spectra

III. Bohr atom

III. Energy levels & spectra

III. Correspondence principle 

III. Atomic excitation

III. Lasers

IV. Quantum mechanics

IV. Schrodinger’s equation

IV. Expectation values

IV. Particle in a box

IV. Finite potential well

IV. Tunnel effect

IV. Harmonic oscillator

IV. Quantum theory of the hydrogen atom

IV. Quantum numbers

IV. Electron probability density

IV. Radiative transitions

IV. Selection rules

IV. Zeeman effect

IV. Many-electron atoms

IV. Electron spin

IV. Exclusion principle

IV. Symmetric and anti-symmetric wave functions

IV. Periodic table

IV. Atomic structures

IV. Spin-orbit coupling

IV. X-ray spectra

IV. Molecules

IV. Molecules bonds

IV. Rotational energy levels

IV. Vibrational energy levels

IV. Electronic spectra of molecules

IV. Statistical Mechanics

IV. Statistical distributions

IV. Maxwell-Boltzmann statistics

IV. Ideal gas

IV. Rayleigh-Jeans Formula

IV. Plank radiation law

IV. Specific heats of solids

IV. Free electrons in metals

IV. Dying stars

V. Nuclear physics

V. Nuclear structure

V. Nuclear composition

V. Nuclear properties

V. Stable nuclei

V. Binding energy

V. Liquid-drop model

V. Shell model

V. Meson theory of nuclear forces

V. Nuclear transformations

V. Radioactive decay

V. Half-life

V. Decay processes: alpha, beta, gamma

V. Nuclear fission

V. Nuclear fusion

VI. Cosmology

VI. Elementary particles

VI. History of the universe
COURSE GOALS/OBJECTIVES/OUTCOMES:

The student will

1. define the significance of Maxwell’s Equations and demonstrate how they imply the existence of electromagnetic waves.

2. use Maxwell’s equations to derive the speed of light.

3. calculate the energy, momentum, and radiation pressure of plane EM waves.

4. learn the postulates of special relativity and their implications.

5. calculate time dilation and length contraction for objects moving at speeds close to the speed of light.

6. use the Lorentz Transformation to add relativistic velocities correctly.

7. determine the mass and energy of objects at relativistic speeds.

8. cite the evidence for particle-like properties of waves and point out the failings of classical physics to explain observations.

9. distinguish between the photoelectric effect, the Compton effect, and pair production and properly assess mass and energy in each case.

10. cite the evidence for wave-like properties of particles and point out the failings of classical physics to explain observations.

11. properly use De Broglie’s wavelength to analyze particles.

12. use probability theory to calculate position, momentum, and energy.

13. apply the uncertainty principle to particles and waves.

14. describe the early models for atoms and recognize their failings

15. utilize the Bohr model to calculate energy levels and spectra.

16. apply atomic excitation theory to the operation of lasers.

17. use quantum mechanics to explain the observed electron probability densities of atoms and molecules, the tunnel effect, radiative transitions, atomic structure, the periodic table of the elements, molecular bonding, specific heats of solids and ideal gases, rotational and vibrational energy levels, and the conductivity of metals.

18. apply the exclusion principle appropriately.

19. identify the early models of the nucleus.

20. describe the composition and properties of the nucleus.

21. assess the stability of nuclei.

22. identify the source of radioactivity.

23. distinguish between nuclear fission and fusion, and be able to calculate the energy liberated in various nuclear reactions.

24. write a comprehensive research paper and give an oral presentation.

25. complete assigned homework on time.

26. work in a cooperative team environment that is conducive to learning.

27. communicate all written work in a clear professional manner.
MNTC GOALS AND COMPETENCIES MET:

Natural Sciences
HCC COMPETENCIES MET: 
Thinking Creatively and Critically
STUDENT CONTRIBUTIONS:

The student will attend class regularly, participate in class discussions, complete assignments and exams, write and present a research paper, and take a comprehensive final examination.  The student will spend sufficient time to complete all assignments.
To request disability accommodations, please contact 

the disability coordinator on campus.

Students are encouraged to discuss their individual needs with the instructor.  

METHODS FOR EVALUATING STUDENT LEARNING:

The final grade is determined by scores earned on homework, quizzes, a research paper, and a comprehensive final exam. 

SPECIAL INFORMATION:  (SPECIAL FEES, DIRECTIVES ON HAZARDOUS MATERIALS, TEXTBOOK USED, ETC.)

A scientific calculator capable of numerical integration is required for this course.
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