Contemporary Topics in Science [PHYS 402]


Spring Semester, 2006
Objectives.

(A) Introduction to Dark Matter [JE].

[1] Be able to explain what is meant by the term “Dark Matter”.
[2] Be able to describe (in some detail) at least three independent pieces of experimental evidence that indicate the presence of dark matter.

[3] Know how much of the matter in our universe appears to be “Dark”, at least according to our current best evidence.

[4] Be able to list at least two distinct candidates for dark matter, describing in some detail the properties of each one.

[5] Know what the term “Dark Energy” refers to, and be able to describe qualitatively how this proposed substance differs from “Dark Matter”.
(B) The Stardust and New Horizons Missions [AF/LG].

[1] Be able to describe the goals of the Stardust and New Horizons missions. Be able to describe specifically how the information obtained from each mission will help the scientific community achieve these goals.
[2] Know the approximate timeline and orbital path (proposed or achieved) of each of these missions.
[3] Realize that Stardust is special in that it is the first cometary and interstellar dust sample return mission ever launched. Be able to explain how Stardust captured its samples, describing some of the unique properties of the material used to make the captures. Understand why it was important to use such an exotic material.
[4] Know approximately how many interstellar dust grains Stardust is expected to have captured.

[5] Be able to describe the Stardust@Home project, and be able to explain why it is being used.

[6] Be able to explain why we believe that we can capture interstellar dust without traveling to interstellar space. Neat trick.

[7] Be able to contrast Cosmic Dust with Cosmic Rays, and be able to comment generally on the typical composition of each.

[8]  Realize that the New Horizons spacecraft is the fastest spacecraft ever launched, and also that it will be the first to visit Pluto and its moon Charon.
[9] Know what the Kuiper Belt is, and what the Kuiper Gap is. Know approximately how many Kuiper Belt Objects (KBOs) are known to exist, and know the properties of at least a few of them.
[10] Know approximately how far Pluto is from our Sun, and know approximately the dimensions of the Kuiper Belt as well.

[11] Realize that many KBOs {including the Pluto/Charon system} are locked in orbital resonance with Neptune. Know what this means.

[12] Realize that the large eccentricity and significant inclination of Pluto’s orbit have led some to question its planetary status. 
[13] Understand how the systems on New Horizons are being powered, how long the power plant is expected to last, and why this particular choice of energy source caused so much controversy at launch.

(C) Extrasolar Planets [BB/TD]
[1] Know what an extrasolar planet is, and know how many different extrasolar planets have currently been discovered. Realize that the first confirmed discoveries of extrasolar planets were made in the early 1990s.
[2] Know that the Earth’s atmosphere filters out most types of light. Know the types of light that make it through the atmosphere to the Earth’s surface.

[3] Know the names of the three main space telescopes currently in operation by NASA. Know the types of light that each telescope is sensitive to.
[4] Know that, despite expectations to the contrary, approximately 1/5 of all planetary systems appear to be binary star systems {planets in such systems are sometimes called Tatooine planets}. Understand why this is a bit of a surprise. Know also that approximately ½ of all stars belong to binary star systems. Finally, realize that planets have even been found in trinary systems!
[5] Know that the existence of most extrasolar planets has been inferred indirectly. Know that this is because any light that they reflect is completely dwarfed by the light emitted by their star(s). 

[6] Be able to explain how the technique of photometry may be used to infer the existence of an extrasolar planet. Know what types of planets this technique is best at finding and know why.
[7] Be able to explain how various techniques of astrometry may be used to infer the existence of an extrasolar planet. Know what types of planets this technique is best at finding and know why.
[8] Be able to explain the relevance of measuring Doppler shifts when it comes to hunting for extrasolar planets.

[9] Be able to describe how gravitational microlensing is used to find extrasolar planets. Know the advantages and disadvantages of using this technique over the other techniques listed above.  

[10] Know what circumstellar discs are, and understand their relevance to extrasolar planet hunting.

[11] Know that on January 25, 2006, the very same day that Messrs. Balch and Donchez were delivering their riveting presentation, an extrasolar planet was found more similar to Earth than any other extrasolar planet yet found. Know some of the properties of this planet, and know that it was found using gravitational microlensing. 
[12] Know that in March of 2005, direct light from an extrasolar planet was seen for the first time. Know that the light so observed was in the infrared region of the spectrum, and know that it was seen by the Spitzer Space Telescope.
[13] Know what the resolution of a telescope is, and know what limits a telescope’s resolution. Understand what interferometry is and how it is used to enhance the resolution of telescopes.

(D) Medical Imaging [MM/MP]

[1] Be able to describe at least one method by which x-rays may be produced.

[2] Know what Computer Aided Mammography and Computerized Axial Tomography (CT or CAT) scans are. Know approximately when each of these techniques became available, and be able to explain the limiting factors in their development.

[3] Know what fluoroscopy is, and know some of the procedures that it is commonly used for. Know also that its use is not nearly as widespread as it once was, and know why.

[4] Know what ultrasound is, and be able to list some of the advantages that it has over x-rays, CT scans, and fluoroscopy. 

[5] Know what Doppler ultrasound is, how it works, and what additional information it gives over regular ultrasound.

[6] Know the range of frequencies typically used in diagnostic ultrasound procedures. Know also the wavelengths associated with this frequency range, and understand the relevance of the wavelength to the resolving power of the procedure.

[7] Be able to explain how an MRI works. In particular, be able to explain how the MRI signal is turned into a 3D view of the body.

[8] For each of the techniques listed above, be able to describe a situation in which that technique might be used, and be able to describe the type of information (or image) that the technique might provide.
(E) Audio Enhancements [MK/NG]
[1] Know what sound is, physically. Realize that sound, unlike light, requires a medium in which to travel.

[2] Know the units in which the intensity and frequency of a sound wave are measured. Know also the approximate range in frequency and intensity to which the human ear is sensitive. 
[3] Understand the gross anatomy of the ear. Realize that the coiled cochlear form is unique to mammals, and that this form gives greater frequency dispersion than does a straight “cochlea”. Consequently, mammals have better frequency discrimination than do most other animals.
[4] Be able to explain the difference between conductive hearing loss and sensorineural hearing loss. 

[5] Know the components of a traditional transistor hearing aid, and be able to explain how one functions.

[6] Know the components of a cochlear implant, and be able to explain how one functions. 

[7] Realize that a cochlear implant does not provide “normal hearing”, but rather provides a unique stimulation of the auditory nerve fibers. Because of this, therapy is required after implantation in order for the patient to understand speech. 
(F) Synthetic Biology [KK/JS]

[1] Know what synthetic biology is, and be able to distinguish it from genetic engineering.

[2] Kierstin and Jill spoke of Blinking Bacteria, Bull’s-Eye Bacteria, and Kodak Bacteria. Be able to discuss at least one of these phenomena and describe how it was accomplished.
[3] Beyond the relatively light-hearted applications above, be able to discuss at least one potential application that would have a more significant global impact.

[4] Know what a “BioBrick” is. 
[5] Be able to discuss some of the precautions taken when working with synthesized organisms.

(G) Advances in Prosthetics [KK/JM]

[1] Know what a prosthesis is, and be able to contrast it with an orthosis.
[2] Know how direct neural control of prosthetic limbs works.

[3] Know what energy storing feet are, and know qualitatively how they work.
[4] Know what osseointegration is, and know that Titanium is one of the few substances for which osseointegration is possible.
(H) String Theory [AB/TK]

[1] Understand the basic ideas of string theory and be able to contrast them with those of particle theories.

[2] Realize that all particles discovered thus far are either bosons or fermions. Be able to give examples of each type of particle, and be able to describe some of the unique features of each class of particles.

[3] Realize that string theory is unique in that it specifies the number of space-time dimensions that the universe has. Know how many space-time dimensions it predicts.

[4] Realize that the size and tension of strings is set by the Planck Length and Planck Energy. Know where these scales come from, and know approximately their numerical values.

[5] Understand the realms of applicability of Quantum Field Theory (QFT) and General Relativity (GR). Realize that when these theories are combined, nonsensical answers result. 

[6] Be able to discuss qualitatively why QFT and GR are incompatible.

[7] Be able to provide a heuristic explanation as to why string theory is able to incorporate both QFT and GR as limiting cases without suffering from the problems that point-particle theories do. 
[8] Know that string theory necessarily includes gravity.

[9] Realize that string theory has provided a specific prediction for the rate at which a black hole should radiate energy.

[10] Be able to explain how extra spatial dimensions could exist without yet being detected.

[11] Understand what Duality means when applied to string theories.

[12] Understand the very simple principle that governs the propagation of strings through space-time.
(I) Analog and Digital Sampling and Storage [DM/JS]

[1] Understand the basic difference between analog and digital signals, and be able to explain why analog signals are more prone to degradation than are digital signals.

[2] Understand what is meant by the sampling rate when applied to digital recording, and know what the sampling rate standard is for CD quality audio.

[3] Realize that the sampling rate limits the frequencies that may be faithfully reproduced in a digital recording. In particular, understand the Nyquist Theorem. 

[4] Understand what is meant by the bit depth when applied to digital recording, and be able to explain how the bit depth influences the recording quality. Know some of the bit depths that are commonly used in recording today.

[5] Know that DRAM computer memory is capacitor based, and that this is where the ‘D’ in DRAM comes from. Know what a capacitor is, and understand how it may be used to store information.

[6] Know that SRAM computer memory is flip-flop (transistor) based, and therefore doesn’t need to be refreshed like DRAM memory does. On the other hand, realize that SRAM is more complex than DRAM, and hence more expensive.

[7] Realize that flash memory is transistor-based memory, but that it differs from SRAM and DRAM in that it is non-volatile.

(J) Persistent Organic Pollutants [JM/JS]
[1] Know what the acronym POP stands for, and be able to list several of the properties of POPs that make them so dangerous.

[2] Know what PCBs are, and be able to draw a chemical structure or at least one PCB.

[3] Be able to describe some of the properties of POPs that made them so attractive for use in products in the past. Be able to list some of the products that they were used in.

[4] Be able to describe some of the remediation options available for POPs.

[5] Be able to describe some of the adverse effects of para-dichloro-diphenyl-trichloroethane [DDT].

(K) Hybrid Vehicles and Alternative Fuel Sources [MK/NG]

[1] Understand the ways in which a Gas/Electric Hybrid vehicle functions differently than a traditional Gasoline powered vehicle.  Additionally, be able to describe the differences between a parallel hybrid Gas/Electric vehicle and a series hybrid Gas/Electric vehicle.

[2] Know what regenerative braking is and be able to explain how it works.

[3] Be able to compare the fuel efficiency and price of currently available Gas/Electric hybrid vehicles with those of traditional gasoline powered vehicles.

[4] Be able to describe the basic reaction occurring within a hydrogen fuel cell, and be able to explain what makes this energy production mechanism so attractive.  Be able to explain also how the hydrogen fuel cell manages to utilize this reaction without the high temperatures and waste heat normally generated by the reaction.

[5] Hydrogen fuel cells obviously require Hydrogen as fuel.  List at least 2 different sources of Hydrogen.  In light of these sources, be able to explain why a Hydrogen-based economy is not as “clean” as many (including the current administration) would have you believe.

[6] Be able to compare the efficiencies of an internal combustion engine and a typical hydrogen fuel cell.

[7] Know what air-powered cars and cryogenic heat cars are, and be able to describe briefly how they work.

[8] Be able to list some of the advantages and disadvantages associated with natural gas vehicles.

(L) Reconstructive Surgery and Face Transplants [AF/LG]
[1] Be able to describe the various types of skin grafts that are currently used.

[2] Know what tissue expansion is and why it is used.

[3] Know what syndactyly and polydactyly are.

[4] Know that the first (partial) face transplant was performed on Isabelle Dinoire in November of 2005.

[5] Realize that face transplants do not involve the transplantation of muscle tissue.

[6] Be able to explain the principal applications for face transplantation.

[7] Be able to list some of the risks associated with face transplantation.
(M) Cryptology [BB/TD]

[1] Understand the meanings of the terms “Plaintext” and “Ciphertext”.

[2] Be able to explain how a simple Substitution Cipher works.

[3] Be able to explain how a Polyalphabetic Substitution Cipher works.

[4] Be able to describe a few modern situations in which Cryptology is used.

[5] Be able to explain the difference between Public-Key and Symmetric-Key (private key) encryption schemes. Be able to explain also why the former is more efficient than the latter.

[6] Know what steganography is, and be able to describe how it might be used to encrypt a message. 

(N)  General Relativity [TK/JS]

[1] Know that the key idea behind the theory of general relativity is that one cannot distinguish gravitation from acceleration.

[2] Know that in general relativity there is no “force of gravity”; all objects simply move on “straight lines” through spacetime.  Because that spacetime is sometimes curved, we perceive some objects to move on curved lines [but they don’t really], and we attribute this curvature to a force of “gravity” [which doesn’t really exist].

[3] Know that it is the presence of mass and/or energy that causes spacetime to curve.

[4] Realize that, unlike traditional Newtonian gravity, Einstein’s theory of General Relativity predicts that even massless objects [like light] will be affected by “gravitational effects”.

[5] Know that, despite the somewhat esoteric aspects of the theory, the effects of General Relativity are actually quite easy to measure. Be able to describe a situation in which the effects of General Relativity are manifest.
(O) Stem Cells and Cloning [MM/MP]

[1] Know what stem cells are and, in particular, be able to explain what distinguishes them from other body cells.

[2] Know where stem cells are found in the body.

[3] Be able to describe the process of somatic cell nuclear transfer, and know what it is used for. Realize that a clone produced by this process contains DNA not present in the donor, and realize why. 

[4] Be able to explain the differences between adult and embryonic stem cells.

[5] Be able to describe some of the tests used to ensure that a given culture of stem cells contains healthy, pluripotent cells.

[6] Be able to describe the natural cloning process of vegetative propagation.

[7] Be able to explain the difference between reproductive cloning and therapeutic cloning.

[8] Know whether clones can be made from the nuclei of differentiated adult cells.

[9] Know the approximate current success rate for reproductive cloning.

[10] Know that the first mammal to be successfully cloned was Dolly, a sheep.  Know that this was accomplished in 1997, and that Dolly later reproduced sexually, proving that she was a viable clone.

(P) Cosmology [AB]

[1] Understand that the Universe appears Homogeneous and Isotropic when viewed on the largest scales, and know what these terms mean.

[2] Be able to describe the hierarchy of different structures observed in the Universe, and know the approximate size of each structural type.

[3] Know what is meant by the Hubble Expansion of the Universe, and know the approximate value of the Hubble Constant and what it represents.  Further, be able to explain how the Hubble Constant has been measured.

[4] Know what the Cosmic Microwave Background Radiation (CMBR) is, and be able to explain what it implies about the past history of the Universe.  Specifically, be able to explain its connection with the “Big Bang Theory” and the “Hubble Expansion”.

[5] Know the approximate value of the “Critical Density” of matter in the Universe, and understand its relevance.  Know also our current best estimate for the density of visible matter in the Universe.

[6] Know what the “Flatness” and “Horizon” problems are, and be able to discuss the solution to these problems that the evidence currently points to.

[7] Know our current best results for the age and composition of the visible universe
(Q)  Recycling [KK/JM]

[1] Realize that it is economically advantageous to recycle Aluminum.  In particular, know that it takes around 7.5 kwh of energy to produce 1 pound of Aluminum from ore, while it takes only around 1/3 kwh of energy to produce 1 pound of Aluminum from scrap.

[2] Realize that it is also economically advantageous to recycle glass and paper.  Realize that, in the case of glass recycling, this is largely because the temperatures required to melt used glass are lower than those required to melt the raw materials from which glass is made.

[3] Know that when paper is recycled, its fibers are shortened, degrading the quality of the next generation paper product.
[4] Know that recycled glass is called “cullet”.

[5] Be able to explain why windshield glass can’t be recycled.

[6] Know that plastic recycling is not currently economically advantageous.  Realize that this is due, in large part, to the labor costs associated with sorting.

[7] Realize that there is a hierarchy of plastic resins, and that plastics of a particular type may typically be recycled only into those of equal or lesser quality.

[8] Be able to describe the process of depolymerization as used to degrade plastics. Be able to discuss also the typical products of this process.

(R)  Chaos [MK/NG]

[1] Realize that the hallmark of a chaotic system is its sensitivity to initial conditions.  That is, starting the system off in a slightly different manner will rapidly lead to drastic differences in outcome.

[2] Be able to give examples of both chaotic and non-chaotic systems.

[3] Realize that a chaotic system is distinguished from a truly random system by its predictability.  A chaotic system is completely predictable; it’s just extremely difficult to predict its behavior over long periods of time.  A random system, on the other hand, is completely unpredictable {by definition}.

[4] Know what is meant by the term “deterministic”.

[5] Be able to describe qualitatively what an “attractor” is.
(S) Superfluidity/Superconductivity [DM/JS]

[1] Know what superconductivity is, and be able to explain some of the effects associated with superconductivity.

[2] Know what the resistivity of a metal is, and know how the resistivities of normal metals and superconductive materials depend on temperature.

[3] Know what the critical temperature of a superconductor is, and know the current record for highest critical temperature.

[4] Know what superfluidity is, and be able to explain some of the effects associated with superfluidity.

[5] Realize that the phenomena of superconductivity and superfluidity are related, and that both depend critically on the quantum effects associated with bosons.

[6] Be able to describe the relevance of “phase transitions” and “correlation lengths” to superconductive and superfluid effects.

(T) Radiation [MM/MP]

[1] Understand what the alpha, beta, gamma, and X-ray radiation types are, and be able to contrast their properties.

[2] Understand that the units Bq (Becquerel) and Ci (Curie) measure total decay rates, and know what their definitions are.

[3] Know that Sv (Sieverts), Rad, and Rem measure the biological impact of radiation. Know how Rads and Rems are defined.

[4] Be able to list typical radiation backgrounds, and know the NRC (U.S. Nuclear Regulatory Commission) limits for radiation exposure.

[5] Realize that pure radium is radioactive enough to keep itself warmer than its environment! Realize that, historically, this led to temporary doubts about the conservation of energy.

[6] Be able to explain the difference between an ‘acute’ dose of radiation and a ‘chronic’ dose of radiation.

[7] Be able to explain the mechanism by which radiation typically damages and/or kills cells.

[8] Be able to describe some of the side effects associated with radiation exposure.

[9] Be able to explain why radiation therapy is successful at preferentially destroying cancerous cells.

[10] Be able to contrast internal and external methods of radiation therapy. Know that approximately ½ of all people diagnosed with cancer are treated with radiation.
(U) Electromagnetic Compatibility [DL]

[1] Know that the field of Electromagnetic Compatibility [EMC] in concerned primarily with studying the ways in which devices producing electromagnetic waves affect other devices.

[2] Know what resonance effects are, and realize that resonance effects can lead to unwanted electric fields within devices that are actually higher than those outside.
[3] Know that every piece of the Electromagnetic Spectrum between 5 KHz and 300 GHz has been assigned a primary user, and that this upper limit is continually rising.  Recognize that this upper limit frequency is now only a factor of 1000 lower than visible light!

[4] Be able to explain why the risk of cancer due to exposure to X-rays is so much greater than that due to exposure to RF [radio-frequency] waves, even when the RF waves contain greater total energy.

[5] Know that, in order to transmit a signal faithfully, there is a lower limit to the width of the band that can be used.  Know what this limit is.

[6] Know that, as of June 1, 2004, companies have been authorized to provide broadband internet access over power lines.  Know that this poses somewhat of a risk of interference with other RF devices, and know that for this reason, several countries (including Japan) have outlawed this practice.

(V) Early Quantum Theory [JS]

[1] Realize that the key idea behind the development of quantum theory was the idea that all particles, even massive ones, possess wavelike properties.

[2] Be able to determine the wavelength of a massive particle, and hence be able to explain why quantum effects are often difficult to observe at macroscopic scales.

[3] Be able to describe a single experiment in which massive objects exhibit both ‘particle’ and ‘wave’ properties.

[4] Know what boundary conditions are, and be able to explain the link between boundary conditions and quantization.

[5] Realize that, although quantum theory is completely deterministic, the interpretation of its results involves a probabilistic step.

[6] Know what a ‘superposition state’ is.

[7] Know what ‘wavefunction collapse’ is.

(W) Artificial Intelligence [BB/TD]

[1] Be able to discuss at least three different fields of application for artificial intelligence. For each field, be able to discuss in some detail a current project in that field involving AI.
[2] Know what the DARPA grand challenge is, and know the level of success that the most recent teams have had.

[3] Know who ASIMO is! 

(X)  HIV/AIDS [AF/LG]

[1] Know the relationship between HIV and AIDS, and know the limits set to determine whether a person actually has AIDS.

[2] Realize that HIV is linked to immunodeficiency because it preferentially targets white blood cells during its reproductive cycle.

[3] Know approximately how many people are currently infected with HIV, and know approximately how fast it is spreading.
[4] Be able to describe some of the current drug-related AIDS research going on around the world.
