Contemporary Topics in Science [PHYS 402]

Spring Semester, 2006
In-Class Discussion Questions

B. Stardust and New Horizons [AF/LG]

(1) What were the goals of the Stardust mission?

(2) What information are scientists hoping to obtain from the samples collected by Stardust?

(3) What questions do scientists hope to answer with data sent back by the New Horizons mission?

C. Extrasolar Planets [BB/TD]

(1) What is the main reason that studies of circumstellar disks must be carried out by space borne missions?

Answer: Circumstellar disks emit infrared light, most of which is blocked by the Earth’s atmosphere.

(2) What four main categories of light are used by our major space telescopes (Hint: Spitzer, Hubble, Compton, and Chandra each use different forms of light)?

Answer: Infrared, Visible, X-ray, Gamma-ray.

(3) What type of star system was recently discovered to contain planets? It was previously thought to be impossible for such a system to contain planets, but these systems actually constitute 1/5 of all known planetary systems.

Answer: Binary star systems (that is, those with two stars).


D. Medical Imaging [MM/MP]

(1) Why do women who undergo Computer Aided Mammography tend to have more biopsies performed than those who undergo traditional mammography?

Answer: CAM allows for clearer images to be taken. This reveals more masses, but the only way to ensure that these masses are not a threat to the woman’s health is to test the tissue through the use of a biopsy.

(2) What does the 4th dimension of 4D ultrasounds refer to?

Answer: The element of movement (that is, TIME).

(3) Which method of X-ray imaging produces images by knocking electrons out of their current energy levels?

Answer: The K-Shell method.

E. Audio Enhancements [NG/MK]
(1) How do cochlear implants work?

(2) List some advantages and disadvantages of both hearing aids and cochlear implants.

(3) What is the simple definition of sound?

F. Synthetic Biology [KK/JS]

(1) What is synthetic biology?

(2) How was the bull’s eye pattern made with the quorum-sensing bacteria?

(3) What are some potential hazards of synthetic biology?

G. Advances in Prosthetics [KK/JM]

(1) How do conventional powered prosthetic limbs work?

(2) Explain the concept of “thought-controlled” neuroprostheses.

(3) Give at least two examples of a prosthesis.

J. Persistent Organic Pollutants [JM/JS]
(1) What are the four characteristics of POP’s?

(2) Draw an example of a polychlorinated biphenyl congener.

(3) What is the basic principle behind bioaccumulation?

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


      (1) What are the power sources of a hybrid vehicle?


       Answer: Gas and electric.


      (2) How do fuel cells work?

Answer: They convert hydrogen and oxygen into water and, in the process, produce electrical energy.

 
      (3) What are some advantages of these various cars?


       Answer: Less overall pollution, less gas used, more energy efficient, quieter.

L. Reconstructive Surgery and Face Transplants [AF/LG]
(1) What are the differences between reconstructive surgery and cosmetic surgery?

Answer: Reconstructive surgery is performed on “abnormal” body parts to improve their function. It can also improve appearance. This kind of surgery is typically covered by insurance. Cosmetic surgery is an elective surgery that is done to improve the appearance of a “normal” body part and for self-esteem. This type of surgery is not covered by insurance.

(2) Give one example of a congenital hand deformity and explain how it is repaired. 

Answers:

(a) Syndactyly (webbed fingers) – Webbed fingers are repaired with a zigzag incision that separates the fingers and rearranges the tissue to prevent further growth.

(b) Polydactyly (extra fingers) – The surgeon has to remove the extra finger. The he has to rearrange the tendons & stabilize the remaining joints to allow the hand to function normally.

(c) Missing Fingers – The thumb is typically reconstructed by using a prosthetic.

(3) What is the difference between face replant and face transplant?

Answer: In a face transplant, you obtain skin from another person (the donor). In a face replant, you are your own donor.

(4) What is required in order to qualify for a face transplant?

Answer: You must have severe disfigurement of your face caused by burns, other traumas, disease, or birth defects. The disfigurement prevents you from leaving your home or showing your fact to family members (you wear masks).

(5) What considerations are taken into account when setting up a face transplant?

Answer: Doctors have to match tissue type, skin color, sex, and age of the donor and recipient.

(6) Why are some candidates for face transplant against the procedure?

Answer: Some candidates are against face transplant because their disfigurement is not life threatening. Also, the immunosuppressive drugs are expensive, you have to take them for the rest of your life, and they can cause infections, kidney damage, and cancer. If an infection does occur, it can cause the transplanted skin to turn black and die, thus requiring another transplant.


M. Cryptology [BB/TD]

(1) Explain the difference between a block and stream cipher.

Answer: Block ciphers encrypt plaintext in chunks while stream ciphers encrypt plaintext on character (or byte, bit) at a time.

(2) Explain the differences between symmetric (private key) and asymmetric (public key) cryptography.

Answer: Symmetric cryptography uses the same key for both encryption and decryption (the key must remain private). Asymmetric cryptography uses two separate keys fro encryption and decryption (encryption key is public, decryption key must remain private).

(3) Explain why public key cryptography is more efficient than private key cryptography.

Answer: Each person in an organization needs only on decryption and encryption key for themselves with public key crypto. In private key cryptography, each person must know an encryption key for each person to send a message and a decryption key for each person to receive a message.

O. Stem Cells and Cloning [MM/MP]
(1) Where are stem cells found?

Answer: Stem cells are found in blood and bone marrow, as well as in the umbilical cord of infants.

(2) What is the difference between differentiated and undifferentiated stem cells?

Answer: Undifferentiated stem cells have the potential to become any type of specialized body cell. However, once stem cells become differentiated, they are specialized for a certain purpose. (I.E., brain cells, muscle cells, kidney cells).

(3) What are three major risks associated with cloning?

Answer:

(i) Reproductive cloning is expensive and highly inefficient

(ii) Cloned animals tend to have more compromised immune function and higher rates of infection, tumor growth, and other disorders.

(iii) Clones have been known to die mysteriously.

R. Chaos [NG/MK]
(1) What are the five components of the chaos theory?
Answer: Systems rely on underlying order, simple events can cause complex events, sensitivity to initial conditions, cause and effect are not proportional, systems are nonlinear.

(2) What are the 3 main features of chaotic systems?

Answer: Determinism, sensitivity to initial conditions, underlying order.

(3) Give an example of a chaotic system.

T. Radiation [MM/MP]

(1) What are the three types of ionizing radiation?

Answer: Alpha, Beta, and Gamma

(2) Which type of radiation requires a shield at least as thick as a concrete wall?

Answer: Gamma radiation

(3) What are a few side effects associated with being exposed to radiation?

Answers: Nausea, vomiting, diarrhea, sterility or cancer (high exposure), cataracts (high exposure), death (severe exposure)

