Physics 202     Exam 3  March 27, 2006

Let the index of refraction of glass be 1.5 and water be 1.33

For this test, let h = 1E-34

1. Consider a radio station that broadcasts at 94.5 MHz with a power of  50 Mega Watts.   What is the energy of each photon?    a. 6E26  b. ~ 6E-26  c. 6E-25   d.  6E-27  
2. In the last problem, what is the momentum of each photon?  a. 2E-36  b. 2E-43  c. 2E34   d. ~ 2E-34   
3. How many photons per second do we expect to leave the antenna?  a.  ~ 8.3E32   b. 8E23  c. 8E34   d. 3E83    
4. What is the value of h?  a. 1E-34  b. 6.28E34  c. ~ 6.28E-34   d. 6.63E-34    
5. As light enters water at an angle of 35 degrees from air, then what is the angle at which the light beam is bent while in the water?   a. ~ 25.5  b. 36.5  c.  26.5  d. 25.4 
6. What is the critical angle at the air water interface?    a. 52.3  b. 52.4  c.  ~ 48.75  d. 52.8   
7. What is the velocity of light in glass?  a. ~ 2E8  b. 6E8  c. 3E8   d. 4E8   
8. In a rainbow, what color is on the top of the rainbow?    a. Blue  b. ~ Red   c. Violet   d. Green   
9. In a prism, which color is bent the most?     a. Blue  b. Red   c. ~Violet   d. Green   
10. If a thin lens of radius 0.6 m focuses light from the sun at a distance of 3m from the lens, then what is its focal length?      a.  6     b. 1/3  c. 2   d.  ~ 3   
11. At what distance is the image distance equal to the object distance for this lens?   a.  ~ 6  b. 1/3  c.  2  d.  3  
12. What is the magnification at that distance?    a. 6  b. 3  c.  ~1  d.  2  
13. Is the image real or virtual?   a. virtual    b. ~ real   c. cannot be determined   d. both   
14. If a concave mirror has a focal length of 2 m, then what is its radius?    a. 1/2  b. 1  c. 2   d. ~ 4   
15. If an object is 6 m from the mirror, then how far from the mirror will the object distance be?   a. 3  b. 6  c. ~1/3   d. 1/6   
16. Is this object real or virtual?   a. ~ virtual   b.  real   c. cannot be determined   d. both   

17. The orientation of the electric field is called?  a. angular plane  b. electric plane  c. ~ plane of  polarization   d. plane of orientation   
18. There are how many different states of polarization for an e-m wave?   a. 1  b. ~ 2  c.  3  d.  4  
19. What problem did Plank address to win the Nobel prize?   a. photoelectric effect  b. the hydrogen atom  c. ~ cavity radiation   d. photon electron scattering   
20. What did he assume?  a. photons have a mass of zero  b. photons are quanta of energy and momentum  c. both a & b   d. ~ wall can only absorb and emit in integral  multiples of the frequency times Plank constant   
21. What problem did Einstein address that was foundational to quantum mechanics?   a. cavity radiation   b. ~ photo electric effect   c. Compton scattering   d. relativity & antimatter   
22. What did he assume?   a. ~ that light is made of indivisible quanta with an energy of planks constant times the frequency  b. the cavity walls can only absorb and emit in integral  multiples of the frequency times Plank constant   c.  the phton has no mass d. there is no negative energy state   
23. What problem did Compton address? a. cavity radiation   b. photoelectric effect   c. vacuum polarization   d. ~ scattering of light by photons   
24. What did he confirm?  a.~  light is made of particles – the photon b. Maxwells equations are correct  c. the velocity of light is a constant   d.  there is no negative mass state   
25. What was de Broglie’s hypothesis?  a.~  that matter consists of a wave with the same wave / particle equations as the photon  b. that light will scatter like a particle  c.  that the photon is the quanta of the electromagnetic field   d. that the speed of light is a constant   
26. Why was it so revolutionary?   a. it predicted the quantized state of the photon  b.  it explained the photoelectric effect c. ~ it made matter into a wave whereas it had always been thought of as a particle   d. it showed that there was no negative mass state   
27. What explicitly did Heisenberg propose as a limitation to knowledge?   a. x * p >= h     b. x * p >= 2h     c. x * p <= h/2   d. x * p >= h/2            <<<<<<
28. What is the interpretation of wave function of quantum mechanics?   a. probability  b. quantized relation  c. relative number of occurrences    d. ~ as a probability amplitude  e. entropy
29. Which person did NOT develop the main equations of the wave function (or vector) in quantum mechanics?   a. ~ Einstein  b. Schrödinger   c. Dirac   d. Heisenberg  (do not use ‘e’ as an option here)   
30. In terms of relativity, what was the most stunning result of the solutions to Maxwell equations in a vacuum?    a. light is composed of photons  b. the photon has no mass yet has energy and momentum  c.  ~ c2 = 1 / (o o )  d.  photons are indivisible    
31. What is invariant about space and time in Newtonian theory?   a. r   b. t  c. ~ r & t    d. c2t2 – r2 = invariant    
32. What is invariant about space and time in Relativity?  a. r   b. t  c. r & t    d. ~ c2t2 – r2 = invariant    
33. What is the equation that connects energy, momentum and mass in relativity?   a. E =   p2 / (2m)    b.  ~ E2/c2 – p2 = m2c2      c. E2/c2 – p2 = m2       d.  E2 – p2 = m2c4  
34. What is the rest energy of a mass of 4 kg moving with velocity of 0.9999c?   a.  6.3E17     b. 4E-17  c. 5.3E17   d. ~3.6E17   
35. What is the total kinetic energy of the mass in the last problem?   a. ~ 2.5E19  b.  3.4E19  c. 2.5E20   d. 3.8E12   
36. What is matter with a negative energy called?  a. imaginary matter  b. tachyons  c. anti-matter   d. antigravity matter 
37. What classes of matter might exist but which have not been found?   a. negative mass  b. imaginary mass  c.  negative energy  d. ~ both a and b    
38. A theory of acceleration is also a theory of ?   a. mass   b. energy  c. simultaneity   d. ~ gravity   
39. What thought experiment indicated that space and time are curved in accelerated     frames?   a. ~ rotating platform  b.  elevator  c. twin paradox   d. non-simultaneity    
40. What thought experiment indicated that Newtons theory of gravitation was wrong and what did it indicate?    a. rotating platform  b. ~ elevator  c. twin paradox   d. non-simultaneity    
41. If an object of length 12 m is moving at a velocity of 0.9999c then what is its length as seen by that observer who sees it moving?    a. 0.15    b. 0.16  c. ~ 0.17   d.  0.18  
42. If a clock that flashes an alarm every 4 hours, on the object in the last problem moves at the same velocity, then at what interval will that flash be seen to the observer that sees it moving?    a. ~283    b. 238  c. 832      d.  328  
