PHYS 144






Name _____________________________
How Things Work





May 8, 2006


EXAM #3
Instructions:
 You must show all work and explain all reasoning.  Correct final answers without adequate reasoning may not receive full credit.  You are not required to show work for multiple choice questions, but partial credit may be awarded for correct reasoning.  
 You may use a calculator and your formula sheets.  If you need a formula that you have forgotten, please consult with me.  You may not use any other books, notes, or materials.  
 There are 9 questions on this exam.  Make sure you complete the entire exam.  Please consult me if you have any questions or need clarification. Turn in the exam when you are finished. 
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1.  (8 points)  We know that light is an example of an electromagnetic wave, and that electromagnetic waves are made up of electric fields and magnetic fields.
a)  
Describe the two sources of electric fields.

b)  
Describe the two sources of magnetic fields.  Recall that the magnetic field from a magnet is actually due to one of these two sources, so it doesn’t count.

c)  
Describe how electric fields and magnetic fields can result in an electromagnetic wave.

2.  (32 points)  Consider the following multiple choice questions.  Each lettered question is unrelated to the others, though some lettered questions have several parts.

a)  You blow across the mouth of a half full soda bottle and hear a nice tone with a certain fundamental frequency.  You’re thirsty, so you drink all of your soda so your bottle is now empty.  This has the effect of increasing the length of the soda bottle.  You blow across the mouth of the now empty soda bottle again.  What happens to the frequency of the note you now hear, compared to previously?



Note is lower pitched


Note is the same pitch



Note is higher pitched


Not enough information to decide

b)  Consider the following three devices:

A:  Diode

B:  Capacitor

C:  Transistor

Which of the above devices fits the following descriptions?  Write down any letter(s) that fit the description.


(i)  Only allows current to flow in one direction:

(ii)  Stores charge:

(iii)  Uses small amount of current to control large amount of current:

(iv)  Made up of semiconductors:

(v)  Can act like a temporary battery:
c)  Which of the following colors of visible light has the longer wavelength?

Red

Green

Blue

All have same wavelength

Not enough 










    information to decide
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d)  You are driving on a highway, and the sun is reflecting into your eyes from the car in front of you (a representative ray of sunlight is shown in the diagram).  You have the polarizing filters from your kit and hope to use them to block some of this light.  This will only work if this light is polarized.  From your point of view driving in the car, what (if any) is the polarization direction of the light (i.e. what is the direction of the electric field associated with this light)?

Up/Down
In/Out


Not enough information to tell


Left/Right
Light is unpolarized


f)  You have an interface with air on one side and water on the other.  In which case could you get total internal reflection?


Light travels from air into water

Can get total internal reflection in either case

Light travels from water into air

Can never get total internal reflection in either case
g)  We’ve discussed three ways to separate light according to its wavelength:

A:  Rayleigh scattering
B:  Refraction/Dispersion

C:  Interference/Diffraction

Consider the following phenomena involving color separation.  Write down the letter of the choice that is best associated with that phenomenon.


(i)  Rainbows:

(ii)  Blue sky and red sunsets/sunrises:

(iii)  Pattern of light reflected from a CD or DVD:
h)  You use a converging lens to form a real image on a screen of some object.


(i)  Which of the following best describes the orientation of the real image compared to the actual object?



Inverted




Neither
 inverted nor upright



Upright




Not enough information to decide


(ii)  What can you say about the size of the real image compared to the size of the object?



Real image smaller than object


Real image same size as object



Real image larger than object


Not enough information to decide

3.  (5 points)  When a p-type semiconductor is placed in contact with an n-type semiconductor, a depletion region is formed at the p-n junction.  If you forward bias the p-n junction, say by hooking up a battery which provides enough potential difference, the depletion region can shrink to nothing.  Draw wires from the ends of the battery to the ends of the p-n junction in a way that would shrink the depletion region.
[image: image9.bmp]
4.  (8 points)  In order for a modern computer to work with the number 25, it must first be converted into binary.
a)  Write the number 25 (which is in base ten) as a binary (base two) number.
b)  Why is it convenient for a computer to work in binary?  As part of your explanation, describe some part of a computer for which binary is suited.

5.  (10 points)  Light of wavelength 
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 travels from air into a plastic which has index of refraction 
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a)  What is the speed of light in this plastic?  

b)  As the light travels from the air into the plastic, either its wavelength, its frequency, or both, could also change.  However, it turns out that one of these two remains the same in either medium.  Consider the re-radiation model.  Using this idea, would you expect the frequency of the light or the wavelength of the light to remain the same in the plastic as in the air?  Briefly explain your reasoning.
c)  Based on your answer to part b, calculate the new value of whichever quantity (wavelength or frequency) that you think changes in the plastic.

[image: image10.bmp]6.  (8 points)  Some hypothetical has the energy level diagram shown; one of the levels happens to be very long-lived.  Because of this, we can use this system as the medium for a laser.  

a)  What would the wavelength of this laser be?
b)  Describe two things that distinguish laser light of a particular wavelength from regular light of the same wavelength.

[image: image11.bmp]7.  (8 points).  Light is incident on the interface between air and plastic (
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) as shown in the diagram.
a)  Determine the angle of the reflected ray.  Draw the reflected ray on the diagram, label it, and carefully indicate the angle on the diagram.

b)  Determine the angle of the refracted (transmitted) ray.  Draw this ray on the diagram, label it, and carefully indicate the angle on the diagram.  

8.  (11 points)  Consider this schematic representation of the eye, taken from our textbook “How Things Work” by Louis A. Bloomfield.
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a)  The typical distance from the lens to the retina is 25 mm.  Consider an object that is 100 mm away from the lens. What is the focal length of the lens for this case?
b)  The iris functions much like the aperture of a camera; it can open and close to cover or uncover the lens as circumstances demand.  What are two different results of narrowing the iris and covering up more of the lens?


c)  For a person who suffers from farsightedness, the lens of the eye doesn’t focus the image onto the retina, but rather the image would focus behind the retina.  What kind of lens could you use to help correct this problem?

Converging

Either would work

Diverging  

None of these would work

9.  (10 points)  Below are the various topics that were covered during our Poster Session on “How Computers Work”.
	Semi-Conductor Devices & Digital Logic
	Magnetic Memory
	Fiber Optics

	Wireless Communication
	Input Devices
	Printers & Scanners

	Flash Memory & RAM
	Monitors
	Digital Cameras

	Optical Reading and Memory
	Speakers, Microphones, & Analog-Digital Conversion


a)  Write down your topic.  Briefly discuss two different physics principles related to your topic.

b)  You visited lots of other posters, and we discussed the physics principles behind all of the topics above during the course of the semester.  Choose and indicate one of the topics above, and discuss two physics principles associated with that topic.  They must be two different principles than the ones you discussed above.
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