Grades ranged from 19 to 83, with an average of 57
PHYS 331 and 580 exam 1

Spring 2011 semester 
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please print: last, first
You are expected to observe the GMU Honor Code.  Note: On questions requiring verbal answers be brief and to the point – no ‘essays’ wanted!
Questions 1-5 are worth 6pts each

1. Determine the solar declination on February 20.
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2. How must the layers of a multi-junction solar cell be ordered?  Explain.
Layers must be ordered in increasing band gap energies.  If a photon of energy E encounters a layer with band gap energy Eg such that E > Eg energy is wasted (as heat) after knocked out electrons drop down to levels just above the band gap.  Thus, more energy wasted (efficiency is reduced) if the highest band gap layers are not encountered first.

3. Explain why the resistance of  semiconductors drop as the temperature rises.
In order to conduct electricity mobile electrons need to be able to be accelerated by an applied electric field which makes them jump to a vacant energy level that is slightly higher.  Thus, only electrons in the conduction band can do this.  Given the shape of the Fermi function and its dependence on T,  there is a greater tail of the distribution that extends into the conduction band for higher T, and therefore a greater probability of electrons being in the conduction band.

4. The element silicon has a band gap of 1.1 eV.  Calculate the probability of an energy level just above the band gap being filled (a) at room temperature (for which kT = 0.025)?  and (b) absolute zero T?
Use 
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For room temperature: 
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For T = 0K get zero
5.  Approximately what is the best tilt (angle with the horizontal) and orientation (compass heading) for a solar panel in order to maximize its power output (a) on an annual basis? (b) In the winter months around the time of the winter solstice?  (Assume that the panel is located in the Northern Hemisphere at latitude N 300 and longitude E 450 .
The normal to the panel should face the position of the sun at solar noon.  For best year-round performance the best choice for the tilt of the panel with the horizontal would be equal to the latitude 30 degrees, and the panel should face south.  On a day close to the winter solstice, add 23.5 degrees to the latitude.

Do any 2 of problems 1 through 4.  Each problem counts 35 pts.  If you fail to indicate which two to grade I will grade the first two.
Problem 1: A parabolic trough solar collector power station
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You are working on the design team to build a solar power plant that uses parabolic trough concentrating solar collectors.  Water is piped down tubes placed at the focus of the troughs where the solar energy is concentrated, and the heated water produces steam to drive generators.  There are 50 troughs of the kind shown, each being 1000 m long and 5 m across.  Assume that in the clear desert conditions there is G = 1000 W/m2 incident on the mirrors at noon.  Here are some useful constants: Density of water = 1000 kg/m3 , Specific heat of water = 4186 J/kg, Stefan Boltzmann constant  .
(a) (10 pts) What is the overall efficiency of the system (the ratio of electrical power to solar power input) in order to produce 100 MW of electricity?
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      (40%)
(b) (10 pts) What volume flow rate of water through each tube would result in 1 MW of power per trough if the water sent through the pipes is heated to T = 227 C (from the ambient 27 C)? 
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(c) (15 pts) Suppose that the concentration ratio X for these parabolic trough collectors is 80% of the maximum possible value for a trough.  Also suppose that the reflection coefficient of the mirrors 
[image: image7.wmf]9

.

0

=

r

, and both the absorption coefficient 
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and emissivity e of the water-carrying tubes is 0.8.  Derive an expression for the efficiency for transferring the solar power incident on the troughs into the water that flows through the tubes.  Your result should be expressed in terms of known quantities such as X,G, T, 
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. Use that expression to calculate the efficiency.
[image: image30.wmf]RAG

T

T

a

P

C

)

(

-

-

=

at

h

For a trough the max concentration is
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So the actual X = 0.8*213= 170

Conservation of energy yields 

Which when solved for the efficiency gives:
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Problem 2. A thermosiphon solar water heater. 
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A passive solar water heater is based on the thermosiphon principle, with the storage tank located above the collector as shown.  Water enters the bottom of the solar collector at 20 C and exits the top (which is 1 m higher) at 23 C.  From there it then enters the top of a 0.3 m high tank that is 0.5 m higher still, and at the same time water exits the bottom of the tank at 20 C  and enters the base of the collector so as to complete the cycle.  Water has a volumetric expansion coefficient of 0.000207 0C-1

(a) (9 pts) Make an appropriate graph, and use it to find the thermosiphon head that drives the flow.
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(b) (9 pts) If the collector surface area is 4 m2 and its efficiency is 50% for the temperatures described above find the volume flow rate of water through it at a time when 1000 W/m2 is incident on it at an angle of 450 with the normal to the collector.
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(c) (9 pts) Explain in both words and using relevant equations why you expect the efficiency of the collector to drop as the water temperature rises as it undergoes multiple cycles,
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Obviously from the equation derived in lecture (above), as T rises the efficiency must drop
(d) (8 pts) Suppose that the maximum water temperature achievable with this collector is 120 C when 1000 W/m2 is incident.  Calculate the net thermal resistance of the collector.
Just solve this for R
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I neglected to specify the parameters 
[image: image15.wmf]a

and 
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so an explicit solution in terms of specified values cannot be given
Problem 3 A hot water tank in your basement – see previous illustration. 

A 50 gal (0.19 m3 ) cylindrical hot water tank is 1.5 m high and 0.6 m in diameter.  Its r-value is 3 m2 KW.  Assume the tank is in an unheated basement whose temperature is 40 C below that of the hot water (at 50 C), and that the cylindrical tank loses heat primarily through its sides.

(a) Find the thermal resistance of the tank, and the power needed to maintain the water temperature
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(b) If no power is supplied, how long would it take the water temperature to drop 10 C?  Do not assume that the temperature drop is a linear function of time.
The equation giving the temperature is this D.E.
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The mass of 50 gal of water works out to be m = 189kg.

To find the time it takes for T to drop by some amount, solve the above equation for T:
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I must have messed up the input numbers since this time is way too long.
(c) How would your answer to (b) change if you added an insulating blanket around the water tank whose r-value was 4 m2 KW?
The original r-value was 3, so this increases it to 7 & lengthens the time by a factor of 7/3
(d) How would your answer to (b) change if you changed the thermostat setting on the hot water tank so that it was only 40 C rather than 50 C?
You would just replace the ln(40/30) factor by ln(30/20)

Problem 4. The greenhouse effect. 
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(a) (11 pts) Consider three hypothetical greenhouse gases whose absorption coefficients per kg can all be expressed as Gaussian functions of the wavelength of the form:
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where bj = 10, 10, 7
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 and cj = 2.0, 0.1, 1.0 
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 for j = 1,2,3

Which of these three would be most harmful and which least harmful if added to the current atmosphere.  No credit without a proper explanation.
For gases 1 & 2 their peaks occur right in the middle of the open window therefore their absorption is greater than gas 3.  Also the width of the absorption coefficient Gaussian is greater for gas 1 than 2, so it will absorb the most.  So, the most harmful per kg will be gas 1 & the least gas 3.
(b) (12 pts) Scientists know that water vapour can be either a source of positive or negative feedback on the mean global temperature – explain.
As the planet warms due to other greenhouse gases more water from the oceans evaporates.  Its presence in the atmosphere as vapor causes it to amplify the warming further (positive feedback).  However, if the water vapor condenses & forms clouds, these act to counteract the warming (negative feedback) because they tend to block incoming visible light that would warm the planet.

(c) (12 pts) Suppose that the sun’s output were suddenly to increase by 1% for an extended period of time.  Assuming the Earth to be a blackbody, calculate the resulting rise in the average global temperature.
An increase in the surface irradiance of 1% amounts to 10W per square meter.  Thus, if T is the original temperature of the Earth and 
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Assume an initial T = 300K & emissivity of 1.0. then
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