Answers to

PHYS 331 and 580 exam 1

Spring 2010 semester 
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You are expected to observe the GMU Honor Code.  Please do not leave the room until the end of the exam.   You may use either the book or notes.  Each question counts 5 points.
Short answer questions:
Note: On questions requiring verbal answers be brief and to the point – no ‘essays’ wanted!
1. Cite two characteristics that distinguish passive solar water heaters from active ones.

Passive heaters require no external pump, and they must have the storage tank above the collector.  They are also less efficient.
2. Cite three features to build into a well-designed house relying on passive solar heating.

South facing large windows, very good insulation, large thermal mass inside where sunlight falls, eaves shielding windows from summer sun, but not winter sun, sun room,…
3. What is the semiconducting element that all PV cells rely on?  (Name it & explain briefly what it consists of.)
Many people interpreted “element” to refer to a chemical element & put silicon, but not all PV cells are made from silicon, and it wouldn’t make a lot of sense for me to ask “what it consists of.”  The wanted answer was a pn junction, with a bit of elaboration of what p and n-type materials are.
4. What is the formula that relates the wavelength of light incident on a solar cell and the size of the band gap Eb , for the optimum efficiency?
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5. Why is the cell inefficient if an appreciable part of the spectrum has wavelengths (a) longer than this value?  (b) shorter than this value?
For longer wavelengths the photons don’t have enough energy to get electrons to jump the band gap inro the conduction band & they will not be absorbed.  For shorter wavelengths, they do have sufficient energy, however the excess energy (above that needed to get electrons to jump the gap) is wasted as heat.
Problem I. A Simple solar collector.  
Conductivity of air = 0.0257 W/m K
Density of water = 1000 kg/m3 
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Specific heat of water = 4.186 kJ/kG
Stefan Boltzmann constant = .
A plastic black bag filled with water rests on the ground.  The bag is a square 2 m on a side and 10 cm high, and it has an absorption coefficient of 0.8.  A steady wind of speed u blows horizontally over the bag.  Ignore heat losses to the ground and assume that the sheet of plastic has very low thermal resistance.  Due to incident solar radiation the water inside the bag is heated to a temperature 35 C when the ambient temperature is 20 C.  Assume that the solar irradiance is 600 W/m2 and that the sun is at an angle above the horizon of 60 degrees.

(a) Find the solar power incident on the top surface of the bag.
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(b) Write an expression for the net power that the bag radiates to space at equilibrium, assuming the emissivity is one.
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(c) Find the radiative resistance of the bag assuming the exchange factor is one.
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=  0.04 K/W  (using  average T = 300 K & A = 4m2  & 
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(d) Find the approximate convective resistance of the bag if the wind speed is 10 m/s.  
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  = .0057 K/W  (using a = 5.7, b = 3.8, u = 10, & A = 4)
(e) Use the result found in (d) to find the Nusselt number for the 10 m/s wind
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Solve for N using the above R, k = 0.0257, A = 4,  & X = 2m to find N = 3413

(f) Find the net thermal resistance of the bag for the 10 m/s wind speed.

Must add the two R’s from c & d in parallel not series!  The result is 0.005 k/W
(g) Now suppose the sun goes down suddenly, and no more radiation is absorbed by the bag.  Starting from first principles, deduce the differential equation that describes the temperature of the bag versus time, and then solve it.

Use   conservation of energy:  
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 but with G = 0 once sun goes down
The solution of this differential equation is an exponential decay of the form:  
[image: image8.wmf]Rmc

t

e

T

T

/

0

-

D

=

D


(h) How long would you need to wait for the bag’s temperature excess above the ambient air temperature becomes half its initial value? (Note that a number is wanted here.)
For the excess above ambient temperature to drop to half its initial value, we have:  
[image: image9.wmf]2

/

1

/

=

-

Rmc

t

e


So that t = Rmc ln 2.  Using R = 0.005, c = 4186 J/kg, m = 2 x 2 x 0.1 x 1000 = 400 kg, we find

T = 5800 sec = 1.6 h
Problem II. The Greenhouse Effect
Due to the extra greenhouse gases in the atmosphere (over and above the levels in the pre-industrial era) an imbalance is created between the incoming radiation from the sun and the outgoing radiation above the atmosphere.  This so-called “radiative forcing” based on the known absorption charactertistics of the greenhouse gases is 2.5 W/m2 

(a) Which gases are the most important and second most important contributors?

CO2 and methane
(b) If water vapor is such an important greenhouse gas, why is it not one of the two you cited above?

Because the amount of water vapor in the atmosphere is regulated by the water cycle.  In other words even if we dumped a lot of water vapor into the atmosphere it would condense out reaching an equilibrium value (depending on temperature).  Thus, it is not simply that the water vapor in the atmosphere is not anthropogenic.  In fact we DO put a lot of water vapor into the atmosphere by some activities.
(c) What specific property of the greenhouse gases is responsible for their positive radiative forcing?

They are transparent to the incoming long wave radiation, but block (to some extent) the outgoing long wave radiation.

(d) Starting from some basic principle, write an expression that will allow you to find the rise in temperature 
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 created by a radiative forcing of +2.5 W/m2 .  You will need to assume that 
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<< T0 & make a reasonable assumption about the original average annual temperature of the globe before the extra greenhouse gases were introduced.
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Doing a first order expansion of the first term yields
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Solve this for 
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 using T0 = 300K
(e) Why do most climate scientists believe that the actual rise in temperature due to greenhouse gases for a given radiative forcing is larger than the value you calculated?

Because they believe the positive feedbacks like that due to water vapor outweigh the negative ones.
Problem III.  Combining resistances in parallel.

(a) Starting from some basic physical principle, show that if a hot object loses heat to its cooler surroundings by both convection and by conduction that the thermal resistance for heat loss to the surroundings obeys the usual formula for combining resistances in parallel.

By conservation of energy:
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So cancelling out the 
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we get the usual relation for adding R’s in parallel

(b) If the convective resistance is half the conductive one, compare quantitatively the relative effectiveness in reducing heat losses by doubling one or the other.

Originally we have 
[image: image17.wmf]n

n

n

v

n

equiv

R

R

R

R

R

R

3

5

.

0

1

1

1

1

1

=

+

=

+

=

          
Doubling the Rv gives:  
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While doubling the Rn gives: 
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Doubling the smaller R (Rv) gives a better result (larger combined R)
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