Fusion Activities:  Working in pairs,! Answer the following questions using the hand out, your text, the chart on the board, and any other reference materials that you can find!

Energy Conversion Fundamentals
 1.
Make a list of  20 energy consuming devices that you use in one day.

 2.
Estimate your average power output based on your daily food intake.  Compare it to the power consumed by a 100 W light bulb.

 3.
In a typical power plant, chemical or nuclear energy is converted to thermal energy and then to electrical energy.  List as many advantages as possible of increasing the efficiency of a power plant.

 4.
Compare nuclear fusion and nuclear fission as ways to produce energy.

 5.
When mass is 100% converted to other forms of energy, the energy released is 9.0 x 1016 J/kg.


(a)  Show where that number comes from.


(b)  What percent of the fuel mass is converted to other energy when



(1)   bituminous coal is burned?



(2)   UO2 (with 3% 235U) is fissioned?



(3)   fusion occurs in the D-T reaction?

 6.
If  35% of the total energy consumed in 1990 had been produced by bituminous coal-fired power plants operating at 33% efficiency,  then


(a)
How much coal (in kg and in tons) would have been needed in that year?


(b)
What volume is this? (Assume density of coal to be 1.5 x 103 kg/m3)

(c) 
How much CO2 (in kg and in tons) would be produced?  At STP what would be the volume of this CO2?  What percentage of the earth’s atmosphere below 10 km would this be?

 7.
If  35% of the total energy consumed in 1990 had been produced by light-water fission reactors as used in the US with fuel that is UO2 with 3% 235U, 97% 238U and plant efficiency of 33%, then


(a)
How much fuel (in kg and in tons) would have been needed in that year?

(b)
How much fuel in this form would be needed to produce this same amount of energy each year for 200 years?

8.
Assume that a commercial fusion reactor power plant uses the D-T reaction to produce electrical energy with an efficiency of 30%.  If 35% of the total energy consumed in 1990 had been produced by such fusion power plants


(a)   
What would have been the mass of deuterium and tritium consumed in that year?

(b)
What would have been the mass and volume of naturally occurring water to provide the deuterium for that fuel?

(c)
What would have been the mass of 6Li needed to produce the needed tritium fuel? What would have been the mass of naturally occurring lithium needed? (Note:  The reaction which gives the tritium is n + 6Li ( 4He + T where one n is produced in each D-T reaction.  There are 8 parts per 100 of 6Li in naturally occurring lithium.)


(d)
What would have been the mass of Helium produced?

How Fusion Reactions Work/Three Important Fusion Reactions

 1.
Assume that the separation of two charged light nuclei must be 10-14 m in order for the attractive residual strong force to overcome the repulsive electrical force.


(a)
What would be the combined kinetic energy of two deuterons to be able to get this close?

(b)
With the average energy per particle being 3/2 kT, what effective temperature would be required to give the deuterons this kinetic energy?

(c)
Repeat (a) and (b) for a deuteron and a 3He nucleus.

 2.
(a)
Using the masses in the table, calculate the binding energy of 4He.

(b)
Convert your value to binding energy/nucleon and compare to the value on the graph in the chart. 

 3.
Show that the value for energy released in the proton-proton chain in the Sun is 26.7 MeV (4.3 x 10-12 J).  (Hint:  make sure that you also include in your calculation the electrons which annihilate the positrons created during the chain.)

 4.
Show that the energy released in the D-T fusion reaction is consistent with the masses of the reactant particles and the reaction products as listed in the mass table.

 5.
(a)
The energy production of the Sun gives it a power rating (called its luminosity) of 3.9 x 1026 W.  Assume that this is due to the energy released in p-p chains (26.7 MeV = 4.3 x 1012 J).  How many chains per second  (“reaction rate”) would be required to give the total energy output?

(b)
If a fusion reactor with 100% efficiency could be built and had a power output of 1000 MW, what would be the “reaction rate” (reactions per second) of the D-T reaction?

(c)
More realistically, if the fusion reactor had 20% efficiency and an output of 1000 MW, what would the be the “reaction rate” of the D-T reaction?

(d)
The chart has a graph of  “Fusion Reaction Rate coefficient”  in which the values for the p-p reaction are much smaller than those for the D-T reaction.  Compare that to your answers in (a) and (b) and explain any differences.

  6.
Consider the p-p reaction in the sun.

(a)
If the density of protons in the sun's core is 105 kg/m3, what is their number density?

(b)
What is the fusion power released, per cubic meter, in the sun's core, if the temperature is 15,000,000 K.

(c)
What fractional volume of the sun produces its energy (see previous problem for total output)?  How would the radius of this volume compare to the total radius of the sun?

 7.
In proposed tokamak fusion power plants, the expected central temperature and particle density (for both D and T) are 108 K and 1020 m-3.


(a)
What is the fusion power released per cubic meter?

(b)
What plasma volume for such a magnetic fusion power plant would be necessary to produce 1 GW of fusion power?

 8.
 In proposed ICF fusion power plants, the temperature and density are expected to be 0.5 x 108 K and 1026 m-3. 


(a)
What is the fusion power released per cubic meter?


(b)
What  would be the total plasma volume to produce 1 GW of fusion power? 

Plasma - The Fourth State of Matter
 1.
What are some of the plasmas that might be in your house?

 2.
Plasma physicists use the “kinetic temperature” given by kT instead of the temperature in kelvin as one characteristic of the plasma.  (In 3-D, the average thermal energy per particle is 3/2 kT.)  What is the kinetic temperature in eV of the following:


(a)  gas in a neon sign               (b)  gases in interstellar space


(c)  lightning                            (d)  magnetic fusion plasma


(e)  inertial confinement plasma

 3.
How much energy is contained, per unit volume, in the following plasmas


a) aurora                        b) interstellar space

 
c) solar corona               d) magnetic fusion plasma

 
e) inertial confinement plasma


 4.
Assuming the sun to be mostly plasma and the planets not to be, what percent of the solar system is plasma?

 5.
According to the chart, the temperature of the plasma in a fluorescent  tube is very high.  Why doesn’t it feel very hot to the touch when operating?

Creating the Conditions for Fusion
 1.
Consider a deuteron with kinetic energy of  20 keV.


(a)
What is its speed?

(b)
What would be the radius of its path in a magnetic field of 3T if its velocity is perpendicular to the field?


(c)
Now consider that the deuteron’s velocity makes a 60( angle with the field.



(1)  What is the component of the velocity parallel to the field?



(2)  What is the component of the velocity perpendicular to the field?



(3)  What is the radius of the circular motion?



(4)  What is the time for one revolution?



(5)  How far does the deuteron travel along the field in the time of one revolution?

 2.
Calculate the gyromagnetic frequencies for all of the charged nuclei listed in the table of masses on the chart, assuming a magnetic field of 3T.

 3.
Consider a simple “magnetic bottle” with the magnetic field along the x axis.  The field is constant except at the ends where it gets stronger, i.e. the field lines get closer together.  Look at the field near the ends as having components parallel to the axis and perpendicular to the axis (radial inward).  Show that the direction of the force on a charged particle due to the inward component of the field will be such as to reduce the particle’s velocity along the axis.

4.
Ohmic, or resistive, heating can provide tokamaks with about 1 MW of heating power.


(a)
If the current in the plasma is 10 MA, what is the plasma’s resistance?

(b)
Compare your answer with the resistance of a copper wire 1 m in diameter and 1 m long.

Progress Toward Fusion Power
1.
Tokamaks in 1995 had already achieved the density and temperature necessary for fusion power plants, yet their power output was only about 10 MW.  What must be changed to increase their power to 1000 MW?
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