
Science is the great antidote to the poison of enthusiasm and superstition. 
Adam Smith (1723-90) Scottish economist. The Wealth of Nations, 1776.

It requires a very unusual mind to undertake the analysis of the obvious. 
Alfred North Whitehead (1861-1947) English philosopher and mathematician.



Announcements:

No class or lab on Thursday!

Enjoy October Break!



http://www.snmmi.org/Store/ProductDetail.aspx?ItemNumber=29192
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Generating electricity by moving wire in magnetic field



Turbines are highly engineered versions of pinwheels or windmills, but
adapted for the fluid to be used





Steam turbine to
drive generator



Low-enriched uranium (LEU)
(�fuel rod�)

Neutron absorber
(�control rod�)

H2O
(�moderator�, slows neutrons)

Light water reactor core



Boiling water reactor (BWR)

http://www.nrc.gov/reading-rm/basic-ref/students/animated-bwr.html



http://www.nrc.gov/reading-rm/basic-ref/students/animated-pwr.html

Pressurized water reactor (PWR)



Three Mile Island



Energy is a subtle concept

Energy is not a �thing�, but is talked about as if it were
Energy is a property of objects or collections of objects

Types of energy:
- Energy of motion, kinetic energy

- energy of motion of atoms and molecules called �heat�
- wind, water waves, tides

- Potential energy
- chemical (batteries, hydrocarbons, fuel cells)
- nuclear (fission, fusion, radioactive decay)
- gravitational (hydroelectric power)

- Electromagnetic radiation
- solar energy

The SI unit of energy is the joule (J)  (= 6.2 x 1018 eV). One joule is about the
energy required to raise one pound by nine inches. In US, the unit is often the
BTU (British thermal unit, 1055 J).



What sources of energy do we use to

- Power us?

6 CO2 + 6 H2O + light → C6H12O6 + 6 O2 (photosynthesis)

- Heat our homes, drive our cars?

CH4 + 2 O2 → CO2 + 2 H2O                  (typical hydrocarbon combustion)

- Power our computers, lights, electric motors?
- coal, oil, natural gas      (63%)
- nuclear                          (20%)             
- renewable                     (17%) 

Data from US Energy Information Administration (US EIA, www.eia.gov) for 2017               �

http://www.eia.gov


Power is the rate at which energy is produced or used

Analogy: Compare (distance and speed) or (volume of water and flow rate)
to (energy and power)

Units of power are watts (W) and 1 W is 1 joule each second. 
Also, kW is 1000 W and MW is 1,000,000 W or 1000 kW

Ex: A 100 W light bulb uses 100 J of energy each second (by definition) that
it is on. So, if the bulb is on for two hours it uses 
100 joules/second x 2 hours x 60 minutes/hour x 60 seconds/minute
= 720,000 J of energy

A more common unit of energy when talking about electric power use or 
generation is the watt-hour (Wh)

Ex: A 100 W light bulb that is on for two hours uses 
100 W x 2 hours = 200 Wh of energy

Also, kWh is 1000 Wh and MWh is 1,000,000 Wh or 1000 kWh



Some numbers for scale: 

A new home is wired to be able to handle about 2 kW of electrical 
power (maximum)

A human being uses energy at the rate of about 100 W standing still

A working human can generate about another 100 W sustained

The energy in sunlight arrives at a rate of about 100 W per square foot

A 30 mpg car traveling at 60 mph consumes energy at a rate of 80 kW

Taking a hot shower consumes energy at a rate of 40 kW

Heating your home on a cold day consumes energy at a rate of about
10 kW

Source: Richard Wolfson, Nuclear Choices



Total US electrical energy production by US utilities in 2017 was

4,015,000,000 kWh (13X that of 1950 for 2X increase in population)

Also note that electrical power use varies greatly over the course of the

day. We use much more power during the day than during night.

Currently there are no (maybe one?) practical ways to store large 

amounts of electrical energy. So power plants must have the capacity to 

produce energy at the peak rate of use (to avoid brown- or blackouts)



Efficiency
Not all energy is convertible to other forms of energy without loss

Efficiency (in percent) = (usable energy produced/energy consumed)*100

Current practical solar cells only convert about 15% of sunlight into
electrical power. So 100 W/ sq. ft. gets reduced in practice to
15 W/sq. ft.



Efficiency (cont.)

Need temperature difference to use heat energy to produce 
electrical or mechanical energy. 

Thermal efficiency limited by the second law of thermodynamics:
Maximum efficiency (in percent) = [1 – (Tcold/Thot)]  * 100,

where the temperatures are measured on the absolute
temperature scale: T (absolute) = T (Fahrenheit) + 459 F

Steam plant efficiencies about 33%. So 1 GWe nuclear power plant
needs to produce 3 GWt of thermal energy.

Can use the waste heat to heat buildings, etc., cogeneration


