Chapter 3

I.  Matter and Energy:  A Closer Look

A.  Mass:  a measure of the amount of "stuff" in an object,  a measure of an object's resistance to change

B.  Matter:  anything that occupies space & has mass

C.  Energy:  the capacity to take action; ability to move matter

D.  Kinetic Energy (KE): moving energy motion

     1.  KE= 1/2mv^2

     2.  to obtain, WORK(W) must be performed

     3.  W = FD

          a.  W=FD=change in KE=1/2MV^2

E.  Potential Energy:  stored energy, ability to produce motion

F.  All cycling of matter & flow of energy occurs in a SYSTEM

     1.  A defined area, space, or region under study, limited by boundary, which may be imaginary

     2.  Closed:  a system where nothing enters or leaves:  everything isused and reused

     3.  Open:  things both enter and leave

     4.  Steady State:  properties are constant because substances are entering/leaving at same rate

G.  The Conservation of Matter-Energy:  the total amount of matter plus energy in the universe is constant

     1.  The Law of Conservation of Matter:  the total mass of Earth is constant:  matter can neither be created or destroyed, only rearranged

     2.  The Law of Conservation of Energy:  energy can neither he created ordestroyed:  it can only change from one form to another.

H.  Six forms of Energy

     1.  Mechanical:  energy as shown by the object's movement, its position, or both

     2.  Heat (thermal):  mechanical energy transformed into heart

          a.  Relates to the law of conservation of Energy.  energy lost to heat

          b.  Kinetic Energy of moving molecules measured with temperature

          c.  For gases at low pressure:  1/2MV^2=KT

     3.  Radiant (incl. light):  electromagnetic waves (light, radio waves, infrared radiation, microwaves, X-rays, Gamma rays)

          a.  Characterized by frequency (f) & Wavelength (lambda). (C = (f)(lambda).

     4.  Electrical: always an intermediate form, useful because it is converted to another form of energy

          a. Social kind of kinetic energy:  energy of electrical charges in motion

     5.  Chemical:  stored in the bonds holding molecules together as bonds are broken energy is released

     6.  Nucleus:  locked in nuclei of atom; when nuclear particles are rearranged, energy is released

          a.  Fusion:  the combination of small nuclei to make larger once

          b.  Fission:  the breakdown of a large nucleus into smaller ones

          c.  Radiation released can be harmful

I.  Five primary energy sources

     1.  The sun:  large fusion reactor  radiating energy in all directions

          a.  Only small amount reaches the Earth (1 KW/m^2)

          b.  30% of amount reaching Earth is reflected back into space

          c.  Enough to warm the earth and drive the water cycle

          d.  Enough to drive winds, waves, and Earth's climate system

          e.  Stored in plants-->ultimate energy source for Earth

     2.  Tides:  only useful in tidal areas having away to trap large quantities of water

     3.  Earth's Heat (geothermal):  stored just below Earth's surface

          a.  Caused by huge subsurface pressures and Energetic decay of radioactive substances

     4.  Fission Fuels:  unstable Uranium & Thorium

     5.  Fusion Fuels:  Deuterium and Tritium (easiest to  light nuclei to fuse)

          a.  Large amounts of deuterium available in ocean

     6.  Calorie (oil):  the amount of heat necessary to raise the temperature  of one gram of water one degree Celsius at standard atmospheric pressure

          a.  1 cal = 3.968 x 10^-3 BTU = 4.184 J

          b.  1 Kcal= 1 cal = 1 dietary Cal = 3.97 Btu 

     7.  British thermal unit (Btu):  the amount of heat required to raise the temperature of one pound of water one degree F at standard atmospheric pressure.

          a.  1 Btu = 252.0 cal = 772 ft/lb

     8.  Foot * Pound :  the amount of work done or energy used when a force of one pound acts through a distance of one foot

          a.  1 ft-lb = 1.285 x 10^-3 Btu = 0.3239

     9.  Joule (J):  an internationally accepted unit equal to 0.738 ft.-lb

          a.  1 J = 0.2389 cal = 0.7376ft-lb

     10.  Barrel of oil (bbl):  the amount of energy that can be obtained through the burning of one barrel (42 U.S. gallons)of oil 

          a.  1 bbl = 5.8 x 10^6 Btu

     11.  Ton of TNT:  the amount of energy stored in released by one ton of tritrotoluene (TNT)

          a.  1 ton TNT = 1.04 x 10^9 cal = 4.14 x 10^6 Btu

     12.  Watt-hour (Wh):  the amount of electrical energy that will light a10-W bulb for six minutes.  One kilowatt-hour of electrical energy will light a 100-W bulb for 10 hours

          a.  1 KWh = 3413 Btu = 100 Wh

II.  The second law of Thermodynamics

A.  In any transformation of energy from one form to another, there is always a decrease in the amount of useful energy

B.  Heat cannot by itself flow from cold to hot.  It spontaneously flows from hot to cold

C.  Work can only be done when there is a difference in the energy content of objects

D.  "Heat Depth of the Universe":  when the universe reaches a uniform temp.--no difference in energy  = end of life in universe

E.  In any closed system disorder has a natural tendency

     1.  Disorder=chaos, randomness, entropy

F.  Efficiency:  the ratio of the desired output (work or energy) to the input.

     1.  Efficiency-(work out/in)x 100%

     2.  No efficiency can be > 100%

     3.  Much energy is lost due to friction

G.  Heat Engine:  any device that converts heat energy into mechanical energy.

     1.  Very inefficient

     2. Gas-22.01%

     3.  Nuclear fuels-->6.69%

     4. Others-12.17%

     5.  Consumed by:

          a.  Presidential & commercial -33.72%

          b.  Industrial-35.67%

          c.  Transportation-24.81%

          d.  Remainder is last as waste heat

III.  Energy Systems & Strategies 

A.  System Efficiency

B.  System:  a series of steps designed to produce a useful product or service

C.  System Efficiency:  the cumulative efficiency of an entire process; the real measure of how efficiently we use our resources

     1.  In each step, energy is lost as waste HEAT

     2.  Overall system efficiency is equal to the product of the efficiencies of the various steps in the process

D.  SEE PAPER

E.  Net Energy of an Energy Production System:  the ratio of the total energy produced over the lifetime of the system to the total, direct and indirect, used to produce that energy.

     1.  Useful tool for analysis

     2.  No benefit to use a system with a ratio < 1

     3.  Indirect Energy measurements are difficult to obtain

F.  High Quality Energy:  organized energy; molecules & atoms of the system behave in an orderly

     1.  Mechanical, Electrical, Concentrated (focused sunlight)

G.  Another Energy Unit:  Modern (more developed) nations use enormous amounts of energy

     1.  More accurate to describe quantity used as a:

          a.  Quad: one quadrillion (10^15) Btu 

          b. Can power the US for only 3.7 days

     2.  Most comes from:

          a.  Coal-23.17%

          b.  Crude Oil-34.79%

          c.  Gas-22.01%

          d.  Nuclear Fuels-6.69%

          e.  Other-12.17%

     3.  Consumed by

          a.  Residential and Commercial-33.72%

          b.  Industrial-35.67%

          c.  Transportational-24.81%

          d.  Remainder is lost as waste heat

H.  Strategies for Resource Users:  As energy is transformed from one form to another, it changes to its most disordered form

     1. No true energy crisis-->an energy quality crisis

     2.  As an energy dependent society, we must manage the quality of energy

     3.  Accomplished through forming a resource use policy

I.  Change Our Lifestyles

     1.  Consume fewer resources 

     2.  Recycle wastes

     3.  Redesign our technology to be more efficient

     4.  Develop new energy sources

     5.  Match the quality & quantity of the energy sources to the task performed

