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S-24
Energy and Life

by Doris G. Simonis

Of the small fraction of the Sun's radiant energy that reaches Earth, most of it is absorbed and converted to heat (45%). Much of it (35%) is reflected back to space, and another large fraction (20%) evaporates water. A very small amount is used in photosynthesis, the process by which plants trap and store solar energy for later use. About one-fiftieth of one percent of insolation (incoming solar radiation) supports all life. Because we are so dependent on that small fraction of solar energy, however, it deserves more than a small fraction of our attention.

Energy is the basis of life. Every living thing is an energy converter and a temporary energy storage tank as well. Even though it is hard to say what energy is exactly, we can see its effects in the growth, movement, and changes that mark the lives of people, animals, and plants.

Energy from the Sun fuels all life on earth. Aquatic and land plants build complicated hydrocarbons from simple ingredients like water and carbon dioxide, given the necessary power from sunlight. Some of the solar input is effectively stored in these hydrocarbons (sugars, starches, oils, proteins, and celluloses in particular). We benefit from them when we eat food from plants or eat animals who have eaten plants. Some of the chemical energy stored in plant or animal products is released in our bodies, keeping us warm and giving us strength to move and work.

In any energy transformations there are unavoidable losses. Under natural conditions, most plants convert only one to two percent of the sunlight they absorb into chemical energy. Less than half of that is stored and thus available to other living things. More than half of the light that plants absorb is converted directly to heat and then lost to their environment. The rest of the solar energy that plants use goes to transport water through its system and to evaporate it.

Not all of the food stored in plants is available to a particular eater. Supportive tissues of large land plants, in particular, are indigestible to most consumers. In contrast, leaves concentrate nitrogen and are especially nutritious for animals. Seeds and fruits of flowering plants are also usually high in food value. But there are "losses" in each step of the food chain that dilute the solar input to a smaller and smaller fraction of its original size.

As already stated, only about 0.002% of the Earth's solar energy budget supports all life on this planet. The original transfer of energy from the Sun to net storage by plants is usually much less than one percent. After that, each additional transfer of energy is approximately ten percent efficient.

The grasshopper, for example, gets the benefit o f about 10% of the chemical energy available from the grasses he eats. Some of the plant tissue is undigestible to the insect and passes - out of his body as solid waste. This becomes food for decomposers (earthworms, bacteria, fungi). Much of the chemical energy he absorbs drives his life processes, being then converted to heat which is lost to the environment. Some of the energy-containing materials are stored as new living material in the grasshopper's body. Of this material, only some will be digestible to other animals like the bird who may eat the grasshopper.

The bird who eats the grasshopper gets about ten percent of the insect's energy or one percent of the plant energy. The cat who catches the bird gets (again) only about ten percent of the bird's energy or 0.1% of the plant's production. That, in turn, is 0.001% or less of the sunlight originally absorbed by that living solar cell, the plant.

Most of the "losses" are due to energy used to perform work or energy lost as heat. Birds and mammals use much energy moving around and searching for prey. Using lots of energy in the hunt means less is available for storage. Birds and mammals also usually maintain a body temperature significantly higher than that of their surroundings. That is another reason for their low energy efficiency compared to a creature like a sea anemone that just waits for ocean currents to carry food to it. The anemone also needs little for warmth, operating successfully at the temperatures of its relatively unchanging environment.

The energy lost as heat is no longer available to the community of the living. This is an example of entropy or the "handling charge" that every transformation costs. Some of the energy becomes unavailable for further recycling by other organisms.
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Plants store less than 1% of the energy they-receive. Each herbivore and carnivore stores approximately 10% of that energy in animal tissues. So for every 100,000 Calories received by a plant, only about 1,000 Cal. are stored for the grasshopper's lunch. The insect, in turn, stores about 100 Cal. of that original gift of solar energy. The bird nets about 10 Cal. of it, and the cat gains approximately 1 Cal.
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from Iowa-Developed Energy Activity Sampler (IDEAS), 1980, 
by Doris G. Simonis. Des Moines:

Iowa Department of Public Instruction and Energy Policy Council.

Energy and Efficiency

Efficiency is  a relative term, depending on what you attempt to measure and what starting point you accept for measurement. For example, if you were traveling from Chicago to Des Moines, a plane may be the most time-efficient way to travel, and a bus the most cost-efficient way to go.

What we are concerned with in days of energy transitions is energy efficiency, a comparison between energy put into a system and the useful work output. Using another example from transportation, an automobile engine has an energy efficiency of about 21%. That is, little more than one fifth of the fuel burned in the engine gets converted to useful work turning the driveshaft. The rest is lost out the exhaust pipe or dissipated by friction within the engine. Friction losses in the drive train and between tires and the road reduce efficiency another 30%. So the gasoline in your car's tank nets you (21% x 30%) or less than 7% of its energy to move your car. This example, however, is incomplete. What was the energy cost of putting that gasoline in your tank? It had to be pumped out of the ground, refined, and hauled to your local gas station. If you start from the beginning and consider the raw energy value of in-ground petroleum, then the net available to move your car is only 5%. (See the diagram: "Efficiency of Petroleum Use." Check the 5% figure by multiplying all the percent figures together.)

Even this accounting does not consider the energy cost of building and maintaining the cars themselves as well as the roads for their use, the police and ambulance services, traffic devices, hospital beds, courts, lighting, and other accessories of an auto transportation system. These necessary supports require as much energy per car per mile driven as do the fueling costs of the car. So for every barrel of crude petroleum brought up for America's favorite transportation system, only about 3% actually is used to accomplish the primary objective.

Another often used way of evaluating the energy efficiency of transportation systems is to estimate how many passenger miles of travel are produced for each unit of energy expended. Moving the vehicle is usually only a means of moving a passenger. Making comparisons on the basis of how many miles per passenger that a given unit of energy will move, a bus is several times more energy efficient than an automobile because it uses a smaller engine in relation to its size and carries more passengers in relation to its weight. On the other hand, an airplane is less energy efficient than an automobile. Because it moves faster, its engines must be more powerful relative to the weight it carries. (See chart, Typical Energy Requirement of People-Movers in 1972).

Differences between efficiency at point of use and efficiency of supplying that power are important to consider whenever energy efficiency is discussed. An electric water heater, for example, may be nearly 100% efficient in converting electricity to heat while a gas heater is typically about 62% efficient. Yet the direct gas heater uses less energy to heat the same amount of water because intermediate conversion losses have been avoided. (See section titled: "Efficiency of Heating Water with Natural Gas vs. Electricity- along with the summary chart and diagram.)

In summary, "energy efficiency" is a comparison of energy input to an output: Work done or people moved or some amount heated.

                                                             Efficiency  =
output

                                                                          input

Differences in calculations about energy efficiency usually come from

a.
Different input or starting points . . . from potential energy of irrground fuel, from energy of already processed and delivered fuel, from electric power supplied after use of fuel.

b.
Different output reporting methods . . . tons moved, persons moved, gallons heated. Per-passenger miles moved, for example, is nearly four times as much for a car with four passengers as it is for a car with only a driver.

C.
Factors of time and/or money are added into the equation and weighted according to individual priorities. Energy efficiency is usually put down in favor of convenience and established lifestyles by the "let's consider what my time is worth" arguments.

d.
Appropriateness of the energy source for the job required is just beginning to be questioned. Some sources of high heat energy (coal and nuclear power, for examples) are used to provide very low level heat for warming homes and offices. This kind of use is "cutting butter with a chain-saw." Using a car to drive six blocks to school is an-other highly wasteful practice. This kind of inefficiency does not show up in standard calculations.

Also, fossil hydrocarbons are chemical feedstocks. To synthesize the compounds they contain would be enormously expensive, both in dollars and in energy. Do we really want to burn them up?

Questions:

1. 
What is the most energy-efficient way for you to get to school every day?


a.
What is the most time-efficient way?


b.
What is the most cost-efficient way?

2.
Is your school well-equipped to handle the most energy-efficient method of transportation?

3.
If you can save time or money by using a particular mode of transportation, how do you use the time or money saved?

a.
Is this a secondary benefit or is it another cost?

b.
Can the time or money “saved" be converted to energy?

4.
If your school has driver education, how much does it cost per pupil to give this course?

a.
Do any other courses cost as much?

b.
Are any other transportation systems (legs, bikes, buses, trains, etc.) given equal time and resources?

Efficiency of Heating Water with

Natural Gas Vs. Electricity

Most electric appliances are very efficient at point of use compared to natural gas, petroleum-fired, or solar-powered devices. But most of the electricity produced in the United States is "secondary power," energy generated from inputs of coal, oil, gas, or nuclear fuel. Because of heat losses at the site of power generation plus some transmission losses, the electrical method of heating air or water uses more fuel than does direct heating by less efficient on-site appliances. For example:

Gas generates electricity for use in resistance heating:

Gas with an energy content of 100,000 BTU is used to generate steam to drive an electrical generator. Enough electricity to produce 32,000 BTU by resistance heating is then available for an electric water heater. If the heater is highly efficient (say 97%) only a little of this heat will be lost to the surroundings (960 BTU) and the remaining 31,040 BTU can heat about 45 gallons (360 lbs.) of water from 55o F to 141o F. (See the chart and diagram titled "Electric vs. Direct Water Heating.")

Gas heats water directly:

Gas with an energy content of 100,000 BTU is used in a direct-fired water heater. If the heater has a typical efficiency of 62%, about 38,000 BTU is lost to the tank itself and its surroundings. The remainder (62,000 BTU) is sufficient to heat 90 gallons of water from 55o F to 141o F.

Even though many electrical appliances are efficient, and non-polluting at point of use, they are usually more costly and less efficient to run if the whole energy delivery system is considered.
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Electric vs. Direct Water Heating
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In both cases, initial input of fuel is the same. The electric water heater is more efficient than the gas water heater (EER measured as a ratio of on-site energy input vs. output of the heater). BUT when the energy transformations in producing electricity are considered, the efficiency ratio changes. Direct gas heating warms twice as much water as the same amount of gas used to generate electricity for water heating.

Solar water heaters are even less efficient if one measures only the ratio of solar heat collected to solar input. Yet hundreds of Floridian, thousands of Israeli, and hundreds of thousands of Japanese households attest to solar water heaters as being competitive with electric ones. The measure of efficiency used is "life cycle costing" of the investment in, collecting and transferring solar heat vs. cost of a conventional electric heater and the monthly utility bills for its use. In this case, economic efficiency is more important than heat transfer efficiency.
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Typical Energy Requirement of People-Movers in 1972*

Within Cities
BTU/passenger mile

Bicycle
200

walking
800

commuter train
2,600

bus
3,000

automobile
6,700

Between Cities
BTU/passenger mile

bus
1,500

train
2,700

automobile
3,100

plane
7,700

*from Eric Hirst, "Policies to Reduce Transportation Fuel Use," Oak Ridge National Laboratory, November 3, 1975.
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Changes in the efficiency of home heating, 1880-1970. Figure from Energy: Sources, Use., and Role in Human Affairs by C. and J. Steinhart, Duxbury  Press, 1974. Used with permission.

Efficiency of space heaters (ratio of fuel input to usable heat output) has increased in modern times. The central-heating oil and gas furnaces popular now are at least four times as efficient as the fireplaces common a century ago.

Cleanliness, convenience, and easy availability of fossil fuels probably contributed more to the sales of furnaces, however, than did thoughts of efficiency. Electric heat, for example, has been sold on the basis of comfort and convenience. It is only half as efficient as a well-maintained oil or gas furnace.
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of energy resources used as fuel in U.S., 50.9% lights and heats homes, powers industries, drives cars. 49.1% does no useful work.

Chart is from Environmental Education: Strategies for Wise Use of Energy by North Carolina Department of Public Instruction, Raleigh, N C 27611, 1974.

from IDEAS, 1980, by
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Doris G. Simonis

Thermodynamics:

Some Basic Energy Limits

All forms of energy tend to change into heat. Quantitative measures of this trend are called the Laws of Thermodynamics. They are useful to many scientists and engineers. They are also important to every citizen because they help describe some of the energy constraints we may face in the future.

Most laws of physics are not time-bound. They apply to the past, the present, and the future. They permit explanation of past events as well as prediction of those to come. All the laws of motion, for example, are reversible in time.

But the Laws of Thermodynamics "smell more of their human origin" as physicist P.W. Bridgman wrote. They attempt to reconcile man's eagerness to identify " constants" with his actual practical experience with energy.

The First Law of Thermodynamics which states that energy cannot be created nor destroyed is often called the "Law of Conservation of Energy". It is based on the assumption that the amount of energy in the universe is fixed, that only appearances change.

The First Law of Thermodynamics arose out of human experiences with mechanical motion and the heat produced by the accompanying friction. Energy causes motion which meets resistance (of air, water, metal, other materials). This resistance is shown as heat.

Rolling auto tires, rotating drill bits, and falling water all get measurably warmer than their surroundings. Mechanical, electrical, or gravitational energy started those movements in the first place; work was done; and heat energy is a by-product of the motion. But can the heat be recaptured to do more work? Can it roll the car further, drive the bit deeper, lift water uphill again?

Experience shows that such energy recycling is not possible. Even though the quantity of energy involved may be constant, the quality of the energy has somehow been degraded. After conversion from one form to another, the energy available is no longer able to do as much work (or to produce as much power) as the original form could. So having plenty of energy and being able to account for all of it is not enough.

Energy sources are valued for their potential to yield power. That potential is reduced when energy is converted from one form to another. Most of the energy in food is used to keep a mammal warm and breathing; only a fraction is translated into work. Only about a third of coal's potential energy is realized in the production of electricity. Most of the rest is waste heat that does no work. This loss of potential to do work is called entropy, a negative quantity.

293

The Second Law of Thermodynamics is concerned with the degradation of energy and states that the entropy of the universe is constantly increasing. This second law is really a round-about way of expressing human frustration in encountering another "No-No" in direct practical experience. Man cannot create energy and man cannot keep energy flowing indefinitely to do his work. In other words, energy usage is a downhill process, time-bound and mortal like man himself.

A more general way of stating the Second Law of Thermodynamics is to say that all systems tend to approach a state of equilibrium. Heat naturally moves from a higher temperature area (heat source) to a lower temperature area (heat sink). It never spontaneously moves from a cooler area to a warmer one; that is, it never concentrates itself. Heat tends always to diffuse or spread out, just as a dye does in water. (See activity suggestion following.)

Demonstration:

Show students a large jar of tap water and a small bottle or dropper full of food coloring. Present them as examples of relatively organized, naturally concentrated materials.

Then add several drops of food coloring to the jar of water. Watch the dispersal of color until it is evenly distributed.

Questions:

1.
Is the color as intense as it was originally? Why not?

2.
How can the food coloring be concentrated again? (Boil off water; let water evaporate slowly.)

3.
How can the water be restored to its original state? (Boil it off, catch and condense steam by chilling it.)

4.
Do these methods require any energy use? (Yes--hot plate or Bunsen burner for boiling; warmth from room air or sunlight for evaporation.)

5.
If we let the jar sit for a few weeks, will the dye settle our at the bottom or form a separate layer at the top? (No, but do it. Then compare the result to diffusion of heat energy into the environment by man's activities, heat we are unable to reclaim.)

Thermodynamics: Entropy - Down With Organization

Entropy is a mathematical concept useful to scientists and engineers. It is becoming important in everyday life, too, as we recognize our dependencies on energy resources and attempt to account better for present and future energy usage. Awareness of limitations to the usefulness of energy in general, and most calculations of "net" energy available from particular conversions, grow out of an understanding of entropy.

294

The unavailability of energy for work, or entropy, is also considered a measure of disorder. Some analogies may be drawn to make this idea more tangible to students. Suggestions follow.

1.
Measure the capacity (volume) of a clay flowerpot. (Use a measuring cup, graduated cylinder, or mathematical calculation according to your preferences. Or provide two identical flowerpots for comparison, an "experimental" and a -control" and some material--soil, BB shot, paper clips, rubber bands, etc.--for each to hold.)

Then drop the pot so that it breaks as it hits the floor. Have students collect the pieces and calculate or measure carrying capacity of the shards. (The volume of soil, shot, etc. that fragments can carry is significantly less than that of the original pot or its unbroken twin. Its capacity to serve is greatly reduced; its entropy or lack of organization has increased.)

2.
Demonstrate burning a small candle. Try setting a five-gallon jar upside down on one- to two-inch blocks, allowing air to enter. Center a candle in a non-flammable holder under the inverted jar. Tape a small thermometer onto the inside near the base of the jar and one onto the outside also. Let students record the temperature difference between thermometers as the candle burns low.
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Questions:

a.
Can you use this heat? Can you recapture the light or use it to do work? Can you reconstruct the candle from its vapors? Can you collect and reuse the carbon on the glass?

b.
If you answered "yes" to any of the above, explain your answers. Does your method of recycling involve any additional energy input?

C.
If you answered -no" to any of the above questions, what obstacles to success do you see?

d.
If you do collect the carbon (soot) from the glass, will it burn and give more heat.

295

Put your house in order.

If left to themselves, natural systems tend to become more and more disorganized.

Use a common experience with houses as an illustration. If a house is not cleaned regularly and kept repaired, it tends to become messy. Some things get scattered, some break down. Neatness and order are reduced. Periodic expenditures of energy are required just to maintain the original condition of the house.

Another example to consider is the student himself or herself. Each person is a complex, highly specialized organization of parts that tends to come apart unless new energy is put into the system regularly. The fuel for maintaining order (health) is nutritious food.

4.
Watch the action, folks!

This activity was adapted from Energy and Order by Mark Terry and Paul Witt (Friends of Earth, 1976, p. 3).

On a smooth, level floor or table, outline about a square yard with scrap pieces of 2 x 4’s. Arrange 15 ping pong balls or rubber jacks' balls in the center of the square as shown. Have a student put energy into the system by hitting one of the corner balls with a ruler. Next, have students record how many additional energy inputs are needed to get all the balls back into their original positions. Allow use of the ruler or a wooden dowel only-no fingering. Ten to fifteen minutes should be enough time for discovering what is happening.
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Discuss the results in terms of energy and disorganization.

Several individual set-ups could be made on a smaller scale. Use marbles instead of balls and 12" squares.

Or each student could do the activity individually, using a shoebox lid with lead shot for the balls and a pencil for their manipulation.

5.
Mother Goose Hangs High (or "Energy, where are you when I need you?")

Remind the class of Humpty Dumpty's fate:

Humpty Dumpty sat on a wall, Humpty Dumpty had a great fall. All the King's horses and all the King's men Couldn't put Humpty together again.

As he sat on the wall, Humpty Dumpty was a well-organized arrangement of his physical components. He also had potential energy due to his high position. When he fell, the dear egghead smashed into a disorderly splatter of liquid and solid ingredients.


Questions:

a.
Think of Humpty Dumpty as an energy source. How is this event explained by the Laws of Thermodynamics? (All of his physical components lay on the ground. None were lost, as the First Law of Thermodynamics states. The arrangement of Humpty was very disorderly and unrecognizable, however. Also it resisted human efforts to restore its original state, in accord with the Second Law of Thermodynamics.)

b.
What losses did Humpty Dumpty suffer? (He lost most of his useful energy or gained entropy. His "lifetime" was cut short. His value as a wall ornament, potential to do work, and concentration as a food source are all drastically reduced by his fall.)

c.
After the fall, was Humpty Dumpty useless as an energy source? (He may not have been wholly useless. True, his energy of position is irretrievable and his scattered yolk and albumin may no longer be suitable for fueling large organisms like King's men. But some droplets of egg may be available to smaller organisms--ants, molds, bacteria, etc.--thus a fraction of its gross energy potential may be converted to work as a secondary step in the escalation of entropy.)

d.
If he knew when he was going to fall, could Humpty-Dumpty have been more energy-efficient? (He might have pushed a paddle wheel, activated a lever, pulled a pulley-rope, aimed to land on the up-seat of a seesaw in order to propel another egg upward, etc. Consider a variety of simple machine s--encour age students to brainstorm this and list suggestions on the board for elaboration or combinations.)

e.
What is the message here for a throw-away society?
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HEAT ENGINES

Thermodynamics: Heat Engines and the Second Law of Thermodynamics

(or "You Can't Break Even")*

Modern technology demands far more energy than can be supplied by men and beasts, even with the help of machines. Instead, it makes use of heat engines which consume fuel to produce heat and convert the heat into work.

It was learned through experiment that the potential energy in a fuel could never be completely converted into work. Some was always lost to the surroundings. We say "lost" only in the sense that this energy was no longer available to do work. What it did, instead, was to warm the environment.

Men had tried to invent heat engines that would convert all the energy of a fuel into work, but they always failed. It was found, instead, that a heat engine could be made to work only by the following two sets of processes:

a.
Heat must be absorbed by the working parts from some hot source. The hot source is usually provided when some substance such as water or air (called the -working substance") is heated by the energy obtained from a fuel such as wood, coal, oil, or uranium.

b.
Waste heat must be rejected to an external reservoir at a lower temperature. A heat engine cannot work any other way.

To help us gain further insight into this very fundamental concept, we are going to describe an imaginary situation---a problem--that can be solved only by doing work.

The problem is this: A landslide causes a large boulder to roll downhill. It comes to rest where it blocks the entrance to a cave home, and a primitive man wishes to remove the obstruction. What can he do?

He could perhaps get some of his family or friends to help him push it out of the way. Or he may have domesticated a large animal and could use it to do the work.

He would be even more likely to succeed if he could apply knowledge of simple machines. The lever, the wheel, the roller, the screw, the inclined plane (and later, the gear and the block and tackle) were all devices that could increase the force that a man or his animals could exert.

These three techniques--cooperation among peoples, use of animal power, and the application of machine s--enabled man to build the pyramids of Egypt, the Great Wall of China, and the cities of Athens, Rome, and Carthage.

Adapted from Amos Turk, Ecology, Pollution, Environment, W.B. Saunders, Philadelphia, 1972, pp. 176-181. Used with permission of both the author and publisher.
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But let's look at a more "modern" way of moving that boulder. Imagine that the cave man discovers that he can move it by wedging a bar of cooper between it and the cliff and then heating the bar with a flame. Because heated metal expands and the cliff is stationary, the boulder will move. He has constructed a basic heat engine. Now let us assume the following circumstances:

a.
The man who wants to move the boulder has several copper bars, each ten meters long.

b.
It is very awkward to build a fire under the copper bar between the boulder and the cliff, but it is convenient to have a fire nearby to heat the copper bars to the temperature of 100*C.

C.
The outside temperature is 20%.

d.
The bar expands 0.17 mm for every degree of temperature rise.

The cave man, thinking he has discovered that hot copper bars can do work, heats one of his bars on the fire, wedges the hot bar between the cliff and the rock, then waits and watches. The bar cools and contracts, and no work is done.

This failure teaches him his first lesson in the design of heat engines: Work is done only by heating materials and allowing them to expand. Therefore, temperature differences rather than absolute temperatures are important.

our cave man now decides to wedge a cold bar between the rock and the cliff and to bring hot bars to the cold one . He heats three bars to 100oC. He places the first bar on the cold one, as shown in the picture. The cold bar gets warmer and expands while the hot one cools and contracts. When both reach the same temperature, all heat transfer (and hence all work) stops. The temperature, of the working bar rises from 20o to 60oC while the temperature of the heating bar drops 40 degrees. The final temperature of both bars is 60oC.

In order to move the rock further, the cave man places the second hot bar on top of the working bar and observes that the working bar warms from 60oC to 80oC, and the new hot bar cools from 100o to 80oC. For every degree rise, the working bar expands 0.17 mm. Thus, the first time he heats the bar, the rock moves 6.8 mm. The second time it moves 3.4 mm. The last time it moves only 1.7 mm. Therefore the amount of work that can be extracted from a given quantity of heat depends on the temperature difference between the hot and the cold bars.

If the cave man were clever, he would not need to tolerate a diminished output of work after use of each successive hot bar. Instead, after each heating, he would cool his working bar back to 20oC in some nearby stream, replace it on the cliff (with an additional stone wedge to make it tight), and move the boulder a full 6.8 mm for every hot bar he used. He is now getting more benefit from the hot bars, but at some additional expense of human labor and energy and input of still another resource, the energy-exchanging water. He would be like modern man, then, because his advanced technology would have caused thermal pollution of his stream.

S-18

We use complicated heat engines today, but the relationships between work and heat have not changed. The working substance is generally a gas that expands to do work against a piston or the blade of a turbine. The gas cools as it does its work, but it cannot cool below the temperature of its surroundings. Therefore some provision must be made to remove waste heat from a heat engine.

In practice, cooling is generally accomplished either by blowing air past the engine or by running water over it. In most automobiles, for example, water is circulated through the engine, cooled by air as it flows through the radiator, and recirculated. In large power plants where a great deal of heat is generated, the coolant is often a river, a lake, or an ocean.

A simple heat engine. Bar A, originally at 20oC warms and expands on contact with Bar B. Bar B, originally at 100oC cools down.

Questions:

1.
What methods for moving the boulder are mentioned in the article?

2.
What other ways can you suggest to more the boulder?

3.
Which of the methods (mentioned in your previous answers) use the most energy?

4.
Which would use the least energy but still move the boulder?

5.
Which way would have the most environmental side-effects?

6.
Which method of boulder removal would you try first if it was your problem? Give reasons for your answer.

7.
Now assume that your youngest child is still behind the boulder, trapped in the cave without food or water. Would this affect your choice of method? Explain.
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Teacher's Guide to Heat Engines

Dr. Turk's analogy of a boulder-moving device as a heat engine is an idealized example. You may want to point out that there would be heat losses of the bar to the air as the man carries it to the site, so the heated bar would no longer be 100oC when it reaches the working bar. Also more heat would be "lost" during the time required to reach equilibrium. Then when both bars are at equilibrium (some temperature less than the 8oC assumed possible if no losses occurred), they are temporarily warmer than their surroundings and will lose heat, over time, to the environment.

The cave-man example illustrates a key concept in energy education. Energy comes from some source, is used by living things, and is always less available for work afterwards. This is unlike Isaac Newton's claim that "For every action there is an equal and opposite reaction." Also, the idea of side-effects or " costs" of energy use is introduced. Everything we do affects something and/or someone else.

Hopefully, awareness that time is important will emerge from the questions. Some students may suggest that nature alone (freeze-thaw, action of lichens and mosses, chemical reactions with rainwater, etc.) will eventually move the boulder or disintegrate it. A person may use less energy by finding another cave for shelter, and letting nature take its course. Others, in a hurry, may suggest dynamite, jackhammers, powerful chemicals, bombs. The plight of the child also interjects a note of urgency that may make some change from a less to a more-energy intensive solution in order to save time. However, the quickest solutions may also be life-threatening.

This should help highlight the impossibility of making wholly satisfactory choices. There are no "easy" answers. Every energy use has disadvantages as well as advantages.
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Doris A. Simonis

I

"Science is a liberating art that helps us deal with reality consciously rather than by tradition and by rote," writes Nobel laureate I.I. Rabi. [41 As science teachers are well aware, however, it is not always easy to deal directly with physical phenomena. Large numbers, hidden reactions, vast reaches of space, and subtle properties of matter are difficult to comprehend.

   In practice, we never understand a thing in isolation. Rather, we infer from a context by drawing pictures, diagrams, or graphs; finding a descriptive mathematical formula; or categorizing with words, so that "the thing we do not understand well seems, somehow, to resemble one we

Doris A. Simonis is an assistant professor of science education at the University of Montana, Missoula, MT 59812.
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do." [8] This is what we mean by an analogy-a model, an illustrative example, or an explanation of some elusive concept which draws attention to similar features in a familiar, concrete experience. Analogies can, for instance, cast mathematical rela~ tionships into visual, aural, or tactile form, thereby making them seem less abstract. Analogies may change the scale of numbers (without changing their proportional relationships) in order to put very large or very small quantities on a human scale. More specifically, energy concepts that are difficult to teach can be made more approachable by the use of analogies.

Understanding energy quantities How much energy Americans actually use in a year, including food

stuffs, wood, wind pumps, and animal power, is not precisely known; but the quantity of commercial energy supplies (coal, oil, gas, nuclear, and hydroelectric) purchased by Americans is a matter of record-in 1978, the equivalent of 78 quadrillion Btu. This is an astronomical number: tens of millions of billions. Moreover, the unit measure, British thermal unit (the quantity of heat required to raise the temperature of one pound of water IT is intangible to students. When the two quantities are placed together, the meaning is 'virtually lost.

To make energy consumption data seem more tangible, let us consider that each American needs, on the average, 2500 Calories' per day to

'The Calorie used in nutrition tables is actually a kilocalorie, or 1000 calories.

maintain a productive pace, or approximately 10 009 Btu; each kilocalorie, or food Calorie, equals 3.96 Btu. Over a year's time, this typical foodas-fuel consumption is 365 x 10 000 Btu, or "one 'person-unit," and the work output from the average consumer can be called "one personpower.

  Based on the 1978 commercially marketed energy supplies of 78 x -1015 Btu and a 1978 population of 217 x 106 in the United States, per person consumption would equal 3,6 x 10,8 Btu. If each 365 k 104 Btu is

one person-~power," then each person's consumption of energy is the equivalent of 99 persons, or "energy helpers," working for each of us in 1978. Using the same conversion to compare other nations' consumption of commercial energy supplies to our own further dramatizes how much fuel a typical citizen of this country uses.. No other country's citizens have As many hidden helpers as we do (see Figure 1).
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So what?

"If Americans use more energy than anyone else in the world, so what? We use it better, produce more goods, enjoy a higher standard of living   the argument goes. In April, 1980, a majority of Americans still did not believe that the energy crisis was real, according to an Associated Press-NBC poll. The key concepts most people fail to grasp are that:

0 there are limits to the quantities of energy resources available; I

a there are limits to growth in energy consumption; and

  there are limits to the usefulness and quality of energy resources available.

The energy resources on which Americans depend primarily-oil, natural gas, and coal-are assumed to be virtually inexhaustible. The bonfire of rapid consumption blinds us to the hundreds of millions of years required to. form fossil fuels from the remains of land and sea plants. Can we draw an analogy to make such enormous units of time more comprehensible for students?

A time-line model on adding machine tape, such as the one suggested by Duane McKeown in "Escaping Our Cosmic Prisons" (January TST, p.52) [31 is one method-but the length of tape needed to accommodate both the vast periods of fuel production and enough space for events of fuel consumption is cumbersome.

A less tangible, but more graphic, analogy is that of the Earth as an oil tanker (see illustration). Planet Earth is a thin-walled, hollow, spherical spaceship, 12 000 km in diameter, whose "hold" is full of petroleum. This is the theoretical upper limit of fossil fuel our planet could contain6.8 X 102' barrels (trillions of billions). With maximum fuel storage and a spiralling U.S. rate of consumption during the last 100 years (an increase of 7 percent per year), the "Supertanker" would be entirely drained in about 330 years. [6]

"Bigger is better," we've always said. Our country's well-being sup

posedly increases if its population, sales, and production all increase each year. Of course, growth is a common sign of health and vitality. Parents expect a normal infant, for example, to double her birth weight in about five months' time. If the baby doubled her weight again in the next five months, however, the parents would have a rather chubby testimonial to their well-meaning care and overnutrition. Should the baby continue to double her weight at five-month intervals, she would probably be too fat to walk at -15 moriths and obese at 20 months. Such an expansion is an example of exponential growth, characterized by mu   Itiplication of the entire amount available at regular intervals of time.

Exponential growth

A farm pond is the setting for an analogy for exponential growth of a limited resource. Imagine that a farmer starts a few water hyacinths in the pond and they double in size daily. On Sunday,when the farmer notices that less than 1 percent (or 1112 8) of the surface area is covered with vegetation, he does not worry. Because he is busy with seasonal work, he doesn't return to the pond until later in the week.

Meanwhile, the plants expand daily. Doubling in size, they cover 1/64 of the water Surface on Monday; 1/32 on Tuesday; 1116 on Wednesday; 118 on Thursday; and -1/4 on Friday. On Saturday, the farmer realizes that within a week hyacinth leaves have blanketed half of the pond. He decides to buy a manatee or apply a herbicide before another week goes by. But the next day, the pond is completely suffocated with vegetation. The growth limit has been reached; further expansion is impossible. The hyacinths are depleting the nutrients in the water for themselves and their offspring. (For a further discussion of exponential growth, see Cotham. [21)

Their own ears and muscles can demonstrate for students in an immediate and physical way the pressure of constantly increasing growth. Play a note on the piano, and start a stopwatch at the same time. At the end of one minute, play the same note twice. After two minutes, play the note four times; after three minutes, eight times; after four minutes, 16 times and so on, doubling the notes every minute. In nine or ten minutes, the sounds will merge into one continuous note, and the player's hand will be unable to move fast enough to keep sounding the note.

You might also use colored markers and graph paper (5-mm squares are a convenient size). Ask students to color one square the first minute, two squares the second minute; four the next minute; and so on. Again, only nine or ten minutes doubling time is usually sufficient to exhaust both the colorists and the surface of the paper.

Consumption of fossil fuels has grown exponentially over the past two centuries. In the U.S., much of this growth has resulted from our feverish appetite for electricity. Power usage has nearly doubled every ten years for a century. If this rate of increase continues, we will need to open twice as many coal- and nuclearpowered generating stations in this decade as we did in the last one (more power plants than we've built in 100 years!). Hence, we will need four times as many built by the year 2000; and nearly a thousand times as many power plants would have to be built before the American tricentennial in A.D. 2076.
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Energy usefulness

According to the first law of thermodynamics, the amount of energy in the universe is fixed: energy is neither created nor destroyed. Ener

gy usefulness, on the other hand, is not constant. In every conversion of energy from one form to another, some energy is lost as heat (a random form of energy) and can never be used again. The second law of thermodynamics states that with every process in the universe, chemical and physical, there is an increase in disorder, or randomness, or entropy. Organized systems become more disorganized; to remain organized, a system requires constant energy input from outside.

For a graphic analogy of the second law of thermodynamics, pour a small bottle of food coloring into a large jar of tap water. Have students watch as the coloring disperses evenly throughout the water. Can the food coloring be separated from the mixture without investment of energy from outside the colored water "system"?

The student is another energy storage system. Each person is a complex, highly specialized organization of parts that tends to deteriorate unless new energy (food) is put into the system regularly.

An analogy from Terry and Witt [71 requires scrap pieces of two-by fours and 15 ping-pong balls. Arrange the lumber in a square, about 1 rn to a side. In the center of the square, pile the balls into a neat pyramid: five in a row on the lowest rank; four on the next; then three, two, and finally

one (see Figure 2). Let one student inject kinetic energy into the "system" by striking one of the corner balls with a ruler. Then have students record the energy input needed to get the balls back into their original configuration, using the same ruler.

Like most analogies, this one is not a perfect parallel. Appropriate use of an analogy includes pointing out its limitations and how the model or example may not fit the concept in question, Fuels, for example, are not merely dispersed like minerals or pingpong balls. As they are used, they are chemically changed, their stored energy is released as heat and not recoverable; Humpty-Dumpty can't be put back together again.

Other energy-related analogies for the classroom

Buildings may lose heat at widely varying rates, depending on their exposed surface areas or "weather skins." Dwellings with the same amount of interior living space may have very different surface-to-volume ratios. A duplex unit, for example, often has only three outside walls and a fourth common inner one. Most apartments have less outside wall area than single homes do. Single-level buildings usually have more exposed exterior surfaces than multistory buildings. A possible analogy for this situation could be supermarket check-out lanes: the more exposed wall area a building has, the faster a given amount of heat can escape; the more numerous the cashiers, the faster a given number of customers can pay for their groceries and be on their way.

Granted, the quality of the cashier's work is also a factor; some cashiers are more competent and alert than others. This analogy, then, could lead to a classroom discussion of the insulation values of various materials and the efficiency of heat storage systems, storm windows, and other conservation measures.

Analogies involving people are probably the most effective, because students have a keen interest in themselves and their peers. One particularly useful metaphor is the dramatic exclamation, "You are a Sun!" Teachers might explore this analogy as students study characteristics, technology, and efficiency of solar energy, and comparisons with other forms of ,energy. (One surprising fact that emerges from this analogy is that, gram for gram, the Sun releases less energy than the human body does. The daily solar output divided by the Sun's mass is 4.4 cal/kg or .004 Cal/kg. By comparison, a typical human body radiates 22-33 Callkg per day.)

Transportation is a major fuel consumer-Americans used more energy getting away from their homes

than they spent inside them last year. Translating our transportation energy consumption into "people units" helps illustrate some very large numbers. Try comparing the amount of grain and cropland required to feed one person with that needed to run an automobile on alcohol. In this analogy, 400 lbs. (181 kg) of grain or .21 acres (823 m2) of cropland represent one year's subsistence diet. Four times that much provides a generous diet for a human being. A typical American car, driven 10 000 miles/ year (1609 kmlyr.) at an average speed of 15 mpg (6 km 11) will require 14 600 lbs. (6622 kg) of grain or 7.83 acres (30 697 m2) of cropland. [1-1 In other words, this automobile would 11 eat" as much energy as would 37 people in less affluent nations.

There are many other analogies that can be made to illustrate key concepts in energy education. A car can be compared to a greenhouse (heat trap); a house to a solar collector or a thermos bottle; human beings to light bulbs (emitting as much heat as a 100-watt bulb, and requiring significant energy input); plants to solar concentrators; and Earth itself to a garden or a mine.

Students should be encouraged to make comparisons and to give examples that illustrate their understanding of the idea that a particular analogy parallels. Students' deliberate manipulation of graphic examples promotes insight.

No matter what type of analogy is

used, however, there is no "perfect fit." After a useful analogy is found, a critical analysis of what matches and what does not is as important as making the initial comparison-especially if students attempt to reconcile the differences. For example, the analogy "You are a Sun" can raise such questions as: Is the energy source the same for a human being and our nearest star? Why don't people glow in the dark if they give off so much heat?

We are appr;oaching a natural limit to the Earth's capacity to maintain unrestricted growth of living things and to the human expectation of unrestrained material wealth. Awareness of our new "Age of Limits" is a transition in the course of human affairs. The realization that this transition is inevitable is a very exciting challenge. We have opportunities to choose and to plan for a future that is different from the immediate past; to experiment with alternatives in technologies and styles of living; to develop new outlets for human adaptability and inventiveness; and to write the "operating manual" for planet Earth that will keep her hospitable to life for many millions more years.

The use of analogies in energy education may stimulate both teachers and students to be more active, independent thinkers. [41 This is an especially appropriate goal for citizens in the "Age of Limits" with its challenges in a high-energy society. a
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ENERGY:

the ability to produce motion against resistance (work); or whatever heats, lights, moves, or changes matter.

From the Greek energos, active and ergon, work. For a brief history of the meaning of this word, read Asimov's commentary, "The Greeks Had a Word for It " in SciQuest, January 1980, p. 32.

The importance of that elusive force called energy is emphasized in this description from Energy and Man's Environment:,

Energy is, in the absolute sense, the universal glue that binds into order the elements of the living and non-living world.

Laws of. Thermodynamics:

1. Quantity of energy in a system is constant. (Energy cannot be created nor destroyed, merely transformed.)

2. Quality of energy declines as it is used. Every transformation makes energy less organized or concentrated, less able to do work, a characteristic called entropy.

DAS

Dancing Paper

Ingredients:

I shallow bowl, cake pan, baking dish, or saucepan

piece of tightly woven, non-absorbent material (nylon, silk, polyester, microfiber, etc.) large enough to cover container used (above) rubber band hot water

paper of various kinds (translucent parchment paper or tracing paper works especially well, but Xerox paper will do)

Directions:

Cut small shapes (2"-4" diameter) from paper- triangles,, stars,, circles, rectangles, dolls, etc.

Fill shallow container 1/2full of hot water. Cover with piece of cloth stretched across top. Use rubber band to hold the material in place so that it doesn't touch the water. You have just built your "stage

Put a paper shape on the stage. Does it dance?

Do all shapes (made from same paper) dance well? Does the same shape (made from different papers) dance as well regardless of type of paper? How can you explain what you see? What variables will you need to control if you want to investigate further?

Doris Simonis - 1999
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