Ch. VI D. Potential Energy 60

1. We are familiar with two kinds of potential energy. Their names are both in print on RS V1.
If you mention any other kind of energy on this page, please remember to define it clearly.
a. Whenever an object is lifted in a gravitational field, it gains " potential energy".
b. Whenever an elastic object is stretched or compressed, it gains "elastic energy".

2. Imagine slowly lifting an object with mass "m" from the floor to an altitude "h":
a. Copy (from #12 on RS I OR from #8 on RS I1lI) the formula which predicts the required force:
b. Using those symbols, create a formula for the work done on the object: Work #1 =

Use the same symbols to write a formula for the work which the object is capable

of doing on you as it pushes your hand back down to the floor.  Work #2 =

o

d. If two vectors both point downward then their product must be tive. Does 2c agree?
e. Work #2 must be tive because the force and the displacement in 2d have signs.
f. "Potential energy" is energy that is stored and retrievable but which does not involve motion.
In 2c we created a formula for gravitational energy in terms of m, h, and the
constant”_ ", which represents . Does this contradict 1a?
g. A copy of that formula has beensaved in#___ on RS___. Do these formulas give correct units? __
h. If the meanings of the symbols in that equation have also been recorded, check here:
i. To test that equation we would measure ___, : , and :

3. Experiment: Hook a small spring over the end of a stick. Holding the stick vertically,
pull the other end of the spring down and release it so that the spring flies upward.

a. According to 1b, when you stretch the spring you are giving it energy.
b. When the spring has finished going upward, virtually all of that energy has been transformed into a
tive amount of energy. Check here __ when you have re-read #1.

c. Do it several times with different amounts of stretch, including zero. Make a data table and a graph
of jumping height vs amount of stretch, with one dot for each successful shot, including repetitions.
Record the spring's unstretched length on that graph. Show your teacher the graph before leaving.
This graph must begin the origin. (at, above, below, beside)

Is the spring's elastic potential energy directly proportional to its amount of stretch?
If not, use your data to make some other conclusion about the relation between elastic potential
energy and amount of stretch. (Use 3b.) Give evidence in the form of a linear graph, as on pages
16R & 17. The slope is not needed. Write your conclusion as a sentence on the new linear graph.
h. You will need conclusion 3g when you begin page 62. A copy is beingsavedin#  onRS __.
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4. Calculating the work required to stretch a spring or a rubber band is not as simple as some people
think because the force does not remain constant during the stretching process. We need to invent a
special trick to overcome this problem. (Have you already guessed it? )

a. Sketch a rubber band’s tension vs length graph. (Copy it from RS Il or from #1 on page 33.)

b. Let "x" represent a typical length value intermediate between the unstretched length and the
maximum stretched length. Label that point on the L-axis of the graph.

c. Let "F(x)" represent the force corresponding to that length. Draw a line on the graph
upward from point "x" to the curve and label its length "F(x)".

d. Let "dx" represent a very small change in length. Suppose the length is increased a tiny bit,
changing its value from x to x + dx. Draw a new line similar to 4c to represent the new force.

e. Is the new force significantly stronger than the old force?___ -Are they nearly equal?

f. The bit of work done in stretching the spring over that small range
can be calculated from F(x) and dx by using the definition of work: dw =

g. Geometrically, this work represents the of the thin strip above "dx" on the graph.

h. GENERAL CONCLUSION: The total work done on an elastic device in stretching it from length #1
to length #2 is the under its Tension vs. graph between L1 and Lp. Please illustrate.

5. That conclusion (about how work can be computed from a graph) reminds us of the "new improved
definition of impulse™ that we invented on page 54. You reviewed it on page 54b and in #12 on RS V.
a. "Impulse™ is area on a force vs. graph. "Work" is area on a force vs. graph.
b. Those two definitions are recordedon RS and RS___. Will you ever confuse them?_
c. The improved definition of work also reminds us of the process by which Adisplacement can be
determined from a speed-time graph. The name of that operation is (Copy from RS 11.)
d. According to #4, this new definition of “work” is necessary only if the IS not .



Ch. VI Using A T1-82 or 83 in the Jumping Spring Experiment 60c

1. To put your data into the calculator: Hit the STAT key, then ENTER to get into “edit” mode, so that
you can see a data table. (If you need to clear old data out of the “L1” column, move the cursor to the column
heading, hit CLEAR, then ENTER. Do the same for the L2 column if necessary.)

a. Type your amounts of stretch into the L1 column.
b. Put the corresponding jumping heights into the L2 column of the data table.

2. To prevent old equations from being graphed on-screen: Hit the Y = key. If you see any equations
listed on the screen with their “equal’” signs highlighted then you must remove them with the CLEAR
key or switch them off (so their graphs won’t be displayed) by putting the cursor on the = sign and
hitting ENTER. (An equation’s graph will be displayed only if the = sign is highlighted.)

3. To select the type of graph you wish to display:

Hit 2ND, STATPLOT, ENTER.

. Select “ON”, and hit ENTER to switch on “plot #1” so it will be displayed.

Select either the first or second type of graph, hit ENTER again.

. Select L1 for the X-LIST, so that the spring’s amount of stretch will be on the horizontal axis.
Select L2 for the Y-LIST, so that the spring’s jumping height will be on the vertical axis.
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4. To choose appropriate scales for your graph:
a. Hitthe zoom key, and select choice 9 (zoom stat) to scale the graph automatically. Then ENTER.
b. Then hit the wiINDOW key. Change the XMIN and YMIN values to zero, so the origin will be visible on
your graph. To see your graph displayed on the screen, hit the GRAPH key.

5. You should be familiar with a simple equation which has a similar graph.
Let’s draw the graph of that equation onto the screen to see how well it fits your data points:
a. Hitthe vy=key. Enter the equation that you had in mind. Then hit the GRAPH key.
b. Hit the Y= key again and alter your equation in some way. (Try to make it fit a little better.)
c. When you get tired of this game, copy your best-fitting equation onto paper.
Then delete it from the “Y="screen or switch it off, as in #2 above.

6. If you suspect that the jumping height may be proportional to the amount of stretch with some
exponent and you want to find out if you guessed that exponent correctly, then you need to make a new
graph of height vs. stretch with that exponent, hoping to see a line through the

a. First you need a new column on your data table: Hit STAT, select EDIT, and hit ENTER as in la.

The amounts of stretch are still recorded inthe __ column.

b. We want to put the s of those amounts into the L3 column. To do so, move the
cursor to the L3 column heading. You will see “L3 = at the bottom of the screen. Finish that
equation by inserting the symbol L1 with the exponent that you had in mind. Hit 2ND, then hit the “1”
key to make the L1. Then hit the exponent key, which is labelled with a carat. (It’s below the CLEAR key.) Then
enter the exponent that you wanted to try. (If it’s a fraction then use decimal form.) Then hit ENTER.

7. To see the new graph of jumping height vs stretch with the chosen exponent:

Hit the 2ND key, and then the Y= key to go to the STATPLOT screen, as in 3a.

Hit ENTER to to get the PLOT 1 screen. Select OFF, so we won’t see the L2 vs L1 graph again.
Repeat step 7a, select PLOT 2, Turn Plot2 oN by highlighting that word and hitting ENTER.
Select L3 for the X-LIST, and L2 for the Y-LIST. (Hit ENTER after each choice.) That tells the
calculator to plot L2 vs. L3, or VS.

e. Hit the GRAPH key to see the graph. Hit wiINDOW and adjust the X-MAX value, then GRAPH.
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8. If the pattern appears to be linear, we can draw two reasonably good straight lines on the graph:
a. Hit Y=. Enter a linear equation with a numerical coefficient.
b. Hit GRAPH to see how well it fits your data. Hit Y= again. Adjust the value of your constant.
d. By trial and error make two straight lines from the origin so that most data points are between them.
e. Write a conclusion describing how GPE depends on the amount of stretch.

9. If your calculator has the program called A12PLOT, try running it. Select the type of equation called
“power”. See how well the result agrees with the conclusion that you wrote in 8e. Also try putting the
x2 values into L1 and running the program again. This time select “linear”.



Ch. VI E. Conservative Forces And Elastic Potential Energy 60b

1. We studied the force vs. stretch graph for a helical spring back in Chapter 1. We found that if the
spring is not stretched too much, the graph is described pretty well by "Hooke's equation™: F =
where "X" represents the amount of stretch, and "k" represents the "spring constant”. (See #9 on RS I. )

a. Such a spring is said to exert a "linear restoring force™ because the graph has a shape.

b. Name the operation that you would perform on that graph to determine the work done by the
spring as it contracts to its original length. (Copy from #1 on RSV1.)

c. The area under the graph in 1la has a shape. The letter __ represents the width of that
region, and you showed above how its height can be calculated with the two-letter formula, * 7

d. According to 1b and 1c, the elastic potential energy stored by the spring can be calculated from “I @
and “x” with a simple formula if it is not stretched too far: PE = -Do the units balance?

e. In #4 on RS VI we wrote that the spring's elastic potential energy seems to be proportional to

f. Does 1d agree with that observation? -Is equation 1d correct under all conditions?

g. Is it correct for a rubber band stretched to its elastic limit, ason p. 33? ____ (Explain)

2. Imagine climbing to the top of a very tall tower on a very small planet. At the start of your climb your
weight is 100 N. When you reach the top, after climbing one million meters, your weight is only 20 N.
a. Does this evidence show that the planet’s gravity changes as time goes by?
(If so, we must conclude that “g” is not constant for this planet.)
b. Does it show that the planet’s gravitational field strength depends on distance from the planet?
(If so, we say that the field is not “uniform”.) You will need those adjectives soon.

3. Which of the following is the best estimate of the work that you did while climbing the tower in #2?
Please illustrate your choice by sketching and shading a graph in the space at the right. Use 1b.
a. Work = (100 N)(106 m) = 108 J b. Work = (20 N)(106 m) = 2 x 107 ]
c. Average force = (100 +20) + 2 = 60 N, so Work = (60 N)(106 m) =6 x 107 J
d. Less than "a" but more than "c" because the shaded area under the curve is than
the trapezmd area described in but than the rectangular area described in ___.
e. Less than "c" but more than "b™ because the shaded area under the curve is than the
trapezoid area described in but than the rectangular area described in

4. In #3 on RS VI you recorded a formula for changes in gravitational potential energy: A PE =
a. Does that formula give the correct answer to #3?
b. Under what conditions is that formula valid, and where has that restriction been recorded? Use #2.

5. A Conservative Force is one that depends on position (location) only. A force which depends on time
or velocity is not conservative. The gravitational forces and elastic forces discussed above good
examples of conservative forces. (are, aren’t) Sliding friction and drag forces conservative.

a. For every conservative force there is a potential energy formula. The gravitational PE formula in #4
(PE = ) and the elastic PE formula in #1 (PE = ) are good examples.
b. Any graph of conservative force vs. displacement can be used to calculate a change in potential
energy by using the procedure called . (Name the operationused in 1, 2, 3, & 4.)
c. Conversely, the amount of conservative force acting on an object at a given location can be found by
ing the graph of the object's PE vs. . (Use #12 on RSII.)

6. With Robin Hood’s "English long bow" the force required to draw an arrow back increases gradually
at first and then more steeply as you approach full draw. Thus the force vs displacement graph is
concave upward, resembling the graph of y = tan(x). Turkish archers preferred "recurved” bows, with
tips bent forward. The leverage provided by those curved tips causes the graph of force vs
displacement to be slightly concave downward, like the first 50 or 60 degrees of a sine curve. Serious
archers today use "compound” bows, with a system of pulleys to give the graph even more curvature.
On all three bows arrows are drawn back equal distances and held with equal forces just before release.

*a. Sketch and label the three graphs. If you are not familiar with sines and tangents then ask for help.

*b. Which bow requires the least amount of work to draw the arrow back? (Explain, using 1b.)

*¢. Which bow gives the greatest kinetic energy to the arrow after release? (Explain.)

*d. With one of those bows, drawing the arrow back the last centimeter (from 49 to 50 cm.) requires 2.4

J of work. Use 5c to calculate the force needed to hold it there while aiming. Please use Sl units.
* e. Pretend that the force vs displacement graph in 6d is linear, as in #1: How steep is that graph, and
how much kinetic energy will this bow give to the arrow? Please explain your answers.
f. With an English long bow the arrow's kinetic energy would be slightly than the amount found
in 6e. (less, more) With a recurved bow the energy would be slightly . Explain your choices.




