Changes in Gravitational Energy

When objects move vertically energy flows in or out of Earth’s gravitational field. Let’s follow these flows and learn how to
model the energy transfers in the system.

A: The Ball Drop and Kinetic Energy

You will drop a basketball through a displacement of your choice (between 0.5 and 1.2 m) and examine the energy changes.

. Represent. Draw a sketch of a
ball falling. Event 1 = the ball is
released. Event 2 = the ball
contacts the ground. Label the
two vertical positions y; and y»
(one of these should be the
zero-point). Complete the
energy-flow diagram and bar
chart for the earth-ball system.
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Work-Energy Equations. Our bar charts help us to think about energy and to construct an equation that relates the energy of
a system at two moments in time. The total energy of a system at one moment plus any work equals the total energy of a
system at another moment: Ey; +Wey = Ero. This is called a work-energy equation for the system. The bar chart helps us to
decide which energies to include in each total. If a particular energy is zero, we don’t bother including it.

2. Represent. Construct a work-energy equation for the earth-ball system.
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Calculate. Complete your work-energy equation by replacing each energy symbol with its mathematical expression,

including event numbers. For example, £, is replaced with mgy.
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4. Calculate. Use your new work-energy equation to find the speed of the ball when it contacts the ground. Remember to
algebraically isolate for v, first! Something neat will happen!
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5. Test. Use the motion detector to measure the speed of the ball when it contacts the ground.

6. Evaluate. How does your measured value for the speed compare with your prediction? What fight be responsible for a

small difference?
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B: The Ramp Race 1 E Ball 2

Your teacher has two tracks set up at the front of the class. One track
has a steep incline and the other a more gradual incline. Both start at
the same height and end at the same height. Friction is very small and
can be neglected. There are two important events: (1) Ball A and B
are released, (2) Each ball reaches the end of the track.

I. Reason. What energy changes take place as the ball travels down Ball
the incline? B
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2. Represent. Complete an energy flow diagram and an energy ~ Paida  po---ommommmmom oo oo
bar chart for each ball for the interval 1-2. System = Ball, ™1
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3. Explain. Describe and explain any similarities between the two .
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4. Predict. Use your energy bar chart to predict which ball will
have the greater speed at moment 2. Explain.
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5. Observe. (as a class) Record your observations when: (a) the two balls are released at the same time

. and (b) when they reach the end of the track at the same time.
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6. Reason. Albert says, I don’t understand why ball B wins the race. They both end up traveling roughly the same distance
and ball A even accelerates for more time! It should be faster!” Based on your observations and understanding of energy,
help Albert understand.
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Path Independence. The amount of energy the flows in or out of the gravitational field does not depend on the path taken

by the object. It only depends on the object’s change in vertical position (displacement). The property is called path

independence — any path between the same vertical positions will give the same results. This happened because gravity does

no work on an object during the horizontal parts of the object’s motion.
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Homework: Changes in Gravitational Energy

Name:

The value for the gravitational energy depends on the
choice of the zero-point. If two people choose a
different zero-points, will their calculations predict

different things? Let’s see!

A 100 kg rollercoaster cart rolls down a curving track.

It starts from rest at the top. We will examine two

moments in time: (1) at the top of the track and (2) part

way down. System = cart, Earth

1. Calculate. Find the value of y; using zero-point B.
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(a) Draw an energy bar chart
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Represent.

for each zero-point.
(b) Draw one energy flow

diagram.

(c) Construct a work-energy
equation for the system for
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Calculate. Complete the chart below. Calculate the gravitational energies of the syst
Use these energies to determine how much Kinetic energy and speed the cart has a moment 2.

E[l ¥ tgl

Equation:

|~

o N

Exa

m according to each*zero-point.

Ey Eq Ew v
Zero-point A g = S0y &+ -
gk QooX10X8) | Lmy™ - [19000= 509 vl
{ ’ 2 T /’)3\)/4 DAY
:('30Y1J1l5> = (x)’)J :l(,'aowvl 109 ;v\/L
= l(\)ODO\) L; 30\/ 7‘\, ‘LJ | w (
Zero-point B v’\’\jlf\ 1 i € Evi
2 7] [ gl . o " ) -
:QOQ)U Q}k\\’)) O ,‘\, {\“7 '))Jl 10NJ = J
= 5 WL

Explain. Use both the calculations and the bar charts to explain why the choice of zero-point did not affect the results of

the calculation.
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The Conservation of Energy '

A: The Behemoth

A recent rollercoaster at Canada’s Wonderland is called “The Behemoth™ due to its 70.1 m tall starting hill. Assume the train
is at rest when it reaches the top of the first hill. We will compare the energy at two moments in time: | = at the top of the

first hill and 2 = at ground level after the first hill. - ?p—y'
" ;

. Represent. Choose a zero-point for gravitational energy. Label on
the photo the vertical positions y; and y».

2. Represent. Draw an energy bar chart and flow diagram for the

carth-train system. Write down a complete work-energy equation
that relates the energies of the system at moment | with moment 2.
Only write down the energy terms that are not zero.
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3. Calculate. Use the energy equation to find the speed of the rollercoaster at moment 2 in km/h. (Remember to isolate for
the unknown first.)
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4. Reason. The official statistics from the ride’s website give the speed after the first drop as 125 km/h. Is our model giving
areliable result? What assumption in our model might need to be changed to get a better prediction?
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Thermal Energy. When two objects slide against another, energy is transferred into thermal energy (Ey) due to a friction
interaction. The two sliding objects will warm up, which means the thermal energy is shared between them. You may either
treat thermal energy as internal Ey, = Fr Ad for the earth-train-irack system or external Wq=F t Ad for the train-track system.
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5. Represent. Draw a new energy storage bar graph and an energy flow diagram that takes into account the effects of
friction for both the earth-train-track system and the earth-train system. Write down the new work-energy equations.
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6. Calculate. Use the train mass, n, =

velocity value should you use for £;>?
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B: The Glebe Flyer
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2.7 x 10° kg to determine the amou.u of thermal energy at moment 2. Hint: which
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Answer: v2 = 14 m/s??
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Rumour has it that a rollercoaster is going to be built in our
school’s courtyard. Plans leaked to the media show a likely
design. The train starts from rest at moment 1 located 45 m
above the ground. At moment 2 it is located 10 m above the
ground. For all our calculations, we will assume that the
force of friction is negligible.

1. Solve. Label the important vertical positions on the
diagram. Complete the diagram and chart. Determine
the rollercoaster’s speed at moment 2.
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Solve. Label the 1mportant vertical positions on the diagram. Moment 3 is the top of the loop- de -loop and is located 17 m
above the ground. Complete the diagram and chart. Determine the rollercoaster’s speed at moment 3.
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at two moments in time while it is being raised or lowered.
(a) Use the bar chart to explain what is happening to the speed and position of the block.
(b) Draw an energy flow diagram and write a complete work-energy equation for each interval.

Homework: The Conservation of Energy Name:
. Reason. A block is attached to a rope so you can raise or lower it vertically. An energy bar chart illustrates the energies
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Qards It leaves your hand with a speed of 10 m/s. We choose a

2. Represent and Calculate You throw a 200 g ball up
vertical origin at the vertical position where the ball is released from your hand. We examine three moments in time: (1)
it leaves your hand, (2) it is halfway up, and (3) it is at its highest point.
(a) Draw a motion diagram and label these moments.
(b) For each moment in time, complete an energy bar chart for the earth-ball system.
\9/ (c) Calculate the energies at each moment and find the total energy of the system. Show your work.
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(d)

How does the total energy compare at each moment in time? Does
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