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LESSON OVERVIEW

This lesson demonstrates the fundamental difference between power and
energy. The terms power and energy are generally used interchangeably;
however, the differences are important to understand as they apply to correctly
describing electrical and physical properties of force and work, respectively.

LEARNING OUTCOME

Students are shown how to compute energy from power given individual power
points and time frames. They are also shown how to convert energy units of
Watt-Seconds to Watt-Hours and visa versa.

Students come to understand that:
1. Power is an instantaneous quantity while energy has a time component.
2. Energy predictably accumulates as power remains constant.

3. Energy is the sum accumulation of power whether it remains constant or
varies.

STUDENT ACTIVITIES

Students hookup solar panels in parallel and measure the electrical power and
energy using a 10 ohm resistor. The Smart Meter — Data Logger ™ measures
power in Watts and energy in Watt-Hours and Watt-Seconds over time, and
students are given the opportunity to use this device in order to measure and

interpret the differences between power and energy.

During the course of the lesson, students measure and record voltage, current,
resistance, power and energy with the Smart Meter — Data Logger ™. Students
are charged with displaying the recorded data on the classroom computer and
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explaining the differences in readings. This is followed by printing out plots of the
data on a printer or downloading data files gathered on the computer to be
included in reports about the lesson.

GRADE-LEVEL APPROPRIATENESS

This lesson is appropriate as an introduction to solar energy data interpretation
for students in grades 10 - 12.

LESSON TIME

This lesson should take between 45 minutes to 90 minutes depending on
discussion time about the experiment.

SAFETY

No particular safety issues are deemed present in this lesson; however,
particular attention to the setup and execution of the lesson is always prudent in
order to avoid unintentional mistakes and the resultant possible harm to those
involved.

REQUIRED MATERIALS

Qty Description

Solar Panel

Smart Meter — Data Logger
USB cable

Clip leads

10 ohm resistor

Classroom Windows PC computer with REEL Power ™ software
(MACs must have Parallel’'s “Desktop 3.0 for Windows”)

1 Printer (optional)
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PRELIMINARY STEPS

1. Install the graphical software on the classroom computer.
2. Install a fresh 9-volt battery in the Smart Meter — Data Logger
3. Refer to the Smart Meter — Data Logger ™ Tutorial for extra help.
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EQUIPMENT SETUP

1. Setup the equipment as shown in Figure 1 below. Wire the solar panel
modules in parallel and attach them to the Input terminals of the Smart
Meter — Data Logger ™.

2. Attach a 10 ohm resistor to the Output terminals — the polarity doesn’t
matter.

2.90.9
/R ARIN

Figure 1 — Initial Equipment Setup
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TEACHING THE LESSON

1. On the Smart Meter — Data Logger ™ push the Track key until the Set

Sample Time message is displayed. Wait 3 seconds and then push the
Fwd or Rev keys to set the Sample Time to 5 seconds.

2. Push the WHrs key to monitor the energy level. If the Wh and Ws
readings are NOT zero, remove the 10 ohm resistor for about 60 seconds
until the reading is zero.

3. With the solar panel tilted at an appropriate angle to the light source to
capture the maximum light, begin the data recording by pushing the Rec-
Stop key. Notice the Track number being recorded.

4. Allow the recording to proceed for about 5 to 6 minutes. While the
recording is taking place push the Watts key to make sure that the power
reading stays about the same. Also, push the WHrs key to witness the
Wh and Ws readings increase.

5. Push the Rec-Stop key to halt recording after 5 to 6 minutes of recording.

6. For the second exercise repeat the above steps but this time tilt the solar
panel up and down to vary the power readings. This is to show that
energy is accumulated with varying power levels as it normally does when
your electric power meter measures power as lights and appliances are
turned off and on.

DISCUSSING THE LEARNING OUTCOME

1. Plug in a USB cable between the Smart Meter — Data Logger ™ and the
classroom computer and set the switch to the USB position so that it
receives power from the computer's USB port. Set the power switch to
the USB position and verify the sign on message on the LCD screen.

2. Click on the REEL Power ™

icon to bring up the software ' MPP Auto Trac - Data Logger
menu. Then click on the MPP

Auto Trac — Data Logger icon.

3.  On the computer adjust the voltage (vertical) scale on the REEL Power
™ software to 2.5 volts maximum.
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4. Push the Track key on the Smart Meter — Data Logger ™ until the View

Trackx Data message is displayed where Trackx is the Track used to
record the first part of the exercise where power remained constant. A
plot similar to Figure 2 should appear. From there on it can be seen that
the power remained generally constant. Note — The small but
continuous decrease in power is due to the solar pa  nel heating up.
Refer to the lesson on this subject for more detail S.

Figure 2 — Plot of Constant Power Generation across a 10 ohm Load

5. The graphic plot does not display energy so have the students create a
table of power versus energy like the one below. Use the Fwd key to
advance the sample reading on the Smart Meter — Data Logger ™. As
the table indicates the energy readings increase at a regular rate as the
power reading remains stable.

Sample Power WHTrs WSec
1(0 seconds) 0.221 0 0
12 (60 seconds) 0.214 0.003 14
24 (120 seconds) 0.211 0.007 27
36 (180 seconds) 0.205 0.010 39
48 (240 seconds) 0.203 0.014 52
60(300 seconds) 0.197 0.017 64
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6. Push the Track key on the Smart Meter — Data Logger ™ until the View

Trackx Data message is displayed where Trackx is the Track used to
record the second part of the exercise where power varied. A plot similar
to Figure 3 should appear. As can be seen the power was intentionally
varied by moving the solar panel as the recording was taking place.

Figure 3 — Plot of Varying Power Generation across a 10 ohm Load

7. Create a table of power versus energy as in Step 5. Notice that the
accumulated energy readings are below that of the previous table. This is
due to the variable power being generated. The important item to note is
that the energy did accumulate as it sums the “instantaneous” power
readings over time.

Sample Power WHrs WSec
1(0 seconds) 0.142 0 0
12 (60 seconds) 0.218 0.002 9
24 (120 seconds) 0.212 0.005 21
36 (180 seconds) 0.103 0.008 31
48 (240 seconds) 0.156 0.011 40
60(300 seconds) 0.083 0.011 43
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8. Indicate to students that power is an instantaneous quantity while energy
is the accumulated power over time. This is more easily seen in the table
in Step 5, since the power remains the same while the energy
accumulates on a regular time basis. The table in Step 7 is more
indicative of real-world energy accumulation as the power varies due to
varying loading or changes in light intensity on the solar panel (as in this
exercise).

TEACHER GUIDELINES AND TIPS

1. A Watt-Hour is the amount of energy accumulated in one hour (60 minutes
or 3600 seconds). A Watt-Second is the amount of energy accumulated
in one second. Use the following equations to convert from Watt-Seconds
to Watt-Hours and visa versa where 3600 is the number of seconds in one
hour.

WHrs =WSec /3600

WSec = WHrs * 3600
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