B- SumVolt!!


Student Section

Data Collection

DataMates and many other devices gain their power through one or more batteries.  Batteries can be connected in a series or in a parallel circuit. A column of batteries in a flashlight is a good example of a series circuit. In a series, the total electrical energy is the sum of the individual energies of each battery.

In this activity you will measure the energy in volts of one single battery, then a series of two, then three and so on. You will need to work with a partner so that one person can measure with voltage leads and the other can operate the calculator. 

You will need to have 5 batteries of the same size and something to hold the batteries in place. Battery holders work the best but a ruler with a ridge can also be used.  The batteries will be lined up with positive charges connected to negative charges. 

Plug the voltage probe in the channel you wish to use (usually CH1) and run the CBL2000 program. Place 1 battery in a battery holder or on the ruler and attach voltage leads to appropriate charge. From the Main Screen select option 1:SETUP (press (). Use ( to scroll down to mode and press ( and select 3: EVENTS WITH ENTRY.  From the Setup Menu select 1:OK and you will go back to the Main Menu.  Select 2:START and then press (to collect your first data point.
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When the ENTER VALUE screen appears enter ( to represent the voltage of 1 battery. Attach a second battery by connecting the positive charge to negative the negative charge. Reattach the voltage leads. Follow directions in program to collect a 2nd data point. Continue this process until all 5 measurements have been taken. 
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Analysis

Select 3:GRAPH and answer the questions 1-5 on the Student Data Reporting Sheet. 
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The slope of a line is considered the steepness. The numerical value of the slope can be related to many physical models. In this model the slope is approximately the change in voltage divided by the change in number of batteries or voltage per battery. An equation that is often used for this linear model is called the slope-intercept form, which is:

Y = AX + B    where A= the slope and B= the intersection of the line and the Y-axis (or the value of Y when X=0).  Answer question 6.

Go back to main screen and select 4:ANALYZE , 1:CURVE FIT, 1:LINEAR (CH1 VS ENTRY). Answer questions 7-8

Going Further

· See how the voltage of the series of 5 batteries decreases over time by using the TIME GRAPH Mode over several hours.

· Do the activity REVOLT: REciprocal sumVOLT

Student Data Reporting Sheet

1. If you connected the points on the graph, describe the general shape of the graph. ________________________________________________

2. Hit the ( to trace along the data points and record in the table below.

#of batteries(X)
Voltage(Y)
















3. What do you notice about the voltage measurements? _____________

___________________________________________________________


4.  Predict the voltage of a series of 6 similar batteries. _____ of 10? ____  of 20?____  of  X?______

5.  If X= number of batteries and Y= the voltage, write a formula that describes this relationship. __________________________________

6.  In Y= AX + B use your formula in #5 and find A=____ B= _____

7.  Record the calculator values.  A=_____   B=______

8.  Describe how the values in question 6 compare to the values in question 7. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________






Teacher Section

Concepts

Mathematics:

· Data collection to graphical representation

· Using a pattern to develop a formula 

· Connecting an Algebraic linear equation to the physical model

Science:

· Data collection and analysis

· Measurement of electrical energy

Materials

CBL2™

TI Graphing Calculator

Data link cable

Voltage probe

5 same size 1.5 volt batteries

5 battery holders, ruler with ridge or something else to hold batteries steady

Set-up

Check the voltages of the 5 batteries using the multimeter mode to make sure they are approximately equal. Battery holders can be purchased at Radio Shack and are relatively inexpensive.  If battery holders are not available electrical tape may be used to tape the batteries together.  A ruler with a ridge works fairly well but may require 3 students- one to hold batteries in place, one to hold voltage leads on the end of series of batteries and the third to operate the calculator.
Theory

This is a simple linear model of the relationship of voltage versus number of batteries. The linear equation should approximate V=1.5B+ 0 where V= the total voltage of the series (or the sum of the volts) , B = the number of batteries and the slope of 1.5 is the voltage per battery. If the batteries are brand new the voltage measurement will be greater than 1.5 volts.  

Answers

Sample data with sample answers

1. The general shape of the graph should be a straight line.
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2.

#of batteries(X)
Voltage(Y)

1
1.4

2
3.0

3
4.4

4
5.8

5
6.9

3  As you add a battery to the series the total voltage increases by about 1.4 volts.

4. 8.4, 14, 28, 1.4X

5. Y= 1.4 X

6. A= 1.4 and B= 0

7.
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8.  Answers will vary.

Going Further

· See how the voltage of the series of 5 batteries decreases over time by using the TIME GRAPH Mode over several hours.

· Do the activity REVOLT: REciprocal sumVOLT  This activity investigates the relationship of total voltage of a parallel circuit.
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