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What A ReVolting Liquid!
	Science Concepts

· Develop abilities necessary to do scientific inquiry

· Develop understandings about scientific inquiry

· Understanding properties and changes of properties in matter

· Develop abilities of technological design 

· Develop understandings about science and technology

· Understanding science and technology in society 

· Understand science as a human endeavor

· Understanding of the nature of science

· Systems, order, and organization

· Evidence, models, and explanation

· Constancy, change, and measurement

· Evolution and equilibrium 

· Form and function

Materials

· CBL2™ Unit with unit-to-unit cable and the TI-Voltage Probe

· One pre-1982 penny and one zinc washer

· At least 2 containers, one for a wash of the probes, and one for the liquid. 250 and 50 ml

· A collection of six different liquids and water

· TI-73 Explorer with DATAMATE App

· TI Connect and Graph Link cable
	Overview

This investigation deals with the phenomenon that occurs when copper and zinc are placed in a liquid. Our goal will be to compare the voltages produced when we introduce a penny (copper) and a washer (zinc) into different liquids. Is one liquid a better facilitator of a current than another? If so, what liquids tend to be better than others?
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Introduction


If you hook a wire to a piece of copper and to a piece of zinc and then place these metals in water, you will get a voltage reading if you connect the other ends of the wires to a meter. In this investigation we will use a voltage probe with the CBL2 to measure the current produced when we place a pre-1982 penny and a zinc washer in water and six other liquids.


As in all experiments, we would like to control all the variables except the one that we want to vary, in this case the type of liquid that we place the metals in. List all the things that need to be controlled in this experiment, and state how you would make sure that they don’t change as we measure the voltages from water and six other liquids. Report these in the Data Recording part of this document.


Share your thoughts with your partner and then the class. Refine your thoughts about the situation based on this discussion. 


Now we would like to brainstorm some ideas of liquids to use in the experiment. We will use water as the Control, or standard, so we would like six other liquids to use. Think of some liquids that could be good or bad facilitators. That is, ones that would help yield a large voltage or a small one, when we introduce the penny and the washer. Report these in the Data Recording part of this document.


Share your thoughts with your partner and the class. What were the most often mentioned liquids? Where they always thought of as High or Low voltage givers? Why do you think that this happened? We want to avoid toxic or otherwise dangerous liquids, as well as expensive liquids. With the class, and your teacher, decide what liquids you want to use in the experiment. We will use a code for the liquids as we collect their voltages, so list these liquids in the order that you will measure them in the Data Recording part of this document.


Predict the rank of the voltages that you will obtain for these liquids, including the water, from high to low. List them in the Data Recording part of this document.


Set Up


Collect at least two containers, one to hold a collection of clean water, to use as a wash for the probes and the two metals as you move from one liquid to another. If you can, just line up 7 containers of liquids, starting with some water to collect data from. If you need to, load one container with water, get the reading of voltage, and then dump the water, rinse it out and then load it with the next liquid. We suggest 40 ml of water or other liquid in a 50 ml beaker and a wash with 200 ml of water in a 250 ml beaker. Your team will also need a pre-1982 penny, a zinc washer, a CBL2 with voltage probe, and your handheld with link cable.


Make sure you have the DATAMATE App in the handheld. Press ( and move down to see if it is there (Figure 1). If it is not found load it from the CBL2, or get it from another TI-73.


Place the TI-73 Explorer in the CBL2 nest and connect them with the unit-to-unit link. Plug the voltage probe in Channel 1.


Run the DATAMATE App by pressing (, highlight DATAMATE, and press ( or just press the number in front of the App (Figure 1). 


Notice the splash screen. This should show the most current version of the App and the OS for the CBL2 (Figure 2). Since the TI -Voltage probe is AutoID, the software will recognize it and automatically set up the program to collect data (Figure 3). If this does not happen, just press ( and the CBL2 will check for probes (Figure 4). Note: Once you set up the experiment, don’t reset it, since we will not be using the default mode.


Since we will collect data for seven different liquids, we want to set the data collection mode to Events with Entry. To do this, press ( to select the 1:SETUP option from the Main screen. Then from the Setup screen move the cursor up so that it points at the MODE line (Figure 5). Press ( to go to the SELECT MODE screen (Figure 6). Select option 3:EVENTS WITH ENTRY from this screen by pressing (.


We would now want to hook the penny to the Red lead, and the zinc washer to the Black lead. Press the end of the lead to expose the metal clamp, and hook it over the edge of the piece of metal, so that the surface of the metal is perpendicular to the length of the lead. You should have the metals in air and keep them apart. Now we would like to set this reading to zero. Do this by pressing ( from the Setup screen (Figure 7) to select the 3:ZERO option. From the SELECT CHANNEL screen press ( to select the 1:CH1-VOLTAGE (V) option (Figure 8).


Hold the ends of the probe with the metals attached steady, in the air and away from each other. When the reading stabilizes (Figure 9), press ( to erase most of any residual charge and set the initial reading to zero. This action will return you to the Main screen (Figure 10).


Now press the two metals together to complete the circuit. Notice any change in the reading and report your observations in the Data Recording part of this document.


Procedure


To collect the data, place the penny and the zinc washer in the liquid. Hold the coins apart and steady, in the same location in the container each time. Make a sketch of the set up in the Data Recording part of this document.


To start data collection by the CBL2, press ( selecting the 2:START option from the Main screen (Figure 10).


The first liquid shall be just clean water. When the voltage stabilizes (Figure 11), make note of the value and press ( and then ( to associate it with the Code we used earlier (Figure 12). Report this reading in the Data Recording part of this document. Press ( to accept this reading and return to collect data for the next liquid (Figure 13). If you miss the reading, or make a mistake, just repeat the process, using the same code number as the entry. Later you can edit the list to delete the miscue.


Dip the penny and washer in the wash solution and shake them to remove excess water as you move the probe ends, and the metals to the next liquid. Repeat the process as stated above, remembering to write the voltages in the Data Recording part of this document each time.


When the experiment is over, that is, when you get your seven readings, press (. This will move you to a graph of the data (Figure 14). Trace over the data to check your readings using ( or (. Press ( to return to the Main screen.


We would like to protect this data, and the experimental setup before we go to more analysis. With the CBL2 and DATAMATE you may store the settings and data on the hard drive. To do this, press ( to select the 1:SETUP option from the Main screen and then press ( to select the 4:SAVE/LOAD option from the Setup screen (Figure 7).


Select option 1:SAVE EXPERIMENT from the EXPERIMENT MENU by pressing ( (Figure 15).


Move around the screen with the cursor keys, pressing ( to select the letters for the name of the experiment. Use the keyboard on the handheld to get numbers (Figure 16). You may return to this particular CBL2 and reload the data and settings by selecting the appropriate option from Figure 15. Press ( with the Done word highlighted to save the experiment. Press ( to return to the Setup screen and then ( to go back to the Main screen.


When all the data has been collected, and you are finished with the CBL2, press ( to select option 6:QUIT from the Main screen. Note the location of the data that you collected (Figure 17). Press ( to get past this screen.


Analysis


To get a better feel for the pattern in the data, we want to look at a Bar Graph. To create the two lists of interest, the name of the liquid, and the associated voltage (which is in as list named L2) press ( to access the List Editor. Move the cursor to the top of the first column, in the header. Press ( until you get tired. You should now have a blank place to enter your list names and data (Figure 18). Create one list for the liquid name and one list for the voltage level when the penny and the zinc are placed in it.


Use the Text Editor by pressing (( and selecting the appropriate letters to name the lists as you move around with the arrow keys. Press ( to pick the letters and ( to move back to correct mistakes. Highlight the word Done and press ( when you are finished with each word (Figure 19).


Make the list for the liquids Categorical. This requires that you put the first word (CTRL) in the list as a word, in quotes. Note the ‘c’ in the header of the list of liquids indicating that the list has Categorical data (Figure 20). Once you have established the list type, you do not need to use quotes (Figure 22). Names in the list are limited to six letters and you should have no more than seven items in the list.


Copy the voltages by moving to the header of the VOLTS list and select the L2 list from the List of List (Figure 21) by pressing ( ( ( ( (Figure 22). Bring up the Codes by moving to the header of the third column and pressing ( ( ( ( (Figure 22).


We now need to set up the Bar Graph to have a graphical look at this data. Press ( ( ( to set up a Bar Graph (Figure 23). Access the list names from the List of List by pressing ( (. Check the ( area to see that only this plot is ON and that there are no equations listed (Figure 24).


Press ( and use ( with your cursor keys to move over the plot. Take your handheld to the computer with TI Connect and print this graph. Make a sketch of it in the Data Recording part of this document. Reflect on what the Bar Graph shows about the voltage levels in the different liquids. How did your earlier ranking of the liquids compare to these results? Explain.�______________________________________________�______________________________________________�______________________________________________�______________________________________________


Check with other groups that did the same liquids as your team. The voltages levels may be different, but the relative rankings of the liquids should be the same. Discuss the consistency of results across the class and try to explain.�______________________________________________�______________________________________________�______________________________________________�______________________________________________�______________________________________________�______________________________________________


Data Recording


List all the variables that need to be controlled in this experiment and how you would plan to control them.�____________________________________________�____________________________________________�____________________________________________�____________________________________________�____________________________________________�____________________________________________


List some liquids that you would like to use in this experiment. Identify them as High or Low voltage, based on your predictions.


High Volts�
Low Volts�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
List the six liquids your team will use with their code in the table below.


Code�
Liquid�
�
0�
Water�
�
1�
�
�
2�
�
�
3�
�
�
4�
�
�
5�
�
�
6�
�
�
Rank the seven liquids from number 3 above.�Highest to Lowest voltages:   _______   _______   _______   _______   _______   _______   _______ 


What happened to the reading of the voltage when you pressed the two metals together in air? What do you think this means?�____________________________________________�____________________________________________�____________________________________________


Sketch the set up of the experiment in the space below. Show and label all parts, including the position of your metals. Label the penny and the washer.


























�
�
Report your voltage readings in the table below.


Code�
Liquid�
Voltage�
�
0�
Water�
�
�
1�
�
�
�
2�
�
�
�
3�
�
�
�
4�
�
�
�
5�
�
�
�
6�
�
�
�
Make a sketch of the Bar Graph in the space below. Make sure you label it.























�
�
Conclusion


Write a paragraph to explain the different levels of voltages that you got from the liquids. How could you classify the liquids with high or low voltages? What do they have in common? Use data from the experiment to support your claims. 


______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


How do you think you could improve this experiment? What things might have been done to help demonstrate the liquids that are high or low volt getters?


___________________________________________________________________________________________________________________________________________________


Going Further


Try the experiment with different types of metals. Try a penny on each end of the probe, a nickel and a dime, use a post-1982 penny, etc.


What if we just used soft drinks as the liquids? How would Dr. Pepper compare to Sprite in the level of voltage given?


Take the best liquid and run a Time Graph experiment over night. Do you think it could maintain that voltage? Increase?


Explore the size of the pieces of metal, their distance apart, the amount of metal submerged in the liquid, or the amount of liquid. What effects would these have on the voltage levels?


Research how a battery works. What types of batteries are there and why are some batteries used in particular situations? How does this experiment create a battery?


Research Electroplating, and determine its connection to this experiment.


Make a battery by impaling a piece of fruit with a penny and a washer. Use the CBL2 to measure the voltage.


INSTRUCTOR NOTES


Experimental Set Up and Procedures


Look for the students to mention the variables of liquid amount, depth of submersion of the metals, size of the metals, temperature of the liquid, distance between the metals, and the kind of container.


Placing the red lead on the copper penny will give you a positive voltage; they may switch this orientation if you want to make a point about integers.


Zinc washers come in different sizes, so try to get enough of the same size and shape for all groups to get the same. This would be one thing that the kids could experiment with, different sizes washers, as they go further. In 1982 the US Mint reduced the copper content of the penny. In that year they published both types, so for this experiment use only pre-1982 pennies to get the highest voltages.


Watch for contamination of the liquids. Use the washing container, and shake off the water as you move the probe ends from one liquid to the next. Use a stock solution for the six liquids. 


Watch for corrosion of the metals from the process. This won’t be a problem if the data is collected quickly. If the “winning” liquids are set up for an over night data collection, then the effects on the coin and washer should be discussed.


If you want to set up the experiment before the students access the CBL2, just save it as an experiment and have the students start by loading it from the CBL2. The settings are stored on the hard drive of the individual CBL2, so you will need to do this for each unit. Also, if the student presses ( the settings convert to the default.


The TI voltage sensor is a generic sensor that you can use to read any voltage between ±10 Volts. The auto-ID resistor contained in the sensor causes the CBL2 software to automatically measure voltage. No conversion equation is loaded. The black hook should be connected to ground and the red hook to the signal voltage.


Student Learning Goals and Objectives


Students will learn how to use the CBL2, TI Connect™, and TI-73 Explorer functions such as:


Using the Text Editor


Using the DATAMATE App


Using the List Editor


Setting up Graphs


Tracing on graphs


Using Categorical data


Background Information and Content Preparation


Important math and science concepts covered in the activity.


Collecting data


Making Bar Graphs


Recording data in a table


Interpreting data, drawing conclusions


Measurement of Voltage


Experimental Design


Technology Pitfalls


Some of the potential problems you should anticipate relating to CBL2, and/or TI-73 Explorer functionality and features that are:


Connecting the link correctly, both with the CBL2 and TI Connect.


The amount of free memory might be an issue when you try to load the DATAMATE App. This App takes 3 slots so check the handheld by pressing ( ( ( (Figure 25). Delete enough Apps to free up the required three spaces, or use TI Connect to save the Apps and then delete them from the handheld.


The voltage probe may not show zero when you zero it. That will be OK, since the reading you get should be very close to zero.


Older versions of the TI-73 operating system are not compatible with the most current DATAMATE App. Make sure that the CBL2 has been Flashed with the newest versions of code, and use the “Check for Updates” part of TI Connect to Flash your handheld (Figure 26). See the TI website and look for the Latest Software link.
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