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First Look at Charge in Motion 
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Introduction

From lightning to light bulbs, we see the effects of electric charges in motion. This lab will help you gain some familiarity with charge in motion. Although the motion of electric charge is a large topic, we will concentrate on some of its simpler aspects.  One way of thinking about electric charge is to envision it as a kind of fluid, like water. Now, electric charge actually resides on discrete objects like protons and electrons so this fluid model is not really accurate. However, the fluid models is a good approximation in the sense that it captures some of the general features of charge motion, and since people have experience with water motion, why not use the analogy with water flow. We can think of voltage as a kind of “pressure” which pushes the fluid (electric charge) around through “pipes” (wires). The amount of fluid flow then depends on the amount of pressure acting on the fluid as well as the size of the pipe. If you crimp or dent the pipe, the fluid flow is reduced because the “resistance” of the pipe is somehow increased. There is an electrical analog to the concept of a water pipe’s resistance to fluid flow that is called, surprisingly, ‘electrical resistance,’ or just ‘resistance.’ 

We have three electrical concepts we want to relate in today’s lab: Voltage (V), current (I) and resistance (R). In a simple physical situation, we will apply a known voltage difference across a long wire and then make measurements of voltage, current and resistance to see how they are related to each other. Again, if you want, you can think of the voltage applied to the wire as a pressure and the flow of electric charge through the wire as the resulting fluid flow due to this applied pressure. 

To make our measurements, you will use a device called a “multimeter” that allows you to measure electrical potential, resistance, and current over a wide range of values. We will not explore the details of how this device actually works, but will use the device in the same way that we use the telephone or a stereo. We just need to know what buttons to push to get us the desired result. Examine the face of the multimeter. You will see a rotary switch that has a large green dot on it as well as many green numbers on the multimeter case. The numbers are grouped together in 4 sets. 

 This laboratory experiment consists of three parts.  In part one, you will be using the multimeter to measure the resistance of various lengths of wire.  Then you will connect the wires in series and measure the total resistance of the combination.  In part two, you will connect ten lengths of wire in series and apply a potential difference across the wires.  You will then measure the voltage drop (the voltage difference from one end of the segment to the other) across each length of wire, the voltage drop across the combination, and the current through the wires. In part 3, you will measure the electric current running through the guitar wire when a known voltage difference is applied across it.

Equipment:  Wavetek DM15XL multimeter, Pasco ES-9049A DC power supply,  “wire guitar,” “banana-to-spade” cables and meter probes.


Procedure


Part One

1. We will first measure the “electrical resistance” of various wires of the same material and of the same nominal length.

2. Verify that the multimeter is off by checking that the green dot on the central rotary switch is opposite the ‘off’ dot on the multimeter case.


3. Connect one end of one cable to the black “com” hole on the bottom of the multimeter case. Connect another cable (sometimes called a “lead”) and connect one end of it to the red hole on the multimeter marked “V (.”  

4. Turn the rotary switch on the multimeter until the switch green dot is opposite the “200k” setting. This setting tells the multimeter that the maximum value for electrical resistance it can display is 200,000 (. The “k” is just an abbreviation for kilo or 1,000. Recall that  “kg” stands for kilograms or 1,000 grams. The meter can measure values larger than what it can display. If it is measuring a value larger than what you selected by the rotary switch it will display a “1.” all the way on the left hand side of the display.

5.  Touch the free ends of the cable to opposite ends of the first 1-meter segment of the guitar. You should se a number displayed on the meter. If you see a “1.”, adjust the rotary switch until the “1.” goes away and a decimal number is displayed. Write this number in the table below in the “segment 1” box.

6. Now measure the resistance of the second length of wire segment by moving the “V (“ and “com” cables to opposite ends of the next length of wire.  Enter the resistance of this wire length in the box below labeled “segment 2.” 


7. Continue the measuring procedure until you have measured all ten wire segments and have completed table 1.

8. Now measure the resistance of the entire 10-meters of wire by touching the free end of the “V (“ cable to one end of the guitar and the free end of the “com” cable to the other end of the guitar.

9. Complete table 2, which tracks the cumulative resistance of the guitar wire. Segment 2 in this table is the resistance of the 2-meter length of wire formed from summing the resistances of segments 1 and 2 from table 1. Segment 3 in table 2 is the resistance of the 3-meter length of wire formed from summing resistances for segments 1-3 from table 1.


Part Two
1. We are now going to measure potential differences along successive lengths of the guitar wire. 

2. Disconnect the multimeter from the guitar.

3. On the DC power supply, turn the “DC Volts” knob completely counterclockwise. Verify that the slider switch is pushed to the left. Verify that the power supply is plugged in. 

4. Connect the DC power supply to the far ends of the guitar. Use the red “+30V” and the black “GND” electrodes.

5. Return to the multimeter. Connect cables to the “V (“ and the “com” electrodes. Temporarily connect the free ends of these cables to the 30V” and the black “GND” electrodes of the power supply. The same cable should connect the  “V (“ and the “+30V” electrodes.

6. Turn the multimeter switch to the voltage region just counterclockwise of the “OFF” position and opposite the “2” setting. The meter will now measure voltages and the maximum voltage it will display is 2 Volts.

7. Turn the “DC volts” knob on the power supply until the supply is producing a voltage difference of 1 Volt between its two connected electrodes. The voltage need not be exactly 1 Volt, just come as close as you can.

8. After setting the voltage, remove the multimeter cables from the power supply. Be careful not to disturb the power supply knob between now and the end of your measurements.

9. You will now measure the potential difference (measured in Volts) along the wire segments lengths of the guitar. You will use the multimeter to do this. The meter should be set to the same setting as in step 6.

10. Now touch the free ends of the meter cables to opposite ends of the first wire segment. You should see a positive number displayed by the meter. If the number is negative, swap the positions of the free ends of the meter cables. Record the voltage reading in table 3 below.

11. Continue the measuring process by touching the meter leads to opposite ends of the next 1-meter wire segment. Again, swap leads until the meter reading is positive.

12. Measure the voltage difference for the remainder of the wire segments and complete table 3.  

13. Complete the blanks to the questions following table 3.

14. Complete table 4, which tracks the cumulative voltage differences of the guitar wire.  Segment 2 in this table is the voltage difference across the 2-meter length of wire formed from summing the voltage differences across segments 1 and 2 from table 3. Segment 3 in table 4 is the voltage difference across the 3-meter length of wire formed from summing voltage differences for segments 1-3 from table 3.

Part 3

15. We will now measure the amount of charge flowing through the guitar wire when the power supply is connected to it.

16. Disconnect all the cable connections you made in part 2 but do not disturb the knob on the power supply. Connect one cable between the “+30 V” electrode of the power supply and one end of the guitar.

17. Turn off the multimeter. Connect a cable between the far end of the guitar and the meter electrode labeled “200 mA.”

18. Connect a cable between the meter “com” electrode and the “GND” power supply electrode. When you are finished, you should have a single loop formed by the guitar wire and the various cables you connected.

19. Turn the meter rotary switch until it is at the “200m” setting in the “A” region of the meter. The number displayed by the meter is the electrical current running through the guitar wire.  The units are milliamperes, or 1/1000 of an ampere. For comparison, a current of 1 milliampere is equivalent to 1.6 x 10-16 electrons per second flowing through the guitar wire.  Record the amperage reading produced by the meter but convert it to amperes (A) first. Units here are important.

Analysis

Part One:


1. Complete the blanks following table 1. What is the ratio R of the average segment resistance to the resistance of the entire 10-meter wire? (Write your answer as R= …) How does this ratio compare to the ratio of the length of a single wire segment to the length of the entire wire? (Are the ratios similar, identical, very different, etc.)

2. Compare the sums of the wire resistances in table 1 (last box) to the resistance value of the entire wire when measured directly. Are these the same numbers or do they differ? By how many ohms do they differ? Do you expect these numbers to be the same? Explain, why or why not.

3.  Graph the numbers in table 2. The horizontal scale should be meters and the vertical scale should be ohms, the unit for resistance. Use units on the graph axes or you will earn no credit for this part. Draw a simple, smooth curve (a straight line is OK, too) through your data points.

4. Look at the graph you just made and understand its implication. What conclusion do you draw about how the electrical resistance of a wire depends on its length? I need a “short and sweet” answer.

5. Suppose you have a wire of length 25 meters with electrical resistance 75 (. Suppose now that you have a second wire, identical in all respects to the first, except that its length is 75 meters. What do you expect the resistance of this second wire to be? Write your answer as R = … Use the correct units or no credit!

Part Two:


1. Complete the blanks following table 3. What is the ratio R of the average segment voltage difference to the voltage difference between opposite ends of the entire 10-meter wire? (Write your answer as R= …) How does this ratio compare to the ratio of the length of a single wire segment to the length of the entire wire? (Are the ratios similar, identical, very different, etc.)

2. Compare the sums of the wire voltage differences in table 3 (last box) to the voltage difference between the ends of the entire wire when measured directly. Are these the same numbers or do they differ? By how many volts do they differ? Do you expect these numbers to be the same? Explain, why or why not.

3. Graph the numbers in table 4. The horizontal scale should be meters and the vertical scale should be volts.  Use units on the graph axes or you will earn no credit for this part. Draw a simple, smooth curve (a straight line is OK, too) through your data points.

4. You need to understand the implications of the graph you just made. Suppose you have a wire of some length and the voltage difference between both ends is 80 volts. What is the voltage difference between one end and the halfway point? Express your answer as (V= … Use the correct units or no credit!

Part 3:

1. Record the current flowing through the guitar wire. Be sure to use amperes (A) as the correct unit. Recall that the meter is using the units milliamperes (also called “milliamps”) so you will need to do a units conversion here.

2. Recall our analogy of charge flow with water flow. If you consider voltage (V) as playing the part of pressure, electrical resistance (R) as something analogous to resistance against fluid flow, and electrical current (I) as analogous to the amount of fluid flow, see if you can guess a simple relationship between these three quantities. To help you, examine the total voltage difference between the far ends of the guitar, the total resistance of the guitar wire, and the current you measured. The data has already been measured by you. The tables above will help.  
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Table 1. Individual Resistances

1
2
3
4
5
6
7
8
9
10
Sum

Sum of individual resistances: ___________________

Average wire segment resistance: ________________

Measured Resistance of entire 10-meters: ______________

Table 2. Cumulative Resistances

1
2
3
4
5
6
7
8
9
10

Questions

1.

2.

3. See graph.

4.

5.

Pt  2.

Voltages (record POSITIVE voltages only):

1
2
3
4
5
6
7
8
9
10
Sum

Sum of individual voltage differences: ________________

Average value of voltage differences: _________________

Voltage drop across entire 10-meters: _________________
Questions
2.

3.

Pt. 3.

Questions

1.  Current though the guitar wire: _________________________
2.

