Ohm's Law

Purpose: To study Ohm's law, which gives the relationship between current and voltage in many resistors.

Equipment: 40 ohm rheostat, ammeter, voltmeter, 12 V DC lamp with leads, 0-12 V power supply, wires.

Discussion: When current flows through an object, a potential difference appears across the object. In many materials the relationship between the current (I) and potential difference (V) is found to satisfy a linear relationship: 



. 

The constant of proportionality, R, is called the electrical resistance of the material. This relationship is known as Ohm's Law. Since current is measure in amperes (A) and voltage in volts (V), the resistance is given as volts per ampere. A special unit 
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, called an ohm, is given to resistance: 1 
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 = 1 volt/ampere.  

Many common conductors have resistances that only depend upon temperature for typical ranges of current and potential difference. It is common to refer to these ohmic materials, in spite of the temperature dependence of the resistance. Many circuit elements do not satisfy Ohm’s law, even when temperature is included. Those which do not are non-ohmic devices.

	In order to measure both the current and the voltage of a resistor, one needs to use an ammeter and a voltmeter, respectively. These devices are placed in the circuit so as to affect the circuit minimally. An ammeter is connected in series and a voltmeter is connected in parallel to the circuit element being measured, as shown in the schematic.
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Instructions: 

1. Set up the circuit to measure the voltage and current through the 40
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 rheostat. Connect the rheostat using the fixed connections at the ends. Use the 0-1 A terminals on the ammeter and the 0-15 V terminals on the voltmeter. Do not connect the circuit to the power supply until checked by the instructor.

2. Increase the current in steps of 0.02 A and measure the voltage at each step. Record your results. Continue until the voltage reaches 12V.

3. Turn the power off and move one of the wires on the rheostat to the sliding terminal. Have the instructor check your setup. Move the sliding arm to the center of the rheostat and measure the current and voltage following step 2 until the table is filled.

4. Turn the power off and replace the rheostat by the 12 V lamp. Change the wires on the voltmeter to the 0-1 V terminals. Have the instructor check your circuit. Measure the current and voltage as before, being careful to change the terminal range on the voltmeter when the voltage exceeds 1.0 V. Stop after the voltage exceeds 12 V.

5. Review the Appendix on using the Microsoft Excel 97 program and how to plot data and add a linear trendline. 

6. Enter your data in Excel and plot three graphs of voltage vs. current. Label the plots and follow the suggested format in the Appendix before printing.

7.  Fit the data in Tables 1 and 2 to a straight line and determine the slope of each best fit line. Determine the percent error for the first set of data assuming that the rheostat has a known resistance of 40
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.

Data: 

        Table 1: Full Rheostat                Table 2: Half Rheostat                          Table 3: Lamp

	Voltage (V)
	Current (A)
	
	Voltage (V)
	Current (A)
	
	Voltage (V)
	Current (A)

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Slope from Full Rheostat:  __________________            Percent Error: __________________

Slope from Half Rheostat: __________________            [
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1.  Does the slope found from Table 2 make sense? Why?

2.  How does the data for the lamp differ from those for the rheostat? Does it satisfy Ohm's law? 
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