Alabama Science in Motion 


2006

Ohm’s Law and Kirchoff’s Rules
Purpose:  To explore Ohm’s Law and Kirchoff’s  Rules. 

Equipment Needed
• PRO-S Lab Station (or Breadboard, battery, hook up wire)
•
Multimeter

• 5 resistors

Background:  When a source of Electromotive Force (EMF or ε) such as a battery or direct current (dc) power supply is connected to a Resistor R, an electrical current I is produced that obeys Ohm’s Law. 


                                       ε  = IR
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where ε is measured in volts, I is measured in amps, and R is measured in Ohm’s or Ω. The battery power supply is the energy source, the current is the energy carrier, and the resistor is the energy user.  Conventional current flows in the direction of a positive charge in the closed circuit.

More complex circuits can be analyzed with the aid of Kirchoff’s Rules. 
1. The sum of the current’s entering a junction equals the sum of the currents leaving that junction (A junction is where more than two wires meet). Remember if there is no junction the current remains the same through each component.
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I1 + I3 = I2 + I4

2. The sum of the potential differences (pd’s or voltage drops) about any closed path equals zero.
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         ε
– V1 – V2 = 0
Note that the long plate of the battery or dc power supply is positive and the short plate is negative.  On the resistors the current enters at a higher potential (+) and leaves at a lower potential (-).  In applying Kirchoff’s voltage law, if you start at the negative  (lower) plate of the source, you pick up the last sign of the  pd’s across each component  to get the above equation.  Of course you can start at any point in the circuit and go in either direction.

PROCEDURE
Resistance Measurements
1.
Obtain a PRO-S Lab Station that includes five resistors.  Using the color code, select the 330 Ω, 200 Ω, and 100 Ω resistors.  Set the other two resistors aside.

2.  Measure the resistance each resistor with your ohmmeter and enter the values in the Table 1.
Table 1   Resistor Values
	Resistors
	R1 = 100 Ω
	R2 = 200 Ω
	R3 = 330 Ω

	Measured Value
	
	
	


3.    Connect resistors R1 = 100 Ω and  R2 = 200 Ω in series on one of the circuit boards of the Lab Station and then connect the two resistors to the 5 V power supply on your Lab Station.  Consult your instructor if you need assistance.  
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4. Measure the current through (I1, I2, and IT) and the voltage across (V1, V2, and ε) each resistor and the source ε. Enter the results in Table 2 and Table 3. 

a.  To measure current, you must break the circuit and connect the ammeter in series as shown on the next page.  Current should enter the Red lead and then leave through the Black lead as shown in the circuit diagram below.  Always start on the highest scale and switch to a lower appropriate scale  
b. To measure voltage, just touch the Red lead to the positive end of the resistor and the Black lead to the negative end of the resistor.   Again, always start on the highest scale and switch to a lower appropriate scale    Consult your Instructor if you need assistance.
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5.  Calculate the current through and the voltage across each resistor by 
a. Reducing the series resistor network to a single resistor using  the series resistance relation

                                                        RTotal= R1 + R2 + R3 + … 
b. Calculating the current IT in the equivalent circuit using Ohm’s law (ε  = I RTotal)
c. Backtrack to the original circuit and then knowing IT = I1 = I2 and the measured values for R1 and R2, use Ohm’s  Law to calculate V1 and V2. Calculate ε using IT RTotal.                                                                  Enter your results in Table 2 and Table 3.   
Table 2
	Current 
	I1 (I thru R1) amps
	I2 (I thru R2) amps
	IT (I thru source) amps

	Measured
	
	
	

	Calculated
	
	
	


Table 3
	Voltage (pd)
	V1 (V across R1) volts
	V2 (V across R2) volts
	ε  (V across source) volts

	Measured
	
	
	

	Calculated
	
	
	


6. Connect resistors R1 = 100 Ω and  R2 = 200 Ω in parallel on one of the circuit boards of the Lab Station and then connect the two resistors to the 5 V power supply on your Lab Station as shown on the next page.  Consult your instructor if you need assistance.  
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7. Measure the current through (I1, I2, and IT) and the voltage across (V1, V2, and ε) each resistor and the source ε as shown below.  Enter the results in Table 4 and Table 5 



               IT        +                                                                                   


                ε = 5V                                                    +                                 +


                                                                    I1                                                     I3
                                   -                                  R1               V1                     R2              V2

                                                                               -                                -

                                                                                                  


8. Calculate the current through and the voltage across each resistor by 
a. Reducing the series resistor network to a single resistor using the parallel resistance relation 


b. Calculating the current IT in the equivalent circuit using Ohm’s law (ε  = IT RTotal)
c. Backtrack to the original circuit and then knowing ε= V1 = V2  and R1 = 100 Ω and R2 = 200 Ω, with Ohm’s  law calculate I1 and I2. Calculate ε using IT RTotal. Enter your results in Table 4 and Table 5.                                                         
Table 4

	Current 
	I1 (I thru R1) amps
	I2 (I thru R2) amps
	IT (I thru source) amps

	Measured
	
	
	

	Calculated
	
	
	


Table 5

	Voltage (pd)
	V1 (V across R1) volts
	V2 (V across R2) volts
	ε  (V across source) volts

	Measured
	
	
	

	Calculated
	
	
	


9. Connect resistors R1 = 100 Ω , R2 = 200 Ω, and  R3= 330 Ω in the parallel-series network shown below on one of the circuit boards of the Lab Station and then connect the three resistors to the 5 V power supply on your Lab Station.  Consult your instructor if you need assistance.       
     +
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10. Measure the current through (I1, I2, I3, and IT) and the voltage across (V1, V2, V3, and ε) for each resistor and the source ε as done previously.  Enter the results in Table 6 and Table 7. 
11. Calculate the current through and the voltage across each resistor by 
a. Reducing the series resistor network to a single resistor in two steps using the series and parallel resistance relations  

                             RTotal= R1 + R2 + R3 + …  and

b. Calculating the current IT in the equivalent circuit using Ohm’s law (ε  = IR)
c. Backtrack to the original circuit and then knowing V1 = V2 in the parallel portion of the network,  I1 = IT = I2  + I3 at the resistor junction, R1 = 100 Ω , R2 = 200 Ω, and R2 = 330 Ω, with Ohm’s  law calculate the remaining I’s and V’s. Enter your results in Table 6 and Table 5.                                                                            
Table 6
	Current 
	I1 (I thru R1) amps
	I2 (I thru R2) amps
	I3 (I thru R3) amps
	IT (I thru source) amps

	Measured
	
	
	
	

	Calculated
	
	
	
	


Table 7
	Voltage (pd)
	V1 (V across R1) volts
	V2 (V across R2) volts
	V3 (V across R3) volts
	VT  (V across source) volts

	Measured
	
	
	
	

	Calculated
	
	
	
	


Questions:
1.
How does the applied voltage compare to the sum of all the voltage drops in a series circuit?
2.
How does the current in the individual resistors compare to the total current in a parallel circuit?
3.
How can voltage drop be computed for a resistor?
4.   How would the current in the individual resistors compare to the total current from the source in a parallel circuit?
5.   For the series circuit, if R1 = 50 Ω and I = 0.4 amp, find R2?
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Electricity:  Ohm’s and Kirchoff’s Laws
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