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Color Code and Equivalent Resistance
Purpose:  To use the color code to determine the value of resistors and to determine the equivalent resistance of resistors connected in combination.  
Equipment Needed
• PRO-S Lab Station
•
Multimeter

• 5 resistors

Background: When a potential difference or voltage is applied to a conductor, the current or rate of charge flow is directly proportional to the voltage applied.  The constant of proportionality is called R, the resistance of the conductor. The unit of resistance is called the ohm and is identified by the Greek letter Ω. The symbol for a resistor is  
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Some resistors are color coded for ease of recognition in electrical circuits. The color code is:


Black   = 0

Green = 5
      
Brown  = 1

Blue   = 6


Red      = 2

Violet = 7


Orange = 3

Gray   = 8


Yellow  = 4

White = 9
                                  A     B     C      D
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The value of the resistor is AB x 10C with a tolerance ± D.  No D band means ± 20%, silver means ± 10%, and gold means ± 5%. As an example a resistor with Red, Blue, Yellow, and Silver bands would have a value of 26x104 ± 10% ohms, or 260,000 ± 2,600 Ω .  

Resistors can be connected in series, parallel, series-parallel, or other combinations. 
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              Series    


Parallel


Series-Parallel Example



When a potential difference or voltage source is connected to resistors in series, the current flows through each resistor. If a voltage source is connected to resistors in parallel, the current divides as it flows through each resistor and then recombines.
The equivalent resistance of resistors connected in series or parallel can be determined with the following relationships:
            Resistors connected in SERIES:
       Resistors connected in PARALLEL:


REquiv
= R1 + R2 + R3 + …                         1/REquiv  =   1/R1 + 1/R2 + 1/R3 + …















         






                                                    
The equivalent resistance of resistors connected in series-parallel combinations can be found with successive applications of the above relationships. 
These relationships show that the equivalent resistance of a series network is always greater than the largest individual resistor, while the equivalent parallel resistance is always less than the smallest resistance.  
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.
Assure that the black meter lead is plugged into the COM socket of the multimeter and the red meter lead is plugged into the V ( socket.  Set the pointer to a high resistance scale. Note: It is always good practice when using a multimeter to start with a high scale and then change to the lowest scale necessary for your measurement to protect the meter. 

3.
Touch one meter lead to the wire (pigtail) on one side of the 100 Ω  resistor and the other meter lead to the pigtail on the other side of the resistor.  Read the value and record as R1 in the Table 1. Similarly, measure the 200 Ω and 300 Ω resistors and record in Table 1.
Table 1   Resistor Values
	Resistors
	R1 = 100 Ω
	R2 = 200 Ω
	R3 = 330 Ω

	Measured Value
	
	
	


4. Connect the three resistors in series (as shown below) on one of the circuit boards (breadboard) of the Lab Station.  You will have to bend the pigtails to insert them in the small holes on the circuit board.  Consult your instructor if you need assistance.  Calculate the total resistance between A & B using the measured values in Table 1 and the series formula above.  Record your values in Table 2.  
   R1                       R2                R3 
     A 
[image: image10]

 SHAPE  \* MERGEFORMAT 
[image: image11]

 SHAPE  \* MERGEFORMAT 
[image: image12] B
5. Measure the total resistance with the multimeter by placing one meter lead at point A and the other meter lead at point B.  Use a scale large enough to cover the calculated value.  Record your measurement in Table 2.   
6. Calculate the % difference between the calculated value and the measured value. Record your value in 
       Table 2
       % Difference =    | Calculated Value- Measured Value| x 100

                                  (Calculated Value + Measured Value)/2
Table 2   Series Network


	Calculated Resistance
	Measured Resistance
	% Difference

	
	
	


.
7.   Connect the three resistors in parallel (as shown below) on one of the circuit boards (breadboard) of the Lab Station.    Calculate the total resistance between A & B using the measured values in Table 1 and the parallel resistor formula above.  Record your value in Table 3.  
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8. Measure the total resistance with the multimeter by placing one meter lead at point A and the other meter lead at point B.  Use a scale large enough to cover the calculated value.  Record your measurement in Table 3.   

9. Calculate the % difference between the calculated value and the measured value. Record in your value in Table 3
Table 3 Parallel Network
	Calculated Resistance
	Measured Resistance
	% Difference

	
	
	


10.  Connect the three resistors in the network shown below on one of the circuit boards (breadboard) of the Lab Station.    Calculate the total resistance between A & B using the measured values in Table 1 and the series and parallel resistor formulae above. Hint R1 and R3 are in parallel.  Record your value in Table 4  
                     R1
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11.
Measure the total resistance with the multimeter by placing one meter lead at point A and the other meter lead at point B.  Use a scale large enough to cover the calculated value.  Record your measurement in Table 4.   

12. Calculate the % difference between the calculated value and the measured value. Record in your value in Table 4
Table 4  Series-Parallel Network 1 
	Calculated Resistance
	Measured Resistance
	% Difference

	
	
	


 13.  Connect the three resistors in the network shown below on one of the circuit boards (breadboard) of the Lab Station.    Calculate the total resistance between A & B using the measured values in Table 1 and the series and parallel resistor formulae above.  Record your value in Table 5  

       
            R1                     R2    
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[image: image21]      
                                      R3?
14.
Measure the total resistance with the multimeter by placing one meter lead at point A and the other meter lead at point B.  Use a scale large enough to cover the calculated value.  Record your measurement in Table 5   

15. Calculate the % difference between the calculated value and the measured value. Record in your value in    Table 5
Table 5  Series-Parallel Network 2 

	Calculated Resistance
	Measured Resistance
	% Difference

	
	
	


Questions 
1.  What is the color code for a 4,700 Ω resistor with 5 % tolerance?
2. For resistors in series, how does the equivalent resistance in the circuit compare to the value of the individual resistors?

3. For resistors in parallel, how does the equivalent resistance of the parallel resistors compare to the value of the smallest individual resistor in the circuit?

4. For two resistors in parallel, derive a general expression for REquiv in terms of R1 and R2?
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