Kirchoff’s Voltage Law

“The sum of the voltages around a closed current loop is zero.”
Although perhaps easily reasoned, the sum of voltages around a loop must equal zero. In other words, for the circuit shown, the voltage drop across the three resistors must equal the potential presented by the battery. If it were not the “extra” voltage would create an infinite current with no limiting resistance.

Mathematically, Kirchoff’s Voltage Law can be stated as:

E1 + E2 + E3 + …. = 0 or for the circuit shown:

(-)E battery + (Er1) + (Er2) + (Er3) = 0

[image: image1.png]


It is obvious that the current flowing in the circuit is the same in all three resistances regardless of their value. The total voltage divides between them and the voltage appearing across each one can be calculated with Ohm’s Law. This value is also known as the voltage drop or I-R drop across the resistor. When a current flows into the more positive terminal of a circuit component, the voltage is treated as a positive element in the equation. When a current flows out from a component, it is treated as a negative element in the equation. Thus, regardless of the number of resistors included in the series circuit, each presents a positive voltage drop within the equation. The source of power, the battery, is treated as the negative element in the equation. If there were more than one source of power, the direction of current flow would be dependent on the larger source and the amount of flow would be dependent on the polarity of the sources in relation to each other. 

For this example, assume a battery voltage of 90 volts R1 is 20 Ω, R2 is 30Ω, and R3 is 40Ω.

The total resistance would equal R1 + R2 + R3 = 20Ω + 30Ω + 40Ω = 90 ohms

The circuit current would equal [image: image2.png]


 = [image: image4.png]90 volts
90 ohms



 = 1 amp

Thus, the voltage drop of R1 is equal to I X R = 20 volts. Likewise, Er2 would be 30 volts and Er3 would be 40 volts. 

E total would be equal to Er1 + Er2 + Er3 = 20 vdc + 30 vdc + 40 vdc = 90 vdc.

Using Kirchoff’s Voltage Law:

E battery + Er1 + Er2 +Er3 = -90 vdc + 20 vdc + 30 vdc + 40 vdc = 0

Work Session/ Lab

Using the resistors and power source provided by your instructor, construct series circuits using the resistance values provided by your instructor. Using Ohm’s Law, calculate the approximate current expected through the circuit when the power source is placed in the circuit. Measure the voltage drop across each of your resistors. Use Ohm’s Law to calculate the current through each resistor.  Calculate the total voltage across each resistor.  Calculate the total voltage drop across the resistors. Does it equal the source voltage?______________

Circuit 1:
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Values per your Instructor:

Source Voltage: __________________

R1: ______Ω, R2: ______Ω, R3: ______Ω
Measure Values:

Er1 :______, Er2: ______, Er3: _______

Calculate the following values:

Rt : __________ Ω, = ([image: image6.png]R1+R2+R3



 )

Ir1: __________ma, = ([image: image8.png]


 ) = I total
E rtotal: ________vdc, = ( Ir1 + Ir2 + Ir3)= (Er1 + Er2 + Er3)

If a meter is available, disconnect the circuit between Node A and the battery. Insert an ampere meter (or DMM set to the ampere scale) with the positive lead on the battery and negative lead at Node A. Measure the circuit current. It should be close to the calculated value of I total. 

Circuit 2:


Values per your Instructor:

Source Voltage: __________________

R1: ______Ω, R2: ______Ω, R3: ______Ω
Measure Values:

Er1 :______, Er2: ______, Er3: _______

Calculate the following values:

Rt : __________ Ω, = ([image: image10.png]R1+R2+R3



 )

Ir1: __________ma, = ([image: image12.png]


 ) = I total
E rtotal: ________vdc, = ( Ir1 + Ir2 + Ir3)= (Er1 + Er2 + Er3)

If a meter is available, disconnect the circuit between Node A and the battery. Insert an ampere meter (or DMM set to the ampere scale) with the positive lead on the battery and negative lead at Node A. Measure the circuit current. It should be close to the calculated value of I total. 

Circuit 3:


Values per your Instructor:

Source Voltage: __________________

R1: ______Ω, R2: ______Ω, R3: ______Ω
Measure Values:

Er1 :______, Er2: ______, Er3: _______

Calculate the following values:

Rt : __________ Ω, = ([image: image14.png]R1+R2+R3



 )

Ir1: __________ma, = ([image: image16.png]


 ) = I total
E rtotal: ________vdc, = ( Ir1 + Ir2 + Ir3)= (Er1 + Er2 + Er3)

If a meter is available, disconnect the circuit between Node A and the battery. Insert an ampere meter (or DMM set to the ampere scale) with the positive lead on the battery and negative lead at Node A. Measure the circuit current. It should be close to the calculated value of I total. 
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