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Ohm’s Law, Kirchhoff’s Voltage and Current Laws

Objectives:

· To prove the current I and voltage V are linearly proportional in a dc circuit.

· To show that the proportionality constant is equal to the resistance R of the circuit.

· To verify Kirchhoff’s voltage law (KVL).

· To verify Kirchhoff’s current law (KCL).

Apparatus: 

· Digital Multimeter  (DMM) X 2

· dc power supply

Text Reference:  Robbins & Miller, Circuit Analysis: Theory and Practice, ITP Press. 

· Section 4.1  Ohm’s Law

· Section 5.2  Kirchhoff’s Voltage Law.

· Section 6.2  Kirchhoff’s Current Law.

PART  A:  BACKGROUND

Ohm’s Law is the basis of many electrical circuit calculations and is one of the most important theories you will learn:  V = IR.  The purpose of this experiment is to verify Ohm’s Law, which, in words, simply says that the current through a resistor is proportional to the voltage across it.  The way in which we accomplish this is to measure the voltage across and current through a known resistor for several different pair of values.  We can then plot the data on a graph, and if the relationship is truly linear, it should  yield a straight line.

When graphing data such as those obtained in this experiment, either the x or y axis can be chosen to display the voltage or current values.  When the y axis is chosen as the voltage axis, and the x axis as the current axis, we say that we are plotting V versus I.  The slope of the line (V/(I ( = rise/run ) should be equal to the resistance R of the resistor.  If, on the other hand, current is plotted on the y axis, and voltage along the x axis, then the slope of the line (I/(V (= rise/run) is equal to the conductance G of the resistor.  In this experiment, you will first plot V in volts versus I in mA, and therefore the slope of these data is, in fact, the resistance.  When plotting a straight line on a graph such as this, it is important to remember that the object here is to prove Ohm’s Law, and therefore it is imperative that you draw the “best” straight line that you can through the data points.

Finally, this experiment goes much faster with two meters (DMMs), so that one is assigned the ammeter and the other the voltmeter.

Kirchhoff’s Voltage Law states that the algebraic sum of voltages around a closed path is equal to zero.  With regard to the following diagram, this means that


VS - V1 -V2 -V3 -V4 = 0  or VS = V1 + V2 + V3 + V4
By connecting such a circuit and measuring the voltages, it should be possible to verify this relationship.

Kirchhoff’s Current Law states that the sum of the currents into a junction is equal to the sum of currents out of that junction.  With reference to the following diagram, this implies 

that



IT = I1 + I2 + I3 + I4

If you connect up this circuit, you should be able to verify this rule by measuring each of the currents.

PART  B:  PROCEDURES

B1  Ohm’s Law
Figure 1





Figure 2
1
With the DMM, measure the resistance of both the 1k( and 2k( resistors, and record these measured values in Tables 1 and 2.

2
With the power supply initially off, connect the circuit in Figure 1 with R = 1k(.

3
Connect one of the DMM in series as an ammeter and the other DMM in parallel as a voltmeter, as shown in Figure 2.

4
Switch on the power supply.  Beginning at 0V, increase the voltage in 1V steps and measure and record the resulting current in Table 1.

5
Repeat this procedure with the 2 k( in place of the 1 k( resistor.  Record these data in Table 2.

6
On the same scales and axes, plot graphs of V versus I for each resistor.  (Assign V to the y axis and I to the x axis)  Draw the best straight line possible through each set of the data.  You should have two straight lines of different slopes.

7
Determine the slope of each line by constructing a right-angled triangle under the line and taking the ratio (V/(I .  This ratio should equal the resistance R of the resistor in question.  Record these values in Table 3 for each set of data.
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Nominal Resistance R = 2k(
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Table 3


Slope(R)  (rise/run)

Table 1




Table 2




B2  Kirchhoff’s Voltage Law

1.
Select four resistors from the eight supplied (1.2k(, 1.8k(, 2.4k(, 3.3k(, 4.7k(, 5.6k(, 6.8k(, 8.2k(),  measure their individual resistance, and record in Table 4.  Connect the resistors in series.

2.
Assume a voltage of 10V, fill in all the calculated voltages and current in Table 4.

3.
Connect the circuit and adjust the power supply to 10V and measure all the voltages as shown in Table 4. 

Table 4


R1
R2
R3
R4
RT
Calculated 

Current I (mA)


Measured Resistance values







Calculated 
V1
V2
V3
V4
VSUM


Voltages








Measured
V1
V2
V3
V4
VSUM


Voltages









B3  Kirchhoff’s Current Law

1.
Select four resistors from the eight supplied, measure their individual resistance, and record in Table 5.  Connect the resistors as shown.

2.
Assume a voltage of 10V, fill in all the calculated currents in Table 5.

3.
Connect the circuit and adjust the power supply to 10V and measure all the currents as shown in Table 5. 

Table 5


R1
R2
R3
R4
RT


Measured Resistance values







Calculated 
I1
I2
I3
I4
IT


Currents








Measured
I1
I2
I3
I4
IT


Currents









PART  C:  DISCUSSIONS

1.
If a resistor RB has twice the resistance of a resistor RA, then for the same voltage, the current through RA will be


(a) one-half that in RB

(b) twice that in RB


(c) 4 times that in RB

(d) one-quarter that across RB

2
If a resistor RA has one-half the conductance of a resistor RB, then for the same current, the voltage across RA will be


(a) one-half that across RB

(b) twice that across RB


(c) 4 times that across RB

(d) one-quarter that across RB
SUMMARY

In not less than 100 words, write down what you have learnt from this experiment.
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