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LIST OF FIGURE CAPTIONS

Figure 1 -- (a) Voltage divider circuit without load potentiometer, but a signal wire; (b) the voltage divider circuit with a load potentiometer.
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Figure 3 -- Picture of function module in which the locations of the output voltage terminals, input voltage terminals, ground and the potentiometer are shown.
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Table 4 -- List of Required Components

1. INTRODUCTION

Voltage division is a method used to change the voltage across a particular circuit through the use of resistors as the only circuit component.  The voltage divider uses two resistors in series to decrease the voltage through a parallel circuit, according to the second resistor. Figure 1a shows the circuit diagram for a voltage divider in open circuit configuration. When this second resistance is equal, the voltage through the circuit should be halved. With the values of resistances different, the output voltage will differ. The input voltage, 
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, the output voltage, 
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, and the two variable resistances, 
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 and 
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, are indicated. Figure 1b shows a voltage divider with a potentiometer acting as two variable resistors. This particular open circuit has many applications in which the voltage across another circuit needs to be varied.  As the variable lead on the potentiometer changes the resistance of the two variable resistors change.  In this manual, we will investigate the influence of resistance on this voltage divider configuration, in order to decrease potential with precision, and the relationship between the output voltage as a function of the resistance ratio R2/R1.
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Figure 1
(a) Voltage divider circuit without load potentiometer, but a signal wire; (b) the voltage divider circuit with a potentiometer acting as both resistors.

2. THEORY AND PREDICTIONS
In a series circuit, in which the same current flows through all of the components, the total resistance is equal to the sum of the resistance of each of the resistors. In addition, the sum of individual voltage drops across each resistor is equal to the total voltage applied to the circuit. This is often referred to as Kirchoff’s Voltage Law (Rizzoni, 2000).

According to Ohm’s law, if the voltage is constant and the resistance is changed, the current must change as well. Adding a load resistor in parallel onto the signal wire will influence how the current flows through the circuit. The parallel resistors cause a split in the current, which favors the side with less resistance, or greater load. Therefore, all three resistances influence the division of voltage in a parallel section of circuit with a load rheostat.  This is Kirchoff’s Current Law.
To derive the Voltage Divider Rule for an open, series circuit, we begin Ohm’s law:
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According to Kirchoff’s Voltage Law—in accordance with Ohm’s Law—there are two distinct voltages that vary according to two distinct resistances in series.  Equations 2 and 3 show this relationship.
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From Kirchoff’s Voltage Law, we can know that the sum of each individual voltage is equivalent to the total voltage of the circuit (Equation 4). From these three equations, we can then make a series of algebraic calculations to determine the Voltage Divider Rule.
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Thus,
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Essentially, in Equations 7 and 8, the voltage flowing out of a voltage divider is equivalent to the ratio of the secondary resistance to the sum resistance, times the input voltage, or the inverse of the ratio of the resistors times the input voltage. Instead of relying on a single resistance to split the voltage, the voltage divider relies upon the properties of two resistances in series.


Figure 2 shows a plot of Equations 7 and 8 for 
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 between 0 and 15. When variable resistors are used , the voltage 
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 can be changed through the ratio of the two resistances. We can see that when the two resistances are equal (i.e., when 
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=1), the voltage is cut in half according to Equation 8. When the ratio is greater than one (i.e., when the first resistance is greater than the second), the voltage is smaller than one half. If the ratio is less than one (when the second resistor is greater than the first), then the divided voltage will be more than one half. For 
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Figure 2
Theoretical and Experimental variation of output voltage, 
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In this graph, Figure 2, it is easily seen that the measured relationship between the output voltage with respect to ground as a function of the ratio of the resistances R1/R2 is a decreasing function that approaches zero as the resistance ratio R1/ R2 approaches infinity. Thus, for a resistance ratio in which R1 is >> R2, the output voltage would be very low compared to the input voltage, and for a resistance ratio in which R2 is << R1 the output voltage would be very close to the input voltage.
The mathematical function that is the representation of this particular equation is shown below where y is the output voltage, Vout, and x is the ratio of resistances, R1/ R2.
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It is very important to note that the voltage decreases as a function of equation (8).  In figure 2, equation (8) was the function used to plot the theoretical line.  As easily inferred in the following graph the data closely models the mathematical function of equation (8).  The average percent error of the output voltage for all data points was 5.15%, and the standard deviation from this average percent error was found to be ±5.61%.  Some possible causes for error may be due to the fluctuation of the digital multi-meter reading when used to measure the resistance and voltage across the circuit, the uncertainty caused by the lead connections when measuring the voltage output.  However, the overall uncertainty caused by these two problems is relatively small.  To decrease the uncertainty of these to causes it is recommended that you allow ample time for the multi-meter to “settle” on the appropriate resistance or voltage value instead of taking a reading while the multi-meter is fluctuating.  Also, when measuring the voltage and resistance make sure that the leads are touching the wires in the circuit the instant when you record the measurement.  Table 3 in the testing and sequences section contains all of the data in figure 2.
3. WIRING INSTRUCTIONS

Table 1
Wiring of Voltage Divider

	Red
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 (+5 volts) to 
[image: image34.wmf]1

R
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 to yellow (signal), 
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	Black
	Ground (0 volts)
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 to ground (0 volts)
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	Yellow
	In Circuit 1, signal wire (
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	In Circuit 2, to 
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4. AppArATUS

Table 2
Apparatus Needed for Testing

	Digital multimeter, or equivalent ohmmeter and voltmeter

	Power source

	Voltage box, with ground (0 volts) and +5 volt outlets

	5/64” flathead screwdriver


5. testiNG SEQUENCE
Adjust the potentiometer such that the resistance between the input terminal and the variable lead is at an absolute minimum which should be around 100 ohms. Measure and record the exact value of this resistance with the multimeter, and then connect the potentiometers to the circuit if not already connected. Then connect the power source to the circuit by connecting the +5V the +5V source and the ground terminal to the ground source. Once the power source is giving voltage to the circuit ,  read the voltage of the signal wire with the multimeter, which should yield an approximate result.  Next, change the potentiometer resistance slowly such that 20 measurements of resistance between the input terminal and the variable lead or the output terminal and the variable lead, and 20 corresponding voltage measurements should be taken as well.  Try to take these measurements in such a way that the resistance is in equal increments throughout the entire range of the potentiometer.  It is imperative that you disconnect the voltage supply from the circuit when measuring the resistance between the terminals.  Also, when taking these measurements make sure that the multi-meter is not fluctuating when the measurement is taken and that the leads of the multi-meter are making contact with the circuit the instant the measurement is taken.  Table 3 describes the expected results when the voltage divider that lacks a load resistance is tested, when 
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Table 3
Testing Sequence of 
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	Trial
	Vout
	R2
	R1
	R1/R2
	Vout Theoretical
	% Error of Vout

	1.000
	0.000
	0.106
	261.894
	2468.369
	0.002
	0.000

	2.000
	0.120
	7.460
	254.540
	34.121
	0.147
	0.081

	3.000
	0.250
	13.570
	248.430
	18.307
	0.268
	0.100

	4.000
	0.380
	20.300
	241.700
	11.906
	0.401
	0.179

	5.000
	0.490
	25.600
	236.400
	9.234
	0.506
	0.175

	6.000
	0.620
	32.600
	229.400
	7.037
	0.645
	0.349

	7.000
	0.740
	38.600
	223.400
	5.788
	0.763
	0.400

	8.000
	0.870
	45.200
	216.800
	4.796
	0.894
	0.493

	9.000
	1.010
	52.400
	209.600
	4.000
	1.036
	0.650

	10.000
	1.120
	57.800
	204.200
	3.533
	1.143
	0.644

	11.000
	1.240
	64.600
	197.400
	3.056
	1.277
	1.218

	12.000
	1.360
	69.200
	192.800
	2.786
	1.368
	0.293

	13.000
	1.490
	76.000
	186.000
	2.447
	1.503
	0.515

	14.000
	1.620
	83.500
	178.500
	2.138
	1.651
	1.444

	15.000
	1.760
	91.200
	170.800
	1.873
	1.803
	2.302

	16.000
	1.860
	96.600
	165.400
	1.712
	1.910
	2.913

	17.000
	2.000
	102.700
	159.300
	1.551
	2.030
	1.965

	18.000
	2.120
	108.500
	153.500
	1.415
	2.145
	1.778

	19.000
	2.240
	115.000
	147.000
	1.278
	2.274
	2.634

	20.000
	2.360
	121.400
	140.600
	1.158
	2.400
	3.471

	21.000
	2.490
	127.500
	134.500
	1.055
	2.521
	2.920

	22.000
	2.620
	134.700
	127.300
	0.945
	2.663
	4.566

	23.000
	2.750
	140.400
	121.600
	0.866
	2.776
	2.984

	24.000
	2.870
	147.100
	114.900
	0.781
	2.908
	4.905

	25.000
	3.000
	153.400
	108.600
	0.708
	3.033
	4.643

	26.000
	3.120
	159.900
	102.100
	0.639
	3.161
	6.481

	27.000
	3.250
	166.400
	95.600
	0.575
	3.290
	6.944

	28.000
	3.370
	172.100
	89.900
	0.522
	3.403
	6.238

	29.000
	3.490
	179.300
	82.700
	0.461
	3.545
	11.911

	30.000
	3.620
	184.900
	77.100
	0.417
	3.656
	8.551

	31.000
	3.750
	191.600
	70.400
	0.367
	3.788
	10.375

	32.000
	3.870
	197.500
	64.500
	0.327
	3.905
	10.647

	33.000
	4.000
	203.000
	59.000
	0.291
	4.014
	4.649

	34.000
	4.130
	210.000
	52.000
	0.248
	4.152
	8.848

	35.000
	4.250
	216.000
	46.000
	0.213
	4.271
	9.642

	36.000
	4.370
	222.000
	40.000
	0.180
	4.389
	10.634

	37.000
	4.500
	229.000
	33.000
	0.144
	4.528
	19.123

	38.000
	4.620
	234.000
	28.000
	0.120
	4.626
	5.359

	39.000
	4.740
	241.000
	21.000
	0.087
	4.765
	28.471

	40.000
	4.870
	246.000
	16.000
	0.065
	4.864
	9.741

	41.000
	5.000
	253.000
	9.000
	0.036
	5.002
	5.794

	42.000
	5.120
	259.000
	3.000
	0.012
	5.121
	5.931

	43.000
	5.180
	262.000
	0.000
	0.000
	5.180
	DNE
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Figure 2
Experimental variation of output voltage, 
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Figure 3
Picture of function module in which the locations of the output voltage terminals, input voltage terminals, ground and the potentiometer are shown.
6.  List of Parts

Table 4
List of Required Components

	Piece
	Resistance

	Potentiometer
	0.1-262 k
[image: image52.wmf]W



	Red wire
	Not applicable

	Black wire
	Not applicable

	Yellow wire
	Not applicable

	Breadboard
	Not applicable


7. REFERENCES
CUNNINGHAM, David R., SUTTLER, John A. (1991) Basic Circuit Analysis. 1st edition. Boston, MA. Houghton Mifflin, 1991, pp. 78-83, 94-95, 111.

RIZZONI, GIORGIO. (2000) Principles and Applications of Electrical Engineering. 3rd edition. Boston, MA. McGraw-Hill, 2000, pp. 30-48.

Voltage Final_Brian
16
10/21/2003

_1055247792.unknown

_1055313636.unknown

_1126930743.unknown

_1055315359.unknown

_1055315391.unknown

_1055315411.unknown

_1055313714.unknown

_1055313376.unknown

_1055313533.unknown

_1055313616.unknown

_1055313515.unknown

_1055313099.unknown

_1055313357.unknown

_1055247824.unknown

_1055248393.unknown

_1053765261.unknown

_1053775099.unknown

_1053775575.unknown

_1055247556.unknown

_1055247580.unknown

_1053776056.unknown

_1053775113.unknown

_1053775134.unknown

_1053774469.unknown

_1053774531.unknown

_1053774496.unknown

_1053774511.unknown

_1053774487.unknown

_1053774413.unknown

_1053774427.unknown

_1053774406.unknown

_1053764094.unknown

_1053764131.unknown

_1053765111.unknown

_1053417994.unknown

_1053418017.unknown

_1053416959.unknown

