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Objective
To be able to troubleshoot a Wheatstone bridge circuit in Multisim and also to prototype a circuit on NI ELVIS II and measure the unknown resistance across their arms.
Equipment
· Multisim 11.0 and above
· NI ELVIS II
· 4 1kΩ resistors
· Electrodes 
· 2 Alligator 
· Connector wires

Theoretical Background
The Wheatstone Bridge was originally developed by Charles Wheatstone to measure unknown resistance values and as a means of calibrating measuring instruments, voltmeters, ammeters, etc, by the use of a long resistive slide wire. Although today digital multimeters provide the simplest way to measure a resistance, The Wheatstone Bridge can still be used to measure very low values of resistances down in the milli-Ohms range. The Wheatstone bridge is an electrical bridge circuit used to measure resistance. It consists of a common source of electrical current (Such as a battery) and four resistors, three of which are known. The whetstone bridge is well suited for the measurement of small changes of a resistance.

[image: File:Wheatstonebridge.svg] Wheatstone bridge Circuit Diagram.
Figure 1
http://en.wikipedia.org/wiki/Wheatstone_bridge
Background:
If all four resistor values and the supply voltage (VS) are known, and the resistance of the galvanometer is high enough that IG is negligible, the voltage across the bridge (VG) can be found by working out the voltage from each potential divider and subtracting one from the other. The equation for this is: 

[image: http://www.efunda.com/designstandards/sensors/methods/images/WheatstoneBridge01EqD.gif]

PROCEDURE
Open Multisim and create the circuit below (Wheatstone Bridge Schematic)
[image: ]
Figure 2

Wheatstone bridge Schematic
1. Once we finished building the circuit, we save the work. 
2. Next we Click on the NI ELVISmx Instruments icon and click on the Digital Multimeter 
3. To measure voltage, we connect V and COM to the desired ports. 

a. R1and Ground
b. R4 and Ground
c. R2 and R4
4. Next we pressed the run button on the simulation toolbar. (once we got the data stop the stimulation.)
5. The results of the simulation we obtained are displayed on DMM display. 

Part 2: Troubleshoot in Multisim:
1. First we open the file WheatstoneBridgeExample. 
2. Than we measure ONLY the voltage at the same points for the bridge that we  built in Part 1and record the data 

Part 3: Prototype on NI ELVIS II:
1. With the power turned off, we will build the circuit that we have simulated in Multisim on NI ELVIS II.	
2. Power up NI ELVIS II and when the Instrument Launcher is opened, we will choose the Digital Multimeter and connect the probes to measure voltage. 
a. The banana plug of the red probe is connected to V
b. The banana plug of the black probe is connected to COM
3. Than we take voltage measurements for the circuit as we done in the simulation. Record the data. 
4. Next we measured the resistance with DMM for R1, R2 and R3, but DO NOT MEAUSRE R4 yet!
5. Calculate the resistance of R4.
6. Check the calculation by measuring the actual value of R4. 
7. Remove R4 and replace with two input wires. 
8. Place two electrodes on left arm. Place one on the wrist and the other in a straight line before the elbow joint. 
9. Hook up the alligator to alligator clips from the electrode clips to the input wires. Repeat steps 3-6 to determine the unknown resistance of your arm.






Experimental Results:
[image: ][image: ]Part 1: Simulation in Multisim 
Figure 3
Figure # 3 shows the measured results of the voltage across R1 to ground in Multisim
Calculated value:
= 1 kΩ 
V= 5v                               V(R total) = I * R = 0.005*1000
[image: ]V(R total) = 5V






Figure 4
Figure # 4 shows the measured results of the voltage across R4 to ground Multisim  

Calculated Value:
R (total) = 2kΩ (This result is after combing R3 and R4)					          V = 5v												      V(R total) = I * R (total) = 0.00125 * 2000
V(R total) = 2.5v


[image: ]






Figure 5
Figure 5 shows the measured results of the voltage across R2 to R4 in Multisim


Part 2: Troubleshoot in Multisim

	
	V Across R1 to Ground
	V Across R4 to Ground
	V Across R2 and R4

	Part 1
	5v
	2.5v
	0v

	Part 2
	4.9179v
	2.4537v
	0v





Part 3: Prototype on NI ELVIS II
Circuit:
[image: ]






Figure 6
Figure 6 shows the measured results of the voltage across R1 to Ground in Lab VIEW
[image: ]





Figure 7
Figure 7 shows the measured results of the voltage across R4 to ground in Lab VIEW

[image: E:\Lab 5\Lab 5 R2 and R4  =2.5v.PNG]






Figure 8
Figure 8 shows the measured results of the voltage across R2 and R4 in Lab VIEW
[image: ][image: ][image: ]




Figure 9
Figure 9 shows the measured results of the resistors LabVIEW
 R1= 0.9906kΩ	           R2 = 0.9825kΩ		           R3 = 0.9857kΩ
Calculated Value for R4:

[image: ]









Figure 10
Figure 10 shows the actual measured results of R4 resistors from LabVIEW

[image: ]
ARM




Figure 10
Figure 10 shows the measured results of the voltage across R1 to Ground in Lab VIEW
[image: ]





Figure 11
Figure 11 shows the measured results of the voltage across R4 to ground in Lab VIEW

[image: ]





Figure 12
Figure 12 shows the measured results of the voltage across R2 and R4 to ground in LabVIEW
	
Wheatstone Bridge Measurement for Circuit:
	
	V Across R1 to Ground
	V Across R4 to Ground
	V Across R2 and R4
	R1
	R2
	R3
	R4
	R4 measured 

	CIRCUIT 
	4.9179v
	2.4537v
	4.557mV
	0.9906kΩ
	0.9825kΩ
	0.9857kΩ
	0.9776kΩ
	0.9819kΩ

	ARM
	4.9196v
	4.9014v
	2.4527V
	0.9906kΩ
	0.9825kΩ
	0.9857kΩ
	0.8894MΩ
	8.107MΩ




Conclusion
	In this laboratory experiment, one can verify how Wheatstone bridge works and also to do the troubleshooting of Wheatstone bridge in Multism and LabVIEW to verify the Wheatstone bridge resistance and voltage across different resistors. I also used the Wheatstone bridge circuit on NI ELVIS II and measure the unknown resistance across my arm. In general, all the data obtained from Multism and LabVIEW was accurate therefore one can conclude that this laboratory experiment was successful and I was able to accomplished my objective.
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