 SEQ CHAPTER \h \r 1Magnetic Fields of a Plane Coil of N Turns
EQUIPMENT

	1
	Coil Base

	

	1
	Field Coil (200 turns, radius 0.10 m)

	

	3
	Banana plug patch Cords 

	

	1
	Digital ammeter (DVM)
	

	1
	Short track with affixed cm markings
	

	1
	 wood support base for track

	

	1
	DC Power Supply

	

	1
	Magnetic Field Sensor

	

	1
	LabPro Interface
	

	1
	Plane Coil-B vs I.cmbl application
	

	1
	Plane Coil-B vs X.cmbl application
	

	
	
	


Objective
The magnetic field strength  B  produced by a plane current-carrying coil of N turns is measured first at the center of the coil as a function of the current, and then for a fixed current as a function of distance along the axis of symmetry from the center of the coil.  The results are compared with the predictions based on the theoretical formula resulting from the application of the Biot-Savart Law for this geometry. Based on the regression curve fits to the data ,values for the magnetic permeability constant o are obtained and compared to the theoretical value of 4×10-7 T·m/A  . 


THEORY

For a current-carrying coil of wire having radius R and N turns of wire, the  application of the Biot- Savart Law to this geometry gives the magnetic field along the perpendicular axis through the center of the coil as

[image: image1.wmf](

)

i

R

x

NIR

o

)

r

2

3

2

2

2

2

+

=

m

B




(1)









Figure 1:  Plane coil of N turns
SET UP

1.
Attach the coil to the Helmholtz Base.  Connect the DC power supply through the digital ammeter directly to the coil (not across the coil's internal resistor). Turn the current limiter control of the power supply about halfway (so the indicator points up), and the voltage control knob fully counterclockwise to the minimum position.
2. 
Adjust the position of the track on the wooden support blocks so the 30 cm mark is at the coil center. 
3.
Plug the Magnetic Field Sensor into Analog Port 1 of the LabPro  interface.  

4.
Set the Magnetic Field Sensor switch on “ 0.3 mT”   position.  With the DC power supply off, set the Magnetic Field Sensor aligned along  the middle groove of the track with the sensor plane location  at  the coil center at the 30 cm mark.

5.
Open the LoggerPro  program called "Plane Coil- B vs I.cmbl ", located on the Desktop or in the LoggerPro3 folder in the bottom toolbar on the screen
6.
Record the radius of the coils R. The nominal value supplied by the manufacturer is R=0.10 m., but you may wish to measure yourself. If so, measure from the middle of the thick layer of coils on one side to the middle of the coils on the other side, and divide by 2. 
7.         Briefly disconnect the + lead from the power supply, and with the magnetic field sensor at the center of the coil and aligned with the axis, click the “zero” button in the LoggerPro controls in the Experiment pull-down menu so any ambient magnetic field ( mostly due to the Earth’s magnetic field) will be ignored during the experiment. Then reconnect the + lead to the power supply.
Procedure 1:  Magnetic Field as a Function of Current at the Coil Center- 
                        Measuring 0
1. Position the sensor at the center of the coil ( at the 30 cm mark) , aligned with the grove.

2. Start the measurements by clicking the bright green START button. When reading stabilizes click the KEEP icon ( circular blue icon next to the START/STOP button) to record data in table and plot on graph. You will have to enter the current by hand in the data input window when requested by the program. Enter the values in Amps. Adjust voltage control on power supply to approximately 0.05 Amps, let stabilize, and repeat. Continue this process for currents of approximately 0.10, 0.15, 0.20, and 0.25 Amp.
3. Click the Red STOP button, and rescale the axes on the graph so the origin and all data are shown on the graph.

4. Perform a linear regression fit to the data, and display the slope and intercept regression values for the best fit line along with the corresponding standard deviations (uncertainties). Calculate o ± δo) from the slope and its standard deviation and compare with the standard value (  give % difference). Note : δo)/o = δR/R + δ(slope)/slope, with δR approximately 0.005 m.
5. Print out graph with regression statistics and make one copy for each lab group member.

Procedure 2:  Magnetic Field as a Function of Distance from the Coil Center for Fixed Current
6. Close the application and open the application Plane Coil –B vs X.cmbl.
7. Turn the voltage control fully counterclockwise to minimum, disconnect the + lead from the power supply and re-zero the sensor as before.

8.  Adjust the DC power supply for a current of approximately 0.20 Amp ( record current),  and position the Magnetic Field Sensor along the center of the track, keeping the probe parallel to the track, starting at the 14 cm point. Click the Green START button, and when the reading stabilizes, click the blue circle KEEP button next to the START/STOP button- then enter the position of the magnetic field sensor in meters in the dialog box as it is requested by the program.
9. Reposition the sensor at 16 cm and repeat, then repeat at 2 cm  intervals until last data point at x = 44 cm.

10. After recording data at x = 44 cm, click the STOP button.
11. Click on Curve Fit from the Analysis menu and choose Plane Coil near the bottom of the selection list. This will perform a regression fit to an equation of the form:
    y = A/(B+(x-C)^2)^1.5, 

 where the reported regression parameter A equals NoIR2/2 .Based on this and the known values of N, I, and R calculate the value of o , and compare with the standard value,  and express % error.
12. Print out the graph and data table,  along with the regression statistics, and perform a visual assessment of the quality of fit between the theoretical regression curve and the data points. In report, be sure to address all requirements for experiment reports as outlined in first day handout on Lab Report Format. 
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