Physics 201L


Magnetic Induction Fields
Objective:
Measuring the magnetic field along the axis of coils and solenoids of different dimensions using a teslameter and investigating the relationship between the maximum field strength and the solenoid’s or coil’s dimensions, and exploring the magnetic field of bar magnets.
Equipment:

Solenoids, Coils, teslameter, power supply, digital multimeter, and bar magnets.

Theory:

A Solenoid is a loop of wire wrapped around a metallic core that produces a magnetic field when an electrical current is passed through it. This magnetic field flows through the center of the solenoid along its longitudinal axis and circles back around the outside of the loop or coil (see Figure). The magnetic field circling each loop of wire combines with the fields from the other loops to produce a concentrated field down the center of the coil.

If an N turns solenoid is of length L and radius R where L>>R, then the magnetic induction field inside the solenoid carrying a current I can be approximated to be: 
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Where μ0 is the magnetic constant μ0= 4πx10-7 N.A-2. 
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Solenoids are important because they can create controlled magnetic fields and can be used as electromagnets for various applications.
If L<<R, then we are dealing with a circular coil. The magnetic induction field B at point P on the coil axis at a distance x from the center of the coil in given by: 
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Procedure:

Effect of length:
1.  Connect the solenoid in series with the ammeter and the power supply. 
2. Turn on the teslameter and adjust its reading to zero.

3.  Turn on the voltage and set the current to 3 A. Adjust the position of the solenoid and make the probe-tip move along the axis of the solenoid.
4.  Move the probe in steps of 1 cm along the length of the solenoid. Start with the tip of the probe outside and continue until the probe sticks out the other end. Record B at every point.
5.  Plot the field values as a function of position.
6.  Repeat the same procedure for the second solenoid .Show both plots on the same graph. Comment

Effect of current:

7.  Set the probe at the center of one of the solenoids. Measure the magnetic field B, as a function of the current. Plot B versus I and calculate the slope of the curve using linear regression. 
8.  Measure the magnetic field outside the solenoid. Comment on your finding.
Coil Investigation:
9.  Now repeat the same procedure with a coil. Calculate the field at the center of the coil from the equation (this is the expected value) and compare to the measured value. 

Bar Magnets:

10.  Take the bar magnet and place first one end of it against the probe tip and then other end. Record both readings
Date:_____________

Physics201L

Measurement of Magnetic Induction Field
Names: ________________________                         
                      Section: ___________
Instructor: _____________________
Effect of length:
A-Solenoid 1: Fill the information below: (2.5 pts)
Average diameter of solenoid 1= __________   +
Length=________   +
 Number of turns=_____  +
	D (cm) +
	B (mT) +
	D (cm)  +
	B (mT)  +

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


· Plot B versus D and determine the position of the center of the solenoid. Comment. (1.5 pt)
B-Solenoid 2: Fill the information below: (2.5 pts)
Average diameter of solenoid 2= ________  +
Length=__________   +
Number of turns=___________  +
	D (cm) +
	B (mT) +
	D (cm) +
	B (mT) +

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


· Plot B versus D on the same graph of part 1.Compare the two plots. What  can you conclude? (1.5 pt)
Effect of current: ( 2 pts)
Average diameter of solenoid = _______   +  
Length=______   +
Number of turns=______  +
	I(A) + 
	Bmeas  (mT)  +

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


· Plot B versus I and determine the slope of the line and its uncertainty. (2 pts)

· From the slope, find the number of turns of the solenoid and its uncertainty.  (1.5 pts)

· Compare to the theoretical value and comment. (1 pt)
Coil: (2 pts)
Number of turns: _________  +
Average diameter: _________  +      Current: __________   +
	Distance (cm) +
	B(mT)  +
	Distance (cm)  +
	B(mT)  +
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· Compare the value of the magnetic field at the center of the coil to the theoretical one that can be calculated from the coil equation. Comment. (1.5 pts)
Bar Magnet: (2 pt)
Measure the magnetic field of the bar magnet at both poles.

Explain your results and draw the magnetic field lines of the bar magnet.
Grade:
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