Physics 211L

Measurement of Magnetic Induction Fields
Names: 
Part A: Solenoid:

(a) Measurement of B as a function of position (I= 5A ):

Length of solenoid = 16.000
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Outer diameter of solenoid = 5.64 
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Average diameter of solenoid = 
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	D (cm) *
	B (mT)
	D (cm) *
	B (mT)

	-4.0 ​
	0.25
	11
	18.6

	-3.0
	0.67
	12
	18.27

	-2.0
	1.55
	13
	17.65

	-1.0
	3.18
	14
	16.46

	0.0
	6.37
	15
	14.27

	1.0
	10.87
	16
	11.00

	2.0
	14.12
	17
	7.02

	3.0
	16.42
	18
	3.54

	4.0
	17.58
	19
	1.82

	5.0
	18.2
	20
	0.76

	6.0
	18.56
	
	

	7.0
	18.78
	
	

	8.0
	18.86
	
	

	9.0
	18.91
	
	

	10.0
	18.81
	
	


* D represents the pointer reading in cm
Plot B versus D and determine the position of the center of the solenoid. Comment.  
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We draw a line parallel to the y-axis at the maximum point to determine the abscissa of the maximum point, which itself is the position of the center of the solenoid. 

There is maximum magnetic field at the center of the solenoid, because as we at the center of the solenoid, the magnetic field of the whole solenoid meets (not coincides) there. The magnetic fields of the whole solenoid from the tips towards the center are met at the center. This phenomena is true because the magnetic field is in the form of the a loop that doesn't meet, and from every point of the solenoid emerges a magnetic field, which pass through or beside that center, that what makes it have a strong magnetic field at the center. 

Moreover from equations (1) and (2),

, 
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; we can see that B is maximum in equation (1) when x = 0. Although equation (1) is for coils, but equation (2) is a derivation of equation (1), and thus in this manner it is shown clearly in what condition is the maximal at B attained.

In equation (2) B becomes B =
[image: image7.wmf]]

[cos

1

0

Q

L

NI

m

 (this formula is derived afterwards), and if we replace cos(Ө1) = 
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, this term is maximum when cos(Ө1) = 1. ( 
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, ( R = 0, which is what is wanted.


In this case the point at which the magnetic field is measured should me at the center of the solenoid.

The length of the solenoid was measured to be 16 cm, so the center, should be at
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This is consistent with the results we obtained where according to the above graph we find that the maximum magnetic (20mT) is when D=8cm
From this we conclude that the measurements that were taken were accurate.

In addition to that, we notice that as the distance from the center increases the magnetic field decreases which is also consistent with the formula above. 


(b) Measurements of B at the center of the solenoid:

	I (A)
	Bmeas (mT)
	I2 (A2)
	Bcalculated=yi=Ax+B(mT)2
	e=y-yi
	e2

	1
	3.28
	1
	3.2871
	-0.0071
	5.041x10-5

	2
	7.13
	4
	7.1442
	-0.0142
	0.00020164

	3
	11.41
	9
	11.4313
	-0.0213
	0.00045369

	4
	14.95
	16
	15.0216
	0.0716
	0.00512656

	5
	18.90
	25
	18.9355
	-0.0355
	0.00126025

	6
	22.9
	36
	22.9574
	0.0574
	0.00329476

	7
	26.8
	49
	26.8497
	-0.0497
	0.00247009
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Plot B versus I and determine the slope of the line and its uncertainty.
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The line that we obtained can be fitted into a straight line of equation y=Ax+B

In order to find slope of this straight line we use linear regression.
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A is given to be 
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In order to the find the uncertainty on the slope we use
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Therefore the slope 
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From the slope, determine the number of turns in the coil N and its uncertainty.
According to the equation
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, we see that the plot B and I are directly proportional. So the linear plot of B vs. I should give straight line of slope
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. Therefore this last expression is equal to A=4.11 mT/A.
According to that, we find that 
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But since we have the measurement at the center of the solenoid, the geometry permits us to write 
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Using propagation of error we can find the uncertainty on the number of turns:
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Therefore N=547
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(c) Measurement of B outside the coil:

Value of B outside the solenoid = 1.64 mT
How does this value compare to those measured inside the solenoid. 

This value is small compared to the values inside the solenoid which start at 6.37 mT at the tip, and increases to a maximum of 18.91 mT at the center of the solenoid. So we see that this value is small to the value compared in the solenoid.

This shows that the magnetic field is concentrated inside rather than outside the solenoid.
Part B: Coil

Number of turns = 500  

Average diameter = 13.0 ± 0.3 cm
	D, Distance of probe-head to Coil plane (cm)
	B (mT)
	D, Distance of probe-head to Coil plane (cm)
	B (mT)

	- 10
	0.32
	2
	0.89

	- 8
	0.40
	4
	0.68

	- 6
	0.53
	6
	0.48

	- 4
	0.73
	8
	0.36

	- 2
	0.95
	10
	0.28

	0
	1.01
	XXXXXXXXXX
	XXXXXXXXX


Plot B versus D on the same graph paper that you’ve used for the solenoid.

Compare the value of the field at the center of the coil to the theoretical one that can be calculated from Equation 1. Comment. 
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The magnetic field in a coil is given by 

.
At the center of the coil (x=0), the formula becomes 
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The error on this field is found by the propagation of error:
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Then 
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Therefore the range of the measured magnetic field to be accurate is 0.95mT<Bmeasured<0.99mT
From the experiment, we found that at x=0 the magnetic field is 1.01mT

This falls in the above accurate range, therefore the measured magnetic field at the center of the coil is accurate.
Part C: Bar Magnet

Describe and explain the effect you observe when you place the bar magnet with one end against the probe tip and then the other end.

At one end, we found the magnetic field to be 11.5 mT while at the opposite it was measured to be -9.92 mT.
This is due to the fact that each magnet has a north and south poles where the magnetic field lines leave the north pole entering the south pole.

When the Tesla meter probe was put at the first pole the reading was positive so this is the north pole of the magnet while the when put on the second pole, the result was negative showing that this is the south pole of the bar magnet.
________________________________________________________________________
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