A Report on an Experimental, Quantitative Lab on Ampere’s Law and E&M Interactions
[bookmark: _GoBack]Matt Leach, AP Physics Teacher, Douglas County High School
	For years, I have been looking for a quantitative lab showing the properties of magnetic fields and their interactions with current carrying wires. Ampere’s Law and E&M Forces are part of the AP Physics 2 and IB Physics SL/HL curriculum. In the past I would just do a more conceptual unit for Magnetism, but always was on the hunt for a workable, data driven experiment with magnetic fields and current. After being involved in DAPT (Denver Area Physics Teacher) group, I worked with Cherie Bornhorst from CO School of Mines to develop the following lab. 

	In this lab, students have a series circuit of a power supply, rheostat, ammeter and a suspended wire. The suspended wire is suspended in a magnetic field created by an apparatus that Cherie designed and had made by a plastics company. It consists of 2 rectangular plane neodymium magnets, held in place in a plastic structure, with opposite poles on the inner parts of the magnet. This results in an almost magnetic field between the two magnets. The suspended wire is placed in between those magnets, so a portion of the wire (the same length as the width of the magnets) will feel a magnetic force when current is flowing through it. With the magnetic field and the current in perpendicular horizontal directions, the resulting force is in the vertical. This force is very small, but not negligible. The set up can be seen below:
When current is running through the wire, the wire experiences a force in the vertical from the magnetic field. Due to Newton’s 3rd Law, there is a reaction force on the magnets also in the vertical. To measure this resulting force, the magnetic/plastic apparatus is placed on a digital scale and the scale is zero’d before the current flows. Thus any force due to the E&M interaction will show up as either additional mass (if the wire is lifted upward) or a loss in mass (if the wire is pushed down). 

The full diagram of the setup for the lab can be seen below:


[image: ]

To manipulate data and take measurements, students altered the Voltage supply and the rheostat, thus changing and controlling the resulting current in the circuits. The measured the current with an ammeter (For our school, we use PASCO GLX sensors with VI probes). The currents needed to range for 0.2 A up to 1 A. The ammeters could not exceed 1 A and even if we could go over 1 A, I was a little worried about the tolerance that the rheostats could take. When students have current around 0.8 A or 0.9 A, the wiring in the rheostat would get hot to the touch. 

	With changing the current through the circuits (Independent variable) the students recorded the resulting change in mass on the digital scale, measured in grams. Collecting the data from 4 groups in each class, the recorded the raw data shown below:
	Current (A)
	Δm (g)
	
	Current (A)
	Δm (g)
	
	Current (A)
	Δm (g)
	
	Current (A)
	Δm (g)

	Group 1
	
	
	Group 2
	
	
	Group 3
	
	
	Group 4
	

	0.1742
	0.07
	
	0.06343
	0
	
	0.1308
	0.02
	
	0.4622
	0.04

	0.116
	0.04
	
	0.2974
	0.06
	
	0.26
	0.05
	
	0.5037
	0.06

	0.1342
	0.03
	
	0.3316
	0.08
	
	0.62
	0.21
	
	0.5165
	0.07

	0.1788
	0.05
	
	0.4232
	0.1
	
	0.4694
	0.14
	
	0.5755
	0.08

	0.1272
	0.02
	
	0.4248
	0.12
	
	0.3137
	0.07
	
	0.4362
	0.03

	0.1945
	0.02
	
	0.4675
	0.14
	
	0.98
	0.36
	
	0.5973
	0.09

	0.2982
	0.07
	
	0.5117
	0.16
	
	0.8905
	0.31
	
	0.7824
	0.17

	0.4495
	0.14
	
	0.5869
	0.18
	
	0.6443
	0.19
	
	0.6926
	0.13

	0.5243
	0.17
	
	0.6567
	0.22
	
	0.5003
	0.11
	
	0.9128
	0.23

	0.6327
	0.21
	
	0.6978
	0.24
	
	0.7007
	0.15
	
	0.9777
	0.25

	
	
	
	
	
	
	
	
	
	
	

	Group 5
	
	
	Group 6
	
	
	Group 7
	
	
	Group 8
	

	0.0266
	0
	
	0.1575
	0.06
	
	0.1732
	0.02
	
	0.22
	0.06

	0.192
	0.1
	
	0.2566
	0.12
	
	0.2694
	0.05
	
	0.202
	0.04

	0.08
	0.03
	
	0.2503
	0.1
	
	0.3394
	0.07
	
	0.3663
	0.11

	0.232
	0.06
	
	0.3567
	0.16
	
	0.3848
	0.1
	
	0.207
	0.03

	0.346
	0.12
	
	0.9376
	0.2
	
	0.4233
	0.12
	
	0.52
	0.18

	0.26
	0.07
	
	0.5024
	0.22
	
	0.457
	0.14
	
	0.2685
	0.06

	0.31
	0.1
	
	0.3214
	0.08
	
	0.6024
	0.19
	
	0.3371
	0.09

	0.82
	0.33
	
	0.2507
	0.04
	
	0.6622
	0.22
	
	0.397
	0.15

	0.216
	0.05
	
	0.6861
	0.24
	
	0.9337
	0.33
	
	0.7299
	0.24

	0.35
	0.12
	
	0.4722
	0.14
	
	0.936
	0.21
	
	0.8272
	0.29



Using the equation for the Force on an electric current in a magnetic field and substituting for the force with Δmg, we can solve for the strength of the magnetic field:
				
Graphing the Δmg on the y axis and the LI on the x axis gave these graphs for all the graphs:

As we can see, there is a clear linear trend with the data (with the exception of Group 6), which is to be expected. With this set up of the axis, theory states that the slope of the trendline should be the strength of the Magnetic field created by the neodymium magnets. The actual value of the magnetic field strength is unknown, but comparing the different groups (except Group 6), we can see a clear trend of the strength with the average of 0.1483 T and a standard deviation of 0.012 T. Overall, not that bad.
Ampere’s Law Lab
A current carrying wire creates its own magnetic field. When that current carrying wire is in an external magnetic field, the wire experiences a force from the external field. The Force vector can be calculated with the equation:

The purpose of this lab is to utilize this equation to determine the strength of the magnetic field created between two neodymium magnets.
Circuit set up:
[image: ]





Notes: 
· Be VERY careful with the variable resistor. This lab requires a delicate hand when manipulating the values.
· DO NOT GO OVER 1 AMP OF CURRENT!!

Data:
	Total Current (A)
	Difference in mass (g)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


	Length of magnet: ________________

The Lab Report is due Jan 23rd or 24th. IB students, make sure you properly calculate the uncertainty for each value!!!



Post Lab Questions:
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Group 4


1.2017199999999999E-2	1.3096200000000001E-2	1.3428999999999998E-2	1.4962999999999999E-2	1.1341199999999999E-2	1.55298E-2	2.03424E-2	1.8007599999999999E-2	2.3732799999999998E-2	2.54202E-2	3.9200000000000004E-4	5.8799999999999998E-4	6.8600000000000009E-4	7.8400000000000008E-4	2.9399999999999999E-4	8.8199999999999997E-4	1.6660000000000002E-3	1.2740000000000002E-3	2.2540000000000004E-3	2.4500000000000004E-3	


Group 2


1.6491799999999999E-3	7.7323999999999995E-3	8.6216000000000001E-3	1.1003199999999999E-2	1.10448E-2	1.2155000000000001E-2	1.33042E-2	1.5259399999999999E-2	1.7074199999999998E-2	1.8142799999999997E-2	0	5.8799999999999998E-4	7.8400000000000008E-4	9.8000000000000019E-4	1.176E-3	1.3720000000000002E-3	1.5680000000000002E-3	1.7639999999999999E-3	2.1560000000000004E-3	2.3519999999999999E-3	


Group 7


4.3299999999999996E-3	6.7349999999999997E-3	8.4849999999999995E-3	9.6200000000000001E-3	1.0582500000000002E-2	1.1425000000000001E-2	1.5060000000000002E-2	1.6555E-2	2.3342500000000002E-2	2.3400000000000004E-2	1.9600000000000002E-4	4.9000000000000009E-4	6.8600000000000009E-4	9.8000000000000019E-4	1.176E-3	1.3720000000000002E-3	1.8620000000000002E-3	2.1560000000000004E-3	3.2340000000000003E-3	2.0579999999999999E-3	


Group 5

mg	
6.3840000000000001E-4	4.6080000000000001E-3	1.92E-3	5.568E-3	8.3039999999999989E-3	6.2400000000000008E-3	7.4400000000000004E-3	1.968E-2	5.1840000000000002E-3	8.3999999999999995E-3	0	9.8000000000000019E-4	2.9400000000000004E-4	5.8800000000000009E-4	1.1760000000000002E-3	6.8600000000000009E-4	9.8000000000000019E-4	3.2340000000000003E-3	4.9000000000000009E-4	1.1760000000000002E-3	


Group 3


3.4007999999999998E-3	6.7599999999999995E-3	1.6119999999999999E-2	1.2204399999999999E-2	8.1561999999999989E-3	2.5479999999999999E-2	2.3152999999999996E-2	1.6751799999999997E-2	1.3007799999999998E-2	1.82182E-2	1.9600000000000002E-4	4.9000000000000009E-4	2.0579999999999999E-3	1.3720000000000002E-3	6.8600000000000009E-4	3.5279999999999999E-3	3.0380000000000003E-3	1.8620000000000002E-3	1.0780000000000002E-3	1.47E-3	


Group 1

mg	
4.3550000000000004E-3	2.9000000000000002E-3	3.3550000000000003E-3	4.47E-3	3.1800000000000005E-3	4.8625000000000005E-3	7.4550000000000007E-3	1.1237500000000001E-2	1.3107500000000001E-2	1.5817500000000002E-2	6.8600000000000009E-4	3.9200000000000004E-4	2.9399999999999999E-4	4.9000000000000009E-4	1.9600000000000002E-4	1.9600000000000002E-4	6.8600000000000009E-4	1.3720000000000002E-3	1.6660000000000002E-3	2.0579999999999999E-3	


Group 8


5.6540000000000002E-3	5.1914000000000005E-3	9.413910000000001E-3	5.3198999999999998E-3	1.3364000000000001E-2	6.9004500000000007E-3	8.6634700000000012E-3	1.0202900000000001E-2	1.875843E-2	2.1259040000000003E-2	4.7545E-3	5.8799999999999998E-4	3.9200000000000004E-4	1.0780000000000002E-3	2.9399999999999999E-4	1.7639999999999999E-3	5.8799999999999998E-4	8.8199999999999997E-4	1.47E-3	2.3519999999999999E-3	2.8420000000000003E-3	1.9600000000000002E-4	


Group 6


3.9375E-3	6.4150000000000006E-3	6.2575000000000009E-3	8.9175000000000001E-3	2.3440000000000003E-2	1.256E-2	8.0350000000000005E-3	6.2674999999999996E-3	1.7152500000000001E-2	1.1805000000000001E-2	5.8799999999999998E-4	1.176E-3	9.8000000000000019E-4	1.5680000000000002E-3	1.9600000000000004E-3	2.1560000000000004E-3	7.8400000000000008E-4	3.9200000000000004E-4	2.3519999999999999E-3	1.3720000000000002E-3	


image4.emf

image5.emf

image6.emf

image7.emf

image8.emf

image9.emf

image1.jpeg
At iain -

S





image2.jpeg




image3.png
&)

%





