
Models of Motion – Winter, 2014-15 
    
Lab 25: Magnetic Fields of Dreams 
 
Groups & Lab Notebook: Initial data collection as a whole class. Data analysis in pairs. Follow-up observations in pairs. Extensions in pairs. 
Update Table of Contents. Take good notes. 
 
Part I: Data Collection. We’ll collect data as a whole class. Organize data in tables. 
 
A) Long Straight Wire. As discussed, measuring the field for a long straight wire is challenging. We’ll collect the data 
using an ActivPhysics simulation (Part IV: Electromagnetism 13.1 Magnetic Field of a Wire).  
a) At a fixed distance r, collect data of current I and field B.  
b) For a fixed current I, collect data of distance r and field B.  
 
B) Magnetic Dipole (Bar Magnet). The Vernier Magnetic Field Sensor uses the Hall effect to measure the 
component of the magnetic field through the surface of the sensor.  
a) Collect data of distance x (from center of magnet along the axis) and field B.  
 
C) Magnetic Field from Current Loop(s). The Vernier Magnetic Field sensor will be used again. The coil is 500 turns 
of wire with an average radius of 0.105 m.  
a) At a fixed distance x (from the center of the coil along the axis), collect data of current I and field B.  
b) For a fixed current I, collect data of distance x and field B. 
 
 
Part II: Data Analysis. Work in your lab pairs. 
 
A) Long Straight Wire. As seen in the simulation, the magnetic field from a long straight wire carrying current are 
circles with direction determined by a right hand rule, with thumb in direction of current and fingers circulating in 
direction of B field around the circle. The magnitude of the magnetic field can be found using Ampere’s Law: 
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where I  is the current in the wire and r is the distance from the wire to the field point of interest, and with πµ 4/0  
some constant that is the magnetic analog of the Coulomb constant seen in electric fields. 
a) What are the units for the constant  πµ 4/0 ? 
b) For your fixed r data, plot B vs. I using LoggerPro. Recall that a plot of Blah vs. Bleh means Blan on the vertical 

axis and Bleh on the horizontal axis. 
c) According to the equation above, this data plot should follow a straight  line. Briefly explain why. 
d) Fit a linear function to your data. Use this to determine the constant πµ 4/0 . 
e) Copy/paste your graph with best linear fit to a Word document for later printing/insertion into your notebook. 
f) For your fixed I data, plot B vs. r using LoggerPro.  
g) Looking at the equation above, determine the right curve to fit to the data, and find the best curve fit. Use this to 

determine the constant πµ 4/0  again, and compare to your previous result. 

h) Look up the constant πµ 4/0  in your book or from a reputable online source, and compare to the results from 
your analysis. 

 
B) Magnetic Dipole (Bar Magnet). Here, we will use our data to see if we can determine the functional form of the 
dependence of B on x (distance from center of magnet to field point) for a magnetic dipole. 
a) Plot B vs. x using LoggerPro. 
b) From the plot of data, you should be able to see that B varies inversely with x. But is it an inverse relationship? Or 

inverse square? Or inverse cube? Or inverse fourth? etc. Looking at your data and your graph, can you estimate 
the power law relationship? Make your best guess. 

c) In LoggerPro, under Curve Fit, choose Nth inverse Ax^n + B. In the box for Power, enter 1. Try Fit, then click OK. 
Note the values for A, B, and RMSE. Copy/paste this graph (data with fit plus parameters). Then, delete the fit. 

d) Repeat, with entries for Power 2, then 3, then 4, then 5. Note values for A, B, RMSE, and copy/paste each graph 
(data + fit + parameters), so you end up with 5 graphs overall for this section. 

e) Which power best fits the data? How did you make your judgment? 

 



 
On the axis of a bar magnet with magnetic moment µ, the magnitude of the magnetic field a 
distance x from the center of the dipole is given by: 
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You’ve seen the general shape in last week’s lab, in your reading, and probably other places:  
 
f) Does this 1/x3 dependence match your judgment about the best power law? If not, discuss 

with an instructor. 
g) Determine the magnetic moment of the bar magnet. 
 
C) Magnetic Field from Current Loop(s). The shape of the magnetic field from a current loop resembles the field 
from a magnetic dipole. On the axis of the current loop, the magnetic field points along the axis, with direction given 
by another right hand rule: curl your fingers in the direction of the current in the loop, and your right thumb gives you 
the direction of the equivalent magnetic moment. On the axis, the magnetic field a distance x from the center of the 
loop of radius R carrying current I is given by: 
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a) In Desmos, make a plot of B vs. x. Zoom and scale the graph to display the data clearly. 
b) Plot a function f(x) that plots the equation for the magnetic field given above. Use numbers for the constant, I, and 

R. Does your plot match the data? If not, discuss with your instructor (hint: the formula above is for a single 
current loop). 

c) Save/copy/paste this graph for your notebook. Then, hide the data points but keep the plot of f(x) 
 

d) We can configure a system to have two identical coils spaced a distance d apart with current circulating in the 
same direction in each coil. Plot another function g(x) for the field from that second coil, with d a slider so that we 
can adjust the relative position of the coils. (If you’re not sure how to do this, consult with your neighbors or check 
with an instructor.) 

e) Now, plot f(x) + g(x) along with f(x) and g(x). Adjust the slider d so that the coils are right on top of each other and 
also very far away. Does f(x) + g(x) look as you would expect? 

f) Now, adjust d so that it is approximately equal to R (the radius of the coils). What interesting thing do you notice 
about the B field?  
 

This configuration, known as the Helmholtz Coil configuration, is an easy way to achieve a nearly uniform 
magnetic field. If you’re interested, ask an instructor to show you measurements of the field in the Helmholtz Coil 
configuration. 
 

g) What happens if the current in one of the coils goes in the other direction? Adjust your Desmos graph to show this 
situation. (Ask if you’re not sure). 
 

Note that in the Helmholtz Coil configuration, having the currents move in opposite directions results in a nearly 
linear dependence of magnetic field with position around the halfway point between the coils. So with the 
Helmholtz Coil geometry, we can achieve nearly uniform fields and also fields that very nearly linearly with 
position.  
 

h) Imagine that you have a magnetic dipole that is free to move and rotate. What do you think will happen to the 
dipole when a uniform magnetic field is turned on? Assume the dipole starts at some random orientation with 
respect to the magnetic field direction. 

i) What do you think will happen to the dipole when a spatially varying magnetic field is turned on? Again, assume 
the dipole starts at some random orientation with respect to the field direction. 

j) We can achieve this in the lab. Have an instructor demonstrate this to you. What did you notice? What surprised 
you? 

 
Extensions: 
1)   Consider two parallel wires carrying the same current in the same direction. Do the wires attract, repel, or neither? 
Design a test using materials and methods from last week’s lab. Discuss with an instructor to get materials to carry 
out your test.  
2)   Use Ampere’s Law to derive the magnetic field from a long straight current-carrying wire. 
3)   Use the Biot-Savart Law to derive the on-axis magnetic field from a loop of current. 

 

 

 


