
Models of Motion – Winter, 2014-15 
    

Lab 29: Wish It Was a Maxwell Monday 
 
Goals: Improve teamwork and communication capacities; Further explore Faraday’s Law of magnetic induction; Explore how to read information 
encoded magnetically using Faraday’s law of induction; Measure the emf induced by magnets falling through loops 
 
Groups & Lab Notebook: Work in pairs. Update Table of Contents. Take good notes. 
 
WARNING: STRONG MAGNETS. See previous labs for details. 
 
Activity 1: Thanks for the (Magnetic) Memories… 
 
Magnetic memory is everywhere. It is often the storage medium in computers (though other forms of memory, such as solid state 
and optical have overtaken magnetic storage, especially in mobile devices) because of the storage density (amount of memory), 
the write speed (speed of storing information to memory) and the read speed (speed of accessing information from memory). It is 
also the predominant mechanism of information storage in credit cards, bank cards, etc. (though bar codes are also common). 
 
Magnetic memory consists of little tiny magnets, whose orientation of N poles and S poles stores binary information. Writing to 
magnetic memory consists of using an electromagnet to orient the magnetic moments in the computer disk or the magnetic strip. In 
this activity, we’ll orient cylindrical bar magnets by hand, mounting them on a steel pizza pie plate. In practical magnetic media for 
data storage, the magnets are microscopic. Reading from magnetic memory is done using a number of techniques; one method 
uses Faraday’s law.  
 
Computers “talk” in binary: 0’s and 1’s. The fundamental unit is called a binary digit (bit), and 8 bits make up a byte. For this lab, 
we’ll say that when the N pole is up, that corresponds to the binary digit 0, and when the S pole is up, that corresponds to the 
binary digit 1. Today, we’ll encode letters using a non-standard method, shown below 
 

Letter Base 10 Number 
Representation 

Binary 
Representation 

Magnet 
Representation 

 Letter Number Binary 
 

Magnet 
 

A 1 00001 NNNNS  N 14 01110 NSSSN 
B 2 00010 NNNSN  O 15 01111 NSSSS 
C 3 00011 NNNSS  P 16 10000 SNNNN 
D 4 00100 NNSNN  Q 17 10001 SNNNS 
E 5 00101 NNSNS  R 18 10010 SNNSN 
F 6 00110 NNSSN  S 19 10011 SNNSS 
G 7 00111 NNSSS  T 20 10100 SNSNN 
H 8 01000 NSNNN  U 21 10101 SNSNS 
I 9 01001 NSNNS  V 22 10110 SNSSN 
J 10 01010 NSNSN  W 23 10111 SNSSS 
K 11 01011 NSNSS  X 24 11000 SSNNN 
L 12 01100 NSSNN  Y 25 11001 SSNNS 
M 13 01101 NSSNS  Z 26 11010 SSNSN 

 
1) Using the scheme above, convert your initials (just first and last) into two decimal numbers, the corresponding 
binary representation, and the corresponding magnet representation. You should see that you would need 10 
magnets to represent those two letters. 
 
2) We can easily write that pattern of N and S to magnetic media using an electromagnet. Or as in this lab, we can set 
up that pattern of N and S by hand on the steel pie plate. But how do we read magnetic information?  If you were 
given a disk with 5 magnets arranged on it, what’s an easy way you could tell the pattern of N poles and S poles? 
 
A magnetic information retrieval system uses a “read” head to “see” the pattern. One way to do this is by spinning the disk (or 
moving the read head) and measuring the emf induced by the changing flux caused by the microscopic magnets. If the microscopic 
magnet has its N pole up, that will induce a different signal than if the microscopic magnet has its S pole up. Note that this 
“inductive” (called this since it uses the induced potential difference caused by a changing flux) method is not the only way to read 
magnetic information (nor is it a particularly common way anymore). 
 
Next, you’ll start to construct a magnetic hard drive of your very own! It won’t be very fast, and it won’t hold much information (just 5 
bits, or enough for one letter using our scheme from before). But it will in principle be just like any other magnetic hard drive that 
uses Faraday’s Law to read information from the magnetic media. 
 
Equipment: Steel pie plate; Rotating magnet stand; Tape; 5 cylinder magnets; compass; 3200-turn coil; Red and 
black banana plug lead to clip leads; LabQuest + power supply + USB connector; Voltage sensor (connects to 
LabQuest) 

 



 
3) Tape the rotating magnet stand to the inside center of the pie plate. When you flip it back over, the pie plate should 
be “upside down” and should rotate freely. This is analogous to the platter in a magnetic hard drive. Mark the pie plate 
at 5 places spaced roughly equally. You can place a magnet at each of those places, and thus construct up to a 5 bit 
hard drive; this means you can encode up to one letter at a time. The pie plates fit nicely on top of turntables that 
rotate, so this is analogous to the platter in a magnetic hard drive.  
 
4) Plug the red banana plug lead into the receptacle on the same side of the 3200-turn coil as the label “3200”. 
Plug the black banana plug lead into the remaining hole in the coil.  
 
5) Plug the Voltage sensor into the LabQuest and launch LoggerPro. Connect the red input on the Voltage sensor to 
the red lead from the coil, and connect the black input on the Voltage sensor to the black lead on the coil. This will 
serve as your read head coil, and you will hold it as close to, and directly over, the magnets on the platter as you can. 
Make sure that the side labeled “3200” is oriented up. 
 
6) Place ONE magnet, N pole side up, on the spot on the platter marked with a star. Put the other magnets aside for 
now. Hold the read head coil so that it is as close as possible to the magnets while leaving enough room for the 
magnets to pass underneath. 
 
7)  You should already have launched LoggerPro. This should bring up a graph of Potential (in volts) vs. Time (sec). 
Adjust the data collection rate to 50 samples per second. Adjust the data collection time to 10 seconds. You’ll 
often be changing the horizontal scale. You might need to change the horizontal scale between measurements. 
 
8)  Make sure that you only have one magnet, N pole side up, on the spot on the platter marked with a star. Adjust the 
position of the read head coil so that when the platter rotates, the magnet passes directly under the read head. 
ALWAYS ROTATE THE PLATFORM CLOCKWISE AS VIEWED FROM ABOVE. Slowly spin the platter clockwise 
as viewed from above. Press Collect to obtain the voltage vs. time graph as the magnet moves underneath the read 
head. Start collecting data and then move the magnet. 
 
9)  Zoom in on the voltage vs. time graph so that you only display the interesting region (when the magnet was 
approaching, moving under, and moving past the read head). Copy this zoomed in graph to a Word document, and 
label this graph as “North Pole up”. 
 
10)  Repeat step 8, but move the magnet a little bit faster. Autoscale axes as needed. What is qualitatively and 
quantitatively different about this graph compared to the previous one?  Repeat, moving the magnet even faster. 
Briefly comment on your results. No need to copy these graphs unless it helps with your comments. 
 
11)  Repeat step 8, but this time, flip the magnet so that the S pole end is up. Zoom in on voltage vs. time graph, copy 
into Word document, and label as “South Pole up”. 
 
12)  Compare “North Pole up” and “South Pole up”. Comment. 
 
13)  Arrange 2 magnets in neighboring positions, each with N up. Rotate the platter clockwise so that the first magnet 
and then the second magnet pass underneath the read coil. Obtain the voltage vs. time graph, autoscale as needed. 
Zoom in on graph. Copy graph into document, labeled “North Pole Up, North Pole Up”. 
 
14)  Repeat, but this time have the second magnet have its S pole pointing up. Copy zoomed in graph to document, 
labeled “North Pole Up, South Pole Up”. 
 
15)  Draw some general conclusions. What do you look for in a pattern that indicates that the N pole is up (ie that the 
binary digit is 0)? What do you look for in a pattern that indicates that the S pole is up (ie that the binary digit is 1)? 
What does the pattern look like if you have two N poles next to each other? Two S poles? A N pole followed by a S 
pole? A S pole followed by a N pole? 
 
16)  Each person should encode her or his first or last initial on the platter (avoid repeats – choose a random letter if 
necessary). Obtain the voltage vs. time pattern for each person’s initial to obtain two unique graphs. 
 
17)  Obtain the large platter from your instructor or classmate. What does it spell? Return the platter (or pass it on).  
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Activity 2: Cylinder Magnets Falling Through Rings, These Are A Few Of My Favorite Things 
 
Equipment: PVC tube; Copper tube; 3 cylinder magnets; 3200-turn coil; Red and black banana plug lead to clip 
leads; LabQuest + power supply + USB connector; Voltage sensor (connects to LabQuest); Styrofoam cup and paper 
towels (to catch falling magnets); Ring Stand + clamps. 
 
1) You have previously observed the motion of a magnet falling through a vertically oriented PVC tube and through a 
vertically oriented copper tube. Repeat this activity, paying close attention to the motion of the magnet in both cases, 
comparing the similarities, and contrasting the differences. Make sure to catch the magnet either in your hand or in 
the styrofoam cup cushioned with paper towels. 
 
Now, let’s see if we can figure out the nature of the other forces that show up in the conducting tube scenario 
compared to the insulating tube scenario. Consider the following simplification, where rather than taking an entire 
conducting tube, we just have a single conducting ring:  
 
A bar magnet is released above a circular loop of conducting wire as shown, and falls through the ring. The ring is 
held fixed. Determine the following directions, as viewed when looking at the ring from above. 
 
2) What is the direction of any induced current in the wire ring, while the bar magnet is 
falling towards the ring from above? (as viewed when looking at the ring from above) 
 

Clockwise Counterclockwise No induced current 
 
Explain your reasoning clearly to your partner. 
 
 
 
 
3) What is the direction of any induced current in the wire ring, while the bar magnet is 
falling away from the ring from below? (as viewed when looking at the ring from 
above) 
 

Clockwise Counterclockwise No induced current 
 
Explain your reasoning clearly to your partner. 
 
4) In the scenario described in question 2, you should have concluded the induced current in the conducting ring was 
counterclockwise (as viewed from above). In the scenario described in question 3, you should have concluded the 
induced current in the conducting loop was clockwise (as viewed from above). Since there is current in each 
conducting ring, we can “replace” it with an equivalent magnetic moment, which we can imagine as another bar 
magnet. What is the orientation of this bar magnet (N pole up or S pole up)? What effect would the equivalent 
magnetic moment of the ring have on the falling magnet in each scenario? 
 
5) Use these conclusions to explain your observations regarding the magnet falling through the copper tube (imagine 
the tube as consisting of lots of conducting rings either above or below the falling magnet). Also, your explanation 
should account for the difference between the PVC and copper cases. 
 
6) You likely used a forces based explanation. Develop an energy based explanation. 
 
Next, you’ll take some measurements, but first make a prediction: 
 
7) Consider a magnetic dipole (perhaps in the form of a cylindrical bar magnet) moving through a horizontally oriented 
conducting loop, with the N pole end of the magnet facing down (see the figures on the previous page). Remind 
yourself of what the magnetic field of a magnetic dipole looks like, by sketching the field for a magnet oriented 
vertically with N pole pointing down. 
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8) Use your sketch of the field lines from a bar magnet to determine (qualitatively) what the magnetic flux through the 
conducting loop is, as the bar magnet begins above the loop, approaches the loop, goes through the loop, emerges 
below the loop, and moves away from the loop. Sketch a qualitative graph of magnetic flux vs. time. 
 
9) Use your qualitative graph of magnetic flux vs. time to sketch a qualitative graph of emf vs. time. Draw your two 
graphs so that the horizontal axes are lined up, so that you can identify times of important features as being at the 
same time (similar to what we do for position vs. time and velocity vs. time graphs). 
 
10) Show your graphs to your instructor. 
 
11) Now, make the measurement directly. Hook up the 3200-turn coil to the LabQuest as you did when setting up as a 
read head for the Magnetic Memory activity (see steps 5 and 6 on p. 2 for a reminder). Hold the coil so that its 
opening is aligned vertically, with the side labeled 3200 facing up. Put the PVC tube through the coil vertically; 
position the coil roughly ¾ of the way down from the top of the PVC tube. Place the styrofoam cup with paper towels 
under the bottom of the PVC tube to provide a cushiony place for any dropped magnet to land. Adjust the data 
collection in LoggerPro so you can take 1000 samples per second if possible (adjust sampling rate down if needed), 
and adjust the collection time down to 2 seconds (more than enough for dropping the magnet down the PVC tube). 
 
12) Hit Collect, drop the magnet with its N pole pointing down, and obtain a graph of potential (emf) vs. time. You 
may need to play around with this some, working on timing and other experimental details. With a sample rate of 
1000/second, the computer might not be able to plot in real time. 
 
13) Once you obtain a graph of potential vs. time, zoom in on the feature of interest until it fills the screen as 
symmetrically as possible. Copy this graph into your Word document from before, and label it appropriately. Compare 
this graph to the graph you drew for step 9. Is the graph symmetric? Would you expect it to be? Comment. 
 
13) Obtain a graph of potential vs. time, this time with the S pole facing down. Again, zoom in on the graph and copy it 
to your Word document. Comment. 
 
14) This time, drop two magnets, with oppositely oriented poles down the tube. In order to do this, you’ll 
need some scheme to release the bottom magnet. I’ve indicated such a scheme in the figure – please 
consult with me if you’re not sure how to interpret the figure. Obtain a graph of potential vs. time for this 
situation, zoom in on the graph, copy it to your document. Comment. 
 
15) We won’t be able to do this experimentally (sorry, Nobel Prize Committee). What do you think the 
signal from a magnetic monopole would look like? Do this in three steps:  
a) Sketch the magnetic field lines for a N magnetic monopole (hint: think about the electric field lines from 
a positively charged particle);  
b) sketch the flux vs. time graph as this N magnetic monopole passes through the detector loop;  
c) sketch the emf vs. time graph.  
Show your sketches to your instructor. 
 
16) Clean up your station, returning all borrowed equipment. Remove any tape from magnets before returning them. 
 
 
Activity 3: Radiation Representation 
 
1) Complete Fields from Moving Charges In-Class Activity from Monday’s class (available at Calendar page for Mon. 
Mar. 2). Note that a Part IV has been added; do that before Part III as preparation for our in-class discussion on Wed. 
Mar. 4. 
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