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Abstract 

Using different configurations of a single, inexpensive apparatus, students can: 
physically map the electric field due to monopoles and dipoles; qualitatively and 
quantitatively explore the magnetic field around a long straight wire; quantitatively 
investigate the magnetic field inside a solenoid; qualitatively investigate the magnetic 
forces between two current-carrying wires; and investigate the magnetic interaction 
between a permanent magnet and a current-carrying wire. 

Construction of Apparatus:   

Parts List for building 12 Electric Field/Magnetic Field Mapping Apparati 
 
quan description supplier cost 
1 49Ó x 97Ó sheet of ! Ó medium density fiberboard (MDF) hardware 24.17 
1 36Ó x 3/8Ó diameter dowel hardware .84 
2 48Ó x " Ó diameter dowels hardware 2.88 
3 10Õ x ! Ó o.d. non-metallic electrical tubing (ENT) (aka PVC) hardware 4.17 
12 Plastic coat hangers Dollar 

store 
1.50 

12 12Õ lengths of 16-2 stranded wire, split (72Õ) hardware 22.00 
24 Solid 14 gauge wire bent into 3 ! Ó x 12Ó U-shapes with hooked ends. (60Õ 

total) 
hardware 6.00 

12 Magnetic compasses, water filled, with degree 
markings 
http://www.brasscompass.com/  

 7.50 
ea 

1 2Õ x 4Õ x 1/8Ó melamine or masonite, cut into 9Ó x 12Ó pieces hardware 4.00 
48 Self adhesive feet hardware 10.00 
48 " Ó eye hooks hardware 3.00 
12 Rolls of clear tape grocery 9.00 



12 Paper clips Grocery .50 
12Õ thread Grocery .50 
 Office Paper   
1 Yard of wool or wool blanket - cut to 8Ó x 8Ó squares Fabric 

store 
6. 

1 Aluminum foil roll or foil tape Grocery 2.25 
12 6-D cell Battery packs 12BH160-GR (or substitute power supplies) Mouser 

Elec. 
3.07 
ea 

72 D-cell Batteries Grocery 72. 
12 Ammeters or digital multimeters Harbor 

Freight 
3.00 
ea 

When built 12 at a time, using batteries for the power supply and including a digital multimeter, the 
cost per device is $28. 
 
Cutting diagram to get 12 setups out of one 49Ó x 97Ó sheet of Medium Density Fiberboard: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

¥ Along the 4Õ dimension, rip, with panel saw or circular saw, sixteen 3Ó wide strips.  
¥ Rip the remainder of the board into four strips 11.5Ó wide. 
¥ Cut the 11.5Ó strips into 16Ó lengths for the bases.  
¥ Cut six of the 3Ó strips into 24Ó lengths. 
¥ Cut four of the 3Ó strips into 16Ó lengths. 
¥ Cut six of the 3Ó strips into 12Ó lengths. 

 
 

Get accurate readings for DC voltage, DC current, AC voltage, 
resistance, transistor test, diode test, and battery test. Easy-to-read 3-
1/2 digit LCD readout, positive set selector switch, and 32" leads. 

 . Automatic zero adjust 
0. Over range indicator 
0. 2.5x second sample time 
0. Low battery indicator 
0. Fuse and diode protected circuit 

DC-A: 0-200µ A-2000µ A-20mA-200mA ; Resistance: 0-200-2000-
20K-200K-2000K ohm; DC-V: 0-200mV-2000mV-20V-200V-
1000V ; AC-V: 0-200-750V 



Assembly steps: (refer to the diagram below) 
Drill " Ó and 3/8Ó holes in the base according to the assembly diagram. 
Add self adhesive feet under the base. 
Cut the 3/8Ó dowel into 1.5Ó long pieces. 
Drill a 3/8Ó hole to a depth of ! Ó into the ends of the 24Ó x 3Ó and 16Ó x 3Ó legs. 
Glue the 1.5Ó dowels into the holes in the end of the legs. 
Glue and clamp the 12Ó side braces between the legs. 
Insert two eye screws " Ó apart, centered on the bottom edge of each side brace. 
Drill a 3/8Ó hole to a depth of 2Ó into the opposite end of the 24Ó x 3Ó leg for the clothes hanger. 
Cut the 2Õ x 4Õ sheet of melamine or masonite into 9Ó x 12Ó pieces. 
Drill a 3/8Ó hole in the center of the 9Ó x 12Ó melamine pieces. 
Cut the " Ó dowel into 4Ó long pieces. 
Cut the PVC into 10Ó long pieces. 
Cut and bend the magnet wire into ÒUÓ shaped loops. Beginning with a 30Ó piece, strip two inches of 
insulation from each end. Form a hook in one end, make a 90ú bend 12Ó away, a second 90ú bend 3 ! Ó 
away and the final hook 12Ó away. 

plastic coat hanger Ð 
clip off hook 

12Ó x 9Ó melamine platform 
3/8Ó hole in center 

3Ó x 16Ó MDF leg 
3Ó x 24Ó MDF leg 

3Ó x 12Ó MDF brace 

11.5Ó x 16Ó MDF base 
self-adhesive 
feet under base 

1.5Ó x 3/8Ó dia. 
dowel -  drill ! Ó 
deep hole into leg 
and glue  

drill 3/8Ó hole  2Ó 
deep for hanger  

Two 4Ó x " Ó dia. 
dowels to support 
PVC pipes for E-
field mapping 

" Ó " Ó " Ó 3/8Ó 3/8Ó 

3.5Ó 3.5Ó 

6.5Ó 4.75Ó 

" Ó eye hooks spaced 
" Ó apart (both sides) 

3Ó x 3Ó MDF shelf 
between braces  



Use of Apparatus:   
1. Electric Field Mapping 
The base of the apparatus is used with a 4Ó 
dowel to support a PVC pipe. The pipe 
becomes negatively charged when rubbed 
with wool. An Òelectrostatic compass,Ó 
consisting of two tapes separated from one 
another, attached to a straightened paper clip 
and suspended on a thread aligns with the 
electric field, and tracing the orientation of 
the compass on sheets of paper placed on the 
base produces a map of the field. Two pipes 
are used when mapping a dipole field. 
Wrapping one of the PVC pipes with 
aluminum foil tape makes it possible to 
charge it positively by induction.  
 
Student directions for the lab investigation are included as Appendix A. 
 
2. Magnetic field of a current carrying wire.  
An upper frame is added to the base for mapping the magnetic field around a long straight wire. The 
elevated platform forms the working surface for investigating the magnetic field around the wire with 
a magnetic compass. It is very 
important that this lab be done on a 
surface that has no current running 
underneath it, and no ferrous metal 
(chairs, steel legs, bolts, etc.) near or 
in it. The elevated platform solves 
these problems. The platform rests 
on two cross braces, and the legs are 
kept from sliding by dowels 
fastened into the legs that fit in holes 
in the base. The clothes hanger, 
platform, and bracing are easily 
removed for more compact storage. 
The wire is supported by a plastic 
clothes hanger. The wire hanging off 
the back of the apparatus can affect 
results, so take care to keep it away 
from the measuring platform. A 
power supply capable of delivering 
high currents is needed for this 
investigation. A battery pack with a momentary contact switch may be used, or a fused, variable power 
supply can be used. 
 
The first investigation is a qualitative determination of the shape of the field surrounding the wire by 
separating EarthÕs magnetic effect on the compass from the effect of the current-carrying wire. A 

to battery 
packs or 
power 
supply 



second set of investigations quantitatively relates current, distance from the wire, and magnetic field 
strength. Also needed for this investigation are compasses with good angle resolution and ammeters.  
 
A detailed description of the lab discussion, 
development, and procedure forms 
Appendix B. 
 
3. Tangent Galvanometer 
A shelf between the horizontal arms of the 
device can hold either a compass or an 
electronic magnetic field sensor. Looping 
wires around the horizontal arms creates a 
tangent galvanometer where the following 
relationships can be explored: 

1. Magnetic field strength vs. 
Current;  

2. Magnetic field strength vs. Number 
of turns of wire. 

 
 
 
4. Investigating the forces between parallel 
current-carrying wires  
Remove the upper platform and add two  ÒUÓ 
shaped wire loops that hook into the eye screws 
and swing freely. The ends of the magnet wire 
should be stripped of insulation so that 
connecting the eye hooks to the power supply 
allows students to qualitatively investigate the 
forces between wires carrying parallel and anti-
parallel currents.  
 
 
 
 
 
5. Investigating the forces between a current-
carrying wire and a permanent magnet  
When one wire is removed, a neodymium or 
horseshoe magnet can be used to determine the 
relative directions between the direction of the 
force, B-field, and current. The magnets removed 
from an old hard drive also work well. 
 
 

connect eye hooks 
to power supply 

magnet 

wire 
loops 

connect eye hooks 
to power supply 

wire 
loops 

Compass on shelf 

to power 
supply 



Appendix A: 
Electric Charge Behavior and Interactions Model: 

Mapping Electr ic Fields Lab 
 
In the lab you will look at the electric force on an "electrostatic compass" and use your observations to 
identify the key properties of the electric field. You will specifically look at the electric field created 
by a single "-" charge, a single "+" charge, 
two unlike charges, two like charges, and a 
single "-" charge and a conducting sheet. 
 
For each part of the lab, the setup will be 
involve variations of the setup shown in the 
diagram on the right: 
 
[] Wood base and two " Ó dowels 
[] three 10Ó PVC pipes, one covered with 
aluminum foil 
[] wool 
[] roll of magic tape 
[] thread tied to straightened out paper clip 
[] 4-5 pieces of 8.5" x 11" paper. 
 
   
 
 
 
Making an electrostatic compass:  
We have seen that pulling tape off of a surface leaves the tape with a net charge. Using oppositely 
charged tapes, we can make a "compass" where one tape is attracted and the other is repelled from a 
charged object.    
A. Put a 6 cm long base tape on the table with a folded under handle.    
B. Place two more tapes on the first. With a pen, label the handle of the middle tape "-" and the handle 
of the tape on top "+".    
C. Slowly remove the top two tapes together, and then make sure they are not charged by firmly 
rubbing the slick side of the tape. 
D. Briskly separate the two tapes, and sticky side up, overlap the edges of the tapes 
as shown. (Avoid excessive contact with the tape since this will discharge it.)  
E. Draw an arrow across the tapes from the "-" side to the "+" side as shown.    
F. Attach the center of the tapes to the straightened out paper clip so the string 
extends upward from the handles. (See the first picture in this lab.) 
 
Depending on the humidity, you will need to recharge your tapes periodically by repeating steps C, D 
and F.  
 



Part 1. The electr ic field due to a negatively charged object 
 
1. Center a sheet of paper on the wood platform. 
2. Poke a " Ó dowel through the paper into the center of the platform. 
3. Charge a PVC pipe by rubbing it with wool and slide the pipe over the dowel.    
4. On the paper, label the pipeÕs charge "-".   
5. Make sure your electric compass is charged and operational, if 
not, follow the steps to recharge it.   
6. Start with the electric compass very close to the PVC pipe. 
Draw an arrow on the paper directly below the arrow on the tape.   
7. Now move the electric compass farther from the pipe so that the 
new arrow you draw meets head-to-tail with the last arrow you 
drew.  Continue until your arrows go off the edge of the page.   
8. From three other starting points near the PVC pipe, map the 
electric field.   
9. Save your electric field map and sketch your observed electric 
field in the box on the right. 
 
Part 2. The electr ic field due to a positively charged object 
 
1. Flip over the sheet of paper on the wood platform. 
2. Replace the PVC rod with a foil-covered rod.   
3. Charge the foil rod by induction: bring a charged PVC pipe near 
the foil rod and then touch the foil with your finger. Put the PVC 
pipe away and use your electrostatic compass to verify that the foil 
is positively charged. 
4.Now follow steps 4-8 above to map the electric field. (Be sure to 
label the pipeÕs charge "+".)   
5. Save your electric field map and sketch your observed electric 
field in the box on the right. 
 
Questions for parts 1 and 2:   
 
1. Where do the electric field lines begin? 
 
 
2. Where do the electric field lines end? 
 
 
3. How many other electric field lines could you have drawn? 
 



Part 3. The electr ic field due to objects with unlike charges. 
 
1. Place two pieces of 8.5" x 11" paper on the platform and tape their edges together.  
2. Poke two " Ó dowels through the paper into the most widely spaced holes of the platform. 
3. Recharge your electrostatic compass. 
4. Charge the PVC by rubbing with wool. 
5. Charge the foil rod by induction.   
6. Slide the rods over the dowels and label their charges on the 
paper. 
7. Map the electric field as before, starting from the foil-covered 
rod. Draw enough field lines until you think you could predict 
where every field line would go from any starting point around the 
rod.   
8. Check with your teacher before you continue. 
9. Save your electric field map and sketch your observed electric 
field in the box on the right. 
 
Part 4. The electr ic field due to objects with like charges 
 
1. Flip the paper over.   
2. Poke two " Ó dowels through the paper into the most widely 
spaced holes of the platform. 
3. Recharge your electrostatic compass. 
4. Charge two PVC rods by rubbing with wool.  
5. Slide the rods over the dowels and label their charges on the 
paper.  
6. Map the electric field as before, always starting from a rod. 
Draw enough field lines until you think you could predict where 
every field line would go from any starting point around the rod.   
7. Check with the teacher before you continue.  
8. Save your electric field map and sketch your observed electric 
field in the box on the right. 
 
Questions for parts 3 and 4:   
 
1. Where do the electric field lines begin? 
 
2. Where do the electric field lines end? 
 
3. How many other electric field lines could you have drawn in each part? 
 
 
 
4. Do the field lines ever cross? Explain why this must always be so.     
 
 
      
 



5. Predict what the electric field due to two "+" charges by drawing a number of electric field lines 
below. Put arrows on your electric field lines.         
 
 
 
 
 
 
     
  

 
 
 
 
 
 
 
 
          
Part 5. The electr ic field due to a negatively charged object near a conducting sheet 
 
1. Attach an aluminum foil sheet to a book stood upright or another suitable fixture. Once you have 
positioned the foil, be careful not to touch it so that you know the net charge on the foil is zero.   
2. Place the PVC rod about 15 cm from the foil sheet and charge the rod.   
3. Map the field between the rod and the aluminum sheet. Draw enough field lines until you think you 
could predict where every field line would go from any starting point around the rod. 
4. Save your electric field map and sketch your observed electric field in the box below. 
 
 

conductive 
flat plate 



Questions for part 5:   
1. At what angle do electric field lines meet the conducting surface? What would happen to electric 
charges at the surface of the metal if the field lines did not meet the surface at this angle?             
 
 
 
 
 
 
2. Based on your understanding of the motion of electric charges in materials, draw a likely charge 
distribution on the aluminum sheet that produced the field you observed.   
  

 
 
3. Where must electric field lines start and end? 
 
 
 
4. Carefully draw some electric field lines on your diagram above taking into account your answers for 
questions 1 and 3. 
 
5. The field lines you have drawn for part 5 look almost exactly like the drawing you made in what 
other part of the lab? 
 
 
 

 a. How are they the same?    
 
 
 
 
 b. How are they different?    

 
 
 



Appendix B: (Adapted from the Modeling Instruction Program) 

Magnetic fi eld exploration around a vertical wire 

Purpose  
Upon completion of this activity students should: 

 
¥ Recognize that moving charge is necessary for a magnetic field to be present. 
¥ Represent the magnetic field around a conductor or moving charge using the right curl rule. 
¥ Distinguish between magnetic fields and the electric fields in terms of their origin (moving and 

static charge respectively) as well as their patterns (loops and lines, respectively). 
¥ Recognize that like the electric field, the amount of influence decreases with distance from the 

fieldÕs source. 

Pre-lab discussio n 
 
Pre-lab discussion should begin with a demonstration that a small compass will show a deflection 
when current runs through the wire. Using ÒtopÓ and ÒbottomÓ sticky tapes and a simple circuit it can 
be shown that the compass is responding to a new field, distinct from the electric field.  This 
conclusion arises from the observation that: 
1) the compass only responds when the circuit is closed and 2) both top and bottom tapes are attracted 
to the wire, indicating that itÕs electrically neutral.   
The compass can be introduced as a ÒtestÓ for the presence of a magnetic field.  The direction of the 
force on the north end of the compass is (arbitrarily) chosen to represent the direction of the magnetic 
field.  Charge students with the task of exploring this new field in the vicinity of a current-carrying 
wire.  What does it look like?  What happens when the direction of the current is reversed? 
Qualitatively, what happens to the strength of the field as you move away from the wire? 

 

Performance note s 
 
 The setup for the lab is a circuit that 
contains a length of wire that passes 
vertically through a platform.  The lab data 
sheet suggests positions to place the 
compass to determine the ÒlookÓ of the field 
around the wire, when current is flowing in 
each direction.   The magnetic field 
produced by the current will cause the 
needle to deflect from North.  The direction 
of the force is the direction of the North end 

of the compassÕ deviation from North.  
 
Careful observation will show that the deflection of the needle is somewhat greater 
in the NW and SW positions than in the NE and SE positions when the current is 
directed upwards.  Students should also note that the compass deflection increases 
as the current increases.  In the post-lab discussion, help students to recognize that 



the final needle position is due to the superposition of the EarthÕs magnetic field and field produced by 
the current.  
 
Have students represent their findings on whiteboards.  Consider a roundtable discussion to elicit the 
main points of the lab; moving charge creates the magnetic field, the field lines form closed loops, and 
the field weakens as you move away from the source.  Because the direction of the field at a given 
point in space is defined as the direction of the force on the North end 
of the compass, the right hand Òcurl ruleÓ should fall out as a natural 
consequence:  when the thumb of your right hand points in the direction 
of positive charge flow, the fingers of that hand naturally curl in the 
direction of the field. Thus the picture of the field that is eventually 
settled upon should look like this (in the case of charge flow toward the 
viewer): 
 
Introduce the convention of dots  to represent a field or current 
directed toward the viewer, and crosses  for quantities directed away 
from the viewer. 
 

Measuring the magnetic field due to current in a wire 

Purpose -Part 1  
 The purpose of this experiment is to determine the relationship of the strength of the magnetic 
field around a current carrying wire and the distance of the field from the center of the wire.  The 
current is held constant. 
 

Apparatus  
 Multipurpose electric and magnetic field 
mapping apparatus, power supply, a compass with 
degrees marked around the circumference (preferably 
marked under the tip of the needle), a ruler, sheet of 
paper, multimeter or ammeter (5 or 10 amp), rheostat 
(depending on power supply), switch. 

Procedure  
Set up the electrical equipment in series: wire, 

powersupply, rheostat, ammeter, and switch.  
If the power supply used in the lab has a 
variable control, the rheostat is not necessary.  
If a digital multimeter is used make sure the lead wire is inserted in the high amp hole.  Do not 
turn on the power supply yet. 

Draw a line length wise through the axis of your paper.  Tape the paper to the table so that one end 
of the line is touching the wire and the line is oriented north and south.  To test this, move the 
center of the compass along the line.  The needle should always remain directly above the line.  
I f the needle lines up in some locations on the line and is deflected at other  locations on 
the line, there are ferrous or magnetic mater ials too close to where you are working. 

Measuring from the center of the wire, place a mark on your line 5 cm to 6 cm from the wire.  
Then mark off five more points at increments of your choosing.  Data up to 30 cm have proven 

to 
battery 
packs or 
power 
supply 



to be reliable.  Place the center of the compass on the line over the first mark.  In per forming 
many tr ials, it was found that placing the compass closer  than 5 cm to the wire produced 
poor data. 

Turn on the power supply, close the switch and adjust the current to a value from 3.0 to 10.0 
amperes.  Record the distance from the center of the wire to the center of the compass, and the 
angle the compass is deflected from north-south line.  Open the switch.  To avoid overheating 
the wire and other equipment, only close the switch when collecting data. 

Move the compass to the next mark, close the switch, record distance and angle.  Repeat this 
process until at least five data points are obtained. 

 

Theory  
 
The magnetic field due to a wire 
encircles the wire as shown in the 
diagram to the right.  The equipment is 
set up with the compass placed along 
the north-south line of the earthÕs 
magnetic field.  Since the magnetic 
field around the wire is circular, if the 
compass is placed along the N-S line, 
then the earthÕs field and that of the 
wire will be perpendicular to each 
other. The result will be a deflection of 
the compass needle somewhere 
between the N-S line of the earthÕs 
magnetic field and the E-W line of the 
current carrying wireÕs magnetic field, 
along the resultant of the two magnetic fields. 
 
The deflection of the compass needle obviously depends on the relative strength of the magnetic field 
of the current carrying wireÕs compared to that of the earth at the same location.  In the diagram above 
right, B

r
 represents the magnetic field vector from the wire and M

r
 represents the magnetic field vector 

of the earth. Since the strength of the EarthÕs magnetic field remains constant during the experiment, 
we can say that   

!  

r 
B " tan# .  A plot of tan !  vs r will allow students to determine the relationship 

between the strength of the field and the distance from the wire. 

!  
N-S line of the earthÕs 
magnetic field 

d 

Wire 

Field lines 

B
r

 

M
r

 

B
r

 

!  

  

!  

tan" =

r 
B r 
M 

r 
B =

r 
M tan"

 

Table 



Evaluation of data  
Below is a sample data table for the lab and the modified graph produced from the data. 

 
 

 
 
 

  
 
 
Since the actual value of the magnetic field strength was not determined, but is proportional to tan ! , 
students should be able to conclude that the strength of a magnetic field produced by charges moving 
in a wire is inversely proportional to the distance from the wire. 
 

Purpose - Part 2  
The purpose of this experiment is to determine the relationship of the strength of the magnetic field 
around a current carrying wire and the amount of current through the wire.  The distance from the wire 
is held constant. 

 

Procedure  
This experiment uses the same apparatus and techniques as part 1.  The difference is that the distance 
from the wire is kept constant at a value from 5 and 10 cm and the current in the wire is varied from 0 
to 5 amperes. (More current works well, but your power supply must be able to provide it.) 
 
Students will use their data to determine the relationship between the magnetic field around the wire 
and the current in the wire. 
 

Evaluation of data  
On the next page is a sample data table for the lab and the graph produced from the data collected 
when the compass was placed 5.0 cm from the wire.   



 

 
 
 

 
 
 
Using the argument cited in part 1, students should be able to conclude that the magnetic field strength 
is proportional to the current in the wire.  With some encouragement, they should also be able to 

combine the proportionalities to state that 
  

!  

r 
B "

I
r

 for the magnetic field produced by current in a 

straight wire. For quantitative problems, the constant of proportionality is 

!  

µ0

2"
, so the relationship is 

  

!  

r 
B =

µ 0I
2" r

 

 



Name       
 

Date    Pd   
 

E&M Unit 4 - Magnetism: Lab Data Sheet 
 

Currents flowing upward: 

 

North 



 
Currents flowing downward: 

 

North 
 
 
 
 


