California Physics Standard 5g  
           Send comments to:  layton@physics.ucla.edu
5.  Electric and magnetic phenomena are related and have many practical applications.     As a basis for understanding this concept:
g. Students know how to determine the direction of a magnetic field produced by a current flowing in a straight wire or in a coil.
Demonstrations to show the direction of magnetic fields around wires, loops and coils or solenoids
Remind students that the direction of a magnetic field is the direction that the north-seeking end of a compass needle will point when placed in the field.  The following demonstrations will help students to see the connection between the direction of the currents and the direction of the resulting magnetic field.  (As always, the direction of current is the direction of positive charge flow.)
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Hand waving to show the direction of magnetic 
Using the right hand rule to determine the direction of a magnetic field 
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Since magnetic fields are definitely a three dimensional phenomena, it is often difficult to represent them on two-dimensional surfaces.  A commons trick is to represent vectors directed toward you with a point and vectors directed away from you with an X.  (Think of an arrow with tail feathers.)  Below is a representation of the field around two wires
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We have been discussing the right hand rule used for finding the direction of magnetic fields produced by currents.  If the “current” is a flow of negative charges, such as electrons, simply use the left hand rather than the right hand.  Also, it should be understood that there is a different “right hand rule” used to explain the directions of the force on charges moving through magnetic fields.  Failing to appreciate this difference can cause confusion.  We will discuss the hand waving rule for forces on charges moving through magnetic fields in Section 5. n*.

Activity to measure the relative strength of magnetic fields produced by currents

The Standards do not include how current, and distance from the current, influences the strength of the magnetic field.  In the case of a long straight wire, it can be shown that the strength of the magnetic field is directly proportional to the current and inversely proportional to the distance from the wire.  (This is known as the Biot-Sevart law.)  An experiment to demonstrate this relationship can be challenging to perform but requires modest equipment and a special cooperative spirit between students and teacher.  Before describing this experiment it is important to appreciate that all experiments involving magnetism can be made difficult if even a small amount of iron is in the space where the experiment is conducted.  Metal tables, belt buckles, even steel fasteners in wooden tables can contaminate the results.  

First, let us consider a description of the concept of the experiment.  Below are three illustrations.  The first is the top view of the magnetic field around a wire with a current directed upward toward us.  The second is the horizontal component of the earth’s magnetic field as seen from above.  The third illustration represents the vector sum of the field of the (vertical) current and the horizontal component of the earth’s field.


Current’s field only.

        Earth’s field only

  Vector sum of two fields
In this experiment the magnetic field around a current carrying wire will be measured with a compass.  With the current on, the angle the compass points away from magnetic north will be recorded and this angle can be used to compare the strength of the current’s field with the strength of the horizontal component of the earth’s field.  (Students who understand basic trig will see that the tangent of the angle the compass needle is directed away from magnetic north is the ratio of the current’s magnetic field to the horizontal component of the earth’s magnetic field.)  In order to be successful, this experiment will require currents of up to10 amps (or more) and a space to move the compass that is some distance from ferromagnetic materials.  Since most classrooms do not have classroom sets of large current power supplies, the following page describes a possible approach using only a single large power supply and a very long wire distributed around the room.

Experiment to measure the magnetic field around a long straight wire
A single large variable power supply with a good ammeter is located in a convenient spot in the room and will probably be controlled by the teacher.  A long piece of enameled copper wire (probably #18 or larger) that can be strategically is passed up and down around the room.   Supporting the upper end can be a problem but we have had luck with light fixtures.  The lower end of the vertical straight wire can be held down with a weight 


would be to have the students fix the compass fairly near the wire and have the teacher call out different currents.


The analysis of the data will involve comparing the current’s field at different distances with a fixed current and at a fixed distance with different currents.  If the students know trig, they will note that the field of the current = the earth’s field X the tangent of the angle of deflection from magnetic north.  Students who don’t know trig can use the graphical method of adding vectors as discussed in Section 1 j*.
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Attach a long section of wire to a power-supply and support a long straight section in a vertical position.  Using a demonstration compass, move around the wire and note how the compass points.  Since you will be competing with the earth’s magnetic field, point out to students that the compass is pointing out a vector sum of these two fields.  However with a large enough current, it should be clear that the compass indicates that the magnetic field of the current is in a circle around the wire.  Note the direction of the current from the polarity of the power-supply and indicate how the compass is pointing, depending upon whether the current is directed upward on downward.  We recommend that the students clearly see how the compass points related to the current direction before you show them the mnemonic of hand waving. 
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Make a “loop” of wire that consists of 10 or 20 turns of copper wire in a large flat circle.  The loop does not need a cardboard or plastic form to wind the wire on but if one is available, it makes it a little easier to manipulate.  Using the demonstration compass show that the field inside of the coil is always in the same direction, essentially parallel to the axis of the loop.  Carefully move near the wire to the outside of the loop and observe that the compass changes direction.
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Repeat the demonstration with a solenoid.  As you move the demonstration compass around in the field of the solenoid, students should notice that the field is the same as a bar magnet.  However, with the solenoid, it is possible to move the compass inside of the coil and show that the field does in fact close back on to itself.  In all cases, show the effect of reversing the direction of the current on the magnetic field.  Carefully note the direction of the current and the subsequent magnetic field direction. 
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Determining the direction of the magnetic field around a current is easily found by the “right hand rule”.  Point the thumb of the right hand in the direction of the current and the fingers will curl around the current in the direction of the magnetic field.  This works for any current configuration as shown with a single wire on the left or with a loop as shown on the right.  The fingers will always point in the same direction inside of the loop as the thumb points around the loop in the direction of the current.  This is also true for the solenoid.  Inside the solenoid the field points in one direction and outside it points in the other direction.  Often the end of the solenoid where the field points outward is called its north pole, just as with the bar magnet.
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carrying current in the opposite direction (shown on the left) and the field around a current carrying loop (shown on the right.)  Excellent three- dimensional illustrations of magnetic and electric fields can be found in most college physics texts.  Recalling that the intensity of a field is indicated by how close together the field lines are spaced, a correct representation using the dot and X method should also represent this.  Although the drawings shown here are not strictly correct, the correct representation would show different dot and X densities.
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Wire with upward directed current.
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Magnetic North





 or perhaps a book.  This setup can provide several stations with vertical wires to carry currents that the teacher can control from a single power supply in a single location. The students will have a meterstick with one end taped to the wire running in a magnetic north south direction.  To avoid the influence of ferromagnetic materials, books can support the meterstick high above the table, or even a student could hold the stick in a horizontal position.  One part of the experiment would be to have the current fixed at a fairly large value while the students measure the field at different distances from the wire.  Another part of the experiment  
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On the right is shown an individual station.  The meterstick is aligned with magnetic north and the zero end of the meterstick is taped to the vertical wire. The books hold the meterstick above the table and may require a student to hold it down.  If the desks are not conveniently aligned, it might be required that students hold the stick.  Again make sure that no ferromagnetic materials in student’s pockets, etc. ever be near the compass.  If a large enough diameter wire is used, the wire should not heat appreciably during the higher current settings.  (A test in advance with a small piece of the selected wire at the highest current settings is advised.)








