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Electromagnetism and the Right Hand Rules

Directions:  Use this sheet handy to help your keep track of the “Right Hand Rules” for determining the direction of magnetic field around current carrying conductors, or the direction of current in a conductor as it is moved through a magnetic field.

Current Convention: For our study of electromagnetism we will use the current convention [definition of what is flowing in a conductor] of I [electric current] as being in the direction of the flow from positive to negative.  In other words, it is opposite to the actual flow of electrons through the conductor.  To determine I trace a path from the positive (+) side of a voltage source to the negatives (-) side of the same voltage source through the paths of the circuit.
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First Right Hand Rule: This rule is used to indicate the direction of the magnetic field (B) around a straight piece of wire.  This particular magnetic field was first discovered by Hans Christian Oersted.  From this discovery he concluded that there was a link between magnetism and electricity, and has since come to be called electromagnetism.


To find the direction of the magnetic field (B) around a straight wire, wrap your RIGHT hand around the wire so that your thumb stretches along the wire in the direction of the current [the flow of electrons] in the wire.  The direction your fingers wrap around the wire indicates the direction of the magnetic field [B] around the wire.  See the picture to the right.
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In the second picture below, you see how your hand curls and the thumb sticks out in order to determine I and B.  Your thumb indicates I (Current) direction, and your fingers indicate B (Magnetic Field) direction.


The magnetic field around a current carrying wire always makes concentric rings around the wire.  A compass placed very near a current carrying wire will have its needle deflected by the magnetic field around the wire.  The compass needle will align itself with the direction of the magnetic field around the wire.
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Second Right Hand Rule:  This rule indicates the direction of the magnetic field inside a coil of wire that has current running through it.  This is coil sometimes called a Solenoid.  If a ferromagnetic core is inserted into the center of the coil the solenoid now becomes an electromagnet.  In the picture to the right, a wire has been wrapped around a tube to show you how to determine the direction of the current flowing through it.  As indicated, the current is flowing in from the left side of the picture.  As you look at the picture, this means that the current is flowing “into the page” on the top of the coil (indicated with [(]’s).  This also means that the current is flowing “out of the page” on the bottom of the coil (indicated by ).
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To find the direction of the magnetic field inside the coil of wire of a solenoid or electromagnet, wrap your hand around the coil so that your fingers are in the same direction as the current flowing through the wire in the coil.  Laying your thumb out along the coil will indicate the direction of the magnetic field INSIDE the coil.  Your thumb will also point to the end of the electromagnet that is its North pole.


If you look end on at a coil of wire, you can see how your thumb points out how the magnetic field runs in the coils center.
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André Marie Ampere [Yes, the guy who current has the units named for.] discovered the electromagnet.  It was known that if two current carrying wires were laid side by side, the magnetic field they each produced would cause an attraction between the wire.  Ampere hypothesized that if a wire were coiled the individual magnetic fields around the single wire would be strengthened by the magnetic field of the wire next to it.

Electromagnetic Induction:  means the producing of an electric current a wire that is moved across a magnetic field.  This can be experienced in two manners:


A) If a wire is moved through a magnetic field, perpendicular to the field, a current will be induced in the wire as it cuts across the flux lines.  This is the principle an electric generator works on.


B) If a current carrying wire is placed in a magnetic field, a force will act on the wire causing it to move perpendicularly through the field.  This is the principle an electric motor works on.

Third Right Hand Rule: This rule indicates the direction of the induced current in the wire as it is moved through the magnetic field.  I [Mr. Welkley] like to call this rule the “FBI” rule.  It is the rule that goes along with electromagnetic induction.


To determine the direction the force will push a current carrying wire use the following right hand rule.  Place your hand so that it looks like the picture to the right.  Your extended thumb indicates the direction of the current (I) in the wire.  Your extended fingers indicate the direction of the magnetic field (B) that is going to be pushing the wire.  The force that pushes the wire is directed straight out of your palm.  Think of it this way: if  you orient your hand according to the direction of the magnetic field and the current in the wire, then your hand will “push” the wire in the direction the magnetic field will act on it.  If there were a wire in this picture, it would be running parallel to the thumb across the palm.


A second picture viewed from above your thumb: Please note that as viewed, the current in the wire would be coming “out of the page” or out of the picture because your thumb is essentially pointing straight up as viewed in the picture.  This also means that if a wire were in the picture, it would be running into and out of the page!

Example:  The diagram below shows a wire that is currently running perpendicularly through a magnetic field (The “X”’s indicate that the magnetic field is going into the page.)  If the wire is pushed to the right, using the 3rd Right Hand Rule, you can see that the current in the wire must be moving down (() through the wire.  To see this, point your fingers of your Right hand in the direction of the magnetic field (down toward this page.)  Then move your hand to the right, or realize that the motion of the wire is to the right and that must be the direction your palm must be facing toward since the force vector acts out of your palm.  Notice that with your hand in this position, your thumb points toward the bottom of the page, thus the current has to be flowing in that direction.

Remember:  The F.B.I. investigates nefarious activities, so use the “FBI” rule to investigate electromagnetic induction!!!
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