Feedback – Electric and Magnetic Fields

	Incorrect electric force
	You indicated that the direction of the electric field at point A is direction 8.  

The definition of electric field is:

where	 = the electric field,
	 = the electric force,
	q = the charge that is moving through the electric field.
Notice that this definition is a vector equation.  If the charge, q, is positive, then the two vectors in the equation ( and ) must have the same direction.  If the charge is negative, then  and  must have opposite directions.  

The electric field in this simulation points in direction 1.  The charge moving through that field is positive.  What is the direction of ?




	Incorrect magnetic force
	You indicated that the direction of the magnetic force at point A is direction 8.  

Magnetic force is related to the magnetic field through the relationship:

where	 = the magnetic force,
	 = the magnetic field,
	 = the velocity of the charged object,
	q = the charge of the object that is moving through the magnetic field.
The ‘’ in the equation is the ‘cross product’ between the velocity and magnetic field.  If you have not encountered cross products in your math classes, then this relationship can be written as:
magnitude of Fmag:	
direction of Fmag:	obtained from the right hand magnetic force rule.
where
	 = the angle between  and .

As indicated, the direction of the magnetic force is obtained from the ‘right hand’ magnetic force rule.  Unfortunately, there are several variations of this rule.  Two of these variations are illustrated here, but feel free to use whichever variation you prefer.  Click the radio button to alternate between these two variations.  

Variations:
· Right Hand Rule #1
As illustrated in the diagram above, extend your fingers so that your right hand is flat, then point your fingers in the direction of the velocity of the charged object.  While your fingers continue to point in the direction of the velocity, rotate your palm so that when you bend your fingers, they point in the direction of the magnetic field.  Your thumb then points in the direction of the magnetic force.  
· Right Hand Rule #2
As illustrated in the diagram above, hold your first finger, middle finger and thumb of your right hand so that they are all perpendicular to each other (like the x, y and z axes).  With your fingers in this awkward position, orient your hand so that your first finger points in the direction of the velocity and your middle finger points in the direction of the magnetic field.  Your thumb then points in the direction of the magnetic force.  




	Incorrect Net Force at point A and C
	The net force is the sum of all of the forces on the charged object.  The only forces acting on the charged object in this simulation are the electric and magnetic forces.  Hence, in this simulation,
.

You indicated that the direction of the electric field at point A is direction 1 and the direction of the magnetic field is direction 5.  You did not indicate whether the electric or the magnetic force is larger.  

· If the electric force is larger, then the net force points in the same direction as the electric force (i.e., direction 1).
· If the magnetic force is larger, then the net force points in the same direction as the magnetic force (i.e., direction 5).
· If the electric and magnetic forces have the same magnitude, then the net force is zero.

In summary, if it is not known whether the electric or magnetic force is larger, then adding them does not reveal the direction of the net force.  

Remember, however, that the net force is related to the acceleration through Newton’s Second Law:
.
Newton’s Second Law is a vector equation.  Since the mass is a positive scalar, the two vectors in the equation must have the same direction.  Hence, the direction of the net force, , is the same as the direction of the acceleration, .  Once the direction of the net force is known, then you can determine whether the electric or magnetic force is larger.  Which is larger when the object is at point A?




	Incorrect Net Force at point B
	The net force is the sum of all of the forces on the charged object.  The only forces acting on the charged object in this simulation are the electric and magnetic forces.  Hence, in this simulation,
.
Notice that each of the terms in this equation are vectors.  Vectors can be added graphically by arranging them head-to-tail.  

You indicated that the direction of the electric field at point B is direction 1 and the direction of the magnetic field is direction 4.  You did not indicate whether the electric or the magnetic force is larger.  Hence both possibilities are illustrated below.  

[image: ]

Notice that in both cases, when the electric and magnetic forces are arranged tail to tail, then the net force lies between them.  Put another way, if it is unknown whether the electric or magnetic force is bigger, then the net force could point in either of the directions illustrated above.  Thus, graphically summing the forces does not give a unique direction for the net force.

Remember, however, that the net force is related to the acceleration through Newton’s Second Law:
.
Newton’s Second Law is a vector equation.  Since the mass is a positive scalar, the two vectors in the equation must have the same direction.  Hence, the direction of the net force, , is the same as the direction of the acceleration, .  Which of the diagrams above shows a net force that has the same direction as the acceleration?  



	Incorrect Net Force at point D
	[bookmark: _GoBack]The net force is the sum of all of the forces on the charged object.  The only forces acting on the charged object in this simulation are the electric and magnetic forces.  Hence, in this simulation,
.
Notice that each of the terms in this equation are vectors.  Vectors can be added graphically by arranging them head-to-tail.  

You indicated that the direction of the electric field at point D is direction 1 and the direction of the magnetic field is direction 6.  You did not indicate whether the electric or the magnetic force is larger.  Hence both possibilities are illustrated below.  

[image: ]

Notice that in both cases, when the electric and magnetic forces are arranged tail to tail, then the net force lies between them.  Put another way, if it is unknown whether the electric or magnetic force is bigger, then the net force could point in either of the directions illustrated above.  Thus, graphically summing the forces does not give a unique direction for the net force.

Remember, however, that the net force is related to the acceleration through Newton’s Second Law:
.
Newton’s Second Law is a vector equation.  Since the mass is a positive scalar, the two vectors in the equation must have the same direction.  Hence, the direction of the net force, , is the same as the direction of the acceleration, .  Which of the diagrams above shows a net force that has the same direction as the acceleration?  
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