Electrostatics 2
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1. Four charged particles are held fixed at the corners of a square of side s.  All the charges have the same magnitude Q, but two are positive and two are negative. In Arrangement 1, shown above, charges of the same sign are at opposite corners. Express your answers to parts (a) and (b) in terms of the given quantities and fundamental constants.

a.  
For Arrangement 1, determine the magnitude of the electric field.
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The bottom two charged particles are now switched to form Arrangement 2, shown above, in which the positively charged particles are on the left and the negatively charged particles are on the right.

b.  For Arrangement 2, determine the magnitude of the electric field at the center of the square

c.  
In which of the two arrangements would more work be required to remove the particle at the upper right

       corner from its present position to a distance a long way away from the arrangement? Justify your  

       answer.

                                   _________ Arrangement 1          ___________ Arrangement 2
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2. Two equal positive charges Q are fixed on the x‑axis. one at +a and the other at -a, as shown above. Point P is a point on the y‑axis with coordinates (0, b ). Determine each of the following in terms of the given quantities and fundamental constants.

a.
The electric field E at the origin O

b.
The magnitude of the electric field E at point P.
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A small particle of charge q (q << Q ) and mass m is placed at the origin, displaced slightly, and then released. Assume that the only subsequent forces acting are the electric forces from the two fixed charges Q. at x = +a and x = ‑a. and that the particle moves only in the xy ‑plane. In each of the following cases, describe briefly the motion of the charged particle after it is released. Write an expression for its speed when far away if the resulting force pushes it away from the origin.

c.
q is positive and is displaced in the +x direction.

d. 
q is positive and is displaced in the +y direction.

e.
q is negative and is displaced in the +y direction.

3. Three particles, A, B, and C, have equal positive charges Q and are held in place at the vertices of an equilateral triangle with sides of length f, as shown in the figures below. The dotted lines represent the bisectors for each side. The base of the triangle lies on the x‑axis, and the altitude of the triangle lies on the y‑axis.
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a.  i. 
Point P1, the intersection of the three bisectors, locates the geometric center of the triangle and is one point where the electric field is zero.   On Figure 1 above, draw the electric field vectors EA, EB, and EC at P, due to each of the three charges.  Be sure your arrows are drawn to reflect the relative magnitude of the fields.

ii. 
Another point where the electric field is zero is point P2 at (0, y2).   On Figure 2 above, draw electric field vectors EA, EB, and EC at P2 due to each of the three point charges.  Indicate below whether the magnitude of each of these vectors is greater than, less than, or the same as for point P1.

	
	Greater than at P1
	Less than at P1
	The same as at P1

	EA
	
	
	

	EB
	
	
	

	EC
	
	
	


b.   
Explain why the x‑component of the total electric field is zero at any point on the y‑axis.
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5. A small conducting sphere of mass 5 x 10‑3 kilogram, attached to a string of length 0.2 meter, is at rest in a uniform electric field E, directed horizontally to the right as shown above.   There is a charge of 5x10‑6 coulomb on the sphere.  The string makes an angle of 30° with the vertical.   Assume g = 10 meters per second squared.

a.    In the space below, draw and label all the forces acting on the sphere.


b.    Calculate the tension in the string and the magnitude of the electric field.

c.    The string now breaks.  Describe the subsequent motion of the sphere and sketch on the following diagram the path of the sphere while in the electric field.
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