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PHYSICS 251: TEST 1     2/8/10     Dr. Varriano     





NAME:______________________PRIVATE 

Do all 8 problems.  Show all of your work in the space provided to receive partial credit.  You may use additional sheets of paper if necessary.  Put your final answer to each question on the line provided unless instructed otherwise.  I'll assume that all angles are measured with respect to the positive x-axis with counterclockwise being the positive angle direction unless you indicate otherwise.

___________________________________________________________________________

1. [12 pts] 

A +8 (C point charge is located at the origin.  It feels an electric force of 200 kN directed at 90(exerted by a +3 (C charge.  Find the x and y coordinates of the position of the +3 (C charge.

​x =    0   
y =   -1.04 mm  
2. [20 pts]

Consider the following two point charges lying in the x-y plane:

q1 = -4 nC at (+1 m, +1 m)          q2 = +2 nC at (0, +1 m)

(a) Find the electric field at the origin (0,0) due to q1.  

magnitude   18 N/C
direction   45(
(b) Find the net electric field at the origin (0,0) due to both charges.  Be sure to show your work. 

magnitude   13.8 N/C
direction   -22.5(
3. [12 pts]

Consider the two point charges in the diagram.  The left charge is positive and the right charge is negative.  The sizes of the charges are the same.   A and B are two points in space.  Point B is exactly halfway between the point charges.  Point A is directly above point B.  

(a) In which direction does the net electric field point at point A?  (Circle the one correct answer.)    


0(   30(   60(   90(   120(   150(   180(   210(   240(   270(   300(   330(
(b) In which direction does the net electric field point at point B?  (Circle the one correct answer.)    


0(   30(   60(   90(   120(   150(   180(   210(   240(   270(   300(   330(
(c) The field at point B is 5000 N/C.  A –2 nC charged particle is placed at point B.  Find the electric force exerted upon this particle.

size   10-5 N
direction   180(
  4. [14 pts]

Consider the uniformly charged wire in the diagram.  The linear charge density of the wire is +25 nC/m.  The wire can be approximated as being infinitely long if you are at point P2.
(a) What is the net charge of the entire wire?            




                                          + 50 nC
(b) Point P1 is 10 cm from the end of the wire.  Find the electric field at this point.


magnitude   2143 N/C
direction   0( (to the right)
(c) The size of the electric field at point P2 is equal to the size of the field at point P1.  How far is P2 from the wire?

  21 cm
5. [10 pts]

(a) Consider a circular loop of wire with a net charge of Q and a radius of a.  Show that the electric field is given by 
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at a point P on the loop's central axis that is a distance of a from the loop’s center.

(b) At what point on the central axis is the electric field the weakest?


6. [12 pts]

Consider the two metal plates shown below.  When released from rest at the top plate, an electron is observed to accelerate downwards and reach the bottom plate 2.5 ns later. The electric field between the plates is 12 000 N/C.

(a) Label the plates with the appropriate charge sign and draw an electric field line in the correct direction between the plates.


(b) Find the size of the electron's acceleration delivered by the field.

  2.1x1015 m/s2
(c) What is the separation distance between the plates?

  6.6 mm 
7. [12 pts]

A solid rubber, insulating ball is centered inside a thick metal spherical shell.  The shell has an inner radius of 4.5 cm, an outer radius of 5.5 cm and a net charge of -30 nC.  The ball has a radius of 2 cm and a net charge of +30 nC.  Both objects are in electrostatic equilibrium.

(a) Find the size and direction of the electric field at the following distances from the ball’s center.




  r=4 cm       magnitude  168750 N/C 
direction  radially outward







r=5 cm      magnitude     none                       direction                    none
r=6 cm      magnitude     none                       direction                    none
 (b) Find the amount of net charge on the following surfaces.
inside surface of shell   -30 nC
outside surface of shell   zero
8. [8 pts]

Suppose that the spherical shell in Problem 7 is now made neutral (net charge of zero).


(a) Are electrons added to or removed from the shell?






added     /     removed

(b) How many are added or removed?

  1.875x1011 
(c) What is the net charge on the outside surface of the shell now assuming the ball is still inside and that equilibrium is again achieved?

  +30 nC
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At x = 0 (loop’s center)





Use the expression of the electric field on the axis of a loop with x equal to the radius a.





Top late is -, bottom late is + with electric field pointing upwards.
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