Unit 7 AP Practice Problems

Static Electricity, Electric Field, Electric Potential, Electric Potential Energy, and Capacitors

Static Electricity (e = 1.6 E-19 C)

1. *How many electrons and protons are found in

a. 3.8 C positive and negative of charge?  (2.38 E19)
b. 2 E-14 C positive and negative of charge?  (1.25 E 5)
2. How many electrons move through your body if you absorb 5.2 C of negative charge?  (3.25 E19)
3. If a ball has a total charge of –6.2 x 10–15 C

a. Are the numbers of protons and the numbers of electrons on the ball equal in number? (No)
b. Which is greater and by how many?  (3.88 E4 more e than p)
4. *What’s the difference between conduction and induction when giving an object a charge? 

5. *A metallic object is given a positive charge by the process of conduction. 

a. Does the mass of the object increase, decrease, or stay the same?   

b. What happens to the mass of the object if it is given the same size, but negative, charge by conduction?  

6. A metal sphere has a charge of +6.0 E-6 C.  What is the net charge after 4.0 x 1015 electrons have been placed on it? (-6.34 E-4 C)
The Electric Force (F = kqq/r2   (  a vector quantity so direction matters)  

7. *How is the size of the force acting on two charges related to the distance between the charges? 

8. *How is the size of the charges related to the size of the force?

9. *Two positive charges of 6.0 x 10-6 C are separated by 0.50 m.  What force exists between the charges?  (1.30 N, repulsive)
10. A negative charge of 6.0 x 10-6 C exerts an attractive force of 65 N on a second charge 0.050 m away.  What is the magnitude and sign of the second charge?  (+3.01 E-6 C)
11. How far apart are two protons if they exert a force of repulsion of 2.39 N on each other? (9.82 E -15 m)
12. Two identical negative charges exert a repulsive force of 2.89 x 10-6 N when separated by a distance of 5.67 x 10-8 m.  Calculate the charge of each.  (1.02 E-15 C)
13. The hydrogen atom contains a proton and an electron.  The average distance between them is 5.3 x10 –11 m.  

a. What is the average electrostatic force between them?  (8.2 E -8 N)
b. What is the average gravitational force between them? (3.61 E -47 N)
c. How do the magnitudes of the two forces compare?  (Fe>>> Fg)
14. In the Bohr model of the hydrogen atom the electron is in orbit about the nuclear proton at a radius of 5.29 E –11m.  Determine the speed of the electron, assuming the orbit to be circular.  (2.19 E6 m/s)
15. *Three particles are placed in a line.  The left particle has a charge of  -67 x10-6 C, the middle is +45 x10-6 C, and the right is –83 x10 –6 C.  The middle particle is 72 cm from each of the others.

a. Find the net force on the middle particle.  (12.5 N, R)
b. Find the net force on the right particle.  (40.171 N, L)
c. Find the net force on the left particle.  (28.21 N, R)
16. Object A (+6 x10 -6 C) has two other charges nearby.  Object B (-3 x10 –6 C) is 0.04m to the right of object A and object C (+1.5 x10 –6 C) is 0.03m to the left of object A.  What is the net force on A?  (191.25 N, R)
17. Repeat the above problem if object C is 0.03m directly below object A.  (135.47 N, 41.63 degrees)
18. Repeat problem the above problem if object C is 0.03 m away from A, but at an angle of 73 degrees.
19. *A proton and an electron are held in place on the x-axis.  The proton is at x = -d, while the electron is at x = +d.  They are released simultaneously, and the only force to affect their motions is the electrostatic force of attraction that each applies to the other.  Which particle reaches the origin first?  (the electron, smaller mass ( larger acc)
20. *Two tiny conducting spheres are identical and carry charges of –30.0 (C and +70.0 (C.  They are separated by a distance of 3.50 cm. 

a. What is the magnitude of the electric force that each sphere experiences, and is the force attractive or repulsive? (1.54 E4 N, att)
b. The spheres are brought into contact and then separated back to a distance of 3.50 cm.  Determine the magnitude of the force that each sphere now experiences, and state whether the force is attractive or repulsive.  (2.94 E3 N, rep)
21. Consider three metal identical spheres, A, B, and C.  A carries a charge of +5q, B carries a charge of –q, and C carries no net charge.  Spheres A and B are touched together and then separated.   Sphere C is then touched to A and separated from it.  Lastly, C is touched to B and then separated from it.  

a. How much charge ends up on C?  (+1.5q)
b. What is the total charge on all three spheres before they were allowed to touch?  (+4q)
c. What is the total charge on all three spheres after they were allowed to touch?  (+4q)
22. A former student’s quote:  Spring’s are the Devil’s work.  Two spheres are mounted on the free ends of identical horizontal springs and rest on a frictionless table.  When the spheres are uncharged, the spacing between them is 0.05 m and the springs are unstrained.  When each sphere has a charge of +1.6 μC, the spacing between the spring’s doubles.  Assuming that the spheres have a negligible diameter, determine the spring constant of the springs.  (92.16 N/m)
The Electric Field--a vector quantity so direction matters (experienced by a charge E = F/q  and due to a charge E = kq/r2)
23. Suppose you are given an electric field but the charge that is producing the field is hidden.  If all the field lines point into the hidden region, what can you say about the sign of charge creating the field?  (it’s neg)
24. Draw the electric field lines between

a. Two positive point charges  

b. A positive and a negative point charge

c. Two oppositely charged parallel plates (this would be a capacitor…more on that later)

25. *A small positive charge of 5 x10 –4 C is in another charge’s electric field.  It experiences a force of 2.5 x10 –4 N to the left.  What is the magnitude and direction of the electric field at that point?  (0.5 N/C, left)
26. *If you replaced the previous positive charge with one that is twice as large and placed it in the same spot in the same electric field

a. Would the new charge have the same size force acting on it?  (No, it would double, too)
b. Would you find the same size electric field?  (yes)
27. A negative charge of 2.0 x10–8 C experiences a force of 0.06N to the right in another charge’s electric field.  

a. What is the field magnitude and direction at that point?  (3 E6 N/C, Left)
b. Can you positively tell if it’s a positive or a negative charge creating the field?  (No, ask me if you don’t know why)
28. *What is the magnitude of the electric field due to a 5.2  108 C charge at a point 0.038 m away?  (3.24 E5 N/C)
29. *Can the electric field be zero at a point in between:

a. Two un-like charges? (No)
b. Two like charges?  (yes)
30. *Two different size charges are on a straight line.  Approximately where at a point on the line is the electric field zero if

a. the two charges are like?  (somewhere in between the charges but closer to the smaller charge)
b. The two charges are unlike?  (outside the charges but on the side closer to the smaller charge)
31. *Two positive point charges (q1 = +16 μC and q2 = +4 μC) are on a number line (q1 is at 0m and q2 is at 3m).  Find the spot on the line in between the charges where the net electric field is zero.  (at the 2m mark)
32. A tiny ball (mass = 0.024 kg) carries a charge of –21 (C.  What electric field (magnitude and direction) is needed to cause the ball to just float above the ground?  (1.12 E4 N/C, down)
33. A small drop of water is suspended motionless in air by a uniform electric field that is directed upward and has a magnitude of 8480 N/C.  The mass of the water droplet is 3.5 E –9 kg.
a. Is the excess charge on the drop positive or negative.  Why?  (Positive; ask me if you don’t understand why)
b. How many excess electrons or protons are on it?  (2.53 E7 excess protons)
34. A proton is moving parallel to a uniform (constant) electric field.  The electric field accelerates the proton and increases its linear momentum  to 5 E –23 kgm/s from 1.5 E –23 kgm/s in a time of 6.3 E-6 s.  What is the magnitude of the electric field?  (34.72 N/C)
35. A small object of q = 7.5 μC and m= 9 E-5 Kg is placed in a constant electric field.  Starting from rest, the object accelerates to a speed of 2 E 3 m/s in a time of 0.96 s.  Determine the magnitude of the electric field.  (2.50 E4 N/C)
36. An electron enters the lower left side of a parallel plate capacitor and exits precisely at the upper right side (just clearing the upper plate).  The initial velocity of the electron is 7 E 6 m/s parallel to the plates (see diagram below).  The capacitor is 2 cm long and its plates are separated by 0.150 m.  Assume the electric field is uniform at every point between the plates and find its magnitude.  (2.09 E5 N/C)
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The Electric Potential (AKA Voltage or Potential Difference) in an Electric Field: How charge gets “pushed” 

*Remember the work-energy theorem even though you aren’t given it on the AP exam:
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If there is no work done by non-conservative forces, then however much an object’s KE increases by, the PE will decrease by the same amount (if one increases, the other must decrease and vice-versa)

The Electric Potential energy possessed BY a single charge in an electric field  (PEe= Vq  ( A scalar quantity, but can be + or – depending on the charge creating the field)

37. *If 120J of PEe is lost as 3 Coulombs of negative charge moves from a negative plate to a positive plate, what potential difference exists between the plates?  (40 v)
38. How much work is done by the electric field as +0.15 C of charge moves through a potential difference of -9.0 volts?  (1.35 J)
39. What work is done by the electric field on -5C of charge to move it across a potential difference of 1.5v?  (7.5 J)
40. *The work done by the electric field as a charge (+2 E –6 C) moves from A to B is +5 E-5J.  What is

a. The difference in electrical PE of the charge between these two points? (-5 E-5 J)
b. The potential difference between theses two points? (-25 v)
41. *The positive terminal of an X-ray tube is at a potential of +125, 000 v with respect to the negative terminal.  

a. How much work is done by the electric force when an electron is accelerated from the negative terminal to the positive terminal?  (+2 E-14 J)
b. If the electron is initially at rest, what KE does it have as it strikes the positive terminal?  (2 E-14 J)
42. *Two points (A and B) are located along a horizontal line.  A positive test charge is released from rest at A and accelerates toward B.  Assuming that only motion along this line is possible,

a. what will a negative test charge of the same size charge do if it’s released from B?  (acc toward A)
b. where is the potential the highest?  (at A, +potential > - potential)
43. *A particle (m = 1.8 E-5 kg) with a charge of +3 E-5C is released from rest at point A and accelerates toward point B.  The only force acting on the charge is the electric force.  The electric potential at A is 25 v greater than at point B.  

a. What is the speed of the particle when it reaches point B?  (9.13 m/s)
b. If the same particle had a negative charge and was released from rest at point B, what would be its speed at point A? (the same; the only thing that changed was the sign of the charge; mass remained the same)
The Electric Potential in a field PRODUCED BY a single charge (V = kq/r)

44. *What is the electric potential at a spot 1.2m away from a point charge of 4 E –8 C when the charge is

a. Positive?  (+300 v)
b. Negative?  (-300 v)
45. *An equi-potential surface that surrounds a +3 E-7C spherical point charge has a radius of 0.15m.  What is the potential on the surface? (1.80 E4 v)
46. What point charge is at the center of a -26V equipotential surface that has a radius of 0.9m?  (-2.6 E-9 C)
47. Location A is 3 m from a charge of –5 E-8C while B is 5m from the charge.   Find the 

a. electric potential at each spot (-150 v, -90 v)

b. potential difference between the two points (VB – VA) and state which point is the higher potential.  (60 v; point B is actually the higher potential as it is a higher numerical value (-90 > -150) even though a negative charge would experience more PE at A than at B)
48. There is a potential of +130 V at a spot 0.25m away from a charge.  Find the magnitude and sign of the charge.  (+3.61 E-9 C)
49. *Two charges (+8 E-9C and –8 E-9C) are 0.8m apart.  Find the electric potential at a point in between the charges that is

a. 0.2m away from the + charge.  (240 v)
b. 0.4m away from both charges.  (0 v)
50. *Two point charges (+2q and -1q) are fixed in space.  On a line that passes through both of the charges, how many places are there that the total potential is zero and approximately where are they? (one place on a spot in between the charges but closer to the smaller charge)
51. *Two point charges (+8 E-9C and –10 E-9C) are 0.6m apart.  Find the point in between them that the potential is zero v.   (0.267 m away from the smaller charge or 0.333 m away from the larger charge)
The electric PE DUE TO multiple charges (PEe = qV = kqq/r)

52. *Two electrons are 0.3 m apart.   

a. What is the total electric potential energy of the two charge system?  (7.68 E-28 J)
b. How much PEe does each electron have?  (7.68 E-28 J)
c. What is their total PEe if they were both protons?  (7.68 E-28 J)
d. If the two electrons are released and free to move in their electric field, how much PEe and KE do they each have when they are an infinite distance apart?  (zero J, 3.84 E -28 J)
53. Two identical positive point charges are held in place 0.80m apart.  They are then moved so that their electric potential energy doubles.  What is the new separation between the charges?  (0.40 m; PE indirectly related to r; or you can set it up as a proportion)
54. Three point charges are at the points of an equilateral triangle with sides of 0.5m.  The charges are +5 E-6C, +6 E-6C and –2 E-6 C.  What is the total potential energy of the group of charges?

Pulling it all together (a mish-mash of the more complex ideas)

55. Two identical point charges (+2.4 E –9 C) are fixed in place, separated b y 0.5 m.  Find 

a. The electric field midway between the charges.  (0 N/C)
b. The electric potential midway between the charges.  (172.8 v)
c. The total PE of the two charges.  (1.04 E-7 J)
56. A particle with a charge of –4.2 (C and a mass of 5.8 x 10-6 kg is released from rest in an electric field at point A and accelerates toward point B arriving there with a speed of 58m/s. 
a. What is the potential difference between A and B?   (2.32 E3 volts)
b. Which point is at a higher potential?  Give your reasoning.  (B, negative charges move toward regions of higher potential)
57. Two charges are placed on the x-axis.  One charge (q1 = +3 μC) is at +4 m.  The other (q2 = -8 μC) is at +10 m.   Find

a. Find the net electric field at 

· 0 m  (967.5 N, Left)
· 8 m  (19,687.5 N/C, Right)
b. Find the net potential at

· 0 m (-450 V)
· 8 m (-29,250V) 
58. Two charges (+ 5 μC and -6 μC) are separated by 5m.  Where between them is the net 

a. electric potential zero?  (2.27 m away from the positive charge)
b. electric field zero?  (it will not be zero at any place in between the charges)
59. A charge of –5 μC is fixed in place.  From a horizontal distance of 0.05m, a particle of mass 7.2 E-3 kg and charge of –7 μC is fired with an initial speed of 50 m/s directly toward the fixed charge.  How far does the particle travel before its speed is zero?  (the new radius is 2.06 E-2 so the charge actually moved 2.94 E-2 m)
60. Two electrons are moving directly toward one another.  When they are really far apart (so they aren’t experiencing a force from the other yet), their initial speeds are 2.3 E6 m/s.  What is the distance of their closest approach?  (4.78 E-11 m)
Capacitors:  (Things that store a distributed charge and energy)  (C = Q/V, E = V/d, PEc = ½ QV = ½ CV2)

61. *The electric field intensity between two oppositely charged parallel metal plates is 8000 N/C.  The plates are 0.05 m apart.  What is the potential difference (i.e., voltage) between them?  (400 v)
62. A voltmeter reads 500 V when placed across two charged parallel plates that are 0.02 m apart.  What is the electric field between them?  (2.50 E4 N/C)
63. *A 27 μF capacitor has a potential difference of 25V across it.  What is the charge on the capacitor?  (6.75 E-4 C)
64. *Both a 3.3 μF and a 6.8 μF capacitor are connected across a 15V potential difference.  Which capacitor has the greater charge?  (the one with the greatest capacitance)
65. A 2.2 μF capacitor is first charged so that the potential difference is 6V.  How much additional charge is needed to increase the potential difference between the plates to 15V?  (1.98 E-5 C)
66. The electric potential energy stored in the capacitor of a defibrillator is 73J and the capacitance is 120 μF.  What is the potential difference across the capacitor plates?  (1.10 E3 v)
67. The electronic flash attachment for a camera contains a capacitor for storing the energy used to produce the flash.  In one such unit the potential difference between the plates of a 750 μF capacitor is 330V.  

a. Determine the energy necessary to produce the flash in this unit.  (40.84 J)
b. Assuming the flash last for 5 E-3 s, find the effective power (in Watts) of the flash.  (8.17 E3 W)
68. Two identical capacitors store different amount of energy.  Capacitor A stores 310 J and B stores 34 J.  The voltage across the plates of B is 12V.  Find the voltage across the plates of A.  (36.23 v)
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