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Charge
Comes in + and –
Charge is quantized and the smallest stable charge is called the fundamental charge, e
The proton has a charge of e
The electron has a charge of -e
E = 1.602  10-19 Coulombs 
The Coulomb is the SI unit of charge

Charge distribution
When an object is charged, it has an excess positive or negative charge.
If the charged object is an insulator, the charge is usually distributed evenly throughout the object.
If the charged object is a conductor, the charge will accumulate on the surface of the conductor. There will be no excess charge in the center.

Charge is conserved
In any nuclear reaction (or any process whatsoever) total charge remains constant.

Charges apply force to each other
Like charges repel each other; unlike charges attract each other

Coulomb’s Law
Calculates force between two charges
You must have at least two charges to use Coulomb’s Law.
F = kq1q2/r2
k = 8.99  109 N m2 / C2
q1, q2 are charges (C)
r2 is distance between the charges (m)
F is force (N)
Coulomb’s law applies only to spherically symmetric charges

Problem: Coulomb’s Law (1988)

54. Two isolated charges, + q and ‑ 2q, are 2 centimeters apart. If F is the magnitude of the force acting on charge -2q, what are the magnitude and direction of the force acting on charge + q ?

	Magnitude	Direction

(A)  	1/2 F        Toward charge —2q
(B)	  1/2 F        Away from charge -2q
(C)	  F             Toward charge -2q
(D)  F             	Away from charge ‑2q
(E)  2F           Toward charge -2q

Show your work







IMPORTANT NOTE:
The constant k in Coulomb’s Law is equivalent to the following.
k = 1/4peo
Both appear on AP Exams.

Electric Fields
Electric fields exist even when just one charge is present.
Electric field lines start on + charges and terminate on – charges.
Electric field lines indicate direction force would be on a tiny + charge put in the field.
Electric field lines are not vectors themselves. The field vectors are tangent to the field lines.
The resulting electric field vector gives the direction of the electric force on a positive charge placed in the field.

IMPORTANT NOTE:
The electric field inside a conductor is always zero, whether or not the conductor is charged or near some external charges.

Problem: Draw field around a + charge
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Problem: Draw field around a - charge

-





Problem: Draw field around dipole

+
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Problem: Draw field between capacitor plates and describe the field in words
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Calculating the electric field
Calculates magnitude of field a given distance from charge.
Direction of field is determined by analysis of a picture (out from +, in toward -)
Applies only to spherically symmetric charges
E = kq/r2
k = 8.99  109 N m2 / C2
q is the charge (C)
r2 is distance between the charges (m)
F is force (N)

Principle of Superposition
The electric field at a given point in space is the vector sum of the electric fields due to all charges in the vicinity.
The resulting vector gives the direction of the electric force on a positive charge placed in the field.

Problem: Field strength analysis (1988)

20. A hollow metal sphere of radius R is positively charged. Of the following distances from the center of the sphere, which location will have the greatest electric field strength?

(A) O (center of the sphere) 
(B) 3R/4 
(C) 5R/4 
(D) 2R 
(E) None of the above because the field is of constant strength

Explain your reasoning




 Problem: Electric Field (1988)
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57. Charges +Q and ‑4Q are situated as shown above. The net electric field is zero nearest which point?

(A) A	       (B) B  	    (C) C       (D) D      (E) E

Show your work:








Problem: Electric Field (1998)
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 	The figure above shows two particles, each with a charge of +Q, that are located at the opposite corners of a square of side d.

17.  What is the direction of the net electric field at point P ?

(A)	

(B)	

(C)	

(D)	

(E)	


Explain your reasoning:





Electric Polarization
Electric fields cause polarization (redistribution of charge) on neutral objects 
Conductors are especially vulnerable to this effect. When placed in an electric field, the charges redistribute themselves so that the electric field inside the conductor is zero.
Remember our electroscope experiments? The electroscope is a conductor. When a charged rod is brought near, the charges on the electroscope move. That makes the vanes separate, since they assume the same charge. 
The electric field inside the electroscope’s metal parts will be zero.

Problem:  Electrical polarization (1998)

13. Which of the following is true about the net force on an uncharged conducting sphere in a uniform electric field?

(A)	It is zero.
(B)	It is in the direction of the field.
(C)	It is in the direction opposite to the field.
(D)	It produces a torque on the sphere about the direction of the field.
(E)	It causes the sphere to oscillate about an equilibrium position.

Explain your reasoning:
(Hint: a picture might help here)







Problem:  Electrical field calculation from point charges (1993)
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68. The diagram above shows an isolated, positive charge Q. Point B is twice as far away from Q as point A. The ratio of the electric field strength at point A to the electric field strength at point B is

(A) 8 to 1
(B) 4 to 1 
(C) 2 to 1 
(D) 1 to 1 
(E) 1 to 2

Show your work:








Calculating Force from Field
F = Eq
F: Force in N
E: Field in N/C
q: Charge in C 

Problem: Electric Force from Field (1988)

Questions 17‑ l8
An electron is accelerated from rest for a time of 10-9 second by a uniform electric field that exerts a force of 8.0 x 10-15 newton on the electron.

17. What is the magnitude of the electric field
(A) 8.0 x 10-24N/C 
(B) 9.1 x 10-22 N/C 
(C) 8.0 x 10-6N/C 
(D) 2.0 x 10-5 N/C 
(E) 5.0 x 104 N/C

Show your work






18. The speed of the electron after it has accelerated for the 10-9  second is most nearly 

(A) 101 m/s 
(B) 103 m/s 
(C) 105 m/s 
(D) 107 m/s 
(E) 109 m/s

Show your work





Electrical Potential
The electric potential is related to potential energy.
Potential gets more positive as you near positive charges.
Potential gets more negative as you near negative charges.
Potential change is usually more important than the absolute potential.
Potential is a scalar, and requires no vector analysis.
Positive charges like to DECREASE their potential, and move to lower potentials
Negative charges like to INCREASE their potential, and move to higher potentials

Problem: Electric Potential (1993)
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70. Two conducting spheres of different radii, as shown above, each have charge ‑ Q. Which of the following occurs when the two spheres are connected with a conducting wire?

(A) No charge flows.
(B) Negative charge flows from the larger sphere to the smaller sphere until the electric field at the surface of each sphere is the same.
(C) Negative charge flows from the larger sphere to the smaller sphere until the electric potential of each sphere is the same.
(D) Negative charge flows from the smaller sphere to the larger sphere until the electric field at the surface of each sphere is the same.
(E) Negative charge flows from the smaller sphere to the larger sphere until the electric potential of each sphere is the same.

Explain your reasoning





Electrical Potential: spherical calculation
Calculates potential a given distance from charge.
Applies only to spherically symmetric charges
E = kq/r2
k = 8.99  109 N m2 / C2
q is the charge (C)
r2 is distance between the charges (m)
F is force (N)
Electrical Potential: uniform field calculation
Electrical Potential in a uniform electric field (that is, and electric field that is like the one you drew in the capacitor above)
V = -Ed
V: change in electrical potential (Volts)
E: Constant electric field strength (N/m or V/m)
d: distance moved (m)

Problem: Electric Potential, Field, and Force (1998)
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17. Two large parallel conducting plates P and Q are connected to a battery of emf C, as shown above. A test charge is placed successively at points I, II, and III. If edge effects are negligible, the force on the charge when it is at point III is

(A) of equal magnitude and in the same direction as the force on the charge when it is at point I
(B) of equal magnitude and in the same direction as the force on the charge when it is at point II
(C) equal in magnitude to the force on the charge when it is at point I, but in the opposite direction
(D) much greater in magnitude than the force on the charge when it is at point II, but in the same direction
(E) much less in magnitude than the force on the charge when it is at point II, but in the same direction

Explain your reasoning





Electrical Potential: from potential surfaces
Sometimes a picture is provided; you look at the potential surfaces and determine the potential difference from the picture.

 Electrical Potential Energy
You get this from the potential.
For absolute potential energy
U = qV
U: electrical potential energy (J)
q: charge (C)
V: potential at the location in question
More commonly, you need to calculate potential energy change
U = qV
U: change in electrical potential energy (J)
q: charge moved (C)
V: potential difference (V)
	
Problem: Electric Potential and Potential Energy (1988)

16. An electron volt is a measure of 

(A) energy 
(B) electric field 
(C) electric potential due to one electron 
(D) force per unit electron charge 
(E) electric charge

Show your work







Problem: Electric Potential and Potential Energy (1998)
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The figure above shows two particles, each with a charge of +Q, that are located at the opposite corners of a square of side d.

 What is the potential energy of a particle of charge +q that is held at point P ?

	zero
	2 qQ/(4peod)

qQ/(4peod)
2 qQ/(4peod)
	22 qQ/(4peod)
Show your work







Problem:  Charged conductor (1988)

59. A positive charge Of 10-6 coulomb is placed on an insulated solid conducting sphere. Which of the following is true?

(A) The charge resides uniformly throughout the sphere.
(B) The electric field inside the sphere is constant in magnitude, but not zero.
(C) The electric field in the region surrounding the sphere increases with increasing distance
from the sphere.
(D) An insulated metal object acquires a net positive charge when brought near to, but not in
contact with, the sphere.
(E) When a second conducting sphere is connected by a conducting wire to the first sphere, charge is transferred until the electric potentials of the two spheres are equal.

Explain your reasoning:







 << ADVANCED TOPIC >>

Capacitor
Consists of two “plates” in close proximity.
When “charged”, there is a voltage across the plates, and they bear equal and opposite charges.
Stores electrical energy.

Calculating capacitance
C = q / DV
C: capacitance in Farads (F)
q: charge (on positive plate) in Coulombs (C)
V: potential difference between plates in Volts (V)

Capacitors in Circuits
Circuit drawing




Equivalent capacitance
If you have capacitors in series, you add the reciprocal of the capacitances and then take the reciprocal of the result
1/Ceq = S(1/Ci)
If you have capacitors in parallel, you add the capacitances
Ceq = SCi

Problem: Equivalent Capacitances (1993)

Questions 15‑16 refer to the circuit shown below.
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15. The equivalent capacitance for this network is most nearly

(A) 10/7 uF
(B) 3/2 uF
(C) 7/3 uF
(D) 7 uF
(E) 14 uF

Show your work:



 16. The charge stored in the 5‑microfarad capacitor is most nearly

(A) 360 uC
(B) 500  uC
(C) 710 uC
(D) 1,100 uC
(E) 1,800 uC

Show your work:







Energy in a Capacitor
UE = ½ C (DV)2
UE: electrical potential energy (J)
C: capacitance in (F)
V: potential difference between plates (V)

Problem: Energy in a Capacitor (1998)
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 capacitor is charged to a potential difference of 100 V. The electrical energy stored in the capacitor is

(A)	file_14.wmf
2

 x 10

J

-10



(B)	file_15.wmf
2

 x 10

J

-8



(C)	file_16.wmf
2

 x 10

J

-6



(D)	file_17.wmf
2

 x 10

J

-4



(E)	file_18.wmf
2

 x 10

J

-2




Show your work:






 Capacitance of parallel plate capacitor
A fancy equation, but basically it says that capacitance is related linearly with plate area, and inversely with spacing between the plates
C = ke0A/d
C: capacitance (F)
ke: dielectric constant of filling
0 : permittivity (8.85 x 10-12 F/m)
A: plate area (m2)
d: distance between plates(m)

Problem: Parallel Plate Capacitor (1998)

14.  Two parallel conducting plates are connected to a constant voltage source. The magnitude of the electric field between the plates is 2,000 N/C. If the voltage is doubled and the distance between the plates is reduced to 1/5 the original distance, the magnitude of the new electric field is

(A)	     800 N/C
(B)	  1,600 N/C
(C)	  2,400 N/C
(D)	  5,000 N/C
(E)	20,000 N/C

Show your work:







Problem: Parallel Plate Capacitor (1998)

64. Two parallel conducting plates, separated by a distance d, are connected to a battery of emf file_19.wmf
e


. Which of the following is correct if the plate separation is doubled while the battery remains connected?

(A)	The electric charge on the plates is doubled.
(B)	The electric charge on the plates is halved.
(C)	The potential difference between the plates is doubled.
(D)	The potential difference between the plates is halved.
(E)	The capacitance is unchanged.
Show your work





Problem: Parallel Plate Capacitor (1988)

14. The capacitance of a parallel‑plate capacitor can be increased by increasing which of the following? 

(A) The distance between the plates 
(B) The charge on each plate 
(C) The area of the plates 
(D) The potential difference across the plates 
(E) None of the above




