Topic 5  –  Electricity and magnetism
 
Formative Assessment

PROBLEM SET
                   NAME: ________________________________

THIS IS A PRACTICE ASSESSMENT. Show formulas, substitutions, answers, and units!
Topic 5.1 – Electric fields
The following questions are about electric charge.
1.
How many types of electric charge are there? What are they?

2.
State the charge law.

3.
A balloon becomes charged by rubbing it on a wool sweater. What charge does it become, (+) or (-)?

4.
How many electrons are in -75 (C?

The following questions are about the conservation of charge.


5.
How do the charges of the balloon and the sweater of the above example compare?
6.
If the sweater picks up 12.5 (C of charge, what charge does the balloon pick up? How many elementary charges is this?

7.
State the law of conservation of charge.
The following questions are about conductors and nonconductors.


8.
Describe and explain the difference in electrical properties of conductors and insulators.
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9.
A charged rod is brought near an uncharged electroscope as shown in the “During” phase of an experiment. Explain why the foil leaves became separated when the rod approached the electroscope’s metal ball.

10.
A plastic rod is rubbed with a cloth. At the end of the process the rod is found to be positively charged and the cloth is found to be uncharged. This involves 


A.
moving (-) from the rod to the cloth.

B.   moving (-) from the cloth to the earth.


C.
both A and B.




D.   neither A nor B.
The following questions are about electric current.

11.
A +85 (C charge is moved past a point in a conductor in 12.5 ms. What is the value of the electric current involved in this movement?
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12.
An electrical discharge between a cloud and a lightening rod has a current of 2150 A for a time of 4.50 ms. How much electric charge was involved in this lightening strike?
The following questions are about Coulomb’s law and the Coulomb force.



13.
State Coulomb’s law.
14.
Show that the numeric value of 1/[4(0(0] equals the numeric value of k.
15.
The diameter of a nucleus is of the order of 10-15 m in diameter. Find the Coulomb force between two protons if their centers are one nuclear diameter apart. Is this an attractive or a repulsive force?
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16.
A negative charge is located in the vicinity of two positive charges of equal magnitude, as shown. Which one of the following shows the resultant force acting on the negative charge at this instant?

Two equal point charges of +85 (C are placed 0.250 mm apart.

17.
If the charges are located in air, or vacuum, what is their electric force? Is it attractive or repulsive?

18.
If the charges now have a 0.250 mm layer of mica between them, what is the new electric force between them? Assume this purity of mica has a permittivity of 8.75 times that of free space.
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A conducting sphere of radius 0.25 m holds an electric charge of Q = +75 (C. A charge q = +15.0 (C is located in the vicinity of Q.
19.
Find the electric force between the two charges if q is located 0.25 m from the surface of Q.
20.
Find the electric force between the two charges if q is moved onto the surface of Q.

21.
If the mass of q is 0.125 g what is its initial acceleration if released from this new position?

22.
What is its acceleration when it is 0.25 m from the surface of Q.
The following questions are about electric field.



23.
Define electric field strength.

24.
Show that the electric field strength E a distance r from a point charge Q is given by E = kQ/r2.

25.
Explain what a field is, and why the field view is preferred over the action-at-a-distance view for the electric force in light of the special theory of relativity.
A +75 (C charge is located in free space.



26.
Find the electric field strength 0.25 m from the charge.

27. Find the force acting on an electron that is 0.25 m from the charge. Is it attractive, or is it repulsive?

Two charges of -0.64 C each are located at opposite corners of a square having a side of 0.0225 m. 
28.
Find the electric field strength at the center of the square. 
29.
Find the electric field strength at one of the unoccupied corners.
The following questions are about sketching electric field lines.
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30.
Charge A is +2 C, charge B is +4 C, charge C is -2 C and charge D is -4 C. Assume the charges are far enough apart that their fields do not affect one another. Sketch in the electric field lines about all four charges so that their densities are correct relative to one another.
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31.
Charge A is (+) and charge B is (-).  They are close enough together that they deform each other’s electric fields. Sketch in their electric field lines.
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32.
Which one of the following electric field patterns could be produced by two point charges? 
The following questions are about the electric field between two parallel and oppositely-charged plates of metal.
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33.
Two parallel plates of metal are equal and opposite in charge. The bottom plate is (+). Sketch in the electric field lines, both in between the plates, and partially outside them.
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34.
Two parallel conducting plates having equal and opposite charge are shown. The line XY is perpendicular to the plates. Which of the following shows the variation of the electric field strength E along the line XY?
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A charge of q = -15.0 (C and m = 0.00250 g is moved from plate A, having a voltage (potential) of 15.0 V to plate B, having a voltage (potential) of 8.0 V. The distance from A to B is 0.0125 cm.
35.
What is the definition of potential difference between two points A and B?
36.
What is the potential difference undergone by the charge?
37.
What is the work done in moving the charge from A to B? Express your answer in both J and eV.

38. The Coulomb force is said to be a conservative force. What does this mean, in terms of the path we take in moving the charge form A to B?
39.
What is the magnitude of the electric field between the plates?
40.
What is the acceleration of the charge. Ignore its weight.

The following question is about the charge-carriers in metals.
40.
In 1916 conclusive proof that the charge carriers in a metal are electrons (-) was obtained by Tolman and Stewart. Describe their experiment.

Suppose the current in a 1.50 mm diameter copper wire is 2.5 A is used to light a bulb, and the number density of the free electrons in the metal of the wire is 3.00(1025 m-3. 

41.
Find the drift velocity of the electrons.

42.
How long would it take an electron with this drift velocity to travel 4.50 m from an on-off switch through a wire to the bulb?

43.
Explain, then, why the bulb lights up immediately when the switch allows the current to begin flowing.
Topic 5.2 – Heating effect of electric circuits
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A carbon-core resistor consists of a carbon rod having a length of 3.25 mm, a diameter of  0.0350 mm and a resistivity of 3500(10-8 ( m. 
44.
What is the value of the cross-sectional area of the carbon rod. Be sure your answer is in m2.

45.
What is the resistance of the carbon rod?

46.
If a current of 2.25 A passes through the resistor, what is the voltage across the resistor?
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An unknown material has the V-I characteristics shown in the graph. 

47.
What is the resistance of the material when the current is 0.6 mA?

48.
What is the resistance of the material when the current is 0.8 mA?

49.
What is the resistance of the material when the voltage is 1.8 V?
50.
Is this material ohmic? Explain.

51.
Using the same graph answer the following questions. What is the power dissipation of the material when the current is 0.6 mA?

52.
What is the power dissipation of the material when the current is 0.8 mA?

These three questions are about electrical power.
53.
Using the fact that power is energy divided by time, prove that P = VI.

54.
Using P = VI and Ohm’s law (V = IR) prove that P = I2R.

55.
Using P = VI and Ohm’s law (V = IR) prove that P = V2/R.
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A voltmeter records the displayed potential difference when the leads are placed across a battery. 

56.
What is the raw uncertainty in the measurement?
57.
What is the fractional error in this measurement?

58.
An electron passes through the potential difference shown. What will its energy change be, in electron volts?
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A voltmeter records the displayed potential difference when the leads are placed across a 330 ( resistor. 

59.
What is the current passing through the resistor?

60.
How much charge passes through the resistor in exactly 1.0 minute?

61.
How much electrical energy is required to pass the charge you found in (8) through the resistor?
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A filament lamp has a rating of 5.0 W. While the bulb is lit, the meter displays the value shown. 
62.
What is the power dissipation of the lamp?

63.
What is the current in the lamp?

64.
What is the resistance of the lamp?

65.
Is the meter in series, or is it in parallel?
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A series circuit powered by a 6.0 V cell is shown. 
66.
What is the total or equivalent resistance of this circuit?

67.
What is the current through this circuit?

68.
What is V1, the p.d. across R1?

69.
What is V2, the p.d. across R2?

70.
What is V3, the p.d. across R3?

71.
What do you notice about the sum of the three voltages?
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A parallel circuit powered by a 6.0 V cell is shown.  

72.
What is the total or equivalent resistance of this circuit?

73.
What is the current through the cell?

[image: image19.png]


[image: image20.png]soas

[iX3
Iimb

04

00



74.
What is I1, the current through R1?

75.
What is I2, the current through R2?

76.
What is I3, the current through R3?

77.
What are the currents through the points X and Y?

78.
What do you notice about the sum of the three currents?
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A series circuit powered by a battery whose voltage is 6.0 V is shown in the schematic diagram. 

79.
Label VOUT and VIN in this circuit.

80.
Suppose the value of R1 is 1600 (. If we would like to “tap” 2.5 V at VOUT what should the value of R2 be?

81.
Suppose the value of R2 is 1600 (. If we would like to “tap” 2.5 V at VOUT what should the value of R1 be?

82.
What is this type of circuit called?
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A combination circuit powered by a 6.0 V battery is shown. 

83.
What is the total or equivalent resistance of this circuit?

84.
What is the total current through this circuit?

85.
With different colors sketch in all the currents. There are only two of them!

86.
What is the current in R1?

87.
What is the voltage across R1?

88.
In light of the fact that the voltages along a current loop must add up to the battery voltage, what are V2 and V3?

89.
What, then, are I2 and I3?
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Three circuits using identical cells and resistors are shown here. 
90.
Which one has the highest resistance?

91.
Which one has the highest current?
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A circuit constructed of 4 ( resistors and two voltage sources is shown. The three branch currents are already labeled with name and arbitrary direction. Two loops X and Y have already been chosen.
92.
Place heavy dots on the two junctions and label them A and B.
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93.
Use Kirchhoff’s rule for I and write the current equations for each junction.

94.
Use Kirchhoff’s rule for V and write the voltage equation for Loop X. Since the resistors are not labeled, use Ohm’s law (V = IR). Thus the resistor directly above the 12 V battery would have a voltage I1×4.

95.
Use Kirchhoff’s rule for V and write the voltage equation for Loop Y. Since the resistors are not labeled, use Ohm’s law (V = IR). Thus the resistor directly above the 6 V battery would have a voltage I3×4.

Topic 5.3 – Electric cells

96.
Explain why a chemical cell would use two different types of metal for its terminals, rather than one type.

97.
Who was it that is responsible for our using “conventional current” rather than electron current?

98.
Sketch and label a chemical cell that uses electron current, and one that uses conventional current. Explain for each of them how the cell makes the charge move. Explain for each of them where the charge has the higher potential.
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The following questions are about primary and secondary cells.
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99.
What is a primary cell?

100. What is a secondary cell?

101. Label each battery/cell with its correct designation.
102. A 525 (C of charge is brought from an electric potential of 4.0 V to an electric potential of 18 V through use of a battery. What is the change in potential energy of the charge?
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The following questions are about a common “battery” such as one found in your calculator.
103. Explain how you would determine the emf of one of the cells in your calculator. 
104. Explain how you would find the internal resistance of the same cell using a 220 ( resistor.
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A cell has an unloaded potential difference of 1.45 V. A 330 ( resistor is connected as a load as shown in the picture. The meter shows the new p.d.  

105. What is the emf of the cell?

106. What is the current through the resistor?

107. What is the internal resistance of the battery?

108. Explain what emf stands for, and in words, what in general is the emf of a cell?

109. What is the rate at which heat is being produced in the in the 330 ( resistor?

110. What is the rate at which heat is being produced in the battery?

111. What is the rate at which chemical energy is being converted to electrical energy in the cell?

112. What is the terminal potential difference of this cell under load?

Topic 5.4 – Magnetic fields






113. State the pole law, and compare and contrast it with the charge law.

114. Sketch a bar magnet with its magnetic field lines. Be sure to label the poles correctly.

115. Sketch a picture of the earth and its magnetic field.

116. Sketch in a compass needle                   at the labeled points surrounding the pictured bar magnet.

117. Compare and contrast a magnetic dipole and an electric dipole. Include a sketch of both.

118. Discuss whether or not an electric or magnetic monopoles exists, and how you would demonstrate the correctness of your discussion.

119. The current is traveling from left to right in the wire pictured here. Using dots and (s, sketch in the magnetic field surrounding the wire. What happens to the field when the current is turned off? Explain how the right hand rule works.

120. A magnetic field created by a current in a straight wire surrounds the wire as shown. State the direction of the current, and explain how the right hand rule works.

121. What is the strength of the magnetic field 2.50 cm from the wire if the current is 15.0 A?

122. What is the strength of the magnetic field at the center of a loop having a radius of 2.50 cm if the current is 15.0 A?

123. Sketch the magnetic field lines in the solenoid shown here. Assume the current enters on the left and exits on the right. Explain how the right hand rule works.

124. A straight wire is located in an external magnetic field as shown to the right. If a current is directed rightward through the wire, which way will the magnetic force cause the wire to curve?


125. A current-carrying loop of wire is placed in a uniform external magnetic field as shown. If the current in the wire is traveling counterclockwise in the picture, what do you predict the loop will do when released?





126. A +32 (C charge having a velocity of 2.5(104 m s-1 enters an external magnetic field having a magnetic flux density of 0.75 T. Find the magnitude of the magnetic force acting on the charge as it is in the field. Sketch in the direction that the charge will follow as it passes through the field. Explain how the right hand rule works. What will its speed be when it exits the field?
127. If the current in the 25-cm long wire of problem 124 is 12 A, and the magnetic field strength is 0.35 T, find the magnitude and the direction of the magnetic force acting on the wire.





128. An electron enters a region of magnetic field as shown. Which way will it be deflected?

129. For the same problem, which letter correctly describes the change, if any, in the kinetic energy and the momentum of the electron while it is in the magnetic field?


130. For the same problem, if the magnetic field has a magnitude of 1.25 T and the electron has a speed of 2.5(104 m s-1, what is the magnitude of the magnetic force acting on the electron while it is in the field?

131. The diagram shows three parallel wires P, Q, and R, each having the same current I. The resultant force on wire Q due to wire P and wire R is


A. 
perpendicular and into the plane of  the paper.


B. 
perpendicular and out of the plane of the paper.


C.
in the plane of the paper and to the right.


D.
in the plane of the paper and to the left.

132. Two long, parallel, straight wires X and Y carry equal currents into the plane of the paper as shown. The diagram shows the magnetic field strength B at the position of each wire and the magnetic force F on each wire. The current in Y is doubled. Which diagram best represents the magnetic field strengths and the forces on each wire?


I= (q/(t = 125(10-6 / 25(10-3 =  0.005 A.
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