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1. No. By conservation of charge, your hair must become negatively charged.


2. Dry air, wood, plastic, cloth, and deionized water as insulators. Metals, tap water, and your body as conductors.


3. Metals contain free electrons. Rubber has bound electrons.


4. They have been charged by contact as they rub against other clothes and thus are attracted to the other clothing.


5. Rubbing the record charges it. Neutral particles such as dust are attracted to a charged object.


6. No. Net charge is the difference between positive and negative charges. The coin can still be zero.


7. Electric force is inversely proportional to the distance squared. As distance increases and charges remain the same, the force decreases as the square of the distance.


8. Without touching the conductor, bring it close to, but not touching, the rod. Momentarily touch the side of the conductor farthest from the rod. The conductor will be charged by induction.


9. The charge of the proton is exactly the same size as the electron but has the opposite sign.


10. Use a known insulator to hold one end of the object against the electroscope. Touch the other end with the charged rod. If the electroscope indicates a charge, the object is a conductor.


11. The neutral spheres are initially attracted to the charged rod, and all acquire a like charge as the rod when they touch it. Subsequently, they are repelled from each other and from the rod.


12. Charge in the cloud repels electrons on Earth, causing a charge separation by induction. The ground closest to the cloud is positive, resulting in an attractive force.











13. a. The leaves will move farther apart.


      b. The leaves will droop slightly.


14. Similar: Inverse-square dependence on distance, force proportional to product of two masses or two charges. 


     Different: Only one sign of mass so gravitational force is always attractive while there are two electrical signs. Therefore, electrical force can be either attractive or repulsive.


15. After charging spheres A and B equally, B is touched to two other equally-sized balls that are touching each other. The charge on B will be divided equally among all three balls, leaving one-third the total charge on it.


16. To have the same force with 1/3 the charge, the distance would have to be decreased so that d2 = 1/3 or .58 times apart.


17. � EMBED Equation.DSMT4  ��� ,so F = 16 times


the original force.


18. The electrical force is much larger than the gravitational force.


19. Gravitational forces can only be attractive. Electrical forces can be either attractive or repulsive, and we can only sense their vector sum, which is generally small.


20. a. 2F  b. F/4  c. F/9  d. 4F  e. 3F/4


21. 2.50 x 102 electrons


22. a. 5 x 1022 atoms  b. 1024 electrons


      c. 2 x 105 coulombs


23. a. 1.6 x 1020 electrons  b. 4.8 x 10-3 g


24. 1.0 x 10-8 N, away from each other


25. 9.0 x 10 N, toward the other charge


26. 5.6 x 102 N    27. 1.5 x 10-14 m    28. .70 m    29. 3.2 x 10-19 C  30. 98 N, south


31. a. 13 N, right  b. 41 N, left


32. 3.7 x 102 N, � EMBED Equation.DSMT4  ���left & down from level


33. a. 3.7 x 102 N, away (toward qT)  


          92 N toward (away from qT)


34. a. 9.8 x 10-3 N


      b. 5.7 x 10-3 N


      c. 2.4 x 10-8 C





2. The test charge must be small in size and have a small positive charge.


3. The direction of an electric field is the direction of the force on a positive charge placed in the field. This would be away from a positive object and toward a negative object.


4. Lines of force.


5. The closer together the electric field lines are, the stronger the electric field.


6. Electric Potential Energy (J)


    Electric Potential (V)


7. The volt is the change in potential energy per unit charge (V = J/C). The volt can also be viewed as the amount of work done on a 1C charge. (Recall W=Fd and E is the force on a 1C charge, so W=Ed for a 1C charge.) 


� EMBED Equation.DSMT4  ���


8. The charge is shared with the surface of Earth, which is extremely large.


9. The table is an insulator or at least a very poor conductor.


10. The concentration of charge is greater at the corners.


11. A capacitor is a device that is made up of two conductors, or plates, isolated from each other by an insulator. As such, it stores charge. The larger the capacitance, the larger the charge that can be put on it for the same voltage.


12. Nothing. Because the force on the test charge would also be halved, the ratio of � EMBED Equation.DSMT4  ��� and the electric field would remain the same.


13. Energy is proportional to the force, and the force is proportional to the electric field. More energy is needed.


14. The electric potential energy of the particle will be converted into kinetic energy of the particle.








15. Sphere x will follow path C. It will experience forces shown by D and B. The vector sum is C.


16. V = J/C =


� EMBED Equation.DSMT4  ���


17. They are parallel, equally spaced lines.


18. Slow. The larger the charge, the stronger the force, and thus the larger the (terminal) velocity.


19. a. No. Their masses could be different.


      b. charge-to-mass ratio, q/m (or m/q)


20. Tim has a larger surface area, so he will have a larger amount of charge.


21. The 10-cm-diameter sphere has a larger capacitance because the charges can be farther apart, reducing potential rise as it is charged.


22. Change the voltage across the capacitor.


23. 2.0 x 104 N/C      24. 7.0 x 10-5 C


25. 4.4 x 10-7 C


26. a. down  b. 2.4 x 10-17 N


      c. 1.7 x 10-26 N, down, more than one billion times smaller.


29. 4.0 x 10-3 N


30. a. -2 x 10-14 N, opposite the field


      b. -2 x 1016 m/s2


31. a. 1.2 x 1013 N/C, outward


      b. -1.9 x 10-6 N, toward the nucleus


32. 120V      33. 1.4J      34. -8 x 10-17J


35. 1.0 x 102C   36. 1.2 x 102V  37. 2500V/m


38. a. 1.6 x 10-18C    b. 10 electrons


39. � EMBED Equation.DSMT4  ���          40. 5.0 x 102V   


41. 1.13 x 10-9C    42. 6 x 102V   


43. 1.63 x 10-19C   44. .450J


45. a. 2 x 10-2W       b. 4.5 x 103W


      c. Power is inversely proportional to the time. Shorter the time, greater the power.


46. a. 3.1 x 106J  b. 3.1 x 1014W  c. 3.1 x 103s


47. 18.2 x 10-3N,� EMBED Equation.DSMT4  ���


48. a. 1.2 x 10-10N  b. 1.2 x 103m/s2 


      c. 1.0 x 10-3s     d. .60mm


49. 1.8 x 1013C








1. a. Electrical energy to heat and light


    b. Electrical energy to heat and kinetic energy


    c. Electrical energy to light and sound


2. 1 A = 1 C/s


3. A larger-diameter wire has a smaller resistance because there are more electrons to carry the charge.


4. 1 A = 1 C/s, so 1C of charge passes the point each second and 1C = 6.25 x 1018 electrons.


5. The low resistance of the cold filament allows a high current initially and a greater change in temperature, subjecting the filament to greater stress.


6. Long bar shows ‘+’ and short bar indicates ‘-’ for the battery.


7. a. The ammeter is connected in series.


    b. The voltmeter is connected parallel.


8. The short circuit produces high current, which causes more electrons to collide with the atoms of the wire. This raises the atoms’ kinetic energy and the temperature of the wire.


9. As electricity flows, electrons bump into the atoms of the wire, increasing their kinetic energy, and raises the temperature of the wire.


10. The resistance of the wire and the current in the wire.


11. A potential difference is felt over the entire circuit as soon as the battery is connected to the circuit. The potential difference causes the charges to begin to flow. Note: The charges flow slowly compared to the change in potential difference.


12. By touching the fence and the ground, the cow encounters a difference in potential and conducts current, thus receiving a shock.


13. No potential difference exists across the wires, so no current flows. 





14. Either increase the voltage or decrease the resistance.


15. 50W. P = IV, so higher P has higher I. R = V/I, so with the same V, larger I means lower R.


16. If the resistance is doubled, the current is cut in half.


17. No effect. V = IR, so I = V/R, and if the voltage and the resitance are both doubled, the current will not change.


18. No. V = IR, so R = V/I. At 1.5V, R=3.0/25x10-3= � EMBED Equation.DSMT4  ���. If it obeyed Ohm’s Law, the resistance should not change.


19. Yes, because the current is the same everywhere in this circuit.


20. The wire with the smaller resistance. P = IV, where V is the same. V = IR, and I = V/R, so larger R has lower I, and thus lower P.


21. 9.6 x 102 W     22. 1.4 x 102 W


23. a. 6.0 x 101 W  b. 1.8 x 104 J


24. a. 2.5 x 103 J/s  b. 2.5 x 103 W


25. 20 A   26. a. 4.5 W   b. 3.0 x 103 J


27. 24 V   28. 6.0 V     29. 1.2 x 102 V


30. 5.0 A  31. 1.50 A   32. 48 mA


33. a. 1 x 102 V  b. 70 mA, near level where death may occur  c. � EMBED Equation.DSMT4  ���


34. a. No   b. .40 W   c. .68 W


35. 9.5 x 104 J   36. a. R=143,148,150, 154,154,143,143,154,157,156 (� EMBED Equation.DSMT4  ���)


c. Ohm’s law is obeyed when resistance is constant. Here not quite.


37. a. � EMBED Equation.DSMT4  ���  b. � EMBED Equation.DSMT4  ���   c. 2.0A


38. a. � EMBED Equation.DSMT4  ���    b. � EMBED Equation.DSMT4  ���  c. No


41. .15A        42. a. 34W  b. 2.0x104J


43. 2.2x104J  44. a. 2.5A  b. 2.3x104J


45. 1.2x106J  46. a. 5.0A  b. 39%


47. a. $7.00/kWh   b. 1 cent


48. a. 30A b. 1.1x106J c. � EMBED Equation.DSMT4  ��� d.$4.40


49. a. 9x105J   b. � EMBED Equation.DSMT4  ���  c. $7.20





1. When one bulb burns out, the circuit is ‘broken’ and all of the bulbs go out.


2. Each new resistor provides an additional path for the current.


3. The equivalent resistance will be less than that of any of the resistors.


4. Appliances in parallel can be run independently of one another.


5. Series: The current is opposed by each resistance in turn. The total resistance is the sum of the resistances. Parallel: Each resistance provides an additional path for current. Total resistance decreases.


6. The amount of current entering a junction is equal to the amount leaving.


7. The purpose of a fuse is to prevent conductors from being overloaded with current, causing fires. A fuse is a short length of wire that will melt if the current exceeds a certain maximum.


8. A short circuit is a formed circuit that has an extremely low resistance. It is dangerous because low resistance across any potential difference will draw a large current, and overheating can cause a fire or ‘burn out’ an important circuit element.


9. An ammeter has a low resistance because it is placed directly in series with the circuit. If its resistance were high, it would change the ‘total resistance’ and hence lower the current. It would measure a lowered value.


10. A voltmeter is placed in parallel with the portion of the circuit whose voltage is to be measured. It must have a very high resistance. If the voltmeter had low resistance, more current would flow and this would produce a higher voltage drop.


11. An ammeter is connected in series; a voltmeter is connected in parallel.


12. If one of the lamp filaments burns out, the current will cease and all the lamps will go out.











13. V2 = VR2/(R1+R2). As R1 increases, V2 will decrease.


14. a. There will be no current. b. The current in the resistor will stay the same.


15. If one of the filaments burns out, the resistance and the potential difference across the other lamps will not change; therefore, their currents will be the same.


16. No, the � EMBED Equation.DSMT4  ��� resistors can be used in parallel. Three � EMBED Equation.DSMT4  ��� resistors in parallel will give a � EMBED Equation.DSMT4  ��� resistance. Two � EMBED Equation.DSMT4  ��� resistors in parallel will give � EMBED Equation.DSMT4  ���.


17. Connect four bulbs in series. The voltage drop across each will be 6/4=1.5V


18. a. The lamp with the lower resistance.


Since P = V2/R, smaller R means larger P.


b. The lamp with the higher resistance. Since P = I2R, larger R means larger P.


20. a. series b. series c. parallel d. series


      e. par. f. ser g. ser. h. par. i. par.


20. The 30-Amp fuse allows more current, generating more heat, which can be harmful to devices in the circuit.


21. a.� EMBED Equation.DSMT4  ��� b. 2.00A c. 40V,10V


      d. 80W, 20W


22. a. � EMBED Equation.DSMT4  ���  b. 6.0V  23. a. 1.5A  b. � EMBED Equation.DSMT4  ���


24. a. � EMBED Equation.DSMT4  ���  b. � EMBED Equation.DSMT4  ���   c. 3.6W


25. a. � EMBED Equation.DSMT4  ���  b. 66W   c. increased


26. a. .63A     b. � EMBED Equation.DSMT4  ��� c. � EMBED Equation.DSMT4  ���


27. a. 57V, 63V  b. 17W  c. 19W


28. a. � EMBED Equation.DSMT4  ���   b. 4.50A   c. 2.50A


29. � EMBED Equation.DSMT4  ���  


30. � EMBED Equation.DSMT4  ���


31. a. � EMBED Equation.DSMT4  ���  b. 110V  c. � EMBED Equation.DSMT4  ���   d. 96V


32. a. 2.0A  b. 3.0A   c. 15A   


33. Yes


34. 22.5A, .750A


35. 50.6W, 16.9W


36. b. 1000s


37. a. � EMBED Equation.DSMT4  ���  b. .50A  c. 60W


38. a. � EMBED Equation.DSMT4  ���    b. 21A   c. 11V 


      d. 110V, yes


40. a. .134A  b. .395W  c. .409W








1. Like poles repel. Opposites attract.


2. A temporary magnet is magnetic only while under the influence of another magnet


3. iron, cobalt, and nickel


4. (Be sure to show closed loops.)


6. No, new poles would form on each of the broken ends.


7. Grasp wire with the right hand, keeping thumb pointing in the direction of conventional current flow. Fingers will encircle wire and the direction of the field.


8. The magnetic field lines are concentrated inside the loop.


9. Grasp the coil with the right hand, keeping fingers encircling the coil in the direction of conventional current flow through the loops. Thumb of right hand will point at the north-seeking pole of the electromagnet.


10. The electrons are not all oriented and moving in the same direction; their magnetic fields have random directions.


11. The domains are jostled out of alignment.


12. Point fingers of right hand in direction of magnetic field. Point thumb in direction of conventional current flow in wire. Palm of hand then faces in direction of force on wire.


13. No, if a field is parallel to the wire, no force would result.


14. an ammeter


15. Use a compass. The N-pole of the compass needle is attracted to the S-pole.


16. Move it to the other pole. If the same end is attracted, it is a temporary magnet; if the other end is attracted, it is permanent.


17. The forces are equal in magnitude according to Newton’s third law.


18. Wrap a wire around the compass. Briefly connect the wire to a battery. Use the right-hand rule to identify the direction of the field produced. 








19. The magnet causes the domains in the iron to point in the same direction. The charged rod separates the positive and negative charges in the insulator.


20. Use a compass to find the direction of the magnetic field. Bring up a strong magnet and find the direction of the force on the wire using the right-hand rule.


21. Run the wire parallel to the field.


22. a. Larger anywhere between the wires.   


  b. Twice as large on an equidistant plane.


  c. Zero along an equidistant plane.


23. The range of the voltmeter increases.


24. No, the force is always perpendicular to the velocity. Now work is done.


25. Velocity is forward, force is up, and, therefore, B is to the left.


26. Field lines are most dense at the poles.


27. .040T  30. a. down  b. out of the paper


31. b. No   33. .10T   34. 2.4N   35. .45N


36. No force  


37. 7.2mA  


38. 3.0kA


39. .60m  


40. a. .011N/m  b. south  c. No


41. a. � EMBED Equation.DSMT4  ���  b. � EMBED Equation.DSMT4  ���


42. a. .05V  b. � EMBED Equation.DSMT4  ���  c. � EMBED Equation.DSMT4  ���


43. 2.4x10-14N     


44. 2.4x10-12N


45. 2.6x1018m/s2  


46. 2.1x10-12N, up


47. .742T             


48. 2.66x1016m/s2


49. 4.2x106m/s


50. The magnetic field is perpendicular to the plane of the coil. The right-hand rule would be used to find the direction of the field produced by the coil. The field in the room is in the same direction.


51. 5.5N


52. a. 3.2N    b. 2.3N     c. 0N


53. a. from P2 to P1   b. 8.4x107m/s  c. cw


54. 2 charges





1. Similar in that they each show a relationship between electricity and magnetism. Different in that a steady current produces a magnetic field, but a changing magnetic field is required to produce an electric current.


2. Either move the magnet in or out, or move the coil up and down over the end of the magnet.


3. Electromotive force; it is not a force but actually an electric potential.


4. The armature of an electric generator consists of a number of wire loops wound around an iron core and placed in a strong magnetic field. As it rotates in the field, the loops cut through field lines and an electric current is induced.


5. Iron is used in an armature to increase the strength of the magnetic field.


6. Generator: Mechanical energy turns an armature in a magnetic field and induces a current providing electrical energy. Motor: Electrical energy is input as a voltage causes current to flow in the coil and the armature turns, producing mechanical energy.


7. An AC generator consists of a permanent magnet, an armature, a set of brushes and a slip ring.


8. In a AC generator, as the armature turns, the alternating current varies between zero and some maximum value. Because the current varies, the effective value of the current delivered is less than the maximum value.


9. There is gravitational potential energy in the stored water, kinetic energy in the falling water and turning turbine, and electric energy in the generator.


10. An induced current always acts in such a direction that its magnetic properties oppose the change in the induced current.





11. This is Lenz’ law. The generated current will oppose the change in the current being put into the motor.


12. The spark is from the back-EMF that tries to keep the current flowing. The EMF is large because the current dropped so quickly to zero. When closing the switch, the current increase isn’t so fast because of resistance in the wires.


13. An alternating current is always changing in magnitude and direction. Therefore, self-inductance is always a factor. Direct current reaches a ‘steady-state’ quite rapidly. Thus, after a short time there is no changing B-field.


14. As Faraday discovered, only a changing magnetic field induces EMF.


15. The ratio of turns in the primary coil to turns in the secondary coil determines the EMF ratio.


16. [Blv] = � EMBED Equation.DSMT4  ���


= � EMBED Equation.DSMT4  ���.


17. Current only.


18. The rotation slows and EMF lowers.


19. No; the signs or current and voltage reverse at the same time, and hence, their product is always positive.


20. No current is induced because velocity is parallel to the magnetic field.


21. Larger a moment after the connection is made. The back-EMF opposes the current most, just after the current starts.


22. Out of the page to the left.


23. The bulb will light because there is a current in the secondary circuit. This will happen whenever the primary circuit changes. Switch opening or closing.





24. The current is from west to east.


25. a. current moving left  b. force upward


26. a. Induced EMF is perpendicular to both the field and velocity, so the field must be circumferential. Field lines move in toward the S-pole and out from the N-pole. Current is cw near the S-pole and ccw near the N-pole.


b. Near the S-pole, the filed inside the pipe is down; near the N-pole, it is up.


c. Induced field exerts an upward force on both poles.


27. When the armature of a generator is rotated, a force that opposes the direction of rotation is produced as a result of induced current (Lenz’ law). When standing alone, however, no current is generated and consequently no opposing force is produced.


28. .5T


29. .89V


30. a. 3.6V   b. .33A


31. 20m/s


32. 399V


33. a. 110V  b. 21.2A   c. 2.25kW


34. a. 340V   b. 22A


35. .5T


36. 17mA


37. � EMBED Equation.DSMT4  ���


38. a. .039T   b. .23V


39. a. 440MW input  b. 4.4x108J each second


      c. 2.0x106kg each second


40. a. 780 turns  b. 44 turns  c. 7.5 turns


41. a. 1.8kV  b. 30A  c. 3.6kW, 3.6kW


42. a. 36 turns  b. 9.4mA


43. a. 2 to 1   b. 5A


44. a. Step-up transformser  b. 10 to 3


45. 72V


46. It would violate the law of conservation of energy. More energy would come out than went in.


47. 6.05A


48. 67kW, 4kW





1. me =9.11 x 10-31kg, qe =1.6 x 10-19C


2. Isotopes are the same element but with a different number of neutrons.


3. An induced magnetic field is at right angles to the changing electric field.


4. Microwaves are reflected by metal and might damage the magnetron that generates the microwaves. The ceramic mug transmits microwaves, whereas the water in the soup absorbs them.


5. AC generators supply the changing electric field, which in turn generates a changing magnetic field. DC generators would only generate a changing electric field when turned on or off.


7. Quartz crystals bend or deform when a voltage is placed across them. They will vibrate at a set frequency.


8. Electric fields are vertical.


9. By adjusting the capacitance of the antenna circuit, the oscillation frequency of the circuit equals the frequency of the desired radio waves. Resonance occurs, causing the electrons in the circuit to oscillate at that frequency.


10. The top plate should be positive.


11. The magnetic field would be directed into the plane of the paper.


12. The unit for E-field (intensity) is N/C and for B-field is T or � EMBED Equation.DSMT4  ���.


Therefore, the unit for E/B is:


� EMBED Equation.DSMT4  ��� so


we have [E/B] = m/s (speed units!)


13. The B-field would be directed outside the plane of the semicircle.


14. The second ion also passes without deflection. The equation v = E/B is independent of mass or charge.








15. You must change either both fields 


or neither field, but never only one.


16. a. Radio waves are longest


 b. x-rays have the highest frequency.


 c. All travel at the speed of light.


17. Channel 2 waves have a lower frequency and a longer wavelength, so channel 2 requires a longer antenna because the length of an antenna is 


directly proportional to wavelength.


18. Much larger, because the 


wavelength of microwave radiation is 


so much larger than that of visible light.


19. 2.0 x 108 m/s


20. .16 T


21. 5.0 x 101� EMBED Equation.DSMT4  ���


22. 6.9 x 106 m/s


23. a. 1.4 x 107 m/s  b. 5.6 x 104 N/C


24. 9.4 x 10-3 m


25. 4.6 x 10-2 m


26. 3.9 x 10-26 kg


27. .10 m


28. 4.5 x 10-3 T


29. 3.9 x 10-26 kg


30. a. 1.5 x 107 m/s  b. 7.4 x 10-13 J


      c. 2.3 MV


31. 5.7 x 10-26 kg


32. One proton mass out of 175 x 103 is 1/1750 of one percent, or about one two-thousandth of one percent differentiation ability.


33. 1.0 cm long


34. a. 1.6 x 10-15 J  b. 6.1 x 1017 Hz


35. To see, you must detect light, which means the light is absorbed or scattered. Lack of light going through the invisible person’s eye should make him visible.


36. 500V, 2.44T, r1 = 17.52mm, 


      r2 = 17.57mm





1. Energy levels have discrete and unique values. In a crystal there is a small range around the values found in a single atom.


2. Higher temperature gives electrons additional energy permitting more electrons to reach the conductive band.


3. Positively charged holes.


4. Yes, one way you forward-bias the diode; the other way you reverse-bias it.


5. The arrowhead shows the direction of the conventional current flow.


7. Graphite behaves like silicon.


8. A material with an 8eV-wide gap.


9. The 8eV gap would require 8eV of energy.


10. If the gap is small, the solid will be a semiconductor. If the gap is large, it will be an insulator.


11. Intrinsic semiconductors have lower conductivity, and are better insulators.


12. The phosphorus will be a donor and the conduction will occur with electrons.


13. Holes can move around freely, and because there are about a million silicon atoms per gallium atom, most will be on silicon.


14. The diode will have a lower resistance when it is forward-biased.


15. Higher potential, more positive.


16. You make a resistor because there is no junction.


17. � EMBED Equation.DSMT4  ���(infrared)   


18. 2.3eV


19. 2.54x1022 free e-/cm3


20. 2.2x10-11 e-/atom 


21. B,Al,Ba,In (Group 3)


22. N, P, As, Sb (Group 5)


23. a. 20mA  b. 20mA  24. � EMBED Equation.DSMT4  ���


25. no, no, yes  26. L1 on, L2 off


27. 4.8V  28. a. L1 only  b. both lights


29. N, P, As or Sb (all Group 5, n-types)


30. � EMBED Equation.DSMT4  ���


31. � EMBED Equation.DSMT4  ���
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