Basic Problem Set 1:  Coulomb’s Law

1. An object carries electric charge 
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, What is its deficiency or abundance of electrons?
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2. Find the total charge carried by all the electrons in 5g of gold, given that the atomic number is 79 and the atomic mass is 197u.
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3. A,B and C are identical metal spheres, carrying charges 
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respectively. They are brought into contact with each other and then separated. What is now the charge in each sphere?
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4. Find the force between two point charges separated by a distance 
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respectively. 
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5. Two point charges A and B are 
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apart and carry charges 
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respectively. A third point charge C of 
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is placed at the midpoint of the straight line joining A and B. Find the magnitude and direction of the net electric force acting on charge C.
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6. Repeat the previous problem for the magnitude of the force  if the point charges A and B occupy two adjacent corners of a square of side 
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 and C is placed at the corner closer to A.
[image: image18.wmf](

)

N

2

10

37

.

1

-

´


Basic Set 2: Electric Field

1. The electric field at a point is 
[image: image19.wmf]C

N

/

10

3

6

´

 due east. Find the magnitude and direction of the force on

(a) an electron placed at the point (
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(b) an alpha particle placed at the point. (
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2. When a test charge of 
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is placed at the point P, it experiences a force of 
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 due north. What is the magnitude and direction of the electric field at the point P? 
[image: image24.wmf](

)

south

C

N

/

10

6

.

1

6

´


3. Find the electric field at a distance of  
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 from a bare uranium nucleus (atomic number = 92) and the force experienced by an electron at such a location.
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4. Two point charges A and B are 
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apart and carry charges 
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respectively. Find the direction and magnitude of the electric field at the point C that lies on the line joining A and B and is 
[image: image30.wmf]m

2

 from B in a direction away from A.  A test charge is now placed at C, and is found to experience a force of 
[image: image31.wmf]N

08

.

0

 directed toward B. What is the sign and magnitude of the test charge? 
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5. Point charges A 
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occupy adjacent corners of a square of side 
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. Find the magnitude of the electric field at the corner closer to A.
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6. The diagram shows point charges at three corners of a square of side 
[image: image37.wmf]a

. Find the magnitude of the electric field at the center of the square. 
[image: image38.wmf](

)

2

4

a

kq



[image: image39]
7. The diagram shows two point charges A and B. They produce zero electric field at a point P. Without calculation, determine whether the point P lies to the left of A, to the right of B, or between A and B.
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8. Calculate how far the point P in the previous problem is from the charge B. 
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9. Sketch 10 electric field lines for the configuration of two point charges as shown:
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10. Sketch 8 electric field lines for the configuration of two point charges as shown:


[image: image43]
11. The total charge on a thin square sheet of paper measuring 10cm×10cm is
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. Find the electric field at a location at a perpendicular distance of 
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 from the center of the  sheet.
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12. The diagram shows two infinite charged sheets. The surface charge densities on the left and the right sheets are 
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respectively. Find the direction and magnitude of the electric field at a point (a) to the left of both sheets; (b) between the sheets; and (c) to the right of both sheets. 
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13. The diagram shows a point charge of 
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situated a distance of 2cm from an infinite sheet charge of surface charged density 
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. Find the electric field at (a) the point A which is 2cm from the point charge and away from the sheet; (b) the point B which is 2cm from both the point charge and the sheet.
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14. A negatively charged oil drop of mass 
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is balanced against its weight by a downward electric field of 1.83×1011 N/C. Find the charge it carries. 
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15. The electric field between two parallel charged sheets is 500N/C and points to the right. The distance between the sheets is 1cm. A proton is introduced into the space between the sheets right on the left sheet. Find 

(a) the acceleration of the proton
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(b) the time it takes for the proton to reach the right sheet;
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(c) the speed of the proton when it arrives at the right sheet;
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(d) the kinetic energy of the proton when it arrives at the right sheet, in the unit of J and then in eV.
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16. If the proton in the previous problem is introduced at the same location but with an upward velocity of 
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(a) the time it takes for the proton to reach the right sheet;
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(b) the vertical distance y traveled by the proton by the time it reaches the right sheet.
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Basic Problem Set 3 (Electric Potential) 

1. The electric potential at a point is 250V. What is the electrostatic potential energy of a point charge placed at this point if the point charge is

(a) a bare nucleus of lithium (Z=3)  

(b) an electron 

2. The electric potential at the point A and B are equal to 50V and 10V respectively. Find the work done by the electric field when one of the following point charges moves from A to B:

(a) an alpha particle 

(b) an electron 

3. A 12V battery is connected to a heater wire to warm up water. The mass of water is 0.5 kg. Given that the specific heat capacity of water is 4.18 J/kg/ºC, how much energy is absorbed by the water for its temperature to increase by 15ºC? Assuming all the energy comes from the battery, what quantity of charge must flow through the circuit?  

4. The diagram below shows a region where the electric field is uniform and is equal to 500 V/m. Three points A,B, and C are identified in the region, with distances apart shown. Find the potential differences 
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5. The diagram below shows two equipotential surfaces in a region where the electric field is uniform. Determine the magnitude and direction of the electric field. 
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6. Find the electric potential due to a bare helium nucleus at a distance of  
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 from the nucleus. What is the electrostatic energy of an electron at such a location? What is the work done by the electric field if this electron moves to infinity?

7. Two point charges A and B are 
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apart and carry charges 
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respectively. Find the electric potential at the point C that lies on the line joining A and B and is 
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 from B in a direction away from A.

8. For the same charge distribution as in the previous problem, find two points where the electric potential is zero. 

9. The diagram shows point charges at three corners of a square of side
[image: image74.wmf]a

. Find the electric potential at the center of the square. 


[image: image75]
.

10. A potential difference of 240V exists between the two plates of a parallel plate capacitor. A doubly-charged calcium ion Ca++ (atomic mass = 40) is introduced at rest on the plate at the higher potential. When the ion reaches the plate at the lower potential, find

(a) its kinetic energy in J

(b) its velocity

(c) its kinetic energy in eV

11. In the previous problem, find how long it takes for the ion to reach the plate at the lower potential if the distance between the plates is 4cm.

12. Find the speed of an electron whose kinetic energy is 2 keV.

13. What is the distance of closest approach to a bare uranium nucleus (Z=92) for an alpha particle with kinetic energy 5 MeV shot directly toward the nucleus. 

14. When a charge of 4mC is stored in a capacitor, its voltage is 1000V. Find 

(a) the capacitance

(b) the energy stored

15. The capacitance of a capacitor is 5µF. It stores 250J of energy. How large is the  voltage and how much charge is stored?

16. The one-sided area of each plate of a parallel plate capacitor is 144cm2, and the distance between the plates is 0.4 cm. A voltage of 800V is maintained between the plates by a power supply.  Find

(a) the capacitance 

(b) the charge on each plate

(c) the surface charge density on each plate

(d) the electric field between the plates

17. After the power supply is disconnected, the distance between the two plates in the previous problem is increased to 0.8 cm. 

(a) What is the charge on each plate?

(b) What is the voltage?

18. Referring to problem 16. A plastic sheet with dielectric constant 3 is inserted to completely fill the space between the plates while the power supply remains connected.  

(a) What is the voltage?

(b) What is the charge stored in the capacitor?

(c) What is the electric field between the plates?

(d) What is the induced surface charge density on the dielectric?
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Basic Problem Set 4 (Electric Circuits)

1. A wire carries a current of 5A. How many electrons move through a cross-section of the wire in one hour?

ow many electr
2. The life time of a 12V battery is 1000 ampere-hour. How much energy can the battery deliver in its life time?

3. A metallic wire has uniform circular cross-section of diameter 0.5 mm. The resistivity of the metal is
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. What is the resistance of a length of 25cm of the wire?

4. If the diameter of the wire in the previous problem is increased to 1.0mm, while the length is unchanged, what is its resistance ? 

5. What is the current and the power dissipated in a 
[image: image95.wmf]W
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 resistor when a voltage of 
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is applied across its terminals? 

6. When a voltage of 6V is applied across a resistor, a current of 2mA is observed to go through.  What is the resistance and the power dissipated in the resistor?

7. A hair dryer has a power rating of 25W. What is its resistance? What is the current it draws when in use?

8. An electric space heater is rated at 1000W. Without calculation, answer the following questions: (a) Does it have higher or lower resistance than the hair dryer of the precious problem? (b) Does it draw more or less current then the hair dryer?

9. Draw a circuit diagram of three resistors with resistances 
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 in series. A potential difference of 70V is applied across the terminals of the combination. For each resistor, calculate 

(a) the current through it

(b) the potential difference across its terminals

(c) the power dissipated

Find also the total power dissipated by two methods.

10. A 
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 resistor are connected in parallel. What is the equivalent resistance? 

11. How many 
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 resistors have to be connected in parallel to reduce the overall resistance to
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12. Draw a circuit diagram showing three resistors with resistances 
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in parallel. A potential difference of 24V is applied across the terminals of the combination. Find 

(a) the current going into the combination

(b) the current going through each resistor

(c) the power dissipated in each resistor

13. Find the equivalent resistance of the following circuit where 
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14. Find the equivalent resistance of the following circuit where 
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15. The diagram shows a circuit with a breaker that opens at 5A. How many 60W light bulbs can be connected without tripping?

[image: image111.png]



16. The diagram shows a circuit with a breaker that opens at 10A. A 1000 W space heater and a 100W light bulbs are connected as shown as the blocks A and B. Will the circuit trip when a 20W hair dryer is connected as block C?
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17. The emf of a battery is 5V and its internal resistance is 
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. The battery is connected to a load resistance of 
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. Find

(a) the current 

(b) the total power delivered by the battery

(c) the potential difference across the load (terminal voltage)

(d) the power dissipated in the load

(e) the power dissipated in the internal resistance

18. The potential difference between the terminals of a battery is 12V when measured directly using a voltmeter. When the battery is connected to a load of 
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, the reading of the voltmeter becomes 9.6V. What is the internal resistance of the battery? 
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Basic Set 5 (Force on Moving Charge) 
1. The diagram shows a uniform magnetic field of 2T pointing into the paper, and a positive charge of 6nC traveling to the right at 4 km/s. Find the magnitude and direction of the magnetic force. 


[image: image134]
2. In a certain geographic location, the earth’s magnetic field is due North and its magnitude is 0.4G. What is the magnitude and direction of the force it exerts on an electron traveling due West at 
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3. Repeat problem 2 if the direction of travel is 30ºE of N.

4. In the same geographic location as Problem 2, a calcium ion Ca++ is observed to experience an upward magnetic force of 5.0×10-16 N . Find a set of possible answers of the magnitude and direction of the velocity of the ion.

5. A uniform magnetic field of 0.3T points out of the paper. A proton travels in a circle with speed 5.0×106 m/s in this magnetic field. Find 

(a) the direction of travel (clockwise or counter clockwise)

(b) the radius of the orbit

(c) the period and frequency of motion

6. The diagram shows an arrangement to accelerate positive ions through a potential difference V and inject them into a region of uniform magnetic field, where the ions travel in a semicircular arc and strike a detector. (Mass spectrometer)


[image: image136]
(a) Find direction of the magnetic field in this drawing. (into or out of paper)

(b) If the accelerating voltage is 8kV, the magnetic field is 0.25T, and the ions being accelerated is C4+ (atomic mass = 12), find the distance D where the detector should be placed. 

(c) Repeat (b) for the isotope C-14. (atomic mass = 14) 

7. In the same arrangement as Problem 6, an unknown ion is detected at D=14.6cm. Determine the charge to mass ration (q/m) of the ion. Compare your value with q/m for proton. Can you infer what particle this is?

8. What is the minimum radius of a cyclotron with a magnetic field of 0.3 T that can accelerate protons to an energy of 5 MeV?

9. The diagram shows the orientations of uniform electric and magnetic fields of 2400V/m and 0.2 kG. What should be the direction and magnitude of the velocity of an electron so that its acceleration is zero? Does the answer change if the electron is replaced by a proton? 
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5. (a) clockwise; (b) 0.17m; (c) 
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6. (a) out of paper; (b) 17.9cm; (c) 19.3cm
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Basic Set 6 (Force on Currents)

1. A 50cm long wire carrying a 3-A current that runs northward is situated in a region where the magnetic field is 0.2T and points west. Find the magnitude and direction of the magnetic force.

2. The same length of wire as the previous problem carries a 3-A current in the direction 30º N of E. The magnetic field is 0.2T due south. Find the magnitude and direction of the magnetic force.

3. The same length wire as Problem 1 lies on a horizontal table and carries a 3-A current in the direction 30º W of S. The magnetic field is upward at 0.2T. Find the magnitude and direction of the magnetic force.

4. A 1-m long metallic rod of mass 0.4 kg is suspended horizontally at its ends with strings tied to the ceiling as shown. It carries a current of 8A to the right. The rod is immersed in a magnetic field of 0.25T pointing toward the paper. Find the tension on each string. 


[image: image147]
5. A 10cm × 5 cm rectangular loop of wire ABCD carries a clockwise current of 4A as shown. It is immersed in a 800G uniform magnetic field parallel to the length AB. Find the magnitude and direction of the forces on each side. Find also the magnitude of the torque experienced by the loop.


[image: image148]
6. Repeat the previous problem if the magnetic field is out of the paper. 

7. Find the magnitude and direction of the magnetic moment of the loop in problem 5. Use it to find the magnitude of the torque.

8. If the loop of problem 5 is placed inside a region where the magnetic field is 3T and is oriented as shown, find the magnitude and direction of the torque vector on the loop. What is the sense of rotation of the loop because of the torque?


[image: image149]
9. The diagram shows a 20-turn circular coil of radius 5cm carrying a couter-clockwise current of 750mA, in a downward magnetic field of 0.3T.  Find the magnitude and direction of the magnetic moment vector. Find also torque on the coils. What is the torque if the magnetic field is into the paper?


[image: image150]
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Basic Set 7 (Magnetic fields due to currents)

1. The figure below shows a current in an infinitely long wire perpendicular to the paper and a point A that is 2.5 cm from the wire and is directly above it. Find the magnitude and direction of the magnetic field at A if the current is 5-A into the paper.


[image: image160]
2. The figure below shows a current in an infinitely long wire perpendicular to the paper and a point A that is 3.0 cm from the wire and to its left. Find the magnitude and direction of the current in the wire if the magnetic field at A is 4.0 G pointing downward. 


[image: image161]
3. Referring to Problem 1, find the force on a 7nC point charge at the point A traveling at speed 30 m/s in a direction (a) away from the wire(upward in the paper) ; (b) parallel to the wire (into the paper).

4. The figure below shows two infinitely long wires carrying currents of 2.0A and 5.0A in the directions indicated. The wires are 6 cm apart. Find the direction and magnitude of the magnetic field at a point A midway between the wires. Find also the same for a point B on the plane of the wires that lies 3 cm to the left of the 2-A wire. 

c
[image: image162]c

5. Referring to the previous problem, find the magnitude and direction of the force on a 36cm length of the wire on the right due to the current of the left wire.

6. Find the magnetic field at the point P due to two infinitely long wires carrying currents of 4A and 3A, both out of the paper, as shown:


[image: image163]
7. A circular ring of radius 4cm lies flat on a table is connected to a 2-V battery that causes a clockwise current. If the resistance of the ring is 
[image: image164.wmf]W

m

5

, what is the magnitude and direction of the magnetic field at the center of the ring?

8. A very long wire carrying a current is placed on the table of the previous problem so that it touches the circular loop at one point as shown.  How large and in what direction must the current on the straight wire be so that the magnetic field is zero at the center of the loop?


[image: image165] 

9. A solenoid 8 cm long containing 75 turns is connected to 120V DC power supply.  The resistance of the solenoid is 
[image: image166.wmf]W

25

. What is the uniform magnetic field in its interior?

10. If a very long wire carries the same current as the solenoid of the previous problem, how far must a point be from the wire for the magnetic field there to be the same as in the previous problem?

Answers
1. 
[image: image167.wmf]right

G

4

.

0


2. 
[image: image168.wmf]paper

of

out

A

60


3. 
[image: image169.wmf]down

N

paper

o

N

12

12

10

4

.

8

;

int

10

4

.

8

-

-

´

´


4. 
[image: image170.wmf]paper

of

out

T

paper

o

T

6

5

10

2

.

2

;

int

10

66

.

4

-

-

´

´


5. 
[image: image171.wmf]right

ing

po

N

int

10

2

.

1

5

-

´


6. 
[image: image172.wmf]T

5

10

4

.

3

-

´


7. 
[image: image173.wmf]downward

G

3

.

6


8. 
[image: image174.wmf]left

the

to

kA

26

.

1


9. 
[image: image175.wmf]G

5

.

56


10. 
[image: image176.wmf]mm

17

.

0


Basic Set 8 (Electromagnetic Induction)

1. The diagram shows a wire frame with a movable rod of length 60cm immersed in a 2.0T magnetic field out of the paper. The rod travels with a velocity of 4.0m/s to the right. Find the motional emf. If the resistance of the circuit is
[image: image177.wmf]W

0

.

5

, find the magnitude and direction of the current and the power dissipated. Find also the force necessary to keep the rod moving.


[image: image178]
2. Referring to the previous problem, how fast should the rod travel so that the power dissipated is 10.0W? How large is the force required to keep the rod moving?

3. In an AC generator, a 50-turn coil of cross-sectional area 0.075m2 rotates with frequency 240Hz in a magnetic field of 3.0T. What is the peak emf generated?

4. A ring of radius 20cm is placed so that its normal points in the direction 30ºW of N. The ambient magnetic field is 0.35G due north. Find the magnetic flux through the ring.

5. Repeat problem 4 when the normal to the ring points in the direction 30ºS of E.

6. The diagram shows a 30cm×50cm wire frame with resistance 
[image: image179.wmf]W

5

 immersed in a 1.0T magnetic field directed into the paper. The magnetic field increases to 3.0T into the paper in 50ms. Find the average emf induced and the magnitude and direction of the average current.


[image: image180]
7. Repeat Problem 6 if the final direction of the magnetic field is out of the paper.

8. The radius of a 20-turn circular coil increases from 50cm to 75cm in 0.2s. If the coil is immersed in a magnetic field of 5.0T perpendicular to the coil, what is the average emf induced. State the direction of the emf considering the magnetic field to point out of the paper?

9. In a region where the magnetic points north at 0.25G, a circular loop of radius 50cm is initially orientated so that its normal is also pointing north. The loop is then rotated about a vertical diameter through 90° in 50ms. What is the average emf induced?  Repeat the calculation if the angle of rotation is 180°.

10. The number of turns in the primary coil of an ideal transformer is 2000. The AC voltage is 10kV. What must be the number of turns in the secondary coil so that the voltage is stepped down to 200V?  If the rms current is 3A in the primary coil, what is the rms current in the secondary?

11. In the design of a circuit for long distance transmission of electrical power, a transformer is used to step up the voltage from 1.0 kV to 20.0kV. The average power delivered by the primary circuit is 300.0 kW, and the resistance in the secondary circuit is
[image: image181.wmf]W
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. Find the fractional loss of power in the transmission.
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