552  Chapter 18 / Electric Forces and Eleciric Fields

PROBLEMS

Problems that are noi marked with a star are considered the easiest to solve. Problems that are marked with a single star (*) are more difficult, while
those marked with a double star (**) are the most difficult. Note: Al charges are point charges, unless specified otherwise.

$5M Solution is in the Student Solutions Manual. www Selution is available on the World Wide Web at http://www.wiley.com/college/cutnell

£ This icon represents a biomedical application.

Section 18.1 The Origin of Electricity, Section 18.2 Charged
Objects and the Electric Force, Section 18.3 Conductors
and Insulators, Section 18.4 Charging by Contact and by
Induction

" 1. ssm How many electrons must be removed from an electri-
cally neutral silver dollar to give it a charge of +2.4 uC?

2. A rod has a charge of —2.0 uC. How many electrons must be
removed so that the charge becomes +3.0 uC?

3. A metal sphere has a charge of +8.0 wC. What is the net
charge after 6.0 X 10" electrons have been placed on it?

4. Object A is metallic and electrically neutral. It is charged by
induction so that it acquires a charge of —3.0 X 107® C. Object
B is identical to object A and is also electrically neutral. It is
charged by induction so that it acquires a charge of +3.0 X
107 C. Find the difference in mass between the charged objects
and state which has the greater mass.

5. ssm Consider three identical metal spheres, A, B, and C.
Sphere A carries a charge of +5¢. Sphere B carries a charge of
—gq. Sphere C carries no net charge. Spheres A and B are
touched together and then separated. Sphere C is then touched to
sphere A and separated from it. Lastly, sphere C is touched to
sphere B and separated from it. (a) How much charge ends up on
sphere C? What is the total charge on the three spheres (b} be-
fore they are allowed to touch each other and (c) after they have
touched?

*6. Water has a mass per mole of 18.0 g/mol, and each water mol-
ecule (H,O) has 10 electrons. (2) How many electrons are there
in one liter (1.00 X 1073 m?) of water? (b) What is the net charge
of all these electrons?

Section 18.5 Coulomb’s Law

7. ssm www Two very small spheres are imitially neutral
and separated by a distance of 0.50 m. Suppose that 3.0 X 10'?
electrons are removed from one sphere and placed on the
other. (a) What is the magnitude of the electrostatic force that
acts on each sphere? (b) Is the force attractive or repulsive?
Why?

8. The nucleus of the helium atom contains two protons that are
separated by about 3.0 X 1071 m. Find the magnitude of the
electrostatic force that each proton exerts on the other. (The pro-
tons remain together in the nucleus because the repulsive electro-
static force is balanced by an attractive force called the strong nu-
clear force.)

9, The force of repulsion that two like charges exert on each
other is 3.5 N. What will the force be if the distance between the
charges is increased to five times its original value?

10. In a vacuum, two particles have charges of g, and g,, where
g1 = +3.5 uC. They are separated by a distance of 0.26 m, and
particle 1 experiences an atiractive force of 3.4 N, What is g,
(magnitude and sign)?
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11. ssm Three charges are fixed to an xy coordinate system, A
charge of +18 uC is on the y axis at y = +3.0 m. A charge of
—12 uC is at the origin. Lastly, a charge of +45 uC is on the x
axis at x = +3.0 m. Determine the magnitude and direction of
the net electrostatic force on the charge at x = -+3.0 m. Specify
the direction relative to the — x axis.

12. A charge of —3.00 uC is fixed at the center of a compass.
Two additional charges are fixed on the circle of the compass (ra-
dius = 0.100 m). The charges on the circle are —4.00 pC at the
position due north and +5.00 uC at the position due east. What is
the magnitude and direction of the net electrostatic force acting on
the charge at the center? Specify the direction relative to due east.

13. An equilateral triangle has sides of 0.15 m. Charges of —9.0,
+8.0, and +2.0 pC are located at the corners of the triangle.
Find the magnitude of the net electrostatic force exerted cn the
2.0-pC charge.

14. Two tiny conducting spheres are identical and carry charges
of —20.0 uC and +50.0 uC. They are separated by a distance of
2.50 cm. (a) What is the magnitude of the force that each sphere
experiences, and is the force attractive or repulsive? (b) The
spheres are brought into contact and then separated to a distance
of 2.50 cm. Determine the magnitude of the force that each
sphere now experiences, and state whether the force is attractive
or repulsive.

15. ssm www Two particles, with identical positive charges
and a separation of 2.60 X 1072 m, are released from rest. Imme-
diately after the release, particle 1 has an acceleration a, whose
magnitade is 4.60 X [0° m/s% while particle 2 has an accelera-
tion a, whose magnitude is 8.50 X 10* m/s2. Particle 1 has a
mass of 6.00 X 107¢ kg. Find (a) the charge on each particle and
(b) the mass of particle 2.

*16. A point charge of —0.70 pC is fixed to one corner of a
square. An identical charge is fixed to the diagonaily opposite
corner. A point charge ¢ is fixed to each of the remaining corners.
The net force acting on either of the charges ¢ is zero. Find the
magnitude and algebraic sign of g.

*17. Two small objects, A and B, are fixed in place and separated
by 2.00 cm in a vacuum. Object A has a charge of +1.00 uC, and
object B has a charge of —1.00 uC. How many electrons must be
removed from A and put onto B to make the electrostatic force
that acts on each object an attractive force whose magnitude is
45.0N?















