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Practice - 18.1 Static Electricity and Charge: Conservation of Charge

1. There are very large numbers of charged particles in most objects. Why, then, don't
most objects exhibit static electricity?
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2. Why do most objects tend 'I'o contain nearly equal numbers of positive and negative
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3. Common static electricity involves charges ranging from nanocoulombs to
microcoulombs.
A. How many electrons are needed to form a charge of -2.00 nC?
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B. How many electrons must be removed from a neutral object to leave a net
charge of 0.500 uC ?
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4. If 1.80 x 10% electrons move through a pocket calculator during a full day's operation,
how many coulombs of charge moved through it?
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5. To start a car engine, the car battery moves 3.75 x 10?! electrons through the starter
motor. How many coulombs of charge were moved?
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6. A certain lightning bolt moves 40.0 C of charge. How many fundamental units of
charge |q.| is this?

Solutions:

3.A.125x10° e B.3.13 x 10% e
4. 288¢C

5. -6.00 x 10° €

6. 2.50 x 107 g,
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Simulation: John Travoltage

Access: Go to http://phet.colorado.edu, click on “Play with Sims”, then choose “Electricity, Magnets, and
Circuits” simulation. Click on “John Travoltage” and click on “Run Now”.

1) Use the mouse to rub his foot on the carpet. What do you observe?
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2) Why do the charges spread out?
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3) Use the mouse to bring his hand close to the door knob. What do you observe?
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4) Are the charges attracted to the doorknob? Why or why not?
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5) Rub his foot on the carpet again. Why don’tt cﬁarges leak back to the ground through his feet?
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Simulation: Balloons and Static Electricity
Access: Go to http://phet.colorado.edu, click on “Play with Sims”, then choose “Electricity, Magnets, and
Circuits” simulation. Click on “Balloons and Static Electricity” and click on “Run Now”. Uncheck the box that
says “Ignore Initial Balloon Charge”.

1) Does the balloon have a net charge? How do you know?
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2) Does the sweater have a net charge? How do you know?
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3) Use the mouse to rub the balloon on the sweater. What is the net charge on each object?
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4) Use the mouse to move the balloon away from the sweater and release it. What happens? Why?
7%& bﬁ«/[ o ;wa 75 &‘#fﬁ.{,‘,?zéa"’( % ‘7‘4’; S %:f“av/eﬁﬂ*
Lecause. 7/‘{\&;/ bave. oo 35;“7‘%"‘. /1&74' @'A%@j'-

5) Move the balloon against the wall. Why does the balloon stick to the wall?
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6) Did the charge on the wall change? _
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7) How do you think dryer sheets reduce static cling?
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Practice - 18.2 Conductors and Insulators
1. A 50.0 g ball of copper has a net charge of 2.00 uC. What fraction of the copper's

electrons has been removed? (Each copper atom has 29 protons, and copper has an
atomic mass of 63.5.)
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2. What net charge would you place on a 100 gl piece of sulfur if you put an extra
electron on 1 in 10 of its atoms? (Sulfur has an atomic mass of 32.1.)

#

\

e _ _/-"/ 22 _“’—\-\_ ,/’} | r\

!

=i ) /
)0 y@“{*@:‘ . o ’ 22 15 (




3. How many coulombs of positive charge are there in 4.00 kg of plutonium, given its
atomic mass is 244 and that each plutonium atom has 94 protons?
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Solutions:

1. 909 x 1083

2. 3.00x107¢C
3. 148 x 108 ¢
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Practice - 18.3 Coulomb's Law

1. What is the repulsive force between two pith balls that are 8.00 cm apart and have
equal charges of -30.0 nC?
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2. Two point charges exert a 5.00 N force on each other. What will the force become
if the distance between them is increased by a factor of three?
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3. Two point charges are brought closer together, increasing the force between them

by a factor of 25. By what factor was their separation decreased?
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4. How far apart must two point charges of 75.0 nC (typical of static electricity) be to
have a force of 1.00 N between them?
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5. If two equal charges each of 1.00 C each are separated in air by a distance of 1.00
km, what is the magnitude of the force acting between them? You will see that
even at a distance as large as 1 km, the repulsive force is substantial because 1 C is
a very significant amount of charge. '

6. A test charge of +2.00 uC is placed halfway between a charge of +6.00 nC and
another of +4.00 uC separated by 10.0 cm. What is the magnitude and direction of

the force on the test charge?
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7. Find the ratio of the electrostatic to gravitational force between two electrons.
= 9.11 x 103! kg.
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8. A certain five cent coin contains 5.00 g of nickel. What fraction of the nickel |
atoms' electrons, removed and placed 1.00 m above it, would support the weight of l
this coin? The atomic mass of nickel is 58.7, and each nickel atom contains 28
electrons and 28 protons. o glectivns
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9. What is the net force (magnitude and direction) on q2?

q1 = +6.00 pC :
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Solutions:
1. 1.26 x 103N 2. 0656 N 3.0
4 711x10%m 5. 8.99 x 10°N 6. 144 N

7. 4.16 x 10% 8. 1.02 x 10" 9. 1.05x10° N @ 40.2°
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Practice - 18.4 Electric Field @
1. What is the magnitude and direction of an electric field that exerts a 2.00 x 10° N
upward force on a -1.75 uC charge? o S WV
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2. What is the magnitude and direction of the force exerted ona 350 ;C ;:;mrge by a
250 N/C electric field that points due east?
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3. Calculate the magnitude of the elecmc fleld 2.00 m from a point charge of 5.00 mC
(such as found on the terminal of a Van de Graaff).

P 9 . 3 N 7
F= EQ ~ Z.70cp W) SXP . N J iz NN\
e d 2.00.5%/ .
” .k:-.r | A ::«}ge ) // ) C-'

4. What magnitude point charge creates a 10,000 N/C electric field a‘l‘ a distance of
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5. Calculate the initial (from rest) acceleration of a proton in a 5.00 x 10° N/C electric
field. m, = 1.67 x 10?7 kg
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Solutions:
1. 11.4 N/C downward 2. 875 x10*N east 3. 1.12 x 10" N/C
4. 695 x10%8C 5. 479 x 10" m/s?
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Practice - 18.5 Electric Field Lines: Multiple Charges

1. A. Sketch the electric field lines near a point charge +q.
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B. Do the same for a point charge -3.00q.
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2. A.In what direction does the electric field point
at Point P?

B. If d=100m, - = -4.00 uC and the distance ™\
from Point P to the x-axis is 1.00 m, what is the

magnitude of the electric field at Point P? ' “;; _%}f‘“ -
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3. Three arrangements of electric field lines are shown below. In each arrangement, a
proton is released from rest at point A and is then accelerated through point B by
the electric field. Points A and B have equal separations in the three arrangements.
Rank the arrangements accordmg to the linear momen’rum of the proton at point B,
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B. What is the magnitude of the field at B?.
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5. The nucleus of a plutonium-239 atom contains 94 protons. Assume that the nucleus
is a sphere with radius 6.64 fm (1 fm = 10" m) and with the charge of the protons
uniformly spread through the sphere. At the nucleus surface, what are the
magnitude and direction (r'adially inward or outward) of the electric field produced

by the protons? "\ -/2
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6. What is the magnitude of a point charge whose electric field 50.0 cm away has the

magnitude 2.00 N/C?
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Solutions:

2. A. downward B. 2.54 x 10* N/C
3.a,b,c

4. A.640x10" N B. 20.0N/C

5. 3.07 x 102 N/C, radially outward

6. 5.56 x 10" C
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Practice - 18.7 Conductors and Electric Fields in Static Equilibrium

1. Calculate the linear velocity and the angular velocity o of an electron assuming it
orbits a proton (even though technically it does not) in the hydrogen atom, given the
radius of the orbit is 0. 53Q x 10" m. You may assume that the proton is stationary
and the centripetal force is supplled by Coulomb attraction. m. = 9 11 X 10 = kg
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2. An electron has an initial velocity of 5.00 x 106 m/s in a uniform 2.00 x 10° N/C
strength electric field. The field accelerates the electron in the direction opposite

to its initial velocity.
A. What is the direction of the electric field? B
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B. How far does the elecTron ‘rr'avei?befor'e coming to res’r"
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C. How Iong does it take ’rhe elec‘rr'on To come to resf”
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Solutions:

1. 2.18 x 10° m/s, 4.12 x 10'® rad/s

2. A. Inthe direction of the electron’s initial velocity
B.3.56 x 10* m
C.142x10%%s
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Practice - 18.8 Electrostatic Applications

1. Sketch the electric field between the two conducting plates shown below using the
principles of electric fields and charges in and around conductors. Assume the top
plate is positive and an equal amount of negative charge is on the bottom plate. Also
indicate the distribution of charge on the plates.
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2. What is the direction and magnitude of an electric field that supports the weight
of a free electron (m. = 9.11 x 10" kg) near the surface of Earth? Discuss what
the small value for this field implies regarding the relative strength of the
gravitational and elc@os’raﬁc forces.
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3. Earth has a net charge that produces an electric field of approximately 150 N/C
downward at its surface.
A. What is the magnitude and sign of the excess charge, noting the electric
field of a conducting sphere is equivalent to a point charge at its center?
Rearth = 6371 km
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B. What acceleration will the field pr'oduce on a free electron near Earth's

surface? o /?X YV
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C. What mass object with a single extra electron will have its weight supported
by this field?
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4. The practical limit to an electric field in air is about 3.00 x 10° N/C. Above this

strength, sparking takes place because air begins to ionize and charges flow,
reducing the field.

of the speed of light, starting from rest. m, =
m/s J

o=V, e s

B. Is this practical in air, or must it occur in a vacuum?

Solutions:
2. 5.58 x 10" N/C toward the Earth's surface
3.A.-6.77 x 10°C B. 2.63 x 10" m/s® upwards C. 245 x 107 kg

4 A.0141m
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