Unit 1 - Electrostatics

- Solve problems related to how charge is conserved
- Show that charges are quantized
- Solve problems related to how charge is quantized

Distinguish between conductors, nonconductors (insulators), semiconductors, and superconductors
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Conductors: Materials (such as copper and aluminium) that allow electrical charges to flow
easily due to the presence of free electrons. Used in wires.
Insulators: Materials (such as rubber and glass) that block the flow of electricity and have high

resistance. Used for protection.
Semiconductors: Materials (such as silicon and germanium) with variable resistance, used in

electronics such as transistors.
Superconductors: Materials that have zero electrical resistance at low temperatures, allowing

for highly efficient energy transfer.



Describe how to charging of an object
Demonstrate knowledge of charging objects and the
properties of electrostatic charge and differentiate
between conductors and insulators

(a) (b) (c)

() (b) (c) (d)
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How many electrons are required to yield a total charge of 1.00 C?

How many electrons are transferred to and
object contains 8 x 10° protons so that its
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charge becomes —1.12 x 1078 C? ¢—1.12x10°8C
4.8 x 1011 1.5 x 10°
1.2 x 108 3.6 x 108

Which of the following is not a possible
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value for the net charge of a charged ¢ Ondia
object?
—6.4 x 1072 +1.6 x 10715
—8x 10710 +9.6 x 1071°

How many electrons are transferred from a
positively charged electroscope if it has a net
chargeof 7.5 x 10711 ¢?
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7.5 x 1011

2.1x107°

1.2 x 108

4.7 x 108




When rubbing a plastic rod with a piece of Q) aeuiSlh (i gua dadaly SLELD) (e (Bl Sl

wool, the rod gains electrons 8 x 102 and it Ugadia rual 58 X 1018 Laxe iy sl
become charged, then the charge of wool is ... e G L guall Adadi )l
+1.28 C -1.28 C
+5C 2C

Which of the following statements is correct about electrical conductivity?
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Metals are bad conductors of electricity. Electrical resistance of superconductors is zero at very low temperatures.
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Insulators have low electrical resistance. Silicon and germanium are examples of superconductors.
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1.8 Two lightweight metal spheres are suspended near each other from
insulating threads. One sphere has a net charge; the other sphere has no
net charge. The spheres will
a) attract each other.
b) exert no net electrostatic force on each other.
c) repel each other.

d) do any of these things depending on the sign of the net charge on
the one sphere.




lad) § llis olSs zliag Jos Joge @b e 05,0 o518 7o) S35 1.9
O+ il slay) £ @ rliall mad @ caiwedle Hod oo zoll) J) QF disi cu3sy

Thaie rall) asd Lo

sdia i zall (@
/S amgo zolll st (b

Al ol 2 (€
Q P b o) Lz ga galll Bt 43S ol oS¢ (d
ad) +Q

1.9 A metal plate is connected by a conductor to a ground through a switch.
The switch is initially closed. A charge +Q is brought close to the plate
without touching it, and then the switch is opened. After the switch is opened,

the charge +Q is removed. What is the
charge on the plate then?

a) The plate is uncharged. / S

b) The plate is positively charged. o
c) The plate is negatively charged. il

d) The plate could be either positively
or negatively charged, depending on the
charge it had before +Q was brought near.

One way to charge a neutral metallic object with a negative charge is to do one of the
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Remove— some eleqrons‘__ Cut out a part of the object
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1.1 When a metal plate is given a positive charge, which of the

following is taking place?

a) Protons (positive charges) are transferred to the plate from another

object.

b) Electrons (negative charges) are transferred from the plate to

another object.

¢) Electrons (negative charges) are transferred from the plate to
another object, and protons (positive charges) are also transferred to

the plate from another object.

d) It depends on whether the object conveying the charge is a

conductor or an insulator.

To make an uncharged object have a
positive charge:
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A. remove some neutrons
B. add some neutrons
C. add some electrons
D. remove some electrons

Sl g i sl Gmay AN )
g i saill (amy Al o
Sl g fSIY) (e 48l 2

Sl 5 FSIYY Qs All ) o

When a hard rubber rod is given a
negative charge by rubbing it with wool:
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A. positive charges are transferred from
rod to wool

B. negative charges are transferred from
rod to wool

C. positive charges are transferred from
wool to rod

D. negative charges are transferred from
wool to rod
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An electrical insulator is a material :
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A. containing no electrons
B. through which electrons do not flow
easily
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C. that has more electrons than protons on  4ahu e clisisll (e STl y&l) e s5iay 2

its surface
D. cannot be a pure chemical element
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The figure shows a blue ball which initially has a A A Jaad OlS ol )55 8 JS) g
charge of +6.4 x 10" C, then it touches a neutral
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has a chaige of +2.6 x 10%C , what is the charge
on the blue ball?
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Apply Coulomb's law to relate the magnitude of the electrostatic force, the charge magnitudes of the pair if interacting particles,
and the separation between them
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1.7 Two protons placed near one another with no other objects close by would

a) accelerate away from each other.  d) be pulled together at

b) remain motionless. constant speed.

e) move away from each other at

c) accelerate toward each other.
constant speed.
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1.38 Two charged spheres are 8.00 cm apart. They are moved closer
to each other by enough that the force on each of them increases four
times. How far apart are they now?
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1.21 Two charged spheres are initially a distance d apart. The magni-
tude of the force on each sphere is F. They are moved closer to each
other such that the magnitude of the force on each of them is 9F. By
what factor has the distance between the two spheres changed?
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1.15 If two charged particles (the charge on each is Q) are sepa-
rated by a distance d, there is a force F between them. What is the
force if the magnitude of each charge is doubled and the distance

between them changes to 2ad?
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What is the magnitude of the electrostatic force that the two protons inside the nucle-
us of a helium atom exert on each other?




g, = 150 pC g, = 4.50 pC

g, =250 pC g3 = -3.50 uC
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What are the magnitude and the direction of the electrostatic force on g " resulting
from the other three charges?

g, = 150 uC  q, = 4.50 uC

9

1.25 m

1.25 m

Q )

g, = 250 pC g3 =-3.50 pC
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1.39 Two identically charged particles separated by a distance of 1.00 m
repel each other with a force of 1.00 N. What is the magnitude of the charges?
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1.42 In gaseous sodium chloride, chloride ions have one more elec-

tron than they have protons, and sodium ions have one more proton
than they have electrons. These ions are separated by about 0.24 nm.
Suppose a free electron is located 0.48 nm above the midpoint of the
sodium chloride molecule. What are the magnitude and the direction

of the electrostatic force the molecule exerts on it?
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Two charged particles are placed as shown in Figure 1.16: g, = 0.15 pC is located at the origin,
and g, = 0.35 pC is located on the positive x-axis at x, = 040 m. Where should a third charged
particle, gs, be placed to be at an equilibrium point (such that the forces on it sum to zero)?
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i, *1.46 A point charge +3q is located at the origin, and a point charge —q

is located on the x-axis at D = 0.500 m. At what location on the x-axis will
a third charge, g, experience no net force from the other two charges?
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: 5 L % " #1.54 A +3.00 mC charge and a —4.00 mC charge are fixed in position
BT and separated by 5.00 m.

a) Where can a +7.00 mC charge be placed so that the net force on it is zero?

b) Where can a —7.00 mC charge be placed so that the net force onit is zero?
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1.5 Two point charges are fixed on the x-axis: g¢; = 6.0 pC is located
at the origin, O, with x; = 0.0 cm, and g, = —3.0 pC is located at point
A, with x, = 8.0 cm. Where should a third charge, g, be placed on the
x-axis so that the total electrostatic force acting on it is zero?

a) 19 cm ¢) 0.0 cm e) —19 cm
b) 27 cm d) 8.0 cm
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1.27 Two electric charges are placed on a line as shown in the figure.
Where on the line can a third charge be placed so that the force on that
charge is zero? Does the sign or the magnitude of the third charge make

any difference to the answer?
L

2.00 C 4.00 C




Develop a tool, equation or sketch, to obtain the resultant electric force exerted on a point charge by
a nearby system of charges using the superposition principle
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Two identical charged balls hang from the ceiling by insulated ropes of equal
length, £ = 1.50 m (Figure 1.17). A charge q = 25.0 pC is applied to each ball.
Then the two balls hang at rest, and each supporting rope has an angle of 25.0°
with respect to the vertical (Figure 1.17a). What is the mass of each balP
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0.9680 kg, and the same charge, 29.59 pC. i o
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of the strings?

o foblassy aie SN GBS, .0.9935' kg Liyeo JS al:S kS 1.85
SSRGS =235 M o n ) Leg) pedaise caz.ll
famds Lo .22.35%0550s ol I (geraal] o Glad) Lyniay (31 a3l

S, S e S

1.85 Two balls have the same mass, 0.9935 kg, and the same
charge. They hang from the ceiling on strings of identical length,
¢ = 1.235 m, as shown in the figure. The angle of the strings with
respect to the vertical is 22.35°. What is the charge on each ball?
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! g *1.55 Four point charges, g, are fixed to the four corners of a square
that is 10.0 cm on a side. An electron is suspended above a point at
which its weight is balanced by the electrostatic force due to the four

q Y  electrons, at a distance of 15.0 nm above the center of the square.
X q What is the magnitude of the fixed charges? Express the charge both

in coulombs and as a multiple of the electron’s charge.
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Abead with chargeq, = +1.28 pCisfixed in place on aninsulating wire that makes an angle
of @ = 42.3° with respect to the horizontal (Figure 1.20a). A second bead with charge
q> = —5.06 pC slides without friction on the wire. At a distance d = 0.380 m between the
beads, the net force on the second bead is zero. What is the mass, m,, of the second bead?




A bead with charge gq; = 1.27 uC is fixed in sie la gy = 1.27 pCss s S i
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of 8 = 51.3° with the horizontal. A second G 6.79 pC L lie dindiy m, = 3.77 gleilis
bead with mass m, = 3.77 g and acharge of  ladc ,ig il d 4l & L cllul) e Slisial 5
6.79 uC slides without friction on the wire. 5580l e ) slam, e LY Andla 3 8
What is the distance d at which the force of $08 500 G A8 5 s
the Earth’s gravity on m, is balanced by the OED0AN Gndandall B 8 Jaal

electrostatic force between the two beads?
Neglect the gravitational interaction between
the two beads.
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x = 10.0 cm

¢1.80 A positive charge g, = 1.00 pC is fixed at the origin, and a
second charge g, = —2.00 pC is fixed at x = 10.0 cm. Where along the
x-axis should a third charge be positioned so that it experiences no force?
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1.86 As shown in the figure, a >
point charge g, is 3.979 pC and —@ | U—>X
is located at x, = —5.689 m, and i 0 X2

point charge g, is 8.669 nC and
is located at x, = 14.13 m. What is the x-coordinate of the point at
which the net force on a point charge of 5.000 pC will be zero?
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¢1.82 In the figure, the net electrostatic force on charge Q, is
QQA zero. If @, = +1.00 nC, determine the magnitude of Q,.
-1.00 nC (+2a, -2a)
y
+Q

-1.00 nC ° (+2&, —2{1)




