Charge is quantized

Friday, 29 January, 2021 19:53

How many electrons would have to be removed from a coin to leave

it with a charge of 1 X 1077 C?



The Hydrogen Atom

Friday, 29 January, 2021 19:45

The electron and proton of a hydrogen atom are separated by a distance of
approximately 5.3 X 107! m . Find the magnitudes of the electric force

and the gravitational force between the two particles.

my, = 1.67 x 107%” kg

me = 9.11 x 10731 kg
e=16x10"1YC
k,=9x10° N.m2/C2

G =6.67x1071Y N.m?/kg?



Find the Resultant Force 1
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Consider the three point charges: g; = +2 uC, q; = —5 uC and
qz = +8 uC that are shown. Find the resultant force exerted on

the charge q,.
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q,=+2UC g2 =-51C q3=+8 uC




Find the Resultant Force 2
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Consider three charges: qg; = +12 uC, g, = +6 uC and q; = —4 uC
are setup as shown. Find the resultant force exerted on the

charge q,.

Gq:-«r 12pC




Find the Resultant Force 3
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Consider three point charges located at
the corners of a right triangle as shown,
where g4 = q3 =5uC, g, = —2 uC and

a = 0.1 m. Find the resultant force

exerted on g3 .




Where Is the Net Force Zero? 1
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Three point charges lie along
the z axis as shown. The
positive charge q; = 15 uC is at
x = 2m , the positive charge
q, = 6 uC is at the origin, and
the net force acting on g3 is
zero. What is the x coordinate

qu3 ?

e« 200 m ———>

2.00 — x —




Where Is the Net Force Zero? 2
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The figure (a) shows two
particles fixed in place: a particle
of charge q; = +8q at the origin
and a particle of charge q, = —2q
at x = L. At what point can a
proton be placed so that it is in

equilibrium?

By




Equilibrium

Friday, 29 January, 2021 19:50

Two identical copper coins of mass m = 2.5 g contain about
N = 2 x 10?2 atoms each. A number of electrons n are removed
from each coin to acquire a net positive charge q. Assume that
when we place one of the coins on a table and the second above
the first, the second coin stays at rest in air at a distance of
1m.

o Find the value of g that keeps the two coins in that

configuration.

o Find the number of removed electrons n from each coin.

Coin |F
_‘ ,' +q
A
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Distance is changed
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A charged particle A exerts a force of 2.62 uN to the right on
charged particle B when the particles are 13.7 mm apart. Particle
B moves straight away from A to make the distance between

them 17.7 mm. What vector force does it then exert on A?



Find the Charge on the Spheres
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Two identical small charged

spheres, each having a mass of

g e
|

3 X 1072 kg hang in equilibrium

as shown. The length (L) of each

L L

string is 0.150 m, and the angle
6 =5 . Find the magnitude of

the charge on each sphere.

Ty ;" |

q



A Suspended Water Droplet
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A water droplet of mass 3 X 10712 kg is located in the air near
the ground during a stormy day. An atmospheric electric field
of magnitude 6 x 103 N/C points vertically downward in the
vicinity of the water droplet. The droplet remains suspended

at rest in the air. What is the electric charge on the droplet?



Find the Resultant E - 1
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Consider two point charges

q1 = —24nC and q; = +24nC

that are 10 cm apart, forming
an electric dipole. Calculate ; -.
10em [/ S 10cm

the electric field due to the two

charges at points a, b and c.




Find the Resultant E - 2
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Four point charges q; = g, = Q and
gs = q4 = —Q, where Q =2 uC, are
placed at the four corners of a
square of side a = 0.4 m. Find the
electric field at the center P of the

square.




Where Is the Net E Zero?
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In the figure, determine the point |‘71.O() mﬂ

at which the electric field is zero.

—2.50 uC 6.00 uC



Equilibrium
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A small, 2 g plastic ball is suspended by a

2 cm long string in a uniform electric field.

If the ball is in equilibrium when the
string makes a 15  angle with the vertical,

what is the net charge on the ball?

S W
\

m=2.00g

E=1.00

107 N/(C



E Along the Perpendicular Bisector of a Dipole Axis
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Charges +q and —q are located on the x
axis, at distance (a) from the origin as N
\
\

shown.
o Find the components of the net ‘
S

electric field at the point P, which is T
/ I
at position (0,y). o
/ I
/
o Find the electric field due to the /
/

electric dipole when point P is a
/
\

distance (y >» a) from the origin.
/ \
\

_\+": a a &
Answers: 1 —q
2aq
E=k, (a? + y2)3/2
2a
E=k, ki



E Along the Dipole Axis
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Consider the electric dipole
shown.
o Find the electric field at a
point P, which is at position

(0,x).

o Find the electric field when
point P is a distance (x > a)

from the origin.

Answers:
4axq
E =k, (x2 — q2)2
4a
E =k,

y

5




E Lines
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The figure shows the electric field lines
for two charged particles separated by a

small distance. Determine the ratio

q1/9>-

N



Charged rod 1
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A rod 14 c¢m long is uniformly charged
and has a total charge of —22 uC.

Determine the magnitude of the electric
field along the axis of the rod at a point

36 cm from its center.

Answer:
L+a
dx
E = ke/lf )
a
k.AL k.Q

E=a(L+a)=a(L+a)

When a > L:
ke
a2

E =

A=y

- ®




Charged ring
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A uniformly charged ring of radius

10 cm has a total charge of 75 uC.
Find the electric field on the axis of
the ring at (a) 1 c¢m, (b) 5cm, (c)

30 cm and (d) 100 cm from the center

of the ring.

Answer:
By symmetry:
E,=0
_ k. Qx
* 7 a(a? + x2)3/2

When x > a:

5 _keQ
x=?

When x = 0:

E,=0

When x < a:
keQ

a3

E, = X



Charged disk
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A uniformly charged disk of radius 35.0 cm carries charge
with a density of 7.9 X 1073 C/m?2. Calculate the electric
field on the axis of the disk at (a) 5 cm, (b) 10 cm, (c)

50 cm and (d) 200 cm from the center of the disk.

Answer:

By symmetry:
E, =0

R
rdr
E, = Zkeﬂdxjm
0

X
E, = 2k.no [1 — 7t Rz)l/zl
When x > R:
keQ
E, = 22
When x < R:

E, = 2k,mo = =



Charged rod 2
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A uniformly charged rod of length L and total
charge Q lies along the x axis as shown. Find the
magnitudes of the components of the electric field

at the point P on the y axis a distance d from the

origin.
Answer:
L
I L S—) :
o j(dz +x2)3/2° 7 |d (d? + [?)1/?
0

L
o dx kJaL 1
By = ke j(d2 +x2)3/2 d (d? + [2)1/?
0

When d > L:

Ey
Ey =

|

[)

0




Charged rod 3
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A thin rod of length L and uniform charge
per unit length A lies along the x axis as
shown. Find the electric field at P, a
distance d from the rod along its

perpendicular bisector.

Answer:

By symmetry: E,, =0
L/2

dx
Ey = Zke/ldf @+ x2)3/2
0
2k, A
Ey = g sin

For an infinite length: 6, = 90°
When d > L:

2k, A
E, = 7

90




Charged Circular arc
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A charge is uniformly distributed over a
circular arc of radius r, with linear charge
density A. Find the magnitude of the electric

field at the center of the circular arc.

Answer:

By symmetry: E, =0

6/2
2k A
E, = cosf df
r
0
2k, A . 0
E, = sin—

r 2

-
PR
’ -~



Along the Electric Field -1
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The figure shows two oppositely charged parallel plates
that are separated by a distance d = 1.5 cm. Each plate

has a charge per unit area of magnitude o = 4 uC/m?. e
An electron is released from rest at t = 0 from the {
negative plate. v

o Calculate the electric field between the two plates.

o Find the resultant force exerted on the electron?

o Find the acceleration of the electron.

o How long does it take the electron to strike the
positive plate?

o What is the speed and kinetic energy of the

electron just before striking the positive plate?



Along the Electric Field - 2
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A proton is projected in the positive x direction into a region
of a uniform electric field E = —6 x 105 N/C,iat t =0. The
proton travels 7 cm as it comes to rest. Determine:

o the acceleration of the proton,

o its initial speed, and

o the time interval over which the proton comes to rest.



Perpendicular to the Electric Field
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An electron enters the region of a uniform electric field as shown, with
v; =3 %X 10° m/s and E = 200 N/C . The horizontal length of the plates
is?=01m.
o Find the acceleration of the electron while it is in the electric field.
o Assuming the electron enters the field at time t = 0 , find the time
at which it leaves the field.
o Assuming the vertical position of the electron as it enters the field is

yi = 0 what is its vertical position when it leaves the field?




