ELECTROSTATICS




Physics 12 - Electrostatics

Electrostatics is the study of charges that are not in motion

and the interactions between them.

STATIC ELECTRICITY:
We will begin our study of electricity by looking at the electrical nature of matter. Static

electricity is electricity at rest.

We are aware that many materials including amber, fur, glass, rubber and plastic will
produce the effect of attracting other objects when rubbed. This attraction involves
accelerating matter so there must be a FORCE at work.

Neutral vs. Charged Objects:

As we know from science 9, 10 and chemistry, atoms contain neutrons, protons and
electrons.

The number of electrons that surround the nucleus will determine whether or not an atom
is electrically charged or electrically neutral. If an atom contains equal numbers of
protons and electrons, the atom is described as being electrically neutral.

If an atom has an unequal number of protons and electrons, then the atom
is electrically charged (and in fact, is then referred to as an ion rather than
an atom).
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It is possible to build up charge on insulators because electrons cannot easily flow off of a

negatively charged object or onto a positively charged object.

CHARGING BY FRICTION

fur or wool rubberrod slik glass rod

The Law of Charges states:
1. Like charges repel.
2. Opposite charges attract.

3. Neutral charges are attracted to charged (+ or -) objects.

CHARGING BY INDUCTION

In this process of charging, the neutral conductor will not lose or gain any electrons
(remaining neutral), but the electrons will be rearranged. This is referred to charging by
induction.




neutral object positive charged rod
{conductor)

An electroscope is an instrument that uses induction to detect the presence and nature (-

and +) of a charge. t 3t
@ A positively charged rod will attract electors

through induction to the head of the electroscope,

e leaving the leaves positive.
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A negatively charged rod will repel electrons

from the head of the electroscope into the leaves

through induction, leaving the leaves negative.

CHARGING BY CONTACT

A pith ball is a light ball with a conductive surface. A neutral pith ball is initially attracted

to either a positive rod or a negative rod due to induction.
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Now we will see what happens when the rod actually touches the ball rather than just
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Why? When the ball comes in contact with the rod, the ball transfers some of its electrons
to the rod. The rod is still positive, but now so is the previously neutral ball. Therefore,

both are positive and they will now repel.
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The Law of Conservation of Charges -

It is very important to note that if an object is charged by friction, induction or
conduction, the electric charges are neither created or destroyed — they are just moved

from one place to another.

Next lesson we will investigate the force behind the attraction and repulsion = (Fe)
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Situation 1:

A curious physics 12 student is playing with two
pieces of tape. He/she sticks both pieces of tape
to the degk, removes them and then brings the two
pieces of tape close together and notices:

Checking for Understanding:
Electrostatics

a. The two pieces of tape attract
b. The two pieces of tape repel
c¢. Nothing happens

ii) COMPARE your answers with a partner
iii) TEST your predictions

i.)PREDICTIONS:

Situation 2: Now the curious physics student places one
piece of tape on the desk and the second piece of tape on
top of the first. He/she then removes and then brings the
two pieces of tape cloge together and notices:

a. The two pieces of tape attract
b. The two pieces of tape repel
c¢. Nothing happens

ii) COMPARE your answers with a partner

iii) TEST your predictions '

vi)EXPLAIN WHY the tape behaved as it did in EACH situation



Physics 12 — Coulomb’s Law

As we saw last lesson, electric charges can attract and repel other charges. With this
attraction and repulsion there must be a force acting to change the velocity of the object.

This force is referred to as the Electric Force (Fe).
There is a parallel relationship that exists between charges
(and the resulting electric force) and that of masses (and the

resulting gravitational force).

Joseph Priestly made this connection when he found that

placing a charged pith ball inside a hollow sphere has no
electrical force acting on it just as a mass inside a hollow mass will have no gravitational
force acting on it. This is because there are forces in all directions and they will cancel each

other out.

ELECTRIC FORCE LAW (COULOMB’S LAW)

This law states that the electric force between two charges depends on:

It is important to remember that electric charge is always conserved. The net

electric charge of an isolated system remains constant during any process.

Coulomb’s Law ~

The unit of charge is a Coulomb.



Comparing this equation to universal gravitation, we can see the similarity.

Electrostatic Force: Gravitational Force:

While this equation is similar to universal gravitation, there are a number of differences:

First, electrostatic forces are much stronger than gravitational forces.
Secondly, Gravity ALWAYS... while Electrostatic force can....
Thirdly, we will determine the direction of the force (+ or -) based on...

The electric force produced acts along the line connecting the two charges as seen below.
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Electric charge has a specific quantity. The elementary charge is the charge on one

electron (negative) or one proton (positive).

e=1.60 x 10 C




Example 1:

Calculate the electric force between charges of 1.00 x 10¢C and 1.50 x 10¢ C when they are
5.00 x 10! m apart.

Example 2:

A charge of 1.7 x 10 C is placed 2.0 x 10?m from a charge of 2.5 x 10¢ C and
3.5 x 102 m from a charge of -2.0 x 10-¢ C as shown in the diagram. Calculate the magnitude
of the net electric force on the center (1.7 x 10 C) charge.

<« 20%x102m et 35x102m——m>
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25x10°C 17x10®€C 2.0x10%¢C



Example Three:

Three charged particles are arranged in a line as shown in the diagram. (1uC = x10%). Find

the net electric force on gz due to qi and gs.
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Example Four: Two small spheres have the same mass and volume. One of the spheres has
a charge of 3.50 x 10 C and the other sphere has a charge of -1.50 x 10 C. If these two
spheres are brought into brief contact with each other and then separated to a distance of

0.500 m, what is the electric force between them at this distance?

Yo

% F TR A J‘ b e i 1 560 EN
Coulomb’s Law Problems: '.¢ "2 05 o Bt

1. Calculate the electrical force between two charges of 4.00 x 10-¢ C and 3.00 x 10-¢ C when
they are 2.00 cm apart. (270 N)

2. Two points of equal charge produce an electric force on each other of 3.40 x 102 N when
they are placed 0.100 m apart. What is the charge on each point? (1.94 x 107 C)

3. How far apart are two point charges (a point charge is a charge that occupies so little
space thatis can be regarded as a mathematical point) of 2.0 x 10¢ C and 4.0 x 10+ C if
they produce an electric force on each other of 5.6 x 102 N? (0.36 m)



4. Three positively point charged objects are placed in a line as shown in the diagram.
Calculate the magnitude of the net electric force on the center charge caused by the other

two charges. <t (0,40 m 0.40 m ~—> (0.113N)

20x10°8¢C 20x10¢C  30x10°%C

5. Three charged objects are placed at the corners of a right angle triangle as shown in the
diagram. Calculate the magnitude of the net electric force on the charge marked x caused

by the other two charges. (0.500 N) f
3.0x10°C 40x10°C
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6. Two small spheres have the same mass and volume. One of the spheres has a charge of
4.00 x 106 C and the other sphere has a charge of -1.00 x 10 C. If these two spheres are
brought into brief contact with each other and then separated to a distance of 0.200 m,
what is the electric force between them at this distance? (5.06 x 10 N)



7. Two small spheres, each with a mass of 2.00 x 10® kg, are placed 0.350 m apart. One
sphere has a charge of -2.00 uC (remember pC = x10) and is fixed in position. The other
sphere has a charge of -3.00 uC but is free to move without friction. What is the initial
acceleration caused by the electric force on the sphere that is free to move? (2.20 x 104 m/s?)

8. A hydrogen atom consists of a stationary proton and an electron orbiting the proton at a
distance of 5.3 x 10 m with a speed v.

a) Find the electric force (with direction) exerted by the proton on the electron. (-8.2x10%¥N)
b) Find the electric force (with direction) exerted by the electron on the proton. (+8.2x10%N)
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9. Three charges are placed at three corners of a right triangle as shown in the diagram.

a) Find the net electric force (magnitude and direction) on charge gs due to the charges q:
and qz. (20.7 N@17°S of E)
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Physics 12 - Electric Fields
The concept of fields is used to explain how forces are exerted between objects that are not
in contact with each other. Any mass, like Earth, is surrounded by a gravitational field. In

the same way, an electrical charge is surrounded by an electric field.

Fields are defined as spheres of influence and can be classified as scalar and vector.

Electric fields are vector fields and therefore have direction as well as magnitude.

The direction of an electric field is defined as the direction that a positive test charge

will move when placed in the field.

A positive charge will always

\ T / o move away from a positive
\ object (“like” charges repelling

e ——

test fch arge each Other).

electric line of force

AT

A positive charge will always
move toward a negative object
(“opposite” charges attracting
each other).




There are two formulas to determine the size of an electric field:

_ F,
E=-*
q

The field strength at any point around a charged object can be found by using a test charge
and find the electric force acting on it. If we divide this by the charge on the test object, we
have the electric field strength.

Some problems that we will be dealing with include alpha particles, protons and electrons.

Therefore it is necessary to be familiar with the mass and charge of each particle.

Mass Charge
alpha particles 6.65 x 1027 kg 3.20x 1019 C

electron ~ 9.11x103%kg -1.60x1019C
proton 167x1027kg  1.60x 10-19C




In solving electric field problems, we use absolute values and ignore the sign on the charge

just like we did in problems involving electric force. This will give us the magnitude of
the field strength. The sign on the charge is used to determine the direction of the field.

Example One: Find the electric field strength 4.50 x 10" m from a 5.00uC charged object.

Example Two: What is the electric field strength at a point where a -2.00 uC test charge
experiences an electric force of 5.30 x 102 N?

Example Three: What is the electric field strength midway between charged objects
-3.50 uC and 3.00 uC that are placed 4.40 x 10" m apart?



Example Four: Two charges are placed as shown in the diagram. A) Find the magnitude
and direction of the electric field at point P. B) If a charge placed at point P experiences an
electric force of 1.4 x 10 N toward the right, what are the magnitude and polarity of this

charge?
Q Q2 P
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Physics 12 ~ Electric Field Lines

Electric field lines are lines that provide information about the direction and strength of
the electric field.

We describe electric fields in terms of field lines (or lines of force) —

Rules for Drawing:

1. Electric field lines start on positive charges and end on negative charges and the

lines never cross.

2. The magnitude of the electric field is proportional to the number of lines

crossing the unit area perpendicular to the lines.

3. The number of lines starting or ending is proportional to the magnitude of the

charge.

4. The lines between two oppositely charged plates are parallel and equally spaced,

except near the edges.




Electric Field Line Problems:

1. The diagrams show the electric field between two charges. There is a mistake in each

drawing. Find the mistake and correct it. Explain your answer.

a) b) c)

2. The diagram shows electric field lines for two point charges separated by a small
distance. Identify the polarity and relative strength of each charge and explain how you
decided. Determine yatio-of (1 to Q.

3. Sketch the electric field lines between oppositely charged parallel plates.
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Electric Field Problems:

1. What is the electric field strength 7.50 x 10" m from an 8.00uC charged object?
(1.28x105N/C)

2. At a point a short distance from a 4.60 uC charged object there is an electric field
strength of 2.75 x 10° N/C. What is the distance to the charged object producing this field?
(0.388 m)

3. If an alpha particle experiences an electric force of 0.250 N at a point in space, what

electric force would a proton experience at the same point? (0.125 N)

4. What is the electric field strength at a point in space where a 5.20 x 10¢ C charged object
experiences an electric force of 7.11 x 10 N? (1.37 x 10° N/C)

5. What is the initial acceleration of an alpha particle when it is placed at a point in space
where the electric field strength is 7.60 x 10* N/C? (3.66 x 102 m/s?)

6. Calculate the electric field strength mid-way between a 4.50 uC charged object and a
-4.50 uC charged object if the two charged objects are 5.00 x 10 m apart. (1.30x10¢ N/C)



7. Calculate the electric field strength mid-way between a 3.0 uC charged object and a
6.0 uC charged object if the two charged objects are 0.80 m apart. (1.69x10° N/C towards
3.0 uC charge)

8. The electric field strength at a distance of 3.00 x 10! m from a charged object is 3.60 x 10°
N/C. What is the electric field strength at a distance of 4.50 x 10" m from the same object?
(1.60 x 10° N/C)

9. A lead nucleus has a charge of 82 protons within a sphere of radius of 6.3 x 10 m.

a) What are the magnitude and direction of the electric field at the surface of the nucleus?
(2.97x10% N/C outwards from the nucleus)

b) What are the magnitude and direction of the electric force on an electron located at the
surface of the nucleus? (475 N towards center of nucleus)



10. Two point charges are separated by a distance of 1.2 m as shown in the diagram.

a) What are the magnitude and direction of the electric field at point P due to the two point
charges? (1.88 x 10° N/C to the right)

b) If an electron is placed at rest at point P, what is its acceleration initially? (3.30 x 10%
m/s? to the left)

+1.3 pC -5.2 pC
0.3 m—A<——0.9 -t

11. At a distance of 7.50 x 10! m from a small charged object, the electric field strength is
2.10x10* N/C. At what distance from this same object would the electric field strength be
4.20 x 10* N/C? (0.530 m)



12. Two point charges are placed at the two corners of a square as shown in the diagram.

a) If the magnitude of the net electric field at point A is 2.6 x 10° N/C, what is the
magnitude of positive charge (.7 (4.02 x 10¢ C)

b) What is the magnitude and direction of the net electric field at point B? (7.18 x 105 N/C
towards (1)

c) If a proton is placed at point C, what is the magnitude and direction of the electric force
experienced by the proton? (4.16 x 10** N @ 56° N of E)
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Physics 12 — Electric Potential in a Uniform Electric Field

When we look at the electric field lines between parallel charged plates we can see that the

density of the lines of force is uniform. If the field is uniform, the formula that we have

been using [E = -k-?i) cannot be used to describe this field.
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We need a new formuia to describe a uniform electric field. In order to describe this fieid,
it is important to look back at some of the concepts we have learned from our study of

mechanics in Physics 11 and 12.

o An object will change its velocity when an unbalanced force acts on it (Newton's
First Law of Motion).

e When a mass is allowed to fall in a gravitational field, the mass will accelerate from
a position of high gravitational potential energy to a position of low gravitaticnal

potential energy due to the force of gravity acting on it (the unbalanced force).

o If we want to move a mass from a position of low gravitational potential energx o a
position of higher gravitational potential energy, we do work on the mass agaizst

gravity.

- Work done against gravity can be defined as:

o From this we see what the gravitational potential of an object depends on:

From the Law of Conservation of Energy, the loss in gravitational potential energy of

an object becomes kinetic energy.



Diagram of change in gravitational potential and kinetic energy:

_ o m
High potential \ Low Kinetic
energy g energy
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Low potential Ul High kinetic
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Now, we will look at how this applies to electrical energy.

When a charged object is allowed to move in a uniform electric field, the charge will
accelerate from a position of high electric potential energy to a position of low electric

potential energy because of the electric force acting on it.

‘ (+)  Low kinetic

High potential X

ener ener
gy £ gy
d |
;7N ?
Low potential ) 0 High kinetic
energy Y energy

If we want to move a charged object against the electric field, then we must do work on

the object. This work is represented m terms o=

From this, we can see that the electrical potential energy in a uniform field depends on:



When studying electricity, we are interested in the electric potential per unit charge.

Energy per unit charge is how electric potential is defined.

Potential Difference (Voltage) -

When an electric charge is moved in an electric field, the electric potential may change.

This change is what we call the potential difference = voltage.
When we are dealing with a uniform electric field, voltage (V) is a useful quantity.

Voltage=  the change in the electric potential, or the change in the electric potential

energy per unit charge. (Scalar Quantity)
Analogy:

A water pump can increase the gravitational potential energy of water.

B — High Potential

Water T
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An increase in electric potential will take place within a battery.
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Tr= _aw of Conservation of Energy becomes:

A negative sign indicates that if kinetic energy is gained, electric potential energy is lost.

After all of this, we can now think of parallel charge plates (which produce a uniform

electric field) as extensions of the terminals of a battery.

The electric field between the parallel plates can be determined in terms of the

potential difference between the plates and the distance the plates are apart.
(+) ()

Battery

Example One: Calculate the electric field strength between two parallel plates that are 6.00
x 102 m apart. The potential difference between the plates is 12.0 V..

Example Two: An electron is accelerated from rest through the potential difference of

3.00x10* V. What is the final speed of the electron?



Example Teze= A= electzos 15 placed between two horizontal parallel charged plates that

are 4.00 cm =art. Toe pot=mzzl difference between the plates is 32.0 V.

What is the ==ctric force actnig on the electron?

Example Four: A proton travelling horizontally at a speed of 1.70 x 10° m/s enters an
electric field of 2.40 x 102 N/C between two horizontal parallel plates as illustrated below.

Calculate the vertical displacement of the electron as it travels between the plates.

C ' : p
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P : 6.00 cm
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20,0 cm
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Relatlve to point P, state the direction of E and Em in each case and indicate if B, is

T zero Use L forleft and R for right. o
@ v orr @
[} @ ) @
' Distance from X to: ' ‘
Pi=0.25cm P3=0.75cm

P»=0.50cm Ps=1.25cm

a. X and Y are equal'in magnitude and are both positive
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b. X and Y are equal in magnitude X is positive but Y is negative

Py
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By

P4

" Epet = 0 between

c. X and Y are positive and X is twice the magnitude of Y

Py

P2

P;

Py

Euaet = 0 between :
What would happen to the direction of E if the particles in “c” wefe both negative?
Where would Ey =07 : .

{
d. Y is negative, X is positive and twice the magnitude of Y
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Electric Potential-Uniform Field Probiems:

1. Two parallel plates are connected == 2 12,0 % batz=~. If the plates are 9.00 x 102 m apart,

what is the electric field strength bet==en them? (132 V/m)

2. The electric field between two parafiel plates is 5.0 x 10 V/m. If the potential difference

between the plates is 2.0 x 10? V, how far apart are the plates? (0.040 m)

3. Two parallel plates are 7.3 cm apart. If the electric field strength between the plates is 2.0
x 10° V/m, what is the potential difference between the plates? (146 V)

4. An alpha particle gains 1.50 x 107 ] of kinetic'energy. Through what potential difference
was it accelerated? (4.69 x 103 V)

5. What maximum speed will an alpra particle reach if it moves from rest through a

*

potential difference of 7.50 x 10 V? /248 x 10° m/s)

6. A charged particle was accelerated from rest by a potential difference of 4.20 x 102 V. If
this particle increased its kinetic energy to 3.00 x 10" J, what potential difference would be

needed to increase the kinetic energy of the same particle to 9.00 x 107 J? (1.26 x 10% V)



7. An alpha particle with an initial speed of 7.15 x 10* m/s enter= miromz= a haiz o the
positive plate between two parallel plates that are 9.00 x 102 m zpart. & the ei=cmic field
between the plates is 1.70 x 102 V/m, what is the speed of the airza parzade when it reaches
the negative plate? (8.12 x 10* m/s)

(+) ()

8. What is the electric field strength 1.00 cm from the positive charged plate if the parallel
plates are 5.00 cm apart and the potential difference between the plates 1s 3.00 x 10 V?
(6000 V/m)

9. A proton accelerates from rest from plate X to plate Y at the same time as an electron
accelerates from rest from plate Y to plate X. If the potential direrence between the two
plates is 60.0 'V,

a) What is the speed of the proton when it reaches plate Y? (107 x 10° m/s)

b) What is the speed of the electron when it reaches plate X7 :2== x 1{= =/s)

/

Xe oY




10. An alpha particle is placed between two horizontal parallel charged plates that are Z..=
cm apart. The potential difference between the plates is 12.0 V.

a) What is the electric force acting on the alpha particle? (1.92 x 106 N)

b) What is the gravitational force acting on the alpha particle (on the surface of the Earth}~
(6.52 x 102 N)

11. An electron travelling horizontally at a speed of 8.70 x 10¢ m/s enters an electric field of
1.32 x 103 N/C between two horizontal parallel plates as illustrated below. Calculate the

vertical displacement of the electron as it travels between the plates. (3.0 cm)

14.0 cm
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Physics 12 — Electric Potential Energy, Electric Potential and Worl

+ S v
A positive charge accelerates from a region of higher + E
potential to a region of lower potential. ES B|
| | & @
A negative charge accelerates from a region of lower + Pl'Z K}’E —
potential to a region of higher potential. + wf —
et (] e
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Higher Lower
potential potentiul

In terms of energy, when a charge moves, electric potential energy is transformed into

kinetic energy, and the total energy is conserved.

When a positive test charge moves from point A to point B in an electric field, work is
done by the electric force. The work equals the difference of the electric potential energy

between two points.

The electric potential V at a given point is the electric potential energy per unit charge.

Today, we are going to work through more problems dealing with a uniform electric field

while including the concept of work.



b+ 0,075 m -+

¥,
e

Example One: A uniform electric field is established by connecting the

e
o

parallel plates separated by 0.075 m to a 12 V battery as shown in the

diagram. A proton is released from rest in the electric field and moves

i
a0

from the positive plate to the negative plate.

}a’

a) Find the magnitude of the electric field.

b) Find the change in electric potential energy of the proton.

Does the potential energy of the proton increase or decrease?

—+ + + + + +
\

c) Find the speed of the proton after it has moved 0.075 m.

Example Two: Through what potential difference must an electron be accelerated from

rest to give it a speed of 6.00 x 10¢ m/s?
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.~ ,On Screen

Cathode Anode dcﬂecuon plates where
‘ ' electrons hit

%%@g} 'i“ddfﬁféu &y

; | A vd?ﬁﬁd%de@‘thm

Vertxcal .dCﬂCCUOu -electrons
-plates
“the

manner shos

prowde rn, _re

than d@uble thjs.number )

C&lc& late the new defle cion, (&
St ern el \C?CC”)ﬁ%m

V4 c@\cd; = 3&\/ \/o@@\ ‘—%80\/
6 C

Electropsguri

L_“,,‘

V&eﬁ%f’ct (8\/ Vaceel=duy

Electron guns pr@duce three’

~ beams of high speed electrons - that
strike red, green, and blue. phosphors

on the TV screen to produce the color
picture. As each electron is accelerated
from rest withip ap elegtron gun, elec-
trical potential energy is converted into
kinetjc energy; the total energy is con-
served during the process.
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MlLLlKANS OIL DROP EXPERIMENT

, Aﬂer Thomson dlscovered the elec{ron Mllhkan
performed an experiment from which he determined the
elementary charge. (The elementary charge is the
charge on an electron and a proton )

In this expenment he blew oil droplets between;
* horizontal parallel plates. These platés were connected

to a variable voltage source so that one.co d become
po:

platés, the oil droplets weuld fall to the fower plate.
because of the gravitational force. However, when the
‘pldtes were charged, some-of the oil drepléts-wiuld fise

C - b',.e ﬁl«+
; o '0 1 Fe _
O
— +:;Q - _EF.'B=FQ

The electric ‘f@rce is given by the ezquragﬁz@n
Fe =wgiE] -and the gravitational-force :is given by-the
eguation Fg=mg. If Fe = Fg, ihen glEl=mg and q

can be calcuia‘fed using q = %'}L

ive and the -other negative. With no charge ‘on.the

drop are equdr

‘Minikan détermined the

elementary charge to be
1.60 x 10-19 C.

PRYSICE - - Notes and Problems - -

Eletic Foroes and Fieids



- was-a: multipleof'1.680 x 10-19. C. "He ew:

lelxkan was abie to calculate the mass of the onl
dropiet using its densaty d= Dens;ty is equal tor mass

ts' mass. g is a ca‘n’étant and 1E1 ,ca,...;;iaiié'f'i:f; tnd by
kﬁewmg the voltage between the plates.

B =

M:rlhkan repeated this expenment a nu eber of

times and he found that the. charge on the i

charge on an elementary particle is 1:60 x 107

Fg=mg Fe= ’Q1‘Ei

S‘IS

theswoil: drepcarry”

R = I
4.80x 104N

- T 8.00x 16* V/m
= BO0Ox 1019 C

8.00x3079C
#o = 160x1079C
-5

Hleclic Ferces and Fields
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y oil
. ass
3 is
dlet
find

of
et
he

Anoll dmpweighs 3.84x 10"5N Kitls
Suspended.between two horizontal parallel
plates whem the’ electric field strerjth.rs

1220 $0%R/C, what is the maghitude . of the ,
charge onthe oil dop? T
(3.20 x 1‘6”9‘(:) A

wrthamassoMBGx 10:18 kgiis.

An oil drop:
' between two horzomtalparallel

plaresihat re ;Q@em apan ihe tren’ual

S drep is' pegative and the top plate posith

. the:petential difference between the plates =»s-.l
TB38x 102 V2.

‘Duringa Mxlhkan :o»bdrop EXDeTmen
TECOTC hewe»9 sofsfiv

An oil drop whose mass'is 3.50 x 1015 g

accelerates downward at a rate of 2.50 mfs2

when ;placed between two horizontal parailisl
tesithat are 1.00 cm apan. Assumiing he: oil

“many:excess electrons does the oil.dn

@

3.
Sy ———— clemerkary charae.
Chint; wigt does he “Iopg .
1 (N E‘Pr © 531«,—{-7\) i
} {3.21 x 109G}
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Electric Potential Energy and Electric Potential Assignment
1. A proton is held between two charged parallel plates.

a) If a proton moves in the direction of the electric field, what happens to the

electric potential? (decreases)

b) If the proton moves in the electric field from point A with a potential 50 V to
point B with a potential of 200 V, how much work is done? (2.4 x 1077 ])

c) If the electric potential is constant between two plates, what happens to the
electric field? (0)

2. A proton with kinetic energy of 1.2 x 10 ] moves into a series of charged parallel plates

as shown. What is the impact speed on the third plate? (6.57 x 10° m/s)

~1000 Y ~1500 'V



3. An electron is projected into the electric field with an initial speed of 6.0 x 107 m/s as

shown in the diagram.

— L

Vo 6.0 % 107 nvs }T .
- OS2 9V
k -+
[ |

a) Find the magnitude and direction of the electric field between the plates. (18000
V/m [up]

~ b) Find the magnitude and direction of the electric force on the electron while it is
between the plates. (2.88 x 105N [down]

¢) Find the acceleration of the electron while it is between the plates. (3.16 x 10" m/s?

[down]

4. A proton is accelerated by a potential difference of 7.20 x 102 V. What is the change in
kinetic energy of the proton? (1.15 x 101¢ J)



5. An electron with a speed of 5.0 x 10° m/s enters through a hole in the positive plate and
collides with the negative plate at a speed of 1.0 x 10° m/s. What is the potential difference
between the plates? (0.681 V)

6. If an alpha particle is accelerated from rest through a distance of 4.00 cm by a uniform
electric field in 2.50 x 10 s, what is the electric field strength? (2.66 N/C)

7. An electric field of 2.40 x 10> N/C is produced by two horizontal parallel plates set
4.00cm apart. If a charged particle of 2.00 pC is moved 3.00 cm perpendicular to the

electric field, what is the work done against the electric field? (0 J)

8. A charged particle (2.0 x 1077 kg) accelerated from rest by a potential difference of 2.50 x
10° V. If the particle reached a maximum speed of 2.90 x 10* m/s, what potential difference
would be required to accelerate this particle from rest to a velocity of 7.25 x 10* m/s?

(1.6 x 106 V)



9. An alpha particle is placed between two horizontal parallel charged plates that are 2.00
cm apart. The potential difference between the platesis 12.0 V.

a) What is the electric force acting on the alpha particle? (1.92 x 10¢ N)
b) What is the gravitational force acting on the alpha particle? (6.52 x 10 N)

c) If it assumed that the electric force and the gravitational force are acting in opposite

directions, what is the net force acting on the alpha particle? (1.92 x 107¢ N)
d) What is the acceleration of the alpha particle? (2.89 x 10'° m/s?)

¢) What potential difference would be required between the plates so that the alpha

particle becomes suspended? (4.0 x 10° V)



10. A uniform electric field is established by connecting the parallel plates separated by

0.050 m to a 14 V battery as shown. An alpha particle is released from rest in the electric

field and moves from the positive plate to the negative plate.
a) Find the magnitude of the electric field. (280 V/m)
b) Find the change in electric potential energy of the alpha particle. (4.48x10])

c) Find the speed of the proton after it has moved 0.050 m. (3.67 x 10* m/s)

< 0.050 M-

+ + + + + +]
ki
I
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Physics 12 - Electric Potential and Potential Energy of Point Charges

If a charged object is in an electric field, it has electric potential energy (Ep). Just as any
other type of potential energy, this means that work was done on the charged object to

move it into its current position. It now has the potential to move in the field when it is “let

1

go”.

In a uniform electric field (such as one that exists between two charged parallel plates),

work done is equal to the electric potential energy gained by the charged object.

Fe
@aE)

In the non-uniform electric field caused by a point charge, the electric potential energy

cannot be found as easily, but the reasoning is the same.

d

This area (the electric potential energy) can be determined to be:




Electric potential (V) is defined as the electric potential energy per unit charge.

From this definition, we can derive the equation:

Derivation:

Important Note: The electric potential at a point is defined in terms of the moving of a

positive charge. Therefore, V can be positive or negative.

Finding the Flectric Potential Between Two Points = Potential Difference

Given two points, A and B, the potential difference between A and B is:

Vs = Vs — Va

When we are dealing with the potential at a point, we are actually talking about the
potential difference between that point and infinity. The potential at infinity is assigned a

value of zero.



Example One:

Calculate the potential at point P.

Example Two:

BN
o
o
. o

A Y
- -

5.0cm

g

o

-: @
O *

-2.0 uC

How much work is done against an electric field produced by a 2.5 uC charged object

when an 0.025 uC charge is moved fromr=3.0 cm tor=1.0 cm?



Example Three — A proton is accelerated from rest through a potential difference of
20000V and moves toward a fixed +7.5 uC charge Q.

a) Find the speed of the proton when it
leaves the parallel plates.

b) Find the distance (d) from the fixed

charge Q when th ton stops.
ge Q e proton stops A



Potential Energy at a Point Problems
1. What is the potential at a distance of 6.0 cm from a 2.5 uC charge? (3.75 x 10° V)

2. What is the potential at a distance of 25 cm from a -2.5 pC charge? (-9.00 x 10* V)

3. How much work is done against the electric field produced by a 5.0 uC charged object
when a 0.030 puC charge is moved from r =45 cm to r = 15 cm? (6.0 x 103 ])

4. A proton released 2.0 x 10 m from the center of a 6.4 x 108C chérged sphere. What is

the speed of this proton when it is 0.50 m from this center?



5. Three charges are located on a line as shown below. Find the potential at point P.
(-1.98 x 10°V) » : _

P q=10uC" q=-30uC - -50pC

o— q . K q > K 9 o K
<“=75cm—P<—10cm—=<%—10cm —>

6. The centers of two alpha particles are held 2.5 x 102 m apart and then released.
Calculate the speed of each alpha particle when they are 0.75 m apart. (2.4 x 10° m/s)

7. In moving a 3.00 uC charge at a constant speed from point A to point B, 4.40 x 10~ J of
work is done. If A and B are 2.4 cm apart, what is the potential difference between A and
B? (14.7 V)



8. In a hydrogen atom, an electron is separated from a proton by a distance of 5.3 x 10! m.
a) What is the electric potential at a distance of 5.3 x 10! m from the proton? (27.2 V)

b) What is the potential energy of the electron and proton at this distance? (-4.3 x 1018 J)

+3.0 uC

9. Two point charges are placed as shown in the diagram. g O
Ve . !
a) What are the electric potentials at point A and at point B “4 ; e
PRgPa [0 LT
due to two point charges? (A: 2.52 x 105V, B: 1.80 x 10° V) A !

a’ )3 m
// !
b) What is the electric potential difference between points A 0.5 m e !
-
and B? (7.2 x 10¢ V) e :
.,,/ 90° |
¢) How much work must be done to move the charge Q1 to Qzaﬁ —————————————————— oB

point B? (5.4 x 10 J) :‘ +4,0 pC



10. A proton is separated initially at rest from a fixed point charge Q by a distance of
0.60m. If the proton is released, what is the speed of the proton at point P? (2.94 x 10° m/s)

11. Three charges are located at the corners of a rectangle as shown. Find the potential at
point P. (4.43 x 105 V)

q,

it
—s
o
=
@)
1
i
1
T
1
|
'
3
i
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i
i
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1
]
]
:
!
1
]
]
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12. The diagram shows three charges at the corners of a rectangle.

- Q2 - Q)
a) How much work must be done to move the _jy pC .E;:;:? e o e e e e __j:j% +15 pC
charge Q: to point B? (1.5]) : / |
| -7 1
b) What is the electric potential at point A? (-3.6 x 10° V) : . A 0A m ll
J A7 :
i Yy | 0.6 m
( s
| /'/ I
| 'l |
! e :
'
Q3 ! )// !
S pC P s e B
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Electrostatics

AQDKQONAkggQBLmMs””'

1. Ifthe electric field strength at a point 1.50 m from a charged point source is-2.70 x 104
N/C, what is the electric field strength at a point 7.50 x 10~ m from the same source?

. (1.08 x 105 N/C)

2. Calculate the electric force between two point charges of 2.00 xC and 2.70 .C that are
1.00 x 107* m apart.

(4.86 N)

3. Calculate the electric field strength mid-way between two point charges of 3.00 ,uC and
4.20 4C that are 4.60 x 107! m apart,

(2,04 x 105 N/C)
4. The potential difference between two parallel plates which are 3.00 cm apart is

7.10 x 103 V. If an object with a charge of 4.80 x 1015 C is placed between these plates,
what is the electric force acting on the object?

(1.14 x 10 N)

Not for Reproduction 377 Physics 12 SNAP




Electrostatics

7,

8.

What is the potential difference between two parallel plates 5.00 cm apart that
produces an electric force of 3.50 x 1013 N on an object containing a cha.rge of 2.00 x-
0—16 Cwhen it is placed between the plates? :

(8.75 x 10 V)
Calculate the work done against an electric field on a charged object of 5.50 4C if the

object is moved 3.00 cm perpendicular to the electric field of 2.10 x 103 N/C produced
by two parallel plates 5.00 cm apart.

(oJd)

If a lithium nucleus (Li3+) experiences an electric force of 2.44 x 10-14 N at a point in
space, what is the electric field intensity at this point?

(5.08 x 10¢ N/C)

~ What is the electric field strength between two parallel charged plates that causes a
proton to accelerate at a rate of 2.0 x 101° m/s??

(2.1 x102N/C)

Castle Rock Research 378 Copyright Protected




Electrostatics

9. Three point charged objects are at the corners of a triangle as shown in the diagram.

1.2 e

5.0 cm

20 F.IC ~4.0uC
(8)e—10.0cm —(c) -

What is the magnitude of the electric force acting on charge B due to the other two
charges? o

(1.1 x 10'N)

10. Two small charged objectsof the same mass and volume are brought into brief contact
with each other. If the initial charges on the two objects are —3.00 4C and —-1.50 1C,
what is the electric force between the objects when they are separated to a distance of
5.00 x 10~1 m after contact? : ' '

‘ (.82 x 107 N)

11. Two disk like objects of equal mass of 7.30 x 10-6 kg and equal charge of
4.90 x 106 C are placed on a smooth horizontal surface. When the two objects are
placed on this surface, they repel each other to a separation of 5.50 x 10-1m. Whatis .
the force of friction on each object due to the surface? ' ‘

(7.14 x 1071 N)

Not for Reproduction : 379 . Physics 12 SNAP




Electrostatics

(-5.4 x 105V)

13. What is the electric potential energy of a proton located 2.00'x 1079 m from another
proton? ‘

(1.15 x 10710 J)

14. A 0.30 kg ball is suspended in a uniform electric field as shown in the diagrém.
. 4 77 / ; .
/}‘_______ o =120

E ™ Og

e

If the charge on the ball is 5.0 x 1074 C, what is the electric field strength?

(1.2 x 103 N/C)

¥ ¥ K K K X X ¥ ¥ ¥
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Electrostotics Provincial &@m
Questions Lo

Which diagram shows the electric field near a negative point charge?

C. D.

% N

/TN TN

a, Which pair of values will cause the greatest deflection of an electron beam in a cathode

ray tube?
ACCELERATING VOLTAGE , | DEFLECTION (PLATE) VOLTAGE
A. 400 V 20V
B. 400V 40V
C. 800 V 20V
D. 800 V 40V

) _The magnitude of the net electric field at P in the diagram below is 5.0 X 103 N/C.

0,=4.0x10°C
3.0m
Q,
@ S
p
< 30m >

Find the magnitude of charge 0,.



L!". a) Find the electric potential at point A and at point B. (Note: 1.OuC is 1.OX 10° C)

(3 marks)
@ K A B
k———30m ——>|
< 5.0 m >
|( b) What is the potential difference between A and B? (1 mark)
¢) 0.0367J of work must be done to move a charge ¢ from A to B. Find the magnitude and
polarity of this charge. (3 marks)

0=-15.0uC g q
© O-=--=-=- >0
A B

5 The diagram shows the electric field lines near two point charges, L and R. Identify the
polarity of these point charges.

POLARITY OF L POLARITY OF R
A. Negative Negative
B. Negative Positive
C. Positive Negative
D. Positive Positive

b An electron orbits a nucleus which carries a charge of +9.6x 107" C. If the electron’s or
radius is 2.0%107% m, what is its electric potent:al cnergy?



Z. Two charges are positioned as shown in the diagram below.

0 =8.0uC 0, =-2.0 uC A
® S °
ke——————4.0m S 2.0 m —>

a) Find the magnitude and direction of the electric field at A. (Note: 1.0 pC=1.0X 107° C)
(4 marks)

b) A charge placed at A experiences a force of 4.0X 107 N towards the right. What are
the magnitude and polarity of this charge? . (3 marks)

8 In a cathode ray tube,

protons are accelerated from anode (positive) to cathode (negative).
protons are accelerated from cathode (negative) to anode (positive).
electrons are accelerated from anode (positive) to cathode (negative).
electrons are accelerated from cathode (negative) to anode (positive).

SRel- s

q. Charge @ islocated 5.0 m from cHarge Q, as shown.

_6
R g 0,=5.0x107°C
lke—— 2.0m >l 10m
< 50m g

How much work must ve done to move charge -Q; 2.0 m closertocharge Q,7

An electron passing between parallel plates 0.025 m apart experiences an upward
electrostatic force of 5.1x107'° N.

electron

a) What is the magnitude of the electric field between the plates? (3 marks)

b) What is the potential difference between the plates? (2 marks)




¢) On the diagram below draw in the connections to the power supply necessary for the
electron to experience this upward force. (2 marks)

A

electron ' T

| ] Which of the following diagrams shows the electric field between two equal but
opposite charges?

A.

IQ. A proton initially at rest is accelerated between parallel plates through a potential difference

of 700 V.
l— 0.055 m —>]
W +
proton
+200V =500V

What is the maximum speed reached by the proton?



What are the magnitudes of the electric field and the electric potential at point P midway
between the two fixed charges?

+5.0x1075 C o, | _5.0x10° C
N S o
k—— 3.0 m Pt 3.0 m —>
MAGNITUDE OF ELECTRIC FIELD ELECTRIC POTENTIAL
A. 0 N/C 0V
B, 0 N/C 30 000 V
C. 10 000 N/C | 0V
D. 10 000 N/C 30 000 V

' th A charge g of 30.0 uC is moved from point X to point Y.

— 8.00 ° —
T () 0;=+70.0puC f (o) g=+30.0puC
3.00°

~
-
-
-
-
-
-
-
k/

(3

How much work is done on the 30.0 pC charge? (1 pC =1x 107 C) (7 marks)J

|5. An electron in the electric field has an electric force acting on it in what direction?

_—

—
>

Yo
>

w<¢>5 S . E

S e

y

] lb. Whatisthe electric potential at point P due to the two fixed charges as shown?

}4————7.0m————————>\
@---------"-" [ of
2.0x107°C ! T
g :4.0m

i



|7 A moving proton has 6.4 x 107" J of kinetic energy. The proton is accelerated by a potential
difference of 5000 V between parallel plates.

Y% ~5000V '

\

vy v
@-> 1 ® [ R | Boe
proton

The proton emerges from the parallel plates with what speed?

‘B' a) How much work is done in moving an electron from point X to point Y? (5 marks)
' O
electron Q=-5.0x10"C
le—0.50 m —>1< ~1.00 m——
\ b) What is the potential difference between point X and point Y? -
lq The electric field is uniform between

A. two positive point charges.

B. two negative point charges.

C. two opposite point charges.

D. two oppositely charged parallel plates.

30, What is the magnitude and direction of the electric field at point P due to the two fixed charges?
+4.0x10°¢ C -1.0x10°C P
e
ke 3.0m ><— 1.0 m —>|
ELECTRIC FIELD AT POINT P
MAGNITUDE DIRECTION

A 6 800 N/C Right

B. 6 800 N/C Left

C. 11000 N/C Right

D. 11000 N/C Left




al. A proton with kinetic energy of 2. 11077 T is moving into a region of charged parallel plates.
The proton will be stopped momentarily in what region?

ov 100V 200V 300V 400V
2110777, \ \ \ |
> -- -- et Q -
proton
K L M N
m N A proton, initially at rest at point X, will have what speed at point Y? 7 marks?
- +3.5x10°C Proton
@ @ A= —v- >
Fixed charge e ' o
1.0 m i< 2.0 m ———>
AD. Which of the following best describes how electric potential varies with distance in the region

-

around a point charge? ;~ -—=- --- - = = = B
narge:

o
=

\ . . I . . . . :
A Ver ‘«% Three identical positive electric charges are fixed as shown in the diagram below.

Ly
C. Veeril ® | @ . ©)
1 ——d o &
D. Ve — ' -

o What is the direction of the net electric force on Q, due to Q and 037

a5 . Inan f:xperiment, a positively charged oil droplet weighing 6.5 X 107" N is held stationary by
a vertical electric field as shown in the diagram.

A \AAE

@

If the electric field strength is 5.3 X 10° N/C, what is the charge on the oil droplet?
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Physics 12 - Electrostatics

Electrostatics is the study of charges that are not in motion

and the interactions between them.

STATIC ELECTRICITY:
We will begin our study of electricity by looking at the electrical nature of matter. Static

electricity is electricity at rest.
We are aware that many materials including amber, fur, glass, rubber and plastic will

produce the effect of attracting other objects when rubbed. This attraction involves

accelerating matter so there must be a FORCQ;WO k. . (
Elechostatic Torce (Fe
Neutral vs. Charged Objects:

As we know from science 9, 10 and chemistry, atoms contain neutrons, protons and
electrons.

The number of electrons that surround the nucleus will determine whether or not an atom
is electrically charged or electrically neutral. If an atom contains equal numbers of
protons and electrons, the atom is described as being electrically neutral.

If an atom has an unequal number of protons and electrons, then the atom
is electrically charged (and in fact, is then referred to as an ion rather than

an atom). o
. . : Electron
Charged versus Uncharged Particles - Proton

&) Neutron

Positively Charged  Negatively Charged  Uncharged

Possesses more Possesses more Equal numbers
protons than electrons than of protons and
electrons protons electrons
A conductoris a material that... An insulator is a material that...
C?//OV\/ elechvns +D \\/')o/dé ! onv‘o elechonS O
Llow . slows e/edvpr\ Flow
® can become Y chan fd Whan
rubbed. 7
Examples - amber,glass,
rmbber) fl, silk Omd
157 oare ﬁpg d /hﬁ[ﬂl@wg




It is possible to build up charge on insulators because electrons cannot easily flow off of a
negatively charged object or onto a positively charged object.

CHARGING BY FRICTION
s\)‘"

tur or wool f or rod v silk QSS rod

when rubbed, e [echnnS
when rubbed, the mbber aree—fmnS/érred Aom glass

rod gains elechons. o

ribbigr

*\7_}./{_@_’// charges repel seunfike” Charges athact
 (opposite)

The Law of Charges states:
1. Like charges repel.
2. Opposite charges attract.

3. Neutral charges are attracted to charged (+ or -) objects.

CHARGING BY INDUCTION

In this process of charging, the neutral conductor will not lose or gain any electrons
(remaining neutral), but the electrons will be rearranged. This is referred to charging by

induction.



OXV( %y neutral object positive charged rod
: 82(\ (conductor)
é® N the posjﬁ Ve/\’j cha»:geol rod is
> brought near +he”conductor
= eleckons are athockcd fothe side

of-+he object nearvest +othe posiﬁVe\ly
oharged rod

An electroscope is an instrument that uses induction to detect the presence and nature (-
and +) of a charge. @ t 3t

A positively charged rod will attract electors
through induction to the head of the electroscope,

e leaving the leaves positive.

o=

+/ ¢ +

A negatively charged rod will repel electrons
from the head of the electroscope into the leaves

through induction, leaving the leaves negative.

/n both cases +he elec%ro:sc'; b@ fs newhal , but
we hove induced +he electhons fo chang€

: : osihoh without fouching .
+heir relabve P S INDUCTION

——

CHARGING BY CONTACT

A pith ball is a light ball with a conductive surface. A neutral pith ball is initially attracted
to either a positive rod or a negative rod due to induction.
1) 2) 3)

. LSS LSS




Now we will see what happens when the rod actually touches the ball rather than just

2) 3)

VBT L LS Ll L,

— - Touch <
LI both cases, +the elechpscope is neutval, but

we have induced +he elechors 70 change Fheir
relative /DosmLmn w ithout %omc)v/,?g.

bein% held near it...

Why? When the ball comes in contact with the rod, the ball transfers some of its electrons
to the rod. The rod is still positive, but now so is the previously neutral ball. Therefore,

both are positive and they will now repel.

1) 2)
LS WAV A A
7t T
J ” O e
ee” both"

The Law of Conservation of Charges -

It is very important to note that if an object is charged by friction, induction or
conduction, the electric charges are neither created or destroyed — they are just moved

from one place to another.

Next lesson we will investigate the force behind the attraction and repulsion — (F.)



Physics 12 - Coulomb’s Law

As we saw last lesson, electric charges can attract and repel other charges. With this
attraction and repulsion there must be a force acting to change the velocity of the object.

This force is referred to as the Electric Force (Fe).
There is a parallel relationship that exists between charges
(and the resulting electric force) and that of masses (and the

resulting gravitational force).

Joseph Priestly made this connection when he found that

placing a charged pith ball inside a hollow sphere has no
electrical force acting on it just as a mass inside a hollow mass will have no gravitational
force acting on it. This is because there are forces in all directions and they will cancel each

other out.

ELECTRIC FORCE LAW (COULOMB’S LAW)

This law states that the electric force between two charges depends on:
° 7L/)€ size of +he +wo c;ldar*ges_
o the distance behveen the hwvo charges.

It is important to remember that electric charge is always conserved. The net

electric charge of an isolated system remains constant during any process.

Pl
i
Ty
®

Coulomb’s Law - P COMJOmb'_s COOS?LC«.KT)L
L 9 00 X107 N-m®

o = Kq.9, c*

3

} charges (in coulombs -C)

o

a

RYT

%

= disfance betweesn
char\g es

The unit of charge is a Coulomb.( C)



Comparing this equation to universal gravitation, we can see the similarity.

Electrostatic Force: Gravitational Force:
/——e = K%IQZ Fg: @m,mz
r2 r®

While this equation is similar to universal gravitation, there are a number of differences:

First, electrostatic forces are much stronger than gravitational forces.

o - PR
K= 9.0x 0" £m G=6.67x07" A
& K9
Secondly, Gravity ALWAYS... while Electrostatic force can....

athocts otFoct or repel

Thirdly, we will determine the direction of the force (+ or -) based on...

whether itis an athoction of repulsion

The electric force produced acts along the line Cbnnecting the two charges as seen below.

Fzont  Fion2 Faon1 Q2 Fron2

L e

QU o ~ ~t—s (g} Q2 e - P—

e —

Fe_lona = 'Lgaonl

oequal and oppo sI1® ° directed a/ory o staight
- line
* Coulomb's Law on )y Prov?dgs +he .W\a\.gnH\Ad;
@7£_ +he. C—’/ICC/M C 7%,/@ — dIe_C;HOF\ d@-J-CfMIﬂf'Zd
basedon afadhon orrepulsion

e ——— T

Electric charge has a specific quantity. The elementary charge is the charge on one

electron (negative) or one proton (positive).

e=1.60x10C




Example 1:

Calculate the electric force between charges of 1.00 x 10¢C and 1.50 x 10¢ ¢ when they are
5.00x 107 mapart. % at Fhis point — no indication of + or —

C}\ar:gc
%————«O.S'oom i ﬁé: /4@,7/2_
O H
- -~ b
1.00% 107°C :.s‘DX/O"(’O f%=/q.00x;o”‘)0.ox10 b)//.b’%lO )

(6.500)2
= 540x 072N

Example 2:

A charge of 1.7 x 10 C is placed 2.0 x 10?m from a charge of 2.5 x 10 C and
3.5 x 102m from a charge of -2.0 x 10 C as shown in the diagram. Calculate the magnitude
of the net electric force on the center (1.7 x 106 C) charge.

<«——20x10%m S 35x102m——mon
25x10°6C 1.7x10°C 20x10%C

There are Fwo forces achng on +he cender CI’V@&
*}denﬁﬁ forces ard direchon

Q. Vop o I3
@ I O
/?pw/S}V@ athochve

ushfrom  Pull
P_?._’_ - Mgz g Qo ‘9;
F= K@;_Q_z =(9.0x 1002.5% 1079 1.7%107%) ge,ﬁj\\a
re (2.0x1072)" o
IONS\ '\(\65
F= 90N (——9>So+961&./ O\W
- -5
5 = K7 =(2.0000 710 YR-0x107) 99
27 1 (3.5 X1072)* oS

F=d5N ()so+a5N ST+

~
z




Example Three:

Three charged particles are arranged in a line as shown in the diagram. (1uC = x10%). Find
the net electric force on q2 due to q1 and ga.

Qi Q2 Q3
ot Y -
e ki S
< 0.75 m sl 0,25 m |
5.4 uC +1.6 puC 2.2 pc
'V(x/o’é) 9, 92 - 13
o) s O
NSAY pv»\\
Scomd) fmm%
a)F = (a,ox/o")@,s‘xro“’k’l.bxiO—) F=0.MH N(*‘)
(0.75y" =—0JY N
J:)F;=(oz.OyIOQ)Q.(aXIO"’YJ-RX/O'b> R= 05N (—)
2

ZF=F, +F, = -0.14 + 0.5 =+0.3FN

Dreternning the Divection of the Elechical Fovee Vector

Fomce of Fomoe of Foeceof Fozoeof
Bmﬁi : i :AmB : :Dmﬂ CmDi :

ObjectA  Object B Object C Object D



Example Four: Two small spheres have the same mass and volume. One of the spheres has
a charge of 3.50 x 10°¢ C and the other sphere has a charge of -1.50 x 10 C. If these two
spheres are brought into brief contact with each other and then separated to a distance of
0.500 m, what is the electric force between them at this distance?

ZI50uC « -6y
+35uC M %:(@,@X)Oqﬁ@ X10 ‘:)
() s
) -
N 120l Fo=.056 N = 3bx0 N
walizes -
charges
/ \
, \
o
+1.0 mC +1.0 uC
é_,/M—-O.SODM E

Coulomb’s Law Problems: 7
1. Calculate the electrical force between two charges of 4.00 x 10 C and 3.00 x 10 C when
they are 2.00 cm apart. (270 N)

. L 0.0aAMm—>

£ = (2.00x)0° ) $310"°Y3x10™%) .
(0.02)° "
0.09) rooue 3.00uC

= A7O N

2. Two points of equal charge produce an electric force on each other of 3.40 x 102 N when

they are placed 0.100 m apart. What is the charge on each point? (1.94 x 107 C)
L0100 —?

@) - -- 24x10 = (a.0x0q"  q=lx0 C
(0.1)*

3. How far apart are two point charges (a point charge is a charge that occupies so little

space that is can be regarded as a mathematical point) of 2.0 x 10¢ C and 4.0 x 10¢ C if
they produce an electric force on each other of 5.6 x 101N? (0.36 m)

5.ox10 = (ﬁ.ox;o“)[;zx:o"’)('JXIO') L&—r—

SO

r=036m R:0uC 'i.o/uc



4. Three positively point charged objects are placed in a line as shown in the diagram.
- Calculate the magnitude of the net electric force on the center charge caused by the other

two charges. <g—— (.40 m - - 0.40 m — (0.113N)

F’e%on?{: j e Lronas

20x10°%¢C 20x10%C  30x10°%C

0[,1 9a 93
/’Te,;&(q. OX/OMXQ 0%)0’9 = 0.225K ("% = +0235 N
(0 ,'DL

Feguna = (2031072, (32107 _ 0.2%3N («—) = ~0.338 N

(0™ |

) ma nitude . 0.112 N
SE- 0225 +(-0.338)= -0.13 N J

5. Three charged objects are placed at the corners of a right angle triangle as shown in the

diagram. Calculate the magnitude of the net electric force on the charge markedsx caused-z5
by the other two charges. (0.500 N) :

";mf/%%/()%m o~ (4% 16°) 3ox10°C 4014

(0.60)* | R &S
= 0300 N gy = 060 m——&
Fesona = (ﬁ,oX/Oq)(’—f.OXIO—L’)(L{ xlO”(’) , o :O.Som
(0.b0)% | 3 L
=~ 0-YooN | ~ @\
magn)%mdeifgzm = 0.500N o e

6. Two small spheres have the same mass and volume. One of the spheres has a charge of
4.00 x 10¢ C and the other sphere has a charge of -1.00 x 10 C. If these two spheres are
brought into brief contact with each other and then separated to a distance of 0.200 m,

what is the electric force between them at this distance? (5.06 x 101 N)

+4.ouC -1 0uC L1 %
F = 4 . )(O - . Ob N
gj‘ (90010 15007)" = p.5

~ F30u o5
¢ ( 9.20)

o O
+/'5/MC -H.g/uC



7. Two small spheres, each with a mass of 2.00 x 10* kg, are placed 0.350 m apart. One
“sphere has a charge of -2.00 uC (remember uC =x10-) and is fixed in position. The other

sphere has a charge of -3.00 uC but is free to move without friction. What is the initial

acceleration caused by the electric force on the sphere that is free to move? (2.20 x 10* m/s?)

<—0.35M—=> Fa= (q' OX ,Oq)(g,oxlo' Yz .0 o ®)
© - Q (0.350)*
“TuC  TIOMC oo 4N

y 2
sF=md 0l =(2.0¢07)F  G=2.30X10 mjs

8. A hydrogen atom consists of a stationary proton and an electron orbiting the proton at a
distance of 5.3 x 10" m with a speed v.

a) Find the electric force (with direction) exerted by the proton on the electron. (-8.2x10-4N)
b) Find the electric force (with direction) exerted by the electron on the proton. (+8.2x104N)

T Charge on 6—3 = /621077 C
g \\'\ : P+
',” — on+ \“,‘ v —/7> 2
wﬁ—r—w or) ,g;—_ (q,ox//%j:)?z
+opT (5.%x10 )
- Fe= 8.2 xo ¥ N Jowords (P

cIJ) F. is eqma/ qhd opPposiTc

e
fe= #.2x I07)N tpwards &



9. Three charges are placed at three corners of a right triangle as shown in the diagram.

a) Find the net electric force (magnitude and direction) on charge gz due to the charges qu

and qz. (20.7 N@17° S of E) :
A fa=(q.0x10Ni5,0)BeuC) = 135C

| Q2003 CR2%
t
Q3 32
+36 puC :\_}‘;f% Fe = (%o)(/Oi(ZbﬂLXéQﬂ) = 272A4C
145 “‘,1‘::00% q,[ Oﬂ%_g (W)z J’
o ~ Splitino
0.6 : \\\ cﬁ rlnponeh
AN
: N Xo sin45(@#.9)=*+177C
| 90° 4 o\\ vt oS 6‘5’(3? N="11.7C
o %
Q2 - -~~~ - - gk Q1
15 pC 0.6 m 62 pC
: 19.F
ZFR,=19%+0 = +197C J& oz
2k, = 3.5 *(-19.7) = —6.aC N

SF g\ 19724627 T 207¢C
on :
af6d Y. =z E
7L,;m (M?’) |7~ S 07[
ZIFeoan: %O.?C@I7OSO7EE
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Physics 12 — Electric Fields

The concept of fields is used to explain how forces are exerted between objects that are not
in contact with each other. Any mass, like Earth, is surrounded by a gravitational field. In

the same way, an electrical charge is surrounded by an electric field.

Fields are defined as spheres of influence and can be classified as scalar and vector.

Electric fields are vector fields and therefore have direction as well as magnitude.

The direction of an electric field is defined as the direction that a positive test charge

will move when placed in the field.

A positive charge will always

\ T / o move away from a positive
o object (“like” charges repelling
I test charge each other).

e e '

electric line of force ¥

/ l \/ % elechic held Ines

always drawn away

A positive charge will always

move toward a negative object
Q (“opposite” charges attracting
L each other).

test charge

electric line of force

¥electric Aeld lines
are always drann Tonards

negaue charges -




There are two formulas to determine the size of an electric field:

CDE/GC#J'C / é,ilgcgrﬁc _’F%}’)i‘s %m“’]a I= based

Reld L re fest okject (l—‘) on the fest chargt.

S’/fa’gHﬂ E=lc | — —
q X +his ﬁ;rmula is +he de_f-m;J-{on op an electvic

//° f_ig_ld.-rzég_a_p_;w unit charge
4&4‘ e G—E‘_)Mnlks:N/c

che’

The field strength at any point around a charged object can be found by using a test charge
and find the electric force acting on it. If we divide this by the charge on the test object, we

have the electric field strength.

@ charge on +he "M’h/sﬁormwla 13\
— cnarge © based on t+he charge
_ kg &1 object producing
E =~}%— ﬁ“lﬁ d 4 /)nDdutcmy J/_e\ﬁg)d
O
N distance Fom
l,mif5=N/c object producing
Aeld.

Some problems that we will be dealing with include alpha particles, protons and electrons.
Therefore it is necessary to be familiar with the mass and charge of each particle.
¥ on Jormula sheet

Mass Charge
alpha particles 6.65 x 1027 kg 3.20x 10-19 C

electron - 911 x103kg -1.60x1019C
proton 167x1027kg  1.60x 1019 C




In solving electric field problems, we use absolute values and ignore the sign on the charge

just like we did in problems involving electric force. This will give us the magnitude of

the field strength. The sign on the charge is used to determine the direction of the field.

Example One: Find the electric field strength 4.50 x 10! m from a 5.00pC charged object.

= = _ (.ox0?)50%x107°) _ 5
F G e 220N

Example Two: What is the electric field strength at a point where a -2.00 uC test charge
experiences an electric force of 5.30 x 102 N?

[,

E-F - 530x1072% - a¢5x0" N/c

.

9 2.0X107*

Example Three: What is the electric field strength midway between charged objects

-3.50 uC and 3.00 pC that are placed 4.40 x 10! m apart?

e J | —_ Oy to
—3.50uC ea0Tm +3.00mC %[W%’SAD SZads

Segeeg (D) s o o e
E, E. strength midpoint we
= will Bnd $he ZE ot that poim’*. |
E =Kq | |

YA
r s — .
E: (Ci.OXIOqz 3,5"10_"):65-/)(’05 N/c ZE: El ‘f_E?-

A 0.220)%
“-\\au ) =£.51X10% + 558 x105

- _ s beoth achng in Same
E, = (2.0110")(3.0x10™) _ 5.58%10° N/ direckion s they have
e thesame sign.

:/,;z/«woc/\//c




Example Four: Two charges are placed as shown in the diagram. A) Find the magnitude
and direction of the electric field at point P. B) If a charge placed at point P experiences an
electric force of 1.4 x 10! N toward the right, what are the magnitude and polarity of this

charge? Q\@ @7‘@ e o
A @2 EE
@@

+6.4 nC ~1.6 pC
pt———0.8 m poft— ()4 111~
A) E = (@00 Xe.4x107) = yeox0' N (right)
G2
= (2.0X107)(1.6X197%) < q,00x10" Ne (left)
©h?

ZE = 4oox10" + (—q.0010") = -500x10* N/
B) E=FR = 500x0*= /’1‘;!0 Q%QXXID“’C

-

73
V&

e Fe was fothe right = repuls jop
o= 3
o?:;(\‘) ) S fiom Q,
C‘\O} poirst somust also

be O
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ALAIRY
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Electric Field Problems: E = ‘_‘9, E= f_‘i_
A , r* . . 9
1. What is the electric field strength 7.50 x 10! m from an 8.00uC charged object?

(1.28x10°N/C) &= _ , i -6
E'= kg - (90x1008.000°) 05 N/
rz ©.7S)*

2. At a point a short distance from a 4.60 pC charged object there is an electric field
strength of 2.75 x 10° N/C. What is the distance to the charged object producing this field?

O3Bm) 5= (2.0x107)(4.6x1079

= r=0.388m

3. If an alpha particle experiences an electric force of 0.250 N at a point in space, what

electric force would a proton experience at the same point? (0.125 N)

U

E=te - 0259 = 7z.8/x10'7 N/¢

q 3.a0%x1p 7
E=F 78x07=F_  F=0lsN
ci [ XI0 !

4. What is the electric field strength at a point in space where a 5.20 x 10 C charged object
experiences an electric force of 7.11 x 10 N? (1.37 x 10° N/C)
E= ZUXI0° = 137 x10° N/
5.2X10°
5. What is the initial acceleration of an alpha particle when it is placed at a point in space
where the electric field strength is 7.60 x 10* N/C? (3.66 x 102 m/s?)

,-IL’
700X (0= Fe Fe=M3xI0" TN

3.204107 17 2
- ~ ~7 - (2 2
= F-= mor, A MBX(0 M= G5 x 107 A a=3.66XI0 “m/s

6. Calculate the electric field strength mid-way between a 4.50 uC charged object and a

-4.50 uC charged object if the two charged objects are 5.00 x 10" m apart. (1.30x10° A/ GA RN
&S o0.50p—>

@ E, .. E&@ E = (2.0 x107(4.5210™9) _ 643X10° N/

(0.25)%*

5 e E, _
H5uC /4 E, =(9.0x107)(4s x107) =ém5N/C
(0.25)*

SE= 648%I0° + 6.4gx)0°
= 1,30%10 % N/p




7. Calculate the electric field strength mid-way between a 3.0 pC charged object and a
6.0 uC charged object if the two charged objects are 0.80 m apart. (1.69x10° N/C towards

3.0 pC charge) . . _ 6> —_
© E e (T) (049" E
< —_— —b
By = (4.0x0W6.0419™2 3 5 PN

3.0/14C G.O/M.C (O'L}O)?’

Z'E*s /.69 ok +/— 3.38 X 1Os> = ~/69xI0 > N/C
(Fowards 1he 3:GmuC
cheuvge
8. The electric field strength at a distance of 3.00 x 10! m from a charged object is 3.60 x 10°
N/C. What is the electric field strength at a distance of 4.50 x 10* m from the same object?
(1.60 x 10° N/C)

E-= kg 360x05=(52 x10Nq) 9=3(x10°C
r* (0.30)*
E=(9.0x107(3.6x1079)  E = Loxi0% N
(0.45) %

9. A lead nucleus has a charge of 82 protons within a sphere of radius of 6.3 x 10?°* m.

a) What are the magnitude and direction of the electric field at the surface of the nucleus?
(2.97x10% N/C outwards from the nucleus)

b) What are the magnitude and direction of the electric force on an electron located at the

surface of the nucleus? (475 N towards center of nucleus)

— -17
r-6.3x10""m a) = (Q.oxloq)(lﬁl)u(; )= 297 X1 N/c:
) i Qe = _iq ( ¢.3x10" 1'5) Yolvards
clexio C " surface

b) Fa =(9.0x10%) (1. bx 10~ (1. 31 x10” 17)

9 (w)’/.bxlo"@ (6 3x /0" B
=47.3/X[O—I?C = Y25 N owards center of
ruchcus  (pull on &

hom @)



10. Two point charges are separated by a distance of 1.2 m as shown in the diagram.

a) What are the magnitude and direction of the electric field at point P due to the two point
charges? (1.88 x 105 N/C to the right)

b) If an electron is placed at rest at point P, what is its acceleration initially? (3.30 x 10

m/s? to the left)

sé E P F "2
5 :w—-—-?m_: am g._m_z R v->- = e mem w%ﬁ
+1.3 uC 5.2 pC

F-{},3 m—At——{},9 m ————> }
m) ’ |

—_ ~b —
£, =(2.0x10)13510™) _ 130610° Nfp  ZE =) 3006+ 57800

(0= = 1.e8x/0° N
E,= (9.0 107 52x07%) = 5-75’”@%/0 s
(o.a)? | (Fo1he *9”‘)

1
/'leO ZF—: m—a .3.OXID~ H'—‘(ﬁ.ll/‘(lo—gl)g
o 230410 mfs™ (1 eP)

[me /;'uhn &S] ﬁ@}

11. At a distance of 7.50 x 107 m from a small charged object, the electric field strength is
2.10x10* N/C. At what distance from this same object would the electric field strength be
4.20 x 10¢* N/C? (0.530 m)

—b
E:ﬁ 20 0= (aoqo0%q  q=1l31x0 C
2 (O-?g)l
v

4,20"’02‘- (a,,o)uoﬁ)(/s/z(/o‘g r=0530m_
(>

L) E= . /88</0°=Fe = =30x0 "N
1




12. Two point charges are placed at the two corners of a square as shown in the diagram.

a) If the magnitude of the net electric field at point A is 2.6 x 10° N/C, what is the
magnitude of positive charge Q:? (4.02 x 106 C)

b) What is the magnitude and direction of the net electric field at point B? (7.18 x 10° N/C
towards (1)

c) If a proton is placed at point C, what is the magnitude and direc’sion of the electric force
experienced by the proton? (4.16 x 10* N @ 56° N of &) E, P /Z;'E: 2.6 x10° N/C
7

E = @.0x0)6.000 %)

ot org : Co.50*
® = Q.16 X10% N /o
E, = (9.0 x0%q.)
=" -a® (osr>

=3.6x10'°q, N/c
| A’TW %a

| , f@z,3'é"/0sz= \/@'é’“@’)‘z— (2.16x10°)*

- 5 ' R A
'I”L},OQIUC QO‘ﬁ n ?—P-’/" @2 = 402 X100 C

d3-[os*+05* = ©.307 m
g,) E = (”LomO"KG-OmO’? - QIB]XIOS_/\J/G
_ (0,354 . .
Ea= (90007 )4.00%10™) < 2.99x10% N
(0.354)*

[= 5
=F =43)x (0° + 287% (0% = 2 1 8%10° N/,

=
Filf// R, = (2.0x10"X1ox10™ W6 0x107) = 3.4 XIO” "N
C) @h& e b .
Fe,=(a.0 xlow(q.oamo*> = 232.XI0
(0.5)*

=F = J(z.m»uo"")2 Hasaxo™* = 4.[b xio™"'N @ S Nob &
4an‘l(%j =5h" Nof E
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Physics 12 — Electric Field Lines
Electric field lines are lines that provide information about the direction and strength of

the electric field.

We describe electric fields in terms of field lines (or lines of force) —

uh//kc—d\afgc av"MO_hoh *\\ 4

Rules for Drawing: /

1. Electric field lines start on positive chafges and end on negative charges and the

lines never cross.

2. The magnitude of the electric field is proportional to the number of lines

crossing the unit area perpendicular to the lines.

3. The number of lines starting or ending is proportional to the magnitude of the

charge.

4. The lines between two oppositely charged plates are parallel and equally spaced,

except near the edges.




Electric Field Line Problems:

1. The d1agrams show the electrlc field between two Charges There is a mistake in each

VAV

drawing. Find the mistake and correct it. Explain your answer.

a) b) 0
;x f_‘é /+2 /\ '\
—E\ R PR
/ / \ hne,sm& ¢eVM/y IQ 4;om5n‘yhnes

- m —afw’zmte Feony 16 Price
jines Cross =can ob y oks f@}r h }we Fviceas
be, ont Qele\b volue osel” 7[1 csrome n
oY W\t; poIn &M ?{neén'?»@im'e c%fve 30‘“9‘”

2. The diagram shows electric field hnes for two point charges separated By a small

distance. Identify the polarity and relative strength of each charge and explain how you

decided. Determine yatio-of Q1 to Q2.
G)J - é . 3

- all hr)e::com) /‘;Um oF
- mary more Jies from §1 Thans

= @ weal
- m“ lines going Jo @2

- le. S /ln&b
robip = ?)Q.QI'QQZ—-H‘(Q ‘. - Q|

3. Sketch the electric field lines between oppositely charged parallel plates.
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Where will the Electric Field Strength be ZERO?

Relative to point P, state the direction of E and E, in each case and indicate if Epe is
zero. Use L for left and R for right.

@ Py P, P, @ P,
e ® @ [}
Distance from X to:
P;=0.25cm P3=0.75cm
P,= 0.50cm Ps=1.25cm
a. XandY are equal in magnitude and are both positive
Ex Ey Eret
Py R C - 2
P R - L -
P, y o L. L
P4 P\ o F’P\ - 2
b. X and Y are equal in magnitude X is positive but Y is negative
Ex Ey Enet
Py e R R
Pz i-«’\ — Ka;}‘ - Q
P3 b, W R
P, Y p— =

Enet =0 between___never /no where  (only pessible between Yy @y 01 gy
wWilZiee, Nery ereall therd N By win ke
Y \/Q\\m\/ 1%) i::',L’ CEN ‘%%n;g WITEL ik’i“i‘ff (‘MCW‘J:E!\{ }

c. X and Y are positive and X is twice the magnitude of

P R— = = =
Py & : L _ £
P3 . L e L
Py =< R —_— |54
Epet = 0 between P andd g

What would happen to the direction of K if the particles in “c” were both negative?
Where would Epet =07 b toseer 0, ¢ 1 L althe Qirections would be
(shne PLACEY” reve vy

d. Y is negative, X is positive and twice the magnitude of Y

Ex Ey Enet
P; E R R
P, P R R
P3 “‘J\ \;?\ P\
Enet = 0 between nevey  (saree (fofon as gn B




Physics 12 — Electric Potential in a Uniform Blecirc - -ia

When we look at the electric field lines between parallel chazzed pla=s we 2z see that the

density of the lines of force is uniform. If the field is uniforz. the formula ©hat we have

been using [E = ﬁ) cannot be used to des&‘ﬁ this field.

2
r

@%'éé§§'§§é§%~(“)

(+)

We need a new formula to describe a uniform electric fieid. In order to describe this field,

it is important to look back at some of the concepts we have fearmed from our study of

mechanics in Physics 11 and 12.

e An object will change its velocity when an unbalanced force acts on it (Newton's
First Law of Motion).

e  When a mass is allowed to fall in a gravitational field, the mass will accelerate from
a position of high gravitational potential energy to a position of low gravitational

potential energy due to the force of gravity acting or it {the unbalanced force).

o If we want to move a mass from a position of low grz=itational potential energy to a
position of higher gravitational potential energy, we 2o work on the mass against

gravity.

o Work done against gravity can be defined a=

W=APE = mg[\h

o From this we see what the gravitational potential of zn object depends on:

e Mmass (}<ﬁ> ® C,f“sﬂfl(?e (N l’\€£9 hi- (ﬂh)
@9mvi1‘aﬁonal Leld shrength (g}

From the Law of Conservation of Energy, the loss in gravitational potential energy of

. o pa
an object becomes kinetic energy. APE = NKE = :2/’ m AN



Diagram of change in gravitational potential and kinetic energy

u@\ \3‘@

m
High potential 5 A ‘f@ Low kinetic
energy @59* g energy
PE = mgh h KE=Lpv®
y
Low potential L m High kinetic
energy energy

Now, we will look at how this applies to electrical energy.

When a charged object is allowed to move in a uniform electric field, the charge wiil

accelerate from a position of high electric potential energy to a position of low electric

rotential energy because of the electric force acting on 1t

F &y g rw 5 Xﬁé'
\)P Q/ O‘L 0
@\& 2 c}Qﬁ O Oj o

gfeZ T (+)  Low kinetic

High potential

ener ener
nergy E] gy
| j
;7N
Low potential l ) _(y High kinetic
energy energy

If we want to move a charged object against the electric field, then we must do worz « =

the object. This work s represented in terms of:

HNOTE ey and £=Fe or fa= E

st be W 7
e o = oE" d

g’?@c’;z/a (1) anay Nom=D SO. .. ;),ﬂmzﬁ_wj

From this, we can see that the electrical potential energy in a uniform field depends o

o charge of the ohject

o @/BC*/\/IC Leld stren ]97%

o disfance moved para fo 1he #}/C@




When studying electricity, we are interested in the electric potential per unit charge.

s ey o SO o Se Tasvrar ofordet o vamtaer it So Apfiod
LNRErEY DOy UG DO3TEE 18 A0W LISl poennal 15 S2onInea,

Potential Difference (Voltage) -

When an eleciric charge is moved &

When we are dealing with a uniform electric field, voltage (V) is a useful quantity.

<

Voltage = the change in the electric potendial, or the change in the electric potential

energy per unit charge. (Scalar Quantity)

Analogy:
A water pump can increase the gravitafiona! pote ergy Of watdn
B —— | High Potential
- ! l %Pum)[) P\AS})C-S 7L/>€

—  woter up(sh) and

| | ‘increases the potentin
Water Ak - I ' zeﬂeg\} (MgAh) 07£7L/1€
) wader

==-the InCrease In
JE eccurs between

N £ 8

s

AL B —

Low Potential

An increase in electric potential will take place within a battery.

B A

!

Pl Fledvic
Low Potential = o High Potential
+
A

[s-H]

= jnerease in PE occus
Battery - betnwes n  pont A and B
: in the bm%r’y




The Law of Conservation of Energy becomes:

AKE =-APE
A negative sign indicates that if kinetic energy is gained, electric potential energy is lost.

A

After all of this, we can now think of parallel charge plates (which produce & uniform

3

sipciric field) as extensions of the terminals of a battery.

The electric field between the parallel plates can be determined in terms of the
potential difference between the plates and the distance the plates are apart.

. (+) (-) \/@/mﬂa P

| o measwed 10
volte (V)

e d—>

- =

ey =
Batltery Ql/

Example One: Calculate the electric field strength between two parallel plates that are 6.00
x 102 m apart. The potential difference between the plates is 12.0 V.

E:;\/L ) _6/;)—’%0“2 = Q.00X0” V/m
.0

Example Two: An electron is accelerated from rest through the potential difference of
3.00x10¢ V. What is the final speed of the electron?

AKE=qr° V KE = </.ex /o“’q)(sooocg) =1 9xI0O

or-

15

J

) 2.
/{E;;{ MV

- AL —15_ | ) 2 / = ?
v 7{ H.8% fo™! —/;(OIJ!X/D )V V’W



ple Three: An electron is placed between two horizontal parallel charged plates that

ar= =00 cm apart. The potential difference between the platesis 32.0 V.

Vwhat is the electric force acting on the electron?

s E=V =30 _ goo V
C—%E ;r 0.0l /m

Example Four: A proton travelling horizontally at a speed of 1.70 x 10° m/s enters an
electric field of 2.40 x 10? N/C between two horizontal parallel plates as illustrated below.
Calculate the vertical displacement of the electron as it travels between the plates.

>+ D horizontal speed

)s constant

)

R s 6.00 cm use. V:,_d___ ”fD Ahd zﬁme
7 of ~avel
T A
! 3 xI07 =030 218105
,b

i

YV

F:y

20.0 cm

@ Fnd Force causing change in direchon: .
E":Ci—é :(/.w/o"‘q)(oz.t/m_/oz)‘ = 384x10 "N

' 10 2z
G ZF-ma 3.64)(10"?:(/,4;%(/0’”)5? 7 = 2.3%10°rals
10 -\ —
5 wse Kinemafics:  J=0 + L(2.3010 Y1i3x10°)" J=00!lb

W acced / o | bcm
R



Electric Porssmal-i=iforz= T2=1d Problems:

1. Two paraiz= plat=s are connected to a 12.0 V battery. If the plates are 9.00 x 10? m apart,
what is the si=ctric £2ld strenigth between them? (133 V/m)

— = V = _/_2’}@ —’: } 2
= }I S E =133 V/m

2. The electzic field between two parallel plates is 5.0 x 10° V/m. If the potential difference
between the plates is 2.0 x 102V, how far apart are the plates? (0.040 m)
Ez% 5000% 202 4= 0.040m

3. Two parallel plates are 7.3 cm apart. If the electric field strength between the plates is 2.0
x 108 V/m, what is the potential difference between the plates? (146 V)

E=V 2000=\_ V=140 V.

d 0.073

4. An alpha particle gains 1.50 x 10 J of kinetic'energy. Through what potential difference
was it accelerated? (4.69 x 103 V)

AKE = OL”V 1,50 x107""=(320%10™)V
Ve 4.gxio® V

5. What maximum speed will an alpha particle reach if it moves from rest through a

potential ¢z=erence of 7.50 x 103 V? (8.48 x 10° m/s) , N
— "'/§_ -
V=iZ 2500 = AE NE=KE=24x0 T = 5w

JRSSS

: E.QXIO—“? O?‘L/X/O._Is*si(é‘gsmo—zﬂvz_
/= 6.’5\6105m/5

6. A chargec particle was accelerated from rest by a potential difference of 4.20 x 10> V. If
this partidie increased its kinetic energy to 3.00 x 107 J, what potential difference would be
needed to increase the kinetic energy of the same particle to 9.00 x 107 J? (1.26 x 10° V)

3.00 xi0™"7 = g - 420 g = Z14x157° C

a00xX 07 F= (7,[4)550'”) o \/ \/= /&CQOVB
=/.abx(07V



7. An alpha particle with an initial so==a of 7 25 x 25 m/s enters through a hole in the
positive plate between two parallel oi=ies thar are %25 x 102 m apart. If the electric field
between the plates is 1.70 x 10 V/m. =Tat is the speec of the alpha particle when it reaches

the negative plate? (8.12 x 10* m/s)

() ) E=V | 70x10" =V _ V=153V
d 0.09
T /=AE  5E=AE | AE-44x0T
9 3.2 x10 7 .
KE, + AE = KE;

29) 2 ) g
(4(e.e5%10 g 75w 1) 7 4g 10" :zt(g,ggxmo )" =8, 13X10 ms

8. What is the electric field strength .00 cm from the positive charged plate if the parallel

plates are 5.00 cm apart and the potental difference between the plates is 3.00 x 10 V?

0V 2 V= 500 = go00 V) (wriform

d 0.05

9. A proton accelerates from rest from plate X to plate Y at the same time as an electron

accelerates from rest from plate Y to plate X. If the potential difference between the two

plates is 60.0 'V,

a) What is the speed of the proton wzen it rezches plate Y? (1.07 x 105 m/s) i i
b) What is the speed of the electrez =-=en it meaches —izte X? (4.59 x 10°m/s)
13 X& oY
0 V=AE 60=AE AE = 9.6x10 °T
q l.exiT

Gex0" = Lezro Y y= L0RXOms

b) charge on PvL 4 7 s the same
9,013z ;3/‘(‘7-{/ X 10OV V= 4592108 m/s




10. An alpha particle is placed between two horizontal parafz= tharz=: piarz= matare 2.00

cm apart. The potential difference between the platesis 12.0 +.
a) What is the electric force acting on the alpha particle? (1.92 L 0% N

b) What is the gravitational force acting on the alpha particle {cn the surface of the Earth)?
(6.52 x 10% N)

— — O _ E= =
= V=020 - gooV,  Ele 600 3——*.;%[0_,‘7

d 0.0 gq

) Fe=1.92 10" A
b) @: mg::(é,@smo ﬁ[%%)ségamo”;‘w “

11. An electron travelling horizontally at a speed of 8.70 x 10° m/s enters an electric field of
1.32 x 10 N/C between two horizontal parallel plates as illusirated below. Calculate the

vertical displacement of the electron as it travels between the plates. (3.0 cm)

b
4.0 om CD 8-?[))(}0 C_Q_'lj

* — I~
% >t =1 px1078s
Fem—— — .00 en @ /;:—: f_—@. /320= e .
: v 7 (16x10™)
R E-Qix10""N
& ZF=ma v 2

Jnxm*b:@wxmﬂvﬁ =2 R0 mys

@ Ad=0 +f(2-32>“019(/,b><10—g>2 = p.030M



Physics 12 — Electric Potential Energy and Electric Potential

P —
+ |
A positive charge accelerates from a region of higher + E |
. . ial. N
potential to a region of lower potential ®—=>6O + 5 Bl
14 1 e ~Jom .,
A negative charge accelerates from a region of lower +oE E%f —
potential to a region of higher potential. & 5 ® + > —
g (| ——
4 A
1’759%8" e/ecfv[c POvl\:’/hHa( @ \%-/h‘%
. ' Higher Lowe:
lower elechic PO-/‘:h‘h al & potential potential

In terms of energy, when a charge moves, electric potential energy is transformed into

kinetic energy, and the total energy is conserved.

KE, + PE, = KE, + PEg

When a positive test charge moves from point A to point B in an electric field, work is

done by the electric force. The work equals the difference of the electric potential energy
between two points.

W= NPE = PE, — PE;

The electric potential V at a given point is the electric potential energy per unit charge.

W =AV -
(AE) 1

or

Today, we are going to work through more problems dealing with a uniform electric field
while including the concept of work.



0,075 m->

o

z==ie One: A uniform electric field is established by connecting the

-

p
diagram. A proton is released from rest in the electric field and moves

7= plates separated by 0.075 m to a 12 V battery as shown in the

Do
| e

o | v

from the positive plate to the negative plate.

¥
!

a) Find the magnitude of the electric field.

b) Find the change in electric potential energy of the proton.

Does the potential energy of the proton increase or decrease?

—+ + ¥ + + +]
’V
r

c) Find the speed of the proton after it has moved 0.075 m.

p——

G)E:_\_/_:,l,% = (60 v/m

d 0075
/ 06 N
pu=pE<" ) la= APE_ APE = 192 X107 T
v L6010 () —— -
k 4

;édecreases as H1s moving

)-NPE = AKE forn high 21"
C
—(-1.92 %10 ’8>>"[‘(/ 671027 02>

Ve 4. gxqum/s

=zie Two: Through what potential difference must an electron be accelerated from
rest to give it a speed of 6.00 x 10° m/s? (V)

V=AE NE = AKE = —L(O/lly/O 3)(4, 0109 ’o>
1 = /edxio” 7T
V= 164x07'7 V=102V

| 6 X107




Electric Potentz= Enesz¥y and Eieciric Potential Assignment Name:
1. A proton is hexd between tw< charged parallel plates.

a) If a pre=on movwes in the direction of the electric field, what happens to the
electric potential? (decreases)

b) If the proton moves in the electric field from point A with a potential 50 V to
point B wth a potential of 200 V, how much work is done? (2.4 x 107 ])

c) If the electric potential is constant between two plates, what happens to the -
electric field? (0)
o =

H—— elechric pofental decreases () high—>IOW>

’ ) -19 - 17
b) W=AV-q = (200 — 59X /.6XI0 ) = g4xi0” 7T

——

c) E= VN soif there is E=0 =0
dfference |

2. A proton with kinetic energy of 1.2 x 10 ] moves into a series of charged parallel plates
as shown. What is the impact speed on the third plate? (6.57 x 10° m/s)

A = AE = APE

i 7

—500= APE
[,oX[O
NOE = -QHuxi0” T
I PE lost

= KEg?\inCd
> NE= +Qux 07T
(';,;%Zf+> + (/NLE

-1 — L 1
Jaxio o4 24x 10 = ;L(/,G%X)o”)v V=657 10°ms




3. An electron is projected into the elec=c eic with & mital speed of 6.0 x 107 m/s as

shown in the diagram.

f—— 0 m
vo= 6.0x107 mis AN T -
e E-L O{Mm =900 V
\ | +
©

a) Find the magnitude and direction of the electric field between the plates. (18000
V/m [up]

b) Find the magnitude and direction of the electric force on the electron while it is
between the plates. (2.88 x 105N {down]

¢) Find the acceleration of the electron while it is between the plates. (3.16 x 10 m/s?

_ (%}dd alwoys moves
a) E :_V/ = 900 . )g,000 \//m [upwaﬂﬂ )Q'Dm@ O
d

[down]

0.05

5) == E /% ooo =_F= P == &EX D >N YdOWn]
1 (1.6>10” ) (@ WJI l:ePlA/Cd ’fDqu@)

- /3
c)ZPm_a; 9%%%)?‘% S=(z x g
G = 3. 16210 m = f’“@w

4. A proton is accelerated by a potenti=: Zrifererce of 7.20 x 10? V. What is the change in
kinetic energy of the proton? (1.15 x 1&= )

V=AE = NKE Z20= NKE NKE= | /'5%@41»3—
9 9 Lox 107"



5. An electron with a speed of 5.0 x 10° m/s enters through a hoie = the ~csitive ~iate and
collides with the negative plate at a speed of 1.0 x 10° m/s. What = the pxentizi Siirerence
between the plates? (0.681 V)

7 7 =<L(‘7l 0 A5DXP‘O) (szv )(loer

= .09x1071T

y=L09x1071" s o Y
[6x 1019 ‘

6. If an alpha particle is accelerated from rest through a distance of 4.00 cm by a uniform
electric field in 2.50 x 10% s, what is the electric field strength? {2:66 N/C)

= %E 0.04= © 4_;11_(_5,\(&5,)(@{)1 o = /a8x10°m/s

SE = ma =(6650077) 1.28x10°)
=gosixIO"TN

(+) (-)

QX

7. An electric field of 2.40 x 102 N/C is produced by two horizortal parallel plates set
4.00cm apart. If a charged particle of 2.00 uC is moved 3.00 cm perpendicular to the
electric field, what is the work done against the electric field? (C 7}

> E /s not in +he same direchon az s ND Workdone

olis placement——

8. A charged particle (2.0 x 1077 kg) accelerated from rest by a ==#=atial ==terezmc= of 2.50 x
10° V. If the particle reached a maximum speed of 2.90 x 10! = =hat posential difference
would be required to accelerate this particle from rest to a velz—— of 7.7= x 10* m/s?

(1.6 x10°V)

\ =AKE NKE :ofz—(;g ,oxlo"—?((; 90 xtD‘*)a-ij} = g x0T
9 |
Q.50%/0° = B.oxo” T g=3a0X 0= ¢
’ g
V= OKE AKE:;L(Q.O%IO—'77[(7.357’qu’02> = 5.aX10 °T
q

V= s.axi0 V- 1,bX10° V
3307(/0



9. An alpha particle is placed between two horizontal parallel charged plates that are 2.&€

cm apart. The potential difference between the plates is 12.0 V. — e

A L

a) What is the electric force acting on the alpha particle? (1.92 x 1016 N) o02
IS !

b) What is the gravitational force acting on the alpha particle? (6.52 x 10*N) + \—’f;:)__/}

c) If it assumed that the electric force and the gravitational force are acting in opposite

directions, what is the net force aéting on the alpha particle? (1.92 x 106 N)
d) What is the acceleration of the alpha particle? (2.89 x 10'° m/s?)

e) What potential difference would be required between the plates so that the alpha
particle becomes suspended? (4.0 x 107 V)

”‘)E:_\L = R0 = 600V ’EzOL'E “(3.aoxz0"q)(6c>o>
400 . = Jaax10""* N

) @:(e.eguo””y&i,g) - Mﬂ" N

- 26 _ ~1
9SF = Fe +7g = 19axI0 oy (~452 X107 = 193x10 N

— _ ~ 0 2
d) ZF=mad 199x 107" (051078 G=2%XI0 "m/s

will need 4o bal ance g SF=0N

— A

b 4 B o T Y
o= 650N E= F = 65207 =g03<= 7y,

°)

o]

el =

9 3.20x1071

=V gose )l yshoxtOn)

4 .04



10. A uniform electric field is established by connecting the parallel plates separated by
0.050 m to a 14 V battery as shown. An alpha particle is released from rest in the electric

field and moves from the positive plate to the negative plate. ke 0.050 M

o]

a) Find the magnitude of the electric field. (280 V/m)

.
s

b) Find the change in electric potential energy of the alpha particle. (4.48x107])

Y

7]

+

+ ﬁ o
c) Find the speed of the proton after it has moved 0.050 m. (3.67 x 10* m/s) o b

+

+

DE=V=14 - 380V,
d 0.050

b)r V= AE 4= APE A= g gx o 8T
q 2.20X1D7"

c) Y48x 0= 3’—(6.65%10"”>(VF1—02> V.= 2.67X10 més



Physics 12 — Electric Potential and Potential Energy of Point Charges

If a charged object is in an electric field, it has electric potential energy (Ey). Just as any
other type of potential energy, this means that work was done on the charged object to
move it into its current position. It now has the potential to move in the field when it is “let

7”7

go”.

In a uniform electric field (such as one that exists between two charged parallel plates),

work done is equal to the electric potential energy gained by the charged object.

° Work done again&* +he elechnc
_ force
-7We.:€.0‘ :%E.d

_ area under the 3‘@40" line

In the non-unifors ele

fric field caused by a point charge, the electric potential energy

cannot be found as easily, but the reasoning is the same.

e work dene in moving o Cha':gﬁ
in a non-unilorm Reld is

Yorea under H\a\gfaP]“

d

This area (the electric potential energy) can be determined to be:

PE = K99+
-




Electric potential (V) is defined as the electric potential energy per unit charge.
\[: PE 9= charge o—;a 74:53“0@6(:"
92
From this definition, we can derive the equation:
/= !ﬂ’ q 7 charge of the object
Pt the PE.
- produ C/Qg e

Derivation:

/'\7%6 fest cha(gé

, . kq, cancels so

V:;; > V= % OR VZT We are /C#Nﬂ%
+he char

,‘le. b C MC'
T g/eJém 42

f‘ 1

Important Note: The clectric potential at a point is defined in torms of the mon

Sy T VT e
positive charge. Therefore, V' can be

ositive or ng D‘* five.

Finding the Electric Potential Between Two Points = Potential Difference

Given two points, A and B, the potential difference between A and B is:

Vs = Vs - Va

potentiol _ Eleckic _ ~ FEledve
diflesence porential poferial
Letw. A gﬂd ot B - A

When we are dealing with the potential at a point, we are actually talking about the
potential difference between that point and infinity. The potential at infinity s assigned a

vaiue of zero,

T Ui LT



Example One:

Calculate the potent1a1 at point P.

@aff neg- (+ 4@;5»{“ chag

Example Two:

D Find the potcrtial A
due 10 each charge 505?"', o
A7 | 5.0cm
= __CL = (”I,DX 10%30 X0 9
r (0 05) ©) |
V,= 54x10 V 401C ©)
; -2.0 uC
\/,zzllﬁ/—z=(q,OXIOqllf,0><lO_9 Add pO‘/COﬁO,LS'
2 (0-67) olerbals are
Vo= 5’.qu1'05\/ Hnofe: )D_aoj: Vﬁﬁ?h@&
Vy= Kgs = (ﬁoxsoqxao>(/09 L=V 1‘—%‘/
I Co.os) r= i+, +i
- «5‘4x105’+5‘/4x10 Séxlo‘
V3=3.6X10" Y = baxi03Y

How much work is done against an electric field produced by a 2.5 uC charged object

when an 0.025 pC charge is moved from r=3.0 cm to r=1.0 cm?

J1:0¢m WeAE — AV =AE p=37FSXI0
- -- -@ 2. J—
25uC 0-025uC /.5DXI0° = A\E.
N (a5110°®)
Fihd AY by p
Anding Vol Vot Kay: \/,=(7,0Xl0°'lé?5’>“o):?.5>()o v
each point tor r 0.09%-1,
- a5ul (* the chage V=2 ox;o“ZQS)aO) 2540
i H)a 0.0
Aeld) AV‘ 2?3’5)(/0"—‘?- 5x105,\r*°

1,50 xI0by




Example Three — A proton is accelerated from rest through a potential difference of
20000V and moves toward a fixed +7.5 uC charge Q.

a) Find the speed of the proton when it
leaves the parallel plates.

b) Find the distance (d) from the fixed
charge QQ when the proton stops.

a) PE, will convert 4o KE -
AV=APE  Jdooco =APE NPE = 3,2x10°°J

1 (1.x10 " 2 xS = _L(/ ;tho)
y=1.96X10° m(s

+20000 V I AY

19) LE will conlert back into PI::e
S consernvas0on of E = PES 3.ax 0 ST

19
PEe = KOMZ 3.2axI0 5 zr-(ﬁoylo }f;sx Xl Lx 10 )

r r=3.36m_



Potential Energy at a Point Problems
1. What is the potential at a distance of 6.0 cm from a 2.5. pC charge? (3.75 x 10° V)v
a —9 =
V=Kq = (90010 Xa5x1072 =350y
r (0.06)

2. What is the potential at a distance of 25 cm from a -2.5 uC charge? (-9.00 x 10¢ V)

V:_Kj( - (9.0x10 .,?.5‘5(10_9 = —9.00X f04V
r (0.25)

3. How much work is done against the electric field produced by a 5.0 uC charged object
. _ _ ” "
Whre:I;l ﬂ 0.'9‘30 pC charge is moved from r=45 cm tor =15 cm? (6.0 x 102 J)

¢---(0) V,:(q,OXIOq)( @_ﬁlO"")z ).00X [D° \/
S.O/ULC O-O3O/AC '—,(O ‘45-) . )

- r‘*,:HSCN—Y} Vz.*(%i)x 109)Y(5.0x10 6) =300x10 \Y
W= gAY AV = 2,00x057) 58%105 =9.00x105

W=(5.0xlp™®)2.00%10° )
W=6.0x10>T

4. A proton released 2.0 x 10! m from the center of a 6.4 x 108C Chérged sphere. What is
the speed of this proton when it is 0.50 m from this center?

/ « A/r3=0S5SDm széf_fe’ —0'183@’:4__%’_:0,
\ %—; 1 [.6X10
~. - SPE~H61x107 T
—19 b Q7
]/I;(q,axloa')(éJ{-XlO >=o?550V 4,(91)/(10 -—j@é?—xlo )\1
(a0x1O” '29 3 V\: 243 X | Os\
I, =(5.0x1 )6 4 %10 )-—-/-/SY /0 "V m/s

o 50D) —
Y= /,/'5wé“7«a‘b%0 ==aBgov



5. Three charges are located on a line as shown below. Find the potenﬁal at point .
(-1.98 x 105 V) - B B
P gq=Fouc’ q=30uC = 5.0 C

q N K q > K 9 o [

@7
QS>-I-I.2 X107

=—75cm—P<t—10 cm—><4— 10 cm —>

V SV FVp Vg = —l(aL/xlo§+-(—-IS4x)

=(9.0x/04 XFDX/D) = — [.LixI0°V V=
0.275 . —~198x10° V
V, - (o)ox/oq)(a ox10%) = — .54 y10°\
0175 5
\(3 (QOXIOQXIOXID )..-: ].ax/0 V
0.075

6. The centers of two alpha particles are held 2.5 x 102 m apart and then released.
Calculate the speed of each alpha particle when they are 0.75 m apart. (2.4 x 10° m/s)

KE, + PE, = KEp + PE}
O + Kg 9,2 (va +-Lm V2>+ Kﬂz

r
(9.0x107[3.2x1D° )% (b45x10 2% 2} (q s xgaxzo
a.5¥ IO |
¥
3eqx:0 =¢.e5XI07 v s?%efop e
V= o? 4x 1O m/~s cc:\no\iAv %

7. In moving a 3.00 uC charge at a constant speed from point A to point B, 4.40 x 10° J of
work is done. If A and B are 2.4 cm apart, what is the potential difference between A and

B? (14.7 V)

W=NE = 440 x10 " T
AV =AE = dHoxi0™> N= 17N
77_:- (3.0X10°°




8. In a hydrogen atom, an electron is separated from a proton by a distance of 5.3 x 10" m
a) What is the electric potential at a distance of 5.3 x 10"* m from the proton? (27.2 V)

b) What is the potential energy of the electron aji proton at this distance? (-4.3 x 10 )

a)vsg_q/ (9.0 100/ ¢ bsz 7.2V P
53X O
9.
b) PEe= Kgpqz =(2.0%10°)-6X/O N1 exto™ iy 5x10 T
o 53x107"
+3.0) pC
9. Two point charges are placed as shown in the diagram. /,‘3@ Qs
a) What are the electric potentials at point A and at point B s ;; o :
due to two point charges? (A: 2.52 x 105V, B: 1.80 x 10° V) A ’,/ - E '3
b) What is the electric potential difference between points A 0.5 I:] // E ‘
and B? (7.2 x 10* V) s !
) How much work must be done to move the charge Qito Q2 Qﬁ%—» I Sl 0 iLB
int B? (5.4 x 102 ]) +4,0 uC '
[ = V,+V, V.= (9. 0x:0")(§ .OX10 ) =/, ogxlo Vv
a 5\
Vo=(9.0x /0"\ .0%10 ) = .44 >0
VTp, =52 X107V 0.25
) .- v, = (2.0010%(3 3,00 = 9,0 x10"V
- Y(4,0x10%) = 9.0xI0"V
Tp=1.80X 0

= Y
b) NN = 2 5ax10° — |90x 0% = 7.a XD v

) W= OPE = PE,, = PE.,= Ky — Ky

o
—(9.0x/0Y)(3.0% [0 %’ ox/p™) _ (7,ox10'y{3,oxzo“[4'0"‘73"9
0-40 ) ©.50
= 0.2a30— O3l = SH4xI0°°T




10. A proton is separated initially at rest from a fixed point charge Q by a distance of
0.60m. If the proton is released, what is the speed of the proton at point P? (2.94 x 10° m/s)

+7.5 uC

© kirﬁ": Ly + kg9
r\ X
(q:o)([‘oq)<7.5é(10"°)(’ XD lc) ,LG L7110 29)\/2_ (a, ox‘oﬁXl?,Osxﬁ) le 10
0. 00 )

/,5></O""’= 5-35XIO’ v +/,08x10“'4
v=2.94x 10°m/s

11. Three charges are located at the corners of a rectangle as shown. Find the potential at
point P. (4. 43 X 105 V)

@am q, = 1.0pC —--------_----_;-_--_/.QEP J=[¢.02+9 D
Sca/af‘ ? al(/\ocl“/ é = 10cm
VT:V,-PVZ +V3 6.0 cm h : | i:
ox10°A1.0x0
F. K .o%
=113 x 10>V
-6
v 19 Y(3.0x/0 ,
V Krﬂ— (92 (0.19) \4-—*—‘-/-/3>f/05 ‘*"("Q-?‘XIO‘@-J——
V, = —2.3x10°V 6.0 %109
V3 = Kgs = (9.0x 0% NH4,0x10 Y ::-WLA%XIOKJ,
> (0.0b)

v_g 60)()05-\!



II

=_<a.oxL‘f-—lo,uC 15uc, 9.0x10%.~[OpC A5, L)

l

12. The diagram shows three charges at the corners of a rectangle.

Qz 0

a) How much work must be done to move the _jy RO e e e e &% +15 pC
charge Q2 to point B? (1.5]) ; / !
b) What is the electric potential at point A? (-3.6 x 10° V) 1 //’6,5 m ]|
i A/ | 0.6
a) W=APE. | o
: -7 I
PE - PEe | e g :
Q3 % i ! B
Kﬁ‘ (kL‘”r L *
'F| lo, r°3

0.9 0.6

ye

2.0 X101~ = 10uC * ISmC . px10 V0L TSL

— 0.6 0.8 /
{/.66?5 +:H'53 - ( -J.25 +.§,Blab‘>
.5 J
D V=V, +V, +\3
k—qx +¥: 4 ‘é%
" M2
~(1.0x10%ispC) 4 (‘7 0x10 g—zou() . (2 oxzo"' -’25;0.(>

050
= L70Xp° +(/30x105) + (’450‘!0)

= ~3.6x10°T






