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GR 12 ADVANCED TERM1  CH1: ELECTROSTSTIC MR: JEHAD GAZAWI 0507134131

Forces of Nature

| | Electricity .:
—"\ Llecuumagmum
| Magnetism -'""’f L\\

Eléctroweak

Weak force

Strong force
Gravity

~ 1850 ~ 1870 present
FIGURE 21.3 The history of the unification of fundamental forces.
4 \"'

law of electric charges

Like charges repel and opposite chargﬁattra

—e e—

2 N\/\Y
F F
\N X )
F F
®o— —©
The unit of electric charge is the coulomb (C), 1C=1As.

Elementary charge: (e =1.602176487-107°C.)

Electric charge occurs only in integral multiples of a minimum size. This is expressed by saying that
charge is quantized




Qe =—e dp =+e.
1.1 in-class exercise

How many electrons does it take to make 1.00 C of charge?

a) 1.60 - 10%°
b) 6.60 - 10%°
¢)3.20-10%
d) 6.24 - 10

e) 6.66 - 10"

A proton is composed of two up quarks (each with charge +

h
The electrically neuwce the name!) is composed of an up quark and two down quarks,
Ve .

Neutron

the charge, g, of any object can be expressed in terms of the sum of the number of protons, Np, minus
the sum of the number of electrons, Ne, that make up the object:

qg =e:(Np —Ne).




1.1 Self-test opportunity page:6

Give the charge of the following elementary particles or atoms in terms of the elementary charge
e=1.602-10-19 C.

a) Proton b) neutron

c)'Helium atom (two protons, two neutron, and two electrons
d) Hydrogen atom (one proton and one electron): \qo)

e) Up quark f) down quark g) electron /\Q)

h) Alpha particle (two protons and two neutrons) %

1.3 insulators, conductors, Semiconductors, and Sup ﬁ

Materials that allow charges to move about e&sily\are calle
A) Conductors B) Insulator, Facilitators D) Plastics
Materials through which electrical charges/will'‘pot move easily are called

A) lons B) Condu@C ounders D) Insulators
\

Charged Neutral
TEeS
e

2)

A Metal

Insulators anmnd Conductors

Transferring Charges

Three ways electric charge can be transferred are by:

3




1. Friction (RUBDING)
2. Conduction (Contact)
3. Induction

CHARGING BY CONDUCTION(CONTACT)

charging by induction.

1. Separation of charge

(@)
+ + 4+ o
+ o+ i
3. Sphere is disconnected e
from ground.
(c)
'\V b 4
= Ebonite rod o
] e T 3
- ¥ + & e -
&+ =
+ = Matal sphers
% 3

Insulated stand

(1)

i

(d)

Grounding
wire

= Connection
to ground

=)

2. Sphere is connected
to ground,

Ground

4. Sphere has an
induced charge.




.Two uncharged metal spheres, L and M, are in contact. A negatively charged rod is brought
close to L, but not touching it, as shown. The two spheres are slightly separated and the rod
is then withdrawn. As a result:

A) both spheres are neutral.

B) both spheres are positive.

C) both spheres are negative.

D) L is negative and M is positive.
E) L is positive and M is negative.

insulating

,;;_—-;,77' stands

Q6: In the adjacent shape: The two conductors are quite identical. The balls are conductive and
electrically neutral.

If ball B is removed. what kind of charge is each ball?

Charge of ball (A)------------ E&@ ARG m{\ﬂ

Charge of ball (B)---------- |
Charge of ball (C)----esssesne-

An electroscop &ce that can be used for detecting charge. As shown in
Oninsi ase are two movable metal leaves, often made of gold foil,

conne a metal kpob on the outside. (Sometimes only one leaf is movable.)




FIGURE 16-10 Electroscope.

Glass /®
5. A positively charged rod is brought close to one end o neNtallic plate. What type of charge is

induced on the closest side of the plate?

A. Positive

B. Negative +
R

C. Neutral

A positively charged rod is broug
induced on the farthest sid

A. Positive

B. Negative + 4+

C. Neutra — l
d sphere A is brought close without

1=

rounded wire. What is the charge on sphere B after the wire is removed?

B. Negative A B

C. It stays neutral 0

A neutral electroscope is touched with a negatively ¢




What is the charge on the electroscope after the rod is removed?

A. Positive
B. Negative

C. It stays neutral

A neutral electroscope is touched with a positively carged rod. ®

After the rod is removed the electroscope is charged positivé\\
because of: L\

A. Induction
B. Conduction
C. Thermoemission

D. Photoemission

Q

A negati chafg(ﬁs brought near an uncharged, grounded
p ich

he following statements is true?

itive charge flows from the electroscope to the ground

B. The positive charge flows from the ground to the electroscope
C. The negative charge flows from the electroscope to the ground

D. The negative charge flows from the ground to the electroscope




A positively charged rod is brought near a charged electroscope. As a result of doing this, the
electroscope leaves'move further apart. What is the charge on the electroscope?

A. Positive
B. Negative
C. It'is neutral

D. It depends on the distance between the electroscope and the rod

a result of doing this, the electroscope leaves move further t.

A negatively charged rod is brought near a charged electroscope. l®

What is the charge on the electroscope?

A. Positive

B. Negative

C. Itis neutral —
A positively char, rodAs brought near a charged electroscope. As a

his, théelectroscope leaves move closer to each other.

rge on the electroscope?

B. Negative

C. It is neutral




Ql: The¢ metal ball is insulated not charged and the aponite leg is charged with a negative

charge. Identify on the card the distribution of the charge in each form

CX-N-X-

QZ: In the adjacent shape. After opening the key (S)

And remove the glass leg away from the ball -

what Kind of charge on the ball...... ?
(1)
S 7
is a device used for detecting electrical charges. x\
A) Electroscope B) conducting sphere C)o SCO athode-ray tube
Friction (RUBDING)
A plastic rod is rubbed with a pi f ani ur. The plastic rod acquires a negative charge during this

process. Which of the follo bout the charge on the piece of fur?

ater in magnitude than the rod
t less in magnitude than the rod
rge but greater in magnitude than the rod

e charge but less in magnitude than the rod

e




1.11 when a rubber rod is rubbed with rabbit fur,the rod becomes

a) Negatively charged b) positively charged c) neutral

1. When aglass rod is rubbed with a polyester scarf ,the rod becomes Araash

as! i)
a) Negatively charged b) positively charged c) neutral :_”_’_J",'
\ <Lt SY
Gl e
TS VR

= The total charge in an isolated system is always = The constant in Coulomb’s Law is
conserved. . 4 _899.10° N I':‘lz -
= Objects can be charged directly by contact or indirectly dme, c
by induction. = The electric permittivity of free space is
= Coulomb’s Law describes the force|that|tw0 stationaliy €= 8.85.10712 3
Nm~
charges exert on each other: F= kql—:h=#|ql#.
re 4mey r”
AN
Fi;=forceon | Fyy=forceon 2 —
“ dueto? = duetol FIGURE 16-15 The direction of the
FI'-" '_'»1'} \.’% F'«"I static electric force one point charge
| 7 .
(a) - exerts on another is always along the
= - line joining the two charges, and
| 3 depends on whether the charges
5 A
(b) have the same sign as in (a) and (b),
Fl? F- 1 S
T = L or opposite signs (c).
.\-!;P-— g — PP gns (c)
I 2
(c)

10




EXAMPLE 16-3-| Three charges in a line. Three charged particles are —0.30 m—}+0.20 m-

arrangedin aline, as shown in Fig. 16-19a. Calculate the net electrostatic force D N
on partiele 3 (the —4.0 uC on the right) due to the other two charges. 0= é":’; 0i=
S$0uC  $30pC -40puC
(a)

N
N
S

Particles of charge and are pla in (Rig. 16—52). The center one is 0.35 m from each of

the others. Calculate the net ferc the48puc charge due to the other two.
V= N

+65 uC +48 uC — 3 ul
s T Uom T

Y
¢

11




Calculate the amount of electrostatic force acting on the second charge(g2), and determine its
direction (q1=-4x10-8C),(q2=8x10-8C),( q3=6x10-8 C) .

¥m)
i
=
r2
[
[
[
[
[
[
[

12




Electric force using vector components. Calculate the net electrostatic force on chargeQ3

13




Two positive charges with magnitudes 4Q and Q are separated by a distance r. Which M ing
statements is true? &

A. The charge with a greater magnitude exerts a larger force on the s 'a’h%

B. The charge with a greater magnitude exerts a smaller force on mall charge
mirection

D. The forces on each charge are the same in magnit andhpoihti

C. The forces on each charge are the same in magnitude and.o

in the same direction

F Q4 Q, .

—

Two positive charges Q1 and % arated by a distance r. The charges repel each other
with a force F. If the magnitud ach ¢ e is doubled and the distance stays unchanged what is the
new force between the ch es?

A F N2 F C.4F D.1/4F E.1/2F

F Q4 Q,
df— —-

Two positive charges Q1 and Q2 are separated by a distance r. The charges repel each other with a force
F. If the distance between the charges is cut to one-fourth what is the new force acting on each charge?

A.16F B.2F C.4F D.1/4F E.1/2F

14




Two charges Q1 and —Q2 are separated by a distance r. The charges attract each other with,a foxce F.

What is the new force between the charges if the distance is tripled?
A.16F B.2F C.4F D.1/4F E.1/9F m%\\'

Three charges with equal magnitudes are arranged horizontally
and spaced evenly apart as shown:

Q, Q, Q,

Which of the following free-body diagrams best represents the
electric forces acting on Q,?

A. B. C.
F2cm1 F20n1 F2°n"
€ > < L >
F F3on1 F30n1
3oni
D. E.
F20n1 F20n1
«—@ > ———>
F3on1 F3on1

s two 6harged particles with a force of 2.4 N. What would you predict the force of
d be when the magnitude of charge on g2 doubles?

48N 1.2N
Before@

,=5x10° , =200 x 10°

After @

g, =5x 10" q, =400 x 10°®

@@

15




21. Themagnitude of the force acting on Y due to X and Z is:

+60C 20m +40C
) @
@ -6.0C
a. 76x10'N b. 22x 10N c. 32xI10'N d. 27x10°N

NG
&

The image shows two charged particles with a force of 2.4 N. Wh uld you predict the force of
interaction would be when the distance doubles?

48N 1.2N 6N 3N Q

What is the overall c on this balloon? (They are the same so look at either one!)

+3e -6be +6e -3e

16




sider.

Three positive charges with an equal charge of Q are located at the cornersw
?

)

riangle of

1. What is the direction of the net force on charge C due to c@

7

1. Twoisolated charges, + 2q a

(A)

acting on charge -5Q, re
Magnitude Directio
(A) (1/2) F ow argé -5q
(B) 2F Away from charge -5q
(C) owahd charge -5q

(D) y from charge -5q

F
F\A

N

(©

|

centimeters apart. If Fis the magnitude of the force
gnitude and direction of the force acting on charge + 2q ?

D
v (D)

17




Equilibrium Position

Two charged particles are placed as shown in Figure (g1 = 4.0 puC) is located at the origin, and (g2 =9.0
KC) is located on the positive x-axis at (x> = 0.40 m). Where should a third charged particle, (qs), be
placed to be at an equilibrium point (the forces on it sum to zero)?

y

A positive charge g1 = 1.00 t the origin, and a second charge g2 =—2.00 uC is fixed at x =

10.0 cm. Where anrK% Id a third charge be positioned so that it experiences no force?

A
11.00 pC —2.00 uC

r | = 10.0.cm

18




MULTIPLE-CHOICE QUESTIONS

21.1 When a metal plate is given a positive charge, which of

the following is taking place?

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

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

c) Electrons (negative charges) are transferred from the

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

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

a conductor or an insulator,

21.2 The force between a charge of 25 C and a charge of
-10 uCis 8.0 N, What is the separation between the two
charges?

a) 0.28m c) 0.45m

b) 0.53m d) 0.15m

21.3 A charge Q, is positioned on the x-axis at x = a. Where

should a charge Q; = -4, be placed to produce a net

electrostatic force of zero on a third charge, Q; = Q,, located

at the origin?

a) at the origin c) atx=-2a
b) atx=2a d) atx=-a
21.4 Which one of these systems has the most negative charge?
a) 2 electrons d) N electrons and
b) 3 electrons and 1 proton N - 3 protons
¢) 5electrons and 5 protons e) 1 electron
\ \NY

21.8 Two lightweight metal spheres are suspended near

each other from insulating threads. One sphere has a net
charge; the other sphere has no net charge. The spheres will

a) attract each other.
b) exert no net electrostatic force on each other.
c) repel each other.

d) doany of these things depending on the sign of the
charge on the one sphere.

21.5 Two point charges are fixed on the x-axis: g, = 6.0 pC
is located at the origin, O, with x; = 0.0 cm, and g, = -3.0 pC
is located at point A, with x; = 8.0 cm. Where should a
third charge, q,, be placed on the x-axis so that the total
electrostatic force acting on it is zero?

a) 19cm ¢) 0.0cm e) -19cm
b) 27 ecm d) 80cm
q 2
—@ 2
0 A

21.6 Which of the following situations produces the largest
net force on the charge 7

a) Charge Q=1Cis | m from a charge of -2 C.

b) Charge Q=1Cis0.5 m from a charge of -1 C.

¢) Charge Q=1 Cis halfway between a charge of -1 C and
a charge of 1 C that are 2 m apart.

d) Charge Q=1 Cis halfway between two charges of -2C
thatare 2 m apart.
e) Charge Q=1 Cis adistance of 2 m from a charge of -4 C.

21.7 Two protons placed near one another with no other
objects close by would

a) accelerate away from each other.

b} remain motionless.

c) accelerate toward each other.

d) be pulled together at constant speed.

e) move away from each other at constant speed.

a) The plate is uncharged.

b) The plate is positively charged.

¢) The plate is negatively charged.

d) The plate could be either positively or negatively

charged, depending on the charge it had before +Q was
brought near.

21.10 You bring a negatively charged rubber rod close
to a grounded conductor without touching it. Then you

21.9 A metal plate is connected by a conductor to a ground disconnect the ground. What is the sign of the charge on the
through a switch. The switch is initially closed. A charge +Q conductor after you remove the charged rod?

is brought close to the plate —‘ a) negative d) cannot be determined from

without touching it, and then b) positive the given information

the switch is opened. After the ||r ‘[S ¢) no charge

switch is opened, the charge ° f

+0 is removed. What is the 2
charge on the plate then? |

19
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In=Class Exercise

Threa charges are arranged at the
Comers ot a square as shown in the
figure. What is the direction of the
electrostatic force on the lower-
right charge?

3 ¥ bW o dw

&) mo force

21.2 Self-Test Opportunity

A positive point charge +g is placed
at point P, to the right of two
charges g, and g,, as shown in the
figure. The net electrostatic force
on the positive charge +g is found
to be zero. Identify each of the fol-
lowing statements as true or false.
f A
a) Charge g, must have the
opposite sign from g, and be
smaller in magnitude.

b) The magnitude of charge g, must
be smaller than the magnitude
of chame g,.

c) Charges g, and g, must have the
same sign.

d) If g, is negative, then g, must
be positive.

g) Either g, or g, must be positive,

D

20

In-Class Exercise

Four charges are arranged at the
comners of 3 square as shown in the
figure. What is the direction of the
electrostatic force on the lower-
right charge?

k-
| |
L
==
q -9

&) no force

@Q\

In-Class Exercise

Consider three charges placed along
the x-axis, as shown in the figure.

d 12 i
The values of the charges are g, =
-8.10 pC, g, =2.16 pC, and g, =
2.16 pC. The distance between g,
and g, is d; = 1.71 m. The distance
between g, and g, is d, = 2.62 m.
What is the magnitude of the total
electrostafic force exerted on g, by

g, and g,?

a) 2.77-10% N d) 2.22.107° N
b) 7.92.10° N e) 6.71.107° N
€) 1.44-10° N




In-Class Exercise

Three charges are arranged on
a straight line as shown in the
In-Class Exercise figure. What is the direction of
Thrée charges are arranged on a the electrostatic force on the rght
straight line as shown in the figure. [:harge? (Note t_hat th?ﬁ left charge
What is the direction of the electro- = dGLﬁ'bLE what it was in In-Class
static force on the middle charge? Brercise 21.6.)

¢ o o g e \
oy a4
b %

A ba Of D4 N> b)) <

&) no force &) no force
What do the forces acting on the charge g3 in Figure indicate ab the three charges?
a) All three charges must be positive. %

d) Charges g1 and g2 must have opposite sig

b) All three charges must be negative. \
c) Charge g3 must be zero. %

e) Charges g1 and g2 must have the same and g3¢must have the opposite sign.
N
y
A
i 42 Fiys gy
& & —
| I |
| Fz»:-a |
|

7
the%ths of the vectors in Figure are proportional to the magnitudes of the forces

t sent, what do they indicate about the magnitudes of the charges q1 and g2? (Hint: The
dist een x1 and x2 is the same as the distance between x2 and x3.)

a)qlc<

b) g1=q2

c)gl>q2

d) The answer cannot be determined from the information given in the figure
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