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4.1 Electrostatic Charges

Conduct investigations to describe and analyse qualitatively and quantitatively
the processes by which objects become electrically charged.

Electrostatic charges

Electrostatics is the study of alectricity which
doas not flow.

Electrostatic charges form when some
insulators are subjected to friction such as
when they are rubbed with a cloth, or when
air blows over tham.

There are two types of alectrostatic charge,

Blua olject trarsfers
elactrons and becomeas

Jg*
Fed clbiject gaina
elactrons and becomeas
megatively charged

positive and negative.
Electmstatic charges anss whan objects have
mane oF fewar alectrons than they nomaly have.

In its natural stata, a8l matter is electricaly neutral,
but atoms of some mataenals can easily losa their

From Coulomb's law of electrostatics:
— Like charges rapal.
—  Unlike charges attract.

vaknca alectrons (the eectrons in thair outar
anergy levels) to anothar object when either
physical or electrcal forces are applied to tham.

Whan thiz happens, the object from which the
alectrons move becomes positively charged,
while the object gaining the elactrons

o © |

becomes negatively charged.

Sample Questions

Some objects - such as vour plastic ruler — can ba
gectmstatically charged by nubbing them with a cloth.
Others cannot be charged this way. Explain why some
can and some cannot be charged this way.

Why does the formation of electrostatic charges involve
only alectrons transfers and not also proton transfars?

@ Considerthe four diagrams shown. [dentify what

these are showing and explain the process involvad.

(b} This process can also be used to form a negabive
charge on both balls. Explain how this is dona.

Thiz process can also ba usad to form a posibive
charge on both balls. Explain how this is donea.
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The electrostatic charge

*  The charge on the electron — the most commaon magnitude charge for chemical ions and accelerated
charged particles in physics, is too small to be a practical unit, especially in electricity.

*  The unit we therefore use is the coulomb (C) for measuring electrostatic chame, named after Charas
Augustin de Coulomb, a French physicist who did marny of the eary exparimeants on dectrostatics.

One coulomb (C) is the charge aqual to the total chargs on 6.25 = 10™ elactrons.
S0, 1 coulomb = the charge on & 250 000 000 000 000 000 alectrons

i 1 = _ )
'I'hamfnmthm:hargann1alant'nn_—EEiHDH 16 = 100" C.

The charge on a proton is +1.8 = 107 C.

Sample Questions

How many electrons are involwad in producing
the following chamed objects?

@ Object Awith acharge of +4.0 mC.
b) Object b with a charge of 2.5 uC.
i} Object Cwith charge +6 =10 C.
d) Object D with charge -7.2 nC.

What iz the charge on each of the following?
@ Object which has a deficiency of
6.0 = 10™ electrons.
k) Object which has an excess of
7.5 = 10" glectrons.
el Object which has a deficiency of
4.8 = 10" electrons.

idi  Object which has an excess of 6 x 107
alectrons.

Two charged sphemres of identical size carry
charges of +4 C and +6 C as shown.

What happens ifthase spheres are
touched togathar?

What will ba the chargas on each whan
they are separatad again?

How many alectrons move from which
sphere towhich sphara?

Two charged sphares
of idertical size

camy chargas of
+3Cand -5C

as shown. .H lI

a) What happens if thess sphems are
touched togather?

(bl What will ba the charges on each whan
they ara separated again?

i) How many electrons move from which
sphers to which sphara?

Two charged spheres

of identical size
camy charges of
-1B8Cand-32C

&= shown.

(a) What happens if thess sphems are
touched together?

(bl What will bethe charges on each when
they are separated again?

() How many electrons move from which
sphera to which sphara?

Threa chamged spheres of dentical size camy
charges of -2.0 G, +6.0 C and -1.0 C as shown.

Describe what happans if these spheras are all
touchad togethar?

Science Prass
MASTERING PHYSICS
ISBM 37E8-40-85602-0232




4.2 Electrostatics Research Assignment

Conduct investigations to describe and analyse qualitatively and quantitatively the processes by
which the forces produced by objects as a result of their interaction with charged particles.

Electrostatics research assignment

Sample Questions

+ Each of the situations/tems/processes listed and pictured balow shows an interaction of electrostatic
forces or elkectrostatic charges with things in our lives —well — maybe not all our lives, but used by
humans as applications somewhera.

Choose any three of the situations listed or shown by pictures, 1o ewplain the role of dectostatic
charges or the role of electrostatic forces in each.

Clothes stick together after baing run through the dryar.

Some clothes, especially light, silky matarial clothes will
stick to your body on hot dry days.

Whan two balloons ars rubbed together, they will attract hair.

The flowing movement of flammable liquids like petrol
through a pipe can build up static electricity. Liquids such

as petrol, diesal, and kerosene can accumulate static chamge
during high velocity flow, and given that electmostatic
discharges can ignite the fudl vapour one must be even
mone careful filling the car and planes at airports.

Samiconductor devices usad in electronics can ba vary

sansitivie to the presance of static electricity and can ba damagead
by a static discharge. The use of antistatic straps is mandatory for
resaarchars using nano devicas.

Somatimeas when you walk across a carpeted floor and
reach out to a door handle, you get a shock.

Lightning during a thunderstorm can bewondearful to watch,
but also vary dangerous and damaging.

Plazma globes or plasma lamps are attractive and fun.
Some cars have antistatic straps on the back.

You may have a Vian de Graaff generator in your school. | can be usad to demonstrate the generation
proparties of ekctrostatic chames. Lamger ones, in research laboratories produce enough anargy to
breaks nucle of atoms apart. Confine your discussion to the one you have at school.

Due to the extremealy low humidity in space Jike nong), very lamge static charges can accumulate
on spacacraft causing & major hazard for the electronics used in space vehicles. Walking over
tha dry terrain as on Mars and the Moon could cause astronauts to accumulats a significant
amount of charge. Reaching out to open the aidock on thair retum to the spacecraft could cause
a lamge static discharge, potentially damaging sansitive electronics. The Mars Bover usad to build
up 100 V of static charge as it mamead over the surface of Mars until static discharge straps wara
put on it to camry the chamga to "aarth’.
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4.3/4 \Variables Affecting Electrostatic Force

Conduct investigations to describe and analyse qualitatively and
quantitatively the variables that affect electrostatic forces between objects.
Apply the electnc field model to account for and quantitatively analyse
interactons befuieen charged objcts using F= L x %

Varlables affecting electrostatic force

The size of the alectnc force betwesan two objects i affectad by the strength of the charge and the dstance
betweaan the cbjects. Objects with strong positive and negative changas will have a greater electnic force,
As the distance between the objects decreases, the electrical force increases and vice versa (inverse
square law).

The constant &, commaonly called the vacuum parmittivity, or the permittivity of frea

space or electric constant, is a physical constant, which takes into account the ability of the
meadium in which charged object ewists to transmit electric fisld.

s inclusion in the Coulomb equation we use to find electrostatic forces assumes that the charges
arain air (or vacuum). The value used is that for vacuum, but the value of the constant for air is
insignificantly different for our purposas.

The interaction of electrostatic charges is summarised by Coulomb's law of electrostatics and

Coulomb's law.

Coulomb’s law of electrostatics

Like static charges repel each othar.
Unlike static charges attract each other.

Coulomb’s law

The magnitude of the electmstatic force of interaction batwean two point chames is directly propaortional
1o the magnitudes of charges and inversaly proportional to the square of the distance batwean tham.

kg.q q.q Where F = force in newtons (M)
F=% or F=—1 x % g = charge in coulombs {C)
o dme, T r = separation in metras (m)
k = constant = 9 x 10° M m* G
£, = electric constant = 8.85 = 107 N o= C7
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1.

Sample Questions

Two chamged particles are 20 cm apart. The force
betwean them is F. What would the force b if;

@ The distance betwean them iz 0.1 m?
(B}  The distance between them is 0.6 m?
i) The distance betwean them iz 2.1 m?
d) The distance between them 0.02 m?
fe) Thevalua of one charge is hahed?

M Thewvalus of one charge is doublad?
@) Thevalua of ona charge is =47

() Both charges are halved?

il Both of the charges are doubled?

(i Both charges are increased by =47

Two charges, A, 4.0 =107 C, and B,
2.5 x 107 C are & mm apart. What is the
forca betweaen tham?

@) The forse botwesan two idantical charges P
and Q is 6.0 = 10 N attraction. If the charges
ars 5 mm apart, what is their magnituda?

b Are the charges positive or negative?
Explain your answer.

Charge X is four times the magnitude of charge
Y. X and ¥ ara ¥ mm apart and repal each
other with a force of 3.6 » 10" M. What is the
magnituda and =sign of @ach charga?

X and Y are two charged spheres distance d m
apart. Each sphers camies a charge of -g.

The force betwean the spheres is 45 < 100N
repulsion.

x b
Whiat will ba the force betweaan the chargas in
each of the following cases?

@ +2qis added to sphers X.

i) Instead, the distance between X and ¥ is
doubled.

ic) Instead, an additional +3q is added to
sphera Y.

d) Instead, the distance between X and ¥ is
reducad to one third its orginal valus.

le) Instead, the chamge on X is reduced to 0.5,
the chargeon Y is increasad to -2.5q and
the distance batwesan them is halved.

MHSW Module 4
Elactricity and Magnatism

6., Xand¥ are 7.5 m apart. X has anet chamge of
0.3g, and Y has a net charge of 0.4g. The ratio
ofthe magnitude of the electric force on Xio
that on Y is:

(A 1

(B)
()
W]

=4 1 k3 =L
sa Ea

]
12
4

Use this information for the next TWO quastions

Consider the system below that consists of fowr
charges placed at the corners of a square. The force
charge X puts on charge W is F newtons.

+3 @ P 9
W X

b z
-2q © O -4

7.  Intemns of F, what is the force of Y on WY
Ay F (B) -F (C) 2F (D) -2F

8. What is the force ¥ places on Zin terms of F?
A} 2F [B) 4F (C) -8F (DD +8F

9. Four charges, ara set up forming a squars as
showr.

@ L
+q -39

-2q +q
o 9]

Charge —q is placad in the cantra.

Which staterment about the force acting on the
charge at the cantre is comect?

A} It is zaro.

(Bl Itis directad to the right.

21 Itis directed down the page.

i) His directed into the page.
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