Static Electricity

At the end of the lesson, I can...

1. STATE that there are positive and negative charges, and that charge is
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measured in coulombs

2. STATE that unlike charges attract and like charges repel

3. DESCRIBE an electric field as a region in which an electric charge
experiences a force

@ @
© |©

4. DRrAW the electric field of an isolated point charge and recall that the
direction of the field lines gives the direction of the force acting on a
positive test charge
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5. DrAW the electric field pattern between two isolated point charges

6. SHOw understanding that electrostatic charging by rubbing involves
a transfer of electrons
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7. DESCRIBE experiments to show electrostatic charging by induction

8. DESCRIBE examples where electrostatic charging may be a potential
hazard
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9. DESCRIBE the use of electrostatic charging in an electrostatic
precipitator, and apply the use of electrostatic charging to new
situations
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10.STATE that unlike charges attract and like charges repel

11.DESCRIBE an electric field as a region in which an electric charge
experiences a force
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1. Electrical Charges

1.1 All matter consists of atoms. Atoms contain three types of smaller particles:

electirovy, protonsand neufirovns. Of these three, both the protons and
electrons are ciraigeol,

1.2  charged.
1.3

14 Charged atoms are called _(,_Q'_!{yyand jons in matter W\H’VM‘\/‘&HW@
1.5  Charges are measured in [=]; El
1.6 Like charges repeL and unlike charges aftract: Ol

d Electrostatic

effect of water

2. Charging By Friction

2.1 When insulating materials rub against each other, they may become

electricodd

2.2
2.3

electrons transferred from the glass rod

remains in the region where the silk is rubbed
polythene
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© © O O
portion of the silk 0 o O O o o g
which was rubbed o o O o o o
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with a glass rod
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http://www.youtube.com/watch?feature=player_detailpage&v=WxxmeI1gW0k

)
3.3 Charging Two Conductors with Equal and Opposite Charges =" 4

Two metal spheres A and B o A negatively charged rod is
(conductors) on insulating stands brought near sphere A BUT not
are placed touching each other touching it
A B A B
C Y

Remove the rod and the excess
Without moving the charging rod, charges will distribute uniformly
move sphere B away from spher A through the spheres

1
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3.4

A positively charged rod is
brought near a metal sphere BUT
not touching it

‘1

With the charging rod in place,
stop the earthing process by
remving the hand from the sphere

/1

With the charging rod in place,
earth the negatively charged side
of the conductor by touching it

T

Remove the charging rod and the
excess negative charges will
redistribute uniformly over the sphere
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QUESTION: A positively charged sphere is suspended by an insulating thread inside a metal
can. Draw on the can the charges when (a) it is earthed; (b) the earth and charged sphere

are removed.
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+|- - |+
+|- + 1+ - |+ - |- - |-

+ +

+-+ +-+

earth | +|- T+ + - |+ ol - |-

— + + + + + - - -
(@) (b)

QUESTION: A positively charged, insulated rod, an uncharged metal plate resting on an

insulator and a lead connected to earth.
lead connected

to earth
positively G
charged rod

metal plate insulator

|

The apparatus is used to charge the metal plate by the process of induction and to leave the

+++++++++
+++++++++

metal plate with a charge spread over all its surface.

State the steps taken to charge the metal plate.

State and explain what happen to the charge on the metal plate during the charging process.

(2) (1) bring tire positvely charged rod near the metal
plate but not fouching Ul (2) bring tire lead connected
to- eartn to- toucie the metal plate; (3) Remove the
positively charged rodl and. tie eartiv Lead

(b) (1) Electrons in the metal plate moved closer to-the
positively charged rod; (2) electrons flow from tie
cartiv to- newtrolise the positvely charged porticles o
the metal plote; (3) excess electrons distributed evenly
ow the metal plate.
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4. Electric Field

4.1 An electric field is a Vexgi,ovvwhere an object experiences an electric fmroe/

because of the Wg%it has. Electric field

........... simulator
4.2  An electric field is shown by drawing electirie bines of foirce. An electric line
of force shows the ol L U

>
4.3  The electric fields of a positive and negative charge. The fields lines are =&

centre.

x XK

(a) positive charge (b) negative charge

4.4

i

(a) two positive charges (a) two opposite charges
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https://www.physicsclassroom.com/Physics-Interactives/Static-Electricity/Electric-Field-Lines/Electric-Field-Lines-Interactive

4.5

5.

ionised air then provides a CONOUACTT g p»wH/v for the charges to be

discharged to the nearest or sharpest object on the ground.
5.2  Alightning rod provides a conducting path for the excessive electrons in the air to

flow from the top of the building into the earth.
5.3  Rotating Tyres of a moving truck acquire negative charges from the road by

. Parts of the mwetoL | bovbg Of'(‘f/\«f/‘['rwak/near the tyres then

become positively-charged by induction and sparks may be produced, which
www‘/bngf&any highly flammable load and cause a fire.

5.4
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6. Electrostatic Precipitator

6.1 The electrostatic precipitator is a device fitted to factory and power station chimneys
to coUlect Q(/_t_/_\_yf_'so that air leaving the chimneys is clean from harmful pollutants.

, over which smoke containing

6.2 It consists of

pollutants and dust pass.

1 smoke particles pick up a we/gazh/ve/c/lxwga
2 smoke particles are atfracteclto the collecting plates and neutralised

3 the collecting plates are

Waste gases without
smoke particles

Smoke particles are G

attracted to the positively
charged collecting plates. ~_|

Collecting plates are
shaken so the smoke
particles fall into the tray.

Smoke particles pick up
negative charges as they
pass the negatively
charged metal grid.

Waste gases containing
smoke particles

2.3 The particles are then routed past positively charged or earthed plates, which attract
the negatively charged ash particles. Air leaving the plates is thus clean from harmful

pollutants. The ash particles stuck to the positive plates are collected and used as a

bonding agent in cement.
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7. Touchpad

7.1 A touchpad is a device that uses changes in electric field to detect the presence and

location of a finger or other conductive object on its surface.

7.2  Asensor circuit measures the changes in the electric field and determines the

position and pressure of the touch.

Touch data is sent as alist of
finger positions to hte con-
troller where the information
is used to zoom in and out of
a portion of the screen

Touchscreen
electronics
interpret the
outputs from the
grid to work out
exactly where the
fingers are

LCD with buttons
displayed

Fingers alter the electric
field around nearly sections
of the grid

User touches clear
protective screen
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QUESTION: The working parts of one type of laser printer are shown:

toner unit

mirror and

printed lenses

paper

Initially, the surface of the drum is insulating and is positively charged. It is in the dark. The
inside of the drum is made of metal and is connected to earth.
The regions where light strikes the drum become conducting.

(a) Explain what happens to the charge on the drum in the regions that the light strikes.

When the Uight strikes on the dirvm, Hae charges are

(b) The toner, a fine black powder, is charged and sprayed on to the drum. The toner does
not stick where the drum is positively charged. In such places the final print appears
white. Where light strikes the drum, the final print is black.

1. Suggest why the toner does not stick to the positively charged regions of the drum.

2. Suggest why the toner does stick to the conducting regions of the drum.

1. black powder  chrharged positively before spraying
onto- tie drvmw

2. toner ey opposite crarges on tie condureting
reglony and hence attrocted to- Ut
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