Charging by Induction and Conduction
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Introduction

Electric charges have positive and negative ones. Bettlveasharges, electric forces are created.
Unlike charges, namely a positive and a negative chargeira@ attractive force, but like

charges repel one another. This is a different propeviy the gravitational force because

gravity has only attractive forces.

As a universal principle, the net charge of a close@sy# always conserved. In a word, the
total charge must be constant any time. Charges aredddr conducted by the other charges.
Induction of charges is to attain the opposite charge Ipgibg a positively / negatively charged
object near to it. Conduction of charges is to contatiaaged object to the other object to
transfer or neutralize the charges. Magnitude of theeslary charge is:

¢ =1.602x107°C

The unit of charge is called the coulomb (C). One a@ecind one proton have — 1.6020'° C
and + 1.60% 10™ C, respectively. There is so called alpha particlekis the nucleus of a
helium. It contains two protons and two neutrons. The oednas no charge; therefore, the
charge of alpha particle is +1.602x 10" C.

We now understand what the properties of charges are, but haw deate charges in the first
place? Charge creators called wands are electrigailyral initially. By rubbing their surfaces,
the certain charges are transferred to the other. prbeess is known as triboelectric charging.
Some materials can be charged more positively. Fonebea rabbit fur tends to obtain more
positive charges and Teflon likely obtain more negativegesaby this process. In nature, the
process to have thunder can be associated with this proces

One of the famous applications of static charges is [aggers and copiers. They utilize the
charges to control toner particles.

Objectives:
* To understand the properties of charges, such as attrédetiween unlike charges
* To see how charges are induced and conducted by the chartgescfeands)




1. Inducing chargeson a metal surface:
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@ Start up DataStudio; click “Create Experiment”; make sure
the charge sensor is plugged in the analog channel; and click

the correspondent connection to select the charge sensor.

Ice Pail

Display “Digits” and “Graph.”

@ Set up the experimentation as follows:

® Press the zero switdf the charge sensor to reset. Click on the startrbuito
DataStudio to make sure that the initial data is O.

@ Pick up two charge creators called wands. By rubbingsotfiaces, the electrons

are ripped off and transferred into the other.

® After that, one of the wands will be put inside the icé pBlnen, it induces

the other charges as shown. Wand —»
(Charge Creator)

Conceptual Question:
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What is inducing charges? Explain it more in detail by logldt the figure.
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What will happen if the wand is charged negatively?
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® The black clip of the charge sensor is ground, and thelie
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measures the not-induced charges. In the above figure, ydinevi Fig, for section 1

positive charges in DataStudio.
The experimental data: (@ Do not deletethe data run. You haveto print out the graph.)

@ (Reset the charge sensor.) Click start and insert a wand into the inner cagéer/ while,

take out the wand and stop the measurement.
Print it out and label on which wand you used (blue or white).
® Justify which wand gets positive or negative polarity by consigehe above figure and data

from the graph.



Blue Wand White Wand

Which polarity?

How do you
justify with the
theory and
experimental
data?

Question: Why does the charge become zero after you take the wad o

2. Conducting charges on a metal surface:

® Keep the same set up. Insert one of the wands into thecager After inducing the opposite
charges, contact the wand with the metal cage and rulmitpdecof times. Then, take the wand
out. (See the figure.)

@ The induced charges are neutralized by conducting the charges wand.

® After taking the wand out, the net remainder chargebailbositive.

@ The charge will remain.
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Fig. for section 2

Conceptual Question:

What is the process of conducting charges? What will happiea wand is charged negatively?




The experimental data:

® (Reset the charge sensor.) Click start and insert a wand into the inner cagéerAt or 5

seconds, let the wand contact the cage. Then, take onaitfteand stop the measurement.
® Print it out and label on which wand you used (blue oteyhi
@ Justify which wand gets positive or negative polarity by consigehe above figure and data

from the graph.

Blue Wand White Wand

Which polarity?

How do you
justify with the
theory and
experimental
data?

Question: Why does not the charge become zero after you take theonaird

3. Releasing charges by grounding

® With the same setup, a wand is inserted in the ice pail

@ Keep inducing the charges. By touching the cage, the chaogkeld by the wand will
escape through the finger, which is grounding.

® Keeping the wand inside, you remove your finger.

@ Take the wand out. The remaining charges will be recartbédhe sensor.

First, put this

into the pall
Think about why
you shouldn’t
touch first.
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Fig. for section 3



Conceptual Question:
What is grounding charges? What will happen if the waiwtiasged negatively?

The experimental data:

® (Reset the charge sensor. Push the zero switchClick start and insert a wand into the inner

cage. After a few seconds, put your finger on the inner cagéew seconds. Then, remove
your finger.

® After that, take the wand out of the ice pail.
@ Print it out and label on which wand you used (blue oteyhi

Justify which wand gets positive or negative polarity by consigehe above figure and data
from the graph.

Blue Wand White Wand

Which polarity?

How do you
justify with the
theory and
experimental
data?

Question: Why does the charge not become zero after you take the waindthbis case?




