Electric Chare

Phys102

—What is electric charge? Point objects, Size. Atomic model
General PhyS|CS I I —Methods of charging objects. Friction,Contact, Induction, Machines

—Instruments to measure charge

—Quantization of charge and conservation of charge

—Coulombs Law and examples

—Principle of superposition and examples

—Charge is analogous to mass

“Inithe matter of physics, the first lessons should
contain-nothing but what is experimental and
interesting to see. A pretty experiment is in itself
more valuable than 20 formulae.” Albert Einstein

How does this gadget produce a mini-lightning bolt?

What upward forces are keeping your hair up?

How are these forces produced?

\Whyrdoithe hair strands spread out from each other?

\Why doithey spread outiadially, from;the head?
ISthairarconductoror insulator? How'can we find out? Does it
depend if is wet or dry.

To understand what is going on we need a model of electricity.




*What'is charge? How do we visualize it. What is the model. We only know

charge exists because in experiments electric forces cause objects to move.
—Show cartoon comparing mass and charge

Model of electricity.

Proton: It has afinite size with charge +e, mass m
— 0.805 +/-0.011 x 10-"5m scattering experiment
= 0.890-4/-0:044-x-10-'5 m Lamb shift experiment

167 x 1027 kg and with radius

1cm long and a radius of 0,005 cm
Neutron: Similar size as proton, but with total charge = 0 and mass m =
— Positive and negative charges exists inside the neutron

Pions: Smaller than proton. Three types: + e, - €, 0 charge. { ~. Copper (Face Centered CUDe)
— 0.66 +/- 1x10"5m J

Question: What is the electrical charge in the material that we are
talking about? What is responsible for the conduction of electricity?
Quarks: Point objects. Confined to the proton and neutron, How many electrons are moving about?
- ot Copper:atom:
— Proton|( charge=12/8e +2/3e -1/3e;= Z=p9(protons), N= 34(neutrons),
— Neutron/(udd)icharge = 2/3e -1/3e -1/3e = 0

29 Electrons,
— An isolated quark has never been found
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Fric on, COntact an Induction

Normally'atoms are in the lowest energy state. This means that
the material is electrically neutral. You have the same number of
electrons as protons in the material.

How do we change this?

How do we add more electrons than protons?

Comparison of which bands are filled and which are empty to
ai e difference betweenymetalsiand insulators
easfly-move to unoccupied levels. Inan insulator, there are no free
electrons to move about because they do not have enough energy to
jump the band gap E.

Other criterion

Trsulater

(1}

owitefion/silks

== Show that there is a net charge on the teflon and silk
using aluminum leaf electroscope.




Leaf Electioscope Chargedi UVa Electroscope

Explain Electiostatic kit forltalb




«Silk(+) on teflon(-)
«Silk (-) on acrylic (+)
*Wood doesn’t charge

«Charged objects always attract neutral objects

*Show Triboelectric series

*Not only chemical composition important, structure of surfaceis
important - monolayer of molecules involved, quantum effect.
(nanotechnology)

Charged rods,onspinnen

Charged plastic




SHOW EIECIron|C eleCosCope (EE) Wit e aivesimagnitude
and'sign of charge. Use teflon and' acrylic
to show difference

Show uniformity of charge around sphere using EE.

Show induction:

using conducting spheres and EE

using electroscope

electrophorus

using water stream deflection need to know: about electric,dipoles
Showhangingreharged/conducting pith ball: first attraction by
induction, then contact, then conduction of charge, then
repulsion

Charged rods,on spinnern

AT
ESaE

Unifermi DisthibuticniofiChance.on Spherse

Induction using|twoe)conducting spheres,and EE

Sphere Bis sepazated from
induces e fomove from  sphere A using the inaulating




RUbbing does not create charge, it'is transferred from object'to
another

Teflon negative - silk positive
Acrylic positive - silk negative

Nuclear reactions \° = e* +e-
Radioactive;decay. 2%8Ug, = 234Thgg + ‘He,

High enengyipanticlereactionsier# pr=e"+ v + no

ectrophorous(Induction

BSIGONICOMTTED

* Place aluminum pan with insulating handle on to charged surface.
*Touch aluminum-pan to ground it.

«Separate pans. What is the charge on the pan?

*Repeat indefinitely

Ground

Key: Negative charge(electrons), immobile on foam surface, repels electrons in conducting
aluminum pie plate. When you ground the aluminum pan, those electrons are repelled to
ground leaving the pie plate positively charged. Discharge pie plate and then repeat process
as long as foam is charged

Discovered in 1911-by Robert A. Milikan in the oil drop experiment

The unit of charge is so tiny that we will never notice it comes in
indivisible lumps.

Example: Suppose in a typical experiment we charge anjobject up with
a nanoCouloumb of charge (10 C). How many:elementary units of
charge is this?

Q=N*e so N=Q/e =10*° C/1.6*10 -'° C/e = 6*102 = sixbillion,units.of
charge or 6 billionrelectrons: -




Electrostatics is based on four empirical facts
= |n"1785 CharlesrAugustin-Coulomb reported in the Royal

Gonservation-of-charge Academy.-Memoires using a torsion balance two charged
mulberry: pithballs repelled each other with a force that is
inversely proportional to the distance.
- F=Kkq,q,/r? where k=8.99*109Nm?/C2 in S| unit
k ~ 1019 Nm?/C2

Quantization of charge
Coulombs Law

The principle of superposition

Repulsion

Attraction

Repulsion

Unifermly: charged metal

> 1cm apart in a typical demo? Why is the force so weak here? -
F=kq?/r?

Repulsion
F = ka,q,/r?
F~kq?/(r+R)?
F =1012Nm?/C2 (10-° C)/ 10“m2=104N

(equivalent to a weight of something with @ mass of 10-° kg = 10-2 gm or;
10 mg - long strand of hair)




nthe previous examplewe tacitly’assumed that the forces
between nuclei'simply'added and did'not interfere with'each
other. That is the force between two nuclei'in each penny is the
—F=Kq,qu/r2 = 1010 *g2/12 So what is g? same as ifall'the others yvere not there..'.l'hls idea is correct and
is referred to as the Principle of Superposition.
The atom Cu has 29 protons and a 3 gm penny has _ N "
(3/63.5) * 6*102%=3* 1022 atoms. Another Example - = X
1 2 3
—The total charge is q = 29*3*1022*1.6*10 19 = 1.4*105 C Three charges lie on the x axis: q,=+25 nC at the origin, g,= -12 nC
at x =2m, g;=+18 nC at x=3 m. What is the net force on q,? We
simply.add the two forces keeping track of their directions. Let a
— The force is F =101°(1.4*10 %)2 =2.0*1020 N/ - positive force be one in the + x directionss

F ==k gy (0;//22+1q;/3?)
What is their acceleration as they separate?
- =-10125*102(-12*10/4 + 18*10-9/9)
a= F/m = 2.0*10%°/ 3*10-% = 0.7*10% m/s?

— =+2.5107N.

x - y Components of force due to g,
-1010(10°)%/ (102)2 = -1x10* N

Example Example Cont.

Magnitude of Force due to_q3

IFI =+ 10"°(2x10)(1x10°) / (5x10* )= 0.40x10* N
0 =atan 2/1 = 63.43
deg
F,= F sin 6 = 0.40 Nsin 63.43 = (0.4)( 0.894)
0.35&10“N

A F.=F cos 6 = 0.40 Ncos 63.43=(0.4)( 0.447)
1cm 1cm =+0.17%10“N
g,=+1nC g,=+1nC gq,=+1nC q;=+1nC
Sum F, = - 1104+ 0.179x 104 = - 0.821x10“*N
F =kq,q,/r?

Question: What is the net force on g, and in what direction? Sum F, =0 +0.358x10* N = 0.358&10N

Sign convention

6,= atan F,/F,=atan 0.35&10/ - 0.821x104 = 23.6 deg




Find charge @ on two pith balls separated| by,

Suppose d =2 cm, L=20 cm, and
m =0.20 g, Find Q in nanoCoulombs.

Change to proper
units:m kg,s,N,C
F .= kee/r2

F./ Fy= ke? /Gm?
F/iF5=11010 Nm2/C2(1.6*10 1°C)2 /6,67*10/1' Nm2/Kg? (9.1*1031 Kg)2
= 4.6*10#2 -
Coulomb / Gravity = 4.6*1042

Huge ratio and pure number.

W tral obiect I tt ted t Explanation: The neutral objects atoms and molecules orient
y are neuiral obJeCLS always allracied to themselves in the following; Way sothat the, Coulomb forces due to,
. . "

atiractioniarne;
El

For example:

*Rubbed balloon is attracted to wall

*Comb isattracted to small bits of paper > &

«Clothes in the dryer stick together. F= ka,q,/r?

1. Put wood on the spinner and place charged teflon -y Acrylic Rod  Wooden block

and plastic rods near it. Try a twig from a tree. Repulsion —»

: ~Altracti
2. Put the 2 x 4 on a curved glass surface and try it. » - () 5

BuPlace charged rod on spinner and place your hand
Near it.

What is the explanation of all of these phenomena?

Attractive forces >> Repulsive Forces




Otto von Guericke in; 1660 charged a 7” Sulphur sphere

+Otto von Guericke in 1660 charged a 7” Sulphur sphere
+Lord Kelvin Water Drop Generator (Early 18'th century)
*Wimshurst Machine (1880)

*Van de Graaff Generator (1931)

KelVinl\Water Drop Generator

Lord Kelvin Water Dropi Generator (Early 18'th century.

Projection
Ficelroscope
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WimshurstiMachine

Wimshurst

(1832-1903), spent
essional career

Robert Van de Graaff Generator (1931) Tuscaloosa, Alabama

- huji.a K/history/graaff.

peRiLive partsclen
nccalernled down
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