Electricity

--= Current and voltage



Summary of conductors and
insulators

Conductors — need

free (mobile) charges

In metals there are
free electrons

Insulators have all
charges firmly bound
(glass, most plastics)

air?
Human body?

A hollow completely
enclosed by the conductor

i o
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The flux through the Gaussian surface is
zero. There’s no net charge inside, hence
no charge on this interior surface.
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Faraday’s Cage



(b) The conducting box has been polarized
and has induced surface charges.
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The electric field is perpendicular
to all conducting surfaces.
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Electric current

(b) ..~ The net charge
» & of each plate is
: decreasing.

A connecting wire discharges the capacitor.

A chargegi parallel-plate capacito
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QO

The electric current in this case,

1)
2)
3)

Increases
decreases

remains unchanged as a function of
time.



Voltage

Before plates are connected, certain electric
energy is stored. These energy stored is
characterized electric potential difference or

Voltage.



conduction electrons In a wire

(a) No electric field Ions in the lattice (b) With an electric field Parabolic trajectories
of the metal in the electric field

Electron

S Net displacement
The electron has frequent collisions with

_ : _ A net displacement in the direction
ions, but it undergoes no net displacement. £

opposite to E is superimposed on the

random thermal motion.
Copyright © 2004 Pearson Education, Inc.. publishing as Addison Wesley

Copyright © 2004 Pearson Education, Inc.. publishing as Addison Wesley

No connected to charged plates  When connected to plates



Maintain a constant electric current

Because of friction, a steady push is
needed to move the book at steady speed.
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Electric field in the wire
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Retarding force  Sea of
due to collisions  electrons

Because of collisions with atoms, a steady
push is needed to move the sea of electrons
at steady speed. Electrons are negative,

SO F n 18 opposite to E.
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A Battery keeps current flowing !!

The “*charge escalator” inside a battery
continuously “lifts” electrons from the
positive to the negative terminal. This
renewal of charge sustains the electron
current.

Negatlve _,, R
termmal ( )
- Electron
current
+ +
e L
Positive J
terminal . :
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AV — Wchem
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Voltage of a battery




Electric potential

(a)

Gravitational Potential Energy mgh

Gravitational Potential gh

Vb [ Vba ? Va

(b)

Electrical potential Energy qV

Electrical potential V




Some Typical Voltages

Voltage Source (approx.)
Thundercloud to ground 108V
High-voltage power line 108V
Power supply for TV tube 104V
Automobile ignition 104V
Household outlet 120 V
Automobile battery 12V
Flashlight battery 1.5V
Resting potential across

nerve membrane 107V
Potential changes on skin

(EKG and EEQG) 104V



Sources of electric potential

Batteries

Van de Graaff generator
Power stations
Alternators

Wind generators

Solar panels
Piezoelectric materials

Terminal Terminal

Carbon & = 7inc
electrode [ —| electrode
(+) _A— \{—)
AL 1D
Sliifuric ac?d
\_/
+ Terminal
_ (top of carbon
Insulation i e]ectrode)
Electrolyte L
paste— ¢

\ A Negative electrod:

zinc cu
— Terminal ( P)



Electric current

Electrons

The bigger the voltage, Wire
The bigger the current.

The electron current i 1s the number of
clectrons passing through this cross section
of the wire per second.
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Current: the flow of charges.

» | =Qf

« S| Unit ampere
A

* What kind of
charges?

electrons, ions,
holes

Conventional

current
—

Electron

flow
e

Device




Q1

A and B copper wires of same lengths
connected to two identical batteries. A with
bigger cross-section than the other. A should

carry a

1) Bigger current;
2) Smaller current;
3) Same current;
4) None of above .

.j)



Q2

A and B copper wires of same cross
sections. A is longer than B. A should
carry a

1) Bigger current;
2) Smaller current;
3) Same current;

4) None of above.



Ohm’s Law

l= cAV/d =V/R

where A is a cross section area of a wire, d is length.

V is the voltage across the wire. We call the quantity
characterizing the material conductivity o.

Inverse of o is called resistivity p, p=1/0

R=p d/A



