(Electromagnetism)

The combination of electrical and magnetic phenomena
By

The ultimate goal of learning el ectromagnetism is to under stand Maxwell’ s equations that govern the
motions of charged media, effect and origins of static and dynamic electric and magnetic fields.

l. Electric Charge ( )

1. What is"dectric charge’?

Electric chargeis an intringc characteritic of the fundamenta particles making up of objects. For
example, dectron has negative charge, while proton has positive charge.

Charges with same (opposite) electrical sign repd (attract) each other.
2. Application of charged particles

Inject printer, air cleaner, copy-maching, ......

3. Variousconducting materials: solid-state physics

Conductor ( ) and insulator ( )
Semiconductor ( ), superconductor ( )

4. Coulomb’slaw

Cowforh s Bw describes the electrostatic force between small (point) electric charges q and g, at rest {or nearly at rest) and
separated by a distance n
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Here &, = 885 » 1012 2 m?is the permittivity constant, and lM?TE‘O = k=899 » 10% Wmcl,
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Autraction

The form of Coulomb's law iz the same as that of Newton's equation for the gravitational force between two particles with
Imasses 47 and ) that are separated by a distance
R
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in which ¢ iz the gravitational constant.



5. Charged is Quantized

ANy positive or negative charge o that can be detected can be written as
g=mne, n= T 1,2 L£3. .,

in which &, the elementary charge, has the value
e=160% 10~ PC

Particle symbol Charge
Election aore -&
Proton 9] +&
Neutron il 0

6. Charged isConserved



[I. Electric Field ( )
Alternative way to view the charge and dectric force

1. What is“dectricfield”?

The electric field iz a vectar fieddt it consists of a distribution of vecfors, cne for each point in the region around a charged
obiect, such as a charged rod. In principle, we can define the electric field at some point near the charged obiect.
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Examples:
Field Location or Situation Value (N
&t the surface of a uranium nucleus 3 % 104

Within a hyvdrogen atom, at a radius of 5.29 = 10y 5= ol

Electric breakdown ocours in air 3 % 106
Wear the chareed drum of a photocopier 107
Mear a charged comb 107
In the lower atmosphere 104
Inzide the copper wire of household circuits 1072

2. Electriclines: away to view the magnitude and direction of local eectric field
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3. Important examples

a) Electric Fidd dueto apoint charge

& & _ 1 ldla
. - £ ATey .2
a - [ - " F 1 |g|
- ™ E = % = 4H'ED r—z (pOLﬂt Cha.t'gE::l
b) Electric Field dueto an eectric dipole
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d) Electric Fidd dueto acharged disk
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4. A point chargein an eectricfield

»The electiostatic force F acting on a charged particle located in an external electric field # has the direction of # if the
charge g of the particle is positive and has the opposite direction if & is negative.

Insulating
chamber

i Millikan oil-drop experiment
C—=  (measuring the e ementary charge)

Microscope




5. A dectricdipolein an eectric field

Positive side

Negative side H,O
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