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< Electromagnetics :

the study of the effects of electric charges
at rest and in motion

| N\

Electrostatic Electrodynamic ~— Time varying electric field

l

Current

|

Steady magnetic field:
Magnetostatic
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< Fields
1. Static
2. Time varying

)

<

Electric field and magnetic field: coupled then electromagnetic field

Under certain conditions : time-dependent electromagnetic fields
- produce wave that the source radiates.

v" Mechanics - gravitational field (postulating)

<
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Incident
wave
®
P
Conducting
wall
< Comparison.

> circuit theory —-> time function (single dimension), ordin
differential equation.

> EM theory -> time and space (three dimensions)

< Vector algebra and Vector calculus
» Technique for solving partial differential equation
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The Electromagnetic

<+ EM model
» Inductive: observations of some simple experiment
- inferring laws and theorems

» Deductive: postulate a few fundamental relations for an
idealized model -> derive postulate laws and theorems

< Example for building a theory
» Basic quantities
» Rules of operation (the mathematics) of these quantities

» Fundamental relations are postulated based on numerous
experimental observations

.
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The Electromagneti

< Example for building a theory (cont'd)

> EM quantities
v source quantities > electric charge, (magnetic charge)
~ field quantities - electric field, magnetic field

» Charge
~ electric charge (gq) : positive or negative integral multiples of
an electron, -e

e=1.6x10" (C)

» fundamental postulate : conservation of electric charge

.
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» volume charge density

. A .
v 0= Ahn%)A—q (C/m’) : smoothed- out average function
v—> A%

cf) Av > small enough to represent an accurate variation of p
but large enough to contain a very large number of
discrete charges

ex) — lum  —— Involume Av=10" (m?)

— about 10'"' atoms

.
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TIAY, )
p.=lim—=- (C/m")
_1im 24

Pz—i}g})A—l (C/m)

cf) P0O,P, P, = point function of space coordinates

» Current : the rate of change of charge with respect to time;
not a point function
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The Electromagnetic

» Current density function : vector point function

~ volume current density function j = amount of current flowing
through a unit area normal to the direction of current flow

unit: A/m?
- direction: current flow direction
» surface current density 5 = current per unit width into direction
of current flow
unit: A/m

direction: current flow direction

» Vector field quantities

. electric field intensity (V/m)

 electric flux density (electric displacement) (C/m?)
: magnetic flux density T (wb/m?)=10* Gauss

: magnetic field intensity (A/m)

B TR
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% Sl: MKSA system

(Meter, Kilogram, Second, Ampere)

s Constant
c=3x10° (m/s)

D=g,E, 0= ! x10~ (F/m): permittivity
367

H, w,=47x10" (H/m): permeability

o (m/s)
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» E (field intensity) : V/m

> Potential ¥V : unit charge € SJ|=0 E= ¢

[V]=Fx7%a

v Nxm/C:
{(kgxm/32)xm}/(Axs)Zkgxmz/Axs3 (C=Axs, N=kgxm/s?)
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(1) MXtE (Eelectromagnetic Fields : EMFs)
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.. RFID (radio frequency identification)
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< Transformer

AC In Primary

AC

out Secondary

I\

» A transformer is an electrical device used to convert AC power
at a certain volta]ge level to AC power at a different voltage,
but at the same trequency.

» The construction of a transformer includes a ferromagnetic
core around which multiple coils, or windings, of wire are
wrapped.

Seoul National Univ.
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2. JAE S8

< Magnetic tape reader

> A magnetic tape reader takes the
information from a magnetic tape and
converts it into an electrical signal

» A magnetic tape is passed underneath
the reader, which causes a magnetic
field to be induced through the plane
of the wire loops.
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2. MR 22 of

WIRELESS COMMUNICATION IS UBIQUITOUS

. Link to
national net [

Local Telecommunications Network:
Cell phones (wWho has one? jee
Wireless phones, data<ssa.
Wires, coaxial cables
Optical fibers

Other Communications Links:
Microwave and optical fiber [inks ==
International satellite links
Transoceanic links, ionosphere
Radio hams (any here? DX record?)
Interplanetary links

Central office
Urban network TR

Satellite
LA g

National Network

lonospheric link
OCEAN

NATION A NATION B

Seoul National Univ.
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