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Electromagnetic Spectrum
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Power and telephon Radio Microwave Infrared Visible
Rotating generators Radios and televisions Radar Lasers light
Musical instruments Electronic tubes Microwave antennas Guided missiles
‘Voice microphones Integrated circuits Magnetrons Rangefinders
Cellular Telephony
< Twisted Pair > [—
Optical
) Fiber
u Coaxial Cable >
+——> < L >
AM Radio FM Radio| Terrestrial
and TV | and Satellite
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Wavelength 106 105  10* 10° 102 10" 10° 10" 102 10° 10* 105 10°

in space

(meters)
ELF = Extremely low frequency MF =Medium frequency = UHF = Ultrahigh frequency
VF = Voice frequengy " @ UnvigE “lHigirfréguency SHF = Superhigh frequency
VLF = Very low frequency VHF = Very high frequency EHF = Extremely high frequency

LF = Low frequency
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Guided Transmission Media

» Twisted Pair 0dll o0 4 o 79
» Coaxial cable (JLST155) j9me o0 LS
» Opftical fiber Sy9
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Twisted Pair 0l o 4 v 79
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twist

H
length
—Separately insulated engt

—Twisted together f f -f -f

—(Mten "bundled” into cables
—LUsually installed in building
during construction (a) Twisted pair

Twist Rate or Pitch
number of twists per inch or cm
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»Cheap ;)
® Fasy to work with co |, esla

® | ow data rate 5 esls JLsl ey
» Short range s s,
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Unshielded (UTP) and Shielded (STP)

093 9l Bdlre oanli o8 4 e zoy 2 o b atil

) 00 0010 | gules Jhdlxs

N Unshielded
a ™
Outer insulator Solid copper
or PVC conductors
. 7

Shielded

i Plastic cover) ( Metal shield ] ( Insulation ] ( Copper )

.
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Unshielded (UTP) and Shielded (STP)

Outer Jacket

. Twisted pair

.
o
.
|.._;..

Unshielded

Outer Jacket Twisted pair
Ol

Braided or Fo-il
Foll Shiela  ~hield Copper conductor
Shielded Twisted Unshielded Twisted
pair cable pair cable
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Comparison of Shielded and Unshielded Twisted Pair

Maximum
Category supported speed Description
This cable contains only two pairs (4 wires). This cable was used in the
Cat1l Up to 1Mbps telephone network for voice transmission.
This cable and all further cables have a minimum of 8 wires (4 pairs). This
Cat2 Up to 4Mbps cable was used in the token-ring network.
Cat3 Up to 10Mbps  [This is the first Ethernet cable that was used in LAN networks.
Cat4 Up to 20Mbps  |This cable was used in advanced Token-ring networks.
Cat5 Up to 100Mbps |This cable was used in advanced (fast) LAN networks.
Cat 5e Up to 1000Mbps |This cable is the minimum requirement for all modern LAN networks.
This cable uses a plastic core to prevent cross-talk between twisted-pair. It
Cat 6 Up to 10Gbps also uses a fire-resistant plastic sheath.
This cable reduces attenuation and cross-talk. This cable also potentially
removes the length limit. This is the recommended cable for all modern
Cat 6a Up to 10Gbps Ethernet LAN networks.
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R]-45 Female R]-45 Male

_ 4 - Pins RJ-11
RJ : Registered Jack for DSL modem

RJ-11 : Telephone Jack
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Coaxial Cable

Outer Jacket

Braided Shield

Dielectric

R =
Foil Shield ~ \Center Conductor

Insulator

| e

\.

Outer conductor

(shield) Inner conductor

Plastic cover
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Coaxial cable connector

= Barrel Connectors
« Bayonet network connector (BNC)

s |-connector
= [erminator

BNC T

Cable
|
!

Y
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Refraction

» Change of direction of a light ray

» \When a ray of light enters another substance, its speed

changes abruptly, causing the ray change direction
Less dense medium (air) Less dense medium (air)
I I
I | ' R
Beam : :
| |
| |
|
I I
| |
I R 1!
| |
Beam
More dense medium (water or glass) More dense medium (water or glass)
a. From less dense to more dense medium b. From more dense to less dense medium
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Snell’'s Law

» Define
» |: |[ncident angle
» R: Refracted angle
= N1(N2): density of the first (second) medium

» Snell's law

sinl/sinR=N2 /N1
» [fN]T >N2, then|I<R
» [fN] <N2, then|>R

» Fiber-opfic technology takes advantage of this
property of light
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Critical Angle

» Consider a beam moving from a more dense
INto a less dense medium

®» As the incident angle increases, so does the
refraction angle

» Critical angle: The incident angle at which the
refpacted angle is 90 degrees

angle
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Reflection

®» A phenomenon which occurs when the incident
angle is greater than the critical angle

® | ight no longer passes into the less dense medium
» |ncident angle = reflected angle

Angle of
incidence

Angle of
reflection
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Optical Fiber

Jacket
Core Cladding
—(ilass or plastic core Angle of Angle of
—Laser or light emitting diode Light at less than incidence reflection
—Specially designed jacket ciritical angle is
—amall size and weight absorbed in jacket
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