TOPIC#5
ELECTROMAGNETIC
ENERGY

PART 1 of the KEY
to unlocking the topics of:
OZONE DEPLETION,
The GREENHOUSE EFFECT,
& GLOBAL WARMING
|

Class Notes: re-cap of. Quantum Behavior of
Electrons in Atoms pp 24, 29-30
then onto pp 31- 33




GOAL for this week:

To understand the differences between:

Shortwave
SOLAR radiation
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and how these differences drive
GLOBAL CHANGE processes

Longwave




One “cartoon” view
of Solar vs Terrestrial radiation:

NOT TO
SCALE!!!




Other “cartoon” views of Solar vs Terrestrial radiation:
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Which one is the more accurate depiction
of the Greenhouse Effect??




Other “cartoon” views of Solar vs Terrestrial radiation:
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B is better than the others!!!!!
but WHY?




Frequency, Wavelengths &
Energy of Photons

Energy emitted from the sun
(i.e, electromagnetic radiation)
exhibits both a wave-like
(electromagnetic wave)
and
particle-like (photon) nature.

Review - turn back to p 24




QUICK REVIEW: The quantum model
of the atom states that:

electrons can exist only in discrete
allowed places within shells (or
energy levels) and not in between.

The electrons move -- NOT according
to Newtonian laws of motion

-- but according to quantum
mechanics.

Review (see p 24)




An electron moves between
shells or energy levels by
“guantum leaps,”

I.e., it disappears from one energy level
and reappears in another without ever
traversing any of the positions in

between!

review




- Electrons can be promoted to
higher energy levels or even knocked
free from their atoms in a variety of
ways ...

One way is critical to global

change processes:

it involves a packet of energy
called PHOTON

review




Energy in the form of
PHOTONS is absorbed or
emitted as electrons change

energy levels within the
structure of an atom.

Photons, NOT protons!

review




Photon =

A particle-like unit of electromagnetic
energy (light), emitted or absorbed by an
atom when an electrically charged electron
changes state.

Link to today’s topic:

A photon is also the form of a
single packet of electromagnetic
radiation having a certain
wavelength & frequency

review




WHAT HAPPENS WHEN
ELECTRONS CHANGE LEVELS:

As an electron receives &
absorbs electromagnetic

energy (in form of a photon), it
jumps from a Lower —» Higher
energy state (level).




(a) An electron in its ground state, about to absorb a
photon

(b) The electron leaps to a higher level as the
photon is absorbed




WHAT HAPPENS WHEN
ELECTRONS CHANGE LEVELS:

As an electron emits or “gives

off” electromagnetic energy (in
form of a photon),

it jumps from a Higher —» Lower
energy state (level)
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(a) An electron in an excited state.

(b) When the electron drops to a lower level, a
photon is emitted.




SUMMARY:

An electron moves between shells or
energy levels by “quantum leaps,”

i.e., it disappears from one energy level and
reappears in another without ever traversing any
of the positions in between!

Photon

Another depiction =




photon absorbed photon emitted

Y-o®

electron leaps electron returns
2 depictions of the o excited state to ground state
same concept
Electron
& 1 1 1
2 2 2
3 3 3
4 4 4
5 5 5

Excitation De-excitation

Ground state
5 b. C.




RECAP: Electromagnetic Radiation

(under certain higher-energy conditions, e.g. light)
exhibits a particle-like nature which we call PHOTONS.

photon absorbed photon emitted

electron leaps electron returns
fo excited state to ground state

Photons are energy packets having a
well-defined wavelength and
frequency

Figure is on bottom of p 31




Wavelengths

WAVELENGTH ———=|
m
b WAVELENGTH _K/

,-t—— Wavelength, A \Weve speed,c .

Time =t
. Time =t + At

NOTE: Shorter wave-
lengths are produced
when the rope is shaken
more vigorously.




Relatively longer wavelength

Take notes




Quantifying Frequency & Wavelengths

First we’ll talk about the WAVE-Iike behavior of
electromagnetic energy:

Wave terminology:

Wavelength = distance between adjacent
crests (or troughs) (symbol = lambda 1)

Frequency = how fast the crests move up and
down (symbol =nu vin SGC)

Speed = how fast the crests move forward
(symbol = c in SGC) the speed of light

Take notes




QUANTUM MECHANICS & the LINK to ABSORPTION OF
ELECTROMAGNETIC ENERGY AT THE SUBATOMIC SCALE

 If a photon of electromagnetic energy strikes an atom,

« and if the FREQUENCY of the electromagnetic
radiation is such that it is equal to:

the difference in the energy
of the ground level & the first excited level,

* the electron ABSORBS the photon energy and . ..

» the electron is “moved” (quantum leap) to “Level 2”
photon absorbed

Hydrogen
atom: o S

Firsl slectron
srhall

electron leaps
fo excited state




KEY POINT = Because each atom type (element)
has a unique set of energy levels,

each atom type (e.g. H, He, etc.) will

0 ABSORB over a PARTICULAR SET OF

m ELECTROMAGNETIC FREQUENCIES
i & WAVELENGTHS.

Pl - - . REVIEW:
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Take notes




The pattern of wavelengths absorbed by a
particular atom (or combination of atoms in,
say, a gas molecule of CO, or H,0) is called
its ABSORPTION SPECTRUM or its
ABSORPTION CURVE (more on this later . .)

Example of an
“absorption
spectrum”

curve or graph oot el
- 0.10.30.50.7

Wavelength (micrometers)

Take notes




Back to Wavelengths

WAVELENGTH ——=]

W
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Time =t
. Time =t + At

NOTE: Shorter wave-
lengths are produced
when the rope is shaken
more vigorously.




Wavelength & Frequency

“The shorter the wavelength

the GREATER the enerqy

| | &

g%h% fr?“:fo;'fé':& the HIGHER the frequency”
when the rope is shaken

more vigorously.




THE RELATIONSHIP BETWEEN
FREQUENCY (v), WAVELENGTH (1), &
ENERGY (E) OF PHOTONS:

KEY CONCEPT #1:

The Energy (E) of photons is directly
proportional to their frequency v.

oc = “is proportional to”

Exv

Take notes




THE RELATIONSHIP BETWEEN
FREQUENCY (v), WAVELENGTH (1),
& ENERGY (E) OF PHOTONS:

KEY CONCEPT #2:

The Energy (E) of photons is
inversely proportional to their

wavelength (1)

Exc/A

Take notes




SOLAR
RADIATION:
greatest
intensity in
SHORT
wavelengths

(high energy
& frequency)

~ SOLAR
SHORTWAVES
S _
TERRESTRIAL
-3 LONGWAVES
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EARTH
RADIATION:
entirely in
LONG
wavelengths

(low energy
& frequency)




Quantum Behavior of
MOLECULES

Quantum leap of electrons:
takes place between discrete energy levels

(shells) when photons are absorbed or emitted

Quantum theory also involves the
behavior of molecules

Take notes




NITROGEN GAS
MOLECULE
l\|2

WATER VAPOR
MOLECULE
H,0

CARBON
DIOXIDE GAS
MOLECULE
co,

Rotation Vibration

incoming

‘L,_“f:hoton

Slow rotation rate Faster rotation rate .

Bending mode

(15-pmband)

Take notes




NOT a
GREENHOUSE
GAS
l\|2

GREENHOUSE
GASES
H,0 & CO,

incoming

‘L,_“f:hoton

Rotation Vibration

Bending mode

(15-pmband)

Take notes




When the H,0 molecule
emits a photon, its rotation
rate decreases;

When it absorbs a photon,
the rotation rate increases.

Take notes



. Molecules can also absorb and
emit IR radiation by changing the
amplitude with which they
vibrate.

If the frequency at which a molecule
vibrates matches the frequency of
electromagnetic wave, the molecule
can absorb a photon and begin to

vibrate more vigorously.

Take notes




As a triatomic molecule, one way
that CO, vibrates is in a “bending
mode” that has a frequency that

allows CO, to absorb IR radiation
at a wavelength of about 15
micrometers

(L — --- &) sGc-Kump Chapter3

\ ¥/ FIGURE 3-14
Bending mode The bending mode of vibration of the CO,

(15-umband)  molecule.




THIS QUANTUM BEHAVIOR
OF THE MOLECULES IS THE
REASON THAT GREENHOUSE
GASES ARE GREENHOUSE

GASES!!




Hence energy given off by both
the Sun and Earth has both a
particle-like (photon) and wave-
like behavior and emits radiation
at electromagnetic wavelengths

* but which wavelengths??

e and what difference
does it make???




Wavelength
Longwaves Long wavelengths
(LW) |

radiation

T

Short radio waves

The
Electro-
magnetic
Spectrum

1 m\
0.1 m—100 mm\
0.0l m— 10 mm \\

Microwaves

1 mm

01 mm—100 um

0.01 mm——10 um Infrared radiation

1 um— 10,000 A —

Visible light

0.4 um

0.1 um— 1,000 o
iation

'}
Ultraviolet rad

Shortwaves
(SW)

10A — lx rays

R-0- -G-B-V

Short wavelengths
The electromagnetic spectrum.

radiation

High energy

Type of radiation
Low energy

Long radio waves

Standard AM radio broadcasts

TV broadcasts
FM radio broadcasts
TV broadcasts

&
¥

7

Red light

A
Q"d;t ¥ Orange light

Yellow light
Green light

Blue light
|

Violet light

\_

p 31



ical Sources Frequen Hz ical Object
'}‘ggt Send out Waves = Acy, _ ose Siz’l‘:ls'ls the
= T Srogessen Short wavelengths Warciength:

High energy o

radiation 1022 —

Processes by protonsand
neutrons in atomic nuclei

1070 —

Nucleus
Gamma ray TINY

Electrons in atoms, 1018 — Atom

high-energy processes i

Electrons in atoms, 1016 — violet | pmma ggﬁtcg;olecule
low-energy processes el ‘green |
Thermal vibrations of 1014 — yellow Fine dust particle
molecules — yed.
Microwave oven 1012 =
Radar antenna - t M
1010 —

108 —

Millimeter

Centimeter

t Radar
3 TV, FM radio Meter

FM radio, TV antenna

AM radio antenna 106 — t AM radio Soccer field
= Electronic Kilometer

104 =

60-Hz power-line 102 —
radiation — Earth

1— 108
Low energy

radiation Long waveler:gths vV H UG E

Wavelength, m




Two useful websites:

ELECTROMAGNETIC SPECTRUM JAVA
APPLET:

http://lectureonline.cl.msu.edu/~mmp/applist/
Spectrum/s.htm

ELECTROMAGNETIC SPECTRUM
CONVERTER:

http://oldsite.vislab.usyd.edu.au/photonics/revolutio
n/history/SpectrumTuner/index.htmi




What are the “sources” of different

wavelengths of electromagnetic radiation?

Type of Electromagnetic
Radiation

Range of Wavelengths
(in units indicated)

Typical Source

Gamma rays

Ultraviolet radiation

10 " to 10 "

it 123 ) i

high-energy processes within nucleus caused

0001 to 0.4

in micrometers ({m)

Visible light

0.4 to 0.7

11 micrometers (jum)

electrons moving (quantum leaps) within
individual atoms

Infrared radiation

0.7 to ~30 (up to 1000)

1N micromelers ({um)

Near Infrared radiation
See SGC-Hobson p 197

0.7 - 1.0

m micrometers (pum)

Far Infrared
See SGC-Hobson p 197

1.0 - ~30 (up to 1000)

chaotic thermal kinetic motion of molecules
due to their thermal energy

/“\Wf,,m .
o — o

Faster rotation rats Siow rotstion rate

: = g = P .
Microwaves 10 " to 10 - electronically produced by microwave oven
in meters (m) using scientific notation
. 3 = . .
AM Radio waves 10to 10~ electronically produced -- waves vibrate in

in meters (m) using scientific notation

human-made electrical circuits

p 33



FREQUENCIES USED
BY EVERYDAY DEVICES

[
{
: Actual radio spectrum extends to 300GHz

Remaote-
controlled
toys

AM radio

Cordless
phones*

Medr':::a} implants

7

Broadcast TV

| Frequencies 100MHz 200MHz 400MHz 500MHz 600MHz 700MHz 1GHz 1.1GHz
|
_ Mobile |
A phones

Highway

Ca_r a:‘arm Wireless toll tags*
controls and miedical . :
garage-door telemetry i
apaners
Wialkie-
talkies
Pagers
Citizens' Cordiess Broadcast TV
access phonas
spectrum == : . . — = - i N -
{unfi-
s =~3 300 MHZ =~ 1
[ 100 MHZ =~ 3 meters Z=~1 meter
personal :

radio)




Frequency (def) = The number of

times per second that a signal
fluctuates.

The international unit for frequency is the hertz (Hz).

One thousand hertz equals 1 KHz (kilohertz).
One million hertz equals 1 MHz (megahertz).
One billion hertz equals 1 GHz (gigahertz).

Television is broadcast in frequencies ranging from
54 MHz to 216 MHz (VHF) &
470 MHz to 806 MHz (UHF).




The spectrum is divided into bands.. ..

GPS |
{Global Satellite

;:\::i;?:}"pg MOS[ Of the unla beied Satellite phones
sl spectrum space is g‘;ﬁqs.

reserved for military,
federal-government,

and industry use. o
Wireless networking

{Wi-Fi, Bluetooth)*

Wireless
medical
telfemetry

1.2GHz 1.3GHz 1.4GHz 1.5GHz 1.6GHz 1.7GHz 1.8GHz 1.9GHz 2GHz 2.2GHz  2.4GHz 2.6GHz 2.8GHz |

e

; Mobila i o i
% phones ;

GPS

(Global | 2

Fositioning

System| =] Microwave ovens *
Vieather
radat

2.4GHz is unlicensed Cordless
Satellite —a “public park” free phones*
phones | to a wide variety of
| consumer devices .

(300 and multiplying).

*Overlapping use |




Multicasting:

This is the process of transmitting more
then one program over the air at the same
time on the same channel.

When stations are given their channel for
DTV broadcasting they are allocated a
specific amount of bandwidth.

If they are not using the full amount of
bandwidth, they can squeeze more
programs OTA through that same channel.




WAVELENGTH 3 x10'm 3 x10Em 3 x10m 30,000 m 300 300 0 im I0cm Icm 03cm 0.03cm 1 x10A
[ [ [ [ [ [ | | [ [ [
esowrs | VERY LOW FREQUENCY (VLF) HF [ VHF [ UHF | SHF | EHF | INFRARED

ACTNITEES | Audible Range FMBIDHk:ﬂSt%LHP‘ L |5I_?_| X I Radar Sub-Milimeter

l=—nfra-sonics === Sonics I = Microwaves Infrared

I I I I I I [ I
FREQUENCY O 10k 00 1 10 1MHz 10MHz 100 Mz 1GHz 10GHz 3 10%Hz

THE RADIO SPECTRUM
MAGNIFIED ABOVE

0.03cm 3 x10A ERal 3 1A 3 %1 3104 W 310 3x10% 3 k10 3104 3 x10% 110 3x107A

| | | | | | | | | | | |
INFRARED VISIBLE ULTRAVIOLET X-RAY GAMMA-RAY COSMIC-RAY

Sub-Millimeter Visible I_FUIIravialeI% <—— Gamma-ray —————> <—— Cosmic-ray —————>|

Infrared X-ray

| | | I | | | I
10°Hz 1044z 0%z 10 107Hz 1 10 107He




UNITED

STATES
FREQUENCY

ALLOCATIONS
THE RADIO SPECTRUM

RADID BERVICES COLOR LEGEND

L3 GEladEEEd DDEEEEALE 2N iineli se REEFAEG ms IR T EY]

http://www.todaysengineer.orq/2005/Dec/spectrum.as




AERONAUTICAL
MCBILE

AERONAUTICAL
MOGBILE SATELLITE

AERONAUTICAL
RADIOMAVIGATION

AMATEUR SATELLITE

BROADCASTING

BROADCASTING
SATELLITE

EARTH EXPLORATION

SATELLITE

FIXED SATELLITE

RADIO SERVICES COLOR LEGEND

INTER-SATELLITE

LAND MOBILE

LAND MOBILE
SATELLITE

MARITIME MOBILE

MARITIME MOBILE
SATELLITE

MARITIME
RADICNAVIGATION

METEORCLOGICAL
A0S

METEORCLOGICAL
SATELLITE

MOBILE SATELLITE

RADIO ASTROMONY

RADICDETERMINATION
SATELLITE

RADICLOCATION

RADIOLOCATION SATELLITE

RADIOMAVIGATION

RADICNAVIGATION
SATELLITE

SPACEOPERATION

SPACE RESEARCH

STANDARD FREGUENCY
AND TIME SIGNAL

STANDARD FREQUENCY
AND TIME SIGNAL SATELLITE

Who
“owns” the
spectrum?

ACTIVITY CODE

- GOVERNMENT EXCLUSIVE
- MON-GOVERNMENT EXCLUSIVE

- GOVERNMENT/NON-GOVERNMENT SHARED




UA & SUSTAINABILITY

:/Iwww.sustainability.arizona.edu/

/A, THE UNIVERSITY OF ARIZONA

é;h Campus Susta]nablllty 84°F /28.8°C | DroughtLevel | Current Air Quality
Iy oo i Mission and Goals | Commitees | Contact |

+Energy :Water :Recycling :AirQuality :Land :Food :Social Equity :Climate Change

Academic Resources

Courzes, Centers, Presentations

Greenlnrg the Campus
op

Campug Development, rannpcrtatlcn
Energy Management, Materials, Water
Management

Student Involvement

Groups, Courses, Projects

COmmunlty Qutreach

Farmers Market, Educators, Farmers,
Home Owners »»

Off Campus Resources

City of Tucson, Pima -.cur-l;
Sustainable Tucson =

Highlights

Something you can do: In the Mews Upcoming Events

Plant a native-species tree. ASUA Hires Sustainability Center for Student Invalvement
A single tree will abzork one ton of

carbon dioxide over its ifetime. Shade Director and Leadership Sustainability

provided by trees can also reguce Film Series
your electricity bill 10 to 15%. More. ..

The Arizona Solar Racing Te

itz vehicle on the Mall during

Huge ice pack keeps UA cool Sustainability Day More...
Park(ing} Da}' 2008 Photo credit: Mike Buffingto

Search more tips:

Pima's solar power could double

under 4 new project plans AASHE Conference 2008

Calendars ==
Mavajo Student Joins Professor
in Search for Solar Solutions

WRRC Releases Water

http://uanews.org/node/21365




