TOPIC#6
THE ELECTROMAGNETIC
Qp SPECTRUM

2
@ PART 2 of the KEY

N~—A

to unlocking the topics of:

OZONE DEPLETION,
The GREENHOUSE EFFECT,
& GLOBAL WARMING!

Class Notes:
pp 29-30 ( & 31-32)




GOAL for this week:

To understand the differences between:

Shortwave
SOLAR radiation
&

Longwave

and how these differences drive
GLOBAL CHANGE processes




Both Sun & Earth
are radiating
energy....

SOLAR . .. at different
SHORTWAVES :
electromagnetic

TERRESTRIAL wavelengths
'S LONGWAVES

. .. . and at different
frequencies




Come forth into the
light of things.

Let nature be your teacher.

~ William Wordsworth




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




RECAP: Electromagnetic Radiation

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

photon absorbed photon emitted

SNORG

rd

e;‘ectrqn leaps electron returns
fo excited state to ground state

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

Review




Because each atom type (element)
has a unique set of energy levels with electrons,

Each atom type (e.g. H, He, etc.) will
ABSORB energy over a PARTICULAR set of
ELECTROMAGNETIC FREQUENCIES
Pt gocon & WAVELENGTHS.

1) -

REVIEW:

The Periodic

Table is

organized by #

of shells (rows)
&

# of electrons in

the outer shell

(columns)

Review



What energy shell & electron
properties will the elements
in these boxes: have?

= °
Silicon (Si) Phosphorus (P)

Review




SOLAR PANEL  PHOTOVOLTAIC Phosphorus (P)
ASLUR “doped” Si layer

Antireflective coating

metal conducting strips

88

:) \_j \_) Extra ( P) electrons
a0 2 a8 ] %0 d B
‘_))J‘_j : move down to (B)

layer, negatively

Silicon (Si) charging it

metal backing

Silicon Layers Boron (B)
“doped” Si layer

sssssssss

Read this

1%\l explanation at:

http://www.pbs.org/wgbh/noval/solar/
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Wavelengths

WAVELENGTH ——=]

W
UWAVELENGTH —kk/

,-t—— Wavelength, A \Weve speed,c .

Time = ¢t
Time =t + At

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




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




Relatively shorter wavelength [ A |




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

 If a photon strikes an atom,

 and if the FREQUENCY of the photon’s
electromagnetic radiation matches the

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

the electron ABSORBS the photon energy and . ..

the electron makes a quantum leap to “Level 2”

photon absorbed

Hydrogen
atom:

Firsl slectron
srhall

electron leaps Re VieW

to excited state




The pattern of wavelengths absorbed by a
particular atom or combination of atoms,
(e.g. 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 T ]
- 0.1030507 1

Wavelength (micrometers)




Back to Wavelengths

WAVELENGTH ——=]

W
UWAVELENGTH —kk/

,-t—— Wavelength, A \Weve speed,c .

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

| | &
E@Ih% fr?“:fo;'fé':& the HIGHER the frequency”

when the rope is shaken
more vigorously.




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

KEY CONCEPT #1:

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

o = “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)

E xc/A

Take notes




SOLAR ff A
RADIATION:

greatest
intensity in
SHORT
wavelengths

(high energy
& frequency)

SHORTWAVES

TERRESTRIAL
% LONGWAVES

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 . . .

but

Quantum theory also involves the
behavior of molecules

Review p 29




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)

FYIl: These
figures are
on pp 47-48
in SGC-I




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.




. 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
= EOR" a “bending mode”
\ s/ that has a frequency
Bending mode that allows CO, to

(15-pm band) e ae
absorb IR radiation at

a wavelength of
HOUNE S about 15 micrometers
What about another triatomic
molecule: N,O (Nitrous oxide)?

Take notes




DANCE YOUR PhD !!

N,O acts as a greenhouse
gas through the absorption
of radiation in 3 vibrational
modes.

With one hand as a nitrogen
atom, torso as central
nitrogen, and the other hand
as an oxygen atom, the
dancers exhibit the three
specific movements of
N,O's vibrational modes.

http://www.youtube.com/watch?v=L5j6BS3XolLc




The N,O starts in the soil where it is
produced by microbial activity and
“moves on up” into the atmosphere.

Stepping onto the chairs represents the
progression of N,O to higher levels in
the atmosphere (the stratosphere)
where it is subject to intense Ultraviolet
(UV) radiation from the sun.

This high energy from the bombarding
UV radiation is shown in the dancers'
high energy, more spastic dancing.

The high intensity UV radiation leads
to the destruction of N,O -- seen as
jumping from the chair at the end =




We will learn later that interaction of N,O in the
stratosphere with UV wavelengths is related to
OZONE DEPLETION

.. but N,O also vibrates & bends when absorbing
Infrared (IR) wavelengths

... ltis the ability to absorb
and emit IR radiation that

makes N,O a GREENHOUSE
GAS!

Take notes




What defines a Greenhouse Gas?
abbreviation we’ll use = GHG

GHG = a gas than can absorb and
emit (re-radiate) INFRARED

wavelengths of Electromagnetic
Radiation

Take notes




KEY POINT:

The QUANTUM BEHAVIOR of
CERTAIN MOLECULES

with respect to
INFRARED RADIATION

is the
REASON THAT
GREENHOUSE GASES ARE
GREENHOUSE GASES!!

Take notes




RE-CAP:

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???

review




Wavelength
Longwaves Long wavelengths Low energy
(LW) " i radiation

! Long radio waves

Type of radiation

Standard AM radio broadcasts

Short radio waves

The N

Electro- IR mm\\
magnetic . DN
Spectrum e

001 mm——10 um

TV broadcasts
FM radio broadcasts
TV broadcasts

Microwaves

//

& Red light

¥
N &
.bbﬂ Oranae light
Q.

’ Infrared radiation
L
082! :
/ Yellow light

— - 0.7 pm-
Visible light

0.4 um— \ ;
0

]
Ultraviolet radiation

1 um— 10,000 A —

0.1 wm— 1,000.48

g Green light
—“—T oslkm“ EE—
Shortwaves _ - % Blue light
10A — y .
(SW) a B i
' . Violet light

R-1- «G-B-V

Short wavelengths “ ' High energy 29
The electromagnetic spectrum. radiation p




Another (flipped) view:

Typical Sources Freguency, Hz ical Object
That Send out Waves x Acy’ ose Size Is the
at This Frequency: Same as This
: e Short wavelengths Wavelength:
hiigitenergy = g Nucleus
radiation 102 — Gunain ray | |20 TINY
Processes by protons and !
neutrons in atomic nuclei ’—
1070~ — 10712
i ' o=
X ray
Electrons in atoms, 1018 — A 1010 Atom
high-energy processes - L
— ~ Ultraviolet 0-8 DNA molecule
Electrons in atoms, 06— cviolet | muemm—n =k Amocba
low-energy processes — ‘green | m—is._ J ______ v _
Thermal vibrations of 10 — yellow 3 ¥l-10¢  Fine dust particle
molecules — red | Visible -
Microwave oven 1012 — Infraved | f—104 _
Radar antenna =~ i Midaiwave & VL Millimeter
10 — 102 Centimeter
1071 ¥ Radar n
FM radio, TV antenna 108 — tTV, FM radio = Meter
AM radio antenna 106 — t AM radio - 102 Soccer field
=4 Electronic 5 Kilometer
104 = — 104
o R
60-Hz power-line 102 = — 106
radiation —_— . Earth
1— — 108
Low energy

Wavelength, m

radiation Lon waveler: ths HUGE
T e



Neat website:

ELECTROMAGNETIC SPECTRUM
JAVA APPLET:

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




What are the “sources” of different

wavelengths of electromagnetic radiation?

Range of Wavelengths Typical Source
Type of Electromagnetic (in units indicated)
Radiation -
Gamma rays 10 -16 to 10 -1 high-energy processes within nucleus caused
0 e . o colontific potatiog  the cf G L
Ultraviolet radiation 0001 to 0.4 electrons moving (quantum leaps) within |
in micrometers (um) | individual atoms
Visible light 0.4t00.7
in micrometers (pum)
Infrared radiation 0.7 to ~30 (up to 1000) | chaotic thermal kinetic motion of molecules
in micrometers (um) | due to their thermal energy
Near Infrared radiation 0.7 - 1.0 Qﬁdﬁfm ~
See SGC-Il p 197 ! in micrometers (um) P{ @a@)
Far Infrared - 1.0 - ~30 (up to 1000)
See SGC-Il p 197 : il e Faster rotation rete Siow rotstion rats
Microwaves 10 *to 10 clectronically produced by microwave oven
in meters (m) using scientific notation
AM Radio waves 10 f_(; 10 2 electronically produced -- waves vibrate in
in meters (m) using scientific notation | human-made electrical circuits

p 31




| FREQUENCIES USED
. BY EVERYDAY DEVICES

Actual radio spectrum extends to 300GHz

Broadcast TV

Frequencies 200MHz 300MHz

C8 radio Car alarm

controls and

garage-door
opeaners

radio)

¥ I

Medical implants

400MHZ

Cordless
phones*

Mobile
phones

Broadcast TV

500MHz 600MHz 700MHz

900MHz 1GHz

Mobile
phones

Highway
Wireless tofl tags*
medical

telemetry

)

Walkie-

talkies

Pagers

Broadcast TV

300 MHZ =~ 1 meter

Increasing frequency & decreasing wavelength




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.. ..

Satellite

Most of the unlabeled 4 4 Sateliite phones
% ; radio
spectrum space Is (SDARS)

reserved for military,
federal-government,
and industry use.

Wireless networking
{Wi-Fi, Bluetooth)*

1.2GHz 13GHz  14GHz  15GHz
: &
S |

Mobila oo i
GPS phones ! - %
(Global | : ;
pﬂS".’.‘Oﬂ‘J:‘g :

Systemn| v ¢ Microwave.ovens "

— / . ’J Wearher
radat
2.4GHz is unlicensed

—a "public park” free ,

| to a wide variety of i

consumer devices . .

(300 and multiplying). '

Satellite
phones

*Overfapoing 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 x10m 3 x10Em 3 w10Fm 30,000 m 3,000 300 30m im I0cm dem 03cem 003em 1 x10A

| | | | | | | | | | |
DESIGNATONS VERY LOW FREQUENCY (VLF) HE | VHF | UHF | SHF | EHF | INFRARED
AcTvTES | Audible Range FMBroadeast={ | [P| L [s[C] x| RO Sub-Milimeter

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

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

THE RADIO SPECTRUM
MAGNIFIED ABOVE

0.03cm 3 x10A ERal 3 1A 3 1A 3104 W 3107 3 x10% 3 k10 3104 3 x10% 3310 31074

[ [ [ [ [ [ [ [ [ [ [ [ [
INFRARED VISIBLE ULTRAVIOLET X-RAY GAMMA-RAY COSMIC-RAY
Sub-Millimeter Visible I_F Ultraviolet ——— <—— Gamma-ray —————> <—— Cosmic-ray —————>|

Infrared X-ray

[ [ [ [ [ [ [
10°He 104 10z 107z 107Hz 10°He 10°He e 10°Hz




RADIO SERVICES COLOR LEGEND

AERONAUTICAL
MCBILE

AERONAUTICAL
MOGBILE SATELLITE

AERONAUTICAL
RADIOMAVIGATION

AMATEUR SATELLITE

BROADCASTING

BROADCASTING
SATELLITE

EARTH EXPLORATION

SATELLITE

FIXED SATELLITE

INTER-SATELLITE

LAND MOBILE

LAND MOBILE
SATELLITE

MARITIME MOBILE

MARITIME MOBILE
SATELLITE

MARITIME
RADIONAVIGATION

METEORCLOGICAL
AIDS

METEORCLOGICAL
SATELLITE

MOBILE

MOBILE SATELLITE

RADIO ASTROMONY

RADICDETERMINATION
SATELLITE

RADICLOCATION

RADIOLOCATION SATELLITE

RADIONAVIGATION

RADIOMAVIGATION
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




UNITED

STATES
FREQUENCY

ALLOCATIONS
THE RADIO SPECTRUM

RADID BERVICES COLOR LEGEND
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SUSTAINABILITY
SEGMENT
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http://www.pbs.org/wgbh/novalsolar/




HAVE A GREAT WEEKEND,
BUT STUDY WELL for
TEST # 1 next Tuesday

&

LOOK FOR THE
“Top Ten” STUDY GUIDE

to be posted
on FRIDAY




