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= is the transfer of energy
into/out of an object because of

temperature differences between
it and its surroundings.
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~ Conduction occurs through direct
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The two blocks are the same

Block A has a higher temperature
than block B. temperature and heat flow stops.

heat flow

Heat is transferred from the
warmer block to the cooler block.
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heated via conduction. That air is
less dense than the air above and it
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[ SOLAR RADIATION

~ Since the Earth and Sun are separated by some 93 million
miles, radiation is the mechanism by which the Sun sends
energy to the Earth.
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~ We define waves by their ' ' ' ' ‘
(distance from one wave to the
next) and plot them on a chart known
as the :

Types of Electromagnetic Radiation

wavelength
radio infrared visible light ultraviolet X-rays gamma rays
microwaves .
) ﬁE’\'. .
\/ \ U

transmits makes things | absorbed by | used to view used in

broadcast cooking, radar, heat from able to be inside of medicine for

radio and telephone and sun, fires, seen used in bodies and killing cancer

television other signals radiators fluorescent objects cells
tubes



Penetrates Earth's
Atmosphere?

Radiation Type
Wavelength (m)

Approximate Scale
of Wavelength

Frequency (Hz)

Temperature of
objects at which
this radiation is the
most intense
wavelength emitted

Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
10° 1072 107° 0.5x107° 1078 10710 10712

TR el T

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

104

1K 100 K 10,000 K 10,000,000 K
-272 °C -173 °C 9,727 °C ~10,000,000 °C



~ When these waves are absorbed
they excite molecules in the
absorber, and the kinetic energy
and temperature increase.



~ When these waves are absorbed
they excite molecules in the
absorber, and the kinetic energy
and temperature increase.




~ When these waves are absorbed
they excite molecules in the
absorber, and the kinetic energy
and temperature increase.

~ Different wavelengths of
radiation contain different
amounts of energy: shorter
wavelengths are more energetic
and can cause damage to us.



~ When these waves are absorbed
they excite molecules in the
absorber, and the kinetic energy
and temperature increase.

Electromagnetic Spectrum

~ Different wavelengths of é_
radiation contain different 'f' U ¥ > =&
amounts of energy: shorter A A A AR
wavelengths are more energetic o
and can cause damage to us.




~ The Sun emits over all wavelengths,
concentrated in the visib'e
(radiation our eyes detect),
(slightly longer wavelengths we feel
as heat), and (shorter
wavelengths that cause damage to
cells) bands. WA — e —

Near Infrared
Far Infrared

Microwaves
TV Waves
Short radio waves
AM radio waves

E
a
2
w
-
2
-
o
<
(a)]
<
=4




~ The Sun emits over all wavelengths,
concentrated in the visib'e
(radiation our eyes detect),
(slightly longer wavelengths we feel
as heat), and (shorter
wavelengths that cause damage to
cells) bands. W — e —

Near Infrared
Far Infrared

Microwaves
TV Waves

Short radio waves
AM radio waves

E
a
2
w
-
2
-
o
<
(a)]
<
=4

Visible
light

>

Ultraviolet

Near infrared

Far infrared
Microwaves

TV waves

Short radio waves
AM radio waves

=
=
- |
(@]
£
()
)
>
K]
=
9
=
G
S
2
©
2D,
4]
A 6

Less than 1%

0.4 0.7
Wavelength (um) Wavelength (m)




~ Earth almost exclusively emits

from Sun
(10,000°F)

Radiation
emitted

radiation in the part of
spectrum and with much less o
intenSitYo T e I

0.1 0.5 1.0 1.5 2.0 10 20 30 40 50
Wavelength in micrometers

a- | Visible
}U i ke Infrared >
violet

<«————— Shortwave —— <«——Longwave ——>

Radiation intensity

Visible
light

Near infrared

Far infrared
Microwaves

Short radio waves
AM radio waves

Ultraviolet
TV waves

=
=
=)
0
e
@
L
2
K7)
=
L
£
[
9
=
e
S
@
oc

Less than 1%

: {
0.4 0.7 ) ; 0.001 1

Wavelength (um) Wavelength (m)




~ Earth almost exclusively emits raison

o o o o (10,000°F)
radiation in the part of
spectrum and with much less )
intens,.ty. ) O|.1 |7:%,'0?5' - IT?OI - |1|.5| - I2.0 1|O 2|O 30 40 50

. Infrared
Viole
<4———Shortwave ——— » <«——Longwave ——>

~ We call the radiation emitted by
the Sun (or short
wavelength), and that emitted by
the Earth as , radiation.



~ Earth almost exclusively emits raison

radiation in the pal’t Of (10,000°F)
spectrum and with much less

intenSity' o|.1| | l0?5I . I1?0I . |1|.5| . I2.0 10 20 30 40 50

Radiation
emitted
0 from Earth
ik (59°F)

43%

Radiation intensity

Wavelength in micrometers

. Infrared
viole
<4———Shortwave ——— » <«——Longwave ——>

~ We call the radiation emitted by
the Sun (or short o e 770 10
wavelength), and that emitted by KIS —

d

the Earth as , radiation. e

—_ P
2.00 2.50 \/\ 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Wavelength (micrometers)



~ This difference between the Sun’s and Earth’s radiation
leads us to the first two



~ This difference between the Sun’s and Earth’s radiation
leads us to the first two

|) All objects continuously emit energy in the form of radiation
over a range of wavelengths.



~ This difference between the Sun’s and Earth’s radiation
leads us to the first two

|) All objects continuously emit energy in the form of radiation
over a range of wavelengths.




~ This difference between the Sun’s and Earth’s radiation
leads us to the first two

|) All objects continuously emit energy in the form of radiation
over a range of wavelengths.

2) The the object, the it will emit.




~ This difference between the Sun’s and Earth’s radiation
leads us to the first two

|) All objects continuously emit energy in the form of radiation
over a range of wavelengths.

2) The the object, the it will emit.

~ This is expressed in Stefan—-
Boltzman’s Law: the
emitted is
raised to the 4th
power.




~ This difference between the Sun’s and Earth’s radiation
leads us to the first two

|) All objects continuously emit energy in the form of radiation
over a range of wavelengths.

2) The the object, the it will emit.

~ This is expressed in Stefan—-
Boltzman’s Law: the
emitted is
raised to the 4th
power.




~ This difference between the Sun’s and Earth’s radiation
leads us to the first two

|) All objects continuously emit energy in the form of radiation
over a range of wavelengths.

2) The

£
=
s
[aV}
S
=
>
‘0
oy
O
o)
=
c
ke
8
kS
©
4]
=

0.4 05 06 0.7
Wavelength (um)

the object, the it will emit.

E T
~ This is expressed in Stefan—-

Boltzman’s Law: the
The earth emitted is

Lrmax 288K

b v raised to the 4th

/8
0 5 10 15 20

) power.

The sun

» 6000 K

|l«—— Shortwave radiation —» kl‘r(;%?:{%\ée’l




3) Warmer objects emit shorter
wavelengths than cooler ones.



3) Warmer objects emit shorter | —"
P4 4000K
wavelengths than cooler ones.

S LA 3000K
2000K
0K

500K
300K
200K

1k}
(]
=
S
=
L
-
=
9
=
S
[N
©
—
]
)
o

S

—_—

-
N

0.1 02 05 1 2 ] 10 2
Wavelength micrometers




3) Warmer objects emit shorter
wavelengths than cooler ones.

~ This is Wien’s Displacement Law,
which says the wavelength at
which most of the is
emitted from an object is
to its :

1k}
(]
=
T
=
=
L
-
=
o
=
©
[N
©
—
h]
@
o
()]

0.1 0.2

LWy

05 1 2 ] 10
Wavelength micrometers

6000K
4000K
000K
2000K

000




3) Warmer objects emit shorter
wavelengths than cooler ones. SV W
~ This is Wien’s Displacement Law,
which says the wavelength at
which most of the is
emitted from an object is o o
to its :

1k}
(]
=
T
=
=
L
pwr
=
o
=
©
[N
©
—
]
@
o
W

Radiation
from Sun
(10,000°F)

Radiation
emitted
0 from Earth

>
=
o
=
2
£
c
k]
ks
©
@
o

7%
T Y Y B | |
0.1 0.5 1.0 UZ 2.0 10 20 30 40 50
Wavelength in micrometers

Infrared

Shortwave ————» <«——Longwave ——>



3) Warmer objects emit shorter
wavelengths than cooler ones.

~ This is Wien’s Displacement Law,
which says the wavelength at
which most of the is
emitted from an object is
to its :

~ This gives us a wavelength of
(10 m; ) for the
and ( ) for
the :

1k}
(]
=
T
=
=
L
-
=
o
=
©
[N
©
—
h]
@
o
()]

>
=
o
=
2
£
c
k]
ke
T
@
o

i 6000K

V% 4D00OK

S LWy J000K

\ 2000K
“0SCK

H00K

: 300K

200K

o1 02 05 1 2 ] 10
Wavelength micrometers

Radiation
from Sun
(10,000°F)

Radiation
emitted
from Earth
(59°F)

[ T e Y I | |
0.1 0.5 1.0 1.5 2.0 10 20 30 40 50
Wavelength in micrometers
Ultra- | Visible
: Infrared

Shortwave ————» <«——Longwave ——>



4) Objects that are of radiation are
also of radiation.



all incident radiatiog 4) ObjeCtS that are Of I"adiation are

2 1S absm‘bc(;gS

also of radiation.

emits all
possible radiation




all incident radiation 4) Objects that are Of I"adiation are

2 is absorbcdﬁSJ

also of radiation.

~ A perfect absorber (and emitter) is called a
black body (although it needn’t be black!), and
and possible
bossible radiation for its temperature.




a’éi“iiiﬂﬁiélfﬁé’é‘lti"ﬁ 4) Objects that are of radiation are
ZA 555 also of radiation.

~ A perfect absorber (and emitter) is called a
black body (although it needn’t be black!), and
and possible
bossible radiation for its temperature.

Spectral Irradiance (W/mZ/nm)

N
4
|
)
)
¥
h
|

0 - -
250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)



a’éi“iiiﬂﬁiélfﬁé’é‘lti"ﬁ 4) Objects that are of radiation are
Z@ 555 also of radiation.

~ A perfect absorber (and emitter) is called a
black body (although it needn’t be black!), and
and possible
bossible radiation for its temperature.

~ The Earth and Sun are nearly black
bodies, but the gases that make up
our atmosphere are not: They do

h not absorb some wavelengths
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