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Equazione di stato dei gasi ideali

Equilibrio idrostatico

Atmosferaisoterma

R = R*/M
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Electricity in the Atmosphere

9-1 The electric potential gradient of the amosphere

On an ordinary day over flat desert country, or over the sea, as one goes up- 8-1 The eleciric potential gradient
ward from the surface of the ground the electric polential increases by abour [0 of the atmosphere
volts per meter, Thus there i a vertical electric field E of 100 volts/m in the air. The
sign of the field corresponds 1o 2 negative charge on the earth's surface, This %2 Elocivic carrouts ln the

means that outdoors the potential at the height of your nose is 300 volis higher atmosphere
than the potential at vour feet] You might ask: “Why don't we just stick a pair of 8-3 Origin of the atmospheric
electrodes out in the air one meter apart and use the 100 volts to power our eleciric currénts
lights?" Or you might wonder: “If there is really a potential difference of 200
volts between my nose and my fest, why ig it I don't get a shock when 1 go out into 94 Thundersturms
the sresy?™ 9-5 The mechanism of charge
We will answer the second guestion first. Your body is a relatively good separation
conductor. If you are in contact with the ground, you and the ground will tend o 96 Lichtni
make one equipotential surface. Ordinanly, the equipotentials are parallel to the
surface, as shown in Fig. 9=1{a), but when you are there, the sguipotentials are I_ E C T U R E S O N

distorted, and the field looks somewhat as shown in Fig. %-1(b). So you still have
very nearly zero potential difference between your head and your feei, There are

charges that come from the earth to your head, changing the field. Some of them  Keference: Chalmers, J. Alan, Ammos-
may be discharged by ions collected from the air, but the current of these is very pherie Electricity, Pergamon
small because air is a poor conductor. Press, London (1957).
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observer

Primary Bow viewing angles: from sun - to droplet - to observer's eye = 400 0 420 J

Secondary Bow viewing angles: from sun - to droplet - to observer's eye = 520 10 540
colors are reversed in the secondary bow!




Given a spherical raindrop, and defining the perceived angle of
the rainbow as 2. , and the angle of the internal reflection as 2 ,
then the angle of incidence of the Sun's rays with respect to the
drop's surface normal is 21 & . . Since the angle of refraction
Is |, Snell's law gives us sin@ b .)=nsinl, where n =1.333is
the refractive index of water.

Solving for . , we get. =2 barcsin{nsini ).

The rainbow will occur where the angle . is maximum with
respect to the angle | . Therefore, from calculus, we can
set R /R 1=0, and solve for i , which yields

TR} i EC'JI p ‘8
Wl e X 1T ®BJ
! Vot ) R

Substituting back into the equation for . yields 2, __ & 42A

For red light (wavelength 750 nm, n = 1.330 based on the
dispersion relation of water), the radius angle is 42.5A

For blue light (wavelength 350 nm, n =1.3493), the radius angle is
40.6A



https://en.wikipedia.org/wiki/Snell%27s_law
https://en.wikipedia.org/wiki/Calculus
https://en.wikipedia.org/wiki/Optical_properties_of_water_and_ice
https://en.wikipedia.org/wiki/Optical_properties_of_water_and_ice

upper tangent SUN

halo

Light bend 22
degrees lowards
the observer

sun pillar

parhelion (sundog)

parhelic circle

22 degree halo

® |ce crystals form the 22° halo, with light
being retracted at slightly different angles
showing the spectrum of light

2z










Camblamentdi stato



CIMEERE

—10.28
—0.24
—0.20
—0.16
—40.12
—0.08

—0.04

a— —
a——

| | | 1 |

O
O

(Qu) Y3IVM 38Nd ¥3A0 *@ UNSSIUd HOdVA NOILYHNLYS

O
n

®)
4

10

o)

10 20 30 40

0
TEMPERATURE (°C)

= =10

=20

-50 -40



High Vapor Pressure
around droplets

Low Vapor Pressure
around Ice




Acustica






origin of
thunder

strong temperature gradient

weak temperature gradient
-— (sound wave totally

internally reflected)

Thunder Thunder not

heard heard
at ground at ground



Fisicastatistica



0

Figure 1.5 Schematic cross section of the atmosphere illustrating the homosphere, hetero-
sphere, and the exosphere, in which molecular trajectories are shown.



Height above sea level (km)

160 .

140+
/
120

100 -

(&) Qo
o o
I I

AN

N\

0 / I I I I | I

10810710°10>10*10310210""

I I

1 10 10% 10°
Pressure (hPa

-3

(

)
= Density (gm™)
- — = — [\lean free path (m)



Distribuzionedi Maxwell-Boltzmann

a J

_ h Q!
C“ ¥ U

) T (

Distribution of Speeds for Noble Gases at Room Temperature T=23C

0.004 A

(s/m)
o
-}
=
o
1

0.002 1

0.001 A

Probability density

0.000 A

0 500 1000 1500 2000 2500
Speed (m/s)



L} l L) ]' L ] Ll l L ' L l L E
Velocitadi fuga o= :
13 L4 \\ H 'E
U CQuw p EIlI :
z AN :
O =N J
- \ 3
3 % | 5
o \ g
o i
m —
e -
<L -
Z -
g .
'— -
O
< 9
x 3
L .
3 | I | I | N 3
6 8 10 12 14 16 18
Molecular Velocity (km s

Figure 1.6 Boltzmann distribution of velocities for a molecular ensemble of oxygen atoms
and hydrogen atoms. Escape velocity v, for earth also indicated.
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Blackbodyradiation

A blackbody* is a surface that completely absorbs
all incident radiation. Examples include certain
substances such as coal and a small aperture of a
much larger cavity. The entrances of most caves
appear nearly black, even though the interior walls
may be quite reflective, because only a very small
fraction of the sunlight that enters 1s reflected back
through the entrance: most of the light that enters
the cave i1s absorbed in multiple reflections off the
walls. The narrower the entrance and the more
complex the interior geometry of the cave, the
smaller the fraction of the incident light that is
returned back through it, and the blacker the
appearance of the cave when viewed from outside
(Fig. 4.5).

Fig. 4.5 Radiation entering a cavity with a very small aper-
ture and reflecting off the interior walls. [Adapted from
K. N. Liou, An Introduction to Atmospheric Radiation, Academic
Press, p. 10, Copyright (2002), with permission from Elsevier.]

(Wallace and Hobbs 2006)
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Fig. 4.6 Emission spectra for blackbodies with absolute tem-
peratures as indicated, plotted as a function of wavelength on
a linear scale. The three-dimensional surface formed by the
ensemble of such spectra is the Planck function. [Adapted from
R. G. Fleagle and J. A. Businger, An Introduction to Atmospheric
Physics, Academic Press, p. 137, Copyright (1963) with permis-

sion from Elsevier.]
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Fig. 7.7 Spectrum of solar radiation at the “top” of the atmosphere (upper curve) and at sea
level (lower curve) for average atmospheric conditions and an overhead sun. The shaded area
represents absorption by gaseous constituents, as indicated. [Adapted from ““Handbook of Geo-
physics and Space Environments,” McGraw-Hill, New York (1965), p. 16-20.]
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Fig. 4.7 (a) Blackbody spectra representative of the sun (left) and the Earth (right). The wavelength scale is logarithmic rather
than linear as in Fig. 4.6, and the ordinate has been multiplied by wavelength in order to retain the proportionality between
areas under the curve and intensity. In addition, the intensity scales for the two curves have been scaled to make the areas under
the two curves the same; (b) Spectrum of monochromatic absorptivity of the part of the atmosphere that lies above the 11-km
level; (c) spectrum of monochromatic absorptivity of the entire atmosphere. [From R. M. Goody and Y. L. Yung, Atmospheric
Radiation: Theoretical Basis, 2nd ed., Oxford University Press (1995), p. 4. By permission of Oxford University Press, Inc.]
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https://en.wikipedia.org/wiki/Lorentz_factor




A compact apparatus for muon lifetime measurement
and time dilation demonstration in the undergraduate laboratory

Thomas Coan,? Tiankuan Liu,” and Jingbo Ye®
Physics Department, Southern Methodist University, Dallas, Texas 75275

(Received 22 February 2005; accepted 14 October 2005)

We describe a compact apparatus for measuring the charge-averaged lifetime of atmospheric muons
in plastic scintillator using low-cost, low-power electronics. We present measurements of the
stopping rate of atmospheric muons as a function of altitude to demonstrate relativistic time dilation.
The apparatus is designed for the advanced undergraduate physics laboratory and is suitable for field
measurements. © 2006 American Association of Physics Teachers.

[DOI: 10.1119/1.2135319]

https://doi.org/10.1119/1.2135319
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Il progettoCliDaRe@Schaaln bilancio di due
anni di attivita con le scuole

Maurizio Maugeri

Department of Environmental Science and Policy
Universita degli Studi di Milano
maurizio.maugeri@unimi.it

"
Rovereta 15 novembre 2024 .a
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Il clima e una risorsa fondamentale del territorio
(un esempio per le piogge)

Crespi,A., Brunetti, M., Ranzi,R, Tomirotti, M., Maugeri,M., 2021 A multi-century meteo-hydrologicalanalysisfor the Addariver basin(CentralAlpg. Partl: Gridded
monthly precipitation(1800;2016) records INTERNATIONADURNADFCLIMATOLOG¥41:1 (2021 Jan)pp. 162-180. DOI 10.1002joc.6614



