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What are the atmospheric layers and their importance?

Air forms a gaseous envelope surrounds the Earth
known as atmospheric envelope or atmospheric air.

rth:
Atmospheric envelope of the Ea : . |
It is a gaseous envelope surrounding the Earth that rotates with it around its axis and

it extends for about 1000 km above sea level.

f - I
A Atmospheric pressure J

- We know that any matter has a mass,
a volume and a weight, so the

)

ke

atmospheric envelope of the Earth has
* aweight known as the atmospheric

pressure,

Atmospheric pressure Negum

Atmospheric pressure:

itis the weight of air column of an atmospheric height on a unit area (1m?).

The atmospheric pressure is measured by a unit called a bar or a millibar.
1 bar (b) = 1000 millibar (mb)
Normal atmospheric pressure:
Itis the atmospheric pressure at sea level and it equals 1013.25 mb.

The change of atmospheric pressure with the change in height above sed level

The change in the shape of clay spheres increases by increasing the number of books
(or height) due to the increase in their weight (or pressure). :
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Atmaspheric
. increases pressure at the
« The atmospheric pressure Inc top of a mountain

----------
-

on going under sca level Due to

increasing the length of air column and
thus its weight increascs.

« The atmospheric pressure decreases on going
above sea level Due to decreasing the The atmospheric pressure decreases

length of air column and thus its weight on going above sea level
decreascs,

Pressure (mb)
The atmospheric pressure differs from

an area to another on the Earth’s surface.
Due to the difference in the length of

air column from an area to another on
the Earth’s surface.

Altitucle above
sea kvel (o

The relation between the altitude above
sea level and the atmosphieric pressure

(Inverse relationship)
* 50% of the mass of atmospheric air is present in the area between sea level and 3 km height.

* 90% of the mass of atmospheric air is present up to 16 km height above sea level.

What happens to ... ?

{] The density of air on going above sea level.
2 The density of air decreases.

Dcm“.y oF air at the 1op of a mountain is less
than its density

at the foot of the mountain
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From the opposite figure, at which points

1. Atmospheric pressure is the maximum, 2

2. Air density is the minimum.

i "Give an explanation at each cqse" Saton /AN
Answer WA
1. At point (C), because the atmospheric pressure increases on going under sea level

2. At point (B), because density of air decreases on

£0ing above seq level.

heric pressure.’

- The atmospheric pressure is measured by instruments called barometers which are shown
in the following table :

Instrument Figure Importance
fo= _ = )

It is used to determine
Ancroid the possible day weather based

on the atmospheric pressure.

Itis used in acroplanes to
measure the elevation of
Altimeter navigation based on

the atmospheric pressure.

- ol J

The greatest atmospheric pressure could be recorded on the surface of the Earth in
January, 1968 in Siyberia and it was 1080 mb, whereas the lowest atmospheric pressure
was in the centre of the tropical hurricane “Typhoon™ in 1979 and it was 870 mb.
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pressure. maps . \ X ﬁ.‘ A b
. ssure p i | !
In atmospheric pressure maps. points of equal press { ). 5 :';h\ H A
re joined by curved lines known as Isobar. S (f ( (L) 5
| . \ (\; 4.
Sobar : : e ma 'g\ —5al
Itis the curved lines that join the points of equal pre NN - N
in atmospheric pressure maps. Atmosphenic pressire Map

. 5 . 5 a , "l'l'..
* The centre of high atmospheric pressure arcas is represented by
* The centre of low atmospheric pressure areas is represented by

3 s cas of low
* The wind moves from the arcas of high atmospheric pressure (o the arcas of low
atmospheric pressure.

Wind moves from an area to another on the Earth’s surface,

Due to the difference in atmospheric pressure from an area to another on the Earth's
surface, where the wind moves from the areas of high atmospheric pressure to
the areas of low atmospheric pressure.

i \ Layersofthe atmospheric envelope

The atmospheric envelope consists of four layers above sea level, which are
classified according to :

® The change in atimospheric pressure,
* The change in temperature,

Layers of the atmospheric envelope
' Troposphere 9 Stratosphere ®- Mcsos
There is a region between each two successive

layers. In these regions, temperature remains
constant,

1. Tropopause is the region between troposphere
and stratosphere.,

2. Stratopause is the region between stratosphere
and mesosphere.

3. Mcsopause is the region between mesosphere
and thermosphere.,

Layers of the atmospheric eavelope
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B[ oposphere :

It means the disturbed layer
Because all atmospheric turbulences (weather changes) take place in it.

Location

Itis the first layer of atmospheric envelope.

Characteristics and importance of troposphere layer :

Study the opposite figure toknow =0 0 .
the properties of troposphere layer : E mowm| e 0001 mb =
o DM e et 00Imb T

Thickness z &
R o 01 b Z

It extends for about 13 km above sea level Soia g oo O
to the tropopause (i.@. the thickness of z »in Stratosphere|10mb &
troposphere layer is 13 km). S PR T Tropopause-=-| 100mb _é_
< Tropesphere] oo o

.60 0 P
Temperature (°C)

Troposphere thickness is about 8 km above the two poles and 1 8 km at the equator

so, average troposphere thickness = 8 ;1 8 - 13 km.

Pressure
The atmosphéric pressure in this layer decreases as we go up until it becomes 100 mb at its

top 100 mb = 0.1 bar (0.1 of the normal atmospheric pressure at sea level).

Importance
« All weather phenomena are present in troposphere layer \G}/J
Because it contains about 75% of the mass of

the atmospheric air.
« Troposphere layer organizes the Earth’s temperature \G_R'

ontains 99% of atmospheric water vapour.

Because it ¢

Clouds and winds

Weather phenomena such as rains, wind, clouds, ..... etc. take place in troposphere

layer that form the weather conditions and consequently up the climate, that affect

the activities of Jiving organisms.
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Air movement

The air movement in this layer s vertical ity) Hok 3if
Because the hot air currents (of less density currents
; f
move upwards, while cold air currents (0 -
Coldair N
high density) move downwards. jsstons
The movement of air curreng
-65°C
Temperature P ‘
1 g = : 300C
The temperature of this layer 5
. 22
decreases at a rate (6.5°C) g'.s i
. - %
for each (1 km) height until 22
it reaches the Jowest value of 25 13°C
g~
about (- 60°C) at tropopause. i% = l el -
r/\] ’ Sealevel | )3

Decteasing in temperature by a rate 6.5°C for each 1 km hei cht,

We can calculate the amount of chan

ge in the temperature in troposphere layer
using the following relation :

The amount of change in tem rature b
s incrcaw)pc © the height above sea level (km) X 6.5

—

: i from
We can calculate the temperature at the top of a mountain or at its foot
the following relations :

) i ture
The temperature at e the temperature at its foot — the amount of decrease in tcmpcl'a .

the top of a mountain

: % e “‘c ‘c"'pCl atr ) 7 + of increasc in (empem“." ¢ ),
l lf L Of a n'l()l,]ntuin ure at "S lop (he amoun‘ f‘ ’ A &
the 100 :
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[Em 1

If the temperature at the foot of Everest mountain is 20.6°C, find the temperature af
its top of height 8862 m above the Earth’s surface.

Solution

- Height in kilometres = 8862 = 1000 = 8.862 km

- The amount of decrease in temp. = the height above sea level (km) x 6.5
=8.862 x 6.5 = 57.6°C

- Temperature at the top = temp. at the foot — the amount of decrease in temp.

=206-576=-37"C
[EXERR 2

In the apposite figure, calculate :

(1) The temperature at point (A)

(2) The vertical distance between point (B) and point (C).
If you know that :
- The temperature at point (B) ==5°C
- The temperature at point (C)=27.5°C

4 km

Sea level

Solution
l_'r;munl of increase in temp. (B : A) = the height above sea level (km) x 6.5
=4 % 6.5=26°C
The temp. at point (A) = the temp. at point (B) + the amount of increase in temp.
=(-5)+26=21°C
9 .. The amount of change in temp. (C : B) = the temp. at point (C) - the temp. at point (B)
=275-(-5)=325°C
- The vertical distance between point (B) and point (C)

the amount of change intemp. 32 5
= 6.5

=5km
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2D e ST

nvelope:
It is called the ozonic atmospheric €

Location
It is the second layer of atmos

stics and importancé of s

pheric envelope-
tratosphere layer:

Characteri
Study the opposite figure t0 know

S
=

=
)

-
-
-
-
-
-
-
-
-
-
-
-
-

: e g 0l =
the properties of stratosphere layer : Z goim{((aneemmenen i <
g Olmb 7
Thickness ;’; N
i f 9 , g
It extends from tropopause (at height 0 2 4 o 2
13 km above sea level) to stratopausc : ,‘7';,..-_,. &% _“.:-ﬁ‘;‘-,m-m-m. L é
(at a height of 50 km above sca level) with 2 A Troposphere] o <
a thickness of 37 kilometres. €0 0 . (2
Temperature ( C)
Pressure

The atmospheric pressure in this layer decreases as We g0 Up until it becomes 1 mb atits

top 1 mb =0.001 bar (0.001 of the normal atmospheric pressure at the sca level).

Importance
It contains most of ozone gas (O,), which extends from 20 km to 40 km height above sea

level so, it is called the ozonic atmospheric envelope,

Air movement
The lower part of such layer does not contain clouds
or weather disturbances and the air movement is
horizontal, so pilots prefer to fly their planes in this

layer.

Temperature

Flying in stratosphere

and "
gradually until it reaches (0°C) at the top of the layn:aa? o M s

This is due to the absorption of ultraviolet
layer which is present at the upper part of

At the lower part, the temperature is constant

rays (emitted from the Sun) by ozone
this layer,

o O S
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i} Mesosphere
1 is the middle layer, so it called mesosphere (meso means middle).

Location
[t is the third layer of atmospheric envelope.

Characteristics and importance of mesosphere layer:

Study the opposite figure to know

e
-
-

the properties of mesosphere layer : z k= o0l mb
i T Wim 00! md Ej
Thickness 3 ol
- im é
It extends from stratopause (at a height of - 1= =
20 k : 5 e ¥
50 km above sea level) to mesopause . G l om 2
. — = £
(at a height of 85 km above sca level) A A Tropopause - 10md =
: ] e = ; ] Troposphe® | ombp =

with a thickness of 35 Kilometres. - s p= e

)
-mperature ( C)
Pressure Temperature

The atmospheric pressure in this layer decreases as we 20 up. until it becomes 0.01 mb
at its top.
Importance
It protects the planet Earth from celestial rocky
masses that enter the atmospheric envelope of Earth,

where some of them bumn completely as a resuli of their
friction with air molecules forming luminous meteors.

. Formation of meteors
Mesosphere layer is much vacuumed (highly rarefied). in mesosphere

Because it contains limited quantities of helium and
hydrogen gases only.

Temperature
Mesosphere is considered the coldest layer
Because the temperature in this layer decreases at a high rate as we go up until

it reaches (- 90°C) at its top.

Although meteors are burnt in mesosphere laver, spaceships can’t be burnt ¢ Bt
passing in it because their conical fronts disperse the heat and their tails are m m) ¥
of an insulated material.
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Vi Thermosphere e —

I is called the thermal lnyer GR
Because It Is the hottest layer of atmospheric envelope.

Location

It is the fourth layer of atmospheric envelope.

Characteristics and importance of thermosphere layer :

Study the opposite figure to know

| é 110 ki | 0001 gy 2
. . - - q . : 1 =
the properties of thermosphere layer é wiml : -
z g
u S s
Thickness : 70 ki 0.1 mb E
. . ) o e = Stratopause -| 1 wh -
It extends from mesopause (at a height E 50 km g
' : Stratosphere | 10w &
of 85 km above sea level) to a height of _% 0 =
’ - i NN A —— Tropopavse < [0 =
R L) . 1L C i HITHE -
675 km above sea level with a thickness k7 \T“ msspbied e
. T v v LLFTT)
ol 590 kilometres, -th 0 )
Temperature (°C)
Temperature

The temperature of this layer increases at a high rate as we go up until it reaches (1200°C)
atits top so, it is called the thermal layer.

lonosphere layer

lonosghere laxer:

Importance

Itis very important in w

ircless communications and
broadcasting

Because it reflects radio Waves transmitted by radio
Stations and communication centres,

Reflection of mdio waves
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“Van=Allen belts

lonosphere is surrounded by two m

) agnetic belts
known as Van-Allen belts w

ow hich is related to the
scientist Van-Allen who discovered them

Van-Allen belts:

< Van-Allen belts
They are two magnetic belts surrounding '
jonosphere.

Importance

These belts play an important role in scattering

of harmful charged cosmic radiations

away from
the Earth which causes the Occurrence of Aurora Scattering of harmful charged

o cosmic radintions away from
phenomenon. the Earth

Aurora phenomenon:

Itis a phenomenon that appears as brightly
coloured light curtains seen at both poles
(the north and south poles) of the Earth.

Exosphere:

It is a region in which the atmospheric
envelope is inserted in outer space.

Importance

Satellites float in exosphere [around the Earth] are

used to transmit weather condition information

Role of satellites in wireless
communications

and TV programs.

|» Enrichment information

The Egyptian satellite ( Nile sat) transmits a number

of different educational channels which you can waich

through the digital space channels,
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hoose the correct answer :

i oo abOVE e level,
I. The height of atmospheric envelope is about .....

3km
. 1000 mb d. I:
a. 1000 km b. 1000 m < ke slohei |
- . { an atmospheric he on unit A
2. Atmospheric pressure is the ......... of air column 0 2 | b o
i mass b. volume c. weight )
3. The measuring unit(s) of atmospheric pressure is (are) c........
a. bar b. newion c. millimetre., d. both (@) and ().
«. g . .
i i i i ; Sric (LN
4. A device that is used in measuring the atmospheric pressure i
a. barometer. b. voltmeler. ¢. ammeler. . (b) and (¢),
5. 7.1 The normal atmospheric pressure equals .......... mb at sea level.
a. 76 b. 1013.25 ¢. 1013 . 760
6. As the density of air increases., the atmospheric pressure ..........
4. increases, b. decreases. ¢. doesn’tchange.  d. () or (b),
7B

8. A decrease in lemperature at any he

9

10.

1.

.......... is an instrument used by pilots in dcroplanes o measure their elevation above
sea level based on atmospheric pressure.,

a. Altimeter b. Barograph ¢. Aneroid A Metallic barometer

ight in troposphere is given by

a. height in metres x 6.5 b. height in km + 6.5
¢. height in km x 6.5 d. heightin km = 6.5
- Temperature decreases by .......... at 2 km above sea level,
4. 6.5°C b. 13°C ¢.5.6°C d.9.75°C
All the atmospheric phenomena on the Earth like rains, winds and clouds take place i
.......... layer.

4. mesosphere b. stratosphere ¢. thermosphere d. troposphere
Water vapour in troposphere ..........

the temperature on the Earth,

4. organizes b. decreases C. increases d. has no effect on
12. .......... is the second layer of atmospheric envelope.
a. Thermosphere b. Stratosphere C. Troposphcre d. Mesosphere
& 39 A is the region between stratosphere and mesosphere,
. Thermopause b. Mesopause ¢. Stratopause d. Tropopause
26
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14. Ozone layer is found in

a. troposphere stmt layer,
15. The air moves ...... in the sty = KEsosphers 9. Ghermonphees
a. horizontally ‘0sphere layer,
¢. inclined b. vertically
16. Pilots prefer to fly the;, planes ; . no correct answer
a. no clouds exist.  the lower part of stratosphere, because .........
¢. air moves hOTiZOmally b. there are no weather disturbances.
; d.all i s :
17. The coldest atmospheric layer in the . the previous answers
a. troposphere. almospheric envelope is ..........
. % Stratosphere, ¢. mesosphe d. thermosphere
18. The thickness of mesosphere layer i v phere. L phere.
yeris ... km.
19. The temperature at th ‘ o .3
. re at
2. 76°C e :)p of mesosphere layer reaches ...
. - Q0o
. -=90°C ¢.-60°C d. 1200°C
20. The .......... layer is much vacuumed layer.
a. troposphere b. stratosphere ¢. mesosphere d. thermosphere
21. &3 Luminous meteors are formed in ... layer.
a. ionosphere b. stratosphere c.mesosphere  d. exosphere
22. The hottest atmospheric layer in atmospheric envelope is ..........
a. troposphere. b. stratosphere. c. thermosphere,  d. mesosphere.
23. Ionosphere layer is surrounded by two .......... belts.
a. electric b. ionic C. magnetic d. thermal
24. lonosphere layer is located in the upper part of .......... layer.
a. stratosphere b. troposphere ¢. mesosphere d. thermosphere
25. The charged cosmic radiations are dispersed (1 R T I— layer.
a. troposphere b. stratosphere ¢. mesosphere d. ionosphere

Choose from column (B) what suits it in column (A) :

Mm@ ®)
1. Barometer a. The coldest layer in- atmospheric envelope.
2. Altimeter b. The layer that is suitable for acroplanes. .
3. Troposphere ¢. An instrument used to measure atmospthF pressure.
. re d. The layer that contains all weather conditions,
‘;. g:::;:,‘;;m e. An instrument used to determine the altitudes of
: igation.
6. Thermosphero f. :::::‘m layer in atmospheric envelope. j
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