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THE ATMOSPHERE

er AP SR Y 5 sphere are
The alr around the earth Is called the atmosphere, Different layers of the atmosp
called by different nameas, 7 7 A

- 54 /KJI 7 /) s R P f'”rf’h‘f
The chemical composition of dry air is r;«markdbw constant everywhere over the :, ;nrwﬁt

i (o a a3 g

surface and up to a helght of at least 19 kilometers, Chemical analysis shows that t
of each gas is as follows:

Gas volume %
Nitrogen 78
Oxygen 20.9
Argon 0.9
Carbon Dioxide 0.03

There are also very small amount of other gases,

Vertical structure of the atmosphere

The fi Lgure illustrated the vertlcal structure of the atmosphere. The lowest region is called
TROPOSPHERE. The Q_r_qpertles of this layer are as follow:

-this layer contains the greater mass of air

-almost all water vapor and clouds contained

-the most important feature of this layer is that the temperature decreases with the height.

-the thickness can vary between 9 and 16 kilometers. The height is about 9 kilometers above
the poles and is about 16 kilometers above the equator.
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Higher in the stratosphere, a small quantity of ozone is found. Mainly in layer about 20 and 40

kilometers above the earth's surface. The ozpﬁ%eiwlayer is important because ozone is strongly

absorbs ra\p_(fiation of certain wave-lengthsae‘rfwl ted by the sun. if this ozone layer was not
O/ 4 i

oS Presentan excessive amount of ultra-violet radiation would reach the earth with harmful

effectsAuﬁfon many forms of life,

cPAn)
Other Iaﬂlers of atmosphere after troposphere are stratosphere, mesosphere and

iiijj

11

—— thermosphere. The region between atmosphere layers is called as Pause.
— The boundary between troposphere and stratosphere is called as tropopause.

The boundary between stratosphere and mesosphere is named stratopause.
g The boundary between mesosphere and thermosphere is mesophause.
ﬁ Adiabatic change of temperature
ﬁ, Change of air temperature due to increase or decrease of its volume (height) without
—— exchange of heat with surrounding. > Q’,A’%J

This is the name for change in temperature, pressure and volume which produced in a
. B bawres D
il substance when no heat is allowed to reach or leave it while it is being compressed or_., R
4  fm—

—__l._,qw - expanded. When the air is compressed (volume decreased), its temperature rises, and when it
;.r_@ ‘ /, is allowed to expand (volume increased), its temperature falls.
g '-7/) . : . .
__.J,_—@ O);D In one method of refrigeration, a compressed gas is allowed to escape from the cylinder and
__T__@ in rapid expansion, it cools enough to cause freezing.
| . A!’)
: ) Wet and dry air

9

) @

Any parcel or sample of air that is fully saturated is called wet air or saturated air.
Any sample of air that is not fully saturated is called dry air.

DALR (Dry adiabatic Lapse Rate) =

The temperature of a dry parcel of air, which is made to rise, falls at a §'geha'dy rate of 10 °C for
every km ofg?sf_ezﬁt i.e., the adiabatic lapse rate of a dry parcel of air, or Dry Adiabatic Lapse
Rate (DALR) is 10 °C per km.

SALR:(Saturated Adiabatic Lapse Rate)
The temperature of a saturated parcel of air, which is made to rise, falls at a rate of
approximately 5 °C per km of ascent i.e., the adiabatic lapse rate of a saturated parcel of air,
_or Saturated Adiabatic Lapse Rate (SALR), is about 5 °C per km.
SALR is less than DALR because, as the saturated air is cooled, its capacity to hold water
. ,é_ur decreases and the excess moisture condenses into water droplets. This condensation
ase ;Igic_elﬁheat that warms up the parcel of air. The temperature of the rising parcel of
air, therefore, falls only by about 5 °C per km instead of 10°C.
ightly variable - less at the equator and more at the poles.

-Maritime Institute, Bushehr center
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| StbI or Al o .(‘ﬁ"(; of temperature and humidity with h::'l% nlts “d
Atmosphere Is sald to be stable when distrifitfon ¢ . rco. tend to restore the parcel to .
are such that any small displacement of parcel of alr by f"iw[‘fb: !)i o
former lovel. Jownward, tending to return to its o -
In other words, a parcel of alr which Is forced upward or cO\'N , 'cs;”mn DALR and SALR )
original position called as stable alr, It occurs when 'QQ%%%S 5 1653 ";,_J»,
Unstable alr " emperature and humidity with "..,._“u_@,)
The atmosphere Is sald to be unstable when distribution of lO'T?P ; tending to move t “'“‘—G))
height are such that any small displacement of parcel of alr by force, "*J‘)
further away from its former level, d, tending to continue up or ?_,__g))
- In other words, a parcel of air which Is forced upward or downward, 11‘__9”
T down. It occurs when lapse rate is more than DALR and SALR ,3___'75)
-t Neutral equilibriym of air _ ' ; > —'—J;)
“ " When a parcel of airis forced upward or downward, it remains in the same position without s J\)
S any intension to move further angchﬁurn to its original place . > 3))
y < IfELR (Environmental Lapse Rate) concide DALR when parcelis dry or with SALR when parcel 29
is wet, then parcel of air which is displaced upward, is the same temperature ofsurroundmg -
air at that level and have no tendency to return original place : j,;))
Conditional Stability ' S5ty e
If the environment is such that the actual lapse rate existent is less than DALR but more than 2=

SALR, conditional stability is said to exist et >
This means that if the parcel of air is dry, it i colder (and h'e)r';c'e denser) than the surroundi -
air at the same level, and would

try to return below to its origina| positi
equilibrium,

If the parcel of air is saturated, jt js warmer (and hence [esg dense)
the same Jeve|

» and would try to continye upwards, in the directio
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l “""*: Atmospheric temperature

! ::': The temperature of air depends on a number of factors, the first of which is amount of heat

._ = entering and leaving the atmosphere. Nearly most of heat is reaching the earth from the sun
— in form of wave in very small wavelength which travels through the atmosphere in light

—_—) speed. No energy is lost by radiation during passage through the space. On the earth (sea and

-3 land) these waves are partly absorbed by the surface (causing increase of temperature) and
- partly are reflected back to the space in the form of long wave radiation. The long wave
radiation is partly lost to the space and partly absorbed by the atmosphere (causing increase

—

LSS of temperature)

— Water present in atmosphere as vapour or as cloud absorbs only a small fraction of the

7*4 incoming short waves radiation but strongly absorbs the outgoing long wave radiation.

M On cloudy nights, part of the outgoing radiation is absorbed by clouds and partly is reflected
.;_; back again towards the surface. That's why cloudy day is warmer than clear day. (Green house
_’T.__; effect)
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= 3 The seasons

-2 Due to tilt of the earth aixs, the angle of sun ray direction will vary by change of seasons. On
= 3 beginning of spring and autumn. The angle between sun and equator isﬁtherefore sun will

almost be on equal distance from north and south hemisphere. During northern spring and

- summer, the sun will be above the north hemisphere and during northern autumn and winter;
. the sum will be above southern hemisphere.

% MurJ rid I(frfv/aﬁlfd 7 d’""f“"/

Diurnal variation of atmospheric temperature

been observed that atmospheric temperature reaches its maximum at about 1400

local time and reaches it's minimum at about half-hour after sunrise. Since this

once per day this is called diurnal variation of atmospheric temperature

Maritime Institute, Bushehr center
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Diurnal range of atmospheric temperature @/—T—-J
S
: i the diurnal range [ .3
The difference between the maximum and minimum values in a day is called .,
of atmospheric temperature for that day. . oais ouer Sea s @:.-—-r—-.]
Diurnal range of air temperature over land is large (as much as 20°C) whe D
very small (less than 1°C) for the following reasons: S

ickly. -

-Land, being a solid, has a low value of specific heat so heats up or cools very quickly R —

. ly.
But Sea, being a liquid, higher vglue of specific heat so heats up or cools very slowly

PAPBTIN imeters deep) -
- Heat received from the sun is retained by the top layer of land (only a few cent Coor by E—
SOV TR wa L
as land is a poor conductor of heat. But at sea heat is distributed over a large mass o re—
convection currents 6—'-’,» cbe De=—rr9)
-Evaporation of water during day causes adiabatic cooling which balances some of the D==2
Heat received from the sun. ")
S
3. Atmospheric pressure o L ! . . D=9
| Atmospheric pressure is the force exerted, per unit area, by air. It is thus the weight of the 2=—-9
column of air above a unit area. e
e:““”’Q>
Units of atmospheric pressure D)
Pascal (Pa), equal to one Newton per square meter (N/m?). ;:‘__,9\
1 bar=100 000 pascal B
: (D))
: 1000 mb =1 bar =750.1 mm of mercury '“ X
| (D))
i 1 bar=1.02 kg per cm2 or 10.2tperm2 ; )
The average atmospheric pressure at the earth's surface is about 1013 mb. :\:“Q)
Semi-diurnal variation of atmospheric pressure i )
I:?ue to many causes, which are not fully understood, atmospheric Pressure changes with the ’M._. ‘g)
time of the day. It has been observed that it is maximum at abouyt 10 & 22 hours and | )
i inimum at about ) : . i i)
m m. .m o.u '04 & 16 hours LoT:aI Mean Time. Since this happens twice 3 day, it is called )
semi-diurnal variation of atmospheric pressure. T ")
.‘ s . “ = . e /
The average semi diurnal range is more in the tro Ics than in middle latitudes g D)
mb ’f LT [
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Humidity
Humidity is the quantity of water vapour pressure in the atmosphere.
Absolute humidity
Absolute humidity is the mass of water vapour contained in a sample of air. It is usually
expressed in grams per cubic meter (gm/m3).
Relative humidity
Relative humidity is the percentage ratio of the actual water vapour contained in a given
sample of air, to the maximum quantity of water vapour that the sample can hold at that
temperature.
If the ti)perature of the sample of air is raised, its capacity to hold water vapour increases
and, w that no water vapour is allowed to come in or go out of the sample of air,
relative humidity decreases - the air becomes relatively drier. The opposite happens if the
sample of air is cooled — its relative humidity increases.
The diurnal variation in relative humidity is approximately inverse to the diurnal variation of
temperature. That is the relative humidity will be maximum at about 1400 and minimum at
about half an hour before sunrise __,,7;4,}),/,/‘[7¢
_ . (i %///////)

C} Saturation and dew point

If a sample of air was progressively cooled, its relative humidity would steadily increase i.e.,
the air would become relatively more moist. At some temperature, the air would become wet
i.e., its relative humidity would become 100%. The air is then said to be saturated and the
temperature at which this occurs is called the dew point temperature of that sample of air.
Dew point of a sample of air would depend on its temperature & relative humidity.
In other words, Dew point is the temperature at which condensation to water droplets occurs
Sweat in a cargo hold
Sweat in a cargo hold is the condensation of water vapour into droplets of water .Sweat can
damage the cargo. The formations of sweat lie in the subject of meteorology when sample of
air is cooled below its dew point.

Hoar frost Pl x
Hoar frost is the frozen equivalent of dew. Soft white ice crystals in the form of feathers or
o=t . # R
tree robts and other surfaces after a clear, calm night, when the air next to the ground has

POOVOPVVVVVDVDVVIDIDIVVLVLLLLLOOOLOLLLL YL

- c'b_Qled sufficiently for condensation to occur and the temperature near the ground has fallen
‘below 0°C

pérature of water droplets is below freezing point (super cooled droplets) in contact to
d ob ect they freeze immediately and called as r
: | Y Y ime 2 L__,/ (,p/%/)
‘ name given to a deposit of ice that forms on the windward side of an exposed

Maritime Institute, Bushehr center
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Latent heat

L:te:t heat is the energy absorbed by or released from a substance during a phase change

froma gasto a liquid or a solid or vice versa

Isobars 5 _ ,
Lines joining places having the same atmospheric pressure at the time ofobS(-arvatlon.lt l;en
important to note that atmospheric pressure may change frequently. Hence, its value, w
Stated, holds good only for that particular time. )
Isobars cannot Cross or meet because one place cannot have different values of atmospheric

Pressure at the same time
[ \olsotherm

. : i vation
Mo Lines joining places having the same atmospheric temperature at the time of obser
\
¢ ,{d W ' Pressure gradient

Barometric tendency (pressure tendency)
Pressure tendency is the differe
observation ang the atmospheric Pressure three hours earlier. (
with time). Pressure Tendency gives the forecaster a good idea

Prediction of wind direction
g Coriolis force
On the surface of the earth, winds a

reasrise up into the atmosphere

oding in from the poles (high-pressure System).
As the earth is constantly rotating, the winds which are blowing from t

he north and
towards the €quator, is deflecteq by the earth’s rotation. wh f -Ellich

(|0W-pressure). This
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_IEffect of earth rotation

Winds actually blowing over any area are the resultant of gradient force and Coriolis force
Because of this, it will be observed that:

-Winds blow%ﬁp{%ﬁﬂﬁnwards towards Low Pressure area, anticlockwise in the N.H and
clockwise in tﬁe??%‘?‘;'??t

- Winds bow spirally outward from the centre of High Pressure area, clockwise in the NH and
anticlockwise in the SH.

C NORTHERN HEMISPHERE

C

(o4
G

T e/ffect of friction

)
Friction with the underline area will cause a bit change in the wind direction and also will
affect on the wind speed.

Cyclone or low pressure
Cyclone or low is an area of relatively low pressure with the closed isobars

The winds blow spirally inwards, anti-clockwise in the northern hemisphere and clockwise in
the southern hemisphere. The pressure gradient is usually high, resulting in strong winds. On
reaching the centre, the air moves up as a strong upward current, resulting in clouds of very

high vertical extent and heavy precipitation wind b ‘ ) o .
5071 ey ind 13 bacKing —Coluylo~ e N0
Anticyclone or h/igh G st " (el

Anticyclone or high is an area of relatively high pressure with closed isobars. The winds blow
spirally outwards, clockwise in the northern hemisphere and anti-clockwise in the southern
hemisphere. The pressure gradient is usually low resulting in low wind speed

NORTHERN HEMISPHERE SOUTHERN HEMISPHERE

| LR.LS.L Maritime Institute, Bushehr center
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NORTHERN HEMISPHERE
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Buys Ballot's Law 7,b7£/~"//'!’ UII'/P/) (rﬁ/f&)’"
Face the true wind and the low-pressure area will be on your right in the Northern Hemisphere, and
left in the Southern Hemisphere

Caution when applying buys Ballot's Law

1-Near the equator: Buys Ballot's law should not be applied within a few degrees of the equator. This
is because Coriolis force is negligible at the equator and therefore the winds blow directly across the
isobars from HP to LP areas.

2-In the vicinity of land, the wind experienced May not be the free unobstructed wind. It may be wind
deflected by the land.

Secondary cyclone or secondary low
Sometimes a low is closely followed by another, within its pattern of isobars. The first one is called the

primary and the second one, the secondary. The latter is so named only because it formed later but it
possesses all the qualities of the primary. a7
o

\
SOUTHERN :HEMISPHERE
PRIMARY LOW SECONDARY LOW

NORTHERN
HEMISPHERE

o T TRV VVVVDIVDVDDD0DBDO00LLLLL YL

THERN HEMISPHERE




Ridge (wedge) of high pressure

An enclosed area of high pressure indicated by isobars extending out from anticyclone (high)
Through of low pressure

An enclosed area of low pressure indicated by isobars extending out from depression (low)

3 D D S . D .3 A

coL 1‘
Col is a saddle back area between two high and two low pressure systems. A Col may be situated 1-‘
between a primary low and secondary low 1\
Weathe‘&associated with a COL: 3
-no infinite weather can be associated with a COL 1
-Light variable winds are experienced but not for long. ‘;
-Sudden change of weather is likely. ; ‘ﬁ-
-Relative humidity is fairly high and lightning may be seen. Fog and thunderstorms may be experience .
- 1
s Y
b2
2
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Beaufort scale :"J
In 1805, Commander Beaufort, of the British Navy, devised a scale for estimating wind speed at sea j,f
based on observations of the sea surface and the effect the wind had on the sails of a war ship. He, ‘)‘
therefore, used the words 'Wind Force' and not 'Wind Speed'. As a sailor, Beaufort felt there were 13 ="
levels of behavior that mariners could recognize in ’5‘/':
0to 12. ”‘J/’:
In 1838, the Beaufort wind force scale was made mandatory for log entries in all ships of the Royal g
Navy. _:/‘7

Subsequently, the WMO (World Meteorological Organization) accepted the Beaufort Wind Scale and
internationally standardized the probable wind speeds attached to each Beaufort number.
The Beaufort wind force, and hence the wind speed, may be judged by the appearance of the sea only

]-: LR.I.S.L Maritime Institute, Bushehr center

in open, deep waters. In harbours, rivers, lakes, and other areas close to land, the actual wind speed -—L"m
may be much higher than that estimated by the appearance of the water. __,;/"’

~ The scale formed basis of wind force effect at sea, beaufort scale has been allotted for range of wind ;/
i ‘spe"ed and simple conversion of wind speed to scale is possible. :MW)
A
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Baeufort wind scale
<>
J
L Beaufort | Descriptive Mea = Likely
2 Number ‘teng D A Sheed Deep Sea Criterion mean wave | Sea Stato
3 ‘ Equmlcnt height (m) *
2 : Knots m/s
3 0 Calm <1 0-02 | Sea like a mimor 0 0 Calm
1 |ughtar 1-3 | 08-15 |Ripples wkh the appearance of scales are | 0-1 (0*1) L.Galm
- formed, but without foam crests
3 2 Light 4-6 1:6-33 | Small wavelets, slill short but more 0:2(0-4) | 2Smooth
breeze pronounced; crests have a glassy
"~ , appearance and do not break
) 3 Gentie 7-10 | 34-54 |Large wavelets; crests begin to break; 0.6 (1-0) 3 Slight
breeze foam of glassy appearance; perhaps
~ , scattered white horses _
= 4 Moderate 11-16 | 55-79 | Small waves, becoming longer; fairly 10(1-5) | 3-4Slight
breeze frequent white horses -
™ 5 Fresh 17-21 | 8-0-10:7 | Moderate waves, taking a more 20(25) | 4Moderate
v breeze pronounced long form; many whito horses
] are formed (chance of some spray)
™ 6 Strong 22-27 | 108-13-8 | Large waves begin to form; the white 3.0 (4-0) 5 Rough
= Breeze foam crests are extensive everywhere
: (probably some spray)
9 7 Near Gale 28-33 |139-17-1 | Sea heaps up and white foam from 4-0 (6'5) 6-6 Rough
- breaking waves begins to be blown in to Very
' streaks along the direction of the wind Rough
- 8 Gale 34-40 | 17:2-20-7 | Moderately high waves of greater langth; 5-5 (7-5) 6-7 Very
2 edges of crests begin to break into Rough to
' spindrifi; feam is blown in well- marked High
2 streaks aleng the direction of the wind
2 9 Severs or 41-47 | 20-8-24-4 | High waves; dense stroaks of foam along | 7:0 (10-0) 7 High
é Strong Gale the direction of the wind; crests of waves
- begin 1o topple, tumble and roll over;
2 spray may affect visibility
o 10 Storm 48-55 | 24'5-28+4 | Very high waves with long overhanging 90 (12:5) | 8 Very High
2 crests; the resultant foam, In great
- patches, is blown in dense white streaks
” along the direction of the wind: on the
whole, the surface of the sea takes a
~ | white appearance; the tumbling of the sea
2 b:;&rggs heavy and shock- like; visibllity
, o a
3 " Violent 56-63 |285-326 | Exceptionally high waves (small and 11-6 (16:0) | 8 Very Hi
2 - Storm medium sized ships might be for a time ) SR
9 o lost to view behind the waves); the sea is
d completely covered with long white
patches of foam lying along the direction
of the wind; everywhere the edges of the
wﬁav; ecfdesis are blown into froth; visibility
affe
Hurricane 84and | 32.7and |Theairis filed with foam and spray; sea | 14 and over 9
over over mﬁgﬁg x’r\g@ gelj ?eri‘émg spray; Phenomenal
C
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Th rct;ry barometer heric pressure 8
e me : ic . . : ~
— 7 . . atmOSp er T
The mercury barometer is an instrument for mea§urln?a lass tube, closed at one end, filled with .
Q In its simplest form, the mercury barom_et_er consistsofa g . ‘\x_....
6M4;/ Mmercury and inverted into 3 bowl contal'nlng mercury. by a certain amount and then remains {--....

‘ /s It will be noticed that the mercury level in the tub.e dropsh y urface of mercury in the bowl, balances _

i steady. This js because atmospheric pressure, _actmg onthes fore, is the weight of mercury above a
the weight of mercury in the tube, Atmospheric pressure, therefore, ﬁ-\-
the level of mercury in the bow| {—a-,

VACUUM  €— ey
Bk 2
N 1 >
MERCURYe— J € .‘ ; 7 '
| f .
2 —}- s "
> e;: 7‘;
MERCURY e .
W =
gu. NN
| D=3
¥ 22
‘1 i Reasons why mercury is used in barometers T W
1) Mercury has 3 high relative density; therefore, 3 mercury barometer is less than one ; ) w
_ Meter high Whereas a water barometer would have to he over 10 meters high T -
f 2) Mercury does not Wet. The glass surface a5 other liquids would. — Ao J/Z:-)'" Saim O

;' | 1 3) Mercury is easily visible, - - —

b ///Jdl};l <4) Mercury has 3 uniform coefficient of €xpansion sg temperatyre Correction can easily be applied :).__,,-t)

L1 e accurately. !y % A - (e

| fs) Mercury cannot escape easily through the leater Washer On top of the Cistérn gy ring (-, (et

: . transportation of the barometer, owing to ts high Viscosity L DT "f—l’/ = L}° (R )
'/ 6) Mercury has 3 low freezing point (about -39 C)and a very high b0|||ng oint (oy o i = o »)

, is suitable for marine barometers, Point (over 350 C) and hence et
u.l_.-w.)»

Correction of barometric readings A 2

All barometric readings shoylg be reduceq toaco D)

Latitude 45° ;i -) )

o)

)

)

)

)

)

)

7Y
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(c) Reason for temperature correction:

Each mercury barometer is constructed to show correct readings at a particular temperature called
the standard temperature, which s 0°C (273°K) for modern barometers The standard temperature of
the barometer is' mentioned on a Iglafsﬁa/t/e’ attached to the metal case of the barometer,

If the temperature of the barometer is different from its standard temperature, the pressure
indicated by the barometer has to be corrected at the approximate rate of 1 milli bar for 6°

difference. The correction is additive if the actual temperature is below the standard temperatureEd

vi . o T2 e le) 2T ; bl A2 -
ce versa O/’”’é))/’/ ,(»f(;/ Le/ ,\/[«ffz(‘”);" /"'/W//L//// = 5

(d) Index error: ("O/G’L;

If a barometer does not give the correct pressure in spite of proper corrections being .

Applied for height, latitude and temperature, the difference between the corrected barometric

pressure and the actual atmospheric pressure is called the index error of the barometer, positive if
the former is less and negative if the former is more

e.g. if corrected barometric pressure is 1004.8 mb and the actual atmospheric pressure is 1005.2 mb,

the index error is +0.4 mb. Index error should always be applied, as per sign, to the barometric
reading.

Location of a barometer on a ship
1) In the wheelhouse or chartroom for easy accessibility to the navigating officers.

2; As close to the center line of the ship as practicable — ')/'/‘)OV/T’ {an /'Z.f:b/)
3) Away from direct gusts of wind - J ):J L -~ P - 7

1o ) S c x ) Lo (%
4) Away from direct sunlight. I f"///ip/u ) A [
5) Away from draughts of air, blowers, heatgrs, etc. that cg_uld cause sudd/en or abnormal changes in
temperature DU fals P75 foprb 2 S e 5 Al 21
6) On a bulkhead not subjected to excessive vibration. _, ,j,b;ll,&(}//'/ j), o e
7) Top part of marine tube should be at eye-level or a little lower tqo alcl’ow easy reading.

0 wlb fer 2

The aneroid barometer 0//5«4/ 5

—

. , . ) )
inside it, is connected by a system of levers and springs to a pointer fitted over a circular, graduatid/‘yi/(jycaﬁ
scale. The thin metal has an elastic effect. :

When the atmospheric pressure changed, the chamber gets comgr;e v_;?f? /expanded and the
movement is transmitted mechanically to the pointer that then registets a higher/lower reading on
the scale. The larger the chamber, the greater the accuracy of the aneroid barometer

& s
Aneroid means without liquid. A seaI{cﬁ:hamber made of very thin metal, having a partial vacuum

pointer
D - ‘ DIAL POINTE j'>. S

AD JUSTMENT

vacuum chamber

LANERND BAROMETER

Precision Graphics

 when using an aneroid barometer
 instrument lightly to release any sticking of levers or pointer due to friction.

aritime Institute, Bushehr center



. ) E‘PM the instrument, the fixed pointer is gl_f§_§£g° with thedid
OV plose—

B
Advantages of aneroid barometer
et ily detectable.
Itis a;rtbtfsjt and compact instrument. Changes of prESSUf: are (:aj‘:z:of the instrument. Affer
For this purpose, a fixed pointer is provided, atfached to t E%F ;r Sfarsoima timie the
—_——

: i xed
ently again. If the dial pointer now lies tc? the right of tl—;soﬁbe A
€ pressure has risen and vice versa, The amount of rise or fall can a

Instrument js tapped g
Pointer, th

The precision aneroid barometer
Thisisa compact
Large, mercury b
It has a microme

i d the
(small), robust (strong), accurate, aneroid barometer that has replace
arometer that was fitted on ships in the earlier days

ter arrangement for reading to 0.1 of a milli bar.

MICROMETER
ADJUSTHENT
—>DIGITAL
SMPLIFED SKETCH DISPLAY
(ELECTRICAL SYSTEM
NOT SHOYM HERE)
AR

JEWELLED PIvoT
HAIR SPRING
vacuun CAPSWRE

~ PRECISION ANEROID BAROMETER
The barograph

The barographis an 3

Construction of the barograph
The vacuum chamber consi
pressure causes the 0
lever system to a u

; Per week.
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The latter end of the chart should overlap its earlier end so that, in the event of the paper not being

changed (due to oversight) at the end of a week, the pen will not catch on the edge of the paper and
tear it. e s
o/

“Teto

}& l».Z;JL 4§ gﬁ

-— ) efore handling the chart for renewal, the pen must be pulled clear of the chart by means of a pen
-~ release lever, provided for this purpose.
- ORUM
y,n-Q o { / ORFICES
5 ADJUSSMENT
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— THE BAROGRAPH
Y
= Advantage of barograph
|+ The barograph gives a continuous record of pressure which can easily be used to check the pressure
p—d tendency
e The thermometer
r@ The thermometer is an instrument for measuring temperature.
-
i Description

A tube of glass is attached to a bulb containing mercury, evacuated of air and sealed at its open end.
When heated, the mercury in the bulb expandsinto the tube.

When the temperature increases, the mercury in the bulb expands and the length of mercury in the
column gets more. When the temperature decreases, the mercury in the bulb

4 °Contracts and the length of mercury in the column get less.

- oémis graduated with two reference points - the freezing point and the boiling point of water.
174 The graduation differs from type to type.

The World Meteorological Organization has adopted the Celsius type where the freezing point of
water is 0 °c and its boiling point, 100°c. The length of the tube between 0° and 100° is divided into
- 100 equal parts
. There are two other types of graduation and they are shown here for academic interest only.

ius' Kelvin and Fahrenheit
eezing point of water 0°c, 273°k, 32°f
point of water 100°c, 373°k, 212°f

vhy mercury is used

form coefficient of expansion. — Ak lod o
ot wet the glass.
2 point (over 350°c).

azing point (about -39°c).

] ‘Bushehr center
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THE HYDROLOGICAL CYCLE
Three main stages:
There are three main st

, ; recipitation
ages in the hydrological cycle - Evaporation, Condensation and Precip
Evaporation: is the tra

: i iris
i i It is accelerated if the air
nsformation of water into water vapour. aeesIeiarcy
2 aiE~
Warm and dry i
During €vaporation, lat

ent heat is absorbed from the surrounding air and from Water surfaocrea.tion'
Condensation: is the transformation of water vapour into water. !t is the opposite of Evap
During condensation, latent heat is given off to the surrou nding air. '
Condensation occurs if airis cooled below its dew point. This is usually the result of:
* Contact with cold gy

rface of land or sea,
* Adiabatic cooling when ajr rises,

* Contact with colder masses of air.

. ilst
Precipitation: is the name given to water drops from clouds, which fall towr?\rds the Ground. V;/glr L
falling through different layers of atmosphere, the water drops may freeze into soft ice (snow
hard ice (hail).

a
o
>
o
[ d
&
%
o
3
™
=

l atmosphere, and does
and is called "Virga".

9 . 2 Gl e
Drizzle:ﬁ;\e drops of Wwater, diameter less than 0.5 mm. Termed heavy or light dependlng on
;'7.»" Intensity o-f precipitation
{ Rain: Water dro
;

; Precipitation
i

20 )
i nd snow fall together or partly melted snowflakes fa|| This is called sleet
Hail: Balls of hard ice, g 5 t0 50 mm diameter or more Dy
Clouds

When air is cooled below j
Minute (very small) partj

, rémain suspended in the air. Millions of suc
close together, become visible as cloud. ides

High clouds have the prefi
- be between 6 km above
_High level clouds

X "Cirro" to their nam
sea level ang the tropo

€S and consist entirely of jca Crystals. Their
Pause.
Ci) - Cirrostratyg (Cs)-¢

bases wi|
* Cirrus ( imocumulyg (Co)

thers or fibers Bein hi

' ’ , during twilight, often ADme 8 50 high up,

cted only by it TG effect P stars, - PET e or yelloy,
= < i .—
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they always have 3
On dark Nights, Cirrus
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W e b
mpon have a watery look.

ine of i X
3 s the su'n and moon are sufficiently clear for altit&/d‘é’(flrgsCj rvations by a sextant.
: umulus: A high layer of cloud in the for

m f . . . -
no dark shadows in between, 0 smygl Lﬂa—kes or cauliflowers, white in color with
4. Altostratus: A thi i i ; T -]

N greyish or bluish veil of cloud thr

as :|f seen through frosted glass. The outline
altitude observatj

5. A|t0CUmu|us;
shadows in bet

"~ 6. Stratus: A lo
- 77 not cause prec

LLLLLL,
N
® 0
e 3
=4

/

bl

<
ough which the sun or moon appears very dim

ofth%sun and moon are hazy and not clear enough for
on by a sextant. ~% —,L_.}2

Clouds in patch, layce_é};g,:éle?t form, white or grey or both in colour. Have dark

Wes—ff:nd in regular pa sga’rié/ﬁgdﬁn one, or sometimes two, directions. = =i :
W £ven layer of dark grey cloud with light and dark patches. It has a dry look and does] &~
ipitation. It resembles fog, but is not experienced at sea level. It can obscure the sunj

completely and can greatly weaken daylight g Vs

/- Nimbostratus: Alow, even layer of dark-grey cloud generally uniform and threaten{g in

[ Appejarance Wit!" no light coloured patches. It has a wet look. If precipitation takes place it is
zcontinuous not Intermittent. It can complet

) ely obscure the sup and greé‘l‘y weaken daylight.
i~ 7~** 8. Stratocumulus: Clouds consisting of a layer or patches?a’f}g‘fgﬁaclgr ?‘ﬁfsse\s?which appear soft. They
— are grey in colour with dark shadows. The patches generally align themselves in regular patternsin
one, or sometimes two, directions.

ZJl= 9. Cumulus: Brilliant white, thick clouds wi
Shadows are usually seen in them. The ou
They may have very great vertical extent.
cumulus is light. Lebe

10. Cumulonimbus: Mass of grey,

LLLbbbl

N

-

]
\

szE

th flat bases and rounded cauliflower-like tops. Dark
tline of each such cloud is very clear cut i
Precipitation, if any, caused by even, well developed
VSIS :

2

m—
)

heavy cloud having its base in low cloud level, of great vertical
T""Q Extent, with its top well in high cloud level
— The top of a well-developed cumulonimbus cloud will have attached to it, a cap of white cirrus cloud

—

394

in the shape of an anvil Yy

/
FORMATION OF CLOUDS

+

Clouds are formed in four main ways:

(a) Turbulence: | N 4015:,_.@/ >,

Strong winds blowing over u{t;/‘:n ground strike against the various obstrictions and the

Air gets deflected upwards. This cause thorough mixing of the air and, as the air rises, it cools
Adiabatically . |

If during this process, the air gets cooled below its dew point, clouds will form. These clouds will be of
an even, layer type (stratus) and their bases will generally be not more than 600m high.

TURBULENCE CLOUD

-— -, STRATUS &— N CLOUDS

&_// \ ¢/
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(b) Orographic lifting: j / ' S
g: Copmo _ . ~ )
®N @ warm, moist wind blows against a mountain range, it begins to climb up the mountainside. o
During this ascent, it cools adiabatically and after cooling below its dew PO'.”tf Sy h b
Orographic clouds are formed. These are of the stratus type. If the mountain is quite high, further - ingd
B Ascent results in nimbostratus and continuous precipitation. e
ﬂ){’MMd_side of the mountain peak, Clouds are forming steadily whereas on the leeward @ =
i Side, they are diss; atipg at the same rate \5/ W)ﬂ/;z 7z O//” ‘3\ b
) i l.d =7 ~ g A
(c) Convection: S ond : ' :“‘0
\SNhen a parcel of air gets heated due to any local cause, it expands, becomes less dense than :"‘«0
Cl;rr:)und|_ 8air, and rises. This is called convection current. This local heating can be caused by )
| 4 ast Wfth Wafm S€a or ground. So long as the parcel is warmer than the surrounding air at each :‘Q
SVe_l, 't will continue to rige (unstable condition of air). e, |
uri i i N . -
con;g th‘% ascent, the rising air cools adiabatically and, when cooled below its dew point, ~
T tf?nsa;lo,n takes place resulting in convection clouds )
atisw H =
/ stationa Yalarge island (more than about 10 miles long) in mid ocean may be seen to have a >
C)’L”(_x\rycumulus cloud above jt during daytime. (o

Goleckrin Cre; <

Itis for the same reaso

.
| N that, during daytime, the coastli = . .
‘ . ’ ) ne of
\ cloud above it, parallel to the coast Alarge landmass may have a long line 2 2
| The greater the ascent of air, the greater the vertical extent of the cloud Sow
| N
| S
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| twanda S
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(d) Frontal lifting: > 5
Where a warm air-mass - 2
and a cold ajr- - 7
Level, is called a fr, 2irmass are in contact )
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Visibility = o _
Visibility is the transparency of the atmosphere and is defined as the maximum distance at which an
object can be clearly seen and distinguished in normida,yl’igh}’_,, C_j,&f/j,l:w

Visibility can be reduced by liquid or solid particles in the air as in the following cases:

(a) Mist or fog (b) Precipitation (c) Spray (d) Smoke (e) Dust, etc.

p—
~ 2C

Mist/Fog U .
Mist is said to exist when visibility is reduced by water particles that have condensed on dust, minute
particles of salt, etc., but are so small that they remain suspended in the air. If mist become.s dense
and reduces visibility to 1 km or less, it is called fog. Mist can occur when relative humidity is an low
as 80% -

Mist is always experienced before and after fog.

Haze . ;

If visibility is reduced by solid particles such as dust, sand, volcanic ash, etc., in suspension in the air,
Haze is said to exist. Haze can, in raye cases, reduce visibility to 200 meters or less.

Spray Ao

Spray is the name given to small droplets of water driven by the wind, from the tops of waves. Spray
affects visibility when the wind force is 9 or more (wind speed of over 40 knots).

Aaritime Institute, Bushehr center
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High clouds: Cirrostratus
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High clouds: Cirrocumulus

Middle clouds: altostratus

Middle clouds: altocumulus

¥y ' L.R.1.S.L Maritime Institute, Bushehr center



Low clouds: stratus

Low clouds: nimbostratus

Low clouds: stratocumulus
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Low clouds: fair-weather cumulus
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Moist
marine air

Higher.pressure

Ligwer presure

Land cooler
than'sea
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