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Answer five questions, taking one from each unit.

UNITH

1. (a) Determinethevariation of theequilibrium vapor pressurewith
respect to temperature for aheterogenous system. 7
(b) What isatephigram?Canthe potential temperature remain constant
inadry adiabatic process? 1+6=7

2. (d) BEvauatethestatic stability of aparcel of air by the parcel method.
What arethe conditionsfor adry, saturated and unsaturated air
parcel to be stable, unstable and neutral condition? Obtainthe

conditional instability of aparcel of air. 3+6+2=11
(b) Theglobally averaged surface pressureis 985 hPa. Estimatethe
mass of the atmosphere. 3
UNITHI
3. (8 ProvetheRaoult’'slaw. 6

(b) Depict thegrowth of acloud dropletsby condensation withthehelp
of agraph relating relative humidity and super saturation with droplet
radius. 6

(c) Whatisriming and accretion? 2



4. (8 How areclouddropletsformed? 5
(b) ExplaintheBergeron-Findeisen process. 5
() Therateof chargegenerationinathunderstormis1 Cknr®min=.

Determinethe el ectric chargethat would haveto be separated for
each collison of anicecrystal with agraupe particle(rimer) to
explaintherate of charge generation. The concentration of ice
crystalsis10°m?, their fal speedisnegligible compared tothat of the
rimer, theice crystalsare uncharged prior to colliding with therimer,
their collison efficiency withtherimer isunity, and al of theice
crystalsrebound fromtherimer. Therimersare spheresof radius2
mm, thedensity of arimer is500 kg m=, and the precipitationrate
duetotherimersis5cm per hour of water equivalent. 4

UNITHII

5. (a) Determinethegravitational force per unit massexerted onthe
atmosphere. 5
(b) Evauatetheequationsof motioninacoordinate systemrotating with
the earth by taking into account the Coriolisforce dueto therotation
of theearth. 9

6. (@ A parce hasadensity of 0.7 kgm-—2embedded in afield of pressure
withagradient 10 hPaover 1000 km. Determine the accel eration of
theparcel (ignoring the Coriolisforce) and itsincreasein speed from
rest in passing over 1000 km. 4

(b) A parce of air of 1 kg moveshorizontally along anisobaric surface
and isheated by radiation by 4 Wkg™. What istherate of change of
temperature of the parcel ?If the parcel ismoving eastward along the
horizontal isobaric surface at avelocity of 3ms™ and that the
eastward component of the gradient of temperatureisgivenby 1.5
Kkm, Cdculatethelocal (fixed position) rate of change of
temperature. 3+3=6



(c) Atthe300-hPa(around10km) level along40° N during winter, the

zonally averaged zonal wind [u] iseastward at 20 ms*and thezonally
averaged meridional wind component [v] issouthward at 30 cms™.
Estimatethevorticity and divergence averaged over thepolar cap region
poleward of 40°N.

UNITHV

. (@) Evduatethemixing lengththeory withaschematicfigure. 7

(b) Derivean expressionfor the Ekman layer depth and show from the
relevant hodograph that the vel ocity vector tracesout aspiral shape
withheight. 4+3=7

. (@) Aturbulent flow isdescribed by thevelocity profile,
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suchthat uisthevelocity at theheight (z) of 9 kmwithfrictional
velocity (u,) of 0.36 m/sand roughnesslength (z). Determinethe
mixinglengthif anair parcel haveavertical velocity of 3m/stomove
it upward by adistance of 0.09 mm. 6
(b) Computetheeffectivedepth of the Ekman layer if theturbulent
transfer coefficient for momentumisfound to bearound 10 n¥ s?

with aCoriolisparameter of 10 s™. 4
(c) Writeashort noteon gravity waves. 4
UNIT-V

. (@) Evauate how the Eulerian mean equations can be obtained by taking
itszonal average by considering itseddiesand mean flow. Writetwo
advantagesof zondlly averaged circulation. 7+2=9

(b) Explainthewalker circulationwith appropriatediagram. 5



10. (&) Highlight theangular momentum budget with proper diagramsto
obtaintherate of change of angular momentum with respect totime
intermsof thezona component of thevertical stressinisobaric
coordinates.

(b) A flow isdescribed by thevelocity component,
u= —0.0003y (mm/s) and v = 0.0005x (mm/s). Determinethe
vorticity of theflow at that point.

(c) Writeashort noteon dataassimilationin numerical weather
prediction.




