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HlillllAltY. - Continuing the researl'hes on the preci]litations, at the 
)[cteurulogieal Observatory of )[acerata and the l'hysies lllstitute uf the 
Ulliversity of Camerillo, ItUrillg the years 1967/08/69/70 measnrenwnts have 
beell catTied uut un the conductivity of Jiquid amI solid predpitatiolls with 
the aim of determining- the beha viuur at differellt altit1HIes. 

lt hM thus bcen found that the conductivity decrca~cs lillea rly ill 
the eOllr.~e of the raill Cali iC the willd remains cUllstallt ill dirertion, while 
the litwar hehaviollr ceases with the changing of diredinn of the witllt. 
The behaviour nf the conductivity is analogou~ at the two (juntaH of obHer. 
valiun, except the value of the same whirh appears millor at higher quota. 
The law of di.~trihution of the (~otllludivity, considerell as reganis the llellsity 
of rainfall , may be re]ll'esenteli with a ]Jarticular fllnction whkh has belm 
calculated. However the dispersion of tlte values appears considerable, in 
re1ation to the llifferent meteurolog-iral situat ions that aceumpanied the Cali 
uf the pn'\(~i]litatinns, ohjed of the researclt. There have also been Jixell 
the tran~pnrt equations that reglllatll, in turblllent air maHSt's, the lli ffllsion 
Hf tlw partides tu which the conductivity of the raills is due. 

RIASSl!N'I'O. - Cont.inuattllo i lavori di riccrca sulle prel'ipitaziuni, 
pressu l'Osservatorio )Ieteorologico di Macerata e l'Istituto di Fi~ica llella 
Università Ili Camerillu, durante gli anni 1967/Ii8!li9/70 snno .~tate enm· 
pinte misurazioni Bulla contluttivitil. delle prl'.l'illitazioni Jilplide Il ~olid(', 

allo SCOllO dì determinarne il (~oml)()rt.aJnentu a diverse' altitudini. 
È stato così trovato che la ('ottlIllttività dimillllisce lilleat'lllente lIel 

corso della caduta della piuggia se il ventH si lttantietlt' costante ill llireziolle, 
mentm l':Llldamento lillea re cessa al calttbiare liella dil'l'zione di'i velltu. 
Il CHltl]lortamen to lIdla conduttività il analogo alle lIue quote Ili ossen'azioni, 
salvu il valore della stessa che appare minore a (Iuota llii! alta. La lllgge 
di llistrihllzione della cowluttivit i:t., considerata rispettu alla densità di caduta 

(*) Istitutu di Fisica - Univers ità di Camerinu - Osservatorio )[cteo· 
rolog-ieo, )[ :J.cerata. 
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della piop;p;ia, si può rappresentare con ulla particolare fU!l7.iolle (lhe il stata 
(mkolata. Appare però lIotevole la disllersione dei valllri, ili rela7.ione alle 
diverse sitlla7.iolli meteorolop;iche che llUllllO a(·t·<JlIlpap;nalo la ca(luta delle 
preeipilazlo!li, oggetto d(,lla rkema. :-)OIlO statn a!lche stahilite Il'. l'qllazioni 
di trasportll ehe ]"('.p;olano, in masse di aria turholellte. la dif1"u~ione delle 
parlicelle alle quali è dovuta la (l()]Ulllttivitù. (Ielle pioggitl. 

I.Yl'IWD1:CJl'IO:\" . 

In tlm emU'se of the reseal'('hes eanieti out on air pollntion at 
)I~H"erata (Meteorological Observatory) aurI al" f'amel"ino (l'hysies 
Institute of tlw rniversity) there haf\ heen marIe, as already done 
previoukly for the l'h (17) a f\ystematie measure of the elel'trie ('on
ùmtivity of liqnid allcl soliù pre('ipitations. 

The researehes have beeu maùe usiug ('onùudometres on whith it 
is pOSf\ibl!~ t~) reael f\imultanemlf\ly the valttes of tlm {'ou{hU'tivity lmd 
the ref\iktivity. The instrumentf\ were initially ealibrate anrI the 
{'011trol mearmres repeated every week; the ('olle{'tion of the jlref'i
pitatiolls wa~' mmle with the methocls alreaùy des('ribeù elkewhere (17). 

Tlw pmHipitatious (~olle(·tBd were examineù immeùiately so as 
t~) avoid any modifì{'ationf\ in their ('olllpositioui the soliti olles were 
redu('ed to liquirI f\tate leaving them t~) melt at room temperatnre 
in containers proteeteù from any pollution. 

The prel'ipitatiolls 011 whieh measures have been eal'l'ieù out are 
many, of tiiffC1'eut intensity, form aurI ùuratiOlI aliti above ali they 
appear determinerI by every possible meteorological :-;ittwtioll that is 
normally cletelTIlined in the regiOlI of observation. They tover a time 
an·h of fonr yenrs. 

In almost every ease the f'ondn{·tivity has beell examinerI at bl"ief 
reg'ular interval, meafmring' the pref'ipitation fallen in the interval 
between one mea.~nre anù the following olle, as well as at the beginning 
aurI at the mensures were tiitlerent ae('onling to the iuteusity of the 
preeipitatiOllf!. 

The aim of Buch researeh is to invef\tigate how the ('01Hlwtivity 
behaves ili relntion to the quantity of preeipitation ili the time amI 
tu the evolving of the meteol'Ologi('al situatioll on the gl·OlUlti. 

It haf\ alf\o heen held tlf\dul to eousider the ohservationf\ in their 
eomplex alHl to try to fimI n mnthematir:al expression enpnble of 
expressing the experimental law of relatiou between the qnautity of 
raill fallen reporteel to the time and the eleetrie {·ondn{·tivity. Pinally 
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the transport equations (2.4.14) have ofIercd a mcaus for expressing the 
di~tribution of the coneentration O of thc acrOfwl that have given 
placc to thc eOndlH'tivity fonnd, iu rclation to thc tlll'blLient motiou 
of thc air massc~ that carry thcm. 

2. - At thc momcnt in whidl thc rain dl'Ops begin thcir fall in 
thc free atmosphere, two proecsscs bcgin simultaneously; one of evapo
ration, another of the eaptlll'e by these of thc acro.~ol prCfwnt iu the 
atmoHphcre prosscd through. The ('olH'eutration of aerosol in the rain 
may inereasc for su{'h prc-cxisting eauses. If the total conccntration 
is indieate~ with O, it ('ould be writtcn in thc fOl'm: 

where Cl and c~ arc the partial eOlH'eutratious due to thc a bove
mentioncd eauses and il ~ l is a variable ('ocffkicnt depeudcnt 011 

tlw evaporatiou undel'gonc by thc drop, while thc ('oclficicnt h rcsults 
almost unitary it being possible to show expel'imentally that for it 
thc two cfIects of eollection of hmnidity :uul eVlIporatiou ('ompensate 
ea{'h other frequentIy almost equal betwcen thcmselves (". II. "'. 1~). 

If we admit now that the aerosol erosscd by thc rain is formed 
by parti('Ics of r ray, distributcd in sp:H'e with any law of distrihutiou 
what so cvcr n(r) , that thc scption of collision of thc rain dropi'l is ~ta~ 

with a ray of the drops Hnd Tj ,ç l a ('olleetion eoefficient, it has al
ready bcen showu that the value of 0 2 may be expressed with suffieient 
approximation by (. 11.15); 

" J C! = - H Tj,.a n(r) dr 
a . 

where H indieates the height of the base of the ('louds from whi('h 
the l'lIiu detaehes itself. 

Thc experimcntal caiculation of thc poettit'ient 1) is (luc to different 
authors, but J~angmuir has given au expression (IHni) in funetion of 
the Il ray of the drops. If we assume the simplilieativc hypothesis 
that the raiu develops in a windIess atmosphcre it has been showu 
tllHt thc fraetion of concentratiou due to the washout may be indi('ated 
approximateIy with ( ~ .IO.IJ.l~): 

O2 = -~ _ ~ H 7l • 'r'1 [ 1 _ exp (_1.. 1)P )1 
3 e . 'J a ! 



3HU A. J\Umu 

where p indicates the quantity of rain and C2 is expressed in its 
fUJlction. 

'['he problem thus set ui' allows llS to ('onsidel' the rain watm 
('ondlH'tivity, as function of the cO]l('entration of aerosol ('aptured by 
it during the erossing of a volume of air at H height; in fhwl analysis 
the COndllt'tivity hC('oIrwS ftmdion of the C (~Ollt'cntratioll of the 
aerosol present in the lItmosJlIwre lIt the momcnt oI the min. Thcrc
fore thc t"ondut"tivity wOlùd ]lresent itf\cU af\ a t"ertain function of 
tlw qllantity of water fallen and ai the generaI meteoroIol:,>l('al t"onditions, 
on whit'h dCJlends the C t"oncentration of the atmo.~J1heri(~ nerosol, as 
on the other f\id(, we have t"nl('ulated hy means of the fUlH,tion cXlIm
ined in pal'. b. 

'rlwt has been demonstrated by Land~berg in 1954 with the 
analysis of Ph of single drops and by the writer with the analYf\is 
of l'h of the ]lreeipitations ~It different altitudes (17). 

The lllCasuref\ of (~ondw~tibility have heen made at a higher quota 
to that wherc the Iayer ai thermi(' ill\'Crf\ion Ior the rcgion of oh
sel'vation genel'ally IOl'ms, as (··an be seen from the diagram oi the 
J10tential tmnJlerature given as example in case nO l examined. 1"01' 
that reaf\on it may be hcld thllt the observationf\ are exemJlt trom 
the anomalies that thc distrihution funetion 11(1") of thc amosol ('o(tld 
undergo in conseqllence of obsel"vationB made below the invel'sionIayer. 

TIcrc are now shown and examined difierent (··ases of measure of 
eondllctivity madc dllring rains with windf\ ('onstllnt and windf\ va1"Ìahh, 
in diret"tion and illtensity during measllre, otherf\ in presPlu'e oi iogs. 
Thc examination of the cases seems to allow us tu say that, at least 
in first lI]I]lrOxiIrwtion, the ('onduetivity of the ]lreeiJlitlltions lI]I]learS 
as a linear fUllt'tion of thc qWllltity or rain iallcn af\ rcgardf'. thc tinw 
em]lloyed in precipitating, as long as the direction oi the ·wind re
mains (··onstant_ 

Thc inflllClwe of the wind is highlight{'d by thosc ('af\Cf\ in whieh, 
at a thange ai dil'ection oi thc wind thel'e corresponds an inerellse 01' 
a variation of ('onductivity, coiJlcident in time with the dire(,tional 
variation of the wind_ 

3. - J[dhod%yy 01 the cases examined. 

From among ali the ('ascs examined four havH been dlOsen at 
l'andom, ]lrecif\(,ly thllt of 12/6/1968, oi 18/9/1968, ai 5/11/1968, antI 
30/ll/1969, a,s indicatorf\ ai all those examined. 
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a) GaRe 01 12/611968. - The generaI meteol'ologi(~aI sibUltion was 
eharaderhr.ed hy an at.lantie 'wcdgc driven a~ far a~ thc Hl'itish isIes, 
whilc a dCpl'c~sion t.o t.he Nort.h of the AIps genemted a seeond:ny 
dcpression from t,he (l,ulf of Gelloa. The Meùit.ernllleUI1 wa~ iJlvcstcù 
by a f'old air innow. 

Thc perturbed eonditions in CentraI Haly were strengthcned by 
t.his sit.uation. The rain of stm'my eharaet.cr spent jj,gelf in t.he ob
servHt.ion area in (j5 minutes, Thc 'wind bIe'w from ~,y with a medium 

veIoeity of 17 km an hour with gust-s from 22 to 23 km Hn holll'. The 
min bcg:m at. 12.30 Tl\IBC, all(I t.he fil'st eXinnination of condur't.ivity 
was mHCle at. 1a.OO. 01;her examinat.ion~ followed at 10 minute in
tervah, on sam}lIes polle(,ted in thc int.ervHI. Thc belmviolU'R fonJHI 
are t.hosc indif'at.cd in Fig, l, From these it resuIt-s that thc condue
tivit.y diminishef! almost lineady wit.h t.he inerease of the qnantity oi 
t.ot.al rain fallen. 'l'hat. lH'eSUPllOf!CS that. thc eonduptivity diminishes 
graduillly H.~ the washout oi t.hc atmospherc inerca8c and t.hc <,on
eent.ration of the nudei dcereases, modifying t.he distribution fundion 
11(1') d1' only in virtllc of the quantity of water pre('i}lit.at.ed, and not 
of t.hc ot.hcr meteoroiogieHl eondit.ions, remainnd un('hang'(·d dul'ing 
the meHsure. 

b) Ca.~c 01 18/Y/1Y(j8 - A dcprcsf!ion to t.hc North of thc Alps 
generated on the l,ignrian Glllf a sc('ondary de}lression whir'h, in it-s 
dis}lhu'ement 1;owards thc E:tst. (Tos~ed t.he .Adl'iilti(· Hef"rionK. '['he 
paf!sage of the eold front l'Hused heavy ra·ins of stm'my ehanH't.cr, 
aeeompaniecl by fogs, in the valleYf!. Moclerate wincls from X\V. 

In t.he ohservat.ion st.at.ion t.hc rain hegHn Ht. 1fi.aO '[,,\IRe while 
the observationf! of eoncluetivity were heglln at 17 and followcd at. 

interv:th of 13 lllillute.~. 

'l'he total qnnnt.ity of rainfall 'W:tS 33,2 mm in 215 minlltes, Thc 
belu!"vionr of the eOllllllf't.ivity is that. illllil'ated in Fig, 2. It lllay bc 
eonf!idcrcd 'with bcst linear H}l}lroxinwtion. Thc clircetion and intensity 
of t.he 'wind remained (,ons1;ant. during all the meaS111'e. 

c) Casc at 5/11/1.96.') - A decp atlantic depressioll eovcred thc 
whole european rcgion, hringing pcrt.llrbcd wcnther to the merlit.er
rancan arc:t, fn Centrai Haly there devclo}led il mix:ture of mimI :md 
st.orms, Iinked t.o t.lte abovc-ment.ioned de}ll'ession. Thc preeipit.ations, 
hecimse of the lowcl'ing of the ~el'O iso1;hcl'lll, acquired H snowy elwr
acter at. Iow quotas. F01'Ilwt.ion~ of thick :mdlow fog alTivcrlllp t.o :t 
quota of 3000 met.l'es. Yariable winds from N\V and from W-SW. 
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'rhe 1'ain hcgan at about 8.30 :\(~(~ompanicd hy :\\V wimb. The fil'~t 
mea~lll'e oI conduetivity was made at 8A5 and the followillg at 15 
minute intervaI~ until t1w cnel oI the rain. 

ft' " Q " 
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l·'ig-. 2 - Boha violiT of Ihl) COlil ludù·jt.y llurill /; t.lte ca~e of 18 !l- I!lu8 . 

'rhe belwvioll1' of the eomltH'tivity oI the rain was anaIogous to 
tlwt defwl"ibcd in the other eases, that is to sar del'1·easing in almost, 
linca1' nllmbel', until 10.15. .At that hom thc ('on(l!U'tivit.,· prescntcd 
at lil'st stational"y valllc.~, then a met inerease, in eoincidenee with 
the {'hangcd dil'cf'tion oI the wind t,hat then bIew Irom S\Y, with 
inerc,\sing yclo(·,ity. 'rhe iJu·1·ease (·01ltinllcd IIntil arOllnd 1·J.00 ilI 
concomitan('e with the graduaI intellsificating oI the wind veIoeity; 
at that houl' the vaIues oI eondudivity sulIcrcd a ncw dec1'case, again 
in ('oneomitanee with the diminllition of wind velocity. The behaviour 
of the rain dnring the phenomenon i8 thnt ShOWll in Fig. 3. 

Thc behaviour Iound on that o(~easion, and vC!'ifìcd in othc1' ('lIsc.,>, 
seems typieal. lt reveaIs what il> the inlluence oI a f'hange oI dil'E'ehon 
oI wind on the mea.~ure.~ oI conductivity, condllcted on l'ains eoming 
from the samc ('lond system. 

The behavioul' or the phenomenon is ('ohe1'cnt, in thc lìrst part, 
with what was IOlllld in the othcr ('lI.~cs of ",imI blowing eonstantly 
from thc .'lame dil'ection. 'l'here is in fad in ::,\1]('h eases a ('onsidera hle 
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effeet of washont of the aerosol present and a consequent faB of the 
valucs of ('onduptivity on the diminuition of the C eOJU'entmtion of 
the aerosol. 

,W '''-'' l''' .... '' S"" 

15 

10 

5 

Pig. il - COlUlnetivity of the rain, duriJlg a ca~e of variable \ViIH18 
(5-11-HI1J8). 

The prevailillg of the S\V wind, modifying thc cOlwentration of 
the aerosol and their funetion of distribntioll with the bringing of 
ncw material, produces an increase of eonductivity. Tt diminishes 
again with the diminishing of the wind intensity and on the cont~nuing 

of the efIeet of washout caused by the rain. 

d) Oase oj 30(1//1.969 - A deep depression with centre in the Wcst 
::\Iediterl'llnean moved l<Jast and in its slow passage afrel'ted all ltalian 
regions. On Ccntral-Adriatie Italy cold air from N-NE. Sky with 
very heavy and low clond; very heavy preeipitations at low quota. 
Winds of very variable intensity with a tendellcy to wheel from the 
North quadrants to the South quadrants. 

The rain began about 4.00 in the morning :md first mcasure of 
conductivity made at 6.00. Sillce the dellsity of the rainfaU was 
small the measures were made every homo Up to 11.00 the behaviour 
of the eonduetivity was that already fOlmd on thc other oeeasions 
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cxposed . .\t about 11.00, in (',oineideuee ,,-ith a (limin11itiOlL of the 
wind inten~ity, there was a form:ltion of thil'k fog. Thc mC:lSlll'es 
of ('omhH't,ivity, taklln evcry h011r on t,he fral't.iollS of raill fall,m in 
Lite intel'\'al, show a tcndcn(',y t.o a st.ahilir.ation or thc valne~ of thc 
elemenL mcaS11rcd on aho11t ::!2,5 /18. The samc ('ondition was verined 
in ali analogolls eascs in ])J'eSC1H'C of Lhi('k fog~, and tltc minimlUIl 
valucs mcasllrcd of thc (·ondlH·tivit.y on sU('h o{'('asion,~ arc ('ompl'iscd 

hetwcen 24 J!8 and 15 J!8. 

4. - Thc observat.ions on thc eonductivity of thc pre('ipiLaLions, 
like those of Ph, Imve nlso heen made at Camerino (quota. 700) with 
the same mo(lality, wiLh Lhe a.iIn of aSl'ertaining the intluence of al
titUlle on Lhe hchavi011r of thc phcnOllWnOIl. 

o'' 

30 

2 

10 

O 
~, •.•. ' ,i~ ,1 

13 

Fig .. ! - 13chavÌolll' uf tlw COlldnctivity at \/a('t'l'ata awl CaH]('riuo 
(30-11-1tl6tl). 

In ]~ig. J thel'e is gÌvlln OJl{l of Lhe typi('al hchaviour frHmd in 
a wintel' ('llse awl from which it is ea~y t.o obsenre ho\\" the ('(lllrSe 
of thc phcnomenon in t.he ~t.ation at higher quota haI; an analop;ol1~ 
behavioul' to tll:1t fOUJ1(l fOl' the sLaLion at lower quota. 

The vailles of (·ondll(·tivity at Camerino l'emaineli, in thc casc 
llmler examination, lowel' tlulJl those f011nd at .11accl'ata, in flllH't.iol1 
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ol" the higher altitude, ag alwayg noted algo in the other eages. 'l'he 
formation of fog-, present in the two observation gtationR at thc sanw 
hour, dcterlllinefi also the analagous behayiour of thc ('ollduf't,ivity 
in thc two pla('cs, registering a slight ill(·rease. 

5. - From the obsel'vations we have made an experimelltal equatioll 
whi('h ma:,>' represent with sntIi('ient eXlu·tnCgfi t.he dist.rilmt.ion of t.lw 
(·on(hu·tivit.y values, found in alI t.he ('afiCg t.akell into (·om;idcration. 

Wit.h t.hat aim 115 obsel'Yat.ionH of (·ondm·tivity or pre('ipitations, 
('arried out from ,July l!JH, to ,Tul~' l!),O have Iwen ('omidere(L 'l'he 
(·01Hlw·tiYit.Y was bl'onght. t.o a temperat.mc of 0°(; and the values 
ohtainnd have beell ordmated a('('ording to the denfiity of fall in t.hc 
time of pnwipit.at.ion, delining slH'h dellgity l\('('ol'dillg to the relation: 

111m of water Cali 
x ]0 = li . 

e!l'e(·tive minuteg of Cali 

IlHli('ated with Y t.he ('oJl(luetivity (meagUl'ed in Il,':)) amI t.hc 
density (lefine(l above wit.h X, the family of ('urves that best adaptK 
itKelf t.o t.lte digtribntion of ('oIHin(·tivit..\' re~poJl(ls to the gelleml 
equation: 

Y(X ) " + 
b 

" JX-
On ('ah'lùations ('olllpieted, tlte valnes of /I. , m, (I., li, whi('h ]'(l~poJl(i 

t.o t.he observatiollg, degpite tlte strollg digpcn;ion tltat ig notù'e(l in 
tltefie be('ltuSe of the multiv!e meteoro!ogi('a! ('auses that illllueJH'e t.he 
same observations, are thm;e givcn in t.he following 'l'able: 

" In " " , 
-I , 2 27,130 9,2\1\1 15UJ2H,J..J-

, 3 2\1,1 (i3 i,230 IH3392,!Hi 

, 3 2ii.20li J 1,3HH 1 553\H), 17 

7 , 2..J-,2..J-\I J 2,..J-32 J iiii()BH,OI 

7 ii 2H,2H!l H,()53 J 5titi l !l,32 
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The vailles of a and b ('orre.~p()]uling t{) the ('ouples 11, 111 are th()~e 
whidl render minimum the value of e and whi('h reHo!ve thc s~-~tem 

" " - = O ,,, "'ilb = U • 

The form founri of the ellrvc is on thc other hand nlUdagol!~ t,o 
thllt fOllnd hy other allthO!'~ CI) in re~car('he8 on the ehemj('al ph.r~i('~ 
of thc pl'c('ipitation~. Thc eurvc reportcd in Fig. fi i.~ that for t!w 
va!ucH of n = G, m = 3 thnt hetter rcsponds to tlw vallle~ found 
cxperimentally. 

6. - 'l'he hehaviol\l' of the ('OIul1u,tivity of thc prceipitations dc
llends on the ('onrcntration C of the ael'Osol in the same pl'e('ipitalions. 
whi!c the acrosol are ('.ollceted hy thc rain that ('ro,~~c,<; throngh t!w 
atmoHphcre, in relation nlso to thc !aminary and turhulcnt 1ll0VCllH'nti'i 
of the ~ame, whi('h modifying the qllantity nnri the distrihlltion of 
the ,<;ame aero,<;o! ehange thcil' ('OIwentration in the p]'(wipitations. I t 
i~ po~~ihlc thcn to l'cprcsent thc phenomcnon by meam oi ~Ilitahle 
tran~port equations (2, 4, 1~. 15). 

l,et then: 

t; .dI 

C;C,.;C . ;C, 

o. 
(I; b; 

air flow a('ro~~ the unitary surfnre 

Hteady air mas~; in Illotion; in Illotion upwards; in 
motion downwards fu'ros,<; the Ilnital'y .~lll'f;l('e 11 

time; time interval 

spe(·i1ic size that the air masseH earry a('!'oss the lll1i
tnry slll'fa('e; sa me .~ize ('al'ried hy the l'ain; wind; in 
the ti me t 

snme ~ize nt Z height 

indi('es indirating Illotion upwards and downwards 

W;Wr;(+;-)'-' Yèlo('ity of ail' llUUlses (-- upward~; - downwal'd~); 

ve!o('ity of rain masses 

f{ 

wind ve!o('ity anrI its hOl'izontal and verti('n! 
('OlllllOnent~ 

nil' den,<;ity; mcdium air density; rnin riensity; air 
demity during wiml 

('oeffi('ient of the generai pqmltion of lite ex('!wnge 

[ " [ of air nla,<;ses ~c = - K "'il: 
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'l'he equat,ions t,hat, regniate t,he phenomenon are linked to the 
orient,atetI movement~ of mafl~(,fI of the atnlOHphere and of IIIasses in 
the atmoflphere (rain). Of the formei' we l':m (··onHider the horizont,al 
:md vel'tical (·omponent,.~ in the both diree.tionfl; of the lutter we flhall 
have to ('onsitIel' t,he vert.]l'al ('oIIlponent from the top downwanls, 
with t.he h.vpothe.~e.~ that the Ilwdium values of the meteorologi('al 
sizefl in the horizontal dire(·.tion do not l'lwnge. \Ve shal\ postulate 
that fl11(>·h nlHS8e.~ ('ross t,he Hurffwe a, pla('ed at Z height, of (linwnsions 
suftieiently gl'llat as rllgal'lls the hOl'izont'HI dimensionfl or the lllaflses 
in vllrt.ll'al movement.. 

That HxetI, we now ('onsider onl.v the \"erti('al t,ranspol't of spedli(' 
flize C, operated hy the masses or turbulent air in t.hc timc ,:lt a('!'os.~ 

the 8U1'fH('e 1)'. 'l'he intem;it,y of the fiow <P of t,he ~pe('ili(' flize C in 
the tinw /H will tlwn be, a('!'OSR 0": 

rPW,AI,r:r] = 11fhliC "lz) L Ubl C!riZ) 1+ 
+ 11 [7+(11 [l-b, [ l] 

whcrc with Un, v" arc indieated the nellt,ral mas.~es of ail' in 
motion upwartIfI antI downwal'dfl a(·rofl.~ a, allli with U;;' I>. U:,: I> 

the hot allli eoltI masscs also ill moj.jon G.:: /, the valucfl of the 
spel'ifk size at Z height, ('Olu'(miing tllC air masses now mentioned. 

In agl'eement, with the tllCoryor turhulenl'e (1,',-1.6,12,13.1 $ ) we 

('on~i(ler a partit'lc or Hir helonging to tlw mafl.~ U o and whkh is 
('HlTied to H heigt Zo < Z where t.hc flpe(·iJi<o size C, (·lwra(·u.~l'ifltie 

of .~lwh a paTt,ide and whil'i1 we will indicato{'. with C"I;:ol, ifl equill 
to the metIinIII valnc of flize C of the air IlWRfI at sUl'h an altitudc 
(1", ,",IS). 'l'aking t.his int.o a('('01Ult we ('Olùd write at, ImIRt. in tirst 

Hpproximation, and ('on.~idering t.hat. the fUlil'tions arc ('ontinuon.~: 

G~fi:1 =-c Colza) + 
l/h 

(Z· Z,,) [~] 

t.lwt, l'ould again be cxpresfled, if wc l'creI' to t.he Z level: 

CO I 7.1 [31 
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A. ~IURRI 

",CIZ> _ indieatel! the I!pe('ifi(' val'iatiou of the I!ize C that takes (z 
plaee iluring the unita l'}' ilH'Tea,l!e of heigllt. of the lllal!l! U~. \Ve eould 
now make dilIereut ('onsiderationl!, whieh would allow Ul! to al'l'ive 
illllllediat,ely a.t. the value of t.he intemity of the t10w of quantity C 
aerosl! a in tlw uuit.y of time" 

It. il! therefore eviileut, tha.t., a~Miug auil taking a,wa,y C,~) we 
ma)' wl'ite: 

• 
~ U~I Ca,blzi 

• = ,,+ W+ Glill rr ' ,Jt 

where the double index (I, h, iuilh'ates how the equation servel! for 
t.he ~uwending masses ai! well al! fol' tlw iles('euiliug awl the valnes 
(j', W' l'epl'Clsent l'eslleC'tively the mediulll valne of the ~leui!it.y, the 
vertieal veloeity of spel·itìf' size C of the as('ending air mal!l!el! (ileM'euil
ing) at Z height, The mClilinm value Ci) is given by: 

['l 

Taken into ~W('OUllt then that among t.he a,seell(ling and des('ending 
masses there is the evident relatiou: 

[flJ 

where (j, W are the mClilium ~leui!ity awl the mClllium velo('it.y at Z 

height, from eqnation [1], taken into af'('(Il111t tlw pOl!tulat.e~1 ('ontiuuity 
of the motiou awl of the spaee we obtain, for the inteni!ity of the flow 
of size C, aC'I'OSf! the hOl'izoutal uuity sUl'faee, iu unit.ar)' t.ime: 

tf!c=I( I",C _ ~ CI +(eW)U+(I.I' W+)C++(I?""W-)C- [7J 
(Z ~z 

where Jt: il! defined by the l'elation: 
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lllLd <'oinf'icle" wit.h t.he not.ecl c'ocfIìeicnt. of exehange betwcen ail' masscs 
( l , l U, IJ, H , H). 

In [7] the velodt,\' IV mmt. be c'onsillel'l'Il wit.h the two Sil-'11S, 
it having a:'wmHling, des<'ending awl steacly lllasses, and tlwl'efOl'p 

> 
Ir <: O and also IV- ,ç;; O, \1-+ ;? O. When then is c'alTicd l}(wau,~c 

of t.he rain (l'aSI~ of thc CXpel'iIllent..'l) then to [71 willlwve to be aclcled 
a tel'lll that. t.akcs f'ount of that, IV,. bmng the velodt,\' of rain fall 
ancl e, its clensit.y, ('r the spec'i!ic' sizc iol' thc l'ain. It will the]) be: 

I dO òOI f/J< =!( dz - òZ + (Q IV) C + (p '" \1-') 0+ + (y W-l 0- + (0,11',) 0" [8] 

Besides the aC't.iOll of tnlllNllOl't of thc spe<'jf-jc, size C on t.he pal't 
of the min, it is neC'essal'y to c'onsidel' tnmspol't due to wiml, aIO on 
the OtlHlI' hnml is shown hy expel'iment8 l'epol't.ed in l " pal't., It is 
known how tlHl ""imi, in pl'OXilllity to the gl'ouml, docs noto l'un pamllcl 
to this but. ('an assumc a bent Illmc 01' l{l,~s llf'<'cntuat.ed in ('onfol'll1it~
with the fl'ietion met up wit.h, of t.hc fOl'lll of the isobal's, ete. 

If then V l'epl'eSellts t.he velodty veetol' of the wind in nnit.al'y 
time, wc 1'(Jllsidm' tlw pnrallelepiped having l' as cliagonnl and the 
('Ol1le1'8 Iying ]'cspcf't.ivcly on t.hc horizontal piane pal'nllel to the sllrfaC'c 
of olwel'vntion :llld on thc nOl'mal to thiH. 

'l'hc VCI'tO]' F will tlwn be able to de('OIllI)(jSC in two VeeUll'H l'Il, 
Jying in thc horizontal planc, awl l';: along the vel'tkal. 

'l'o t.he equation [8J we 1l1llSt t.hel'efol'e adcl tlHl tcrIllS l'elat,ive to 
t.lw aetion or the wincl, whidl are: 

fol' the hOl'izontal C'ompollent, 

for t.lw vel'tieal <'omponents thnt ma.:'r' bc clcsc'ending (-l 01' ns<'cHfling( +) 
'l'he equation [8J bCI'omcs thcn: 

rp< _ xl rlC _ i)° l + (O W) O + (o~ 1V~ ) C+ + (o- IV) 0- + 
rlzòz ~ ~ 
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The elJuat.ion obt.ained I"ould formally make one think of t.he 
well known eX('lmnged equation of t.he air masses (l, 4.~. lG. 17). 

[10] 

but. thiR lat.ter is valid only in t.he ea~e that. in the ob~ervatiOl1 point 
t.here exist only air masses in priviliged (·ondit.ions, t.lwt is without 
t.heir own regime of motiol1, devoid of turhulenee or sueh t.hat. at least 

during slll·h motions is I~O_ = O, while ali the vertieal I"omponents of 
al 

t.he mot.ion arc mdI. SUf'h f'olHlitions were eyident.l~' not verifiecl, in 
OUl' f'ase; howevel" it remains aS('ertained t.hat the equat.ion [9] is 
subst:mt.ially difl'erent. from [10], even if formali.)' ~imilar. 

'l'he Jlll'dinm lo('al variation of the size O may be obt.ained fl'om 
t.he prel'cding equation [lO], indif'ating wit.h .o the meclium clensit.y 
of t.he air in observat.ion site at. the moment of same, cleriving the PO]: 

ÌlC 
l I 'I ( 'O <l0) . C C = -- _ _ o j( - - -- - e wc - e" Wl i - f.!" IV- ,- + 
(JÌlz ~z dz 

+f.!\V 
(10 

d= 

dO v 
7 !.i" F/{ 

IIz 

dO _ dC _ dCr IV' -- + 0- W- - + Or W r - f-
/f= ~ r1 ~ . IÌz 

[11] 

with whil"h it. is taken int.o ac:('ount. t.hat. the medium 10c:aJ variat.ion 
,o 

" 
of the size O is influe11l"ed hy the variatiom of O due t.o t.he 

dilIerent fl1(·tors enuw:iat.ed above, or that- is to the transport due to 
wind, rain, et<~. The [11] represent.s in our ('ase t.lw generalization 
of t.hc equat.ion of diJrusion, :llld it. gives f'ount of the ehanges operated 
by the movement of air masses in the values of the speC'ific sizc O, 
as also of the ('lmnge I"amed by rain fall, whi('h :u'quirillg t.he speeif't(· 
size C or a part of it, leavei\ a trac:e that. is t.hc phenolllenon of wai\lIOUt.. 

';. - 'rhe equations [9] and [11] of t.he preeeding paragraph lend 
themselvcs then to t.hc int.crpret.at.ion of the hehaviour of t.he (·()]Hlnc· 



[ RECENSIONI J 
,1.-.1. L:EYALLOIS, (JC()deRI:e Génhalc. Tumo I: JlétlwdfS qbuiralcs et teehniques 

fOlldi/mcntalcs . • Cullcctiun SCiOlltifiqUB de !'IllStit.llt Géugraphiqllc Na
liunal •. Vulullle ,li pp. 404, con HO figure c 56 tabelle. Eyrolles, (',liLure, 
l'aris - 1969. 9R li'. 

l~: un'opcra, a largo respiru, ,livisa in quattro volumi. 
Il primo YOl1l1ll0 - di cui qui si tratta - è (,Olllposto ,li quattro capitoli. 
Nel primu capitolo, dopo le deflllizionÌ generali (gravità , latitudine, 

lUlIgit1Hlille, a7.illlut, ellissohlc di riferimentu, erc.), 8i espongono i IlwLulli 
,Iella geollesia geometrica (t.riulIgulazÌolle, scelta dell'ellissoi,j(> di rifcrÌmellf,o, 
l''Jol',!inale geugrafiche geodetiche, rapprestmtazjollÌ piane), le misure di aI. 
t.iLudine (livellallllmto aRtro.geo(leticu, geodesia astrunumiea), il eon('.etto di 
geodesia (linamica, la gravimetria (Iet.ermillaziune della forma (Iella Terra, 
i! campo e~t(,rnu, le deviaziulli (Iella vertieale), la g-eodeRia tri(!imensiunale e 
i satnlliti artificiali, le determinazioni geometriclw (\ella forma (Iella Terra. 

11 seeoJl(lo eapitolo tratta della teoria (Iegli erruri. Si dà il signifkato 
(li oH~ervazioni dirette c indirette, di equaziulli (Ii eUJHliziulle e di errori di 
oHRervaziuno, (Ii pr(\ci~iune, (li errori apparenti e veri, di scarti e (li reRidui. 
Ai paSHa quindi a trattare (Iegli erruri acei(len1.ali (Ielle misure (lireUe, (lei 
diagramma (Ielle Irequellze, della curva di Gauss e (Iella eUlTelazione, del 
metudu dei minimi quadrati, dell'uso delle matriei, della preeiRione (Ielle 
u&<ervazioni e (lei calcoli, (le] metodo (Ielle equazioni di COlHlizione e del 
calcolo (Iegli (lrruri me(li. Un interu capitolo è de(!ieMo alla rifrazione at· 
mo,.t[erica (rifraziulle ast.runumiea, rifraziune geudetica, rifrazione laterale, 
rifraziolle (Ielle onde radioeleUriclw nell'a1.mosfer:~). Il quart.o eapitulu è ri· 
servato alle miH\lre geodetiehe: triang-ulaziuni, misure angulari (precisione 
pOHsibile, errori RiHtematici, meto(li operativi, misure (li distanze zenitali, 
ec(·.), misure di (!ist.an:w, misure elettromagnetiche (li diHtanze. miHure 
aslrullumiclw. det.ermillaziulli (Ielle cuur(lillat.e geogra.Hche, livella mento (li 
preci.~ione, miHure (Iella gravità, la rete gravimetrica mUlldiale, ccc. 

p .c. 
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J .. J. L/,;V.\I,I,OIS, Géodésic Gfnéralc. TOIlU', [I; Géodésic c/asliiquc hidimfllsiOIl. 
IleI/I' .• Colledioll SCiClltifi'lliC dI' l'Illstitut Géop;l'apltiqllto NatiollUI". 
Volllmn di pp. X!I·l 408 co ti lij!) fip;ttrn l' 37 lalwlll'. E~']'oll('~. ('dilor('. 
Puri~ -1!J70. I:H,F. 

j.; il sncolldo VOlllllW dnlla "(;('oi!e>lia (òl'1wrale . Ili Ll'valloi~. 
li ('upil01o ('011 l'tti >Ii Upl'C il lihl'o (Y dl'll"opl'ra) i~ dedil'uto alla gtoo. 

mntria dl'll'l'lli~~oide Ili rivolllzione e ai cuko]i Sllll'elIiHKoidc. Dopo ull'uni 
l'i,'hiami ,li I-(I'ollu'.tria, l'A. 8i SOffel'llta sulle ('urve I-(uhhe, sull('. propriet:\ loeali 
drne ~lll)(1rli('ic, ~llIla ('\1rvatttt"a totale l'. 1'(\('(·I'.~Ko utlg-olal"l', stti lriallp;oli 
g-1H1I1(,tiei, >lulle g-(lOde1.idw delle supl'rfkie di rivol\1zioll(' e, ill purli('ulare, 
dl'll'l'·lli",~oide Ili l'iYol\1ziolll', Klli mntodi Il'illv,',r~iotl,,. Illltlwri"a, ~mll,', ('o>ltallii 
di akulli ('lli.~soidi, ('.l'('. Il SW'('l'i<sivo ('apitolu trattu della rappres('lll.uziolle 
dnl1','.lli~soidn 811lla ~f,'.ra o ~lll piallO. [Il eSHO ~i ('.~pollgollo i (·on(·(,.tt.i di rap
IHI'~Cllj.uziollC pialla eOllforltte Ilell'ellis~oil\f', di ('[[rvat\1ra Ill'lle traHfOl'matn 
pialle, di tra~forlllaziolli per tlttmnri ('ompl(,,,,,i, (' Ki de~(TivOllO le proieziolli 
di J\lan'ato]"(', di Lam1wrt e di :\[,'.rcatoJ"(l tra.WI'T~a. illdi,'allilo le ViB per il 
pa;;suggio UPI)]'ossilttuUvo da UllU pl"oieziolln ('ollfol'mto ad lln'altra proil'.ziOHn 
(:ollfoTltw. ViN!e ,[uindi eHpo~lo l'impingo delle proicziolli ill lluviguziul[(' c 
la rapprm<Plltaziolll'. cOllfo]'tlw 11I'1l'elli>lHOilll' >lulla ~fl'ra. 1 llU'lodi di (,Olll· 
pell;;azione dnlle Lriallgolaziolli classiche cOKtitui>lcOllO l'argo])l".tlt" linI 30 

('apitolo dI,I volume (V[ [ dl'll'opera). Viene e~po~la lu ('ollfonttazioll(' d('i 
triangoli B la .~lrllttura dnlle rnlazioni d'os>I(;J"vaziolln. :-li descrivollo g-li ug· 
giuHtamplIti I-(raftci e la lttn;.\Ha ill pO>lto dni llloghi I-(,'.om,'.trif'i. Si pa.~>la ,[(tindi 
all'upplica7.iolle dE'I metodo d('i millimi 'Illadrati (metodo ddle OHKnl'Ya7.iOlli 
direj.j.('. eotuliziotlate, meLudo delle variaziolli di ('()()]"(lillaLe, ltteLollo dnlle 
g-iaeitll]"('.; ('8('mpi nllmeri('Ì). A('cmtltato alle grallili (·olllpen.~azioni Ilei pa.><. 
Bato, il volllme I<i f'llÌllde ('Oll l'espo"iziolln dl'.i ml'todi Hpf'diti (di Bowi(" 
d'OttrmaielL l',·c.) Ilclle "oltljwllsaziolli rig-ol"Usc (lt[('Lollo dri gruppi) n dtoi 
lt[('1.OIli per 8villlppO (metodo di Holt7.). 

P.c. 

J . .1. LEvAI,I,ors, (;c"desie GCllafl!f. l'ome III: l;c e//(rmp de !a pcs(llIlrlll" . 
• Coll(,,·tioll scleut.ifi'lue de l'Ill.~tiL\1t G6op;mphi'i\lÙ Natiollal •. l'Il vo· 
lume dlngato itl tela, fonttat() IHx25, Ili pp. XII-'---I3H, ('OH 17:3 fignr(' 
e 27 tahellf'. Eyrolles, l'-dito l'l' .. Pari" IH70, 15(j F. 

[l terzo volume di (òeode~ia G('ll('.rale di Levalloi>l ~i apre ('Oli Ull ('api
Lo lo (l' V [11 Ild['opnra) ~nll'iHt]"(lIhl?iOlW allo Ktll1lio d,'.] potntlzial,'. tlewtoHianu. 
I)opo alculti richiallii p;l'lt('rali, l'A. Lmlta dnl [H,tf'H7.ialf' llf'.wtotlialto (Ili 
lllas;;a i~()lal.a, di volHltte, di snperfil'ito o di stompliee 8lrato, di Rtm~u Iloppiu), 
dci tC'or('ltta di Ga1!~K e dAlln nquaziolli di Lupla(·I'. ". Ili Pois;;olt, delln fUll' 
ziotli armollil'llf' (forllluia Ili GrN'lt, pl"ohlema Ili l>irieltl('L, ec('.), d('lle fUll' 
7.iolti sferidu'. e si ~otr('l"lttU ;;ul potetl7.ialB e l"attrazione di (!llal('lte ('01")1(>, e 
l'Hl ml'todo Il'illver~iotlf'. 
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Il eupitolo >'>uCl'l'ssivo è dedieuto al {'umpo de,Ilo ~feroidl' di rikl'imento 
(', ('ollj.il',lIe l'e>'>IH'('li~iol[!' rigo l'Olia ,lei l'am[)() ,Iell'elli~lioidl', i teol'(',mi ([i Clainlut, 
la {'l'[ehre formula ([i Somigliulla, !'l'quilihrio di ulla ma.~sa fluida ill mo· 
villwllto di rotaziolll', ulliforlllF, il valore dI'ilo sehiuf'f'iumellj.o [('ITl'~tn; iu 
('Olllil'g-Ullllza ,Iellu [H'(l{'(',SKiolll' d('g-Ii l'qUillozi e la formula dI'Ila gravjjù Ilor· 
malI', SI'g-ue il f'apitolo (X dcll'opera) ~ul campo pot(',uzial(', dI'ila '['(',lTa 
l'l'all', l'on le dl'fillÌl~ioni dI'i liiMI'mi d'a[titudinl', ,ll'lI'dlissoi,le !-(e]wl'ale, ([l'I 
!-(noide (' ,lei f[uasi.!-(eoidc; rl'KpOliiziolle ,lei mo,lelii telTll~tri di f'oafl'onto, 
dd ('al{'o[o ,11'[11' ('OlTnZiolli; l·esprn.';.~iOlw del['l'qlluziolle foudalllf'1ltale dI'ila 
!-(nlviml'tria, il, forulllil' di ~toke~ Il di l'izzctti, per fìllir(' ('Oll lo ~tudio dI'I 
fJallIpO llell"illt,Ol'aO di Ifll punlo e la ril'erca ([d g-nuliellte ([i p;ravith, ChiudI' 
il [l'l'W VOltI me ua {'apitolo liulll' d(wiaziolli dl'[la vI'l'ti('u[e. Dopo 1(' ,ll'n· 
uizioai !!;{'lIemli, ['A. s'illtmt,tieue sl1l1e ,1('viaziOlli as"olutl' ([dia \'('l'ticull' 
pnr via g-nlVilllll(,rica, sul Illeto!lo pralif'o ,li ('all'olo dl'1l1l !I(wiazioai aKliolutl', 
,Iella Vl'rt i{'a[n, HIII !iVl'lIumento UHtrog-eodeti('o f' Sl1 nlil'mpi di upp[if'azioun, 
'!'('t'milla l'spolIl'lIdo i[ Ki!-(lIili('ato !-(eoml'[ri{'o ,II'!I'f'(IUUzio]w ,Ii Lapluf'e (', il 
ulI'to,lo ([i ,kh'l'lllillaziOlw dl'!I'azi/llut di Laplace. 

1', l'. 

,1. J. L};VALLO[S et .I. K()v.\I.~;VS"'i, (,'"'odl's;,, (/(I/';"II{", TOIlII' ['C, (/io<!t's;" 
s/m/{((I" • • Coll!wtiou ~{'il'lltillqll(' dI' !'[as[itut n{'o!!;nlphi!plf' Xatioaal _. 
IJII \'olumn rile!-(ato iII telu, formato Ili X 2il, di pp.:x 2r;S. ('oa Jl 
lig-ur{'. E.\"I'olk~, p,litorl'. l'aris U}7U. HJ.! Jo'. 

Il quarto VOhlllI1' ,klla Ol'odesia (l1'IlI',rale, [Wl' la re([azioae ,kl (Iuail' 
Le\'alloi~ si è val"o dI'Ila collahomzioue di Koval!'v"k~', l'~pOlW In più l'I'cnnti 
e "ol'prell<lellfi a('(lui.~iziolli della !-(eodc~ia: la geo,ll'sia tridillwlI~iollail' l', 
~paziah', [a g-I'ollwtria l', lu 1lI1'('('auiea ('l'.II',,j.e dI'i ~atnlliti arf,ifieia[i. ,'i ~OIlO 
e"po~ti al{'ulli ,Il'i meto,li, il ('ui l1~O Ila fatto fun' alla geo,k"iu lW[]"lIltimo 
dlll'I"llllio. Ul! pl'og-l'f'''SO llwg!!;iol'f' di f[u{'llo ,Iu c~sa l'ompiuto a{'1 K(',('olo pl'l'. 
('p([I',lltn. HIHwiahlwnh' pnr qlIanto ('OIH'f'l'llll la ('oao,,('paza p("(wisa ([{'Ile l'O' 
stanti ,linami(,]w ,Iella '['cna, 

l! cupitolo dedÌf'ato alla !-(l'odlli<ia tri,lilllf',IlHionu[(', (XII dnll'opnra), dopo 
IIn'illtrodnziolw di eara(.tl'l'f' llIatnmaj.if'o, trattu ,kllu lriulll.(o[azio]w i<puzia[1' 
su "ah'[liti artifi{'ia[i n ,ll'i l'f',[ativi {'ah-oli; ,Iella ('om!){'llsuziolle ,l'iuKiellw, (', 
,li alt'uni meto,li ,li !!;('.()(II'Kia i<puzia[n HU Katl'lliti artifieiali (i/ll]lie!!;o d(·i La~ers, 
met.oo!o uttico e telf',llIe('\'il'o, /Ileto(!o orbiUdl'). ],'o]ll'.\'a termilla ('UII 1111 ('(l. 

pit.olo di IIl1w('ani{'u f'('ln~tn: il problemu ,ki ,hl(' {'o\']li, la j.('oria ,Ielle [Wl'· 
tUl'lluzioni, sviluppo ,k[la fuuziolln 11f'l'fllrha(rif'c, t(',ol'iu all'lliliea 011'1 llIovi· 
JIIelito 01'1111 >'>at{'Uite al'tilieial(', ,ktl'l'miuazioue dello orhit.e (,ll'tf'l'llliuaziollp 
[Jrf'lilllinan', mig-liuralllpnto di uII·orhitu. OHlif'Tvaziolli di [Jo~iziolli appan'lIti 
,Il'I satnllitn, O~,~I']'vazioni oli o!istanza, efIetto Doppll'.\' di 1111 .~u[f'llitc, (W{',), 

,Iet{'rlilinaziune ,ll'liI' orbitn ]II'.\' illte!!;nlziollll numeri{'a. la g-lluo!l'"ia dinulllÌf'a 
[wr Hatdlite Il i dll(' pl'oIJlf'llii f'iJ{\ la illlp("('>'>"allo (,Id,(',rlllillaziouf' 01('1 ('UlliPO 
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,li gravitaziolle \1l',l1a '['ona, \1f'tel'lllillU7.iolle \1('1130 Vosiziolle g-eoeelltriea ,IellE' 
~taZi()lli ,l'or;;;erv:lzione). 

Xel e()lll]llef'.~(), il trattato di g-(',o,!eHia g-ellerale qui recensito, C'osti· 
Luil>l'c un ' opera ,l'iwluhhio valore, dw ria.~R\lIll('" iu modo chiaro e ri
I-\"0ro~u, qllUllto è stato fatto in ge(Jl1c;;ia flllo ai Ilostri tempi. Vi partieolare 
illteresse il quarto volume, dedicato alla gcù,\BHia (lillilllli{~a 11 Illezzo di "11-
telliti, ramo llnOvi.~Rilll() delle ilUlag-illi geodetiche, che giil preziosi contributi 
1m dato alla ('OnOR('·enza dlòl votem:ialp, tmTeRtl'e (', ,\p,lla forma della 'l'cITa. 

1'. C. 




