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QtJARIJ.IDLY PBOOBI88 UPORT 

coatn.ct lo. JJ-6-on-139, 
~k Order I 

Du:ring this period, the eerie a of barotropic forecaata tor the 

-period 23 - 26 I'OV8111ber 1950 were completed. fbeae fareeaata uaed 

m-mb heights e.s 1up.lt data. Alto§S'thor 8i.z 24-hour forecaau vere 
.. 

a4e using a time 1Dterval of one hour and a .,:recision of 2-10 1n the 

aolution of tbe Potea011 equat101l. The 12-houi' forecuta were q.\lite 

&004 except during the period 1500 OC'.L' 24 Bovember - 1500 Z 25 liQVellber 

wben baroellnie effects eeea to bave been quite ill,portaDt. !be oonela­

tion betwen predicted and ol)aerved l2-hour 500·11D Misbt cb•net• vu 

IJIDer&ll1 p-eater than 0. 8 ezaept dur1Dg tbe abcrN period. The ~-hour 

fanout• vere sCIIIIWbat l.e•• accurate. 

'!'be tint 12-baur b&roclinio toreout vu t1.n18Md 011 Aucut ~· 

'!ha -.odel tor tbie forecut 1e baaed OQ the UM of tvo P'id ,POinta in 

the wrtieal e:t p • 300 u4 p • 700 lib. With a0111 al1aht eillpUfioaticm 

tb.i• reduce• to a tvo-le"Nl barotropic (but DDt nan-41YV81ut} .:Mlel. 

at l:lOQ ~ 211•-.bv 1950. !h1a wu the tao at -t the barocl.1D1c 

4Mpening of the atora ..._4 to be 11108t pronotmeed. A ~-lib tozoeout 

can be obtaine.l! tram th1• .oc!el it it 1a uaumd tbat the 500-mb bei&l:lt 

cbaz18e 18 proporticmal to tbe 300- aDd 700-'llb baigbt abanp. U•iDc a 

relationahip ot thia t1n4 bued em tbe UI\UIIPticm tb&t alhiJ/o ~ = conatant 

( ~ • potential te-.perataft); a pndiction vaa ma.de of the 500-llb he1&bt 

c~• rrcm 1500 Z on the 24th to 0300 Z on the ~th. '1'be correlation 

• 
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ooetf1e1ont between theae 'baroellnically t'oreeast changee and ~ obHrved 

obazltpts VI!Ut 0.78+ OOllll'8J"'!!d to a f'1f!Ul"e ~ o.~+ tor tba correlation be­

tween the barotrop1oel1y t'oreoast changes and the aatual changes. 

However, the initial 500-mb tendencies from the two-l.a,.,r model 

aeemed to promise a greater improve111ent over the barotropic toreeaet than 

vas given by the actual finite 12 .. hour forecaet. The reB.Don for this 1s 

aa ,et Ulllmow. In attempting to (Jt> on to a 24·haur forocaet, the pot,en-

ti&l vorticity (vhlch is euppoeedly conserved and 1• aeal.ed in the -.ob1ae 

to lle initially betveen about + 3/32 and + 7/8) boca. negative at a grid 

poi,nt to the east north-east of the atorm oenter. This occurred at to. 

39th time etep, the lell8th of the tiJIIa atep being l/a hour. The ppor I boW­

ing or the 12-bour finite chanp !! . tba initial. t.endanciea ..,.. au. pri­

mr11.y to a veakeu1ng of tbla initial heisbt :taU center to the south ..... t 

ot tbe stoi'll. !rhia could be ell» to a .,.'-•tic truncation eno:r vM!'eb;r 

the potential vort1e1t1e• bee&IJIII!!t smaller vitb ti~~~e. Before attempt~ a 

more complete anal1a11 of thu phena~~enaD, howner, it was eorusidered &4-

'fia&ble to Dlllke another !oreeaat. lle are tberef'ore at the moment in the 

process of IDBiina a 2-la,.er prediction based on initial data from the 

23rd of November 1~. 

'l'be input 4ata tor the barotropic forecasts an4 the 2-layer tore-

outa have been obtained directly from analyzed oharts o:t the 500- or 

300- and 700-J:Ib levels. (!'he tvo letter banng been &D&l.yzec1 b7 KOVII&Uer 

and the formor by Philli'PB.) There 11 101111 reason to I!Wipeet that the 

uae of data at a gi"'etl level as OPPOSed to tbe uae ol data vh1eh is averapd 

With respect to the vertical coordiMte vit4.tlteu any comparison between 

various modela. We therefore h.opt to re4o a~ ot the barotropic and 2-laJ8r 

• 
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computations ue!n~ i!litie.l &tn _V'b.ich bas been "'smooth~11 in tbis manner. 

Vertical velocities n:n;r be coill!'lltec! t"rom the 2-la,er Plodel. They 

have been computed fer 1500 Gar on the 24th and ahov a good correlation 

Vitb the actual distribution or cloudiness and precipitation. 

The change frQil1 the barotropic to the 2-]Ayer tilOdel ( ... 17 July 

1952) coincided Yith the beginniu.g of a period during which error-f"r" 

tunctioning ~ the comput~r b4o been :an:.ewb4t raror than during the pre­

ceding months. . To aid 1n d1asnoa1ng rzltunctions of the machine 1 a fOJ"Il 

ot the barotropic cede has been rewritten by Glen Levis to check all of 

tho m j or arithlnatie apcre.tiomwbich occur in the nonal. fom of the 

barotropic oode, r:md baa p:l"OWd quito uaef\11. The barotropic code 1tael.t 

hu been rewritten with the obJ.at. ot "spoed1llg it up". A8 a. renlt w 

Jl.OIV believe th&t a 24-hour b&'rotroJiic :t'orecaat tar tha region ot •OI'tb 

). 

the Princeton machine. A maJor fMture in this revialon .requires thl!i 

storage of additional past values of the stream 1"unet.1on r . In e-ver:r 

tim ste-p prior to the L1ebmml solution of the Poiason equation tor f 1 

an initial gucao !or rj; is •de by cxtrn.pola.ticm from the past f -
values at each interior grid point. It ia bellewd that this method vill 

gift an initial eatimte of: lf differing f'roa the trne tinite-di:f'terence 

solution o! the Poisson eq~t1on by a '..ati'r or tho order of 2-9. 

Since the aocurac1' required for tf' 1a only 2-lO 1 only one 'billar7 place 

need be rel..o.%ed by the Liebmann process. The o.bsolute saving in tima 

Dade possible by this c:aathod will be greatly increued in the core ca.-

pl1cated modol.s where the convergence rate o! the Liebmann »roeeaa is 

less. 
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Joeepb s-aor1ut7 baa o~l.eted bia atud7 ot the etfecta ot soaal 

u.,awtr1ea iD the 41atr1buticm ot aeuOD&l .an heatiq on the larse-aoale 

quaai-~ut IID'tsiou of the ataoapbe:r-e. Bia o<*Pltat1<~U, bue4 an an 

i4eal1ze4 41atr1but1all ot U&tiac, 1D41cate that tb.il effect 1a qulte 

taportaut in tbe law-r leftll (vblre the lcmg1tud1Ml. ~1at1oa. 1n he&ttuc 

t. sre.teat) but l.eaa so at upper l.evela where it a"• to be of tM .... 

or&tr of mapituda as ~ Ol'Ograph:ical e:tfect inv.atipWd earlier b7 

Cbar'Ewl aD4 ZUaaND· It is planned to -publish this st~ in tU QUAJ'\ezoq 

J'oumal ot tba Bo,al Meteorological Societ7. 

Ph1111pa baa ade calculations of the nortlnrard trana~ of beat 

and ge~~eration of kiDetio energ,y b7 am:plU'y:iq disturbances in tb. tvo-
1 

la,-er mcidat. '!heae indicate that tbe tntc&l l&rae aoale barocliDic dla-

tU11)&nces "l'l'oclucelt ldutic ensr&Y fut enough to balance the eattmated 

d1ss1patiou bJ :triction and at the ..., tt. trauport eiLCNP bHt en.rg 

polevard to approxi•tely balalloe tbe Mt radiational 4et1c11;. Tb.eee re­

sults ~·· 1u general v1th the recentl7 published work by lCuo in the 

Journal. of MeteorolOQ (vol. 9, no. 4). 

In m1d-AIJ8U.St Jule Cbal."My lett on a trip to T1a1t Ju.ropean 

meteor.o~lta oQAeerned With D.1DIIIIr1cal torecast1na ·aDd to attell4 a oon­

f'e:rence 1D Btockhola on this aubJeat clur1Da October. 

On AUBUt ,tb, a r~~et1nc vu held at the Iut1t~ \m4er tu cba1l'­

pap•h1p of Pro!'eeaor von BelDBDD to •KPlore the poaa1b1Ut1ea ot routhle 

preparation of nu.r1oal. torecuta b7 the Wee.tber 'Bure&U aDd tbe Air Jloroe . •. 

ud I&V7 -.teoroloaical aerv1cea. It vu a.o1de4 tbat a l'epneentat1w 

frca eaoh of tbeae apnc1ea viait ~ ll'OUp ~t Pr1Doeta11 to obtain experi­

ence Vith our ..-thoc!a. A cow of tM llinu.tea of tb1a -t1q ia beiDa 
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••nt to eaeh part1c1~BDt• Bepre1entatiw1 tra. the VMther Bve.w, Air 

Weather 8erT1ce, W&Tal AerolOD, 01't1ce of B&Yal Be•earcb, Geo~ical 

B•Mareh Directorate ot tbe Air J'aroe, and the Vtlivenity af Chicaso 

atten4ed the ..tiq. 

Respecttul)3 aublaitted, 

./h~CX~~ 
Jlor-.n A· Ph1ll1pt1 
lletearoloc7 GrOQp llellber 

,. 
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TBI DSTI!tO'.I:I J'OB ADV'daD S'MDY 

TBI Jll±l(llOLO<J'f (lim 

April 1, ~2 to JuDe 301 1952 

Contract Jo. 1-6-ori-139, 
'faat Or4er I 
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MDIIU8: 

John vcm Beuann 

Jule CbarDe;r ( tull period) 

•~ Ph1111pa ( tull period) 

Joseph S•gorinaQ" (tull period) 

COli'SUI.TAITS: Victor P. Starr (Prot•••or 1 Mu•achuaett• Inat1tute ot 
Technology 1 Ma;r 26, 1952 to June 41 1~2) 

CODIBS: 

J:dverd lf. Lorenz (Doctor, Massachuetts Institute ot 
Technology, ~ 271 1952 to June 4, 1~2) 

Bora Gilberg (tull period) 

Glen Levis ( ru.u period) 

J:dvard Stone (April 1~, 1952 to June 30, 1952) 
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Contract Jo. K-6-ori-139, 
Tut Order I 

!his period vu the tirat 1n llh1ch the I. A. 8. electrcm1c eaaiJuter 

bees. aV&i.lable tor general use. A aeries ot teat computationl bad been 

plazmed and mch of the Group' a effort during this ti• vu devoted to 

running a aeries of barotropic teat forecasts tar the 500 mb. level. The 

fol.l.oving 1.1 a ~ of the nature and extent of the results: 

1) The aJ110Ptic period for the forecasts we lovellber 23 to 26, 1m, 

a period durina which an UJIUSU&lly severe storm developed at the ground and 

alott over the eastern bali' ot the United States. The a1tuation had orig1-

D&l.ly been cb.oaen u being ertre•ly barocl1n1c and therefore a auitable 

0118 011 :whiOh to teat var1ew~ three-d.i.an.eional IIOdels. It vu felt deair-

able to ba"t'e a aeriea of barotropic forecasts tor the &&18 period tor COil­

pe.riaon parpoeea. ~orecuta for 12 and 24 hour• were prepared troa initial 

uta tor tbe tiMe 23 lavember 0300 Z1 24 llovellber 0300 Z1 24 Bovellber 1500 z, 

25 Bovellber 0300 Z1 and 25 lovember 1500 z. Altopther au 12-hour torecuta 

and au 24-hou.r forecuta were -.de. 

2) '!'be present •DIOl"J cape.oi ty ot the I. A. S. computer b more than 

adequate tor a tvo-di•nsional forecut but. becomes marginal tor a three-

d1•naicmal torecaat 1 particularly it tore cut tiDe ie a conaideration. To 

ucertain the 111l'11mwl &IIIOUDt ot dig1tal aisnificance needed, several predio-

tiona were ~ tor an identical period but vitb varying degreea ot precision 

1n the stored data. It vu found that lO binar,y digits, an accuracy of 1 in 

210
1 vu sufficient. Tbi8 ~mch accuracy is not inherent 1n the rav 4ata 
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but IIIWJt be retained in the computation to preftnt a 4estructi Te aceuriUla-

'l'be tests a.lao 1'urn1sbed avidance that the computations were cOIIp\lta­

t1~ stable. It they bad not been, the rotmd-off errore wou14 haTe 

become so na8Jlif'ied as to produce large differences between forecasts vith 

diftertus stor~ precisian-. 

3) As a more syatema.tic cll&ck on the computational at&billty, :f'orecuts 

were again made for an identical period but with ditrerent time 1Dterval.s. 

With a space grid 1ntenal of 300 km the computation became unstable at a 

tiJDe 1ntenal of eo Ilinutes. 'lh1s agreed vitb the thearetio&l calculation, 

accordiDg to which the apace i.ntwval 6 ll and time interval At muat aat .. 

iaty tbe condition A l' /At -::>11 tJ. 1 Wbere u. is the az-1!11.U!l particle velocity 

1n the forecast region. 

4) !ro reduce the forecast tiM a method vaa deviaed tor extending the 

time interval beyond 8o JDilmtea while keeping the computation stable. This 

•thod vu tested and vu "toUDd to be onl7 JAOderate:Q' accurate. An iaproved 

u.thod vas eugested by Dr. Oolclltine but was not tested. 

It may be of interest to show vbat is involftd in a 24-hour tvo..d.imeuional 

forecast. ne· grid contains 19 grid pointe on a aide and covers an area about 

the 11~ of Borth Allerica. The torecaat 1a :aade in 24 one-hour atepe. In 

each step some 171000 IIII.Ll.tipllc&tiona and divisions as well as 541000 additions 

and subtraetiona are requiredJ &ltoaether 296,000 orders are execruted. 1'hia 

takes lesa than f'aur minutes at full speed. !huB, at 1\lll speed a 211.-hour 

-
forecast require a about 1 1/2 houra. ,lctually, bowe.,er, the -.chine operated 

at onl,y bal.:t speed 1108t or the tim. The input and outp11t is at the llk8!tnt 
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• 

slov. It consists of a. telet,-pe reader and printer. Bear13' an hour is 

required to rea.d the data. 1n 8lld out aDd to verity that Vbat baa been read 

in and out is correct. Making allowance tor the personal equat10D, slightl3' 

t110re than 5~ or the total forecast time vas spent in merely caamnd eating 

vitb the machine. This iJI an obvious incongruity and vill aoon be re~~&d1ed 

by input-output devices .that vi~l reduce the co•nun1cat1on tilDe to a negli-

gible ftmOunt. It vill eventunlly be possible to go from the memory of the 

machine directly to an ~ed meteorological chart . in tvo or throe minutea. . . 
Methods now exist for reducing the tota.l tim involved in a 24-hour forecast 

to leas than one-hal! hour. 

In addition to the activities described &bove, work was continued on 

preparations for tbree-diJDena1onal baroclinic t'orecute. This 1 tosether 

vith vork of a more general character 1 11111 be deacribed below: 

5) A ei!llpl.e tb.ree-d.i~~enaioual prediction model involving tvo upper 

levels (700 and 300 mb) wu progr....ed and coded. Forec:aats 'With thia 

IIOdel are expected to begin during the veek of July 14. 

6) Anotber 1i111ple three-<limeuioaal model involvina only ODe upper 

level but utilizing both temperature and pressure data was progr&IIMd aDd 

coded. 

7) To test tbe util1t7 ~ tbe -.chino tor performing etatiatical-
' 

•teorological computatiou, a progaa vas drawn up vith the aid of Dr. 

Tukey at Princeton UniYereity to. calculate power apectra and lag and multi-

' ple eorrelat1ona tor a tille aeries of zonal and •ridional iJldicea ca.piled 

b7 Dr. Willett of M. I. '1'. 1'be reaulta ¥111 be of int.reat to Dra. Starr 

and Lorenz of)(. I. T. in their atud7 of pneral c1rCQ.lat1on probleu, u 
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,I 
well as to ouraelvea. 

4 .. 

8) Mr. Saagcrinalq' e vork vas completed on tbe intl.uence o! beat and 

cold sources on the .an circulation 1u midcUe latitudes. Be is UQW J)l"e-

par1ns the paper for publication. 

9) JudSi!la b7 the agre.-nt that is now obt&iuble between the observed 

and calcml&ted IIIIN.a circulation pe.tterna ome JM7 be Justified in at leut 

attempting to e.:~:plain certain ot the long-period WM.ther an0111alles in teru 

of at&tiatical-mechanic&l concepta. Soma thinking has been directed tovarda 

the ut111Z&t1cm ot •cb.1ne •thoda to dN.l vith this problea. 

!be Met-eorology Group 18 not equipped or at&ffed to perform extensive 

S"ynoptic &D&l,yaea. Acoord.illsl1 such analyse a bave bad to be pertor.d by 

outside organization8. We aclalowl.edae Yit.h pl.e&lure tbe val.u&bla aaaistance 

of the u. s. Weatber Bureau ill collecting, proceaaing and plottillg all the 

neoeaaary isentropic data tor tbe 19;0 lovember storm pwiod.. Thia data 

will be used tor the tull three-di.Jaen.a1onal forecaata. We are alao iDdebted 

to Dr. Newton and Lt. Hubert (USif) of the Stockholm University Institute of 

Meteorology for two aeries of synoptic analyses of 500 Jib. A.Daerican e.nd 

Ruropeau. data. These will be uaed tor additional barotropic forecasts. 

Beapecttul..l7 subllitted, 
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ml IliS'rl'lO'l!B J'O'R ADVANCJ:D STODY 

'rill Ml'l!IOBOLOGY GROUP 

:O.cellber 2.2, 1951 to March 31; 1952 

Contract Jo. ll-6-ori-139, 
'last order I 
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MJMRIB8: 

John von Ne'IDUm 

Ju.le Charney ( tull period) 

llormn Phillips ( :tull period) 

Joseph BmgorinakJ (tull period) 
t 

CONBOI..TAliT: George Platz•n (University of Chicano, January 27, 1952 
to March .2, 1952) 

CODIB8! Norma G1lbarg (!'Ul.1 period) 

Olen Lev1a (february a., 1952 to March 31, 19~2) 
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QUAR'l'DLY PBO<JRESS lW'01tt 

Contract Bo. B-6-ori-139, 
~sk Order I 

With tbe completion of the computing aacbine at tbe Inatitute "tor 

Advanced Study tbe pr1-.ry activity of tbe Group turned troa general 

phJBical and ~cal studies ot the numerical forecuting problem to 

the specific taste cODDected Vith the imaediate utilization of tba ma-

chine. It vaa apparent tbat the ·degree of d1U1oul.ty inberent in the 

three-dimensicmal foreeut problea wu too great to juet1f;r tbe uae of 

& three-d1mnsional model in the 1n1t1al teat computations. It vu 1 

therefore, decided to deal firat nth the tvo-diaensiOD&l barotropic 

model, a model that bad alJ!he.dy been 1nveat1sated to •~ eztent on the 

DIAC. Since the results of the DIAC axperimante vere too meager to 

peruit draYing general conclueiona, an intensin aeries of testa nth 

"f''U71.ng grid ai~ea 1 time intervale 1 re l.An.tion metboda 1 and lJUJ!Ierical 

storage specif1ca.t1ons were pl.armed for tlw Princeton achine. In addi-
. 

tion, it was planned to perform aome numerical integratione ueiDg tvo-

diW~nsions.l models incorporating eaaent1a.l. ba:roclinic teaturee. Prograu 1 . 
tlov diagre.ma, and codes were prepared for tbeae test torecuta. 

After the Group's first experience vith the machine it was real-

ized that the best way of keeping e. check on the aecura.e;r ot o. wry 

high-speed calculator we.s not to inspect tbe results o.t the end of the 

complete calculation, but to instruct tbe me.cbine to check itself and . 
to stop when it had made an error. Aecord~, a aeries of autc:-.tic 

ebecllaivere added to the coded 1utruct1one. A code vu al.ao prepared 
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tor converting tbe atreUl tunctions, ree.d tram the veatber cbarts u 

deci.al numbers 1 directq into the initial binary wr-tic1Uea needed by 

the machiue at tba start ot the ccaputation. Beretot'ore 1 the lftreaa­

tunction had been taken as tbe dependent variable, but it vu found that 

rOund-off errore could be considerably reduced b7 taking instead tbe 

absolute vorticity for the dependent variable. The atrea=-tunction, 

Which ia needed for tile tine e•-trapol4t1on or the vorticity, ,.... 

determiDed :trom the vorticity field by aolving a Poaaon'a equation. 

A IIIOl'e buic cblulge 1n tbe formulation of the barotropic problea 

was demanded by t.he decieion to solve the ?oiaeon equation by a aJ&tem­

atic relAxation •thod (modified .Liebmnn) rather than by !1n1te 

J'ourier tranaf0l'JII8 . This reqUired a cocplete cha.na'e ot all previous 

barotropic :progre.ms and codes. Ae the Liebumm method Will be used in 

the three-dimensional illtegations, it ve.e decided to use it in the 

two-dimensional 1ntegra·t1otiB lUI \fell in order to &ain experience. Also, 

relAmtion methods are logioall:y simpler and require tever machine orders. 

The initial integrations vere used primll.rily for locating •1-

tunctions in the mchine and to a lesser erl.ent to remove inaocuraciea 

in code and program. Several toreca.sts were Dade in one hour atepa tor 

time intervale ot four, eight, cmd nine hours. :aeco.use of the likeli­

hood thAt mch1ne errors were made, there va.e no Attempt to draw conclu­

sions t'rOGl these i"oreca.&ts. 

Research llllS continu&d into the problem of the general c1rcu.l&­

tion and long range forecasting throuafl a atud7 ot the intluence ot 

large scale heati.ng on the •an seuoaal 1'lov pattern. Prel1a1Dar7 
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results indicate that heating 1ntluences are virtua.llJ' absent at 500 Jib, 

but that at low levels they, in con,Junctiau with those of topograllh7, 

account for the general etru.cture at. tbe observed patterna. 

The Group vas again indebted to Pro1'eseor Platz-.n of the 

University of' Chicago for his help and advice in varioue phases or the 

.. 

Jeepect:tull.y au.bmi tted, 

9d"- J.;f . cl.."""(j-
Jule G. Cl:ul.rne y, 
Group Leader 
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DmECTOB: 

MEMBERS: 

John von Neumann 

Jul8 Charney (full period) 

Norman Phillips (full period) 

Joseph SIIIl.gorinaky (full :;1ertoo) 

CONSULTANTS: George Forsythe (Institute for Numerical Analya1s
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U. c. 
L. A.; October 7, 1951 to November 7 1 1951) 
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1. The majority of the Group's time in the third quarter of l951 vas 

spent in programming the integration of the three-dimensional quasi­

geostrophic equation of atmospheric motion by the Institute for Advanced 

Study Electronic Computing Machin~ now physically completed. This wee 

the goal toward which the group bad been working for some time, but a 

number of preliminary problems had first to be solved. The decision 

to attack the three-dimensional integrBtion vas taken after discussions 

with Professor von Neumann in which it became evident that the amount of 

-real information in pressure-temperature data is so small that the large 

number of values of the dependent variable needed for the integration 

could probably be stored internally. The task of programming, being a 

large one 1 vas broken into the following parts, each of which was dealt 

Vith in turn: 

(a) Selection of ~ appropriate coordinate system. The quasi-

geostrophic equation vith as vertical coordinate contains mixed 

derivatives, and the non-homogeneous terms are extremely complicated to 

evaluate. A more suitable vertical coordinate turns out to be the po-

tential temperature, 1 the mixed derivative terms disappear and the 

equation becomes simpler in other respects. But even the system 

presents difficulties because the ground is not a coordinate surface. 

A third coordinate system was finally selected vhich preserves most of 

the advantages of the 

surface. 

-system and in which the ground is a coordinate 

(b) Determination of boundary conditions. The lateral boundary con-

ditiona were determined by a heuristic method analogous to that which was 
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employed for the barotropic mode 1. !'or a number of reasons, which were 

regarded as sufficient 1 the upper boundary was taken to be the 4oootr 

isentropic surface and vas assumed to remain rigid. The upper boundary 

conditions were then determined in the same manner as for the ground. 

(c). Selection of the finite difference net: Estimates of trunca­

tion error for nets of different sizes were made and it was decided to 

use a horizontal grid interval of 300 km and a vertical interval cor­

responding to about 150 mb on a pressure scale. The choice of the 

horizontal interval was considerably aided by previous experience with 

two-dimensional models. The whole grid will embrace an area of 4ooo km 

x 4ooo km and will contain some 1200 pointe. 

(d). Method of solution. Various relaxation techniques were in­

vestigated and it was decided to use the modified Liebman method with 

an empirically determined constant of overrelaxation. 

The programming will be completed by the end of the year and 

work will then begin on the code for the machine. 

2. Work was continued on the problem of long-range prediction. In an 

attempt to explain the factors influencing the seasonal mean upper flow 

patterns the effects of variations in surface frictional stress along 

latitudes is being investigated and in addition the effects of thermal 

sources and sinks. 

J. In anticipation of the time when the q,uasi-geostrophic equations 

will have been fully exploited a method ~as constructed for passing to 

higher approximations. These approximations were tested on dynamical 

models in which the geostrophic approximation is known to fail because 
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of the Slllllllnees of the scale~ the magnitude of the vorticities. In 

each case the nigher approximations vere found to be satisfactory. It 

can be said with some confidence that we knov where to go from here. 

Respectfully submitted, 

~~ ' 
Group Leader 

• 
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.. . 
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1. The Rniac integration of the barotropic vorticity equation for a 

series of idealized initial states was completed by the end of June 1951. 

Altogether four models were studied. These consisted of four wave-like 

perturbation patterns superimposed on a zonal jet. Two were stable in 

the sense that the kinetic energy of the perturbation was converted 

into kinetic energy of zonal flow 1 and two were unstable, with an op­

posite conversion. During the third quarter of 1951 the output data 

was analyzed to determine the variations in the stream pattern and ab­

solute vorticity and the transfer of energy between the stream pattern 

and the basic current. Part of this work vas performed at the University 

of Chicago under the direction of J. Charney with Messrs. N. Phillips 

and G. Platzman serving as consultants, and part in Princeton by J. 

Smagorinsky, J, Gilbarg, and later N. Phillips. It vas felt, however, 

that the results were too meager to warrant any general conclusion. 

The interpretation vas, therefore, postponed until more integrations of 

a similar nature can be made on the Electronic Computer nov nearing com­

pletion at the Institute for Advanced Study. In ~icular, the integra­

tions will have to be carried out for a larger time interval to determine 

what ultimately becomes of the perturbation kinetic energy in steble and 

unstable flows. 

2. In a continuation of efforts to find a rational approach to the 

problem of long-ra~ weather prediction (Item 7, Progress Report for 

July 1, 1950 to March 31, 1951) J. Smagorinsky succeeded in determining 

a simple Green's function for the solution of the partial differential 

equation governing the influence of continental topography and friction 
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on a given jet-like westerly current. This will make possible an evalu­

ation of the effects produced by the displacement and intensity changes 

of the zonal jet stream. It is e%pected that the perturbations produced 

by topography will localize the centers of action in the upper atmos­

pheres and thus provide a meana tor a rational introduction of the heat 

and cold sources and the large-scale turbulent stresses that are re­

sponsible for the variatieu in the mean jet stream structure. 

3· One of the major problems in dynamic meteorology is to explain 

the mechanism by which angular momentum and kinetic energy are fed into 

the middle latitude westerlies. It has been determined empirically that 

the horizontal eddy transfer of angular momentum in the large-scale per­

turbations is sutticient to account for its loss due to surface friction. 

While at the University of Chicago, J. Charney completed a theoretical 

investigation of the transfer mechanlsm in barctropic and baroclinic 

vave systems. It vas found that both stable and unstable baroclinic 

perturbations give an increase in the zonal kinetic energy. The purely 

barotropic effect was also evaluated by calculating the momentum changes 

that occurred in the 24-hour Eniac forecasts made in 1950. In each of 

the four cases studied the change was a net increase in middle latitudes. 

4. During a *rip to Europe J. Charney visited a number of institutions 

that have recently taken up the study of numerical veather prediction and 

discussed questions of mutual interest ~th the personnel. The research 

group of the British Meteorological Office, Air Ministry, headed by R. c. 

Sutcliffe have performed some computations vith the quasl-geostroph~c 

advective model and have found it t o be venting. This is in accord with 
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the group's fl.Dilt.... . On the other hand, when the vertical advection 

of entropy vas taken into account the calculations agreed with obaerva-

tion as far as could be aocertained. Thi s experience vas alao shared 

by a number of other investigators with w'bom Charney consulted. One 

cannot, therefore, esca1>4' the conclu!ion that nothing leas than an in-

tegration of the complete three-dimensional quasi-seostrophic model 

can lead to a major improvement in forecasting. Accordingly, the 

entire group is nov turning its ef'f'orts toward programming the three-

dimensional problem for the Princeton machine. In conversations with 

C. -a. Rossby in Stockholm it vas decided that the International 

Meteorological Research Institute, of which he is the director, will 

perform a larse part of the preliminary testing and synoptic analysis. 

R~tu~ o~ 
Jule a. Charney 
{Group Leader) 
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In ch and April 1960 the teoro1ogy oup carried out a Mriea 

ot DlDIIOri.cal integrat1ona on the Eleotromo~ rioal lntofJ"&tOI' and 

COZIIp\lt.l" ( ) ait tho u. s. Ani1{f Pr~ GrOWld, Aberdeen, land. 

At that tima the 1111 tial d.ata were taken ham the obaot"vad heichte 

of thiJ 600 1lb IUI"i'Me • 1'he inter at then waa to dotermine to t 

atent barotropic del aernd •• an approxiz:at1o:D. to the aatual 

motion of the &tmoBpherO at t.ho leTel of non:-diverg DOe, O e • 600 tOO • 

Another purpoao wu to gain u:porioDOe iA the :thematiaal f'Ol"mUl.ation 

rical toreo.ut problem tor a large aoalo -.ohine. 

the agroemaat or pr dio'tlon 1dth obaeMlltion a auti'1o1ently aloae to 

warraut turthBr a:plQr&tion of' tha 1.1aturo of barotropic prooesaea 1D th 

atmoaphere.. ID euo~ 1951 it waa decid.ed to plan another aeries of 

barotropio 1ntegrat1oau~ on tho Er.dao1 'bhie 1:111111111 uain& as initial conditions 

a 1erie• ot idealt ed t'low patt.erna. re the purpose s not to obtain 

fareoa.sta that aould bo oonp.rea with observation,. but rathOr to iU'feati­

gate the propertiea or the general o1roulat1on or the atmosphere that 

could be nplaill8c1 in naa of horiacmtal red1atr1butlon of enorgy and 

&Dgdl&l" momel!twa. Aocor~ly aecond que.rter or 1951 11 devoted 

to thia work. .Amollg the queationa to be anawer•d wre tho followinga 

(1) ncnr doe I • -- in a &oml llmr that ie unate.ble for eall 

perturb&tiona developt 

(2) t red1.-tr1butlons of onerg- and 11101118tttum 1n tho 'lllnn flow 

are produoed therebyf 

{3) mw.t rediatributiona of energy amd. anpla.r JllOlDSZlt'tull occur mth 

the dampiq ot a •table n.ve! 

(4) SiD::e lt la c!emonatrabl• that a :vv oan l18'Rr bo 001JI)let6l7 

d..mped. what k1l::t4 of motion tiDally e111uea? 
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(6) doe• ~11tioat1on and duping depend on •-.o lens'th? 

Allpl1tudet Zonal wloolty diatr1but1on7 

( 8) ' t are tbe lt.'WII ''"'orn1n& the motion o~ a Tc:rtex in a 

tonal flow with 't'V1able vortiei ty1 

(7) U!Jder what oon4itlou. doe• trana1tion acme batwen a narrcnr 

and a broad jet beo •huper, :L. e . , when are blooka formed? 

ac . ourtain III.ZDIOW:lt of recocU.ng waa required and wu oar.rlod out 

Aberdeen. In all tho rk w were tonuate 1D o tain1 beoooper:atiOD 

and aot1ve participation ()£ 88:1'8 John Preeman, llipa and 

George Platean of tho t oroloa De~nt ot the Utlivwa1ty ot Chioa&O• 

!be actual o0111Jll'bLt1ona •re beguA on JUDII 6 and are .tUl in progr••• at 

•obeduled to be o le d by June 20, Will be deaoribed in the oezt report . 

JUDe 16. 1961 

Reapeottully aubmitted, 

Jule Char!WJ' 
(Group leader) 

Records of the Electronic Computer Project / Box 3 / Folder 34 / Navy progress reports, N-6-ori-139, T.O.I. July 1, 1946-September 30, 1952 
From the Shelby White and Leon Levy Archives Center, Institute for Advanced Study, Princeton, NJ, USA



THE INSTITUTE FOR ADVANCED STUDY 

THE METEoROLOGY GROUP 

PROGRESS REPORT 

July l, 1950 to March 31. 1951 

Contract No. N-6-ori-139 

Records of the Electronic Computer Project / Box 3 / Folder 34 / Navy progress reports, N-6-ori-139, T.O.I. July 1, 1946-September 30, 1952 
From the Shelby White and Leon Levy Archives Center, Institute for Advanced Study, Princeton, NJ, USA



Director: 

Members: 

John von Neumann 

Bert Bolin (January 1, 1951 to March 31: 1951) 

J~le G. Charney (full period) 

Thomas v. Davies (January 1, 1951 to March 31. 1951) 

Ragnar FJ8rtoft {September 1, 1950 to January 7, 1951) 

Joseph Smagorinsky (September 1, 1950 to March 31, 1951) 

Margaret Smagorinsky (September 1, 1950 to January 31, 1951) 

Consultants: G. c. McVittie (October 23. 1950) 

Computers: 
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1. The analysis of the 24-hour barotropic two-dimensional forecasts 

performed on the Eniac vas completed and the final results and method were 

described in an article entitled "Numerical Integration of the Barotropic 

Vorticity Equation:" by J. G. Charney, R. P'JBrtoft, and J. von Neumann 

published in Tellus, Vol. 2, No. 4, 1950. 

~ The results of the Eniac forecasts served to strengthen the con-

viction that had already been gained from the preliminary one-dimensional 

computations that weather forecasting can be treated successfUlly by nu­

merical methods, but the forecasts were too few to permit any conclusive 

evaluation of the barotropic model, particularly in view of the fact that 

errors due to lack of grid resolution were in some instances so great that 

they very probably obscured the model errore. It vas, therefore, decided 

to program further barotropic computations for the I.A.S. electronic com­

puter whose capacity is such that one is able to use a sufficiently fine 

grid. The method adopted vas a modification of the procedure employed for 

the Eniac calculations and necessitated certain recalculations of the com­

putational stability criteria. These were performed by von Neumann, who 

also aided in setting up the general program for the machine. The final 

program and flow-diagram lllnt drawn up by Platzmen who also, with the aid 

of Mrs. Smagorinsky. prepared the detailed code of instructions. This 

work vas completed in December. When the I.A.s. computer is ready for 

operation it is planned to run forecasts from both actual and ideal ini­

tial situations. The letter will consist of various wave and vortex 

models. 

The Enisc results indicated clearly that conventional map 

analysis and subjective interpolation of grid values are inadequate for 
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numerical computation. In consequence several methods of obJective smooth-

ing and interpolation were investigated by Platzman and Mrs. Smagorinsky. 

With the aid of this experience it is now planned to program one or more 

such objective analysis schemes for the machine. 

4. A good deal of attention vas devoted to what may be called "re-

tooling" for three-dimensional forecasts. It was early recognized that 

two-dimensional models, while important for a physical understanding of 

the atmospheric motions, are limited in applicability, and that the time 

had arrived for a concerted attack upon the three-dimensional problem. As 

the three-dimensional quasi-~ostrophic equations present great difficulties 

for machine integration, vork vas continued on a simplified model devised 

by Fj8rtoft embodying an advective assumption. It had already been ob-

served in connection vith one of the Eniac forecasts that this model leads 

to a significant improvement over the barotropic forecast. Another compu-

tation was carried out by Bolin for the November 24-25, 1950 East Coast 

windstorm situation with results similar to those already obtained; the 

calculated height tendencies at 500 mb were better than those obtained 

two-dimensiona.ry, but the surface tendencies were poor. 

~ While it may be too early to say definitely, the indications 

are that the advective three-dimensional model will prove inadequa\e, and 

/ 

an effort will have to be made to solve the general three-dimensional 

equations. In anticipation of this state of affairs von Neumann and 

Charney have begun to investigate various relaxation procedures for solv-

ing these equations. One, a modified Liebmann method, has already been 

applied to a two-dimensional model with reasonably.good results. It is 

now planned to try out the method on a three~dimensional forecast for a 
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very restricted region of the atmosphere. 

6. In an effort to test the applicability of the two-dimensional 

barotropic model. as well as a certain highly simplified two-dimensional 

baroclinic model, a program was set up for calculating initial height 

tendencies at 500 mb for a 12 hourly sequence of current weather maps . 

It had been found previously that the initial tendencies give good in­

dications of the success of a finite forecast . As a means of verification 

the calculated tendencies vere compared with the observed 24-hour height 

change. Altogether some 25 computations were made. 

With so large a sample it was expected that certain apriori 

criteria for predicting the success or failure of a barotropic forecast 

would be induced. and indeed some advance has been made in this direction. 

Neiburger and Roesby, who were present at the analysis of the computa­

tions. participated in the task of evaluation and interpretation. 

In the hope that other research groups will take up this type 

of work and thus add to the present fund of experience it is planned to 

publish a description of the method of computation and of some of the 

results. 

~ In the course of some work by Charney and Eliassen (Tellus, Vol. 

1 No. 2, 1949) on the prediction of small perturbations in a barotropic 

zonal current it vas found that the quasi-stationary perturbations appear­

ing on normal seasonal 500 mb charts can be explained by the movement of 

air over the large-scale ~apographical irregularities in the earth's surface. 

This result may be of value for the explanation of the changes in the 

monthly mean circulation vbich have been dealt with by the Extended Fore­

cast Section of the u. s. Weather Bureau and cay thus provide a means for 
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4. 

attacking tbe problem of long-range weather prediction. If one regards 

the mean perturbations merely as an orographical response to a mean aonal 

current varying only vith latitude the problem reduces to the simpler 

one of predicting the variations of this current. To test this hypothesis 

Smagorinsky has begun a theoretical determination of the changes in the 

stationary perturbations that may be expected to result from prescribed 

changes in the zonal current. 

8. DaTiea has conducted a theoretical inveatisation into the pro-

cess of tor.ation of cols and cut-off vortices in the atmosphere. 

2.:.. Charney bas continued to work on a atatiatical theory of baro-

tropic vorte~ motion. 

Respectfully aubmitted, 

Jule (J. Charney 

March 28. 1951 
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Director: 

Consultants; 

Weather Burcnu 

John von lfeUIIBml 

Jule G. Cbarney ( :f\tl.l. iJGriod) 

Arnt Eliassen (Ju.cy l, 1949-August 31., 1949) 

Ragnar FJ8rtoft (September 1 1 1949-June 30, 1950) 

John c. Freamn (f'llll pcr.iod) 

George Pl.atzma.n, Univerait.Y of Chicago (October 1~, 
1949-Decellber eo, 1949) (lmeh e, 1949-March 22, 1~9) 

Tu-cbeng Yeh, Un1vers1ty of Chicago (December 5, 1949-
December 12, 1949) 

peraonnel on u.a-n 1 Joaeph SDBgQriD.Iky (J&nll~LrY 16, 19"";)0-Februar,y 3, 1950) 
{March 6, 1950·Apri1 4, 1950) 
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An account of mch of tbe vork done during the period covered by 

the first progress report appeared in two }lubliabed articles-: (1) "On 

a pb,ysiool. basis for numerical prediction of large ... scale moticma in the 

atmosphere", J. Charney, Journal of Meteorology, December 1949; and (2) 

"A numerical method for predicting the perturba ... iona of the middle lati­

tude vesterliee", J. Cb.arnby and A. J:l1assen1 'l'ell.ua, May 1949· Both 

article suggeoted atTOngly that much voul.d be e;a1ned 1n proced\ll'al ex-

perience and lm.owledge or f'lmflementa~ ntmoapheric proceaaes by 1.ntegro.-

tion of th9 non-linear bnrotropio equations . Accordingly the full efforts 
' 

of the ste.ff vare directed toward this end, begin!'rl.ng about October 1949. 

As 1t 'HlW not expected that the Princeton chine would be in o ration 

tor t least one ,ear, the problem vas pl.a:oned for the Enie.c. T!:l!s 

chil:le WD obte.incd for too G!"Oup • s use at the request o'f the U. s . Heather 

Bureau and through the courtesy of tbe U. S. Arm:y Ordtlance Departm3nt. 

The foUow:ing probletilS 1rere e.ttacked and. solved, principally by 

von NeW!II!Ulil: 

1) To find a method of solution e.daptabls to Enia.c col!IpUtation of ths 

quasi-geostrophic barotropic vorticity equation: 

'V' 1 (U }== ~'"'~...,e) , '""~ -: J..,. r"~. ~I~ ... • -4 { h. 'a) 
~ 1 'P{)IJ '( .l ) l 

2) To find the natlll'e of the boundary eondition.S. 

3) To find the computational stabi~it7 criteria.. 

4) To find reasonable limito to the e.ren into Yhicb. influences 

f'rom the boundary of tbe foreca.ot region propagate. 

After the completion of this work the taeli of prograo::rl.ng c.nd cod-

ing vas begun e.rul completed by l.farch lJ ~950. 'Fne Enie.c was used eont1nuo-.1Sly 
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in three dailY shifts ot eight hours each tor f'iYe weeks begJnn1ns March 6, 

1950. Durblg this tU. tvo twlft·hour and tour twenty-tour-hour forecaat. 

were JBde tram observed i.D.1t1al aata. !be participante in th1a phase of 

tbe work were Cbarne;:r, FJ6rtort, FreeDBn, PlatZllB%1 and Smagorlnsky. 

Subsequently Charney aDd J'J&-tort turned to the aml.ysis of the 

Eniac results and to the preparation of an article for 'Publication describ­

ing these results. This vork occupied the greater pa.tt of tba time from 

the coapletion of tbe Eniac computations to the end of the fiscal year. 

One notevortey by-product of tbe WJalys1s vas the COll8tru.ction of an ele­

llltll't&ry three-d1mena1cmal IIDdel to account tor the errors in the En1a.c 

forecasts due to non-t'Ul:t'illment of tbe barotropic assumptions. Preliminary 

band ca.J.culat1ol18 vera begun at tba u. s. Weather Bureau in Washington UDder 

tbe direction of Mr. Smgor1Dsky. The Weather Buraau also co-operated in 

ee.rrying out the neceaaiU'y eQIIpUta.tious tor em obJeatiw evaluation of tha 

Eniac l'orecast errors. 

In addition to t.ba ain task of integration of tbe barotropic equa­

tions, the follow!Dg research vas .ione: FreeDBll. completed a tres.t nt of 

blocking as & shock phenomenon b;y the •thod of cba.racteristica. Thia work 

is to be published as an 1Jxterim proJect report. Cbarney completed an ex­

pository ert1cle entitled "Dynamic orecaating by Numerica~ Pl"o®BB 11 for a 

coaapeildium of meteorologica.l research which vlll be publisbad by the 

American Meteorological Soc1et;y. 

The work in progresa at tbe end of the fiacal. ~ consisted of: 

l) Studies 1n tba applicability of the primitive bydrodynamica:l 

equations for numerical veatber prediction by Charney. 

2) Investigation of the upper boundAry condition tor the three­

dimensional ..xtel by Charney. 
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3) ~oret1cal. studies or eimpli1"1ed three-~nsional atmospheric 

models by F4Brtott. 

4) Studies 1n tbe atatiatical-meehan1cal properties of two­

dimensional 1ncompresaible :now by Cba.rl'iey and FJ&rtoft. 

Upon completion or the Princeton computing machine it is pl.e.nnod 

to perfor.n some additional integrations of the barotropic equations With 

a more refined finite-difterence space lattice and to ibegin the progrrnnm1 ng 

of problems 1n th:ree-d..imensions. At tbB saJJD time we shall pursue our 

theoretical studies into the physical nature of the atmospheric motions. 

Respectfully submitted, 

October 61 1950 

Records of the Electronic Computer Project / Box 3 / Folder 34 / Navy progress reports, N-6-ori-139, T.O.I. July 1, 1946-September 30, 1952 
From the Shelby White and Leon Levy Archives Center, Institute for Advanced Study, Princeton, NJ, USA



PJlcnt S ft alT 

OF MSra>Ja.'XJY GI3JP 

A'l' I S'I'ITU1'! Pel'; lOJA m STUD! 

J~ l, 1948 t.o Jw. lO, 1949 

Jule G. Oharr.ey 

lUau en 

IS n C. Fw.-m.m. 

ilbert A. Mu.at 

.,UDe 30, 1949 
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evaluations tor t..'le fimt diftonmce uat1ons oxi t in th 
ot rondu:a by Q, A. Hunt. as o t ork by J. C. r 
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REPOBT ON 

WORK: DOlE Olf 

PBOJECT N6-ori-l39 

OORING TO PJmiOD 

June 15 - Sept. 15 

1948 

It has been the purpose of: this vork to coordinate a 

considerable amount of matter wh:tch hn.s accumulated in the course 

ot tine, in such a vay thst the significance of: the ;phep.omena of the 

earth's liquid core as a oranch of geophysical hydrodynamics becomes 

apparent. A lengthY report has been finished, en-citled "The Eo.rtil's 

Interior and: Geouagnetism... This is a col.llprehensive critical review 

of all the known data on the subJect. Enclosed herevith is copy of 11 

brief note entitled "Non-Uniformity of the Earth's Eotation and 

Geome..gnetiam, 11 which contains new results that have been obtained by the 

writer during the present year and partly in connection with thia proJect. \ 
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Non-Uniformity of the Earth's Eotation and Geomagnetism. 

By W. )(. Elsasser 

The ~xistence of' a secular deceleration of the earth's angular 

velocity at a rate, 

dw/dt = -2.5 · 10 -22 sec-2 (1) 

has long been established trom astronomical data1 ). The classical vork of 

G. H. Darwin and of Jeffreys 1 culminating in Jeffreys' computation of the 

frictional torque oi' the oceanic tide seemed to have settled the problem2). 

Quite recently it baa been necessary to reopen the question as new geophysical 

1nforraat1on has becODI8 available. It can now be said that in all probability 

the decelcrnti.on of the earth ie produced by 'tYo independent agencies 1 the 

oceanic tide, and a still very obscur;, effect in the earth's liquid core. 

While nothing is n.s yo't known about the dynamics of motions in the core, 

there is good ::-eaeon to believe that an appreciable fraction of the retarding 

torque o-perates in the core rather thail in the oceans. This is :perhaps close 

to the o~iginal ideaa of Darvin, but the observations that lead 'to this con-

elusion are novel. 

Let us first give a brie! idea of the mechanics of tne deceleration. 

We shall ignore the sm.ll solar tide as compared to the lunar tldo. T:ne 

angulAr momentum of the ayatem e~h-moon must be conserved. Derwin and 

Jeffreys have shown that the orbital motion of the moos takes up the angular 

mementlUD lost by the earth;. the moon gradually recedes from the earth. low 

the ratio of energy to angular momentum for the eanh • s rotation is 1/2 v 1 e 

the same ratio f'or the moon's orbital motion is - 1/2 "m· But we/vm = 28, 

and it follows thit.t per unit angular momentum transmi"tted to the moon only 
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l/28 of the rotational eMrgy of the earth ia transmitted; the remainder 

1111st be used up by friction or other tranSformations of energy 1n the earth. 

The frictional forces produce a couple that retardD the earth, and at the 

same time a force acts on the moon that tends ~o push -che latter avay from 

the earth. Ono of the more e;ro.t1fy1ng fea.turco o:f ·~his theory ie the fact 

that the obscn·ved decelere.~ion is of the rit:;b.t general order to account for 

a graduo.l renoval of the moon from an o1·igina.l position very close to the 

earth to its present distance during the known ll:fetime of the earth. 

The new evidence arises from rc.tb.er unexpected quarte1·s; it is based 

on ~onng;1etic o"bservations. · A the present w.:-1 te::- has endeavored to show3) 

the necular variation of the geoma.gnetic 'field ca.n be expl.a.ined by means of 

motions of the 1mtter in the earth's fluid rete.llic core. Such ruotion:J in­

duce elect-ric currents ln the core, or magnitude 'J =- ~ '1r- .x. (3 where 

<r is the conductivity, 1r the volccity of tll.e ~lu1d, fS the ~xisting mg-

natic field. More recently, Bullard has err1veti indepena.ently at eltogether 

similar conclU3ions, eo reported in "Kature"4). In general, an electro-

~tic fiel~ in the p -sencc of internal motions in a fluid conductor is 

non-conservative, energy is being cxchanga<l between thE: f' .i.eln and the motion 

of the fiu.td. On the other h8lld, J.t can be show5) that ao long as a ;pArcel 

of the fluid movea without deformation} or if its daformetion is negligible, 

it cerrics its electric currents and magnetic field with it uucnnnoed ex-

cept for the free decay of the curr~nts. Cne itl!IICdiate conseqU£;nce of this 

is ~te fact thet the observed irregular magnetic fie l d rotates with tae 

earth. Another import':lllt coneequencc will be inti.i.ce.ted below. 

He have recently co!l:e into poacessior. of a most remarkable set of 

vorld-vide ma?3 of the secular geomagnetic ,~·iet1on constructed by Vcstine 
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and collaborators6). These are based on an eXhaustive evaluation of mag­

netic data and cover the period hom 1912 to 1942 in intervals of 10 years. 

The maps show that there are a number of centers of the secular variation 

scattered about the earth; these centers undergo rapid changes of intensity 

and also displacements of the position. The similarity of these maps and 

of ordinary weather charts is 8JMZing, and there is no better vay of conveying 

the idea tbat the secular variation oves its origin to fluid motions in the 

core than a contemplation of these mapa. There are two independent ways in 

vlrl.ch the velocity of the fluid can be estimated, first by direct inspection 

of the displacement of the centers and secondly from the rate o'! chane;e of the 

field, using the electromgnetic theor,J)4). Both methods· give velocities of 

the order of 1 TID/sec. The most interesting feature, however, exhibited by 

these aaps is e general drift of the whole pattern of the secular variation 

in the direction from east to west. It is difficult to assign an exact numerical 

value to this dritt motion since it is superposed upon the irregular displace­

manta of the centers and is of the same order of magn1 tude as the latter. In 

order to have a convenient figure we •Y estimate a value of o. 5° /year 'Which at 

the equator of the core represents a linear velocity of 1 mm/sec. Since this 

corresponds to an overall displacement of 15° over the period of 30 years covered 

by Vastine ' s maps, it is clear that the wester~ drift is a conspicuous effect. 

There can be no doubt as to its reatity. It occurred to the writer that if such 

a mean motion exists it might not have escaped the attention of earlier 

students of the secular variation. In fact, Bauer7) staten in 1095 that he 

found a "westerly wave" of the secular variation and b.e traces it back to the 

middle of the siXteenth century. The mean angular velocity, as far as 
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can be said from his data, seems about half the value given above. The 

cause of the discrepancy is not clear; it is no doubt connected vith the 

great irregularity of the secular 'Pllttern. Also, Carlheim-Gyllenskold8 ) in-

dica.tes a strong preponderance of westerly displacements in the secular variation. 

On the basls of the tbeory which explains the secular variation as 

the results of fluid motions in the core 1 these observations must needs be 

interpreted as representing & bodily displacement of the core in the direction 
, 

from east to west. This result agrees with the above a:tntioned theorem, 

that the magnetic field is carried along unchanged ii' a bodily displacement 

ot the conductor occurs. In a pi te of great efforts the writer baa been 

unable to devise any other even re!llJtely satisfactory interpretation of the 

pebnOmenon. It will be nqted that the direction of the drift is such as to 

indicate a ~ of the core behind the rotation of the earth. This is the 

opposite of What one would expect if the eart!:l was decelerated by a frictional 

torque in the oceans. From quite elementary considerations of mechanics one 

would expect the core to rotate faster than the mntle. The difference in 

angular velocity would be determined by the amount of eddy friction at the 

boundary of the core. 

Our first and natural reaction would be to try to explain the 

Jlhenomenon e.:way. As already noted lt would be practically impossible to ex-

plain it as due to comulative or systematic errors in the observations. 

Sttldents o£ meteorology might be reillindcd of the belts of alternating 

easterly anc1 westerly vind.e which B.l·e a well known feature of the atmosphere 

and vhich adJust themDelves ao that the mean torque between the atmosphere 

and the solid earth vanishes. A carei'ul study of Vestine 1 s maps has not 

revealed any indication or an opposing dl·ift motion; the exioting westerly 

Records of the Electronic Computer Project / Box 3 / Folder 34 / Navy progress reports, N-6-ori-139, T.O.I. July 1, 1946-September 30, 1952 
From the Shelby White and Leon Levy Archives Center, Institute for Advanced Study, Princeton, NJ, USA



c 0 p y 

- 5 -

drift seems rather evenly distributed over the whole earth. Again, one 

might think tbat the present condition of tbe core is in the nature of a 

temporary deviation from its average state. If :we assumed that there is 

no oceanic tide and tbat the core alone is decelerated at the rate given 

by (1), it is readily found that it takes 2600 years to build up a difference 

in a~lar velocity of 0-5°/year. Since the DEan lifetime of the centers 

of the secular variation is much smaller, a few hundred years at the most, 

it seems vell-nign impossible to interpret the westerly drift motion as a 

mere fluctuation. 

Renee ve lllU8t conclude that the earth's core actually rotates more 

slowly than the solid "mntle" surrounding it. It follows at once tbat owing 

to eddy friction at the boundary of the core angular momentum migrates from 

the mantle into the core. The core must continuously lose angular momentW!l, 

and this is impossible unless there is a direct gravitational interaction be­

tween the core and. the moon a LlCll that 't.he angular Uk)mentWil lost can reapll6ar 

in the orbital motion of the Uk)on. Perhaps the interpretation of these re-

.. sults is facilitated by the recent discovery9) that the core is not homo­

geneous but contains a central body of as yet unknown constitution. This 

is indicated bJ the pecul.iar bebavior of seismic waves at great depths~ The 

boun.U.a.ry o'f this central body seems the natural locus of any tidal effects 

in the core. 

It is one of the results of the theory of tidal friction that the 

dissipation in deep seas is negligibly small. The frictional effects of the 

oceanic tide computed by Jeffreys arise in Ghalloii basins such as the Bering 

Sea, the Irish Sea, etc. It is in the nature of such o. theory that no 

great numer..:.cal accuracy can be expected from it. We have Just indicated 
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that in place o~ one retatding couple actin.g on the earth there are two, 

one in the oceans end one in the core. It is difficult to estimate the 

relative !!llgnitude o~ the tvo, as Jeffreys' theory of tidal friction can 

hardly e.fford a quantitative clue. The moment of inertia of the core is 

about one-tenth of that of the earth. lienee if the inner" couple de-

celerated the core alone and the "outer" cou1>le acted on the mantle alone, 

their ration vould be on~ to ten. Since, hovever, angular momentum migrates 

into the core, the inner couple must actually be larger. Just what tra.ction 

o~ the whole retarding torque it constitutes can only be said when it be-

comes possible to estimate the magnitude of the eddy friction at the boundary . 
o~ the core. 

The existence of the vesterl;y drift motion throve an entirely nev 

light on the physics of' the earth's interior. It strongly corroborates the 

theories Which connect the phenomena of geomagnetism with fluid motions in 

the core in that it reveals the existence of a. supply of pover for the main-

tenance of euch motions tbrousb.out the earth's life. As the present writer 

hs.e sbovn5) the magnetic field in the interior of the core l!lllBt be much 

stronger than the field at the outside and the energy of this internal field 

is directly supplied by the fluid motion. Numerical estimates make it 

appear possible that the converaion into magnetic field energy ~places 

mechanical friction in the core ns the agent productive of' the retarding 

torque. Whntever the ultimte outcome of theoe theories, .it seems certain 

that the discovery of the westerly drift motion by Vestine opens U!? a new 

branch of' geo?hysical dyn!Uilics. 

\ 
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to 15 Mey 1948 
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between thE Offtce o! Haval Reaeerch and 

The Institute for Advanced Study. 
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I. Introduction 

The following report vill briefly summarize the activities of 

the ONR Meteorology Project nt the Institute for Advanced Study during the 

period from 15 December 1947 to 15 May 1948. Our present investigations 

are centered around two main problems: 

1. Prediction of day-to-day changes of large scale systems. 

2· Reconstruction of the general circulation of the atmosphere. 

However, for lack of nn organized and already established meteorological 

theory, the most immediate objectives and subheadl~ of the main problems 

as, for instance; empirical estimation cf large scale eddy atresaee, 

repreaentution of initial conditions, and formulation of a practicable 
. 

mathematical theory -- are corre:spondinzly 1·emote from each other. These 

activities fal into roughly three categories: Semi-Empirical and 

Theoretical Research, and Numerical Methods. 

II. Semi-Emnirical Research 

In order to characterize the zonally symmetric general circu-

latior.. of the atmosphere, it la necessary to :form average values of the 

meteorological veriables over ~ge intervals of longitude and time. 

The differential equations accordiugly must be revised to a~ply to those 

mean vulues, for the process of averaging introduces additional ~~d very 

real forces analogous to the Reynolds Stresses. Lacking a priori kno"rledge 

of the latter) we have been forced to resort to empirical means. 

The distribution of lar~ scale stresses has been investigated 

by the Department of Meteorology, lew York University, under subcontract 

vith the Meteorology Project. The results of those correlation studies 

and their bearing on the general circulation are discussed in the "Progress 

Beport on the General Circulation of the Atmosphere" by Prot. B. A • 

Panotsky, under vhose direction the vork vas done. That report is 
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being reproduced 1n quantity and will be placed on standard distribution. 
, 

III. Theoretical Research 

Considering the problems of meteorological hydrodynamics from the 

vie11p0int of mathematics, one would certainly inquire into the uniqueness 

of solutions, end it is a question of more than academic interest to know 

that the solution following a sequence of numerical calculations is the 

onlt one pOSsible or, if not 1 vhich of the possible courses to take. It 

is conjectured that this point is particularly critical ao it concerns 

turbulent flow. This problem has already been. treated by Oseen and Leray, 

who have olimm that the state of an internally viscous fluid is regular 

UD.der weak conditions of regularity on the initial statej however, these 

results, although of' great generality, apPly onl.y to two-dimensional nova. 

Dr. Gilbert Bunt, vho Joined the Meteorology Project in 7ebruery 1948, 

has sought to extend those earlier results in. establishing conditions for 

regularity of three-diniensional nova, and bas succeeded 1n simplifying 

Leray' s arguments by applying the Fourier transform to the Na.vier-Stokes 

equations; it has been shown, furthermore, that the kinetic energy of a 

vidcous fluid free of external forces must tend to zero, a result suspected 

but not proTed by Lersy. 

To characterize tho statefl of the atmosphere that are peculiarly 

meteorological and pertain to large scale systems, the initial conditions 

must be statistically u smoothed" or filtered to remove the small scale 

irregularities reflected in meteorological data.. On the other h.a.nd, the 

hydrodyns.mical equations apply not to "statistical functions'' of the 

variables but to the variables themselves. Lt. Thompson has studied 

the additional stresses introduced by the :n-linearity of the equations, 

and vill continue in efforts to formulate a system which governs the 

behavior of the atmosphere. This must be effected in tvo vays: 
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l. The gove::uing dirferential equations 111U8t refer to the 

averaged variables vhich cbai'acterize the initial state. 

2. By inaerting additional and necessarily empirical. infol'DB­

tion about the atmosphere ' s large scale behavior 1 · the 

dif.:f'erent1al equations must be rendered incapable of 

propagating high rrequency 11 no1ee" -- i.e. aould waves, 

gravity waves, etc. 

The latter has been given tul.alytical treatment by Dr. Jule Charney, who 

will join the stat£ o~ the Meteorology Project in June 1948. 

Lt. Thompson has completed a study of rotational waves which, 

althoUgh it deala with surrace disturbances in particular, has direct 

bearing on the theory of atmospheric waves • This work has not been 

reported separately, but reprints from the Annals of the New York Acade~ 

o:f' Sciences V111 be available in July 1948. 

IV. Nu.merical Methods 

The Department o:f' .Meteorol.ogy at Nev York University has 

continued to develop techniques of obJective weather map analysis -­

i.e., of analytic ~epreaentation of initial data -- under the terms of 

ita subcontract. Since 15 December 1947, that Department has constructed 

objective and independent analyses of pressure and vind fields according 

to the method of least squares outlined in the "Preliminary Report on 

Objective Weather Map Analysis.n '!'he work has been directed by Prof. 

Pano:f'eky vith Pror. von Neumann ' • close cooperation. 

It ia essential, in order to predict changes of the velocit7 

f'ield by ~rical methods 1 that ve be e.ble to form an accurato estimate 

of the so-called "non-geostrophic" vind, the difference 'between the 

geostrophic and true vind.s. Non-geostrophic vind components have been 
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measured from the independently analyzed fields of pressure and velocity 

mentioned above; the resulting distribution.e show a;,yn.optic regul.arity and 

appear to be otherwise adequate for calculating the local variations of 

velocity •. 

~e first attempt to forecast day-to-day changes by numerical 

integration of finite differences vas described in the report of progress 

for the period ending on 15 December 1947. The initial data have been 

collected nnd are being analyzed by the Extended Forecast Section, u. s. 
Weather Bureau, under the eupervitt>n of Mr. Philip Clapp. Basing the . 

estimate on present resources, the initial date will be completely 

analyzed, read off, averaged to minimize spe.cially random error, and put 

into tabular form suitable for finite differencing by 1 August 1948. 

The routine of numerical calculations will require on the order of 500 

caYculator-hours per time stagej since the Weather Bureau has been able 

to furnish only 70 mn-houre per veek, it is imperative that the remainder 

of the computations be carried out by an agency specially equipped to 

handle them. once the data are in tabular form, no meteorological 

knowledge is required to per.form the necessary numeri cal operations. 

A proposal to procure the computational facilities of the Bureau of 

Standards vill be forwarded separately. 
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V. Turbulence &nd Stability Theory 
of a Parabolic Profile. 

Some work on this subject vas done by Professor John 

von Neumann, in cooperation with Dr. c. 1.. Pekeria, and some consultation 

with Professor c. c. Lin, of the Massachusetts Institute of Technology. 

A new form or the linear small-perturbation stability equations of the 

parabolic profile flow through a channel was developed. This new ~mthod 

requires the determination of one solution of a 6-th order complex linear 

total differential equation instead of the conventional two solutions of a 

4-th order equation of the sema type. It is expected that it vill be less 

insensitive in furnishing the desired criteria and permit evaluation with 

a less important loss of digital precisiOJ?-· Arrangements ar being made 

for orienting calculations, probably through the Computation Laboratory 

o~ the National Bureau of Standards (New rork), and for a more complete 

survey vith the help of the new, lar~-scale electronic computer of the 

International Business Machine Company (Nev York). The negotiations in 

connection vi th the latt~r, vhich are being conducted through the Pure 

Science Division of the IntenlB.tio:oal Business Machine Cotnpany, are 

developing in a promising wuy. It 1 expected that this work vill 

clarify the question of stability-instability problem of the parabolic 

profile (' ?oiseuille") flow. This is the classical Sonm:erfe ld-Heisenberg.i 

Lin approach to the theory of turbulence. 
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I . General R 

Th t nna of Contract 6- ori-1391 bet n t 01'!1ce 

,l\.Gi~.s-cb end tbe Inst.it.ut for dv ced tudy, prone! tor the following 

• men, quot d in part fr th contract . 

rit 

fluid 

(a) ":rea rch on t pplication of 1 ctronio c t.ati.on to 

oio metaorolou" 

(b) n 1M stigat1 on t tb C8'7 at q 

t ni<p. s, and" 

io t orolou to 

tic c putin,g 

(c) "in stig tiona 18hich 111.11 e;1 Ya indlc tiona a t.o t new 

o rv tiooal t chni.q~ • re ar.v, both ot th labora-

tory and or th ti ld t.~, in ard r to mare tul.ly 

ett ctive tb theo tical rk to pport d b)' bigb 

a ad c ttng . u 

cb pro 

phar or, !or that. 

~mltitud of 

ch 1• too evidont to 

tter, 11Il7 continuoua 

s- le o bo-

haviour is eo interr la d th none c bo d11anclat d, ev in ftoct, 

fr all the at.. Th ora\1 1 - that ia to aay th t.1cal - tomali-

sati an ot GUCh pl physical ph na lead to .tmul oua qst o.t 

po.rU.al <lift r nt1al equ t1orw . Th latter, xc p\ in certain special 

and r '8 li inst c •, tm1'ortune.t ly nan-11 r d cannot be 

aolved mrpl1oit.l7 bJ 81\Y lalown othod of anal.7aia. 
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In th pa.at, theoreti. 1 aeteoroloa haa borro ed t techniqu 

previoul.J 1DY t d tor re t.urc brmohea of inqulrJ• Since osph no 
cb • ere bJ natur 1nt r, oti ve :t ar "non-lin r", w ha~• be forced t.o 

r sort to vicea for art.1t1c1ally "lin risdng• th oY rn1n 4l.tter ntial 

q tiona J in p c :r, thod of U pertur tiona, ech tor 

finding -oluti ona in th te neighborhood of e pbyeicall.7 poeeible 

known state, baa contributed muCh to the theor7 or crowth and propagation 

phenc dieturb:Lnces . Tb u e.tulneaa of theae improYie UOI\8 cannot 

d or bellttl • not., ever, obnouq justified in 

a cribins the o rt1e of infinite 1 pert.urbati.ana to disturbance• in 

the a ~sphere, in icb the l"tur t.ion-val"iabl s ot exact]3 the e 

orcS r ot gni ud o the lu 11und1.atu • atate . 

n reeo£Piaed th t a clos d at ot diff r nt1 l 

uations, ordinary or or non-linear, 1 be re d aa a 

a t ot inotructions for' con truct1ng ita aolut.ion tr d 

in1t1al 1 • · Untll now, ., r, the tiJ!Itl required to carey t th e 

"1n•truot1ane" baa proh1bit1•• o , in "'' c , ad h viJ.T 

ag inat. an7 ct.oire to u!aoture oxacn aOlut.ions . nt o! al.ro d7 

x1 t1 d c c Uy brought diroct, 

1th1n th l'84lrl or coocmic t a1b1llt,y. broadeld ttack on th 

, al. though numerical a1 • ple ont d by aut ic b1 apoecl 

computer , 1 a noc 1 ry ed.7 for our teo:rologl.cal ehortaominga, i\ 

reust alec be cogniz d that 1t ia not. uff1cient in ita lt. 

Owlng to th and otb r ciro tanc , e re at p san\ cano mad 

with u-.es (a) and (b), and, at diately, with (b) . jeotiv• (o) 

can be ,;appro& chod di ct11' ozil.1 · h (a) 1e a.ttainedJ that 1a, oreover, 
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contifl8ant an the aila.P1lit7 ot , eat.i i'actor;y c putor . ln viaw of the 

preaent et te of t.eorologloal t.beory, Objectiv (b) t.ac1t.l7 pUee a\ 

we have not onlt to t.ranalate th tical e t ta into e put.a tl onal 

orders that are int lUgible to a a.chlne, but. al.ao to tormulat .cb ot 

Ute th tical. theor7 ich ia to b 

oat!putinn to niqu.e • 1M d, at thie point it ia aecnamical even to re-

conelder QD.r1cal vld ce before launching an 

numerical nal.yaie . 

II . lmpf! tion. 

ai~e pro of 

In tb coura of nagoti t.1ng the ator tioned cantr ct, it 

st tod that. pe:rsonn 1 or the •et orolo Proj ct t10uld include taur 

enior and thr e junior scient late, d t clarks to handle 1 l& l"ioua 

ua1 calculations . Sub• u t events ba:wa Dhoan that. the ori&f,nal eati-

te a overly optJ.tilietic about the n be• that could dnot.e full- t.i.m.e t.o 

our purposes. or tha four senior ecientiata,. 

o tg ry, and Baurvd. tz., o t t.atiyely ccmei.darad 1'ull-t.ime poe1t1ona,. 

onu Dr. Qu ey 8 b able to contribute more than PLrt.- tJ.mo aDsiat.ance . 

Lleut. ftlompaon haa been pe ntlt et.ationed with the Project. since 

Nov r, 1946. 'fha 

vailable tor ~rt-ti coneult.i ant.! r rch, • indio ted belowa 

Dr. H rry eXl.er, Ch1et, Special Scientific ., enicea 
Divi ionJ U. • W ther eau,. direct.lon and 
consultin • 

Dr. c. L. P ria, Colua.bia un1vera1tJ1 
corusult.ing and rea reb • 

third time 

w Iork Unb ai ty, consultinG• 

Dr. H. P .. ot · y, n York Univ rslty, one third t 
reae.nrch. 
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In dMU.cn to d1 ct.lng th ' teorolo J ct. and contributing to ita 

rea arch , Proto sor n ll n n v Uabla tor dia~ssi na ot all 

a o! it ctJ.vity . 

In accord mt.h the eliSion e t d in an earlier ro;pol't (Pro s 

eport. f.or the Period ot l July 1946 to lS ov ar 1946), we nave dell-

bar tely limited th rCilp to a c ot., flexible bod.J of 

theoretici · ; until epecllic o jectiv wer mtlined, it was neither 

1 t.aa cohilr t up 11bich 

cl. t la.t r prave unm ldy and re ire aons1de bl.e a n1ot tive att tion 

to ko p it extricat d fro: ita own di:ttu.M croa.-PIJ.I1'oeea. Since that tw, 
ho r, preliminary inv sti t.ion of lov t bO ject.ivea baa au at d 

the course of furth r N h, and the Project ie J&red to 1ne 

numbor ot tull-tim peHcnn 1. e hope to aecu.re, by the aprin ot 1948, the 

service o! r . ilb rt hmt1 lbo intorm...rlJ as eoc!. t d 111 th the 

:at n>loa Project 1n 1946, d Dl". JUl. Obamq, DCJB at the 03lo In t1tut. 

or 'eteor.ology as a tional e earch ellow. 

In orde1' to toator nece 17 • pirical inveat.1gat1ona, lili 

"DUld b difficult o pur e in Princeton, the eteoroloer Project haa 

c ss1on the t of et.aorolog, ·ow fork Univerolt7, to und :r-

e an xt ive progr or S.fnopt1c meteorolot;ical research. uboontract 

for tbi rk, whi is alr ey ll under 71 has been 0'9 d . 'l'hia 

r a ent also insures t.he cooporation or Pro!eaaor Haurwi ts and • 

Panotaq in tt ra ot tb ory a U . 

Adeq t oftic CB in t e ectr C 0 pttor boratoey Of 

t e I titat tor Advanc 5t~ b 1 b n provi tor up 

loc \ed in PJ'lnoeton. At pr t this c pria a bout fifte 

t.h lAbor t.oey ' • tot&l ottice pace . 
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he ProJ ct h& had to }Jl"ocar on]¥ a VG'f7 te teorolog1cal 

text a a.nd perioclical.s 1 tor the lnati tute• llbmey 1 which has an axcell nt 

collectS. at t.h tical d techni 1 lit rature, has been placed at t.he 

diepoeal of tbe Prine on group. 

It. !.8 per tiv thnt so e routin ntllrBr1aal calculnt.i b 

carried out before eo puter 11111 bo va.Uable. ng ent.• 

bav been de with • t1 au of Stand da and ri.t.h th u. s. 

eatber .., .... :~ .... u to h cUe t l.oast one n erl 1 t ec at . rh e :PUtational 

problo that .•a iaen so r, :r were odest ough t.o be reaolYed by alr ely 

en ting devices; we e.re indebted to t!le Pr.tnoetan naaearcb Laborator1 a of 

d1o Corporation ol rice. and o r them.atical fa. le"l Qroup ot the 

au ot andards tcrr contributing th 1r r cilitiea. 

Laat, but cortainly not. t.he lea t, ot circumatancea that have 

tavorad our interests, tb boueine developnent, bui~t aut: oporat.ed by the 

Insti tut tor 

1tiae eligt.ble 

anced study, 1 opon to Proj ct paraonnel o are other­

). 

ill . Subobjeot.i? a 

In A~st. 1946 a conlereoce ot eminent teorologi•ta aet at the 

Institute toY' Advanced Stu<tr to decide t eorol.ogical or allied prob-

1 oul.d en aa 1 41 t obj tiv ot t.be Project (tee ccount ol 

Conf r ca eteorolow, 2'}-30 August 1946) . Particular Jitasie • 

laid on r conatruction of th general circulation, bilit,y 

indir ot sur nt ot dey Ylecosi tr, and forecaetl by n rioal 

intogr Uon. Although th ~et.eorolou Proj ct bas tr t.ed t.hoae a• dietinot. 

probl , th 1 not ti 11 unrelatod. It. c be filo , tor inst.ance, 

th the oircul Uon at nan-vi•coua, mnal.l.J e trio atmoepb rG ia not 

of ••dT etreo1 
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is as t1 1 to alletie model at the ~ene l circulation. Li.kewia , in 

connection with to ulating thods of rical toroc at.in , we ro c:on-

~·rned about the stability of lami.na.r tl • 

Aside tro oomi-copir1cal Md t.heot"etical. 1:nveat1@lt.tona of 

turbulst yi.acoai t y , t.h follow1ns 8 

most. urJ t1 

l pursuits baYe been con11idered 

(1) To forl!ll\lat ayet e ot diffe!'onti&l equations •hich st. 

deccrib · the g eral circulAtion d da,J- to-cSaJ lar e-

ecale chan es of the atmosphere. 

(2) To ant1c1pat.o aa uch aa poleible, on th tlca.l or other 

groanda, d1ffic11lt.1ea 11111 be encountered in DWIBI"ical 

anal.J:lie o! those equations, and to OYe!'eo or cirow:IYmt. 

eucb inconveniences. 

(3) To experu.ent with the nault.ln , t. porer methode 1n order 

to teet for atacles that. L"J.ght. not be euapect.od !or a 

priori raaeona • 

The re.main4ar or this r !POrt. wl.ll d al ldth tho pro me ot th · teo1•alog 

ProJect toward tbe aubobject1Yn atatad in the section abo-re. 

IV. Synoptic d Theoretic 1 lnyeatimtione of Viscosity 

Due to th u:t the ati 1 difticultiea tnwlved, claaaie&l 

hydrodynacics and the Jilyeical hy~odynamioa ot t orolog h&vo dealt. al­

~.oet. exolusiveq w1.th non-viacoua fiuids at' with 1i.mpl1Usd nd, trom our 

vi oint, trivial ICOdels . In point o! tact., d1atreaa1n,g:l.J te closed 

olut.1on of the avie t.1on, tflioh t&.k into ccoun\ ol'll.1 the 

internal Yiacos1tt ot tluid, are lalown at. the poe~t ti..B:. . 

c plate ttwo17 ot o4dy v1ocosit)F in a tuJ"bulent. fluid . 

ia no 
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There 1a 

viacoaity of th 

-7-

e justification for auppos1.n that purely lnter,nal 

ooJh e not 1'i ure gni.tica.r.rt.l.J' in th propasa-

d an interim re, !or lack of 

any ro d fln1 ta yt)Othes , n h ve chosen to xolud all eft eta Df 

'ri.scos1 ty :tr th routine of l\WXll.lriaal :foNc t1:nn. A on as ther &re 

known, bowev r, particUlar attention oulc:! b psid to critical conditione 

under which ls:d.nar flo do " and edtl7 etr• a bee s a pow rtul 

force~ 

ol" the at year, Dr . c. L. F er.l.e baa conduct. ci n deal 

inveeti.g tione of t.ho HeisGn rg-Lin JrObl , cancem1 "tllo dynamic 

stability of lal:dnar viscous !lo to ll rturbationa . thus tar, it 

ha en certain that t.h acond mode, for unit v ruu:War, is table 

tor all valu a of th ynol~ r r . Th c put t.ional phase of this 

or will be c pleto, with determintLtion or the chuaot.O!'iaUc va.luea 

tor the 1'1~ t ode, by the nd ot Januacy, 1948. Al.:t.hough it must bo pt 

in mind that Dr. Pelrori • tucU. • been ccntlned to foisauiU. flou, 

tb1a pr U .. minar1 t ot th probl of larni Mr a blUtr t bllehea 

a aou.nd position tl"'QJJl hich further inquirJ into a pherio turbulence 

can b directed. 

Aa ka b fore, vucoEi t7 1• a ca.u.s eine a non ot the 

gener circulation of h rt.b •e tmoephorc . If there wer none .. the 

boun ry conditicns end differential eq,uationa ot tion in th a.baoluta 

tr a t!Ould b 1.nd pendent. of tbe rt.h '• ro tl - that 1a t.o •ay, 
the JtOtioms of tho envelope of 1r could not ba ffected by t.be rot.ation 

at. the ~ th lna1d • 

Records of the Electronic Computer Project / Box 3 / Folder 34 / Navy progress reports, N-6-ori-139, T.O.I. July 1, 1946-September 30, 1952 
From the Shelby White and Leon Levy Archives Center, Institute for Advanced Study, Princeton, NJ, USA



Pri rily • tho of lo.rg · -sc 

t d rtb or wbatanti ting d c • lf'o 

the te at th Proj ct • ubcontr t with 

tor eur nt of the largo 

etr••• • autte d 

leri.ate .this con tt 

York UniveraltJ proT! 

or treae. Th at • id ur d, pro rl)o speaking, with 

ind1.r ctly :~:au ......... d "re idu " fore , th c11tteJI' ce b \w en obs rv 

chan e in and t.h !orce th t ve already been taken into 

ccount. - 1 . • 1 tto vit tional, d Corlolie ron:ee. 'lb11 

ually and ctuite natu . 117 rge with tudiea pro~ 

of the 

ot 

ene 

rtm nt at 

1 circulation, both llhich are beiDa carried em at the 

et rology, Yor Un1v raity under th aupel"'fleion ot 

D • aur tm, P ofbky• d. tiller. 

V. Initial Values 

UU!!lerieal thooe of rat.i waath r pr dicti~ are not 

entirely untri d; L. F . Richard on in 1917 d, t. at lat r date, 

R. 0. lllliott attempt to c lcu.lat 1 1 rl'fllUva of Mteorolcgical 

..:~ ..... ~~ts b7 the athod ct 1n1t.e tt rences . !he mlta of n tb r of 

th triale war thin th :re 1m or r t7. th Ric .rdeon and 

llott were incllnoti to ttrib t t ot their eri'Orl to those 

gender d 1n the initW. value of the -nri bles . To mini.aiee "non-

repre ntat1•en ••" d h orror on t.h initial d&ta, Richardaaa 

a sign mun 'f'a.hl a of th .,. r1 bl a 1 m r interval of timAI • 

to th c tral m nt or th interval . t, tbw&h hia doc1e1on a 

undou todlf tore d by- an i:nsutfici t n iber or ta. local culiaritlee 

and proc ral rra:ra r by th r nature syst atio in t.i.z» 1 but nearlJ 

~ in • ce . It. is 11 t r o blA, tb refore, to n:ov thoa errore 
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Utilizing this prineipl 1 Pr~feseor von • nn and Dr. of k7 

have devi.eed obj ctJ.ve thodo lor repraa ting the iD.ltial n t. o! {taire. 

Th011e tecbniquaa inYOlYa atort!ina.Uon ot the al.gebl"aio pol.J'n al wboae 

"least squarest! f1 t 1rl.th ree.P3ct to a giv n et of ra obaarv tional data 

ia the boat. . 'l'be nucb or terea 1D rtiC\llal" pol)n al ia about one-

fourth the nu:ber ot oba rvatiana it aaelal to represent.; benoe 1 in rler 

or speaking, e oh coeflic1:ent la the " &an l'al.ue" ot t~r othera, v•r ed 

apa.celd. se . 

·l'he labor of celcula Uns the tr.lx ooet!i eli ate of these po17-

naniala hae been undertak by new York tlniTereit.y under ita subcontract . 

The Frinoeton Re~e.b Laborat.oriea ot RCA and the t.ha tical blu 

Group of the Nationol. Bureau of St darde ha-ve oblig1.n41J turniahed addi­

tionol f&cilltietl and asnet oe . Reeultin ~rasentatlona e tound to 

reo bott.er with li'.lbjcectiY SJ'DOJJ':ia anal1••• th n do th individual 

eubjactivo lalfS a £8l'C'e ong th elves . Thia work is presented in 

detail in t.ho l'r<Jl.indnaey Report on Objective e th1lr ap J.1e1s" by 

• • o!alQ'. 

Ho ever • until o een avllil oaroelve ot high tpo d oanputing 

mach:tno. the tae oJ' luating enoUUl aatrU. o~.t'fioienta to oover a 

aonaidernbl collDction of dat& would be rduous in d . The initial 

voJ.uos of preJ..im.1.nary expa nts in numerieo.l tor car.ting will be !or d 

simpl7 b7 averaging variables over auita.bl:Jr partit1on•d r•e,io.ne of epace . 

VI. the Govarn1nn Dif:f :r tlal r;sua.tions 

The tun &tal ~uat1one, even for an itentropio ideal tmospbere,. 

an not nll a.dt.ed tC\ numrical anal.raia aa they atand . Uida fraa t.he 

unlortunat.a but hArd t ot tillltt h)drost tic e<tu1lib1'1um it lraplicit in U 
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etandard mNatN er1ta of poe .. ure, the vertical ccmponent o! accel.ratiOI'l ie 

invariablJ the amaU dU'ferenae bet.nen the preuure anct gravitat.1on&l 

acceleraticn•J cooae ucntl,f, the local variation ot the vert:loal apeed :I.e 

an even • ller quunt1 ty. •or over, th vert.ical component. or velocity ia 

nat thor obnned nor suecept.ible to a.aot. meawr ~~nt. . Ira view ot thea• 

consider u, it. 110ul.l be hiBbl-7 desir.ablft to know th vortieal component ot 

veloolt7 at any a:oment in tiJ:le u e expllait !u.nction o! the dillt.ribu.Uana 

of otbsr Y&r1ablea at that prticular inai.ant. . 'fll rwqu1red expression, an 

integral-difterctl&l function of \c'le preasura and horlsont.al velocit.7 fields, 

baa bean foWld. 

-'Mthsr dif.fi culty, alao a\4lll.Jiin& troa innate 11 enai ti vi\)" ot the 

1'undn.m.ental equ•tions, must be roduoed to leaa tomidablo prQport.ioaaJ tbtl 

local derivative of pressure !a an iot.e&ral ot the local 1'&riaUon ot 

density, which ia always a YarJ small difference batwoc large t.enu . 

Thia c1rour.mtance can bo obYiated by an alt.ernat.iYo expreaalon involnn& 

the local chetcss of pot.arJtisl tapen.t.ure. t'he latter are ot the •­

order of magrd\ude aa tho ad"faot1ve variations ot pot.lt1al. t.•perat.ure. 

'l'tle PbOI'lcaena deocrlbod bJ the ganeral !ora ot tne h)"drodynamic 

aqu tiona cover the entire epoctJ'Wil ot nent.a, sonic WAYoa, gJ'&YitJ wayaa, 

elow inertial wavea, et cot ra, ~nd it eight adaplif7 catter1 conaiderably 

1! tho• equations nre aomab.ow inror=od that WG an int.ereat.ad 1n cnl.7 

certain ld.nda of a osj:berlc b baviour - 1 . e . , the j:ropagation ol large­

acale di.aturbanoea. 'i'his 111 tant.n.mcunt. to conatzuct.ing a 11mt.hM&t1.cal 

filtor" to remove "noiae" and othend. .. umranted regione ot the apectrwa. 

' 
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Sevarcl uch "filt.eran tre tly, though rb ps unwitt1ngl.T 

incorporated in tb or ticnl. odele ol th atmcsJttere to e the.:ll or. 

tr ctable to mathe t.iccl. nalyie. For inetanca, sound wavea ~be pre­

chid d by ppoaina that th tld.d is ;-..actl.y- h een OU8 - that 1• t.o 

aey, inc IS'f'S&iblo - i.mpJ..y b causa thoy ar lon,gitudinal waves. Like­

wise, ~ n ty " :v •• ltbough they are transverse' cmnot met in tlu1de 

Which experience no ohanae in pot nt1Dl wru. In f ct, wary idealized 

model ia, 1n a ~ of spee.king, a .filtering device . £7 ~C certain 

restrictions Wfm& d by Dirioally known c sating echan1emt, it 

ap~ quite teui.bl.e to " ract tho umoe" of tho mode ot behavicur 

in etion. 

Tb teorolog Proj ct. ha aonsid red G y ral tilt r-reodalo and: 

11bONver po:ud.blo, analyzed th to di<Jcovar lihetJ\&r their properties <b 

r fl t thoa ot th bsphere . Det.Bllod d1 cusaion or a barocline 

at oepbore ie included in a. reoen\ raper by Prot sor Queney, enUtloc1 

"A rheoretical dy ot F e A .r.herie Penurb&tions . Elaeti.o, Gn:ri. ty, 

c! Lona- riod • " Lieut . Tb p.son he.a coaapl.eted a 'WdJ ot 

"Percment nv 1n t. og oous, Plane Fluida", llbioh •ill be d1atr1 buted 

BOon it has boon r produc ~ in Q.U3llt1 t7 . 

VII. 

ForlllU.lat.ion ot :nrltc.bl.e :.~yat o! ditt rent1 1 eq t.io e, 

bound 1 and 1nit1 1 va.luu ie c rtainly not the laot of our <U.ftieult1ea . 

Tho usual m.othod !'or n ical]Jr const!"uct1ng the solutio o~ euch a 

sys t entaila routine of thi ort. t 

(i) From. the boundary and initial valuee calaul to d.eriva't.i•ea 

1n the direction ot integration :t all pos.S. ble points. 
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t the d ri tiv a poiat pli 

ar r a in he diraoticn of int ti , 

ext.rapo t v u s to dj ent poima 11he th re 

unlmo batore. 

(111) Rep t th rt nee until aa cb ol the ap ce-t 

lattic ia tUl d a• d 1 d . 

o it ia eo onl.r ppos d th th1 procedu.r ill pprad t tho t 

lution, and th t the raximation bee • 

•ize of t. lattic ie cho llar 

for e or ordirulry t 1 ditterential 

end Levi h ~• h o r t1oms 

tt. r d better ae the 

ler. 'nlitJ ia a t.ly true 

tiona, but Courant, r1 dric , 

be c rrl d t d intird J 

d canv g1ng on t partial 

d1.!f antial sa c rtai.n critical itwql t.1 a, d ding 

the d lntt1c le t d the ic constant• involved, 

are ti fi , the cthod o£ ext.r polAt1m rn tinit intervals llfl 

tr ient rror1 COl!putati th n truly un bl.e and "bl..aw up" . 

edl aa to a , th1 r th .,. intang1 1 tl\ ti 1 ph en ia a " r, 

renJ. OT'f"Y • 

Suap cting t th t ulta t.h 

lay 1n nn ghted x.t olht.1. , Prof 

rical routines 

r aured 

1 num ri 1 thods ght t U . 

inita Diff r nee 

out lin 

to arrora 

th isDO 

Records of the Electronic Computer Project / Box 3 / Folder 34 / Navy progress reports, N-6-ori-139, T.O.I. July 1, 1946-September 30, 1952 
From the Shelby White and Leon Levy Archives Center, Institute for Advanced Study, Princeton, NJ, USA



J 

-13-

VIII . ri~l Anall!i• 

To reveal nt th t t nat b b tor n 

above, it ia ur n\ t t rleal oluticrus be snuf ct d, in tho 

st liter e • ib)" hand. Altho d;r-a prob , owing to the 

--... r. e of oct1v v 1nt1cmtl 1n eJilercs .. would be aiea\ to 

approoth1 we are concerned pr1no1 ll,y with tha raao1Llt1 of ver lu in 

t1 , d h a t.h to produce tb tlc&l fo c at . 

• Phi Up Clnpp, ot the end d S etion, U. S. e thor 

Bur u, haa diseuse d ll ct ot mucerical tor sting, including 

boon conditions., with Profe :sor Yon ond L1 ut. Th on. 

• Clo.pp h sale ctod tb irrl.t1 l l)'tloptio 

c ta tiona 1 tilbich re to carri out by a ti ot 

St nd th 1 ctio:l of h U. S . at I' I"JU1t-ean. 

ev ral vari t or ths ' hoi or inite Dittermc a will be tried 1n the 

course of thi.G exper nt . 

other t 47- ta ta oble , rt tram t.he prerl.oualy 

tionod 1.aY t1 tionn of t.h eral circulation und r at w ork 

Univ n1 ty, h po tor numer.t l alution . • Colson, gn to 

tudcnt t , ha dertak n t.o r conotruct fiowe av r irrc 1 r t rrain 

according to lllm81'0- oo tric 1 thod aug 

1'hie k Will requir no to th I ct. 

II. 

In ordar to k th or tical ble 8 of teorolo87 c 

ace esibll to th techniqu v ot high c in , correaponding n 1'1-

cal probl t be tod in to t co puting chinel 'C&Jl under t.and -

1 . • , expre sse<! iD the m: of r1cal ""perat ion to r .... ~.,.nu bJ 

!no • d tn.n lAtion codin ot 
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me.tical problema, with 11hlch the et.eo:rologJ Pro..,.ct muat ult.iut.e~ cmaem 

itHlt, ia dbeu.saed in 11Plam1n rmd Coding at iProblea.a tor en r:l~tJ'!Qidc 

Cc:aputing Insti'\1Dnt.11 by nra. Eerman Gol.dat.U. and John 'Yen I eumam, ot tbe 

m.ectroaic Computer ProJect, Institute for ltd'Yam•4 Study. 
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PROG:R!SS tEPOR! FOR !BE P£RIOD F NOVEUBER 18, 1946 fO APnn 1~ 
lU&? UIDEn CONTRACt ' 8-ori-l.SI, !ASI I { 'EOAOLOOI PROJEct) 

Tbia report, 'like the preceeding on , 11!1 being prepared attar a 

relat1Yelr lone 1nt.enal and tor the aue reason J t.he project 1G etill 1n 

ita prtl,p&ratoey atap and prop-an bu t.bmre:t'ore bean elor:Bl" than i •t should 

be when the Min phuea baft been ruched. 

It u_y ba uaetul to ref r at tbia point to the earlier reports 

JUde iD aonDect.1on nth thia project. TheJ are ae !ollon: 

( 1) Report. OD a conteranoa on Mteorolo&Y. !'leld 1.Jl Princeton on Au,c­

UI't 2i-BO, 1M8. t'hia report co•J)rl.a.S tive tl'Pftl"'it.t.D paaea mil wae sub­

ait\ed 1n a let.\er to .Lt. c ..... nder D. • u of ·the mm. 

(2) Prove•• port tor tbe period of JW.7 1, 19~ to november 151 

1;68. hie report. coaprieed three typn-ritten papa and 'fte alao aublnitted 

in a letter to Co-e•nder ex. 

B. State or the Project 

Tbe probl-.. of office apace and of housin , ~ch were tho main 

difficultiea wbln terence (2) •a written, tul'Ya been overc0110. fhe ltulti-

t.ut.e •• Computer Duilding ,.. COIIpl.etlld 1n earl.J Januarr, 1~1, and. hu been 

occupied ainoe, in particular b)' t.btt aeabera ot t.h• eteoroloa::r Pz'Oject. 

The .tnatit.ute•• bouina project, also referred to 1n Re!erence (2 ), bu baeD 

iD the u1n completed. About. tbrH lourthl ot the lun.uJiDg referred to i• 

al.ruASJ occupied. Aena t.be peraonnel of t.he Inatit.ute eonnected with the 

Meteorology t"Ojeot who are li'Yins th•r• are Dra. H. H. Ool.datine and c. L. 

Penna, and Lt. ,p. D. 'l'hoapaau. 

The office apace aDd bouainc problaa whick caused us deaiai,... 
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auilable. for this purpoaa 1re bav: uaed a 1..0-.quation, 10-vari.&ble eleo­

tr1c&l linear equatioD aol var, •hioh the l'rfncetoa laboratoriea ot tlw 

ti&dio OorporatiOD of Amerioa b&Ye dneloped &:ad obl1g1Jl&ly ud4t a"f&il&bl• 

to •· 'We are alao t.l")'ing diP,tal •thocl.. • have obtained for tbia pur­

pose the help of tbe . th&~~&tioal Tables Project (New York') o! the U. 5 • 

.Banau of St&Ddarda. ~latter organisation has been very helpful. in var­

iou ot.her mmerical tuka •• wll. We han alread;r carried out a m:aber of 

lo-p&ra.ter !ita ADd t.he reaul.ta sa tar are encouraging. A good deal more 

uprrienoe 1a .t.Ul ~uired, both 1.n or4er to study the inner consistency 

of thia MUlod and u .• relation to :pNaent, aub3eot1Ye 11etb0c18. Aa long u 

we are 1n this pralia1D&r)" atap t.be nec:"•&J"1 c~1ni WQI"k oazmot. ~ "J'er7 

rtcoroual:,y rout1n1ud. an4 JN.8t therefore be cl1eproport1outely t.iM-conauatna. 

It 1.8 a.poted that •• 1fill outiJ"O'f tbiJ preparator,;y st.aa;e in a fn .orrt.hil, 

&Dd. will then aet. up an orpniutiou to do t.bia work at a ~mch greater speed 

and 1D a rout.ina tuhion. 

{2) At pre•ent, the saiD pul"p08e of the objectiye WMther map B.Dal;ya1e 

cle•or1M4 1:D (1), abcwe, ie t.o obtain diYerpnce and vort1o1ty mapa. Varioua 

other appliutiona an. alao oont.pl.Ate4J all of tha will be coordinated 

a:a4 oornlat.ed Yit.b work now be1na d.,ne '1:17 N• Iork University in siwUar 

tiel.da. It is e~cted that tbeir work and ours nll be ot cono1derable 

IIPrt.u&l bel p. 

(&) Tha 110rt re!errad to under {1) Will be report'"'- 111 a teabnical 

~r\ •• soan aa a •ut!icient. number ot rita :han been carried out aDI1 a 
. 

lo&1cally rounded p1ot.ure or 1ta !int flbu• 1a obtalned. 1111.8 b l1kel,-

to beca.e poa•1l:Jle in two or three 210nt.be. 

( 4.) I baTe at \Idled the nu.eric&l lletboda o! integration for the eydro­

d,ynaaical equat!one o! Mteozoolog - in part.icular, in new o! th•ir eta­

b1llt7• I b&Ye f'oUDd tbat tbq a.re UJU~t.able UDdv those cond1t1ona ot 
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epa\i.al and teaporal. .raa4llut.ion 'lfh1ch an eaaentiall-7 cha:racterla\ic ot 

the problem ot l!leteoroloP,cal prediction. This inat&b111t7 explaina cer­

t.d.D ditticult.iel 1D put at.t.eapt.a at. predic\ion bJ nuaeric&l cllcuut.iODJ 

it. 1e cloeel7 carmected Wit.b ce.rt.ain .. th ... tical reault.a of n. Courant, 

JC. 7r1eclr1aba and H. Len. Tbe1 ..:0 it 1aperat1n to develop ent.irel7 

DW utboda of D'\DIIU"iaal 1IItep-at.ian • I haTe deyelopad one Mttlod lrbich 

ou be ahcnm to be at.&ble &Dd. whlah ~qapee.ra to be lrUitable tor numerlcal 

procedure it electrail1c 411qU1~Ji\ i.e a...Uable. urther Btudiee o~ the 

aubject. ar. Meeaaa17 and 1ll proaraH. 

(5) be atudiw referred t.o Ulldar ('), a'bon, alao ebcN t.he desirab11-

1t7 of carrJ1.q out aetaiD wrt.eoroloelcal aalcul&t.iana \lPdu t.be ua\111pt1oD 

ot iDco.pr:eaa1b111t7, alt.boqh t.h1a ua•pt.ion lli&bt ot.henrue •- piqwioalq 

unjut.itied. Lt.. T~n ia DOW et\Xi)1.ac tbia aapeot of the probla. 

( 6) 1n If tort 11 beill& ada to attract • • Elliot trOm t.be Calilor­

rda Inatu,n. of feohn0lo17 to the Project., siDce hi• ~st. tntereata are 

nr, auch in tba direction of •teorological forecut.inc by nUIIlerioal inte-

~r&tiOD. would probabl7 be ot very couiderable help 1n turthering the 

atudiea referred to :under (4}, abo'N. 

( '1) A teolmlc&l report on the wvrk Mnt1onec1 under ( 4) will be iearued 

u 800ft u tbe n.bject hu been given & :u.tb.at1~ eatiataotOJ7 pret~en­

ta\ioll, which I upect to be the aa•• in a fn montba. 

(8) nr. P. Qu.enq ia cont.inuiq hie work on pert.wbatione in the atiiOII­

pbere. He bal da'ftloped a t.be017 of perturbation 1'&ft8 ot at'llOapberlc fion, 

al.loilr1r&& for inho.ogeneitiea in the \IDilerlfiJig llcnr velocit)" field, as nll. 

u the 11Dderlyin1 temperature, r~l et.abilit,-, and Coriolia 1'iel:da. He 

ba• obt.ained 11e;niticut r..W.te on the ol.Uai.fic:at1on or theae waves and 

t.bair 1t.&bllit7 propert.iu. 1a now enppcl 1n preparing a coaplete pre-

eell\at1an ot hie TeR.lta. 
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{g) It 11 conte(pl&tfld t.o aend Dr. Quenq on a trip of about loi d.q. 

t.o ftrloua MteoroloP.oal cent.tr1 1D the Middle eat and the Pa.cilic est, 

to atud1 work llbioh 11 done then and lfhicb parillel.a hie cnm. Hie conclu­

aiona •Ul be nport.ed aubaequntq. 

(10) Dr. Pekeria u ~nt.inuir..g ba ork on the atability or the Poi­

••illl.a tlolr (lawinar viacou tlCN tbrov&h a pipe). The region in lfhicb hie 

Oalculatian.a are Dn proceedtna coincide• with t.he cr1t1cal region of tbe 

prnioue work of lieiamber& am U.n. 'rh• nu.rical di.fficultia 1n thie domain 

are wey oou1derable and o&lcUlationa nll probably have to continue tor eae 

(11) Dr. PUei'U 1e &110 enp&e4 ill at.udiu ot varloua at.oapherlo .,. 

aot.iona, but it. 1• 1tlll too ear]¥ to n.port on. theae. 

AprU 6 1 1947 

John von I11811U1Jl 

Project SUptniaor 
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Progress Report for the Period of July 1, 1946 to November 15, 1946, 

on Contract N6ori-139, Task I. (Meteorology Project) 

I. General Policy 

This report is being prepared after a relatively long interval 
because the project is still in its preparatory stages and it has therefore 
been necessary to proceed slowly and cautiously. 

The desire to enlist a large group of collaborators * has been 
effectively limited by the extreme shortage of housing and almost compleye 
lack of office space in Frinceton, coupled with gre~t dif£iculties in erect­
ing new structures. he Institute had therefore planned, from the start, to 
provide office space for the Meteorology Project in its new Computer Build­
ing. This building has suffered delays, like all construction in 1this area, 
but it is making relatively good headway, and it is expected to become avail­
able in the course of December, 1946. In the meantime, it was necessary to 
provide office space under emergency conditions in the Institute's present, 
main builaing, Fuld Hall. 

With regani to the housing situation, the Institute has made an 
exceptional effort, by acquiring 15 houses equalling S2 family units, from a 
Government settlement at Uineville, tiew York, traneporting them by rail to 
Princeton, and re-erecting them here, all at its own expense. (1he houses are 
unused and rated as 'permanent.•) The firet house has just been completed 
and is ready for occupancy, the entire complex is expected to be finished no 
later than January, 1947. hese houses are expected to take care of the needs 
of the Meteorology Project (as well as of certain other needs of the Institute). 
In t be meantime, 1 t was necessary to provide emergency solutions for some of 
the members of the project (one family of four has been living in Fuld Hall 
since early November), and part-time e~ployrnent which facilitates commuting to 
Princeton bad to be encouraged. 

Under these conditions the larce group for~seen in Reference * (below) 
could not be taken on immediately. This delay, as well as various intervening 
changes in their personal status and aims, caused, furthermore, that several of 
the investigators who were ready to join the project in August/September, 1946, 
and were only holding back because of the lack of housing, have now become un­
available or less available. This changed the administrative needs of the pro­
ject, and caused Dr. H. Wexler of the U. S. Weather Bureau to prefer a part­
time scientific tie-in with the project to the original scheme, which provided, 
in addition, for rather extensive administrative responsibilities on his part. 

After having given considerable thought to these circumstances, and 
after a thorough discussion with Professor C. G. A. Rossby, Dr. Reichenlderfer 
and Dr. H. Wexler, I decided that these new facts justified a policy different 
from the one originally contemplated *. The colleaEUeS rei'eiTed to above, as 
well as Commander D. F. Res, agreed rl th me on this and confirmed my judgement. 
For these reasons, I now propose to proceed as follows: 

* See our project proposal, dated Kay a, 1946, sent to O.R.I., attention of 
Lt. Commander D. F. Rex 

I 
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It seems clear to me that the optimum initial size for our Meteor­
ology Group is not the large on contemplated in the footnote reference of the 
preceding page, but that a smaller amd more compact group is preferable - at 
least for the beginning, say, for the next six months. This removes the nec­
essity for more detailed and time-consuming administrative arrangements, and 
permits me to maintain a closer personal contact with all Dembers of the group. 
A larger group would have to develop its own program and establish its olfil 
homogeneity, and if it does not prove to be organically able to do this, then 
it is very difficult to intervent and correct, without a good deal of admin­
istrative machinery and a sacrifice of time which would seriously conflict with 
my other duties. In this connection, I must particularly emphasize nry duties 
to the institute's Computer Project, which has to be successfully concluded, 

· or our Meteorological Project, too, would be seriously impaired in its useful­
ness. With a smaller group, on the other hand, I can see to it personally that 
the group works in a unified direction and acquires an inner homogeneity. After 
this has been achieved, the organization can stand on its own lege, and it will 
be time to expand it, and to bring it nearer to what the original conception 
was. As l mentioned, I anticipate that the conditione tor such a re-expansion 
might exist by JDid-1947. Even then, I would proceed gradually and cautiously. 

These are the general principles that I propose to follow. Their dis­
cussion rlll have made it clear that the project is still in a very early stage, 
and that there is not much technical material to be reported. Also, What there 
is represents initial steps in various directions which will produce well­
rounded, and well-reportable results only later. 

I will nevertheless give a brief account of these and connected mat­
ters in wl~t follows. 

II. Personnel 

The personnel of the Meteorology Project is at present as follows: 

1. Dr. P. Queney of the Institut de Meteorologie et de Physique du 
Globe, Algiers, France, - fUll time. 

2. Dr. c. L. Pekeris, New York, about one third time consulting. Dr. 
Pekeris will move to Princeton shortly when our housing becomes 
available, and will then be able to devote more time to our work. 

3. Dr. H. Panofsky, New York University, about one third time, pro­
bably more later. 

4. Dr. E.. Wexler, U.s. Weather Bureau, who is spending about one day 
per week in Princeton. 

5. Dr. A. Cahn, full time, but his work with our group will end on 
December 15, 1946. 

6. Lt. P. D. Thompson will join the project. full time before December 
1, 1946. 

7. Dr. (formerly Captain) G. Hunt has participated in many of our dis­
cussions. Since he is working for a Ph.D. degree in Mathematics in 
Princeton University, his relation to the project bas not been 
.formalised so far. 

Arrangements for occasional consulting ba~e been made with various 
other colleagues. 
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Ill. Work Done 

A conference was held in Pri~ceton on August 29, SO, 51 (1946) to 
discuss the program for our work. It was attended by 16 meteorologists from 
various parts of the countrr and one from abroad. I have reported on ite com­
position, its deliberations and its conclusions earlier *· 

On the basis of these discussions, as well as of the experience that 
has been acquired since, the following investigations are now in progress: 

1. Dr. Queney is continuing his work on the perturbations of the atmos­
pheric air flow caused by the ground profile. He participates in the work of 
a mixed Service- eather Bureau committee on this subject. He attended a con­
ference on this subject on November 20, 1946, in TJasbington. This report con­
cerning that conference will be s~bmitted shortly. He bas also worked out var­
ious proposals dealing with an observational program for the upper atmosphere. 
I will also report on this before long. 

Dr. Queney's work on perturbati ons seer.1a very interesting but still 
preeenting considerable difficulties. It will be continued and expanded, and 
reported as the occasion arises. 

2. Dr. Pekeris if: continuing his work on the instability theory of tur­
bulence in parallel flows. rhis work is more fluid-dynamical than strictly 
meteorological, but it toucnes on the problem of fluid-dynamics that is most 
critical for meteorology. His progress with this problem is remarkable, and 
also opens up interesting computational vistas. It will be reported as the 
occasion arises. · 

I expect that Dr. Pekeris will devote subsequently part of his atten­
tion to the que8tions of t he upper at~osphere. 

3. Dr. Panofslcy" is engaged in work at NYU t o obtain and to assess crit­
ically observational material on the vertical motirJn of the atmosphere. We 
have reached the conclusion that this work is the best ~tarting point for a 
more general mathematical effort to derive the vorticity-field and the divergence­
field of the atmospheric ~-field from the observations. Tt~a will serve as 
a basis for a subsequent effort to integrate t he hydrodynamical equations of 
atmospheric flow numerically. 

The work dealing with the vorticity-field and with the divergence­
field is now under way. 

4. Dr. e.:xler bas been available for consultation to all members of the 
project. 

5. Dr. Cahn is now writing a report on a system of the hydro-dynamical 
equations of atmospheric !low. 

6. Lt. 'l'hompson will take over Dr. Cahn•e 1t0rk. 

John von Neumann 
Project Supervisor 

:;r--
See~ report on the Meteorological Conference of August 29-30, 1946, sent 
to O.R.I., attention Lt. Commander D. F. Rex. 
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