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May 28, 1962

Professor Ragnar FjUrtoft
Det Norske Me ‘ Institutt
Blindern, Norway

Dear Ragnar:

nmcmwlmm ‘
letters of January 29 and April 27 3 the March
meeting in Oslo. I:think you have dome an excelient job
in choosing the topics to be covered, and I fully
with you that there will be little conflict hcm nn
~ Oslo and Boulder meetings.

mtumummmummhmm

ko the usimxm centers, we were glad to at up our
- interest in it. It seems “m. ‘that the Oslo meet
‘mldm'nuhn‘ud] - :

~ of such a
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Dr, Ragnar Fjortoft, Director
Meteorological Institute




January 4, 1960

Dr. Ragnar Fjortoft, Director
Meteorological Institute
Blindern, Norway

Dear Ragnar:

I was greatly disappointed to learn that you are not
able to present your paper at the 40th Anniversary Meet-
ing of the AMS, We had very much looked forward to see-
ing and hearing you.

Please let me know if there is anything I can do to
make it possible for you to come. I am confident that
means can be found, even at short notice, to defer your
travel costs if this is what stands in your way.

The meeting promises to be a good one, slthough it will
duffer by your absence. You would see many of your
friénds, and we would have an opportunity to discuss the
possibility of your future visit to MIT for an extended
time which, as you know, I very greatly desire.

- I hope that either this letter or other circumstances
will permit you to change your plams.

Yours sinecerely,

Jule Charney

je:tg

e e



THE INSTITUTE FOR ADVANCED STUDY

PRINCETON, NEW JERSEY
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Ordup april 14 th.-55.
Dear Jilke:

I should of course have writtem to you before. I hope, however that you
understand my special attitudé towards letter writing. But anyway, let
me thank you for my staying in Princeton, which was certainly a pleasure
both for me and the family. I am sending you a manuscript which is going
to be printed in "Tellus", hoping that jou will find some interest in

it.

There is still no decision with respect to the director position in
Norway. There will probably be none until late summer. We are, however,
prepared to move to Norway in any case, because the university here in
Copenhagen has agreed to give me so much permission of leave that we

can live in Norway.mEz

Are you coming to Europe this summer? Ig;o we certainly hope that you
will find time to stay with us for some time. It is a pity that I am

not in such a position that we can invite you for a longer period.

This may, hewever bed1fferent if I get the position in Norway.

We are getting a lot of papers from the numerical prediction unit in
Washington, personified by Thompson. I hope they are doing something else
than drowning other people in paper.

My family is fine, andhhope that Ellinor and your children are the same.
I have a problem which you possibly can help me with. They wish to tax
my income in U.S. herexjy in Demmark. However, they cant do so if you can
prove that the money you have earned is government money. I have thought
that the salary I earned in U.S. was froth.N.R. Do youthink that it will
be possible for you to give me a statementhyhat I have got in salary and
which is auhorized in such a way that the tax officials here understpad
that it is U.S. government money? 7

I would be very thankful if you could do so, because the taxes here are
terrible high on such pn%ncome I have had in U.S. Besides i have already
paid mf taxes of théﬁnc&ge in U.S.

Semd your family¥ our best greetings.

fm;/mre FIgRT oFT
ProrFessoR oF METECRoLo &Y
ONIVERS Ty ©F COPENMHAGEN
Cop EN#AGEF)J)E#MMK
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COPY
THE INSTITUTE FOR ADVANCED STUDY
FRINCETON, N. J.

December 11, 1952

Dr. Charney has told me that he has spoken to you concerning
the poseibility of your visiting us for a period of one or two
years beginning September 1953 and that you reacted favorably. I
would like to officielly confirm his invitation and to express my
pleasure at the prospect of cellaborating with you once again.

I have proposed to the School of Mathematics of the Institute
for Advanced Study that you be granted the privileges of membership
during your vieit, and have received its approval. I am enclosing
a bulletin of information describing the background of the Institute
end the facilities available to members.

At the same time we are able to offer you a position as a member
of the Meteorology Group et a salary of $8,000 per nine-month aca-
demic year for the two year period.

I hope you will find this invitation satisfactory and that we
can expect to hear from you before long.

Sincerely yours,

John von Neumann

Enclosure

Dr. Ragnar Fjdrtoft
Department of Meteerclogy
University of Copenhagen
Copenhagen, Denmark

ce: Dr. Oppenheimer
Misgs Trinterud
Mr. Levy (ONR)
Mise Underwood
Dr. Charney




Charlottenlund, January 28, 1953.

Dr. Jule Charney,
The Institute for Advanced Study
Princeton, New Jersey
U. 8. A.

Dear Jule:

I have enclosed a letter to von Neumann answering his
invitation which I did not receive until two weeks ago because
it had been mailed as ordinary mail.

I have been in contact with the American Embassy here
to get a visa. Because of the new immigration law it is certain
that it 1s quite impossible not to escape to bother you with some
formal requests. I found discomfort in writing to von Neumann
about this, so I am writing you instead, but you may have to
contact him on this matter.

The first thing I made sure is that we need immigration
visa. To get such a visa it takes ordinarily twelve to eighteen
months. However, one may get & "non quota" immigration visa if
one belongs to one of several preference groups. Ag a matter of
fact I was made sure that we belong to the first preference group
which consists of high qualified workers, technicals, scientists
and their families. The important point of the new immigration
law is that this also has to be found out by the Attorney General
in Washington D. C. after a formal request has been made from the
immigrant's host organization (in this case your institute) on
forms to be obtained at the closest Immigration and Naturaliza-
tion office in your district. While making this request it should
not be forgotten also to be made for Ragnhild, while I should
think it unnecessery to mention the children specifically.

The next thing which has to be done is to confirm the invi-
tation in a letter direct to the American Embassy in Copen-~
hagen whose address is:

American Embassy
Immigration section
Borgergade 16
Copenhagen.
(Page 2)

I think it is importent that you take action on these matters
as soon as pogsible.

We got the absolutely last accomodations on "0Oslofjord"” for the
sailing in the second half of August.

Best greetings to Ellinor and the children

/3/ Ragnar




Copenhagen, January 28, 1953.
Professor Dr. John von Neumann,
The Institute for Advanced Study,
Princeton, New Jersey,
U. 8. A,

Dear professor von Neumann:

I was very happy to receive your invitation to come
to Princeton. I em grateful for the conditions you are offering
me and believe that the amount of salary offered to me is very
satisfactory indeed.

Ae I did not receive your letter until two weeks ago
it has not as yet been possible to get a definite answer from
the officials of the university here how they will response on

an appliance for absence in leave. Very likely there will be

little or no difficulty in getting an absence in leave for a

period of one year while I think it doubtful whether it will
be given for as much as two years, unless perhsps it be given
as an extension later on.

I will inform you closer as soon as I know more definitely
from the university here.

Sincerely yours,

Ragnar Fjdrtoft




COPY
FRINCETON, N. J.

Dear Professor Fjdrtoft:

Thank you for your letter of January 28. I am
very gratified to learn from it that we can expect to have
you with us next year. I appreciate your difficulty in
securing immediate leave for two years, but I am very glad
that you will make an effort to obtain an extension later
on. :

Looking forward to seeing you here, and with best
personal regards, I am,

Sincerely yours,

John von Neumann
JvN:eg
Professor Ragnar FjBrtoft
Department of Meteorology
University of Copenhagen
Copenhagen, m

CC: Dr. Charney




July 9, 1953

Dear Ragnar:
Yo ?

Thenk you for your letter, It-has-been so long since I hwawe heard
from you thet I hed begun %o werry about your coming st sll (of course,
I kmow I owed you & letter). Needless to say, I was delighted that
you wers @ble to sccept our invitation, emd an lookimg forward sagzerly
Yo your arrival, It is now defimite thet Eady and Bolim will be im
Primceton also for the fall semester, and we ghould have a good time,

Elinor and Nicky also await your erriwl with great anticipation.
Hicky has beem practicimg his temnis, snd is emxious to play Eari,
although I am afraid he does not reel ize what e young lady she hes
becoms «

I am now at the University of Chicago and shell remain uatil the
end of July, Elimor snd the childrem are stayimg with her parents im
S%e Paule They will joim me at the emd of the momth and we shall
drive back to Princeton, remain there for a few days, and then go to
Wioods Hole, Massachusetts on vacetlon, We hope %o ses Rosgby there,
but I have heard via Petterssem thet his doctor advised him %o go
easy and that he hee postponed his trip %o the U, 8, I certainly hope
it is nothimg serious, In any osse, we expect to stay inm Woods Hole
until Septe l. ihen you arrive on August 20 or 2l, you oﬁga '
immediately to Primceton for your spertment is all arramged, but it
ocourred ¥o me that you might like %o spemd a few days with us at
Woods Holes It is & kimd of vesation resort with swimming and sailing,
and at the same tiuse ¢ mumber of people with whom one cen talk science,
Also, the weather is likely %o be superior to that in Princston.
Alternetively, you might went %o go firs% to Fringohor & ~o¥ .o iled
aud them come to Woods Hole. IFf you ars st all imterested please
let me kmow as soom s possible, smd I will try to get mccommodations
for you and family at Woeds Hole.

Ou k in Prin pr sed 4 satisfactorily. As you
know we have beem uslRg Uhe Grebt Foorn of Hoes 1050 &8 & test situshion.

We wanted %o soe to what extent it was possible bo predict the rapid
and intense cyologemesis that begam about 1800 GMT on the 24th. Both
the 2 and 2% dimemsional models falled to predict %, the 2 2/3
dimensional model did prediot %he etorm, aed with its full intensi by,
We used the simpliTied model givem by equation (34) im the Phillipe




Charney article, with the levels 850«600-200 mb, and then with the
levels 400 ab %o glve better defirition im the low levels
where the stom first begam. I sa sendimg you & series of disgrams
which I think are selfeexplamatory. The graph gives the correletion
coeffioients between the cbserved and predicted 24~hour height changes

I have saved the best news for the last, We have found that it is
possible to pay your travel expsmses for yowwself asd family up to the
smount of $1,000, This is in addition %o your sclarye You may receive
the mmey upon srrival im Primcetom or you may have i% sent %o you im
Norway, If you decide on the latter course, plesse write %o Oppenheimer‘s
secretary--not Oppemheiuer, he is im Bragil-esnd tell her vhem, where,
and how you went the money semt. ; §

Please give uy wermest greetimgs to Ragnhild, Keri, end Inge.
With best regerds,

Jule 7




COPY
THE INSTITUTE FOR ADVANCED STUDY

PRINCETON, N. J.

December 11, 1952

Dear Dr. Fjgrtoft:

'Dr. Charney has told me that he has spoken to you concerning
the possibility of your visiting us for a period of one or two
years beginning September 1953 and that you reacted favorably. I
would like to officially confirm his invitation and to express my
pleasure at the proepect of collaborating with you once again.

I have proposed to the School of Mathematics of the Institute
for Advanced Study that you be granted the privileges of membership
during your visit, and have received its approval. I am enclosing
a bulletin of information describing the background of the Institute
and the facilities available to members.

At the same time we are able to offer you a position as a member
of the Meteorology Group at a salary of $8,000 per nine-month aca-
demic year for the two year period.

I hope you will find this invitation satisfactory and that we
can expect to hear from you before long.

Sincerely yours,

John von Neumann

Enclosure

Dr. Ragnar Fjgrtoft
Department of Meteorology
University of Copenhagen
Copenhagen, Denmark

¢ec: Dr. Oppenhelmer
Migs Trinterud
Mr. Levy (ONR)
Miss Underwood
Dr. Charney




Charlottenlund, Janvary 28, 1953.

Dr. Jule Charney,
The Institute for Advanced Study
Princeton, New Jersey
U. 5. A.

Dear Jule:

I have enclosed a letter to von Neumann answering his
. ipvitation which I did not receive until two weeks ago because
it had been mailed as ordinary mail.

I have been in contact with the Americen Embassy here
to get a visa. Because of the new lmmigration law it is certain
that it is quite impossible not to escape to bother you with scme
formel requests. I found discomfort in writing to von Neumann
ebout this, so I am writing you instead, but you may have to
contact him on this matter.

The first thing I made sure is that we need immigration
visa. To get such a visa it takes ordinarily twelve to eighteen
months. However, one may get & "non quota" immigration visa if
one belongs to one of several preference groups. Ae a matter of
fact I wes made sure that we belong to the first preference group
which consists of high qualified workers, technicals, scientists
and their families. The important point of the new immigration
Jaw is that this also has to be found out by the Attorney General
in Washington D. C. after a formal request has been made from the
immigrent's host organization (in this case your institute) on
forms to be obtained at the closest Immigration and Naturaliza-
tion office in your district. While making this request it should
not be forgotten also to be made for Ragnhild, while I should
think it unnecessary to mention the children specifically.

The next thing which has to be done is to confirm the invi-
tation in & letter direct to the American Embassy in Copen-
hagen whose address 1is:

American Embassy
Imnigration section
Borgergade 16
Copenhagen.

(Page 2)

T think it is important that you take action on these matters
ag soon as possible.

We got the absolutely last accomodations on "0glofjord" for the
gailing in the second half of August.

Best greetings to Ellinor and the:-children

/s/ Ragnar




Copenhagen, January 28, 1953.
Professor Dr. John von Neumann,
The Institute for Advenced Study,
Princeton; New Jersey,
U. 5. A. '

Dear professor von Neumanng

I was very happy to receive your invitation to come
to Princeton. I am grateful for the conditions you are offering
me and believe that the amount of salary offered to me is very
satisfactory indeed.

As I did not receive your letter until two weeks ago
it has not as yet been possible to get a definite answer from
the officials of the univergity here how they will response on
an appliance for absence in leave. Very likely there will be
little or no difficulty in getting an absence in leave for a
period of one year while I think it doubtful whether it will

be given for as much as two years, unlesgs perhsps it be given

as an extension later on.

I will inform you closer as soon as I know more definitely

from the university here.

Sincerely yours,

Ragnar Fjbrtoft




COPY

| THE INSTITUTE ¥OR ADVANCED STUDY '

PRINCETON'}’ N_- J-

February 2, 1953

Dear Professor Fjdrtoft:

Thank you for your letter of January 28. I am
very gratified to learn from it that we can expect to have
you with us next year. I appreciate your difficulty in
securing immediate leave for two years, but I am very glad
that you will meke an effort to obtain an extension later
on. | A

Looking forward to seeing you here, and with best
personal regards, I am,

Sincerely yours,

John von Neumann
JvN:eg
Prefégsor Ragnar Fjbrtoft
Department of Meteorology
University of Copenhagen °
Copenhagen, DENMARK

CC: Dr. Charney




. February 9, 1953

Dear Dr. Fjortoft: i
. This is to notify you that the Institute for Advanced Study has been
designated by the Department of State as & sponsor of the Exchange-Visitor
Prosra:;é‘rho serial mumber uslgned to the P‘rogrnu ef the Inrbituto ie

Nos P=

There is now a special type visa under the Exchange-Visitor Pragm
If you have already made satisfactory visa arrangements, there is no reason
to use this Program. But if you have not made visa application, or if it
should seem advismable to do 8o, you may obtaih a visa under the Program;
you should present this notification to the United States Consul in your
country, and to the Immigration and Naturaliution Service at the port of
entry into the United States. p

Through this notification you are designated as a paﬁicimt in the
exchange Visitor Program. Designation does not ensure the issuance of a
visa, but it should prove helpful.

Sincerely yom,

(Mrs. Ruth W. Barnett)
Assistant to t he General Manager

Dr. Ragnar Fjortoft
Department of Meteorology
University of Copenhagen
Copenhagen, Denmark




THE INSTITUTE FOR ADVANCED STUDY

PRINCETON, NEW JERSEY

February 9, 1953

Dear Dr. Fjortoft:

Your letter of January 28, addressed to Dr. Charney, has been referred

to me for answer,

I want to let you know that I have consulted the Immigration and
¥aturalization office in our district and Have been advised to inform you
that you should apply for an Exchange#Visitor permit; which is referred to
as Section L402(f) of the Immigration srid Naturalization Act. This visa is
easily obtained and may be renewed eve ix months, upon the recommendation
of your host institution or sponso: ¢ as your passport remains valiid
six months longer than the terminat at;
This extension is easily botairne and 18 in fact sent directly from this
office with no inconvenierce

letter to Dr. Charney is indeed
winable time to obtain since various
2 ttorney Ceneral's office in Washington
and tion from sponsoring Institutions and in-
blications. The legal advisor in the local
alizak office strongly advised against this visa
(known as 15-H(sub *‘__ gély due to the fact that it is often a prolonged
affair and is of no real advantage, being used more often by persons who
have been refused an Exchange-Visitor visa. The other thing against it is
that your wife must apply for an Exchange- Visitor visa since the 15-H(sub 1)
is used only for highly skilled workers and may not be used by their depend-

ants.

The visa to which you
complicated and often talk
application must be
along with letters pof

_ I am attaching two letters regarding your application, one in refekence
to the Exchange-Visitor Program, and the other to the application of your wife.

Please do not hesitate to let me kmww of amything I can do to be of help
with your plans to come to Princeton.

Sincerely yours,

(Mps. Ruth W. Barnett)

Dr. Ragnar Fjortoft

: Department of Meteorology
University of Copenhagen o
Copenhagen, Denmark . :

Enc:




THE INSTITUTE FOR ADVANCED STUDY

PRINCETON, NEW JERSEY

To Whom It May Concern:

This is to certify that Dr
come as a Member of the Meteorolc
Study for the academic :
salary of $8,000 for the agéd
the Institute Housing Proj
by his wife, Mrs. Ragnhild

The Institute

\ " * 1 . ‘
consideration shown D ortoft's application for a visa.

Sincerely yours,

(Mrs. Ruth W, Barnett)
Assistant to the General Manager




THE INSTITUTE FOR ADVANCED STUDY

PRINCETON, NEW JERSEY

hbm&y 2, 1953

Dear Professor Fjdrtoft:

you with us next year.
. securing immediate leave

Jviieg

Professor Ragnar Fj8rtoft
Department of Meteorology
University of Copenhagen
Copenhagen, DENMARK

cc: Dr. Charney




Copenhagen, January 28 1953,

Professor Dr., John von Neumann,
The Institute of Advanced Study,
Princeton, New Jersey,

U. S. A‘.

Dear professor von Neumann:

I was very happy to receive your invitation to come
to Princeton. I am grateful for the conditions you are offering
me and believe that the amount of salary offered to me is very
satisfactory indeed.

Ag I did not receive your 1efter until two weeks ago
it has not as yet been possible to get a definite answer from
the officials of the university here how they will response on
an appliance for absence in leawe. Very likely there will be
little or no difficulty in getting an absence in leave for a
period of one year while I think it doubtful whether it will
be given for as much as two years, unless perhaps it be given
as an extension later on.

more

I will inform you closer as soon as I know/definite-

ly from the university here.

Sincerely yours

Ragnar Fjortoft



Cherlottenlund, Jenusry 28 1959,

Dr. Jule Charney,
The Institute for Advanced Study,
Princeton, New Jersey,
Vil Al

Dear Jule:

I have enclosed a letter to von Neumenn answering his
invitation which I did not receive until two weeks ago because
it had been mailed as ordinary mail.

I have been in contact with the American Embassy here
to get & visa. Because of the new immigretion law it is certsin
thet it is gquite impossible not to escape to bother you with some
formal requests. I found discomfort in writing to von Neumenn
sbout this, so I em writing you instead, but you may have %o
contect him on this matter.

The first thing I mede sure is that we need immigr-ti
visa, To get such a visa it tekes ordinsrily twelve to eighte
months. However, one may get & "non quota" immigr-tion vise if
one belongs to one of several preference groups. As = metter of
fact I was mede sure that we belong to the first preference group
which consists of high quslified workers, technicels, scientists
end their families. The important point of the new immigrastion

lew is that this also has to be found out by the Attorney General
in Weshington D.C. after a formel request has been made from the
immigrent's host organisation (in this case your institute) on
forms to be obtained at the closest Immigration and Naturaliza-
tion office in your district. While making this request it should
not be forgotten also to be made for Ragnhild, while I should
think it unnecessary to mention the children specifically.

The next thing which has to be done is to confirm the
invitation in & letter direct to the American Embessy in Copen-
hagen whos address 1is:

Americen Embassy
Immigration section
Borgergade 16
Copenhagen.




I think it is importent thet you take sction on these
matters as soon as possible. |
' s We got the absolutely last accomodations on "Oslofjord"
for the sailing in the second half of August.

Best greetings to Ellinor and the children

é..




1/8/53

Second original letter and
ancther IAS brochure mailed

today, via Airmil,
- ESG




THE INSTITUTE FOR ADVANCED STUDY

PRINCETON, NEW JERSEY

December 11, 1952

Dear Dr, Fjgrtoft:

Dr. Charney has told me that he has spoKen to you concerning the
possibility of your visiting us for a period of or two years beginning
September 1953 and that you reacted favor: would like to officially
confirm his invitation and to express my the prospect of collab=
orating with you once again,

I have proposed to the Sg
Advanced Study that you be granted
visit, and have received its appro
tion describing the backgroupnd

to members,
' At the same time we e to offer you a position as a member of

the Meteoroclogy Group-ata salary of 3_8,000 per nine-month academic year for

fipd this invitation satisfactory and thdt we can
C long.

Sinoei'ely yours,

{
John von Neumann
- Enclosure {

Dr. Ragnar Figrtoft
Department of Meteorology
University of Copenhagen
Copenhagen, Denmark

Dr, Oppenheimer
Miss Trinterud
Mr, Levy (ONR)
Miss Underwood
Dr. Charney ..~




Copenhagen January 1,1953.

Dear Jule:

I am writing to tell you that if am going to get an invitation

to ¢ me to Princeton from summer it will be very important for

me to know this as early as possible: Partly it is the question what
to do with our apartiment here in case we leave for U.S. This
question should be settled at least four months before cur

departure, Then it is the megotiations with the director of the

university. And finally xx one may have to consider that it

may teke quite a long time to get a visum. I think I mentioned
thece things to you while you were here. When I am reminding you
about it now it is not so much because I think you have forgotten
it -8 because of the constant pressure exserted upon me from the
side of Ragnhild to get everything clear at the earliest possible
time in case we are going to U.S.

I take the o-portunity to thank you and Ellinor for the very

nice chair you ~ave ms as a present.

Kari is spending Christmas in Norway together with a danish
girlfriend. The rest of us are lookine forward to a wintervacation
lateron.

I hope you are all by good health and wish you a pleasant

and pwrofitable new year.

Yours very truly




TugE INsTITUTE FOR ADVANCED STUDY
ELECTRONIC COMPUTER PROJECT
PRINCETON, NEW JERSEY

M} 9"% December 1, 1952

Dr. Ragnar Fjértoft
Department of Meteorology
University of Copenhagen
Copenhagen, Denmark

Dear Dr. Fjbrtoft:

' Dr. Charney has told me that he has spoken to you concerning the
possibility of your visiting us next year for a period of one or two years and
that you reacted favorably. I would like to officially confirm his invitation
and to express my pleasure at the prospect of collaborating with you once again.

I have proposed to the School of Mathematics of the Institute for
Advanced Study that you be invited as a member of the Institute for two years
beginning September 1953 and have received its offical approval. I am enclos-
ing a bulletin of informetion describing the background of the Institute and
the functions of members.

At the same time we are sble to offer you a position as a member
of the Meteorology Group at a salary of $8,000 per nine-month academic year
for the two year period.

I hope you will find this invitation satisfactory and that we
can expect to hear from you before long.

Sincerely yours,

AL o b i

John von Neumann
JGC /cpb
Enclosure
CC: Dr. Oppenheimer

Mige Trinterud
Mr. Levy (ONR)
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April 21, 1949

Mr. Ragnar Fjgrteft
Meteorologisk Institutt
Oslo (Blindern), Korway

Dear Fjgrtoft:

Eliasssen will be leaving us in July or Auguet and we will
have room for another person on the meteorology project. Recalling our
conversation in Stockholm, I spoke tc Frofessor von Heumann concerning 5
the possibility of iaviting you to take Eliassen's place for an academic fis
yeare. Upon learning of your qualifications he at once approved the idea [l2¢
and authorised me to extend an invitation for the next academic year.

I am therefore pleased to be able to offer you a positicn on the theoretical
meteorology project at the Institute for Advanced Study for ten months
beginning September, 1949. The salary will be $5000 for the period, and
there will be & travel allowance for yourself of $5600,

Your duties would be primarily to sit and think and have
good ideas. As you probably have heard through Elisssen, the project,
being in the developmental sbtage, is but loosely organized and is dependent
more on ideas than on technigues. It is true that the ultimete purpose
is to devise a method for numerical forecasting, but the term "aumerical”
enbraces virtually all queantitative dynemical procedures and so imposes
no real restriction. We simply have the advantage that we shall soon
have an extremely pwwerful meens of verifying thsories in the electronic
computing mechine now being constructed here. The machine will be an
assurance thet we need no longer be guided so much by the mathematical
exigencies in the choice of physical models.

Princeton, with the Institute and the University, is ons
of the foremost intellesntual centers of the U. 8. You would find it a
very stimulating place, living in plessant suburban surroundings and yet
within but an hours trein ride from New York. If our plans materialize
we shall also have Bady with us.

If you do decide to come, and with your wife and children,
you will probably went to know about housing. The housing situation is
difficult all over the United States, but we are fortunate in having &
group of houses especially reserved for temporary members of the Institute,
and while we cannot promise a house outright I can say that in all
probability you would huve one of these. The houses are surrounded by
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Blindern; Mai 3, 1949,

Dr, Jule Charney, '
Institute for Advanced Study,
Princeton,

New Jersey,

i U,S gA. 0

-

Dear Chafney,

Atrfirst I would 1ike to express my best
thanlks for the iInvitation to work at the meteOrologicai
project at the Institute for Advanced Study. Provided ,
permigsion will be glven frdm the Metéorologicél Institute,
which is most likely, and~pr§vided there will be opportunity
of trgyelling; I will come to Princeton in the 1ést of
August together with my family. As soon as I know certainly
that it will be pos sible to go, I shall write you agaln.
_ ~ My paper 1s now ready for printing, I will
sonn have a copy of the manuscript ready which I ghall
send you.

My best greatings to your wife.

o

Ragnar Fjgrtoft




Blindern 20-5-49,

Dr. Jule Charney,

Institute for Advanced Study,
Princeton,

New. Jersey,

UsS4A.

Dear Charney)

Concerning my requesgt. for permission I yesterday
had & conferance with tb® proper authorities in our
Department of Pinance, I w&as told that 1t was a
certalniy thatrthe permission would be given in due time.

30 far I have not got 'a convenlient place on a
ship, I gan get one on a liner leaving Southempton
15ths July. This I think 1g twearly for me 1f not special
arrangemente are made, However, =zeats are reserved for me
and my famlly on a plane leaving Oslo 23ed, Aungust.
But as you kmow travelling by alr ls rather expensive and
therefore if I'not in the meantime get an opportunity for
travelling on a ship, 1t most probably willbe necessary
for me to leave my family behind until October, becausge
at that tlme places are available on a ship leaving Oslo.

Mr, Ellassen and also a representative in the
Us8.Embassy told me that s so-called "Professorvisum" would
be most usefwl for me rather thah other forms of visa,

For this purpose I mogt urgently want you to certify that
I am going to give lectureg in Princetown. Will you there-
fore please forward this certification as soon as nossgible,

Recently dr, Namias vislted us., We had then some
very lnteresting map discussions concerning the lange-range
forecasting problems,

LMy paper willibe printed in November, I will be
glad to have discussions with you on some of 1ts problems. On
IgtsiJuly I start my lectures for the americah students at
the Bummer School in 0s81¢6., Afterwapds I willl have & few weeks
vacation, te which I am looking very much forwsrd after
thege months of rather hard work: My paper, forecast duty,
support of Hpilands lecture dutiles ecollokvia), and the
terribleiload of red tape connected with the U,8.A.: journey ,

My best greatlngs to you and your wife,

Yourg sincerely

Gt

Ragnar Fjgrtof




27 June 1949

¥r. Ragnar Fjortoft
Norwegian Meteorological Institute
Blindern, Norway

Dear Mr. Fisrtofts

I have received your letter of June 20, in which you
inform me that you would like to have a statement from us out-
lining the exact nature of the invitation which we havé extended
to you to join the ¥eteorological Group for the next academic
year and of the duties during your stay here.

These duties will consist in participation in the ressarch
work of the group at the Institute in theoretical meteorology, and
in giving some lectures to the members of the group and others who
may be interested in your results in relevant parts of the subject.
Your compensation will be $5000 for the academic year 1949-50 with
an additional allowance of $500 for traveling expenses.

We are, of course, looking forward with the greatest
expectation tc having you here. However, you must not regard
yourself as obligated to be in Princeton exactly by September 1.

If it will help you to conclude more satisfactory travel aseeme-
detieme please allow yourself as much leeway in time as you feed £
necessary. There would be some advantage in your being heer hers
earlier in order to obtain an apartment for your family. The
Institute apartmesnis are sgarce, and it is advantageous to be

on the spot when they are being assigned. We shall, of course,

do everything we can to see that you are adequately housed.

1 hope that this letter will be of help to you in
connection with your application for a visa at the United States
consulate in Oslo. ;

Sincerely,

Jule G, cw




28 June 1949

¥r. Ragnar Pjsrtoft
Vorwegian Meteorological Institute
Blindern, Norway

Dear ¥r, -Fjartofts

I have receivsd your letter of June 20, in which you
inform me that you would like to have a stat’iﬁo:ut from us out-
lining the exact nature of the invitation which we heve extended
to you to join the Meteorological Group for the next academic
year and of the duties during your stay here.

These duties will consist in participation in the research
‘work of the group at the Institute in theoretical meteorology, and
in giving some lectures to the merbers of ghe group and others who
may be intsrested in your results in relevant parts of the subject.
Your compensation will be £5000 for the academic year 1949-50 with
an additional allowance of §$500 for traveling expenses.

We are, of course, looking forward with the greatest
expectation to having you here. However, youw u ot regard
yourself as obligated to be in Princeton exactly by September 1.
If it will help you to conclude more satisfactory travel arrange-
ments please allow yourself as much leeway in time as you find
necessary. Thers would be some advantage in your beihg here
earlier in order to obtain an apartment for your family. The
Institute apartments are scarce, and it is advantageous to be

on the spot when they are b assigned, We shall, of course,
do everything we can to see thaet you are adequately housed.

I hope that this letter will be of help to you in

connection with your application for a visa &t the United States
consulate in Oslo. .

| Sineérely,

Jule G. Charney




Jule G, Lharney
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The Airflow Round a Conical Hill

by Dr. Jiri Forchrgott.

(Translated by the author from Meteorologické Zprdavy, No. 3-4, March 195 1)

Tma effect of a short mountain ridge, or
even of a conical hill, on the streamfield
of a stable air current is a form of
mechanical disturbance. The opinions of
our practical observers—sailplane pilots—
on this question have gradually changed in
the years since the war. Initially there was
the conviction that only a weak vertical
component of no practical importance was
produced by conical obstacles, the region
of up-currents being too small. Later some
of the more experienced glider pilots began
to look for new possible soaring places in
the vicinity of the well-used ridge of Rana
when the air above the Rana slope became
crowded with school gliders. They were
successful in the space above the tops of the
isolated hills Oblik and Mily—the smaller
space with weaker up-currents became
more interesting, and real soaring in 1t was
considered as a sign of high pilot quality.
Thanks to these pilots, prejudices about
the smallness of the effect of isolated hills
on the air current were overcome. Thanks
also to glider pilots, many further prejudices
concerning the real nature of some atmos-
pheric phenomena will be overcome.
Experience has shown that there is
sufficient space with enough uplift for
soaring 1n front of isolated hills. As in the
case of long ridges, it can be supposed that
the velocity and depth of the streaming
layer are of equal importance, and one must
expect to find certain types of flow corres-
ponding to different kinds of airstream.
This means that, just as soarable regions
are found in the lee of long ridges, they may
also be found in the lee of isolated hills.
Single observations made in the lee of
conical hills have in the meantime no direct
attestation by means of gliders (in our
country), but they indicate some surprising
facts that are very marked under certain
airstream and humidity -conditions. The
shape, structure and motion of clouds can
show clearly the type of flow; and this can
also be followed occasionally or system-
atically by soaring flight. '

When the air is stably stratified there are
several possible types of flow that can be
recognised by the pattern of the flow in the
lee of the hill. To classify these regimes
precisely a series of systematic observations
is needed. At present it is possible to
describe, though only schematically, one of
these flow patterns, perhaps the most
fundamental one, which by its character-

istics has attracted the attention of authors

in various countries (e.g. R. S. Scorer,
London, explains in a similar way the
origin of some typical clouds in the lee of
Gibraltar; also one must mention obser-
vations of cloud caps over conical
mountains, volcanoes, etc.),

The experience of glider pilots shows that
on the windward side of isolated hills it is
possible to reach the same height as in front
of a ridge of similar section, the only
condition being a greater wind velocity.
It seems that the same type of flow as for
mountain ridges is produced by isolated
hills in winds of higher velocity. For
instance, Figure | shows the analogy of the
vortex type of flow behind a ridge, but the
same airstream blowing over a ridge would
produce a ‘“‘higher” type of flow—the
“wave type.”” The relation between the
depth of the air-current and the type of flow
produced by an isolated hill is not at present
known.

Flow over a conical obstacle presents a
problem in three dimensions, whereas the
flow over a mountain ridge is two-
dimensional. Most of the airstream in the
layers below the top (e.g. below the level
“a”) flows round the sides, air in the upper
levels only going over the top. One must
expect great horizontal deflections of the
streamlines in the low levels near the foot of
the hill, while in higher levels the vertical
deflection gradually predominates. Near
to the front foot of the obstacle the stream-
lines diverge and cause a weakening of the
stream, with the result that the vertical
component of the wind is very small or even
negative in front of the lower half of the

AT

B % L
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Fig. 1.—Side view and ground pian of the streamlines over a conical hill. The lower
diagram shows the flow in the level “a.” Up- and down-components are denoted by +

and — respectively.

slope—no use for soaring. Only in front
of and above the top is there enough lift
for soaring. Since the streamlines in level
“a” converge on the right and left of the
front side of the obstacle, the lift is greater
there than immediately in front of it. In
Fig. 1, upward wind components are
indicated by -+ and downward ones by—.
The cross-section A, in Fig. 3, shows the
1ift and sink in front of the hill. The sink in
front of the hill explains why everyone who
flies in a glider below the top of the hill is
forced to land. According to experience of

soaring in the slope wind in front of a ridge
most pilots tend to stay in front of an
obstacle; but now, in front of a conical hill,
one finds the unsoarable downward com-
ponent, which is proportional to the
intensity of the sideways divergence.

In the lee of the obstacle, the streamlines
return to their original distribution. Below
the top level, on the right and left sides
behind the obstacle is found divergence of
the streamlines and a down component.
Behind the lee foot there must be expected
intense convergence and a corresponding
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Fig. 2.—Vertical section to one side of the obstacle, showing up- and down-components.

up-component along most of the lee slope.
By observations on Milesooka, this fact was
sometimes found by cloud patches ascend-
ing the lee slope while the windward slope
was clear; another time by hawks, soaring
from low down on the lee slope, while on
the windward slope they were never seen.
The ground plan distribution of the down-
and up-components in levels below the top
is seen in the second diagram of Fig. 1, the
dotted line enclosing the region of up-
component.

In the lee of the obstacle a flat horizontal
vortex, not very turbulent, extends for a
considerable distance, and this causes a
reversal of the surface wind on the lee side
(see Fig. 1). In the side view, we see that the
greatest up-component is centred above the
lee slope (enclosed by dots in Fig. 1).

The type of flow just described often
produces a wave cloud standing near the
top of isolated hills and mountains when
they rise above the surrounding obstacles.

J

/ Section A \
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The cloud is elongated down the direction
of the wind and is centred to the lee of the
top. When the humidity is insufficient in the
lower layers the ‘“cloud cap’” cannot be
expected, but in higher levels cirrus-like
fibred cloudsare often formed (Stromschnelle
der Luft). Such waves are the product of
deformation of the airflow just described,
and appear mostly in mountainous regions
where the obstacle dimensions and well-
developed types of flow extend to the
highest levels.

When soaring in the lee of isolated
obstacles one must expect slight or
moderate gusts, even in the region of up-
component. The basic requirements for
this type of flow are suitable wind velocity
and stable stratification of the air.
Increasing instability probably deforms this
type of flow into a more or less continuous
row of rotating Cu clouds extending down-
wind from the hill for several tens of
kilometres.

/ Saction B
7
/ \
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Fig. 3.—Vertical sections through lines A and B of

components of the wind.
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Report on work at UsCeLeAs
Department of Meteorology
through the period January 29 to April 3, 1951
under contract (W28-099 ac~=L03)

By Ragnar Fj8rioft
In a series of eight seminars the subject of small waves in a baro-

clinic atmosphere was discussed, Particular attention was paid to their
physical interpretations The recent work in the Meteorology group in
Princeton, New Jersey was also presented and discussed, In an additional
seminar some aspects of barotropic fluids were discussed.

The subjects dealt with are rather well covered by parts of an article
to appear in the Meteorological Compendiume A copy of the manuscript for
this article has been added to this report,

Added is also a summarization paper on a problem related to the sta=
bility of atmospheric flow, which was taken up for investigation under the
above mentioned contract.

On the influence from horizontal shear on baroclinicall;r unstable
wWavesSe

le In the Compendium article it has been demonstrated that for sufficiently
ldng waves the horizontal motion in some upper horizontal level is essen~
tially governed by the equations.

(e vy - 2 + $Frwoli- 1) =0,
@ (3¢ +V-V)ﬂ4f-,=o, vV =0,

u=3F  v=-3
Here Y is the actual wind velocity and \VT is some themal winde
Considering the problem of small wrves superimposed upon a basic

zonal flow one finds easily on the basis of cqss (1) the solutions when

the basic flow is horizontally uniforme When this assumption of uniformity




-2-

is no longer maintained the problefi Becomes a more complex one from a
physical point of view. This is in virtue of the fact that the mean
basic flow may now itself act as a source or sink of energy for the small
disturbancese In addition the problem becomes much more difficult from
a mathematical point of views It is this latter point which will be cone-
sidered in this notes

To study the problem as simply as possible it will be assumed that

df _
ay

17 :  linear function of y.

UT = conste
Here 17 and \ 7 are the speeds in the basic flow of the wind and thermal

wind, respectivelys Assuming solutions at the form

\y = atp et P

) ,M-:n.ﬁ‘a.l.

and similarly for the remaining perturbation quantities, and neglecting
second order terms in egse (1), one gets the following two equations:

oo 2 - LT
(T pUNv =pv) + pUs (Vi = Vo) = 0

+ U
Y= WL el VT
I
By elimination of \/ this leads to the differential equation

(2)

(3) d’v; x 2”% (T4 puU) dvy

d ¢ (0"+/4U)2+ prul dy

S =
vy =0
It is assumed that thc boundary conditions are
M=o : y=o , y= B

From (2) it follows then also that

(L) Ve=0, for =0, 4=9




=3

To find the solutions of the system (3), (L) is of course a very difficult
problems The solutions will probably in the general case have singularities
which make the corresponding waves impossible to realizes This can be
demonstrated in the caée where
g (& )% ~ 2
Since V, must have a periodic variation alongy4 , the largest possible
wave length being 2B, (5) will obviously be a good approximation when
Zﬁ'- =L >> 2B+ In this case eqe (3) may be approximated with

B, 4l 2 M %’ (T+pmn

A (Epu)+ pRut
Applying the first of the boundary conditions in (L), the solution of the

above equation is

5

d
(6) Ny 7V g (0‘+3 —
& PU)-I-}‘ UT

In all cases when
2 - &
1) ((,‘1-)‘7)) -”P'UT %0, O=s4ysB®
the
The integrand in (6) has no singularitiess Using then boundary conditions

L tion (6) b s
(.), equation (6) become 2 e

[ et = o
. |B
ﬁ.,( C+MU+mUr I o
which, with some closer inspection leads to the contradiction that
U(B) =15 (o) |
It can therefore be concluded that (7) cannot be truces Instead it follows

Hence

that
@ (T+pU) + p Uy = for some Y=y, o<y'es
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This relation can be used to a closer examination of the stability of the
present wavess In the first placc, real values of ¢~ is inconsistent with
(8)e Accordingly, the solutions are certainly unstable, Substitut:.ng

0= ﬂ"R+u(T' in (8) one gets the equivalent conditionss

(9) Ug) = cq for some  y=4',  Q<y <P

(10) ; G_‘, = j:/v‘IVT

having introduced the notation Cg: --#GE for the real velocity of propagation,

From the second of these relations it is scen that the amplification of the
found waves will be independent of the existence of a horizontal windshear
in a basic flows So far as these waves are considered there is accordingly
no source or sink of energy in the basic velocity ficld,

The question is, however, how much confidence one can have in this
resulte It is clearly understood that because of (8) the solution (6)
for Yy will have a singularity at 3:3’ where Cp =1 5 which makes these
waves impossible to realize, at least not without coming in conflict with
the conditions underlying the linearization of the equations of motion,
To make these singular solutions useful, one must by means of them compose
the general solution for an arbitrary and nonmsingular initial distribution
of the perturbation quantitiess (One may think of this being done by
letting Y continuously assume all values between () and_B and adding in
some integral fashion all the corresponding singular solutions)e The
question whether or not this is possible in the present ease will not be
investigated heres For these composed solutions, now, the physical influence
from the existence of a horizontal shear will again have a chance to appears
This will be demonstrated in the following for the simple case of a const}ant

two-dimensional shear, the so-called "Couette!=flows




5

2¢ Two=dimensional disturbances of a "Couette" flowe.

Let the motion take place in theXZ-plane. The governing equations
are

2L . BN i WSV
(12) Vp RS + ks
(12)

Eqe (11) simply states the individual conservation of vorticity. Suppose
now in the basic flow the velocity U to be a linear function of 7 , and

the motion to take place in an infinite layer with the rigid boundaries at

Z
heights x-e 3 ""H « The boundary cond:Lt:Lons then are

(13) wW=0 for ,éxo, 4 H
Differentiation of (11) with rcspect to X, and application of (12) give

(1) % +V°Vg) vzzw.. L .? (au ‘am =0

By linearization of this equation one obtains in the case of "Couette"=flow:

(15) (kAU w =0

For the "linearized" motion, therefore, alsovgi,q‘is an individually conw
served quantitys (This is of course no longer true when second order terms
are taken into account as is seen from eq. (111).) To obtain a wave-solution

of (15) one substitutes o px+ Gty

W =W, (z)e
¥roTT —Ele amplitude W, must satisfy the equation
(G'+ /U"U') (deq, /‘:wm) -

Since PU is real a complex value of ¢ would require that everywhere
A*Wa_
T e =o

which together with the conditions (13) gives Wa=0 cverywhere, Therefore

§ has to be real corresponding to permanent waves with unchanged amplitudes




wloe
Further, TT+/.4U must be equal to zero for some Tant s OL 2/5,,"1 '
so that 32" /U!m-- Ofor%a;g andmg'-).«.v\&-!;o for@*—-%
This obviously also gives a singular solution for W The method of come
posing the general solution from such singular so]:utions has been given
by Ee H8iland and R, Fibrtoft (as yet unpublished)s However, this come

position is not needed in the present case, because the general solution

can be found very easily, as shown by Kelvin, directly as an initial value

problems In that connection Suppose that

- Vi W, Wieo =f002)
Eqs (15) now states that the waluos of + in any level Z. is transported

along the x~axis with the velocity 7J of that levels, One therefore gets
immediately
72 S i s

(16) ViW =t (-, 2)
Suppose as an example : ;

p ] L(/%RL",’Ml Z\,

touz) = &

Then from (16) : &
ng &l/dthLaﬂzZ"/Ufiff)

~ We substitute here
-w = Wo‘ ’zl,rt)&l'ﬂlx
dzwh W, : L'(/J;_z,— pii)
The solution of this equat:.on is

W= KG‘W‘ chﬁ e”‘_ ( 'ZHS“?“J 7,{111;) ~;U.:.,&‘ &Hydz'z'-/ﬂh-)
a‘" et

o - a2,
) = My ; :
Mz -H.Z: ]> 1 1 et 9‘&4—-}&”‘*)

and obtain

PEOTR Qp ) 2a

Wa=Ke +K.& Lg}*‘

A!'-(/J: v —-/}:U‘t)
(f /\*hdlj't) N\

-w‘a,_""’ KE’H‘Z-* \: -!Z-f-




o
where K, and K, now are constants to be determined from the boundary con-
ditions (13)s It is immediately understood that K, and K, have to be pro=-
portional to the last term in (17) Therefore, the disturbances will be -
damped with time as Eﬂz.vu‘%égfj?41uaJ"i. This result is remarkable when
it is compared with the result obtained for the wave solutions which have
no damping of the amplitudes In the present case it is demonstrated that
the mean basic flow acts as a sink of encrgy for the disturbances even if
this is not apparent from the singular wave solutions,

Returning now to the baroclinic waves considered earlier it is now
clear that it is likely that some physical influence from the horizontal
shear will be apparent ﬁwhen passing)zi‘rom the singular wave solutions to
the general solutions The above result also suggests that it may be
advantageous to find the general solution direetly as an initial-value
problem,

3¢ Three~dimensional perturbations of a "Couette=flow,

The following will show that in the general solution for three-
dimensional perturhations of a "Couette"=flow onc may expect to find a
linear amplification of the disturbances with time, For three~dimensional
motion there is of course in general no conservation of the vorticity com=

ponents, and the governing equations have to be written'

(f+v-v)u = -2

(B vmy = -

(% +vv)w = - "’.;"1

where o is the specific volume, and‘}s is the pressure

w : :
The fluid having supposed to be homogeneous and possessing rigid boundaries
there can of course be no influence from gravitys Gravity may therefore
be neglected at the outset.
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As boundary conditions it is assumed:
(18) W =0 Lor

(19) V=o for

The corresponding linearized equations are
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Hence by climination of ?I: :
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or, by substitution from the third of the equations (20)>
Y Ao,

(@) @+ uZ) vw =

For the "linearized" mct:\.on (15) is therefore valid also in the case of

threc~dimensional perturbations if onlyV: is replaced by the three=

dimensional Laplacian operator Y¢e If now again

VtW' = f04,2)
one finds immediately from (21) that

(22) 'VZWJ = {(X“U.*JHJZ)
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To solve for "W one needs the boundary condition in terms of W at the
boundaries 4=02 Y=g ° From (19) and the second eqsf‘pﬁ, (20) one
obtains: Sok
Ty 290 fx d=o, 4
2.
ek = {:7-‘( 4=0.: Y=5
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By substitution from the third of eqs. (20) onc then finds:

Hence also

fruld ) O, 4v y=0,4=1




Therefore, if

oW = q(x,z and i A (%
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one gets
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We shall not in this note be concerned with the solution of (22), (23)
in general, since the existence of disturbance amplification can be shown

in a much less laborious way. Let § denote the %-component of vorticity

g = an
ax 2y .
From the first and second of equations (20) one gets by elimination of o ‘F

+ 'U‘——) § dy W

d .z ?3
Applying this equat.lon of either of the two boundaries ‘;[":0 or Y=

and denoting by-g either of the two functions in (23) s one gets
Ly e
S STUL )5 = ‘m = §0-ut, 2)

Let it be supposed that AT
gi)= Floe /
(25) ;'t__o—_— Alz)e g

The scolution fer € will then necessarily have to be of the form

| ' SRy T
(26) % = Hztre?

By substitution from (25) and (26) into (2L) one therefore obtains
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~ the solution of which is
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There is therefore an amplification of'g; at the vertical boundaries
provided H2) is chosen X O.
This result is of considerable interest in the problem of creation
of turbulences It indicates how careful one should be in drawing too
far-reaching conclusions from wave solutions when these have singularities,
and further that it may be as profitable in such cases to try to get the

general solution directly, and not via the singular wave solutions.
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ON A SIMPLIFIED THREE-DIMENSIONAL MODEL

IN NUMERICAL WEATHER FORECASTING

The following constitutes an attempt to simplify further the Charney-

Eliassen equations with the aim of making them more fitted for numerical

computations.
Notations:

Jv= pressure
_?=. density
T = temperature
9)= accel eration of gravity
r=<%
Ik = vertical unit vector
h = subindex used P R Ryt

Equation of motion:

% e LS +€lxy; -g] = -op

Eliminating V]u , we obtain:

Ve x [%L{ +-Fkx‘l'};-3l] +§Vx[%‘{.;{kx%]= 0

Noting that
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Let H be the top of the atmosphere and “a symbol for mean values defined

from i+

jl—oca!z

s
7?42
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Then, by integrating (13) between ground and the top level, one obtains:
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Having as boundary conditions:
w =0 :

For 120
£+3 70 (according to experience)

Fop- 8 M { F Gt @

{15 70 (hypothesis)

one gets %

o |
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Combining equations (15) , (14) and (7), one cobtains:

: V: % J‘%—“—L}Jg) s 9 f&ﬂu fx iy ?QFS)F(%’W;OD/’L

An enalysis of orders of magnitude reveals that the last term in this equation

la~ 5 1073 3'_ . It may, therefore, be neglected without introducing serious
#

errors.

The equation expressing conservation of entropy is:

* In an appendix it is shown that the mentioned term is negligible to the same
extent 28 C ( ¢; = velocity of inertia waves) is negligible in comparison
with Cg ( C; - velocity of sound).
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One gets from the hydrostatic equation, equation (3):
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Eliminaetion of ‘,ff‘ l between equations (6), (7) gives:

(8) i +% f‘w“‘}d’ M -G +e)y,

1f K can be determined by que.ntities not involving the two last terms,

equation (7) will represent the original vorticity equation, equation (6),
3(514) .

free from the terms - W —3z7 "‘@*3 )V,,_"l‘),,, . From the equation of

continuity
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and the equation of pieozotrop.y
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one gets by combination

' b4
(11) - 7R A

Multiply equation (8) by

- (12)
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(f +53)

and using equation (11), one gets:

(13)




by equation (1), one arrives at

*Y——A)f—}x [%1—{”9*%] +Vx[-%‘{+{llex1{]=~\7x'e~}ﬂ

For the motions we are interested in, the order of magnitude of the first
term in this equation is 1/100 of that of the second one. Simplifying ac-

cording to this the following equations of motion result:

D;;“ v flxwv, =-9 ¥
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having introduced the hydrostatic assumption in the vertical component of the
equation of motion.

Let

Eliminating V, ¥ from equation (2) one gets,

e 2% W g (54f)-w &’3';-) - B+6)yv,

‘ =
when the term ¥, wr x a-;-Jz-:-‘ hes been considered of secondary importance.

When %—f—"— is neglected in equation (2) and the resulting equation

is solved with respect to  V = 'l.‘Jq'one gets:

(5) ‘ v, 7 x k

£

For an epproximate evaluation of § , and of W;b in the first right-hand -

side term in equetion (4) we substitute W, Tl { veing £ virtually
constant when the curl of U;-f is taken, we get:
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We substitute here M’Uq . Then
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Suppose now that it is allowed as a first approximation to assume that the

advection of entropy is a horizontal one:

(18) D b - Ve Vi Sk = ) Lg“zi} — -V, LN

-
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From equations (5) and (3) we get:

(19) | qyﬁ.\?,,liu}=§—'ux

Then from equations (18) and (19):
/0,
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Substituting this in equation (16) we get, ignoring the term mentioned as
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negligible:
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In the relation

oS )V,
V. St f 7, WOk

we substitute the stendard expression for V¢

SD may be considered as a virtual constant under the time differentiation

;92: and the curl operate¥ V, X . Considering in addition, as before, T

as virtual constant when the curl is tesken, we get:
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We have, as regards orders of magnitude:
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On the other side, from equation (1) we get
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when a periodic dependency upon x and y has been assumed with wavelengths

and Ay~L, , respectively. One has




Therefore, if Cq dénotes the velocity of sound, and C; that of inertia

waves, one gets
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Using the hydrostatic equation one gets when
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In this case one may, therefore, as zell define the mean values from:
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To see what we would then get if }v is replaced by SD » We return to

equation (11):
}’b)e,?‘w“ e zﬁd - f" M

We may also write:

2 + V-7 ) ;)EL;}
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Therefore, by using S? instead of Jv we will get an additional term

P i e

on the'right-hand side of equation (16). This is in general not a negligible

term, Therefore, using the definition (2) for the mean values instead of (3)

will result in more simple equations.




