
Dear Hales

McDowell came up from Philadelphia today and I was delighted 

to have an opportunity of a long talk with him, and to learn how In­

terested he is in the problem and how well everything seems to be going« 

I can only hope that the group at Paaadena is as pleased with the way- 

in which he is taking up the work as he is interested in it. It 

seems to me hie. general plan of procedure is excellent, and that he is 

most businesslike in the concreteness of his thought.

By utilizing your m^ny friends and the many contacts you have 

already made, as well as his own unusu 1 knowledge of men in the engineer 

Ing and construction field, I an sure McDowell is going to be able to 

obtain the very valuable informal study 3nd advice which these men can 

give. Most of this will be obtained on the basis of scientific interest 

in the procedure end of a friendly and scientific Interest in the under­

taking, and indeed perhaps the most valuable of advice comes in this 

manner. At specific stages leading toward decision there will no doubt 

be the desirability of consultation services on a definitely professional 

basis, and I feel that McDowell has just ths right idea toward these 

two types of assistance. Sslle I do not believe that he has ph ns 

looking to really large expenditures in thia direction, there certainly 

will ba no disposition on our part to question expenditures made at this 

time for obtaining definite and valuable opinions on design and con­

struction. This is really a new undertaking, and we would all be 

happy as we have been in the past to see that as much advance as is 



possible is made in the art of telescope building, and the mounting is 

certainly an involved and difficult part of the problem. I think we 

all feel that every dollar expended in advance of decision it likely to 

save many-fold that amount in later construction processes, to the end 

that this somewhat experimental proceeding say be rendered as safe as 

possible before it is entered into.

We talked briefly on the automatic folio.ting possibility, and 

while I realize it is far from evident that this lies in the realm of 

possibility I think it would well pay McDowell to talk with bush. I 

am not familiar with the sensitivity of modern sensitive cells. If 

the radiation from a guiding star is not sufficient, then of course the 

situation is impossible. Otherwise, the rather remarkable work they 

have done at the Massachusetts Institute of Technology would seem to 

lead to possibilities for the telescope. If this be possible there 

wouH be an added interest in an attempt to co w.ensste for t ..nperature 

changes in the tube, which would throw the plate out of focus.

What I really wanted to write you about was to complain 

bitterly because neither you nor Dey will stir up anybody to see whether 

vibration ¿possibly of supersonic frequency) may not appreciably 

change the annealing time for glass. I have .. conviction, which is 

positive because it is based on no knowledge, that is will have - really 

great effect. Of course it is too late for particular ...plication to 

the 200-inch, but I am just recalling your promise that you would stir 

up some graduate student to try it on & very small scale.

Cordially yours, 
Dr. George E. Hale, 
California Institute of Technology, ,Mto, Cliroma. MAX MAJ
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Mr. W. Brierley
Secretary General Education Board 
49 West 49th Street 
New York.

My dear Mr. Brierley:

Please accept my thanks for your kind

letter of December 19, informing me that the General Education

Board has released a f^ther^sum of $128,347.33 to the California 
Institute for the 200-inch preset, corresponding to the request

expressed in our budget for the period from January 1 to December 

31, 1935.

With continued appreciation, and best personal wishes for

the New Year, I am

Yours very sincerely,

GEH:G
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In reply refer to: 
Dr. G.V. McCauley. Jan. 8, 1935,

Dr. Max Mason,
The Rockefeller Foundation, 
49 West 49th Street, 
New York City.

Dear Dr. Mason:-
Thank you for your very kind letter of 

January 2. We were disappointed that you could not be 
with us at the time the large disc was poured.

We note your comments regarding the ap­
pointment of Captain C. S. McDowell as overseer in 
charge of the mounting and dome construction for the 
large telescope. We will be pleased to have Captain 
McDowell visit us at Corning and are looking forward 
with pleasure to his coming.

The large disc is reposing in the anneal­
ing kiln at its constant soaking temperature. It will 
remain there for still another two weeks before starting 
downward on the cooling schedule.

Very truly yours,

Physical Laboratory,

md.
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Dear Mac:

have been through our busiest month or I would

have written to you long before giving ray hearty congratulations 

on the new pouring of the EDO-inch. You have done a fine piece 

of work, and created a remarkable example of really scientific 

technology.

Now that the mirror is assured the further work for 

the telescope can go on with speed. The Telescope Sosaittee 

at Pasadena has appointed Onptain 3. S. McDowell of the Navy 

to be a sort of engineering entrepreneur in charge of the mount­

ing and dome construction. W are all very much pleased with 

the ap ointment, since ^Do®ell showed hit scientific and 

engineering acumen during the 'war as Executive Secretary in 

charge of the Experimental Station wheie 1 worked at New London, 

and has had since then such a vast and varied experience along 

exactly the lines that are necessary for this last step.

McDowell has been a south in the West at Pasadena 

becoming familiar with the situation there, and will be in 

the Bast for a month or two before returning. During that 

time I know he plans to visit Corning, so that this may serve



at an informal letter of introduction.

With cordial greetings,

£incerely yours,

MAX MASOH

Lr. George V, McCauley, 
Corning Glass ".orks, 
Corning, New Zork*
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ASTROPHYSICAL. OBSERVATORY January 8, 1935

Dr bason
President Rockefeller Foundation 
49 West 49th Street 
New York.

Dear Kason:

Your welcome letter of Janna2

ii '35

with which 1 am in

S Ù.

FßF4

complete agreement, starts off the New Year"in"a very encouraging 
way. McDowell is doing a splendid job, just as you predicted, and 
it was a great piece of good fortune to get him. He has made a fine
impression with everyone here, and his recent talks with the West-
inghouse people and with Ford are especially promising.

As I told him before he left, I thought he should go to see 
Bush and others at M.I.T., and he writes that he will do so. We are 
sending him additional data on the brightness of the veiy faint guiding 
stars available for use with a photoelectric cell. Fortunately we are 
in a very favorable position to estimate the chances of success, as work 
with the most sensitive known cells, used in vacuo with amplifiers, has 
opened up a whole new field of research with the 100-inch telescope. 
This was one of the first moves I made when I outlined a program for the 
development of nevz auxiliary apparatus for the 200-inch, and nothing has 
proved lore fruitful. You may be sure that we will neglect no opportunity 
of this kind.

Just after my return from the east I took up with Millikan 
the plan you proposed for hastening the annealing of glass. He found that 
the supersonic apparatus we got here during the war for submarine detec­
tion experiments was no longer as suitable for this purnose as another 
type more recently developed, and he has been endeavoring to get the 
parts needed. You may count on us to push forward this work, as both 
Millikan and I think it has possibilities, at least for prisms and lenses 
of moderate size. I was impressed when you pro osed it with its probable 
value for prisms, for which thoroughly homogenous glass is very hard to .get.

I was pleased to hear from Brierley that our budget with the 
$10,000. you were thoughtful enough to add, was duly approved. I am con­
fident it will take us through this year, unless extra expenses on account 
of the 200-inch mounting should be necessary. As I fully agree that it will 
pay to continue all promising preliminary studies through McDowell, and to 
obtain any expert advice needed on any features of the design, we shall 
continue this policy.

With best regards,
Yours very cordial ]y,

GEH; G 
P.S. I enclose copy of a telegram sent by Anderson to McDowell today.
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Captain C. S. McDowell, U.S.N.
2109 Porter Street 

Philadelphia, Pa.

Tell Bush guide star will often be as

The corresponding energy collected by 

millionths of an erg per second.

Pasadena, California, January 8, 1955

faint as fifteenth magnitude Stop 

the two hundred inch is four

J. A. Anderson
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To the honorable Secretary of 
Washington, D, C.

Pear Mr. Secretary?

I am writing this letter to express optappreciation 
to the Hwy for giving leave to Captain C. S. VcDowell for the 
share Of enabling Mm to assist the California Institute of 
reclnaoiegy in its very important task of designing and con­
structing the wanting and the dome for its new giant telescope, 
Che slg^ficance and the magnitude of this enterprise is not 
coiaaonly fully appreciated. It is far and away th® largest 
and most important astronomical undertaking ever ■ t tempted. 
The sere slab of pyrex glass, out of which the mirror is made, 
Mil weigh a; iroxiantsly sixteen tons, ’hen this telescope 
is ce^letat it should bring into viow a v'luue of space 
t - enty-seven time® larger than that now available for photo* 
graphic studies of the stars by the largest telescope now 
existing, which is the 100” reflector of the Mount Tilson 
Observatory. Use tlas, which me originally estis^ted for 
for getting tills new telescope into operation, was twelve 
years, and the cost approximately $6,000,000. To such 
nvjmwsstal undertaking in th-® interests of astronomical 
science has over before been attempted,

Th® reason, then, that we have sought aid from and 
cooperation with the Tavy in Ms undert&kin*, is}that so far 
as we know there is no other organisation, institution or 
inMvitoal possessed of such an experience in ths design and 
constrwtlon of heavy, precision instruEsnts* In th® work 
with its heavy gon mounts the Havy has had problcias of an 
allied kind, yurtherwro. Captain McDowell has spent th® 
greater part of his life, either as an inspector for the Havy 
in connection with its large engineering enterprises of a 
similar nature, or else in the scientific research and. 
levelopmntal activities of the Havy as illustrated in the 
work of the Hew London Experiment Statitm during the War.

?toai our point of view, t >erefore, it is of the 
utmost importance to b® able to utilise the experience and
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To ©is Honorable Secretary of the liavy 1/8/35.

the skill of th® lavy in this new enterprise, for which we, 
at tlie California Institute of Technology, have the responsibility 
and to know of no one in th® Havy whose experience and contacts 
with the heavy manufacturing industries of the United. States 
make® him sore suitable for this work than Captain 0,3,McDowall.

I am writing this letter for the sake of making 
official ackuovlodgomnt on the behalf of the Trustees of th® 
California Institute of Technology, of our indebtedness to you 
for this service, as well as of our hope and expectation that 
the interests, both of the Havy and of th© California Institute 
of Tedinology, will be served throng this cooperation.

Very sincerely yours.

mm mt
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2109 Porter St., 
Philadelphia, Pa.

January 10, 1935.

Dr. Max Mason, Pres., 
Rockefeller Foundation, 
49 West 49th St., 
New York City.

Dear Max,

I am still soaking ideas into.mymind and getting 
as much constructive- criticisms and comments as I can 
obtain from everyone who I can find has something to con­
tribute. I had a very nice day with Doctor Johnston and 
Doctor Bain, of the United States Steel Research Laboratory, 
and they referred me back to Mr. Butler of the Budd Company 
as the best man to discuss manufacturing aspects of the 
problem. Butler is an old friend of mine, and I had already 
had considerable discussion with him, so I was pleased that 
Johnston and Bain should feel that he was the best man to 
discuss this with. I have spent the last two days with 
Butler, Russell and Eksergion, of the Budd Company, and 
Mr. Llewellyn, who is Research Engineer of the U.S.Steel, 
and it looks to me that they might develop a tube at least 
which would be very modern and sightly as well as light 
and stiff.

Following my visit with you I spent the next day 
with Hannibal Ford and was very much pleased to see his 
latest development on control for turrets and guns. It 
seems to me that the development work that he has done 
fits right in to our problem on control, and that we can 
take this and adapt the things that are already in existence 
to our problem. If you should have a free day before I 
again come to New York, I believe you would be very much 
interested in seeing Ford’s demonstration of this equipment 
which he has set up in his plant in Long Island City. 
However, if you do not make it before I come up, I would 
like to get you to go over it with me.

The early part of next week I am planning on 
going to Washington and I might run over to New York at 
the end of the week, that is Thursday or Friday, if nothing 
else develops in the meantime.

I asked Anderson about the Guide Star and its
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Dr.Max Mason 10 Jan. 1935.

possible use, as suggested by Bush, and he has wired me that 
the Guide Star will often be as faint as the fifteenth 
magnitude and the corresponding energy collected by the 
200—inch telescope will be four-millionths of an erg per 
second. I have given this information to Bush and have 
also told him that I expected to be in Boston the latter 
part of this month.

With best regards,

Very sincerely,

O.S.McDowell
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Dear Sandys

lour letter Is very interesting, showing as it does 

how well things are falling together.

I had ft letter fro» Hale today in'walch he said how 

pleased he was with the way everything was going. He also 

sent a group of black loose-leaves, about 12” by 14”, which 

look as though they ¡night be used for.mounting photographe. 

I am holding them here, thinking that perhaps they are for 

you.

Hext Friday I am tied up all day with meetings. 

Thursday I could be free after one o’clock, and would very 

much enjoy running out to Ford’s place, if th t would give 

us time enough. If not, we cm do it some other day.

3 ordislly y ours,
I^AX NIASOH

Captain 3. 1. McDowell, 
2109 Porter Street, 
Philadelphia, Pennsylvania.

MMiAEB
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January 11, 1935

My dear Mr. Heatings

I have read the memoranda you left when you 

were in the office last week, and I- am in no position 

to comment thereon» I am therefore returning the 

memoranda inasmuch as there are attached lists indicat­

ing to whom copies had been or are to be sent.

X am sorry it will not be possible for me to 

see you. I am sure you will appreciate what it means 

to be in the midst of preparing for a meeting of our 

Board next week. All of my time will be required in 

conference and for maturing items which are to be pre­

sented .

Sincerely yours,

Mr. Arthur H. Fleming 
c/o Mrs. Lloyd Smith 
10 Gracie Square 
New fork City
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AND 

RESEARCH 
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EXECUTIVE COMMITTEE

ALANSON B HOUGHTON 
ALEXANDER D. FALCK 
GEORGE B. HOLLISTER

-F..

Dr. Max Mason 
President, The Rockefeller Foundation 
49 West 49th Street

17’35

New York City

Dear Dr. Mason,
C

Replying to your kind letter of January 10, we have 
received a letter from Captain McDowell stating that he would 
like to visit Corning either the week of January 28 or February 4. 
I have advised him that as far as we can now tell either week 
will be convenient for us.

Dr. McCauley is now ill but we have every reason to 
believe that he will be back at work within the next week. I am 
rather hoping that he will decide to take a vacation in order 
that he may recuperate thoroughly for, as you know, he has been 
under a tremendous strain for the last year. He has done a 
wonderful job on the disk project and is surely entitled to an 
extensive vacation if hr? can be persuaded to take it.

We will be delighted indeed to cooperate to the fullest 
extent with Captain McDowell. It is possible that with our 
experience in building up glass-to-metal structures, we may be 
able to be of some real assistance to him.

With kind regards, I remain

Yours very truly,

J.C. Hostetter
Director, Development & Research

JCH:FRF 
cc- GVM





FORM 372

JAW 24
I/O 3.1

Dear Mr. Hostetter:

We were of course all delighted at the successful 

pouring of the 200-inch.

I expect you know that Captain 0.8. McDowell of the 

Navy har been grunted leave for a time to work with the 

Pasadena group on the mounting and dome for the telescope. 

He will act as a sort of scientific and engineering entre­

preneur. He has spent a aonth in Pasadena, and is buck in 

the East for a time discussing design and manufacturing 

facilities.

With your remarkably successful development work 

on the mirror, the center of difficulty now shifts to the 

mounting design, and we are very happy over the progress that 

ie being made in this particular.

McDowell plans to visit Doming before Long and 

looks forward to the opportunity of meeting your group, seeing 

the set-up there, and discussing with you some of the aspects 

of the mirror mounting.

With cordial greetings,

Sincerely yours,

Mr. J. 3. Hostetter, 
Corning Glass Works, 
Corning, New Y$rk.

MMsAEB
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Deaf S&ptain McDowell:

Mr. Mason asked me to write you that 

either of the times you suggest for your visit 

'n New York will be convenient for hi®. He 

case to the office to-day for some Executive 

Committee meetings, but went home soon afterwards, 

•s he still is not well.

Your;-: verj truly,

Secretary to Mr. Mason,

fa; tain 0. S» McDowell, 
2109 Porter Street, 
Philadelphi: , PenneyIv .nia.
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Dear Hile:

I had another visit with McDowell, and visited Hannibal 

Ford’s factory with him. Ford’s work is interesting, and it 

may well be tb«t he cun make some suggestions of vslue on con­

trol mechanisms.

We happened on Bush at the Hotel, and had a short 

talk with him. He had been figuring on the possibilities of 

automatic control, and said he would be most happy to do every­

thing he could in a study of the situation.

I was interested in Bush’s response to the general 

question of possibilities. He stresses the thought that auto­

matic control would be highly desirable not merely for the 

purposes of relieving man hours, but bee -•Use it is much sore 

accurate thin human control, since the reaction time of the 

servo-mechanism is much shorter than human reaction time. He 

said that preliminary study indicated that a guide star of 15th 

magnitude was about at the limit of possibility.

Of course I understand that it is very improbable 

that practicalities will result from this sort of study. But 

no harm can be done by it, and it maintains the attitude of 

looking for every advance in astronomical procedure.

A short time ago we received from your office a set
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of black loose-leaves, presumably for mounting photographs.

I wonder if these were intended for McDowell.

Cordially yours.

HAa a

Dr, George E. Hale, 
Calif orni'.. Institute of

Technology, 
Pasadena, California.

MMsAEB
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Ue- r Sandy4

I aa rushing to get off to the South for ten 

days or two weeks, leaving Saturday. I was vary much 

interested in your letter. The contacts you have 

been making are extraordinary.

Please don*t have bread and butter notes on 

your mind. There is hardly any time when we force 

ourselves into it, and I passed on your message.

I hope things go well with you, and shall look 

forward to your next trip east.

JordisHy yours,

MAX MASON

Japtain 3. S. Jciowell,
2109 Porter Street, 
Philadoljhia, Pennsylvania«
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pr. Max Mason
The Rockefeller Foundation 
49 West 49th Street
Nev/ York.
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Dear Mason;

Thanks for your letter of February 7, which has 

just arrived. I am very glad indeed to bear of Bush’s re­

sponse, as of course we want to use his automatic control if 

possible. Perhaps it may even be feasible to test it on one 

of the Yount Wilson telescopes - the best plan with al 1 of 

these new devices, provided they can be easily adapted to the 

instrument in question. It was only in this way that we were 

able- to develop the Ross zero-corrector, the Rayton short-focus 

spectrograph objective, etc.

We have had several valuable reports from McDowell, 

who writes that he will soon be back in Pasadena. All goes well 

here, and we expect that the definitive design of the mounting 

can be tackled soon after he returns.

I told Weaver when I was in New York that I would 

send some black loose leaves for mounting additional photographs 

in the album I brought you. These are the ones you have received.

With best regards.

GEH;G
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CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

Dr. Max Mason
President Rockefeller Foundation 
49 West 49th Street 
Kev; York.

Dear Mason:

We are glad to see Captain McDowell back and to hear 
his valuable and comprehencive report. I think we are likely to 
adopt his recommendation that we obtain a careful analysis and de­
tailed report on the two possible types of mounting from Lessell, 
formerly Chief Engineer of the British Rolls Royce Company and later 
of the Westinghouse Company; Rabrolitz, Professor at Columbia; and 
Timoshenko, Professor at Michigan and friend of von Karman of the 
California Institute. Timoshenko is now giving a few lectures here. 
They are accustomed to working as a consulting group, and their 
price of $1500. for this job seems moderate to McDowell and to us.

You will be interested in the enclosed clipping, which 
seems to leave no doubt that Strong can aluminize the 200-inch 
mirror. Even after his narked success with the 36-inch Crossley 
mirror of the Dick Observatory, of which I think I sent you an ac­
count, we did not feel safe in advancing in a single jump to the 
200-inch, as such a high vacuum is required, beyond the capacity 
of any available pumps. The present pumps, built in our shop 
after Strong’s design, are the best yet made, I think, for high 
vacua on such a large scale. As I believe you know, the aluminum 
surface opens up an extensive new and unworked region in the ultra­
violet of stellar spectra.

One of Millikan’s men is working on your method of an-
nealing prisms, and I hope we can give you a report before long.

Yours very cordially

GEH:G

P.S. Adams and 
where they went 
100-inch mirror

Anderson have just come down from Mount Wilson 
to see the vacuum chamber opened. Th^r found the 
surface perfect, andare delighted with the resu
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March 20, 1935

Dr. Max Mason, President 
The Rockefeller Foundation 
49 West 49th Street 
New York, N. Y.

Dear Max:
I should be a better correspondent than I 

am. Itis hard to realize that I have been here for over 
three weeks and have not written to you. I had a delight­
ful trip across, and happened to strike good weather all 
the way, which, with the really excellent roads by the 
southernroute, made the going no trick at all. I found 
the people here generally in good order, although our 
particular group is somewhat laid up; Dr. Hale has been 
having a rather bad set-back, but apparently is coming 
through all right now. Porter has been off for some 
weeks due to a heart attack which, apparently, is going 
to make him be careful in the future; believe he will be 
back within the next week. I do not know if you have 
ever met him, but no doubt you have heard of him. He 
is a real asset on this project. Dr. Pease is also in 
the hospital for an operation but he will come along in 
another slxweeks, and, in the meantime, I hope to have 
the thing so organized that his niche will be organized 
so that there will be no friction. There has been so 
much talk as to possible complications with Pease on 
the job that I lookedforward to an encounter with him 
when I returned this time, but found that he apparently 
v>ras willing to cooperate although he has some set ideas 
and will go to the bat for them.

In the few conferences I have been able to have with Hale 
and also with the Observatory Council, the question has 
been coming up a number of times of what your attitude 
was on a particular subject. So far these have been 
subjects which I had discussed with you, and I could 
truly say that you approved of the action which was 
being proposed. It mightbe that something will come 
up and I will take your name in vain, but I will 
try not to get you involved in anything in which there 
might be any serious doubt as to what your action would 
be.
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I have obtained my estimator from Mare Island, Navy 
Department, and have him working now, and we hope 
to have in the course of time some fairly approximate 
ideas of the costs of the various items of the pro­
ject. I have also arranged for a consulting firm, 
Lessells and Karelitz, and they will make a study of 
the tube and mount and report their findings to us. 
These were two particular items that I referred to 
about that you had approved of the action proposed.
I have also availed myself of the promises of the 
various people I met in the east, and am sending 
out six sets of drawings of the tube and mount for 
some study and report. I was in San Francisco the 
end of last week and spent sometime with Dr. Durand. 
Although he will be fairly busy on his new job as 
chairman of a committee to study the lighter than air 
situation, I did get some thoughts from him, and hope 
to get more as his time will permit.

I am hoping that we will be able definitely to determine 
on the type of the mount within another month. Then I 
want the Council to approve our making a model to a 
one-tenth scale, or something like that, of the tube 
and mount. I developed quite a strong feelingthat this 
was desirable in my various contacts with the people in 
the east, and in my discussions with Dr. Durand he felt 
this was practically a necessity. If this strikes any 
response In your mind, or at least if you have no 
objection to it, I would be glad to have your approval, 
because I find, as I mentioned before, the Council sort 
of asks the question whether I think it would meet with 
your wishes. In this discussion, I do not want to be 
throwing things back to you all the time, but the 
Council has sort of a feeling that they would not 
authorize anything that might not be sanctioned by you. 
Possibly I am over-stressing this, and expect really 
that they know that anything they do would meet with 
your general approval.

I find that the general wish on the part of the people 
connected with this project is that you would come out 
to pay us a visit. I personally feel that as soon as 
we have some idea of the various costs of the items in 
the picture as we have outlined It, that you would be 
interested in being here to discuss the whole thing.
I do not know just what your plans are for the next 
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few months, but if you can come at all, I believe that 
it would be a benefit to the Rockefeller Foundation 
for you to actually visit us here. In between times I 
have been house-hunting, and believe that I have now 
found a house which will not be too large so that I would 
feel lost in it and still large enough to take care of 
you and the others when I can persuade you to come out, 
and so I am looking forward to having you and Brook visit 
me.
I have had a letter from Ford sayingthat he expects to be 
able to get out here about the middle of April and spend 
a few days with us. I am counting very much on his help 
for the development of the control and driving mechanisms 
of the Telescope. I have written him suggesting that he 
try to get in touch with you before he leaves New York.

With best regards to both of you, I am

Very sincerely,

Supervising Engineer 
200-inch Telescope
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Dear Sandy:

I was very glad to get your letter and to learn of the 

progress at Pasadena. I had not known that Hale had another 

setback. I heard recently that he was planning to spend the summer 

in England this year.

We must, of course, officially, at the office, be in 

sufficient touch with the general situation so that we can recommend 

to the Trustees the appropriations necessary to cover the budgets 

submitted by the Observatory Committee. That means we must under­

stand the general significance and importance of the broad features 

of operations w ich are proposed, but this would be the action as 

taken by administrative officers and not by people participating 

in the details involving technicri knowledge. Of course in our 

conversations we go beyond this, because we understand each other, 

and all of us have a greet personal interest.

I am saying all this just to indicate to you that we would 

not think for a moment of putting, a veto upon specific proposals 

which do not involve major sums in the budget and which are along 

the general line of attack which we understand to be the plan of 

the Observatory Council, and I should hate to feel that the Pasadena 

group would be constantly thinking in their plans of whether or not 

a given step would be approved by us. Such an item would be, for 

example, the making of a model to a one-tenth scale, or something
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like that. Neither Weaver nor I, I am cure, have the faintest 

knowledge on which we could base an opinion even if such were de­

sirable, and we would never give approval or withhold approval of 

a type of that kind, but would be completely confident that if you 

made that proposal it was on the basis of a real importance and 

desirability.

I am sure you know our general feeling th- t in s project 

of this kind we do understand the necessity and desirability for 

adequate planning, preliminary testing, model building, or anything 

else which those technically competent feel would safeguard the 

enterprise and in the long-run give good construction combined with 

economical production, and by that I mean true economies when total 

final costs are considered.

Hannibal Ford dropped in yesterday, and we had lunch 

together. He s«id he war planning to la ve for Pasadena, and hopes 

that he can make it. I think it if a fine idea to have him come 

out, for in no other way than by observation c n he get a feel for 

requirementsj and inviting him there is exactly in keeping with my 

idea of obtaining the best of advice in a truly scientific way at 

a cost that is very small compared with the results. Here is an 

example of a statement which is completely personal and absolutely 

not official. I mean that it is a statement of interest in Ford’s 

visit, which has nothing to do with the Foundation’s attitude in 

such matters, but is just between you and me.

We are busy working for our April meetings, and will be 

for some weeks to come. Your suggestion of coining out is awfully
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interesting. I wish I could make it. I am certainly going to bear 

it in mind, and it may turn out to be possible in the late spring, 

but it does not look very probable now.

Cordially yours,

, ■^AX

aptain 0. S. McDowell, 
alifornia Institute of 

Technology,
Pasadena, California.
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CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

ASTROPHYSICAL OBSERVATORY

March 25, 1935

Dr. Max Mason
President Rockefeller foundation 
Rockefeller Center 
Hew York.

Dear Mason: 

is making good progress.Captain McDowell, who

says there is some chance of your going to China this summer.

If you do go, I hope you will plan to stop; at Pasadena, as 

we want to get your advice on several matters. I may go 

abroad early in August, partly to look up some instrumental 

questions and partly for a rest. So I trust it will be con­

venient for you to stop on your way west.

Photographic tests made with the 100-inch telescope 

since the application of the aluminum coat have demonstrated some 

of its great advantages. For instance, the close companion of 

Sirius, which has been so hard to photograph because of the 

scattered light due to the fine scratches inevitable on a silvered 

surface burnished with even the finest washed rouge, is now easily 

shown on a much clearer background. The greatest advantage of alu­

minum, however, will be in the ultra-violet of stellar spectra, 

as illustrated by Wright in the paper I sent you some time ago 

(Publications of the Astronomical Society of the Pacific).

Hoping to see you before August and with cordial regards,

G3H;G

Yours ever.
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Dear Hale:

If there is any chance of getting I shall 

be delighted to do so, and to stop at Pasadena. My plans 

for China are still completeLy vague.

lour consents on the tests with the aluninm 

coat are very interesting. Bhat enoriaous progress has 

been gained in astronomical «rt since your original plans 

were formulated for the 200-inchI It has been a fine 

story of cooperative interest.

I hope very much you are feeling fit and no« 

getting ths benefit of the operation.
I

Kith cordir1 greetings,

Sincerely yours.

Dr. George E. Hale, 
Oslifornii Institute of
Technology, 

Pasadena, California.

MAX MAsO?i

MMsAEB
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fear Sandy:

I was glad to hear of your organisation plans. I 

do not think that tha question of the budget EUbnitted for the 

year, and for which appropriât ..on was made by the General 

Education board, should influence decision as to desirable 

proceedings.

Tha executive oomrttee meetings of the General 

Education Soard are field monthly, with the exception of two 

oi' three months in the sonar. A suggestion for addition on 

the basis of organisation could be acted upon rapidly.

I have no right to say that it «culd ba favorably 

considered, but I have no reason to believe there would be 

anything but appréciât on of tha desirability of thorough 

planning, and consequent appropriation for the purpose. 

all understand the tentative character of budget planning, and the 

probability of readjustment at any time.

Cordially yours,

Captain 2. 1. McDowell, 
California Institute of
Technology,

Pasadena, 3alifornia.

MAX MASON
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March 29, 1935 
To: Observatory Council

From: Captain C. S. McDowell

Subject: Engineering Staff, Organization and Increase of It

In developing the design, manufacturing the apoaratus and installing 

and testing the finished project of the two hundred in h Telescope, 

the -ork broadly falls under the following divisions, viz.:

(a) Dome structure nd structure of other auxiliary buildings, 

foundations for these buildin s nd for telescope mount.

(b) Telesoc e tube, telescope mount and auxiliary attachments.

(c) The electric control and drive of the Tube, Mount, Dome and 

auxili ry apparatus.

(d) Optical Systems, mirrors, etc.

It is recommended that the following three engineering positions 

be uthorized to head, up the first three divisions:
Associate Construction Engineer (P-3-810)

Associée bechanloal Engineer (p-3-825)

Associate Electrical E glne .r (P-3-812)

These titles re those established by the Federal Olas Ifioatlon 

Board. The General Specification for Associate Engineer Is -s 

follows:
Grade 3

P-3-800 D. Duties and Responsibi itles: Under general super­
vision, 1th considerable latitude for Independent or unreviewed 
action or decision, to perform responsible professional work of 
moder te difficulty and importance in the investigation or de­
velopment of engineering projects, the design, construction, in­
spection, testing operation, or maintenance of engineering "orks or 
equipment, or in scientific engineering research, in that field or 
branch of engineering indicated by th title of the classj and to 
perform related ■ ork s assigned.
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P-3-800 Q. Minimum Qualifications: Training equivalent to 
that represented by graduation in engineering from a college or 
university of recognized standing, with ajor ork In courses 
supporting that field or branch of engineering wor indicated 
by the title of the class; not les-, than three years* post­
graduate study in that field of engineering Indicated by the title 
of the class, which must have fulfilled the requirements for the 
degree of Ph.D. or D.Sc., or three years’ rofes ional experience 
in such field of engineering, which must have Involved the 
successful development of one or more engine-ring projects 
and the preparation of complete engineering plans or full reports 
of ork accomplished and w ich has demonstr ted initiative and 
resourcefulness, and the -siting of the subst ntlve technical re- 
soonslbllitles with success, nd a c oacity for increasingly 
difficult >nd Important assignments; good knowledge of the 
principles of that field of engineering indicated by the title 
of the class, and of the sources of Information Involved; ability 
to plan working details, mdto supervise ano. coordinate engine r- 
ing work and to prepare engineering plans ¡nd reports; for'those 
engine ring oosltlons where the duties are largely research in 
character demonstr ted capacity for the independent prosecution 
of reductive research and ability to analyze data, draw 
logical conclusions therefrom, nd resent results in the form 
of reports or monographs; >roven capacity for independent 
professional work in engineering; in some cases proficiency in the 
use of drafting instruments; instruments of precision, and 
mathematical tables required in the performance o. rofesslonal 
work in engineering. •*

The importance of the Telescope rojeet nd the type of work 

involved, requires, in my o ,inion, that we have men who can meet 

the above minimum specification.

In expanding the Navy Civilian F roe last year t the Ne York 

Shipbuilding Company, I added four associate engineers meeting 

the above specifications. and the work required of them was not 

of . s important a char cter as will be demanded o. these en.

The Federal Schedule of Wages for this position at rt at 33200.00 

a year, '-t the present time there is a 3^ reduction In effect 

on Federal s 1antes, but this reduction is to be eliminated on 

July first of this ye r. In checking several en who appear 
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qualified for these positions I find that they are either now 

employed by some branch of the Federal Government as As oci te 

Engineer at the above rate of pay or are getting equal pay from 

Commercial employment.

It is, therefore, recommended that these three positions be 
authorized at $3200.00 per annum with reduction in pay of 51 

until restored by the Federal Government to its employees.

It is recommended that ark Serrurier 'be appointed to the 
position of As oolate Construction Engineer, is education, 

training, experience on structural work, nd his familiarity 

with this project qualify him under the given specifications. 

It Is hoped to find two other men equally good to fill the 

other two positions, If they are authorized.
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April 26, 1935

Dr. J.A. Anderson
California Institute of Technology 
Pasadena, Calif.

Dear Dr. Anderson,
We were somewhat surprised to learn from your letter of 

April 12 that the list of auxiliary mirrors for the 200-inoh 
telescope submitted to us some tine ago was merely tentative and 
not final. After thoroughly searching our files, we have concluded 
that this statement is literally correct. On the other hand, our 
conversations with different members of the Mount Wilson staff on 
occasions when they visited Corning gave us the impression that 
the blueprints submitted in September and October of 1933 repre­
sented the auxiliary mirrors, and we proceeded to make them up in 
accordance with this understanding. Perhaps we moved too rapidly 
on this phase of the project, but on May 15, 1934, we received a 
wire from Dr. Pease asking «were small mirrors and plugs for two 
hundred inch poured at sane time as large mirror and if so when 
can we expect them?” This wire arrived during my absence from 
Corning and Dr. McCauley replied as follows on the same date; 
«Regarding yours Hostetter away small discs and plug for large 
telescope cast from same melt as two hundred inch stop those not 
yet annealed stop for lack of kiln facilities these will not be 
completed for approximately five months stop sample blocks to test 
grinding of supports for one twenty inch placed in annealer this 
week and shipped about July one.«

Accordingly, we cast the auxiliary disks and at the 
moment the status of this phase of the project is as follows:

Mirror 26« x 37«, Drawing No. 200-0-6, and the 36« 
Coelostat mirror, Drawing ST46, were cast, annealed and shipped 
via Erie Railroad freight collect to Pasadena on March 1, 1935.
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The following disks have already been oast but are not 
annealed:

41i" mirror
36" Coude
40j-« plug, 7^" thick.

In the meantime the design for the plug was changed and the new 
type of plug 27" thick has been oast but is awaiting annealing.

With reference to your new requirements calling for three 
45" disks, these can be cast from a small furnace and this opera­
tion will present no unusual difficulty. However, this diameter 
is several inches too large to permit annealing in our small cubical 
annealer. Therefore these disks will have to be annealed in the 
small circular kiln in which the University of Michigan disk is now 
being annealed.

Our annealing schedule on this particular disk calls for 
completion between septembor 15 and October 1. We assume that, 
roughly, two months will be required to anneal each 45" disk. 
Therefore at the earliest we could ship one 45" disk to you in 
December, 1935. In outlining this tentative schedule I am assuming 
that we will be permitted to postpone the annealing of a 61$" disk 
for Harvard until after your first 45" disk is annealed. The 
Harvard disk will require the use of th® annealer for approximately 
3| months, following this disk wo would then anneal the second 
45" having it available for shipment, let us say, April 1, 1936. 
The third 45" disk would than follow 2i months later.

We assume that additional auxiliary mirrors will be less 
than 40” in diameter. If this is the case, these can be annealed 
in our cubical annealer.•

With reference to your question as to the shipping date 
for the 40" plug, I regret to advise that there is a slight com­
plication in annealing. As you will note above, we have oust one 
plug 7q" thick in accordance with the original design and also the 
27" thick plug but these have not been annealed. The complication 
arises in that the thickness of the second plug is so great that 
we have no suitable annealing equipment except the large 200" 
annealing kiln. Logically, therefore, the annealing of the plug 
27" thick would follow the completion of the annealing schedule on 



ta» J. . Anderson, April », 1935

the 200”« It probably would not be necessary to give this plug 
a pi*oolsion annealing but own so th® annealing period will require 
throe uonths. '31® annealing schedule for the 200” disk will terminate 
about November 1« W estlmte that it will require a period of 
amo weeks to remove the earns and arate the disk for shipment» 
repending on how rapidly this work proceeds, the plug can be 
shipped with the 200” disk, or win follow within on® month » six 
weeks»

Wb are also considortag another plan by which the SOO** 
Idin would be used for annealing a number of disks slmltanosHialy» 
If this plan le followed the 27" plug, the two other 45** disks, and 
perhaps other auxiliary disk® will bo annealed by about April 1, 1936«

obviously, if the original design plug of ft* thickness 
eon be used we can anneal it in our cubical annealer and hence b© 
quite sure that this will go forward with the SOO** disk»

I believe the.it the above outline cover® the points you 
have in nind but if there are further questions please do not 
hesitate to «««and us» I have• outlined rather fully We situation 
in regard to auxiliary disks in order that you my consider using 
those now available in your w design, However. disks up to 40” 
in dimeter can be readily handled with our available annealing 
e^uiy^ent and the production of your auxiliary disks will be a 
relatively staple procedure, if this dimeter is not exoeoded«

annealing of the 200" disk is progressing according 
to schedule»

ta, MoGauley join® mo in ©ending you our kind regards ©nd 
bent wishes.

hineerely your®,

J.c. Hostetter 
Director, Dwelopsent & Be sear oh

/CHiWF
co» tat ta Mason

ta, a.L. XMy
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CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA

ASTROPHYSICAL OBSERVATORY

Dr. Max Mason
President Rockefeller Foundation 
49 West 49th Street 
Hew York.

Dear lias on:

May 3, 1935

I was glad to receive your last letter, but have

delayed writing you until we could see our way more clearly 

here. You will recall that in our last budget estimate there

was included the following statement: ’’Telescope mounting 

and building not included here as reliable estimates are not 

yet available.”

As matters have developed, M^owell feels the need 

of more assistance in design, as he has written you, and there 

will be some other items which we must submit to your group 

before you break up for the summer. Some of these McDowell 

is not yet prepared to present, so I must ask you what will be 

the latest date on which the Executive Committee could act on 

them. I hope we may be able to send our request considerably 

before that final date, because it will save expense to go ahead 

here as rapidly as possible.

I am delig ted with Ford, who has one of the keenest 

of minds. He is study ng everything carefully, and will doubtless 

tell you his impressions after he returns.

McDowell is splendid, and as reports from Corning are very 

satisfactory, I think there can be do doubt that we shall have by far
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the most thoroughly studied plan 

struction. Revised estimates of 

are also very satisfactory.

With best regards.

Yours

in the histoiy of telescope con- 

cost, received from McDowell today.

G3H:G
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CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA

ASTROPHYSICAL OBSERVATORY

Dr. Max Mason, President) 
The Rockefeller Foundation 
49 West 49th Street
New York, N.Y. _

Dear Max:

Hannibal Ford has been out with us for the past two weeks 
and will remain about a week longer. I feel that his visit is going 
to be of the greatest value to us, particularly in our development 
of a fine control system for the precise movements of the telescope 
and dome. I believe that Hale, Adams, and the rest of them have been 
very much impressed with Ford and with his explanation of what can be 
accomplished, using elements which have already been developed.

We have not yet definitely approved wither type of mounting 
but I have received comments and opinions from the General Electric 
Co., Westinghouse Corp., Babcock & Wilco's Co., Mare Island Navy Yard 
and Dr. Durand, and there is practically unanimous agreement from these 
people that the yoke is preferable over a fork. We have not received 
the comments yet of the consultants who are making detailed study of 
this question, and I am also expecting to receive some comments from 
the Bethlehem Steel Company and the Newport News Shipbuilding Company. 
I am hoping to have this all in shape for definite action by the 
council inside a couple of weeks so that the detailed design may be 
proceeded with. As I mentioned, I think, before, it is my opinion 
that a model to about one tenth scale of the telescope should be 
built, and I think that such a model will have considerable use as an 
actual instrument. Perhaps you would like to have it mounted on top 
of the Rockefeller Centre - but, seriously, I think that its need is 
great, in order to determine definitely certain arrangements, as well 
as obtain a practical check on our calculated defIfectiOns.. Durand, 
for instance, told me that he felt that this was practically a necessi­
ty.

I have had some correspondence with Johnston of U.S. Steel 
on the subject of low coefficient alloy for tube and mirror supporting 
cell. Johnston's interest has been wonderful, and for a time it looked 
as if we might have International Nickel furnish necessary raw materials 
because of the uniqueness of the undertaking, but apparently they have 
decided not to, and I question that we could justify the considerably 
greater expense that would be involved in using such material where 
ordinary carbon steel would do. It looks perfectly feasible to correct 
for the difference in expansion of the mirror, tube and cell with far 
less expense, than to install material that will all expand together.

Dr. Hale remains about the same. Some days he is feeling 
pretty well and then he has a temporary set-back. It is a great shame 
that his physical stamnia is not as great as his mental activity. We
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are having some difficulty in getting the San Diego County supervisors 
to get work actually started on the approach roads to the mountain. 
There Is nothing for you to worry about in connection with this, except 
you may be interested, and possibly Hale has a,lready mentioned this to 
you. The present situation, which is likely to change within the next 
few days, is that they have two roads under consideration and part of 
the supervisors want one, and part the other and the thing is at a 
stale mate. Hale tells them they need not count on the telescope being 
installed on Palomar until we see some action on getting roads. As 
soon as this is cleared up I expect to get some work started on the .....
mountain in installing water supply, and probably the first building / 
to take care of resident inspectors during the construction of the dome / 
and other construction work at the sight. Ford can give, you his impression/s in person when he returns, and I am going to ask him to take advantage / 
of an opportunity to see you when he does get back. i

I am still hoping that you will find it convenient to get out 
here this spring or summer, because I feel that such a visit would be 
of great benefit to us and I believe too, of considerable interest to 
you.

I am enclosing a sketch of the telescope, which although 
probably not what will actually be constructed, is somewhat along the 
lines that we are now thinking.

With best regards to Brook,

Cordially yours,

C.S. McDowell
Supervising Engineer 
200-inch Telescope

McD:hb

Encl.
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Dear Sandy:

Your letter of May 4th telling me of your progress is 

most interesting, as is also the sketch of the mounting. I have 

no comment on the proposed one-tenth so&le model. This would be 

& question of the estimation of the value to be obtained against 

the cost. Would it be planned to be a complete working model 

obtaining the degree of precision required in the final Instrument 

in its drive mechanism? It certainly is - n interesting proposal.

I had fi letter from Hale this mornlig telling me that 

the yoke type had been formally approved. The .«ay seems certainly 

to be clear for going right ahead now, .nd it all looks fine.

My plans are still uncertain. I am quite sure I shall 

not go to Chin; this year. A visit to the '.'Jest is not -»possible. 

I shall keep it in mind, and hope that things might break that way.

I sh ll be interested to see'Ford when he comes back and 

hope he will h-ve some time to tell me all about it.

3ordially yours,

IVaAX *-*’*

Saptain 3. £. McDowell, 
California Institute of 
Technology, 

Pasadena, California.

MMiAEB
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CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

Dr. Max Lias on
President Rockefeller Poundation 
4-9 West 49th Street 
Hew York.

My dear Mason:

As I have not heard from you in reply to my letter 
of May 3, I fear you have been away or for some other reason have 
not received my letter. Air mail does not invariably go through, 
so I quote the principal paragraph:

"As matters have developed, McDowell feels the need of 
more assistance in design, as he has written you, and there 
will be some other items which we must submit to your group be­
fore you break up for the summer. Some of these McDowell is not 
yet prepared to present, so I must ask you what will be the latest 
date on which the Executive Committee could act on them. I hope we 
may be able to send our request considerably before the final date, 
because it will save expense to go ahead here as rapidly as possible."

I also mentioned the fact that the last budget contained 
a statement to the effect that no allowance was made for the telescope 
mounting and building, in theabsence of reliable estimates.

If you have returned and can conveniently wire me, I 
shall be greatly obliged. We settled yesterday the general type of 
the 200-inch counting, (adopting the "yoke" or two support plan advo­
cated by McDowell and our various advisers) and we can probably send 
by the middle of next week estimates to cover the necessary additions 
to the last budget.

With best regards,

GEH:G 7
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Dear Hale:

I wired you to-day regarding the last meeting of the 

Executive Committee in response to your inquiry of May 3rd.

I am sorry for the delay in answering.

I have, of course, been much Interested in the progress 

on the mounting design and all other phases of the work, and 

very glad to know, as your letters indicate, that McDowell has 

been a real help to you.

Ford ie certainly quite a genius and. I should expect 

his advice and comments to be very valuable.

It is interesting to know that you have settled on 

the yoke type of mounting. I knev/ that at first rough examina­

tion most of the engineers consulted seemed to favor that plan, 

and it is interesting to know that careful study indicates its 

desirability. It certainly appeals to the layman.

Jord Lally yours,

Dr. George £. Hale, 
California Institute of
Technology, 

Pasadena, California.
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CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA

Dr. Max Mason
President Hockefeller Foundation 
49 West 49th Street 
New York.

Dear Mason;

The Observatory Council met on Saturday, just 
before Adams left for Europe, and discussed the report of 
the Advisory Committee and the various budget items sub­
mitted by McDowell.

The result was the enclosed supplementary budget, 
which I am sending to you and Arnett, with a copy of some of 
the preliminary reports on the design of the mounting.

We think it necessary, after a study of sources 
of water supply and possibilities of disturbance by lights 
etc. by adjoining property owners, to purchase additional land 
as indicated. However, as San Diego County has agreed to build 
the expensive road to the top, our expenditures for road and 
site will be much below our original estimates.

I do not know whether your Executive Committee 
can act before the date of the last meeting given in your recent 
welcome letter, but I shall be obliged if you or Arnett will wire 
me as soon as action is taken, as McDowell is very anxious to go 
ahead.

With best regards,

Yours very si

GEHiG-
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Dear Hale:

•Thank you for sending ma a copy of your letter to 

Arnett regarding the budget for the reminder of th® year, 

end for the copy of the preliminary reports on the telescope 

mounting.

Hannibal lord dropped in the other day and gave 

me a most Interesting account of his visit. He is much 

Impressed by all he saw and esg.rly desirous of being of any 

possible sseistanee.

I note your last paragr'iph inquiring whether the 

Executive Oomaittee can act before June 21st, which is the 

date 1 gvve you. Arnott has wired you in regard to this.

Hava your plans matured for the European trip? I 

would like very much to see you on your way through if that 

is possible. McDowell has suggested coming out there, and 

I certain!, voul? greatly appreciate the o oortunity of getting 

up to data and of a visit. However, m; :rogram has been some­

what complicated, and I am afraid that this will be impossible 

in the near future.

With cordial greetings,

Sincerely yours,

Dr. George E. Hale, ,
California Institute of Technology, 
Pasadena, California*
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Astrophysical Observatory 

iMpplehmtaiy budget for th® year 1935

XI OPTICAL WOP 
104-inch grinding tool 2,000,00

III EXP^SS Of LOB A® LOB WHCmsS'W 
Land for Observatory Sit® (This tract 
decided to b® necessary to afford ade­
quate protection) . 25,000*00
Preliminary land surveys for contour 
maps, etc» 1,200*00
Surveys for foundations 2,000*00
Celling for Superintendent at sito 
(to be used later sb part of th® per- 
r®»t plant) 7,50c*OO

1,000,000 i^ltm^omd storage reservoir9,000*00 
Elevated stool toni for auxiliary water 
supply 9$000,00
Pu®l oil tenie ®u~iply 2,200,00
Grading end excavating at site 5,0 0.00
Wells at water supply sit© 2,000.00
Pumping plant, pumps, piping etc* 5,500*00
^iscellawm® -1*22^*22 76,400.00 

IT rom® or wxwiw amp tewscoi« MotmrxsG 
:®sign (salaries to 31,1935 of Irwin, 
Ge®I wrt tire of two draftsmen, and of 
Timdhsnw from Aug. IS, 1935 to reb* 15, 
1936 9,000,00
Base of 2O0^in«h telecoa a tub® (which 
will bo used also to support the 200-inoh
■*iiiTor while grinding aid polishing) 11,000,00 
One-tenth sire model of BOfMjatìi telo-

scoy® and testing (exclusive of shop 
tiw, orovided in previous partial
bu^t for 1935) 5,000.00
■-’iscellaneous $,600.00 $110,000.00



lay 20, 1935

Mr. Trever Arnett
President Gem ml Education Board 
49 West 49th Street 
Kw

My dear Jr. Arnetts

You nay remember that our requested budget tor 
1935 was incomplete, and contained the clause

’’Telescope mounting and building not included here as 
reliable estimates are not yet available*.

Captain icDowll, sho has proved to be an ideal choice as 
Supervising Engineer for the 200-inch telescope, has lost no time 
since his appointment. As the result of his extensive studies aid 
Inquiries among the ablest engineers and constructors in the country, 
we have now decided upon th® ty e of ¡mounting to be constructed, as 
soon as a one-tenth scale model can be built in our own shop and sub­
jected to rigorous tests under the eyes of expert engineers. Th® final 
detailed drawings, with any such minor modifications as the tests and 
studios of the mounting may demand, will then be completed.

leanwhile Captain McDowell has made careful studies of the 
■¡reposed site, and of such questions as power and water supply, roads, 
means of transportation, eta. As money now can be saved by early ac­
tion, I therefore hoc® that th© Mecutive Co^nittee can allot seen an 
additional sum of 1110,000., covering the balance of 1935. 'bis sup­
plementary budget, together with the partial budz-et authorized last autumn, 
should therefore can-.let® our requests for allotments to b© exoended during 
th® current year.

I enclose the supplementary budget, giving our estimates, as 
approved by tee Observatory Council, under their respective heads. I am 
also sending a copy to Dr. Sas on.

With kind regards,
Yours very sincerely.

GSHjG
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April 4, 1935

COPY LESSELLS and KAREUTZ

F.uCLMNARY REPORT NO. 1 on 200" TELESCOPE MOUNTING

The weights and deflections are now being checked but based on 
the preliminary analysis it is our opinion that while the fork type 
of mounting seams more elaborate it is a design which will give quite 
• lot of trouble. The weight is double that of the yoke type, and the 
weight cannot be substantially reduced since the internal steel struc­
ture is necessary in order to carry the two arms. The above is not so 
bad but the fitting of the two arras will be a verjr difficult Job.

Do we understand that it is proposed to set up the arms in posi­
tion, fit all the turned bolts in reamedholes, lay out the housing for 
the two declination bearings, dismantle the arms, machine them as laid 
out and reassemble the arras? It appears to us that the above proce­
dure is impossible of execution without a final misalignment of the 
declination bearings.

On the other hand the yoke seems to be much easier to handle. 
The trusses can be welded up and assembled on pins (rivets or bolts), 
machined ccurately for the bearing housings, declination and polar 
axis; dismantled and reassembled without danger of misalignment. With 
such a mounting the transportation problem would also be much simpler.

In view of the above remarks, we would ask you to send us by air 
mail such details of the yoke as are available showing the proposed de­
sign of the piece connecting the trusses to the south bearing of the 
polar axis. Wb would also like to receive the details? of the connec­
tion of the trusses to the plate of the north end horseshoe plate.

It would also be of assistance to receive data of the possible 
variation of temperature in fork or yoke. Is there any possibility of 
the sun shining directly on parts of the mounting?

Conversations have been held with Ur. Harter of the D.& W. Co. 
and it appeared that he was at first mudi In favor of the fork type 
but when he was shown what it actually Involved he agreed completely 
that the yoke type appears the proper engineering solution. An endeavor 
was made to estimate the comparative cost of the two types and that leads 
us to believe that the fork type would cost about 050,000 more. This 
figure is probably greatly under estimated, probably a cost of «0.40 
per pound for the yoke type and «0.30 oer pound for the fork type may 
be nearer the truth. This would make a difference of 0140,000 in manu­
facturing costs.

Lessells and Karelltz 
Consulting Engineers 
Swarthmore, Pa.

Signed: John



COPY
LESSELLS and KARELITZ

May 4, 1935

We have nearly finished our Investigation of the mount, 
and you may expect the report in ten days or two weeks (after this 
letter). But you will be Interested in the findings and may have 
some questions or suggestions as to the material of the final re­
port.

I am now completely convinced that the fork type is mis­
leading in its apparent advantages. The merit of the mount should 
be judged by the rigidity of the support it gives to the declina­
tion bearings. When the declination axis is normal to the meridian 
(tube in meridian), everything is satisfactory, but when the axis 
ie in the meridian (tube East to West) the arms deflect over three 
minutes. This Is not very good for the bearings; to be sure, I con­
sulted Dr. Styrl of the S.K.F, and he was also doubtful about the 
effect of this misalignment on the smooth operation of the bearings.

I went therefore deeper Into the deflections of the yoke 
type as designed. It was necessary to estimate the comparative sup­
porting value of the various members. Again, with the declination 
axis normal to the meridian, everything is symmetrical. With the de­
clination axis in the meridian, the horseshoe takes very little load 
and the cross txusses come into play. They should be made somewhat 
heavier. Anyway, the resulting skewing of the declination bearings 
Is of the order of .5 minutes, which is much better. An important 
point is that the skewing of the declination bearings imposes a strain 
on the declination belt of the tube, which must be watched in order to 
keep the optical system in alignment.

In so far as the deflections go, the general design 200 G- 
1 A can be considered satisfactory, with such modifications as would 
be indicated by further detailed study of the system. But the struc­
ture Is distinctly weak in torsion. In fact, it could not transmit 
any torque. I do not know how the "Torsional Stiffness of Yoke (200 G- 
1A)" was obtained and this is the only suspicious figure. I discussed 
this with Timoshenko and he agrees that the torsional strength must be 
improved. Ke will recommend the introduction of torque members of box 
section, approximately 36” x 36*, to replace the longitudinal straight 
14 I-beams of the trusses (see hand sketch). This will make the struc­
ture sufficiently rigid In torsion, to limit the twist of the structure 
at the declination axis to one minute approximately. These torque tubes 
will, in addition, help somewhat the deflections and support the upper 
horseshoe end from sagging.

The yoke design 200 0-109 does not appeal to me. It is rigid 
in torsion, but is probably less rigid in bending than the trusses. 
However, I have not looked Into this as yet. I suspect that the truss 
design is the only reasonable one for a structure of this size. The 
horseshoe was strengthened in this design which is right and we will re- 
comnend that tills be done.

I understand that the declination bearings for the yoke type 
will be the same deep groove 700m/m bore bearing as were contemplated



p&tMINAHÏ REPORT #2 -2 Lay 4, 1935 

for the fork type, and that the more complicated suspension shown in 
the earlier drawings is obsolete. This suspension would Impose too 
much strain on the tube structure. This was also the Impression of 
Dr. Styrl.

We will recommend that after all opinions and suggestions 
have been compiled, and the yoke type approved, (as I expect) the 
final design should be made on paper and a model built to 1/10 or 1/12 
fuÙ size, following dynamic similarity, and that the deflections and 
twist be carefully checked. This would not cost much and would give a 
good idea where to strengthen or make lighter the yoke and tube. The 
size would be convenient for measurements and alterations, and would 
not be too small for normal welding.

As to manufacturing, it seems advisable to weld the four 
trusses, upper and lower, as separate pieces, then weld the connecting 
elements in as large parts as possible, and assemble the whole struc­
ture, together with the horseshoe and south bearing, at the manufactur­
er’s plant on fitted bolts with rimmed holes. Of course the welded 
parts'would be annealed thoroughly before machining. After complete 
assembly the separate parts would be shipped and reassembled on site, 
using bolts .0005« to .001* heavier than originally. I asked both Mr. 
Harter of B. & W. and Mr. Brinton of W.E.M. Co. and they agree that the 
distortion would not be large, and minor shimming of the bearings would 
be necessary to have the assembly lined up satisfactorily. The joints 
must be designed in a way that the bolts are working as rivets, connect- 
in;- struts to girders. This design is so much easier of execution than 
the fitting of the arms over the stubs. (In fact it Is something 
feasible vs. something hardly possible.) I do not forsee any insur­
mountable difficulties in shipping the pieces to the West Coast, or 
with the machining of the horseshoe diameter.

Yours very sincerely,
Signeds G.B. Karelltz



COMMENTS ON TOE OF MOUNTING
Extracted f rora 'Ìsaac Harter* s letter
Dated April 19, 1936
Babcock Yllcox Oo., N.Y.

Dear Sir:

’•It seems to Trainer and to me quite easy to discard the 
truss type In favor of the girder, and especially so if it is possi­
ble to transport each of the two girders as a unit piece from San 
Diego to destination. If we were to build these girders we would do so 
at our Marine Shop at Bayonne, and we would do the work in all proba­
bility in collaboration with Baldwin-Southwark on the machining. Floor 
plates would, be set temporarily in the floor of the Bayonne Shop, and 
Southwark would send over floor type machines, and the finished Job 
could be loaded from our craneway to a barge for alongslder delivery 
onto the ship.

The problem of doing stress annealing can be handled by 
using a panel type furnace built around the piece right in the shop, 
and we have established means of regulating temperature in such a fur- 
nace for & job of this kind with a maximum variation of not exceeding 
10° F., having in mind that each annealing operation might take a week, 

As an alternate case under this general design, each of the 
two girders could be made In two halves, and the pieces fastened to­
gether with pins, using exactly the practice that we have developed 
at Boulder Dam. Thebeauty of this pin method is that the joint could 
be made up and taken down, and when reraade would be identical,, so that 
machine centers and axes would not be distrubed. If the Job were done 
in this way, we would undoubtedly make the quarter parts at Barberton 
and ship tiie pieces to Philadelphia for finishing.

Referring now to the cone type, and considering not merely 
the drawing above referred to of thè cone type, but the more detailed 
cone type drawings which Professor Kafelltz showed me, it seems to me 
that the design would have very grave questions of alignment of the two 
projecting arms, and that the cone structure itself, with its internals 
split up Into segments, would be tremendously expensive. I would also 
be a little suspicious of the relative rigidity of this type as against 
the girder type for anything approaching equal weight».*

Very truly yours, 

Signed: Isaac Harter

Vice President



COMMENTS ON TYPE OF MOUNTING
Taken from H, D. Strong's letter
Dated April 18, 1935
Central Station Dept« of G.E»

"Mr. Stevens also states that after our Engineering 
organization has had a number of conferences regarding the two 
types of mounting proposed for the telescope, that is, the yoke 
type and the fork type, they believe the yoke type of mounting 
is by far the best, and that a design of that type can be worked 
out which will be perfectly satisfactory. In addition, the de­
sign shown for the telescope tube itself meets with their approval, 
although they suggest that some details of that design should be 
checked over for welding with some of the engineers of the com­
pany which will undertake its fabrication.

While the general construction of the yoke type of 
mounting is satisfactory, they are of the opinion that the rectang­
ular bracing which is used at the two ends of the yoke may not be 
sufficiently rigid for your purpose. Attached is a rough sketch 
which I believe will show you the general type of construction 
which is suggested.

You will note that the above comments are of a general 
character for our engineers realize that there have been several . 
years of time and study devoted to this design and they are of 
the opinion that certain details of design should be checked over 
in a discussion by your engineers and the engineers of whatever 
company undertakes to build this equipment,"

Yours very truly,

Signed, H.D. Strong

CENTRAL STATION DEPT.



COMMENTS ON TYPE OF COUNTING 
Copy of Dr? \ h Durand*s letier 
Dated April 4, 1935 
Stanford University

Comd*r C. 3. McDowell
Astrophysical Laboratory
Calif, Institute of Technology 
Pasadena, California

My dear rcDowell:

Professor Domonoske, a few days ago, brought over to me 
the bunch of blue prints relating to the telescope mounting, and I 
have been looking them over at odd times during the past few days. 
I,have not of course, attempted any detailed analysis and can only 
give you a few offhand suggestions which have occurred to me.

1) With regard to a choice between the so-called fork 
and yoke mounting, I have no definite ideas. Each type apparently 
has certain advantages. Only an exhaustive analysis would serve to 
lay a proper foundation for an opinion. In an offhand way I have 
the feeling that the deflections could, on the whole, be better 
taken care of by the yoke type than by the fork type. In the former 
the weight of the tube is carried between two supports. In the 
latter it is overhung, cantilever fashion. Doubtless either form 
can be made adequate, but in some way the yoke form seems to suggest 
a more effective carrying of the weight than the fork form. Tills 
seems to be borne out by the figured deflections on the drawings, if 
I Interpret them correctly.

2) I notice that the steel construction, so far as the 
drawings Indicate, seems to be very generally with riveted connections 
rather than welded connections. I have no doubt that welded construc­
tion has, in recent years, made such enormous advances and the tech­
nique has been so vastly improved, that this type of construction would 
certainly warrant the most careful consideration for complicated built 
up structures of the type with which you are dealing. Generally speak­
ing, I think it is admitted that such a structure can be made stiffer 
with the same amount of material or lighter with the same degree of 
stiffness with welded as compared with riveted connections. Likewise 
there is the matter of cost, and for at least certain parts of the 
structure, I velieve that the welded construction would prove cheaper 
than riveted. These remarks apply not only to the dome and general 
structural features, but also to the telescope tube and mounting - 
yoke or fork.

3) Bearings. For the bearings at the base of the cone— 
fork type—or the upper end of the yoke, nothing of course, can be 
better than the roller type of bearing. For splncle bearings the ball 
bearing type seems to be Indicated. I would here merely call in ques­
tion whether it might not be possible to obtain better results with a 
roller type of bearing (Timkin Adjustable) than with the ball type, 
on the general proposition that line contact is better than point con- 
t ot. In this same connection I would raise the question as" to whether 
consideration has been given to the possibility, with all such bear­
ings, of enclosing them in such way that they can be flooded with oil 
under high pressure, constantly forced through by an oil circulating 
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pump. The nearer we can approach what might be called flotation of 
the spindle on an oil film, the smoother, of course, will be the mo­
tion, and it seems to me worth some investigation as to whether bearings 
of these types flooded with oil, forced through under very high pres­
sure, might not furnish a nearer approach to such an ideal flotation.

4) A very vital point in the satisfactory working of the 
mounting, as regards rotation of the polar axis, appears to me to be 
involved in the accuracy of the large end of the cone (fork mounting) 
or the upper end of the yoke, resting as they do on rollers and re­
volving around in order to give the motion desired. You, of course, 
have fully realized this feature and I only mention it incidentally. 
It is, however, obvious that this bearing surface should be truly cir­
cular to the very highest degree possibly obtainable and likewise that 
it should move on its supporting rollers with the utmost obtainable 
smoothness of motion. Perhaps I am over exaggerating the importance 
of this feature, but as I look at the problem offhand, it seems to me 
vitally and fundamentally Important and worthy of all the attention 
and study which you can give to it.

These are the only items of special significance which have 
occurred to me as I have looked over these drawings somewhat hastily. 
Should anything else occur to me in connection with the matter, I 
shall be glad to pass the thought along to you.

With kind regards, and wishing you all Joy with tills fine 
piece of work which you have in hand, I am,

Sincerely yours,

Signed: W. F. Durand
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CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA

ASTROPHYSICAL OBSERVATORY

Dr. Max Mason, President 
The Rockefeller Foundation 
49 West 49th Street 
New York, New York

Dear Max:

May 23, 1935

JUN 37 '35 JU

.4______ ;I think there has been some progress here within 
the last few weeks, as the Observatory Council has given its 
approval on the yoke type of mount with the bearings north 
and south end, and have approved the building of a one-tenth 
scale model, as well as certain other details such as the 
elimination of the five mirror coudé which will simplify the 
mirror arrangements.

In addition to this, the road situation seems to 
be clearing up. We have a promise from San Diego that they 
will start work again on the approach road up the mountain 
on the first of June. They also promise to have the road 
across the mountain by the first of July 1936. I understand 
that as soon as we are definitely satisfied that the County 
will keep its promises on the question of roads, also the 
question of additional land at a reasonable price on the top 
of the mountain, that the Council will definitely adopt Mt. 
Palomar as the site.

I have outlined certain work to start on Palomar 
Just as soon as we know that it is going to be the site of 
the telescope, and funds are available. This is the Jist 
of the work for development: satisfactory water supply and 
putting up certain water tanks; start on a permanent re­
servoir and building of a house on the site which will be 
used temporarily for our resident inspector and for such 
parties as we may send down for surveys, etc. and will be 
part of the permanent layout when the whole thing is com­
pleted. I have spent a couple of days on Palomar recently 
and am becoming enamored of the location. It would not be 
a bad place for you to take a vacation, although I presume 
that if you come out yen will be bothering/with so many 
other things that you would have a hard time being left alone.

In building the model, it is in my thought that it 
will be used as a 20-inch telescope eventually. Where it 
would be located I couldn’t state now, although it might be 
installed in the north dome here on the Astrophysics Building. 
However, there is always in my mind some thought that Bush’s 
scheme may eventually develop to the point where we might 
like to drive the big telescope by means of a smaller one. 
There doesn’t seem to be any real'promise of this at the
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moment however. This model of the telescope would he 
huilt in the shops here, and I think the cost will not 
be very great. Actually, probably it would cost $15,000 
but by loading up the shop here with work and assuming 
that our work force is not Increased, we can get out more 
of its products without very much Increase in total cost. 
I don’t think that the model will cost us more than $5,000 
in addition to the regular cost of operating the shop. If 
the model is to be used as a telescope, it will have to 
have some form of precise drive, but I am not yet certain 
whether we will try to test it out as a form of the unit 
that we will use on the big telescope later or not, or 
whether we will use some relatively simple form of clock 
drive. It seems that we should be able to get pretty 
accurate data on the deflection of the model and make any 
changes that may be necessary to give increased stiffness 
to the various parts as may be shown desirable from the 
data, and we can also work out our arrangements for handling 
the mirrors, etc., quite well I believe, from the model, or 
check our plans which we have developed.

I haven’t heard from Ford since he returned to ■ 
New York. I hope that he has found time to see you and 
tell you his impressions. I feel that the method of drive' 
on the telescope both right ascension and declination as 
we discussed with Ford, will prove to be very satisfactory. 
There are certain details that will have to be worked out 
and discussed back and forth, but as a whole the instruments 
that Ford has already developed are suitable for our purposes 
without much change.

Dr. Hale seems to be greatly Improved, and I believe 
that now he expects to see you in New York sometime late this 
summer. The trouble with him though, is that as soon as he 
picks up in strength he tries to go so much more into detail 
that he wears himself out again. Our efforts are directed to­
ward trying to save him from a lot of thought on details.

I note that there is still a possibility of your 
coming out, and I hope that you keep dwelling on this as a 
possibility so that it will eventually come to pass. It 
certainly would be great to see you out here.

With best regards,

Cordially,

Supervising Engineer
CSMcD:hb 200-inch Telescope



CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA

ASTROPHYSICAL OBSERVATORY

Dr. Max Mason
President Rockefeller Foundation 
49 West 49th Street 
New York.

Dear Mason:

Thanks for your letter of May 28. McDowell» who has a 
commendable desire to push forward rapidly, is veiy anxious to begin 
work at once on Palomar Mountain, and therefore wanted earlier action 
on the supplementary budget. But it would be unwise to begin woxk 
there before we have disposed of several complications which still 
stand in the way. Thus, the San Diego County Supervisors have not 
yet completely settled the question of the best route for the new road 
up the mountain, though they are continuing work on one of the three 
or four routes, which are almost equally satisfactory to us. The 
property owners on the top of the mountain have agreed among them­
selves that they will not sell to us for less than a certain amount 
per acre, which the Observatory Council refuses to pay. However, 
we have ggreed to give half as much if all other matters, including 
road, water rights, etc., are satisfactorily settled,and our arrange­
ment with the San Diego Supervisors is based upon their agreement to 
pay the balance of the cost of the land in case the present property 
owners continue to hold us up. As the negotiations are in the hands 
of the ablest lawyer in Los Angeles, for many years a msnber of the 
C.I.T. Trustees and their principal legal adviser, you may be sure of 
a sound and satisfactory outcome. I don’t blame McDowell for being in 
a hurry, but ve must not spend money before it is allotted to us, and 
it would not be good strategy to play into the hands of the Supervisors 
and property holders until everything can be effectively and certainly 
cleared up. It will take a couple of weeks more, as matters now ap­
pear, to accomplish this, so your meeting will be in time, as I wired

All of these points, and others as well, could be better ex­
plained to you in person, and I am sure you would approve our very 
carefully studied policy. But I cannot leave here before about the end 
of July, and we plan to sail from Quebec on August 3. We have intended 
to take the boat train to Quebec directly from Chicago, whence my brother 
expects to accompany us, but I could come to New York and then go on to 
Quebec if you think this desirable. However, I don’t sippose you are 
likely to be in New York at that time, though if you should chance to be 
near Chicago we might meet there.

After a much needed rest, which my wife also needs, we expect to 
be back in New York before ihe middle of October. We can then go over all 
the questions that occur to you.

I am sending some more prints for your album. One of -these shows
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that our planer is just large enough, when blocked, out, for the 
work of the huge 200-inch grinding machine, which will reach up 
to the limiting height of the Optical Shop, when completely as­
sembled. One of the other photographs shows this machine under 
construction, but does not yet include its hipest members. Other 
prints, showing the large vacuum chamber and the aluminizing 
process used to coat the 60-inch and 100-inch mirrors, will follow 
soon.

Please don’t mention the fact that I plan to go abroad, as
I must keep out of various scientific meetings to be held this summer 
in this country and in Europe. Nevertheless, I expect to pick up some 
useful points for our work while away.

With best regards.

Yours ever

GEH;G
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June 13, 1915

TA JUN 21' 15

V h/ JUN 2215 boW

Deer Hales

I have your letter of June 5th» I will probably not be 

in Chicago at the time you are going through, but if it should turn 

out that I am, I will get in touch with you, just for the pleasure 

of a brief visit at least. It will be a great pleasure to see you 

in So i York, if you come back this way.

«hen I say "pleasure", I mean it literally. I think 

things are going very well, in spite of your difficult negotiations 

regarding the site. I hope they will soon be settled to your 

satisfaction.

Thanks.for the photographs. They are most interesting, 

and th- professional a, pearance of th. grinding machine and ths 

alwinlKing chamber excited ay high adalrat on. I wish I c uld put 

a postage stamp on sy back and be cslivered at Pasadena for the 

pleasure of .. visit, but I do not sea it just now.

Cordially yours,

/^SON_ Wi s®
Dr. George E. Hale, 
California Institute of
Technology,

Pasadena, California.

MEt AEB
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From: MM’s Interviews.

June, 1955.

Mr. 0. A. Gage, Corning Glass Works.

Cal. Tech, owns some $50,000 or $60,000 worth of equipment 
used by Corning in the making of the large mirror. Corning would like 
to be of service to future observatories in the pouring of lenses, 
but this is going to be somewhat difficult unless they prepare a special 
place for the work. Space was available for the Cal. Tech, work 
because of the depression, but they cannot hold the equipment where it 
now is, because they need the room. Corning may put up a. special, 
building for large mirrors. Gage asked what would be the attitude of 
the GEE toward allowing the use of the equipment bought for the Cal. Tech, 
work, for future telescope mirrors.

MM stated that there is no present program in astronomy in the 
Boards. They could not make a grant of money to purchase this equip­
ment. If Cal. Tech, turned over the equipment to Corning this would be 
equivalent to a grant in money, and Cal. Tech, is certainly to be con­
sidered as obligated for making its own development as inexpensively as 
possible, that is, to get return value for purchased equipment no longer 
needed. MM suggested that if Corning decides to go ahead with the project 
the only possible procedure that he could see would be that they allow 
the cost of the equipment to be amortized through several contracts for 
aiirrors. It would seem that Cal. Tech, would have to approve this, and 
the GEB wou^d have to understand and approve it as well. MM could not 
say that it would be approved, but would be glad to give the matter con­
sideration if Corning desires.
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California Institute of Technology
PASADENA

ASTROPHYSICAL OBSERVATORY

Dr. Max Mason, President 
The Rockefeller Foundation 
49 West 49th Street 
New York, New York

June 8, 1935

Dear Max:

I suppose that this is one of the busy 
times of your year and possibly you have not yet had 
a chance to see Hannibal Ford. I haven’t heard from 
either of you, so I don’t know whether or not you have 
received first hand impressions as delivered by Ford.

There Is another man in New York who, I 
am hoping, is going to make a trip out here, and he is 
G-eorge Karelltz of Columbia University. You may remem­
ber having met him at the Army and Navy game about three 
years ago. Karelltz Is one of the group of consulting 
engineers who we had make a report on the type of mount­
ing and is therefor somewhat familiar with our general 
project. He tells me he is going to attend the Applied 
Mechanics meeting of Mechanical Engineers to be held at 
Ann Arbor about the 18th of June, after which, if nothing 
else turns up, he plans to turn his face westward and 
drive on out to see me. Although his trip out is primari­
ly a personal one, and I know that all his Intelligence 
and thoughts are at my disposal without any recompense, 
still I feel that when it comes to questions of loading 
of bearings, cutting of gears, lubrication, etc., that 
he is recognized as high in authority. We have quite a 
lot of these problems facing us, particularly In getting 
smooth, accurate rotation. I have the feeling that if I 
can get a couple of weeks Intensive study from Karelltz 
that I should do so, whether paying for his travelling 
expenses, or without paying anything to him.

I am asking Karelltz to try to see you 
before he leaves New York, because I think you will be 
Interested in having some first hand information from 
him regarding the work they did in their study of the 
mounting. If you do get a chance to see Karelltz, and 
are impressed with him, and feel that his coming out is 
a fine thing, or at least of Interest, it would help me 
if you were to drop a note to Dr. Hale saying something 
to that effect. With best regards,

CSMcD:hb

Very sincerely,
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Dear Candyx

We have been getting ready for the Executive Committee 

meeting and I have let my correspondence accumulate, hence no 

answer to your letter of May 25rd.

I hope the Paloanr situation is clearing up, as this seems 

to be the only possible fly in the ointment. The cost of the model 

is such loser than I had anticipated, and certainly the experience 

gained will undoubtedly be most valuable. I think it is a wise 

move.

I had a fine visit with Ford. He was most enthusiastic 

over the whole set-up, and said he had had a grand time. His coat 

was off mentally, and he ms going to do a lot of thinking on drive 

mechanisms. Hs told me in detail of his visit, and I enjoyed his 

description greatly.

I hope he is getting in touch with Bush. He told me that 

he wished to, as he had the intention of giving Cornell one of Bush’s 

differential analyzers, making it of course himself. The Foundation 

has just made an appropriation to the Massachusetts Institute of 

Technology for the planning and development of a new and, enlarged, 

and improved, differential anal*zer; so probably Ford will hold off, 

and will make the best one available, in the meantime getting in touch 

with lush and giving him the benefit of his experience, I wrote to 

lush and ha responded th't he would be delighted to see Ford and 



cooperate with him In every way. I am anxious to see what will

come fro® getting these fellows together. It ©seas to ne that they

have hold of the two handles of the differential analyzer and the 

£ ervo-mechani&m game, and their combined facilities and abilities 

ought to mean a lot.

lour letter of June 8th ease in yesterday. I remember 

Karelitz very will, and will ue very glad to talk with him. I 

understand you have suggested that he come around, so I will leave 

the initiative to him. If cate he does so, I will be glad to drop 

a note to Hala as you suggest.

Cordially yours,

MASÓH
Captain 0. S. McDowell, 
California Institute of

Technology,
Pasadena, California.

MMsAEB



SEP 3 41935 HO:

INTER-OFFICE CORRESPONDENCE

From MM’s interviews.
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G3B fi.Les

June 15,

Professor George Karelitz.

Discussion of some of the features of construction of the 
telescope mounting, particularly the stress on the bearing at the north 
end of the mounting. Karelitz may go out to Pasadena and would seem a 
competent informal adviser.

FORM 106
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JUN 3 7 1935

CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

You may remember that our requested, budget for 
1935 was incomplete, and. contained, the clause

’’Telescope mounting and. building not included here as 
reliable estimates are not yet available”.

Captain McDowell, vho has proved to be an ideal choice as 
Supervising Engineer for the 200-inch telescope, has lost no time 
since his appointment. As the result of his extensive studies and 
inquiries among the ablest engineers and constructors in the country, 
we have now decided upon the type of mounting to be constructed, as 
soon as a one-tenth scale model can be built in our own shop and sub­
jected to rigorous tests under the eyes of expert engineers. The final 
detailed drawings, with any such minor modifications as the tests and 
studies of the mounting may demand, will then be comrdeted.

Meanwhile Captain McDowell has made careful studies of the 
proposed site, and of such questions as power and water supply, roads, 
means of transportation, etc. As money now can be saved by early ac­
tion, I therefore hope that the Executive Committee can allot soon an 
additional sum of (U10,000., covering the balance of 1935. This sup­
plementary budget, together with the partial budget authorized last autumn, 
should therefore complete our requests for allotments to be expended during 
the current year.

I enclose the supplementary budget, giving our estimates, as 
approved by the Observatory Council, under their respective heads. I an 
also sending a copy to Dr. Mason.

GEHtG

With kind regards.
Yours very sincerely,
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CALIFORNIA INSTITUTE OF TECHNOLOGY

Astrophysical Observatory

Supplementary budget for the year 1935

II OPTICAL SHOP
lOft-inch grinding tool 2,000.00

III EXPENSE OF LAND AND LAND IWHOVEMENTS 
Land for Observatory Site (This tract 
decided to be necessary to afford ade­
quate protection) 25,000.00
Preliminary land surveys for contour 
maps, etc. 1,200.00
Surveys for foundations 2,000.00
Dwelling for Superintendent at site 
(to be used later as pari of the per­
manent plant) 7,500.00

1,000,000 gallon ground storage reservoir?,000.00 
Elevated steel tank for auxiliary water 
supply 9,000.00
Fuel oil tank supply 2,200.00
Grading and excavating at site 5,000.00
Wells at water supply site 2,000.00
Pumping plant, pumps, piping etc. 5,500.00
Miscellaneous §,000,Q0 76,400.00

IV EXPENSE OF BUILDING AND TELESCOPE MOUNTING 
Design (salaries to Dec. 31,1935 of Irwin, 
Gee; part time of two draftsmen, and of 
Timoshenko from Aug. 15, 1935 to Feb. 15, 
1936 9,000.00
Base of 200-inch telescope tube (which 
will be used also to support the 200-inch 
mirror while grinding and polishing) 11,000.00 
One-tenth size model of 200-inch tele­

scope and testing (exclusive of shop 
time, provided in previous partial 
budget for 1935) 5,000.00
Miscellaneous 6,600.00 31,600.00" $110,000.00



June K5, 1955

My dear Doctor Halet

At a meeting of the Executive Comaittee of the 

General Education Board held June 21, 1935, the officers pre* 
«A 

seated your letter of May 20th submitting a supplementary 
** budget for the calendar year 1935 amounting to $110,000. It 

was noted that the progress made during the first part of this 

year in the designing of the mounting for the telescope makes 

it possible to proceed more rapidly with the work of construction 

than was anticipated when the first budget was submitted.

I have the honor to inform you that the Committee 

acted favorably on your request and released to the Board of 

Trustees of the California Institute of Technology $110,000, or 

as meh thereof as may be needed, far the purpose stated above.

Payments will be made as heretofore by the Auditor.

A copy of thia letter is being sent to Doctor 

Millikan for his information.

Sincerely yours,

Wo W BRWtiO 

Doctor George E, Hale
Chairman of the Observatory Council 
California Institute of Technology- 
Pasadena, California

' WB:KEO

COPY TO DR* MlLuIKM
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Dear Hale:

I had a talk the other day with Professor Georgs 

Karelitz of Oolumbia, and was impressed by his knowledge and 

acuity. I believe it is going to be possible for him to get 

out to Pasadena on one of McDowell’s brain-robbing raids.

I like the way that McDowell is getting so Biuch 

special advice so cheaply, ana feel that it is fine to have 

men of the type of Xarelitz and Ford sho« so much interest. I 

think it would be amply justifiable to pay their expenses, since 

they give so much to the problem.

I am sorry I will miss seeing you this sumaer, cut 

hope for a meeting in the f'11.

With cordial greetings.

Sincerely yours,

MAX MASON

Dr. George E. Hale,
California Institute of

Technology,
Pasadena, California.

MMUEB
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CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

ASTROPHYSICAL OBSERVATORY 1, 1935

-

/tot. !

Mr. W. W. Brierley 4 «
Secretary, General Education Boardf 
49 West 49th Street
New York.

My dear Mr. Brierley:

I owe you my thanks for your very kind

telegram and. also for your letter of June 25, informing me 

that the Executive Committee of the General Education Board 

acted favorably on our request of May 20, and released to the

Board of Trustees of the California Institute of Technology 

^110,000., or as much thereof as may be needed, for the purposes 

mentioned in our supplementary budget.

Assuring you of our cordial appreciation, I am

GEH:G
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July 9, 1935
; WV

Dr. Max Mason, President \nW
The Rockefeller Foundation 
49 West 49th Street TA
New York, New York

Dear Max:

O’Melveny, Anderson, and I were again down with 
the San Diego Supervisors yesterday, and I believe that now 
all of the outstanding questions about the roads and the 
necessary land at Palomar have been settled, with the re­
sult, I hope, that the Observatory Council will, at the end 
of this week, give their definite approval on the Palomar 
site so that some of our contemplated work for this Summer 
and Fall can proceed. Unfortunately Hale has had another 
set-back which came on a couple of days ago and for a while 
looked as if it might be serious, but I believe he is now 
rousing from it and we have hopes that he will be out again 
shortly. I understand tha.t he has cancelled all of his 
arrangements for going abroad this Summer and I think that 
this is a very wise decision.

I had been anxious to get Timoshenko out here 
so that he could be available in a consulting capacity on 
the structures of the tube and mounting. As Millikan and 
Hale thought that this was a good idea, discussions were 
taken up with Timoshenko. Originally it had been my thought 
that, if the Institute would pay one-half of his salary the 
Observatory Council could afford to pay the other half for 
the next couple of years as his consulting work should make 
us doubly satisfied with our plans. At present Timoshenko 
gets $8,000 a year at the University of Michigan which would 
mean that we would have had to pay $4,000 a year from the 
Council funds. Apparently Millikan did not find it possible 
to put up the other $4,000 and so our original scheme fell 
through. According to the original idea, Timoshenko would 
give a series of lectures, also be available at all times for 
consultation on the telescope design. Then there was sort of 
a compromise of the situation by suggesting that Timoshenko 
come for one term or six months, and that we would pay $4,000 
out of the Council funds. Millikan saw Timoshenko in Washing­
ton, as they are both members of the Navy Board on Lighter 
Than Air Craft, and this compromise seemed satisfactory to 
all concerned and we were going ahead with that understanding. 
However, Hale, being most conscientious, felt that as it was 
the Council's funds that were wholly involved, our letter to 
Timoshenko, offering him the position, should definitely state 
that his work was primarily to be in connection with all of 
the details of the telescope design.
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Timoshenko, being equally conscientious, felt 
that, under the circumstances, this would require all of 
his time if he were to be held responsible for all the 
details, and that he would have to drop his present work 
of the series of lectures he is interested in giving, and 
so felt it necessary to decline the offer.

Actually, we proposed to use Timoshenko in a 
consulting capacity on the telescope, but not utilizing all 
of his time, not requiring him to sit down at a drafting 
board to check all details, but allow him time to carry on 
some of his regular work.

Due to this misunderstanding, apparently we will 
not be able to get Timoshenko out here now for the first 
term. Karelltz, who is here now, saw Timoshenko in Ann Arbor 
and brought me a message from him which explained why he did 
not accept the offer, and it is as given above. Since this 
message was given, we have communicated with him informally 
and find that he would be delighted to come out provided he 
could operate as he had originally understood, that is as 
consultant and also giving the series of lectures. However 
this cannot be accomplished this Fall term, but I believe we 
could get him for the February term. This raises the question 
of whether or not, operating under such an arrangement, we 
would be taking advantage of the Rockefeller Foundation, and 
I am wondering if you want to give me your thought on the 
matter. I am not certain whether or not you know Timoshenko 
but I do believe that Weaver knows him.

Although at times, I have been quite upset at the 
slowness of things getting under way, I see some signs of 
real progress now and I hope that the schedule I have pre­
pared showing the various steps in the program, is going to 
be met. I am still hoping that you will find it possible to 
get out here this Summer or Fall, although I realize that this 
is only one of your many problems. I don't know when I am going 
to be back east. I had thought that it would be by this time, 
but so far there has been nothing that I could see that would 
really require my coming back.

From the papers I note that there has been some . 
hot weather In the east, and for your guidance I might mention 
that it is rather pleasant here.

With best regards to Brook and yourself,

Cordially,

CSMcDzhb
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Dr. Mason

Dr. George 3. Hale
Mt. Wilson Observatory 
Pasadena, California

Dear Dr. Hale:

You no doubt have read press accounts of the severe 
floods in this district which have caused great damage along 
the Chemung river and tributaries. The flood waters reached 
levels considerably higher than previously recorded, inundat­
ing our "caves" and basements. Our greatest concern was, of 
course, for the 200 inch disc and I am writing to assure you 
that it is safe.

As s&on as there was an indication as to the sever­
ity of the flood, steps were immediately taken to protect the 
rooms housing the electrical annealing equipment. Tile and 
wood barriers were erected and these reinforced by sand bags 
and clay, some fifty tons of sand being used. Pumps were con­
nected, not only our own, but two fire engines fro© the City. 
The water rose with extreme rapidity, however, and notwithstand­
ing these efforts we could not prevent the water from rising in 
this area. We therefore decided to move the electrical equip­
ment to a higher level to prevent damage and this was done 
successfully. This necessitated disconnecting the annealer and 
of course we lost some temperature. Based on Dr. Me Cauley’s 
calculations, this loss in temperature could not possibly cause 
damage to the disc. The temperature is being brought up at the 
same rate as it was lost, and when regained the disc will be 
cooled according to schedule. This will extend the annealing 
time somewhat, possibly a week or so, but the ultimate degree 
of annealing should not be affected.

At the peak, the flood water was still some seven feet 
below the bottom surface of the disc. The bed plate of the 
hoist was thus some four or five feet above the water and con­
sequently this equipment suffered no damage. Altogether we con­
sider that we were fortunate in having passed through this 
emergency without loss of the disc and equipment. For this we 
are grateful to Dr. Me Cauley and the workmen who gave their

-1—
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best in averting a real catastrophe

With kind regards and best wishes, I remain

Sincerely yours,

J. C. Hostetter

cc. Captain C.S. McDowell
Dr. Max Mason /
Dr. A.L. Day
Dr. G»V. McCauley
Dr. O.A. Gage
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CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

I imagine that you are about getting back to New York, 
and. hope that you have had a pleasant vacation. Most of the 
people here are getting back; Hale is again in Pasadena, and this 
should mean increased activity.

My program of the things that I felt should be accomplished 
during this fiscal year is well along and, I believe, will be com­
pleted on schedule. This will mean that I will have water storage 
in, pump and pipe line, house completed for our resident inspector 
on the spot to look out for the rest of the building, and some fair­
ly good idea as to the foundation conditions for the dome. We have 
completed an accurate survey of all the essential part of our hold­
ings, and as you know* I believe^we have obtained all the land it 
seems we would need. The road situation seems to be cleared up: 
the road up the mountain and across the mountain, are both going 
forward.

The one-tenth scale model is progressing and the tube is 
about completed. We will soon have to be thinking as to who will 
manufacture the tube and mounting and under what arrangements. 
There is one combination very much Interested, and that is, Babcock 
& Wilcox Company and the Baldwin-Southwark Company. The general 
managers of both of these companies have been out together with 
their consulting engineers, and this particular combination is at 
present making the mirror cell for us - which is needed soon be­
cause it is also used as the table for the 200-inch grinding machine. 
Another logical company, because of location, experience, and 
facilities, is the Westinghouse Company. Their president Mr. Merrick, 
was out here about a month ago. Mr. Hodgkinson, their chief consult­
ing engineer, and Ormondroyd in charge of their mechanical research 
laboratories, are arriving on Saturday, 7 September. These visits 
have a dual purpose; first, we get considerable advice and informa­
tion from them, second, we give them a fairly good picture of the 
problem so that they can understand what would be involved in case 
they should become a manufacturer of parts.

I think that when we get into our tests on the model, and 
are developing a final design based on these tests, or rather, modi­
fying the design from which the model is made, by these tests, it 
will be desirable to have a representative of the company that will 
eventually manufacture, working with us. Therefore, sometime within 
the next six months, it will probably be necessary to determine who 
is to be the manufacturer of the tube and mounting.
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So far as I know, it is the desire of the people here, 
that is, Hale, Millikan, eto., for me to stick on this job and I 
understand from the Navy Department, unofficially, that there should 
be no difficulty in my getting another year’s leave. If there is 
any thought in your mind to the contrary, I would like to get it. 
I don't know whether or not you feel like writing anything in con­
nection with this to the Secretary of the Navy, but I think it might 
help if you could. I think that Millikan spoke, either to the 
Secretary or to Admiral Stanley, on his last visit in Washington - 
or, he may have been in such a jam that he did not have a chance to 
do so. It seems to me that it would be desirable for such requests 
to be made prior to my officially asking for extension of leave, so 
that they would form a basis for it. I will speak to Millikan 
about it shortly. There is no great hurry about this, as my present 
leave extends to 19 November, but I think my request for another 
year should be in at least a month in advance. You know of course, 
that I have enjoyed this very much and will be delighted to con­
tinue.

W& have a house under way on Palomar Mountain, which will 
have a spare room in it, and I am hoping that you may find an oppor­
tunity to come out to see us, also to make use of this room and see 
the mountain. Everyone who has been up there has come back quite 
enthusiastic as to the surroundings. I have no certain plans as to 
corning east. So far, there have been so many little details coming 
up that I felt it unwise to leave here for any length of time. Also, 
there has been no pressing reason for my going east.

I don't know just how much Hale has been able to keep you 
informed of the progress, but if you feel that you are a little out 
of touch, I will try to go into more detail at intervals.

Dr. Edwin P. Hubble leaves for the east in a day or two. 
I think that you have met him, though possibly only casually, and 
I have suggested to him that he drop in to see you. He is to give 
a series of lectures at Yale, so will be in that vicinity for some 
weeks. Hubble is not very familiar with the various details of our 
program, but he is one of the best informed astronomers on the 
general problem of the 200-inch, and I am sure that you will enjoy 
seeing him.

In a previous letter I presented the thought of getting 
Timoshenko out here for the second term. Since then, von Karmon 
has seen Timoshenko in the east, and finds that he ( Timoshenko) 
will be in Europe the second term and therefore not available. So 
you may forget this inquiry of mine.

With best regards to both.

Sincerely,

P.S. Bo is out with me for the month, and I manage to see him once 
in a while between his going hither and thither. He still likes the 
Academy and is developing into a rather nice youngster.



Copy for: Messrs. G.V. McCauley
0. .. Gage
A. Haughton
A,I*. Day
Max Mason /
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CALIFORNIA INSTITUTE
PASADENA

Dr. J.C. Hostetter 
Corning, N.Y.

Ref. Your letter 5 gente Aber 193S

subject: 200-lnch Telescope, crating of disc for 
shipment*, and disposal of first 200-lnch 
disc.

Dear Dr. Hostetter;

We have checked over McCauley’s report of 30 August, 
forwarded with your above reference letter, and feel that the 
plans you are now making for the crating and shipping of the 
200-inch disc is satisfactory. I presume that we will have someone 
at Corning before shipment is actually made, but at any rate 
the crating will be carefully checked by you and any changes that 
seom necessary will b© made before shipment.

Regarding disposition of the first 200-lnch disc, I have 
discussed this with Anderson and we feel that final disposition of 
this disc cannot be determined at tills time. It seems logical to 
place this at some smi-permanent location where it will not need to 
bo moved again in the near future, and to hold it there until work is 
well along on the present disc. This would indicate that it should 
be held at Corning for at least a couple of years, although X pre- . 
sum© wo would be Interested If you ever have any suggestion to make 
as to permanent disposition of it.

With best regards.

Very sincerely,

McDowell
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Dear Sandy;

Your letter of September 6th was good reading and g- ve a 

picture of substantial progress that was most encouraging. I assure 

you that there is no thought in any;body’s mind here, except an ardent 

hope that nothing will interfere with your continued activity on the 

telescope project.

It is too bad that Timoshenko c nnot be out there. I do not 

know him, but froa what you and others have told me, I should think he 

would ba most valuable as a consultant.

We had a very :;uiet summer in Rhode Island, with lots of out­

doors, including golf.

Your description of affairs at Pasadena makes me want to come 

right out, but I doubt very much if I am ¿¿sing to be able to make it. We 

are going to be very busy this fall preparing for the December meeting, 

but if there should be a let-up, and other business in the district there 

should develop, I am keeping it v«ry definitely in mind as a possibility.

I a» very glad to he ar that Bo is getting on well at the Academy. 

I wonder if he is going to folio.« the engineering footsteps of his parent.

The Science Advisory oo- rd, on the request of Secretary Roper, 

appointed a committee to discuss safety at sea. Jewett is chairman, 

Millikan is a member, though he has not attended the meetings as yet, and 

to am I. I huve enjoyed thinking along the so lines very much indeed. 

The committee includes daptain Fried, who is a fine fellow, Kint of the 

Lighthouse Service, and Hooper, as representative of the Havy. Ruble



October 3, 1935. #2

has met with us, and we see him fairly often. Hooper told me he had 

been selected as liaison officer, so jour long-continued campaign has 

borne fruit of a kind.

We had a long meeting in Washington, and since that time I have 

been at Boston twice, going through the work of the Sub Signal with Fay, 

and making one trip in,their experiment launch. I also made a trip in 

the lighthouse tender, to study the Nantucket lightship gadgets, and went 

out with Jewett, Fay, Buble and Hooper on the nSe*aesB, which is detailed 

for experimental work and bases at the submarine base. It all seemed a 

great deal like old times, and I enjoyed it ■< lot.

Hooper asked me at the end of this last trip now I felt about 

ths progress that had been made since the war, to which I returned a very 

evasive answer. Just between you ana me I was bitterly disap; ointed that 

there has not been more done, and particularly that th arc has not been a 

systematic drive at fundamental information necessary for both naval and 

commercial marines. Of course, it is not fair to judge peace-time 

activity with the immense stimulation which you and the special committee 

gave to the Committee in the war. Still seventeen years is a long time*

With cordial greetings.

Sincerely yours,

max mason

Captain Z, £. McDowell, 
California Institute of 
Technology,

Pasadena, California.
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CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

ASTROPHYSICAL OBSERVATORY

Dr. Max Mason, President 
The Rockefeller Foundation 
49 West 49th Street 
New York, New York

Dear Max:

I plan to start east about the 18th or 20th of 
October, going first to Philadelphia. I want to check on 
the machine work that the Baldwin Company is doing on the 
mirror cell; from there to see Zworykin of RCA at Camden; 
then, perhaps to SKF regarding bearing matter's; last to 
discuss possible arrangements with Westinghouse company. 
I presume all of this will take four or five days, and then 
I will come on to New York to see you and Ford, etc. I plan 
to return west via Corning, Cleveland and Detroit; will prob­
ably pick up a new Ford in Detroit to drive back from there.

I can come to New York any time after my arrival 
In the east, so if you have any particular days when your 
work load is lighter and will let me know, I will accommodate 
my plans to fit yours. I should arrive in Philadelphia about 
24 October, and if I don’t have word from you before I leave, 
I will let you know an address that will reach me there.

Among other things, I am hoping that I may persuade 
you to come west sometime this winter, if not in the Immediate 
future.

There is no particular news here, except that things 
are straightening themselves out and some prqgress is being made.

With best regards.

Very sincerely,

CSMcDihb



CARNEGIE INSTITUTION OF WASHINGTON

MOUNT WILSON OBSERVATORY
PASADENA, CALI FORN IA

Dr. Max lias on
President Rockefeller Foundation 
49 West 49th Street
New York.

Dear Mason;

At a meeting of the Observatory Council held 
yesterday a tentative budget flor 1936 was discussed. The 
large items presented by Captain McDowell, covering work 
on ralomar and the greater part of the construction of the 
200-inch telescope mounting (excepting design and Coming, 
which appear under separate headings) totalled $609,000., 
making the entire net budget for 1936 about $800,000, with 
the Corning work fully paid for. These figures may be 
somewhat altered after McDowell’s trip east. He nlans to 
leave tomorrow, and to see you in New York.

My health is improving decidedly, as the result 
of the treatment I am receiving. However, as this should 
be comnued without break for some weeks or possibly months, 
I my not be able to come east this year. I shall come, never- 
theless, if this is feasible. McDowell can give you most of 

e information now available on the situation here and at 
Palomar.

Xindly let me know the latest date at which our 1936 
budget can be presented in time for your December meeting.

GEH#

Yours very sincerely,



CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

ASTROPHYSICAL OBSERVATORY

Dr. Max Mason
President Rockefeller Foundation 
49 West 49th Street
New York.

Dear Mason:

A series of attacks of vertigo, which made it nec­
essary to cancel my proposed trip abroad, may prevent me from 
coming east this autumn. I don’t think these attacks are dan­
gerous, but they come suddenly, without warning, and lay me up 
for some time. So I am hoping that the treatments I am now 
taking may obviate them in time. If possible, I shall still 
come on to see you and Arnett before very long.

Meanwhile I am sending you a reprint of a paper on the new 
Observatory. It was written in March, before we had acquired 
the property on Palomar, where all seems to be going well. McDowell 
is doing a first-class job, and? I am very glad we got him. He is 
sometimes inclined to go a little faster than funds or legal ar- 
rangements regarding property acquisition allow, and of course he 
has still to learn some of the astronomical requirements and con­
ditions which Adams and Anderson and I have only acquired by the 
whole of our experience. But he is an able and conscientious 
worker, with a host of valuable acquaintances and experiences in 
the engineering world, and I do not think we could possibly have 
found a better man for the job. He will probably come east before 
long and give you many recent details of progress. Perhaps he 
thinks I am too anxious to check conclusions and to keep costs as 
low as possible, but we are good friends and have quarreled about 
nothing. So I sincerely hope the Navy will let him stay here until 
his work is completed. Progress is necessarily slow on a job of 
this kind, and I don’t blame him for attempting to speed it up, 
though we have had to learn by bitter experience, both at Yerkes 
and Mount Wilson, that we can’t always push things as fast as we 
would wish. I greatly hope you will use your influence with the 
Navy, if necessary, to extend his leave.

We are now working on our budget for next year, and will 
see that you and Arnett get it in tin®.

With best regards,

Yours ever,

GSH;G

P.S. Two corrections were not made in th reprints. Palomar is 5600 ft. 
high, and Ross’s new correcting lens should give photographic star images 
0*5 in diameter when the seeing is good.
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October 21, 1936
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Dear Hale:

I was ¿lad to have your letters. I expect to see McDowell 

in the near future. It will be very interesting to be brought up to 

date on some of the details of the work, although I feel that you have 

kept me well informed by your letters, and I only hope that this has 

not been at the expense of your time and energy.

I enjoyed reading your article on the astrophysical unit very 

much indeed, and think you did & grand Job of exposition, in Just the 

right way. You have now brought out that statement which we discussed 

long ago in regarc to a description of the work on the quartz mirror, 

and certainly nobody should find fault with it.

I as awiully ¿lad to hear th t your,health has been improving 

decidedly. It was naturally a matter of concern when I learned that 

you had given up your trip abroad.

I tninx it would be well to have your 1336 budget in hand 'ey 

the last week of November. It couli be crowded under the wire if it 

came toward the end of the week, but it would be a little more convenient 

xf we had it at the beginning. I am writing this on a guess. 

Probably Arnett will write you a little more definitely in a day or so. 

He is not in to-day.

With cordial greetings,

Sincerely yours,

Dr. George E. Hale, MAX MASO^
0- lifornia Institute of Technology, 
Pasadena, California.

tó5á:AEB
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CARNEGIE INSTITUTION OF WASHINGTON

NT WILSON OBSERVATORY
.PASADENA,CALI FORNIA
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®r.- Trevo 
President

Ahhettj/^
General Education Board

49 West 49th Street

Dear Mr. Arnett

At a meeting of the Observatory Council held 
yesterday a tentative budget for 1936 was discussed. The 
large items presented by Captain McDowell, covering work on 
Palomar and the greater part of the construction of the 200-inch 
telescope mounting (excepting design and Corning, which appear 
under separate headings) totalled §609,000., making the entire 
net budget for 1936 about §800,000, with the Corning work fully 
paid for. These figures may be somewhat altered after McDowell’s 
trip east. He plans to leave tomorrow, and to see you in Hew York.

My health is improving decidedly, as the result 
of the treatment I am receiving. However, as this should be con­
tinued without break for some weeks or possibly months, I may not 
be able to come east this year. I shall come, nevertheless, if 
this is feasible. McDowell can give you most of the information 
now available on the situation here and at Palomar.

Kindly let me -enow the latest date at which our 
1936 budget can be presented in time for your December meeting.

GEH-.G

Yours very sincerely
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Octobsr 23, 1935

Professor George E. Hale 
Mount Wilson Observatory 
Pasadena, California

Dear Dr. Hales

X am very glad to leam from your 
letter of October 17th Wat your health is decidedly 
improving, and I hope that you will soon be entirely 
well again. I trust that you will feel that the 
recovery of your health, is your most important goal 
and that you will take the advice of your physicians 
and not come east this year if in any way the trip 
would jeopardize or delay your recovery.

I note your statement regarding the 
tentative budget for 1936 for the 200-inch telescope, 
which likely will amount to about «800,000. We shall 
be glad of course to get the exact data as soon as 
they are ready; however, the latest date we should 
receive them is toe last week in November. Mr, Mason 
has already written you regarding this matter.

With coi*dial greetings and all good wishes,
I am

Sincerely yours.

WHS
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October 19, 1935

Professor George B. Hale 
Mount Wilson Observatory 
Pasadena, California

My dear Professor Halet

On behalf of Mr. Arnett, who is 

away on a short trip, I beg to acknowledge receipt of 

your letter of October 17th with regard to the budget 

for 1936 in connection with the work of the 200-inch telescope 

It will be brought to Mr. Arnett’s attention promptly upon his 

return here next week, and I am sure you will have a reply- 

soon thereafter*

Sincerely yours.

Secretary to Mr. Arnett
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CALIFORNIA INSTITUTE OF TECHNOLOGY

PASADENA

ASTROPHYSICAL OBSERVATORY

Dr. Max Mason 
Rockefeller Foundation 
49 West 49th Street 
New York, N.Y.

Dear Max:
I am leaving for the east tomorrow, but not 

making a particularly fast trip so am not certain of 
arriving in Philadelphia before 24 October, as men- 
tioned in my previous letter. While in Philadelphia | 
I may be reached c/ö Mr. G-. H. Froebel, Westinghouse ’ 
Electric & Mfg. Co., Lester Branch P.O., and have 
thought that I would go to Washington before coming 
to Nev/ York, which would put me in Nev; York on 
Thursday or Friday 31 October or 1 November. However, 
I can come into New York on Monday 28 October If that 1 
would better suit your plans and go to Washington 
later.

I thought that I would stay in New York 
until around the 5th of November and then go to 
Corning, Cleveland and Detroit.

I am wondering if you and Brook would be 
Interested in going to the Navy Princeton game to be 
played in Princeton on 2 November. At any rate I 
have put in for four tickets to be sent to me in 
your care. Also, I have given your office address 
so, if any mail comes for me will you have it held?

With best regards.
Very sincerely,

AIR MAIL

CSMcD:hb
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October 22, 1935»

Dear Bandy»

I will be mighty glad to tea you in New York, and, 

while you are cosing at a rather jammed up time, that does not 

mean that you should postpone your visit. If things were 

completely as easy for you, I woul- be freer after Monday, 

November 4th, than previously, but I will tell you the story, 

and you can make your own decision.

I do not believe after all that it is so bad, because 

there are'- may meetings of a malaria group here that I would 

not have to attend. Thursday, the 31st, I will be free.

Friday, the 1st, I will probably be busy all ay long, for that 

is the time of the budget m eting of the International Health 

Division. Saturday, regarding Princeton, I probably can do. 

The International Health Division continues its meeting, but 

there is not the necessity of my ,rasence that there is on Friday, 

Needless to say, I will e . le -.sed to see you whenever you cone. ' 

3ord inlly your£,

Captain 3. f. McDowall, 
c/o Mr. G. H* Froebel, 
Westinghouse Electric &

Manufacturing Company, 
tester Branch Post Office, 
Philadelphia, Penn; ylvania.

RftX
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ADDRESS INSPECTOR OF MACHINERY, U.S. NAVY

AND REFER TO NO.

OO/McD (2695)
Enclosures

NAVY DEPARTMENT
McD/GAG

BUREAU OF ENGINEERING

OFFICE OF THE INSPECTOR OF MACHINERY, U.S. NAVY 

Westinghouse E lec. & Manufacturing company, 
Es sing ton, Pa.

Dr. Max Mason, President, 
Rockefeller Foundation, 
#49 West 49th St.
New York City,N.Y.

Dear Max:-

As you will note, I have arrived safely in the East. I will be 
here in Philadelphia and in Washington the rest of this week and 
the early part of next. I plan to be in New York Thursday morn­
ing and if your plans will permit, and you approve of the suggest­
ion, I would like to have you reserve luncheon on Thursday so that 
we could meet Mr. Merrick, President of the Westinghouse Company 
and Mr. Robinson, Chairman of the Board of the Westinghouse Co., 
about one o’clock in the Rockefeller center building.

The Westinghouse Company are, in my opinion, one of the candidates 
to build the Telescope tube and mounting. Mr. Merrick has been 
in Pasadena and he is somewhat familiar too with the studies that 
the Westinghouse engineers have been making here on some of our 
problems. I do not propose to go into any discussion with them 
as to the building of the telescope at this time, or involve you 
in any such discussion, but thought that probably you would enjoy 
knowing them and see what their attitude was toward undertaking a 
part of this project.
I will call you up when I arrive in New York and hope that if you 
cannot make this Thursday meeting that I can arrange to see you at 
such time as you are going to be ww

With best regards,
Very sincerely yours,

I C. S. McDowell



/ / o 3> I

Dear Captain McDowell:

Mr, Mason is not in the office to-day, 

but I have talked to him on the telephones and 

he asked me to write you that he can conveniently 

meet you Mr. Merrick and Mr. Robinson on Thursday, 

October 31st, and will be glad to have you coae 

here for luncheon in the Officers’ Lounge at 

one o’clock.

Yours vary truly,

Secretary to Mr. Mason. 

Captain 3. S. McDowell, 
nestinghouse Electric and 

Ma mu''; c tur i ng 3 ompany, 
Essington, Pennsylvania*



CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

ASTROPHYSICAL OBSERVATORY

Dr. Max Mason
President Rockefeller Foundation 
49 West 49th Street
New York.

Dear Masons

October 29, 1935

OCT 31'35

Lv Vi/ 
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NOV S 35’

NOV-D'35
I was much pleased to receive your very kind 

letter. McDowell expects to be in New York this week, and 
I hope you and Arnett will tell him of the date when the 
budget should reach New ^ork, as we need the information 
McDowell is now collecting in order to check and complete 
our figures.

You will be glad to hear that the remarkably short­
focus spectrograph lens (f/0.36) designed for us by the British 
Scientific Instrument Research Association has proved to be 
fully equal to their expectations. It is about four times as fast 
as the Rayton lens (hitherto unequalled), and for certain classes 
of work it will be invaluable. It covers a long range of wave­
length, its field is flat, and its definition excellent. Its 
only limitation will be determined by the brightness of the gen­
eral sky background, which on Mount Wilson is decidedly greater 
than it formerly was, because of the enormous increase in the 
number of lights in the Valley. Palomar is free from this diffi­
culty, and the sky is consequently much darker and purer, though 
in long exposures the continuous aurora may possibly produce an 
appreciable darkening of the plate near the H and K lines (used 
to measure the radial velocities of the minute remote extra­
galactic nebulae). However, we have certainly made a good in­
vestment in this lens.

I have had no more vertigo but doubt whether my physician 
will let me go east this year.

With warmest regards

GEH:G
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CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

ASTROPHYSICAL OBSERVATORY October 29, 1935

Mr. i'revor Arnett
President General Education Board 
49 West 49th Street ' __ /
New York.

1
Dear Mr. Arnett:

Thank you for your very kind letter of October

23. My physician still thinks I should not go east fcrr pome

time, though I am holding my own, so far without another at­

tack of vertigo, under the special treatment he is giving me.

Captain McDowell should be in New York this week, and I

hope you will emphasize to him the importance of reaching 

here in time to aid us in preparing the definitive budget early 

enough to meet your needs. He is getting much new information 

necessary to its completion, and the Observatory Council always 

endeavors to give you the most reliable figures obtainable.

With cordial regards.

GEH1G
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INTER-OFFICE CORRESPONDENCE

From MM’s interviews.
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October 51, 1955.

Captain C.S. McDowell.

Discussion of the progress made toward determining details of 
construction of the tube and mounting, and drive mechanism, for the 
telescope. They are nearly ready to let contracts for the construction 
of the tube and mounting, and deflection tests at C.I.T. have shown the 
tube to be satisfactorily designed. Two firms sees competent and 
desirous of doing the work - Westinghouse, and Babcock and Wilcox.

FORM 106
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November 4, 1935
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Dear flale:

We have anjoyed McDowell’s visit here immensely 

and feel that we have been brought thoroughly u to date, 

and are delighted with the qrogrefes.

I have gone over with Arnett again the question 

of th-; date at which the budget should be received here. 

November 25th will be in good time. We will not need it at 

all before then.

I am particularly impressed by the large array of 

engineering talent which has been brought to bear on the 

telescope problem. We are happy to feel that the question 

of a>unting and drive will have been studied in a way 

commensurate with that in which the whole undertaking has 

been done. It .m. been a fine piece of work from the start.

3ordially yours.

Dr. George E. Hale, 
California Institute of

Technology,
Pasadena, California.

■

MM:ABB
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INTERVIEWS:
Dr. Robert A. MilliKan 

of the

CALIFORNIA INSTITUTE OF TECHNOLOGY

with Mr. Trevor Arnett

November 15,1935_

Dr. Millikan inquired if it would be possible for 
the California Institute of Technology to include annuities 
in the supplementary sum to be raised to meet the conditions 
of the GEB pledge.

I replied that it had been the custom of the GEB to allow 
annuities to be counted at their actuarial value as gifts in 
reasonable amounts.

Dr. Millikan then said that there was a prospect of the 
Institute obtaining a gift on an annuity basis under which the 
Institute would pay whatever income the gift produced to the 
donor, and inquired if such an annuity could be considered.

I said that it could. (Of course in this case the rate 
of interest would need to be assumed*by the Board in evaluating 
the gift).

T.A.

(□. |>a-sRuf«XVi )
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GEORGE ELLERY HALE 
PASADENA, CALIFORNIA

Mount Wilson Observatory 
November 13, 1935

Dr. Max Wason 
49 Vest 49th Street 
New ^ork.

Dear Mason:

As one's years increase in number disappointments 
and regrets multiply. But while I had heard from Millican 
that you have been thinking of retiring, I was not prepared 
for your letter received yesterday.

To say that I regret your decision is to put it far too 
mildly. The fact is that with you absent Rockefeller Center 
will never seem the same. I have greatly missed Wickliffe 
Rose and others I used to meet at the Rockefeller offices, hut 
in your case something in addition to friendly regard is in­
volved. This includes not only your cheerful optimism and 
enthusiasm, but also your full scientific understanding of 
the many problems we have discussed in recent years. Nothing 
can replace this, though we are fortunate indeed to have such 
a good friend and supporter as Arnett still available. I can 
only wish you an< interesting and satisfactory future, and 
trust sincerely that you will come to Pasadena in January, 
especially as two more (less severe) attacks of vertigo since 
I wrote last will prevent me from going east this year.

Adams, Anderson and I had a full discussion with McCauley, 
and from all the evidence, including the work done on the 120- 
inch and other mirrors here, we fully believe that the new 
200-inch will serve our needs. In fact, if further defects 
do not appear below the 3 5/8 inch surface, and if no magic 
mirror defects develop in the figuring (they ought not to) we 
believe the thinner solid portion of the mirror will prove an 
advantage. McCauley is returning by way of the University of 
Michigan, in order to consult Timoshenko, and we hope to receive 
a favorable report before long. Perhaps McDowell may also bring 
some further information with him.

I think 1 wrote you that the English f/0.36 lens has turned 
out to be a remarkable success, setting a record for all such 
optical combinations. It is about four times as fast as even the 
Rayton lens, which itself set a record.

Looking forward to seeing you in January, and with a thous­
and thanks for all your unfailing interest and help.

GEH; d
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Capt. C. S. McDowell 

with Mr. Trevor Arnett

November 14, 1955

Capt. McDowell, who is Consultant on the 200-inch telescope 

project at the California Institute of Technology, brought with him 

preliminary estimates for the budget of 1956 and explained in detail 

the work which was being carried on and the progress which is being 

made. He thinks the conditions are right now for additional work on 

the building and the mounting, and he promised to have Dr. Hale send 

the detailed budget estimates before the end? of this month.

T.A.
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DEC 25 ’35

November 22, 1935
OFC20 35

Mr. 2revor Arnett
Présidait, General Education Board

Dear Mr. Arnett

The Observatory Council met yesterday and decided 
to propose the enclosed budget for the year beginning January 1, 1936.

The considerable increase in the total new appropriation requested 
is the result of Captain McDowell’s trip. He found that costs are in­
creasing, and that it is therefore advisable to enter into agreements 
for construction as soon as possible. By securing certain guaranteed 
maximum figures in these agreements we hope to save money. Some of these 
agreements, covering large items such as the tube and major portions of 
the telescope mounting, may not be completed during 1936.

There are other items in the enclosed budget which should be ade­
quate for the purposes named, while allowing some changes of procedure 
if further consideration should make them necessary. Thus, while a care­
ful comparative study of sources of power has already been made, we have 
not yet decided whether it will be best to enter into an agreement with 
an electrical company to mn a power line up Palomar Mountain from the 
hearest line available in the valley, or to establish a complete self- 
contained Diesel power plant of our own. On Mount Wilson we obtain power 
from a line installed by the Edison Company, but we also have a plant of 
our own, which serves for power, water and light when the power line from 
the San Gabriel Valley is (rarely) put out of commission for a time by the 
heaviest winter storms. In any case, a power plant of some kind will be 
needed on Palomar Mountain, but its exact capacity has yet to be deter­
mined in the light of further study.

In general, this budget is intended to cover expenditures necessary 
during 1936 and to provide for certain commitments which should be arranged 
soon.

I hope that you and Dr. Mason can visit us this winter, especially as 
the nature of some of our problems can be most clearly seen here and at 
Palomar Mountain.

I am sending a copy of this letter to Dr. Mason

Very sincerely yours, zZ

GEH;G



DEC 3 0 1935 CORNING GLASS WORKS
CORNING, N. Y.

In reply refer to: 
Dr. G.V. McCauley.

Dr. J. a. Anderson, 
Observatory Council, 
Calif. Institute of Technology, 
Pasadena, Calif.

Dear Dr. Anderson
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uniform load 
radius of the plate 
thickness

D is the flexual rigidity and is given by the expression

D « -----~---- =—
12(1 - u2 )

wherein 2 denotes Young’s modulus for the material in the plate»
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From the article by Russell it was found that experimental 
results had been compared with computed values from a formula by 
0. A* Clemmow. This formula is, in the nomemclature used above.

ca4
4: * 8 (3 - u)_____  hs 

Th • uHl - u)“Z2~>

Values of the deflection of a 3” steel plate of various 
thicknesses when clamped at the edge and loaded with 1,000 lbs. per 
sq, in. uniform pressure are given in the table below.

Thickness 
of plate 
(in,) (1)

Ratio of
Radius 

to
Thickness
____ (2)

_____Deflection at Center
Measured 

(in.) 
by Russell 

(3)

Computed (in.)
Timoshenko

(4)
Clemmow

(5)
,1 15 ¿0 .03100 .03318 .03320»2 7.5 .00443 .00444 «00446«3 5,0 .001575 .001462 .001474»4 3*75 .00074 .000703 .000713¿5 3.0 #000427 ♦000416 «000428*6 2,5 .000287 .0002807 «0002874»7 2.143 *000203 .0002066 .0002124»8 1.875 .000150 ♦0001614 .0001665

2 « 29,55 lbs./in8

U ~ «266

as given by Russell

The values in column 3 are as measured and reported by 
Russell. Those in column 4 are computed from the formula by 
Timoshenko and those in column 5 are computed by the formula of 
Clemmow. It is to be observed that the computed values by both 
formulae agree quite well with the measured values. The greatest 
discrepancy is for the thickness of .3" or for a ratio of radius 
to thickness of 5, In all probability there may be a misprint of 
the measured value as given by Russell, It is to be observed also 
that the agreement between measured and computed values is somewhat 
better when the computations for the deflection are made with the
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SS 418e’ ’h‘”9 raMo of raaiu''to thi°k-

F*be; th® v uonsequeniiy computed values of
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be less if computed by the Timoshenko formula, 
is shown in the table below.

should, however, 
This computation

a® function of 
thickness.

Deflection of 200* disc during grinding

Thickness 
of slab 

(1)

Deflection 
of

Circumscribed
Circle 

10-6 (ia.) 
__  (8)

Deflection 
of 

Inscribed 
Circle 
10-6 (ia4

Mean
Deflec­
tion
IO*6

(4)

q(lbs/in2)

(61

3.625
4.0
4.5
5,0

2.485
2.13
1.795
1.570

<955 
.95
.747
.657

1.72
1.54
1.27
1.11

.32 
«32 
.32
• 32

* .290
♦ .324
♦ .364
* .405

above assumes S s 9.28 x IO6 lbs./ing 

u s ,18

as best available values for Pyrex disc glass.

cir-plate __  
Column 3 contains the deflections

- The figures in column

Column 2 gives the deflection for the circular 
cumsoribing the unsupported area. Column © 
for the circular plate of the inscribed area, 'me ri, 

?f th! «•fl’»«™, in columns 2 and S. a, unlfona 
I“4 ? ln 5 1B I“4® “P of the weight of the grinding tool

18 oo»Putod to he .32 Ibe./aq. In. and the weight of the glass 
for the various thicknesses. It is to be observed from those figures
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18 of th® ora®r of V12th of a wavelength 
thickness and of the order of l/80th of a wavelength 

Comparing these figures with the computed 
deflection of the 30” ribbed disc given in the table below we see 
that the deflection of the 200” disc with a slab thickness of 3-5/8’ 
would be approximately the same as that of the bO” disc whose slab 
thickness was slightly more than 3/4%

Deflection of 30” disc during grinding as function of thickness.

Thick­
ness

tin.)

Deflection 
of Cir­

cumscribed 
Circle 

10-6 in.

Deflection 
of 

Inscribed
Circle 

10-6 in.

Mean
Deflection 

10*s in.
q (Ibs/lh

0.5 7»54 1.568 4.55 .18 ,04_ B.676 <632 1,65 .18 ♦ .061.0 1.358 <340 ,849 ,18 + ,08
Ab® <60©

above assumes 2 s 9.26

u s .18

<178

x 10 6 lbs./in2

.393 ♦18 + *18

as in previous table.

We have been informed that the slab thickness of the 30" 
disc was thinner at some places than at others. My recollection is 
that the thinnest sections were said to be less than 3/4". Actual 
experience with the 30” has indicated no trace of the Japanese effect 
in figuring. Accordingly it would seem that there could be no 
possibility of danger from this source with the 200” even if a thick­
ness of 3-5/8* were selected for the finished slab.

As a further comparison a computation was made of the de­
flection of a 60” mirror supported at the edge. A thickness of 10” 
was assumed for this disc, for a plate supported at the edge instead 
of being clamped the deflection at the center is approximately twice 
that for the clamped edge plate, accordingly the computed deflection 
was found to be 6.74 x 10“6 inches or nearly a half wavelength. This 
would represent the distortion of the 60” mirror unless some form of 
support were provided at its back#



These figures are presented for your further consideration 
regarding your decision to proceed with work yet to be done on the 
disc» We have proceeded with the further Inspection of the disc in 
its mold, with the removal of all minor abrasions from the surface 
and with a single measurement of strain at the extreme rim of the 
disc« Our' inspection shows no defects in the body of the disc, the 
removal of further abrasions does not alter the available thickness 
of the finished slab which was determined by the two major abrasions 
previously reported, and the measurement of strain gave a birefringence 
of only 2b mp per cm* at the extreme rim which is of the same order 
as the discs previously made and shipped«

If in the light of the figures presented here there is no 
reason in the minds of the members of the Observatory Council to de­
part from the course agreed upon, we will proceed with that program. 
We are in readiness now to remove the mold and proceed with the 
cleaning and final inspection of the disc; but will await your con­
firmation after a study of the report here made.

Yours very truly,

Physical Laboratory

cc: Dr. G.E. Hale
Dr. Max Mason
Dr. Adams
Sept. C.S. McDowell
Dr. A. L. Day
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CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA

ASTROPHYSICAL OBSERVATORY

Mr. Trevor 
President.

Arnett
General Education Board

49 West 49th Street 
New York.

Dear Mr. Arnett

November 23, 1935

LA, Moy 25

F Hes

n CT~

In the haste to get the budget figures in 
proper statement form to reach you November 25, a discrepancy 
crept in, due to an error in transcription. I am therefore en­
closing correctèd sheet, to replace the first sheet of the budget 
mailed you last evening.

I em also sending a

GEH:G

copy to Dr. Mason.
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SICAL OBSERVATO

ALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

November 25, 1935

Mr. ^rsvor Arnett
President, General Education Board 
49 West 49th Street
New York.

My dear Mr. Arnett:

I owe you a word of explanation regarding 
the proposed budget, of which I sent a corrected first sheet 
Saturday.

On Friday, while checking the figures, I had a slight 
attack of vertigo, the curious trouble which has pursued me 
since last spring. By waiting quietly I recovered in time to 
sign my letter, but I was unable to compare and check all the 
figures with our notes and records. The revised sheet sent you 
Saturday was gone over carefully by Dr. Anderson and my Secretary, 
and I think it was correct in all respects.

By that time we had received a telegram from Corning, saying 
that after another critical examination of the 200-inch disk and 
a recalculation by Dr. McCauley, they were convinced that this 
disk will prove satisfactory. Dr. McCauley’s full report came 
today, and we are all confident that unless unexpected defects 
appear after complete removal of the mould, the disk will reach 
our highest exectations. The budget sent you assumes this will 
be the case, and the amount inserted for Corning should therefore 
clean up our indebtedness to them, including their 10 p/c profit, 
together with shipping expenses and insurance.

I understand that a copy of Dr. McCauley’s technical report 
was sent to Dr. Mason, who has perhaps had an opportunity to ex­
amine it by this time.

GEH;G
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California institute of Technology

PASADENA

ASTROPHYSICAL OBSERVATORY

Dr. Max Mason, President 
Rockefeller Foundation 
49 West 49th Street 
New York City, N. Y.

Dear Max:

25 November 1935

I am enclosing a sort of historical report 
of the steps we have gone through in the development 
of the design of the telescope tube and mounting, and 
certain related matters. I hope that this gives you 
the picture you want to present to the Directors. If 
not, I will go into it in more detail. Dr. Hale has 
seen this and approved it.

I had a nice trip out and have been quite 
busy since my arrival. Spent the weekend on Palomar 
Mt. and enjoyed it Immensely.

Hope you can send me your bother's address, 
so that I may look him up.

With best regards.

Very sincerely,

CSMcD:hb



//o 3. /
JAN 1 1936

DEVELOPMENT OF TELESCOPE DESIGN

At the end of 1924, there were available at the California 
Institute of Technology, studies and tentative designs on two 
types of mountings for the 200-inch telescope. For purposes of 
identification, these may be designa.ted as the Fork type and the 
Yoke type, the fork type consisting of a cone supported so as to 
rotate on bearings and with two projecting arras which carried the 
trunnions for the telescope tube: the yoke type consisting of a 
mounting with bearings at both ends, the north being a horseshoe 
type so that the tube could be lowered down into the horseshoe when 
pointing north; the south end being solid, and the two ends con­
nected together by a structure and carrying trunnions for the tele­
scope tube approximately midway between the two ends of the mount­
ing.

To obtain the greatest possible assistance In selecting the 
type of mounting, and to get Information and data from which to 
develop the mounting into a design stage suitable for manufactur­
ing purposes, a large number of engineers and manufacturing firms 
were consulted. The problem naturally was a combined structural 
and mechanical one, and the probabilities were that welding would 
be greatly involved. In the past, the Union Iron Works in San- 
Francisco, a shipbuilding plant, now a subsidiary of the Bethlehem 
Shipbuilding Company, had built the mounting and the tube for the 
60-lnch, and the Bethlehem Shipbuilding Company at Quincy, Mass., 
had done similar work in connection with the 100-lnch at Mount 
Wilson. The class of work required is, in general, along the lines 
used in large shipbuilding, except that greater precision and ac­
curacy is necessary, and the equipment available at the large ship­
yards makes them somewhat a natural source of manufacture of such 
structures. Their engineers and consultants should have informa­
tion and data that would be of considerable Interest In the 
particular problem. Therefore, plans of the two types of mounting 
were sent to Mr. Wylie Wakeman, Vice-Pres, and General Manager of 
the Bethlehem Shipbuilding Company, and Mr. Burkhardt, Chief Engr. 
of that Company; also, to Mr. Homer Ferguson, President of the 
Newport News Shipbuilding and Dry Dock Company; Mr. J. F. Metten, 
President of the New York Shipbuilding Company. All of the above 
named men were personally contacted and the problems gone over with 
them in detail,” as well as With Mr. W. W. Smith of the Federal 
Shipbuilding Company, a subsidiary of the U. S. Steel Company. All 
of the above companies made exhaustive studies of our plans and sub­
mitted detailed reports, giving their comments.

Plans of the different types of mountings were also shown to 
and discussed with Messrs. Pawley, Beekman and Stevens of the 
General Electric Company, and their comments and recommendations 
were gladly given, based on their experience in welding and machin­
ing heavy structures for the electrical development work in Russia; 
with Mr. Mildon, Vice-President and General Manager of the Westing­
house Plant in Philadelphia, Mr. Hodgkinson, Chief Consulting 
Mechanical Engineer of Westinghouse, with Mr. H. F. Schmidt, Con­
sulting Engineer, and Mr. J. Ormondroyd, of the Mechanical Research 
Dept, of Westinghouse. Later, with Mr. Merrick, President of the 
Westinghouse Electric & Mfg. Company, and with Mr. W. H. Harmon,



Vice-President of the Baldwin-Southwark Corp, at Eddystone, Pennsyl­
vania, a,Iso with Mr. Kruse of that company: with Mr. M. B. Butler, 
Jr., Vice-President of the Budd Mfg. Company of Philadelphia in con­
nection with the possible use of stainless steel or other alloyed 
steels in this construction, also with Mr. Llewellyn, consulting 
engineer of the U.S. Steel Company, particularly in connection with 
alloyed steels. With Dr. John Johnston, Director of Research of 
the U. S. Steel Company, and Dr. Bain, Chief Metallurgist of that 
Company. With Isaac Harter, Vice-President of Babcock-& Wilcox 
Company, Mr. Trainer, General Manager of Special Production, of 
that Company who had charge of their work on Boulder Dam. Also, 
with Mr. Bliss and Mr. Burrell of Warner-Swasey Company. With 
Mr. Otis Hovey of the American Bridge Company. With Mr. Wilfred 
Sykes, Ass’t to the President and General Manager of the Inland 
Steel Company, and with quite a number of representative, unattached 
engineers, the following of whom gave particular study and comment 
on our proposed designs.

Dr. W. F. Durand, Prof. Emeritus of Stanford University 
Prof. S. F. Timoshenko, of the University of Michigan

Also, Mr. John Eessells and Prof. Geo. B. Karelitz of Lessells & 
Karelitz, in their special study and report made under authorization 
of the Observatory Council, in collaboration with Prof, Timoshenko.

Besides the studies and reports obtained from outside sources, 
the types of design were carefully studied by the immediate engineer­
ing staff on this project, assisted materially by the regular staff 
of the California Institute of Technology, especially by the studies 
made by Prof. R. R. Martel, W. H. Klapp, Dr. Th, vonKarmon, and the 
other members of the technical advisory committee of the Observatory 
Council.

The result of all these contacts and studies was the practically 
unanimous opinion that the yoke type of mounting was the one pre­
ferred, and. the development and refinement of design has proceeded 
with thi type of mounting.

Since determining the general type of mounting, continued dis­
cussion and study has been made by a number of those mentioned above, 
on the preferred details of construction. This has crystallized the 
interest of manufacturing of the tube and mounting between two com­
panies, or groups, namely the Westinghouse Electric & Mfg. Company 
and a combination of the Babcock & Wilcox Company and the Baldwin- 
Southwark Corporation. Mr. Isaac Harter, Vice-President of B&W and 
Mr. W. H. Harmon Vice-President of Baldwin-Southwark, with Prof. 
Hollister of Cornell who is consultant for Babcock & Wilcox, and 
Prof. Beggs, consultant of the Baldwin-Southwark, who have spent 
some time here in Pasadena going over details and giving suggestions 
and comments. Similarly Mr. Merrick, President of the Westinghouse 
Electric & Mfg. Company, Mr. Hodgkinson, Chief Consulting Engineer, 
and Mr. Ormondroyd, of their company, have spent quite some time 
here with our staff, in the development of details.



Dr. W. F. Durand has spent some time going over our plans 
here in Pasadena, and, similarly Dr. S. F. Timoshenko and Prof, 
Geo. B. Karelltz.

In addition to the above, our plans have been studied and 
comments given on them, by design divisions of the Bureau of
Construction and Repair and Bureau of Engineering of the Navy 
Department, and by the Design Department of the Mare Island Navy 
Yard.

The present status of the tube and mounting is: a one-tenth 
scale model of the tube has been completed and tasted for deflec­
tions and found satisfactory. The details of the rest of the 
mounting are completed to the extent of manufacturing a one-tenth 
scale model, which manufacture is under way, and this model will 
be tested for determination of final design.

In addition to the tube and mounting, considerable study has 
been made on the method of control and precise drive. In addition 
to those individuals mentioned heretofore, there have been others 
who have been consulted on this part of the problem principally. 
These include Mr. H. C. Ford, President of the Ford Instrument 
Company, who has spent some time here going over studies In detail 
and who Is at the present time, preparing his recommendations. Mr. 
Robert McMath, who developed the control and drive for the McMath 
Telescope and whose design has been used to a great extent on the 
McDonald Telescope. Dr. "v. Busch, Vice-President of the Massachusetts 
Institute of Technology, with Prof. Buckingham of that Institute. 
Also, Dr. V. K. Zworykin of the RCA Research Laboratory.

The foregoing gives a general picture of the procedure in 
developing the main features of the design. We have had the finest 
type of cooperation from all parties and assistance from many on 
special parts of this problem who have not been mentioned, for in­
stance, Dr. F. B. Jewett has given his comments and recommendations 
onvarious things, particularly in connection with communication. 
Dr. Coolidge of the General Electric Company has given his assistance 
on certain'details. Dr. Styri and his associates, of the SKF Indus­
tries, have made extensive studies of our bearing problems. Also, 
the Timken Bearing Company and the Messinger Bearing Company, have 
made similar studies.

-3-



Corning Glass Works
CORNING, NEW YORK

DEVELOPMENT 

AND 

RESEARCH 

DEPARTMENT
December 4, 1935

EXECUTIVE COMMITTEE

ALANSON B. HOUGHTON 
ALEXANDER D. FALCK 
GEORGE B HOLLISTER

OfC-5'35

Dr. Max Mason
President, The Rockefeller Foundation 
49 West 49th Street
New York City

Dear Dr. Mason,
Sunday, December 8, has been designated 

as the date on which the 200-inch disk will be 
officially shown for the first time. I communicated 
with Dr, Hale suggesting that he or some of his 
group might wish to be present, and I am now writing 
you asking whether we may have the pleasure of 
having you with us at that time. Invitations have 
been extended to representatives of various press 
services, and no doubt some of these will be present. 
There is nothing spectacular at all in what will be 
shown but since you were unable to attend any of the 
casting operations, we hope that you can make 
arrangements to join uson this occasion.

Sincerely yours,

JVC. Hostetter
Director, Development & Research

JCH:FRF
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December S3, 1935»

Dear Mr» Hostetter:

In the press of business Incidental to our December 

meetings, I have neglected to answer previously your kind 

note of December 4th, telling me of the date at which the 

200-inch disk would be officially shown. X am sorry that I 

was unable to come up. I would have been very much interested 

in seeing it.

We send to Dr. McCauley, yourself and all concerned 

our hearty congratulations at the successful completion of the 

work. This has been a scientific and technical problem of the 

first magnitude, and the remarkable way in which your group has 

proceeded in the scientific manner is a notable achievement.

With cordial greetings,

Sincerely yours, 
MAX WiASOS'i

Mr. J. C. Hostetter, 
Corning Glass Works, 
Corning, New York.

MMtAEB
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December KO, 1335

ily dear Doctor Hale»

I desire to notify you that fit the mee ting of the 

Executive Comittee of the General Education Board held 

December 12, 1935, the Committee appropriated $1,229,673.67, 

or as meh thereof as say be needed, to the California In­

stitute of Technology to cover the itemized budget of the 

Astrophysical Observatory for the period from January 1 to 

December 31, 1958. It was noted that the budget for 1936 

culls for a total sum of $1,252,950, which after deducting 

the balance on hand of $25,276.33 irom n previous allocation 

leaves the net amount required of <1,229.67 ^67. The Com- 

mitteeto action ms token In accordance ?lth the request 

contained in your letters of November 22nd and 23rd.

The Auditor will follow the present procedure 

in making remittances.

A copy of this letter is being forwarded to 

Ductor Millikan.

Sincerely yours,

Doctor George E. Hale •
C&llforni' Institute of technology 
Pasadena, California

WiKIO



December 27, 1935

Dr. S. naie
Astrophysioal observatory 
California Institute of Technology 
Pasadena, Calif.
Dear ,ör. naie.

I believe that Dr. Macauley took ©are of the question 
regarding freight rates cm the 200-inch dial: raised in your 
letter of December 17 during my absence from the city. If there 
is anything further that we oan do to expedite a final decision, 
please let us know. Incidentally, we are still awaiting word 
frm you as to the final routing on the disk.

sent forward to sir Hichord Gregory the photograph» 
that you requested. W should like very much to have a mall 
nrnber of the reprints of your article which will soon appear in 
iMtur®.

Inasmch as the SOO-inch disk is approaching its final 
phases as far ns Corning is concerned, we decided to safeguard 
your interests and our own in this disk by placing an all ©overage 
insurance policy on it, insuring California Institute and corning 
Glass works against loss during the period of cleaning out the 
cores, inspecting, crating and loading on the ter. Th® cost of 
this insurance was Indeed nominal, costing but 500 for 3100,000 
coverage. I know that you will agree with the logic •Shut led to 
this action. Wo assume, of course, that the Insurance that you 
will place on th® disk will take effect Imediately when it is 
loaded on the car in Coming.

I wish to take this opportunity t© wish you and your 
oolloagues a very happy and prosperous Hew Year.

sincerely yours,

J.C. Hostetter 
Director, Development & He search

JCHlFRF
co GTMcCauley 

JTLlttloton 
Matteson y
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CALIFORNIA INSTITUTE OF TECHNOLOGY 

PASADENA

ASTROPHYSICAL OBSERVATORY

Mr. W. W. Brierley
Secretary, General Education Board 
49 West 49th Street
Nev; York.

My dear Mr. Brierley: 

December 30, 1935

letter of December 20Thmk you for your

informing me that the Executive Committee of the General Educate.

Board has appropriated #1,229,673.67, or as much thereof as may 

be needed, to cover the itemized budget of the Astrophysical Ob­

servatory for the period from January 1 to December 31, 19’6, 

as requested in my letters of November 22 and 23. This will enable 

us to carry out a large amount of v ork and, we hope, to save money 

by taking advantage of present opportunities.

Believe me, with kind regards and best wishes for the New Year?

GEH;G


