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Dear Sir: 
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At Dr. Hale's request, we are sending you a 

copy ot a letter just sent him. This letter is our interprets-

tion ot the agreement between the California Institute ot Tech-

nology and the Corning Glass Works tor the construction ot a 

series or PYREX discs tor telescope mirrors. 

OAG::BW 

Very truly yours, 

CORNING GLASS WORKS, 
Aviation & Optical Division 

By O!l1 
Q , A, ::t-
In Charge 



COPY 

J.pril 25 , lQ32. 

Dr. George E. Hale, 
UniTe rei t;r Club, 
l Weat 5~th Street, 
New York, N. Y. 

U;r 4ear Dr. Hale: 

Thia letter 1e •ur interpretation of the agreement coTaring the manu-

facture ot glass diaka tor teleacope mirrora. It ia intended to summarize your 

letters of NoT.aber 17th u4 !Pebruar;r 5th and oure ot Ootober 24th, 1anu.ary 30th 

and l4arch 22n4. 

The Obsenatory Council of the Cal1fom1a Institute ot Teohnolog;r 

wiahea to aeoure: 

One circular disk,' 28" in di~ater, 4 l/2" thick, approximatel;r, 

aolid deaiga 

One circular diak, 30" in diameter, 5 l/2" thick, approximately, 

ribbed design 

One circular disk, 80" in diameter, 8" thick, approxbnately (it 

1a probable that two other 80" dieke wil.l be wanted immediately 

atter the completion of the 200" disk) 

One circular disk, 120" in diameter, 18" thick, approxtmately 

One circular diak, 200" in diameter, 30" thick, approximately 

One elliptical disk, 80" b7 80" b7 8", approximately. 

J.ll ot the fisures giTen represent the finished minlluam dimensions. 

This list indicates the order ot manutaoture. 

The design of each disk, whether solid, ribbed, or other, will be 

atud1ed by you and your associatea and tiDally dete~ned by mutual acreament with 

our Laboratory. 
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The material to be used ia one ot our PYRn brand glasaea having an 

expansion ot approx~tely 0.0000032. The glaea may, ot oourae, be changed by mu-

tual agreement. We understand that near one aurtaoe the disks are to be as tree 

trom bubbles aa we can produce them. The thickness ot this region ot min~ bub-

blee Will depend upon the aize and ulti.Diate torm ot the mirror. Below this depth, 

many bubblea ot moderate size, it not distributed too irregularly, will do no har.m. 

We are to use the beat possible annealing practice known to us in order 

that strain may be reduced to the minuaua. The annealing achedules tor all the disks 

are being recalculated and will be sent you. Rxpertw.nta to dete~ine the possibili-

ty ot cryatallization during the long annealing perioda are now under way in our 

Laboratory. 

We are not expeete4 to do any grinding or polishing unless this ahould 

prove necessary to deter.mine whether a diet ia apparently suitable tor shipment to 

you. We shall attempt to shape roughly the concave surface in the 200" disk by send-

blaatiDg. 

The final teats will be JUde by you attar the mirrors have been figured 

• 
tor optical use. We are to be notified promptly in writing ot the results ot your 

final tests and whether you accept or reject the disk. 

We ere confident that a 80" disk can be successfully produced. Disks 

larger than 100" in diameter have never been made as tar aa we know, and some unanti-

cipated ditticultiea may arise which will prevent the making ot even the 120" blank. 

our atudy ot methods ot manutaoture leads us to believe such diaoa can 

be made at a coat between $1!>0,000 and 1300,000. These tigurea are not a quotation, 

but represent our beat eattmate baaed on experience in the manufacture ot disks lesa 

than 30" in diameter. Unexpected aDd unforeseen dittioultiea may increase the coat 

over the figures mentioned, or it may be reduced, tor example, by the use ot lesa an-

nealing equipment an4 ' tewer auxiliaries than oontsmplated. Apparatus now at West LYDn 
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will be used whenever possible, FUrther reduction in cost may be made by designing the 

disk to eliminate weight, aa be casting the disk with a central hole or by using a ribbed 

deaign which will not aacritice rigidity. 

We estimate a minimum period ot lg montha tor the ~aking ot these disks 

it eaoh rirat attempt is succeastul. We believe that thirty months should see the work 

completed unless serious ditticulties are encountered. This time estimate applies attar 

agreement haa been reached upon design and may have to be moditied by oompl1cat1ona in the 

oaating process introduced by ribbing. 

Corning Glasa Worka ia willing to undertake the manufacture or these dieka 

at aotual coat (direct expense plua uaual overhead) plus 10 percent tor diaks succesatully 

produced and at actual cost where acceptable disks are not produced, 

By "direct expense" ia meant that part ot the cost devoted directly and 

exclusively to the article 1D question. Under thia heading we include materials consumed, 

power used, labor employed, eto. 

"Overhead" covers neoeaaary outlay which is devoted partly to the disks 

and partly to other articles and which must be distributed on some proper basis. For de-

tailed stat~ent, aee our letter ot A~roh !1, 1~32. In accordance with our standard prac-

tice, overheads will be computed on a percentage basis. The rigurea used are our "standard" 

percentages or overhead whi ch are employed 1n all coat computations or ware manutaoture4 

under the same conditione. These •atandard" percentages are estimated aa the average value 

over a bueineas cycle and are leas than the aotual overheads under present conditione. Our 

estimates ot coat given earlier 1n this letter include overhead. 

Major equipment purchaaed tor manutaoture ot the disks will be the property 

ot the Calitornia Institute ot Technology and will be billed at the price at whick it ia pur-

chaaed. Ita coat Will not be included in computing 10 percent protit on accepted disks. 

Itemized billa are to be presented to the Cal1torn1a Inatitute ot Technology 

monthly (in duplicate) and any information desired regarding the coats involved will be sup-

plied. Opportunity will be given to make periodical inspection ot the work and the methode 
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emplo,.d. The usual Coming Glasa lforka• terma are to apply:- thirty daya net trom date ot 

billing, package chargee extra. 

We underataDd that our responsibilitJ ends when tbe diaka are ready tor 

deli .. ery to the transportation company at Corning. J:IlJ turther responsibility Will be aa-

aumed by you. We are to in .. estigate acti .. ely .. arioua possible means ot transportation and 

will report resul ta to JOU• 

Our estimate does not include package charges but we Will cooperate in 

packing these diska according to methode mutually worked out and in accordance with ,.our 

instructions. Our charges tor such aervioe will be at actual cost and are not bo be included 

in computing protit. 

At the end ot 1une and Deo•ber ot eaoh Je&r, we are to submit our eeti-

mated expenditures tor the enautng twel .. • months by six month periods, 

Since there la same uncertainty regardiDg sucoeaa in making tbeae large 

disks, either party shall ha .. e the right to withdraw at any time, it being understood, how-

e .. er, that in such ... ant we are to recei .. e our aotual coat on all work done to the date ot 

withdrawal, plus 1~ ot the coat of an1 disks accepted. 

OAG:FMM 

CC: Dr. Max ~!aeon 
Dr. J. A. Anderson 
Mr. Tre .. or Arnett 

Very truly youra, 

CORN'Illl GlASS WORKS, 
A .. iation & Optical Di .. iaion 

B7 o~~;~/P 
In Char~::-,'-
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