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Project Whirlwind 
Servomechanlsms Laboratory 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 

SUBJBCT: BI-WBBKLT RBPOBT. PART II. KIRCH 6. 1948 

To: 6346 Ingineers 

Proa: Jay V. Torrester 

6.0 MATHEMATICS 

(P. ?ranklin) 

• description of WWI codes, with detailed effects 
of orders, on AC, AH, BR, and Sx, was completed In M-217, 
A study of curve-fitting by using Legendre polynomials 
has been started. 

(C. V. Adams) 

Memorandum K217, Description of WWI Codea* has 
been distributed to Math and Block Diagrams Sections* 
but will be superseded by M217-1 which contains several 
recent minor revisions In the code. A memo describing 
the automatic subprogram method of performing double 
length operatlona la being completed, and other coding 
problems nay then be considered, 

(Bdger Belch) 

Work on Iterative methods for the solution of 
systems of linear algebraic equations la being con­
tinued. 

Suppose the given aystea to be; 

"*L(x ) m AxHr"« 0 

»nere a l l the elements on the main diagonal of A 
are 1. Rises (B. Y.\Mlses and H. Follacsek-Geirlnger, 
"Praktieche Terfahren\ dar Oleiohungsauflosuag, Zeltschr. 
f. Angev. Math. u. Moo*., 9, (1939), 68-76) describes 
the following Iterative method together with conditions 
for i t s convergence* 
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A formula ha* been obtained giving an upper 
bound on the number of iterations required to ob­
tain a given accuracy in the solution. , The formula. 
vac tried on a 3rd order syetem and gave as the up­
per bound for the number of iterations needed a mi* 
ber approximately twice as large as the actual nvJctr 
of iterations that had to be carried out. 

(M. Iteniloff) 

Simulation of aerodynamic coefficients continued. 
Current results) 

1) Tor a fifth-degree parabola representing 
*;(t£ 0» 0) the error ie least aides'6 and Is of 
tna order of + 0f 2f, there. Che error is considerably 
larger, in fact, excessive, at the lower values of 
the angle of attack. 4;(1& 2£). 

2) It wae found that the parabola of lowest degree ' 
which tlmulates *,(£, 0, 0) (WBVT; B-38000-0 to B-38002-0 
incl-) with the degree of accuracy required (Cl£) Is a 
complete cubic parabola, whioh gives a max. rel. error 
of -*Ox 9%, and a max. abs. error of • 001 (̂ aC « 1 ). 
The latter parabola corresponds to minimum values of 
the differences of the variate. It appeare, therefore, 
essential for the calculator machine to recognise the 
order of the minimum differences, and contemplated 
coding procedures will take cognisance of the fact. 

3) The Newton-Cotes method used above doee not 
introduce ay smoothing of the experimental functions. 
A limited amount of smoothing seems desirable, however, 
and this indicates the use of a least-squares procedure, 
such as area-moments fits. To render the successive 
approximations Independent of each other, orthogonal 
functions (spherical harmonics) will be used as ap-
proxlaaUaf function in future work. 
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7.0 lapgT Ajp QU?TO 

7.1 ttOZ&fiXB. 

(H. B. Boyd) 

I participated in a conference at Eastman on March 
2, 1948. The question of separate or combined reader and 
recorder -units was discussed at length. The decision was 
to prepare the contract on the basis of six combined 
reader-recorder units and one film-processing machine. 

7.4 M^Atfn ^ g n r f l ^ 

(E. S. Rich) 

Circuits that will allow groups of pulses to be re­
corded in magnetic tape hare been built. The consecutive 
recording pulses may be of the same polarity or of oppo­
site polarity, and the length, the amplitude, and the 
spacing between pulses may be varied independently. Some 
data has been taken on the change In output-voltage ware-
form as the spacing between pulses Is varied. 

Since each output pulse consists of a positive and a 
negative voltage swing, a circuit which will convert these 
double swings to a single pulse of the proper polarity is 
required in the playback channel. The resolution that 
can be obtained between recorded pulses probably will de­
pend on this circuit as well as on the characteristics of 
the recording medium. The design of a suitable playback 
circuit is now under consideration. 

7.6 Output Printers 

(Frederick FOBS) 

Teletype equipment has been selected for the init ial 
printer application. A circuit has been designed which will 
convert numbers in coded decimal form, that are stored in m 
register, into equivalent Baudot teletype code signals. A 
modified transmitter distributor will be used in the genera­
tion of the teletype signals. Machine function orders for 
the teletype printer can be automatically transferred from 
this circuit or taken directly from the register. 
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g»0 STORAGE TUBES 

8.1 Tube Construction and Testing 

8.11 Tube Construction and Processing 

(T.H. Caswell) 

Work of the past two weeks has centered on construction of a 
complete storage assembly for the first large storage tube, 
working out difficulties in mechanical construction in the 
assembly and constructing Jigs for easy handling and welding • 
of these large elements. 

The structure is complete and ready for assembly. 
t 

Some time was spent on techniques of fluorasoent coating on 
the face of envelopes used in some of the R.T. series of tubes. 

(R. Shaw) 

A complete signal-plate assembly for the 5-lnch tube i s being 
assembled. A second assembly wil l be completed the week of 
March 8. Since tes t s have Indicated excessive oreep of the 
signal p late , two revised designs are being developed in which 
no load wi l l be borneby the plate except electrostatic forces 
and i t s own weight. 

(j.H.McOusker, T.T.Clough and P.Touts) 

Several research tubes were constructed and processed during 
this period. However none of these tubes processed sat is factori ly . 
The nonex tubing used In these tubes was faulty material. Hence­
forth we wil l not use this tubing for tubes. 

The vibrations of the vacuum system, which have been causing 
troubles, have been damped. 

Construction of dies for the vertical stem equipment has taken 
longer than anticipated. Honez stems have been constructed with 
hand working tools . 

Ve are ready to start the processing of five-inch tubes. Ve 
expect snne glass working and exhaust problems in the early 
models. 

Ve expect an experienced glass blower to Join the vacuum tube 
laboratory within a week. Our laboratory has been rearranged to 
accommodate extra help and adapted for an acoelerated tube con­
struction program. 
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8.12 Tube Testing 

(M. rioranoourt) 

BT 12 it a research tube constructed to test the modi float lone 
made on a low Telocity gun to make it useable at a holding gun 
for the 5" storage assembly. Initial tettt showed that beta 
current was about 1 ma for 1000 volts accelerating potential 
and that an evenly dispersed beam covering the entire face of 
the 5" tube was obtained in the pretence of no focus voltage. 
These Indications were entirely satisfactory. However, later, 
with the bean still unfocused, parte of it began to cluster, 
giving a mottled ring effect against a uniform background; 
beam current had decreased to about 600 Ma. Still later the 
beam covered lett and lett of the tube face and beam current 
decreased to about 15Pa. The tube was quite gassy which may 
hare accounted for the initial excellent' covering results and 
the ultimate degeneration of the cathode. It it interacting 
to note that when the tube vat turned on the second day, measurable 
entttion from the cathode did not occur for about ten minutes. 
The third day, emission did not occur for at leatt an hour. These 
eaietion delays were alto probably attributable to the gat in the 
tube. However, Indications are that the ratifications made on 
this low velocity gon to produce a suitable holding gun for the 
larger storage tubes may be adequate. Another tube will be built 
like this one to check the results at high vacuum. 

8.13 Storage Tube Damonttratlon 

(S.H.Dodd) 

All components in the demonstrator hare been connected. Operation 
ie not good enough for use of indicator lights. Large capaoitanoei 
at signal plate and undesirable transients have handicapped scope 
presentation. The unite and time intervals are being adjusted. 

Storage Tube Research 

8.21 Surface Material Characteristics 

(H.L.Heydt) 

The secondary emission measurement set-up hat been improved by' 
making nodi float ions which chiefly Involve more adequate shielding 
and relocation of parte and equipment. The resulting reduotlon 
in amplifier pick-up reduces by "jo£ the possible error la measure' 
aent of secondary and primary currents of low values, It i t thus 
pottlble to aake measurements using considerably le t t beam current. 
Such low current i t desirable in minimising fatigue in the secondary 
emission from surfaces under tett. 

The literature i t being examined for comments on fatigue la secondary 
•mission from eesiun-sllver surfaces similar to those considered 
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as possible storage surfaces, Such fatlgae was found to hare 
been observed and reported upon In a few oases. Further in­
vestigation of the literature concerning this matter will be 
made, 

8.23 Output System Circuit• 

(O.R.R,Campling) 

Memorandum M-252 which outlines a time schedule for output-
system development has been completed and distributed- To date, 
the work is running approximately according to this schedule. 
The gate-amplifier has been designed and a breadboard has been 
partially constructed. It probably will be completed and ready 
for testing by the beginning of next week - about one veek ahead 
of schedule. Tentative designs hare been worked out for the 
a-o ooupled clamp-circuit and the delay-line differentiator-
circuit Construction has begun on both of these. A new d-c ooupled 
clamp-circuit is being designed for use with standard VWI voltages 
(only those voltages which are available at present from the 
common supply system and in addition, + 500 volts) This task should 
be complete by March 15. 

George Hbberg has given valuable assistance in designing pulse 
transformers to be used with the delay-line differentiator circuit. 
Three different experimental transformers were designed and have 
been ordered from the Hew England Traneformer Corporation. Trans­
formers for tho transformer-ooupled circuit have not been in­
vestigated yet, but they should not be too great a problem because 
it will not be necessary to design them fbr exceptionally good low 
frequency response as was the oase with the transformers for the 
delay line circuits. It should be possible to build them here. 

To sum up: the work on pulse transformers is a few days behind 
schedule, while work on the delay-line circuit and gate-amplifier 
is ahead of schedule. 

6,25 Electro lytic Tank 

\ (fl.H.Dodd) 

Pieces of lucite for the electrolytic tank have been machined 
and partially assembled with G.E.Thinner and coll dope. Vork 
en this unit has been temporarily stopped because of more urgent 
projects. 

t5„3 Unclassified * 

Time Schedule 

(S.H.Dodd) A time schedule has been tentatively written for 
storage tube construction during the rest of this year. This 
included discussion of posnible lines of research and indloates 
under what conditions each line will be followed. The schedule 
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Is being made assuming an objective of constructing 32 useable 
tubes for WWI by the end of 19^8. A schedule for testing all 
tubes will be Integrated with the above program. 

(W.J. Solan) 

Work has been started on the changes whloh have been made 
necessary In the vacuum tube laboratory by the Increase In 
personnel and equipment In that a>ea> The anodlslng equipment 
has been moved to Boom ?26. The glass working bench has been 
moved Into the space formerly occupied by the anodizing equip­
ment. A second glass working bench Is being built and the 
annealing oven permanently connected. The spot welder was 
moved out by P. Caswell's benoh. 

(M. Tlorenoourt) 

There will be available In Boom 220, a file on each tube 
constructed by the storage tube group. The file on each tube 
will contain Its objective, an outline of Important Information 
or Its component-construction and processing, pertinent photo­
graphs, and the teet results. 

Deflection Circuits 

(John 0. Ely) 

Work on defleotlon circuits Is proceeding under the proposal 
Issued as M-2U3. Sketches of the circuit schematic are complete. 
Work on laying out the circuit has been started. It is expected 
that the layout will be far enough along by Monday, March 8, for 
the electronlos shop to start construction. Tine schedules for 
completion of layout and preliminary design tests should be ex­
tended one week from the dates shown on drawing B-31615, 

Preliminary design tests Indicate that regulation and ripple on 
voltages supplied to the switching oiroults and the output amplifier 
should not total more than • 1J&. Permissible regulation and rliiple 
on the voltage supplied to the decoder resistors is p»t by storage-
tube characteristics, and will be of the order of + l/Ujf total. 

An estimate of power required for WWI deflection circuits has bsen 
submitted to H.S.Lee. 

During the next two-week period preliminary design testing and 
layout work will be completed. Construction of the first deflection-
voltage generator will be begun, and a write-up of the design work 
and preliminary testing will be begun. 

(Louis J Nardone) 

Tests were performed on the output amplifier for the deflection 
voltage generator. Satisfactory operation was obtained after a 
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few changes of circuit elements, feat* are being made to 
obtain a greater voltage swing of the amplifier. The output 
voltage of the amplifier, as a function of the binary anaber, 
varied only slightly from linearity. 

• linear analysis of the amplifier to be used with Whirlwind 
Z was made. Results showed the gain to be 12.U, the input 
resistance 89*7 ohms, and the output resistance 10.U ohms. 

During the next two weeks, preliminary design tests will be 
completed and write up of design tests will begin. 

» 
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9.0 SERVOS AFP SIMOLATIOg 

9.1 Cockpit 

9-11 Structure: 

(X. 8. Prohaska) 

A study of variation in force applied on the controls 
per unit piston force with control position has resulted in 
the redesign of the linkage system to l imit this rarlatlon 
to 1056. 

P. Tilton i s checking with Mr. Ball of Boeing Company 
on the -Dossiblllty of Project Whirlwind acquiring the p i l o t s 
seat and rudder pedals now In Building 12-

i 9»13 Control Force Loading; 

(C. 0. Baton) 

The neoessary machine work for modification of the 
differential pressure regulator has been completed. The 
valve has been reassembled, and performance tests are being 
started-

9.2 Sampling Servo Stability Study; 

(V. Linrlll) 

The consideration of the variables 01 (input) and 
Oo (output) at only discrete values of time, namely at 
the sampling periods, allows one to write transfer functions 
of a sort analogous to the Laplace transfer functions which 
apply to continuous linear systems. The use of these 
analogous transfer functions allows one to predict the 
stability of the system even if the sampling swltohlng 
occurs within the servo loop. Unfortunately, the resulting 
transfer function* are quite complicated and considerable 
effort is necessary to deduce from them the time response 
of the system. More simplified analysis will be tried in 
an attempt to correlate more directly the time response 
and the parameters of the system. 
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11.0 FACILITIES AKD CETTR/L SlRVICE 

y J 11.1 fjJMaHHiM 

(J. H. Ulman, Jr.) Tba following material haa b«an received 
In the Library, Room 217, and la available to 634.5 paraonnal. 

$345 RfP9rtf 

E-103 ION Currant Maaauraaonta In 7AK7 and 6AG7 Tuba* M.H.Hayea 
J.J.O'Frien 

11-217 Daacrlptlon of Whirlwind I Codaa 
11*243 Propoaal for Deflection-Circuit Development 
11-245 Bi-Weekly Raport Part I Fab. 20, 1948 
M-246 Bi-W-ekly Raport Part II F»b. 20, 1948 
M-249 Meeting of Electron!ca Grotp Fab. 13 
M-251 Standarda Commlttaa Meeting on Powar Connaotora 
M-252 Propoaal for Inveetigatlon of Storage-Tube 

Output-Clroulta 
M-253 Vacuum Tubaa, Raytheon 
M-254 Weon Indicator* and Sookata 
M-255 Engraving of Whirlwind I Pan*la 
II-256 Fom of Chang* Noticea 
11-257 B-R*flat*r Layout, Sylvani*. Drawing Ho. W60BRO0-2 
M-258 7AK7 Conatruction 

C. W. Adam* 
J. 0. Ely 
J.W.Forr*atar 
J.W.Forr*at*r 
J.J.0«Bri*n 
H.Fahnaatoek 

C.Campling 
J.W.Forraatar 
H. Fahnaatook 
H. Fahnaatook 
R. Fahnaatook 
H. Fahnaatook 
H. Fahnaateok 

Sylv*ni» 

yfcaa fUti 
52 Prograaa Raport for WWI Electronic Computer for 

parlod Jan. 31, 1948 - Fab. 13, 1948 

62 Bulletin of th* American Mathanatloal Society-
Volume 53, No. 11, November 1947 

63 Solanoa - tha »oi*nti*t'* newaweekly 
September 12, 1947 

Flla Proceeding* of th* I.R.E. - A Journal of Communication* 
and Electronic Engineering, March 1948, Vol. 36, Wo. 3 

11.2 Standarda Committee 

(S. Abbott) 
The following apecificationa (M.I.T.) have been approved and 

dlatributed ainoa the laat report1 
Standarda - General Index 

Claaa P6.04 Connaotora 
Claaa P6.05 Knoba and Dlala 
Claaa P6.06 Fuaea 
Claaa P6.,08 Inaulating Materlala 
Claaa P6,ll Voltage Cella 
Claaa P6.17 Switohea 
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Claaa P6.19 Pulae Transformers 
Class P6.20 Tubes, Electron 

Tha followint specifications (tT'.I) have baan approved and 
dlatrlbutad alnea the last reports 

Class P7.16 Sockats, Tuba 
Class S7.21 Wire, Rook-up 
Class S7.503 Wiring Standards (Revised) 

Class P6.I4 Relays, Is at prasant In tha Drafting Rooa and 
will ba ready for distribution within tha nazt faw days* 

11.3 ffftfltftiK : Stack; 

(H. Morley) 

A meeting of Sylvan!a and M.I.T. paraonnal was bald with 
representatives of Walthaa Horoloploal Company to dlsouss powar 
connectors for WW. Datalls ara dlaoussad in Memorandum M-251. 
Samples ara balng obtalnad from Industrial Products and Waltham 
Horologleal Company. 

Samplaa of RF ehokas impregnated with a naw compound hava 
baan received from BB Chemical. Tha oompound doaa not appaar to ba 
haavy enouph to five tha daalrad protection. 

Tha Kardax cross-reference flla has baan complataly ravlaad 
to ccnform with tha naw standards book, and naw cards made up and 
placed In tha flla. The work of transferring current Information from 
the eld carda Is practically completed. 

A complete inventory of all standard items In stock has baan 
taken and tha lnventsry figures posted to tha Kardax file. An inventory 
of motors and transformers is now in progress. 

The majority of unplaced requisitions mentioned In the last 
report has been cleared up either through placement, or In oases 
where need for material haa expired, by cancellation. 

11.4 Electronic Construction 

(-1 Taylor) 

Electronic Construction underway on power supplies for ST group. 
Delays caused by lack of stock on hand. D.C, Plug-In strips beinp man­
ufactured for use en racks. 

(F. H. Caswell) 

Full time of two technicians and one-half time of one technician 
has been utilized for the past two weeks in lab. maintenance. The eons'truotior 
of the Plexiglass Blectroiy tie Tank was begun but temporarily discontinued to 
move the Anodisinp bench and Install and re-wire It in another room, relocate 
the glass working bench and rapipe it, and install another plass working bench. 
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One-half time of ane technician waa utilized in electranio irark. 
The apat welder baa alee heen removed from the pump roam end re­
located in the aterage tube lab. 

(R. Murch) 

The fellewing jebe and unite are in the Electronic Lab. far 
aenatructlan. 

1. 10 D C Bench outlet boxes. 6 oenpleted. Othera are being 
hold until new velteges and pin eennectlena have been 
decided on. 

2. Modifications to Single Pulae Synchronisers. Holding until 
Test Equipment Committee approvoa. 

3. Clack and Resterer Pulae Source. Formerly called Reetorer 
Clock Pulae J)lotrlbutor. All parts have been received for 
thia jab and It will bo completed abeut March 10, 

;. 25 Adapter Sockete. 13 completed. Waiting for Amphenol 
Sheila for balance ef jab, 

5. Cable layout for Accumulator. He work haa been dene an this 
as all the information needed is not availsble. 

6. Layout and Deeign of Rack Pewor Control Unit. Mod. 2. Apprex. 
2/3 complete. Will be completed as saan as information of 
Filament Tranafermera and relays far plus 500 valta la 
received. 

7. Whiffle Tits Electronic Switch for dieit #1 ef Multiplier. 
Will be completed today. 

3. 10 A C Circuit Breaker Boxes in machine ahep far machine work. 

y. Flip-flop Regietor. 

10. Experimental Binary Counter 2:1 «M 4.si. 

11. Deflection Voltage Generator. Work will etart an thia March P. 

12. Modification en P-5 Synchroscope to make a 2 gun acepe. 
There la apprex. 2 weeks wark for the lab. Thia lncludea 
aomo time that will be spent on the D C Voltage Changes„ 

11.5 Drafting 

(A. M. Falclene) 

1. On the 28th of February, the Drafting Room waa reorganized 
Inoofar as the physical layout waa concerned, Four additional 
drafting tables were received and placed In eccerdanoe with a 
prevlouo layout. 

<3A5 
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2. Soma tima apa a ayatan waa aatabliahad by tha Print Room ta 
inatora that aaoh af tha faur «aatar print fllaa waa kapt up ta data 
an all appravad drawinga and akatohaa. Hawavar, a aubaaquant chaok af 
tha fllaa ravaala that many prints pravlavaly ineludad ara naw 
misaing, *apaci,ally ta with tha Library Print fllaa. It la pasalbla 
that thaaa printa ara bain? ramavad by parsannal and nat raturnad. 

(Hugh R. Bayd) 
Tha library print flla la tha naatar print flla far tha 

labor*tary, and It la aaaantlal that ba kapt complata, 
Printa may ba ramavad fram thia flla by A. Falclono, T. Laary, 
and Mra. Rlohardaan ONLI. 

3. It la axpaotad that within tha next faw daya a lacking 
srrangamant will ba inatallad ta tha Library Print fllaa In ardar 
ta oamply with Saotlon I af Administrative Mamorandum A-55. All 
tracings will ba kapt laokad in tha plan fllaa arary night. 

11.6 Pnclaaalflad 

(Al Taylar) 

A 9Tf ayatam baa baan built and la naw baing taatad. It la 
ta ba uaad ta ragulata tha autput af tha D. C, Pawar Suppllaa. 

Tha machlna ahap i» naw making parts and jigs far tha S.T. graup. 
Thla wark canauaaa abaut 75% af available machinist tima. A 
small amount of chassis wark la balng dono. 

Arrangamanta hava baan mads ta obtain a pawar hack saw and small 
radial drill. 

(R. A. Oabama) 

XIHJUHASIII , 
Whirlwind I tlma aobadula farms (C-31626) hava baan diatribut-

ad to all canoarnod. A aaparata aobadula la to ba. nads, and kapt 
up to data, for all alamanta af tha oamputar plus auxiliary 
aqulpmant, and othar phaaaa af tha pragram such m taat aqulpmant, 
tha cockpit program, and air oanditianing. 
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1?,0 GflWKKAL 
(H. Fahnestook) 
Add a new Bi-weekly Report clAtelficatlon: ? . l 6 Basic C i rcu i t s . 
(H. Boyd) 
Hew Bon-Staff Personnel 

Flynn, Ernest - it a new guard and cleaner. He was formerly with 
Polaroid and lives In Cambridge. 

Brannlng, Mrt. Helen - It the new receptionist replacing Mitt Carney. 
She lives In Newtonville and it a graduate of Brimmer-
May and Greenbrier Jr. College. 

Rounds, Mitt Sarah - It alto a new reoeptlonlet and operator. She 
lives In Cambridge and it a graduate of Chapel Hill 
School, Wheaton College, and Cambridge Junior College. 

Norato, Mrt. Anna - it a tecr.etr.ry replacing Mre. Gilchrist who 
transferred to another department. She graduated 
from Jamaica Plain High School, Boston Clerical 
and Burdett College. Her work hat been at a 
stewardess on the Grace Lines, and at secretary 
at the Rich Construction Company. Her husband it 
a musician and they live In Bottom. 

Johnson, Mrt. Loyoa - it a teoretnry who will replace Mrt. Harvey 
when the transfers to another department. She 
attended Alabama College for Vomen for two years 
and wnt a secretary in Civil Service for four 
yearl. Her husband is a Havy Student at M.I.T. 
and they live In Cambridge. 

Thesis Students 

Horton, William - recently Joined the project to continue thesis 
work on the a-o flip-flop. This work was originally 
carried on by his brother, Bruce, who has left the 
project. 

Toss, Frederick - la an electrical engineering student and It doing 
a thesis with R.B. ttverett on output printers. 

Termlnatlont 

The following pertont have terminated recently: 

Mrt. Olga Gilchrist 
Ml si Lillian Carney 
John Survelat 
Bruce Horton 
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