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Project Whirlwind
Servomechanisms Laboratory
Massachmsetts Institute of Technology
Cembridge, Massachusetts

Jay ¥. Forrester

(P, Franklin)

Methods of lessening round-off error reported in
M-239, A possidble new order was defined in M-240, A
comparison of possible mothods of curve-fitting with
the interpolation methods prevional;r used has besn
|tartod

(C. W, Adams)

A study of the orders eo far adopted for WWI has

been completed and M-217 giving the results should

soon be availeble. To a brief description of each
order (taken from M-137) has been added a statement of
vhat remains in AR, BR, AC and SX after the operation
is completed. An 1ndioation is given of the method
used to handle sign and to check for overflow, and
small peculiarities of some of the orders are noted,
M-217 also includes several orders which have been
recently adopted and not heretofore described.

Coding of double length aritbmetic operations is
now being undertaken., This should lead to an estimate
of the increased storage space and computing time ip-
volved in working with double length mmbers.

(Edgar Reich)

Memorandum M-239 entitled "Order of Combination
of Aritimetical Operatione for Minimum Round-Off Error”
hae been distributed to the Mathematice and Block Dia-
gram groupe. It summarizes results obtained by von
Neumann and Goldstine regarding s-place arithmetic.

far-n?l.m methodes for the solution

L]
)ar algebraic equations is being
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6.0 lwmuncs (Continued)
(M. Daniloff)

Studies reported on in the last two reports were '
continued, New resulte are; |

I. The equations of motion of the aeroplane (Cf. rep.
of Jemuary 23, 1948) etill contain two functions which
mugt be stored, namely: the sine and cosine of the
effective angle of attack., These equations have now
been modified, so as to avoid the necessity of storing
these two functions. This has bgen achieved by the
introduction of two auxiliary equations and variabdbles,
8o that sina and ocosa are automatically calculated
for the instant of time under consideration.

II. 1) In simulating aerodynamic coefficients by
polynomials fitted by least squares it has been found
that all coefficiente of the first terms of the normal
equations can be calculated once and for all and stored,
provided the independent variable is normalized as a
preliminary step. The dependent variable need not be

’ normalized. The schems resulte in a very sppreciabdle
saving of orders and time of calculation. (This proce-
dure is not identical with the method of spherical
harmonics) ,

2) It has been found that least scuares fits
over the entire range of the functions give a larger
error (up to 13%), than partial fits through critical
values of the function (4%). Consequently, in future
attempts, funotions will be approximated over partial
ranges,

3) Simulation of £,(a,SF, 'g.4,)  &iven on
B-28000-G to B-28002-0 started,with O¢a <  10°
(according to M-6); partial resulti:
£,(a,0,0) = 0,029 + 0,0856q ~ 0,006a(a -
41,667 x 10, al(a~2)(a-4) + 16,626 x 10~
4,427 x 10" ala~2)(a-4)(a~-8)(a~8)

(a -~ tn degrees) Maximum errors: = 0.9% at a=6°, = -0.5% at a=9°.

2) ~

8 ala-2)(a-4)(a-6) ~

While the order of the parabola used (6-~th) may, at
firet glance, appear excessive, the magnitudee of the
errors indicate that a lower degree parabola might not
echieve the desired degree of approximation in the
elmulation (€ 1%). Experiments are currently being
conducted to determine the lowest degree of a parabola
which will eatlefy the requlrements as to the accuracy
of the eimulation.
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7.0  INPUT AND QUTPUT
7.1 ZEastman Kodak Recorders

7.8

7.3

(H. R. Boyd)

P, Crawford at Special Devices is working on the
contract with Eastman for the film units, and we re-
viewed the specifications with him this week. Eastman
is being asked to provide for the use of WWI voltages
and marginal checking methods where poseibdle.

Analog %o Binary Copversion
(¥. K, Linvill, C. R. Wieser)

Conversion of shaft position to binary data by
means of commutators has been studied further. This
method has been examined particularly as a mesns of
obtaining coarse and fine binary position signale from
a servo driven shaft. These signals would bes sub-
tracted from computor coarse and fine signals to ob-
tain coarse and fine servo error signals (binary
numbers). The fine error signal would be decoded and
used to control the servo motor under normal operating
conditions, ad the coarse error signal would be used
only to make the system self-synchronous. This system
seems femsable with commutators of reasonadble size and
angular resolution, and further study will be made.

Bipary to Analog Conversion
(E. W. Sard)

R RRPEY W U AL WA

The large dependence o  the output of the four
digit serial bfnary coder on the shape and amplitudé of
the input trigger was remedied by using a gas-tube (sug-
gested by H, Kenosian) as the first stnge instead of an
R-L-C peaker.

However the Bell Labs decoder (more accurately known
as the Shannon-Rack decoder) is still dependent on shape
and amplitude of the coded input digit pulses. A de- b
coding circuit in which a dslay line with proper termina- 1
tions replaces the Shannon-Rack decoder seems to be much
less sensitive to coded pulse shape and amplitude and
equally accurate. Less sensitivity to coded pulee shape
and amplitude may be obtained i{n theory by forming stan-
dard gates from each of the coded pulees using a flip-
flop rezet through a delay line, with tha two plate

voltages clamped to regulated power gupply voltage 'he

1

atandard gates are then fed to the delay line of the
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7.3 Bipary to Analog Conversion (E.W.Serd, Contimued)

All the previous methods of decoding mentioned
have been converting pulse code modulation to pulse
amplitude modulation. However, conversion of pulse
code modulation to pulee width modulatfon seems to
offer much greater peseibdility of accuracy, and also
to be practicable bacause of the long intervals of
time between successive decodings in the computer
application. A tentative block diagram of & method
of conversion from pulse code modulation to pulse
width modulation has been drawn up.

7.4 Magnetic Recording

(Bdwin S, Rich)

Data to show the variation of output-pulse lebgth
and amplitude with changes in input-pulse length and
amplitude for a Vicallon recording medium has been ob-
tained. Plote of this data indic~te some significant
characteristice ofthe recording process. The results
are uescribed in some detall in my Thesis Progress

Report #5.

An investigation of the resolution of recorded
pulses 1s now being conducted.

7.5 Unclagsified

(J. A. O'Brien)

Decimal-Binary Copversiopn. Work on the decimal to binary

~ converter has been discontinued, and the present plan
ie to allow the computer to do the conversion.

7.6 Qudgut Printers

(F. A, Foss)

An investigation of the relative merite of different
types of output printing equipment is being conducted.
Methods of obtaining the different printing machine funec-
tions are in the design stage.
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. 8.0 STORAGK PURES

8.1 Tube Construction and Testing

€.11 'Tube Construction and Processing

(R.Shaw) The fonowing work is being done on the stcrage
assembly for the five~inch tube:

Fixtures for production of mesh support ring will be com-

pleted February 21. A esignal plate assembly ies being made
for mechanical testing, using parts that are unsuitable for
use in tudbes. A usable assemdbly is being made concurrantly.

Tests Oon warpage of el plate during de~gassing should
be completed February 24.

(J.McCusker) Research tube mod. 5 was processed with Barta
Building facilities. This tube will be used to study the
secondary emission properties of cessium.

The following anodized 2 S alumimum targets were vacuum
fired with RLE facilities.

1-3/8" Dia. - 18, 820, 822, S23
4.1/8" Dia, - LS1, LS2

Tests were run on both vacuum systems in the Barta Building.
Both sgystems are vacuum tight, dbut the NRC ion gauge wan
found to have bad electrical leakage.

A series of reports on vacuum tube nrocessing based on our
past year's experience with FLE facilities and library ressarch
ie being prepared.

(F.H.Caswell) The following tube elements were constructed and
envelopes coated with“Dag"for:

R.'I.‘.g )Tubes to study properties of caesiated silver

R.T. ) ;

R.T.11 Tube to study focusing properties of new
secondary emmieaion tube.

R.T.12 Tube to study current density of new type
holding gun.

Photographs of tube slemsnts and tubes are kept up to date as the
tubes ars constructed.

Parts for future tubee are always under construction, such as
i modified electron guns, various elements for future assembly and
alumimum surfaces for arodizing.
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