






































































































________________________ OPERATION OF WHIRL WIND I 

The ERA reader moved the tape at 14 inches per second and required 2 inches for 

stopping. The Ferranti reader moves the tape at 20 inches per second {or 200 lines of 

information} and can stop the tape in about O. 04 inch, which permits line - by-line reading. 

3.2.4 Magnetic Tape 

Five magnetic-tape units are now in operation with WWI, each capable of storing 

over 100, 000 words, each of 16 binary digits. Magnetic tape is used primarily for delayed 

print-out, for permanent storage of utility programs, for equipment testing, and for con

version of Flexowriter-coded tapes into binary-coded tapes. 

A long-carriage Flexowriter to print or punch from magnetic tape has been installed 

{Fig. 3-5}. The new equipment, modified to permit programmed selection of punched or 

printed output, is now used extensively in preference to the slower direct-output Flexo

writer. The equipment has been enclosed in a soundproof cabinet to avoid annoyance to 

groups using the computer when the Flexowriter is typing out previously stored information. 

Fig. 3-5. Magnetic-Tape Units and 
Delayed-Output Equipment 
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OPERA TION OF WHIRL WIND I 

Maintenance of the Flexowriter print-ou.t system. has been im.proved by the addition 

of m.arginal-checking facilities. Equipm.ent has been added for rem.ote control and testing 

of the tape-handling m.echanism.. It is now possible to detect and correct troubles before 

they cause errors in operation with the com.puter. 

Reliability of the system. has been im.proved by the substitution of m.ylar-base for 

acetate-base m.agnetic tape. The m.uch stronger m.ylar tape has virtually eli:rninated the 

problem. of tape breakage. 

Investigation continues on the rem.aining reliability problem.s of insulation break

down and surface wear of the read-record heads and unsatisfactory life of germ.aniu:rn diodes 

and vibrator relays in the m.agnetic-tape-m.echanism. circuitry. 

3.2.5 Magnetic Drum.s 

The WWI com.puter utilizes 2 separate drum. system.s. An auxiliary drum. is used 

to increase the storage capacity of the com.puter. There is also available a buffer drum. 

having a lim.ited am.ount of auxiliary storage capacity which is used to increase further the 

storage capacity of the com.puter. 

The au:x:iliary drum. has been running with the com.puter for several m.onths. The 

buffer drum. has only recently been connected to the com.puter on a perm.anent basis. 

Operation of the auxiliary-drum. system. with WWI has been quite reliable during 

the past quarterly period except for occasional failures caused by writing between the slots. 

Inform.ation pulses are spaced at 8-J.1sec intervals around the periphery of the m.agnetic 

drum.s in WWI. The. current pulse which establishes the m.agnetic field patterns is of 2-J.1sec 

duration and is carefully tim.ed to fall in the sam.e physical location on successive write 

operations at the sam.e address. Spurious writing which takes place "off tim.e" (writing 

between the slots) alters the field pattern on the drum. surface and can cause faulty readout 

from. the drum.. This spurious writing is caused by power-supply failures which rem.ove 

bias from. the circuits in control of the writing proGess. A tem.porary, unregulated power 

supply, used for the bias voltage, is believed to have been responsible for som.e trouble; 

this supply has now been replaced by a perm.anent, regulated supply. An additional source 

of trouble is the im.proper sequence of rem.oving the supply voltages which occurs in som.e 

m.odes of power shutoff; power-supply control is currently undergoing revision to correct this. 

A co:rnplete system. of blown-fuse indication siInilar to that used in WWI has now 

been installed in the buffer-drum. system. The buffer drum. has also been connected to WWI 

supplies instead of to the separate supplies which were furnished by ERA. This change was 

m.ade to sim.plify the WWI power system. by reducing the num.ber of separate power supplies 

and to provide blown-fuse indication and voltage interlocks which were sim.i1ar to those in 

WWI. The buffer drum. is now available at all times for the use of prograrn.:rners. 
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4. CIRCUITS AND COMPONENTS 

4.1 Vacuum Tubes 

4. 1. 1 Vacuum-Tube Life 

The WWI computer operated for 1670 hours during the first quarter of 1954; several 

weekend holidays reduced the total time somewhat. 

Vacuum-tube life has been calculated for five different tube types as described in 

Summary Report No. 36. A summary of this information is shown below. 

Tube Type 

7AD7 /SR1407 /6145 

7AK7 

6080/6080W A/6AS7G 

5965 

6BL7GT 

* Last quarter 1953 only 

FAILURE RATE, PER CENT PER 1000 HOURS 

1952 

2.00 

0.26 

1953 

3.3 

0.43 

6.6* 

0.2* 

0.7* 

First Quarter 
1954 

1. 75 

0.5 

1.1 

0.4 

0.3 

The lower rate of failures of the group 6080/6080WA/6AS7G is particularly heart

ening, since this tube is a vital part of the magnetic-core memory now installed in WWI. 

The data for the last quarter of 1953 included a number of tubes which had failed on test 

for grid-to-grid shorts, which can cause no trouble in a majority of machine sockets. 

Most of the sockets of the group 7AD7/SR1407/6145 are now filled by 6145 tubes. 

The figures here seem to indicate that a lower failure rate may be expected from the 6145 

once the early-life failures are gone. These tubes are burned for 100 hours before instal

lation, but there see:ms to be a residue of early-life failures. The :majority of failures 

see:ms to occur during the first 2000 hours; not enough data has been gathered as yet to 

determine the exact behavior of the tube during this period. 

Experience on the 5965 and 6BL 7GT types continues to be quite satisfactory. If 

these preliminary indications are borne out by continued good life, both these types should 

be satisfactory for all but the most critical applications. 
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Reason for failure; number failed 

Total in Hours at Change in Shorts, 
Type Service Failure Characteristics Opens Breakage Gassy 

C16J 12 2000-3000 1 

0-1000 1 
C6J 8 19000-lO000 1 

22000 -23000 2 

OA3/VR75 4 

VR75 20000 -21000 1 

OD3/VR150 23 

VR150 1000-lOOO 1 
15000-16000 1 

2C51/5670 47 

5670 9000-10000 2 
11000-12000 1 

2D21/5727 191 

2D21 no clock hours 2 1 
1000 -2000 2 

3E29/829B 141 

2000-3000 1 
4000-5000 4 

3E29 
10000-11000 1 
13000-14000 1 1 
15000-16000 1 
23000 -24000 1 

5U4G 15 0-1000 1 

5Y3GT 6 0-1000 1 

3000-4000 1 
6AG7 81 13000-14000 1 

22000 -23000 1 

6AK5/5654 13 

5654 0-1000 1 

6AS7G/6080/ 
6080WA 718 

6AS7G 16000-17000 1 
20000-21000 1 1 

0-1000 1 1 
6080 2000-3000 1 

3000-4000 1 3 

0-1000 1 
60BOWA 1000-2000 1 

2000-3000 1 

6AU6/6136 244 

6AU6 2000-3000 2 

6BL7GT 473 2000-3000 2 

6L6G/5881 53 

7000-BOOO 1 
8000-9000 3 

6L6G 10000-11000 1 
22000-23000 1 1 
23000-24000 1 

0-1000 3 
5881 1000-2000 2 1 

4000-5000 1 

6SH7 29 0-1000 1 
1000-2000 1 

Fig. 4-1. WWI Tube Failures 
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January 1 

Type 

6SN7GT 

6V6GT 

6X5GT 

6y6G 

7AD7/6145/ 
SR-1407 

7AD7 

6145 

7AK7 

llAU7/5963 

llAU7 

5963 

715B-C 

715C 

5651 

5687 

5965 

5998 

Total in 
Service 

363 

30 

l5 

3Z1 

3981 

l838 

40l 

lZ4 

36 

105 

606 

34 

Hours at 
Failure 

17000 -18000 
llOOO-l3000 

l3000 -l4000 

18000 -19000 

0-1000 
5000 -6000 

10000 -11000 
Z1000-ZZ000 
2Z000 - l3000 
l3000 - 24000 

0-1000 
1000-l000 
lOOO-3000 
3000-4000 
6000-7000 
8000 -9000 

10000 -11000 
11000-ll000 
ll000 -13000 
15000-16000 
16000 -17000 
17000 -18000 
18000 -19000 
Z1000-ZZ000 
ZZOOO -l3000 
Z3000-l4000 

0-1000 
1000-Z000 
lOOO -3000 
3000-4000 
4000-5000 
5000-6000 
6000 -7000 

0-1000 
1000-l000 
lOOO -3000 
3000 -4000 
8000 -9000 
9000-10000 

14000-15000 
16000 -17000 
lOOOO -l1000 
ZlOOO-lZOOO 
ZlOOO-l3000 
Z3000-l4000 

8000-9000 

lOOO-lOOO 
2000-3000 
4000-5000 
9000-10000 

10000 -11000 

no clock hours 

0-1000 
Z2000-l3000 

0-1000 
7000-8000 
8000 -9000 
9000 -10000 

10000 -11000 

no clock hours 
1000-l000 

0-1000 
lOOO-3000 

March 31, 1954 

CIRCUITS AND COMPONENTS 

Reason for failurej number failed 

Change in Shorts, 
Characteristics Opens Breakage Gassy 

1 
3 

II 

Z 
7 

10 
lZ 

lO 
14 
4 
1 
3 
3 
1 
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4. 1. 2 VacuuIn-Tube Research 

During the past quarter intensive experiInental research has been conducted on 

transient changes in oxide cathodes as described in SUInInary Report No. 36. 

It has been possible to Ineasure the pulsed and direct-current eInission froIn oxide 

~ cathodes over a wide range of teInperatures (deterInined by therInocouple); a Richardson 

plot sUInInary of the data for one tube is shown in Fig. 4-2. The predicted value of d-c 

eInission is shown superposed on the experiInental plot. The Inagnitude of the predicted 

values is approxiInately correct (the prediction aSSUInes that the donors carry a constant 

positive charge equal to that of one electron), but the slope of the predicted d-c eInission 

does not correspond closely to the observed value. Very siInilar plots have been obtained 

for other tubes. 

Very precise temperature control is required in order to obtain good Ineasurements 

of coating resistance by the retarding-potential technique. The allowable deviation is less 

than 0.1 degree at 800 K. Such stability can be maintained adequately for pulsed Ineasure

ments, but difficulties are introduced in 

d-c IneasureInents by the power reInoved 

froIn the cathode by eInitted electrons in 

overcoIning the potential varrier of the 

work function. It has been possible to 

Inaintain adequate control for steady- state 

work; however, satisfactory transient 

measureInents of the coating-resistance 

change have not been Inade because the 

control of teInperature within necessary 

limits could not be accomplished. 

Measurements of the changes in re

sistance in the transition pulsed to d-c con

ditions have been COIn pared to the change 

in eInis sion for the saIne transition. The 

two changes are not compatible with theo

ry, as the resistance change is Inuch 

smaller than predicted. The explanation 

for the discrepancy has not yet been found. 

With very general assuInptions it can 

be shown that the recovery (constant teIn

perature) of cathode eInission after direct 

current has passed through the cathode 
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________________________ CIRCUITS AND COMPONENTS 

for some seconds follows an exponential, with some initial higher-order ter:m.s which die 

out quickly. The cathode emission must be expandible in a Taylor series as a function of 

the number of donor centers at the emitting surface. The time constant of the decay pro

cess after the higher-order terms died out is 

In this equation d is the coating thickness, and D is the diffusion constant. Using this equa

tion and experimental decay curves, the diffusion constant for donors see:m.s to be about 

1. 5 x 10 -6 cm. 2/ sec at 850 K. The diffusion constant thus determined is 3 x 10 5 greater 

than the diffusion constant determined for barium in cathode at the same temperature .)!< 

However, checks on this constant with three different cathodes give about the sa:m.e results, 

indicating that the whole cathode is involved in the diffusion process. 

4.2 Component Replacements 

Fig. 4-3 lists the replacements of components other than tubes during the first 

quarter of 1954. 

* Bever, R. S., Journal of Applied Physics 24 1008, 1953. 
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CIRCUITS AND COMPONENTS 

Total in No. of Hours of 
Component Type Service Failures Operation Comments 

Capacitor 0.01 
4525 1 2000-3000 Shorted ceramic disc 

D-358/1N38A 4617 

D-358 1 11000-12000 Drift 
2 19000-20000 1 drift; 1 shorted 
2 21000-22000 Drift 
1 22000-23000 Unstable back resistance 
1 23000-24000 Unstable back resistance 

IN38A 2 0-1000 Low Rb 
1 3000-4000 Low Rb 
2 7000-8000 Low Rb 

Crystal 1 16000-17000 Low Rb 
Diodes 1 17000-18000 Drift 

D-357/1N34A 16469 

IN34A 5 0-1000 Low Rb 
6 2000-3000 Low Rb 
4 3000-4000 Low Rb 

D-359/1N56A 466 

D-359 2 20000-21000 1 shorted; 1 drift 

IN92 71 2 1000-2000 Drift 

25000-ohm 
36 1 1000-2000 Irregular taper 2-watt 

Potentiometers 
lOOO-ohm 

25-watt w/w 160 1 19000-20000 Open 
ohmite 

1 
9000-ohm~-watt 

+1% car on 842 2 0-1000 1 inte rmittent; 
deposited 1 above tolerance 

1 
2500-ohmI -watt 

842 1 0-1000 Above tolerance +1% carbon 
Resistors aeposited 

1 
220-Ohm.~-watt 9292 1 5000-6000 Above tolerance compOSI Ion 

680 -ohm I-watt 
40 ~5% composition 2 0-1000 Burned out 

Switch SPST 
5 1 12000-13000 Defective Part No. 2201 

Timer 0- 15 minute 
3 1 22000-23000 Overheated Cramer 

Transformer Pulse, 
238 1 0-1000 Open primary S-193-8 5:1 

Fig. 4-3. WWI Component Failures January 1 - March 31, 1954 

58 



5. ACADEMIC PROGRAM 

5.1 Advanced Seminars on Computing 

These seminars provide an opportunity for the exchange of information on program

ming, components, logical design, and general developments in the computer field. The 

program during the last quarter was as follows. 

Date 

January 8 

January 15 

February 19 

February 26 

March 5 

March 12 

March 19 

Title 

The Revised (30-j, j) Programmed Arith
metic Subroutine for the CS II Computer 

The Revised Conversion Program for the 
CS II Compute r 

Output for CS Computer 

Multi-way Post-Mortems and Automatic 
Logging of Computer Operations 

Magnetic Core Memory 

Magnetic Tape as Used for Auxiliary Stor
age and Delayed Printer 

Memory Test Computer 

5.2 Programming Course 

Speaker 

F. C. Helwig 

J. M. Frankovich 

J. D. Porter 

D. Combelic 

w. N. Papian 

H. H. Denman 

P. R. Bagley 

The DCL CS II programming course was given twice during this quarter. The 

course includes the following topics: relative addresses, temporary storage, floating 

addresses, preset parameters, programmed arithmetic, cycle counters, buffer storage, 
-

automatic output, post-mortems, and multi-pass conversion. The text for the course is a 

programmer's manual written by mernbers of the S&EC Group. 

The 35 students enrolled during this quarter represented the following groups: 

Aero-Elastic and Structure s Research Laboratory, Instrurnentation Laboratory, MIT Elec

trical Engineering Department, MIT Chemical Engineering Department, Dynarnic Analysis 

and Control Laboratory, MIT Mathematics Department, Lincoln Laboratory, Geophysical 

Analysis Group, Laboratory for Nuclear Science and Engineering, Solid State and Molecular 

Theory Group, MIT Geophysics Department, and MIT Meteorology Department. 
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5.3 Visitors 

During the evening of January 19, the Digital Computer Laboratory was host to 70 

members of the American Society of Heating and Ventilating Engineers. The evening's 

program consisted of an after-dinner lecture on digital computers given by Edwin S. Kopley, 

a tour of the WWI installation, and demonstrations on the computer and Flexowriter equip

ment. 

Tours of the WWI installation are conducted between 5 and 6 p. m. on the first Tues

day of each month. They include computer and Flexowriter demonstrations and an informal 

discussion of the major computer components. During the past quarter the following tours 

were conducted: 

January 5 

February 2 

March 2 

6 MIT students and staff members 

9 MIT and 3 Los Alamos personnel 

2 MIT students and 4 Project Lincoln personnel 

5.4 Spring Term, 1954 

Twelve students are enrolled in the Electrical Engineering subject 6.537. Each 

student has programmed, prepared on punched tape, debugged, and executed on Whirlwind 

one problem of his own choice. Two of these class problems are also to serve as senior 

theses, and one other will be continued this summer as part of a Master's thesis. 
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6. APPENDIX 

6.1 Reports and Publications 

Project Whirlwind technical reports and memorandums are routinely distributed to 

only a restricted group known to have a particular interest in the Project, and to ASTIA 

(Armed Services Technical Information Agency) Document Service Center, Knott Building, 

Dayton, Ohio. Regular requests for copies of individual reports should be made to ASTIA; 

emergency requests, to John B. Bennett, Digital Computer Laboratory, 211 Massachusetts 

Avenue, Cambridge 39, Mass. Att: Code DCL-6. l. 

The following reports and memorandums were among those issued during the first 

quarter of 1954. 

No. Title 

SR-36 Summary Report No. 36, Fourth 
Quarter 1953 

M-2527 Input and Basic Conversion Programs 
(Supplement 1) 

M-2603 Marginal Checking Breakdown of 
the Instruction Frame 

M-266l WWI Operation Times 

M- 2669 Use of Silver in Etched- Wiring Cards 

M-2670 Logical Networks, II - Binary 
Network Algebra 

M- 2728 Increased Facilities for Visual 
Display in the W WI Input and Output 

M-2729 Paper Tape Units and Printers in 
the WWI Input-Output System 

6.2 Professional Society Papers 

Date 

1-18-54 

1-6-54 

2-1-54 

2-3-54 

2-3-54 

3-17-54 

3-15-54 

Author 

P. R. Bagley 

R. J. Pfaff 

H. H. Denman 

A. L. Loeb 
B. B. Paine 

R. C. Jeffrey 

G. A. Young 

G. A. Young 

At the 18th Symposium on Ceramic Dielectrics, held at Rutgers University on March 

10, F. E. Vinal presented a paper entitled "Ferrites with Square Hysteresis Loops." 
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F. E. Vinal also spoke on "Preparation of Ferrites for Physical Measurements" at 

the New York Academy of Sciences on March 2. 

W. N. Papian gave a talk on "Coincident-Current Magnetic-Core Memories" at the 

meeting of the Boston Section of the IRE, held on February 18 and 19. 

At the Sixth Southwestern IRE Conference, held in Tulsa, Oklahoma on February 

4-6, D. Combelic presented a paper entitled "Introduction to Electronic Digital Computers. " 
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