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Nothing about:
Science
Non-conservation of parity,
Liquid and solid He-3,
Gravity-wave detection experiments,
Non-IBM applications
First hydrogen bomb, 1951-2
Arms control such as ABM Treaty of 1972 and Comprehensive Test-
Ban Treaty of 1996,
Nuclear power
Near-real-time 1imagery from space,
Putting out the 500 burning wells in Kuwait in 1991,
BP o1l spill of 2010,
Fukushima Daiichi reactor meltdowns of 2011, etc
-- all but the first of which were done after I joined IBM in
December 1952
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And here 1s the sort of thing I will talk about, but there are too many,
so I have chosen six.

Computer technology
Spin-echo serial data storage, 1954

Thin-film-cryotron computer technology and the (first) IBM
superconducting computer project, 1956-

Carrier-current remote answer-back in Lever House, 1955

Copying and printing technology

Choice of organic photoconductor technology for the IBM ..
copier, 1965

IBM 3800 240-page-per-minute computer-room printer, 1970-
Misalignment-tolerant (book-mirror) optics for laser printers, 1980
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Human-computer interaction
Gaze-controlled computers, 1981
Nose/head-controlled computer, 19827
Touch input for color monitor on original IBM PC, 1980
and Touch-input smart lecterns, 1982

"Air bag protection" for laptops, 1993

Algorithmic mmnovation

Fast Fourier Transform (FFT—Cooley-Tukey algorithm), 1963
-- since 1970, mostly joint work with Jim Levine and Mike Schappert.

Questions welcomed, also by email or in small meetings later. Dick is
RLG2@us.ibm.com
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Aug. 29, 1967 R L GARWIN 3,339,165

MAGHETIC SWITCHING DEVICE
Filed Now, 30, 1958

INVENTOR
BiCHARD L. GafmiN
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R L GARWIN 2,810,108

SPIN ECHO MEMORY TECHNIQUE AND APPARATUS
3 Sheets-Shoet 3

Oct. 15, 1957

Filed July 15, 1955

%
i
RE—ra I
,_,___:._\___.Jl: e —»
Echoas : w
—— —
4 'T-u=|-’1
Time ——a
27 =1 =
P N o e —————————— et
choes -“—A-"J r:

_09/20/2017_

LR J

RLG's IBM-Related Work 1952-1993_slides.doc

INVENTOR.
rchond L. Gt

. AN Vi Dnwrentin & dhinely.

Slide 6



§

STYLUS

DISPLAY OR
TABLET AREA

-

— BLACK & WHITE REFERENCE
—AUXILIARY PHOTO DETECTOR
DIODE LASER
PHOTO DETECTOR

BEAM SPLITTER

SCANNING
MIRROR

e—— RETRO- REFLECTIVE
FENCE

.

FIGURE 1l: Device geometry and parts

arrangement.
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1976 ITL Heeting on Gisplays

: A - . v @ viewino distance of 30 ¢s, hemispherical emission
Juane S-=4, 1976; Kinoston, HY

wobld pot the emitted light into a BOOG S M area; a Very
Stricted Megit pupil™ of 1 cm atgh by W0 ocm wide woola

cecupy 10 5o cm; illuminating the viewer's pupils only woold
IMFACT OF LISPLAY TECHNOLOGY Ledquite less thal 2 59 cm. Thus the esitters for thisz lest
0L CAPALILITY for :uulﬂ ieuu%fi unly iT{JUﬂilthetJISqﬁ} THLPEL at u?;?
" 5 3 AT T - N TR i e e B I o e ] +Inl L= o Satura ¥ e displa B 118
TRACRIde OF EYE POSITION AND CENTER OF ATTENTION e iu be aajnsted either manuulli'ﬂr ¢utunailcilly fo thas
. - Lhe restricted  exit pupil does indeed cover the viewer fs
e .i“, WTe - Juch a  directional source wouli then allow, tor
E.lL. Garwin t-b6zZ-2555 nstance, a laser source of a fractlon of a milliwatt, if a
IEE fellovsGencral Scicnces Dept. Fatt woald havwe been necessary onh oa satte Scpeel.
-4 3
ikl Thomas J. Watson Kesearch Center The Hodak Bktalite 120 sicrofiche viewer has such a
Yook town Ht=, NY 10594 EL'.',..tL':Lt'.T.--.(_II c_.n._.Lt pupil, and it ix able tu gse a ual.f.t:r_'p to
vperate  its bulb  rather than  the 150 watt bulb woich is
Pypical of  otper viewers. Fio. | cketches the ellipsoidal
Birror optics of the viewer: & real image 1s  formed on the
EY BE=FOSITION SENSING {vast reductiuvn in recuifenent  for FAETOC,  dnien is uiluminized seli-skinned foan plastac,
emitted light) CLIANELY g lar  enlagging the exit pupil. The rolarvid
oX CulEeTa  VieWlhy System ofes o sipilar techhivue; the
Tome  oypes of  light  sources providie light which is sliipsoidal mirrer of  f1o. 1 is  replaced by the Fresnel
inhezently hiehly directional (#-0., lasers): other Ly pes,
althowsh nearly isotropic enitters,  are very small fe.a., 06,07/76 "Impact of Display Technolegy of Capability for Tracking of Eye
LELS) and  =ay have @ greater eneruy per Unit area than ie fonition and Center of Attention,” 1976 ITL Mtg. on Displays,
gecessary in the display itselr. The latter say be June -9, 1375, Kingsten, NY. (0807TA Tepi
fagnified by lenses attached to  the epltters, converting

then into lerger effective eAitting  &0eas and at  the Same
tioe redocing the sSolid angie of the emitted Liybht 50 that
the caitted energy is constant . Cleariy, 1f the small solid
anyle can be  directed at the viewer's eye the light zource
need net  be 50 powverful  as if all the emnitted light were
scattered isotropleaily by a matte SCCeen.
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shows now an additional moving wirror can be added
(I in order to make & sealler exit pupil  an the

FAGE 2 Flia.
T the RO

vertical dipension. The light can Le converged herizontally
ELrTar shewn in Fig. la, where the angles of the ellipsoidal Uy mOANting the lenses [orf the individeal LEDs on a slightly
Birror have been  Lransferred T a plane. Cont rolled fnaller pitch than the LEDs thesselves.
dlopersion of the 1light from the real ipage on the Fresnel
sirror iz obtained by impressing  the Fresnel shape with a Fie. 3 iz a block diagram of the chall-erit-pupil
master whose surlace has been nodified with shallow circular iisplay.
tovesses (we Would use anisotropic indentations if we wanted
To obtain  the two-eye, 1 eom by 106 cr exit pupils pairs of
canted indentations if  we wanted two distinct 1 ce oy 1 cn THACET WG OF TGVER Chid IMFROVE  INTERRCTIVITY AND REDUCE

it pupils for the two eyves). DLZFLAY WRQUIEEZMENIS.

The Hktalite 120 viewer is swmall enougn te swivel easnlly

O Lher desk Lo kove the exit popil side-to-side to cover thae . The fovea ol the eye 15 provided with a denser array of
CYesg vertical  adjusteent is done by e two-finger InClanp FeELEULE  than is  the resainder of the retinag the wvisuwal
e chal 150 . in general, one couid s=ell a stripped display aulty in the Toveai 1 deq 1s about (0.2 mr (milliradians)
“1th wanual adjustwment ol the restricted exit papil, with a #hzle that for the cest ol the eye iz about 2 wr. If a
wore wxpensive nodel tracking the viewerss ©ye and adjusting chaTacter display 1f ured to present 66 lines of characters,
fteelf. This 15 analuvous to the avto-refocus opticnal on with 2l piiel rer character vertical pitch, the viewing
many home slide projectors for about %20 increment. Eye distance ana size of display should be such as to match the
tracking  can  make effective u=e  of  the retrorerlective Lrald lane vo the 0.2 pr visual acuity. Zince 1 dog is about
pooperties of the eye as  an imaging System (Cp. "Laboratory e wr, only  Tosl.d or ol pixels vertically-—- #§  character
Uoulometer™, WASA Contractor deport NAZA Ch=14:22 by Jdohn iiles—= ale seen sharply at any time, and only five or six

Ferchant== Honeywell ladiation Center—- October THe4) , or CharacisTe norirvontally. I have viewed scones (mot text)
coidld track on a retrorerlective jewel clippea to the bhridoe

oL an orinary pair of glasses. It iz impartant to note

that fome displays (e.9., ROLED) have much of the aechanism

required to do this tracking function, s=o that the added

cost for the function is wery such a function of the Lype of

dizplay, as ir the reduction in the dizplay cost.
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through & aual resolution systes which satches tae visual
aclty ves. poerition, and find that one has the impression of
hich acoity wewecywhere. The key point  is that a display
neesd  provide only 160 x 100 high-acuity  elesents in o the

center  of the field, and not  {6b x 20) scuared Lut  only j. How track the fovea¥
[ee % &) sguared elements in the periphery. Thi= 30,000 the HASR pelerence gives 08 one way—-to compare the position
paxel display can be a very different beast fros  the full al the corneal alint with the center of the briaht {becanse
Spll, GO0 pixel display. Indesd, only 17100 the data need retrovellective) pupil. Alternatively, and briefly, if the
e transferced to the display  head (although if it is difplay user aighly=-limited exit pugpil, there i=s  enouahn
Character coden the benetit 1g less) , and video refresh over ligkt returned from the Tetina to the neighborhood of the
roaest pandwidth lines becores possible. dzeplay LED= themeelves to map the retina: cross-correlation
Gl feature identification of the retina <an then be used in
Z. rossible benefics are thus: sach @ dasplay  with little aaditional mechaniszi. Thais
. Ceilcea bandeidth, netnod eould alsoe provide verilication of the identity of
bo eYE-LEl capapility, the display user, since retinal features are guite specifie
C. reduced mechaktical and optical TeCUlTensnts Lor Some to the Individual.

kinds of display.
In (o), it ir clear that a video display could be built of a
LOLEL of about 00 coarse LEDS horirontaliy, if the imaage of
snother G0 fine Libs couwld be movea horizontally by  a
galvanceeter nlrror anywhere in the field that the fovea is
directed. The corresponding coarse LEDs would be turned off
in the reqgion of overlap.
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H.L. Garwin June 7, 1976
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Fig., %, In RD.EJ Llf’iler, use of auxillary mirror M_ to take light at
cqrqrant angle from the LEDs as the main scaqn||g mifror H

rotates.
This allows use of LEDs with smaller emission solid
~ 4 angle.
T — —— — — . - — ———es—— — -— [ ——
] \r %
1 1
- --H Light source with Means to direct] |Means to track
R R L small &émission solid centeal ray of position aof Filter
Fig. 1. Real image formed on ellipsoidal F Flg. la.Fresnel mirror, aﬁllc - . Soutég ave _J
mirrar He‘ exit punll size controlled by haze. Mr‘ as alternative to M =
e
Figp. Block dlagram

of display using servoed exit pupil
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PERFORMAMNCE OF AN EYETRACKER FOR
OFFICE USE

Janirs L. LEving
With Technical Assistance from MacHAEL SCHAPPERT
1EM Thomas | Watson Research Cenver, Workiown Heighee, MY 105893, US4

1Rrcered ) Seprember 1951 ir revieed form 15 Febraary 1985)

Abstrmer— The design, coniliustum and perlormance of an evolracker = discussed. The device
provedes real-time aignaks going the deection of o wsers gase, wilha precizion of 3 degrees of arc and
an wpadan: time of 17me 11 & usable by 2 wide ramge of subgects in normal office-type conditions

E:ﬁ!Lr.i:hH’ Imilrarad F'lel-l.rclrl'n'.‘.l Wb Cadd T Sagnal prodessor
Dl compralgr

INTRODUCTION

Mumerous technigues exist for determining the direction of a viewer's gaarl']—i].‘Ihm have
been used primarily for physaological and psychelogeal experimentation. There are several
interestmg possibilities for the use of such devices with computers. cither to enbance the
performance of displays or to provide aliernaie modes of input. Some of thes work s
described separately [4]. Here, we describe the principles, construction and performance of
an evelracking device which we have built for use as a laboratory tool. The speed and
accuracy are adequate for a wide range of useful tasks, while the human factors allow it to be
used under non-laboratory conditions and with other than ideal subjects.
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BASIC PRINCIPLES

The photo-receptons on the human reting are not wniformly distributed, but instead show
a pronouncsd density peak i a small region known as the fovea [5]. In this region, which
subtends a visual angle of about 17, the recepior densily increases 1o about 100 hmes the
average densily. The nervous system aims the eve to kesp the imape of the region of current
interest ceniered accurately on the fovea. The appearance of high resolution i all directions
is thus an illusion maintamed by a combination of physiolegcal mechanisms (rapid scanning
with breel fixations) and psychological ones. As an example, 2 character on a typical
computer display screen subicnds an angle of abowt 0.3 at normal viewing distance. Such
characters can barely be resobved unless the eve is quite accurately aligned. and for a duration
of about 0.2 5. Therefore. it is possible 1o accurately determine where a person i looking by
mepsuring. with a suitable device. the orientation of the optical axis of his eye lens relative to
his foseal region.

An adjunet to a compater display must be unobtrusive and usable by a wide range of
subjects under reasonable ambient conditions. Unflormunately, most eye-tracking devices are
workahle only i a clinieal or laboratory environment, with restrictions on head motion.
pasition, ambient lghiing and so lorth, and are not generally usable with eyeglasses o
contact kenses. A technigue pioneered by Merchant | 2], offers a workable compromise
between accuracy and corvenicnce of use It allows a reasonable range of head monon,
forberates a range of eveglass types and works in ambieni light. We have adapted his technique
1o our necds,

Figure | shows an eye illuminated with light from a small source. A bright virtual image of
ihe light source is formed by reflection from the roughly spherical front surface of the eye (the
cormea ). As the eye rotates, the location of this eormeal “glint™ remains nearly fixed in space
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Fig 1 Arrangement of eyetracker. & Type EL- 1B misosupe illvmmulor budh
Fl1, Fi: Type RGEH filmere. B Beam splitier.

M: Folding méreor. A Adjustahle aperrore.

Li:51-mmm F. L. = fi3-mm s Freenel lems

L2 25%0man F. L. x é2-mm da

LY 180-mmn F. L = &-mm dw.

Fig. 1. Appearance of an eye illuminated by small source, showing formation of the -

-
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Performance of an epeiracker [ie ol vee

Fig. 3. Widen image of the eye as observed o0 the slave mondor. The brge disk is the pupil obsened in
light redri=reflected [eom the retina. The brighl spod isa de-mapgmilicd virtos | image of the il s
solece farmed by specalin reflectinn from Be corved front surface of e comes

Fig. 4. Photograph of the evetracker. The illumssstion spvrem 18 swde the whiie lohe in the
background. The TV cumera v an the I, The gimhalkad siming mirrar iz just to the left of the display
ferTRinal
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Fig. 5. ¥ideo signal fior a raster line which crosses the glint and then the pupil. Typecal threshald levels
amy indicared {dashed boes) as well as the horizonal synch pulses
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Fig. & Bk dhagram of the sgrial processing sysom.

RLG's IBM-Related Work 1952-1993_slides.doc

Slide 15



Performance of an eveiracker for office us:
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Fig Ul. Tracking record. A larget was meregd from soreen bocatiom (5.5} Lo location (3859 The
samplisg inwerval was 10 ms.
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Cooley-Tukey FFT Algorithm
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James Cdoley John Tukey
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