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AS WE MAY THINK
by VANNEVAR BUSH

A Dhirector of the Offton of Scentife Rewarch asd Developament, D, Vassmvan Boas bas colafizated the s2-
tivities of some six Americas schrntists i the apploation of scieson to warfare. 1n this symimat
artiels be boliy up an incentive for sttty whes Lhe ieg has ceasnd. Jle arges that saen of sciroes sbould L
tura o Uie Enamive tank of muaking mure socesible cur bewillenng store of keowlodge. For years isveations kave
esbegadind mman's physea] powers raler thas e powers of bis mind, Trip basners that maltinky the £uls, micno-
ovreen thet stmrpen the eye, and ensioes of Gratroclon el detection ste Bew mesalts, but 2ot U eod resalls, of
poodorn sheace. ow, says De. Bash, bstrerants ase sl band which, i propecly will give man socess
(o bod pummana over the ibrited knowlndze of U ager. The peifoction of thew paciSc natraments should
Ler the B oljective of oor stlentits s they from Uwir war work. Like Emerson’s famous address of
1557 e “The Amerbcan Scholar,” Ukis pagece by De. Duah cally for & sew relaticaskip between tkinking man asd

the s of o koowiedpe. — THE EsiToa

F— s has not been & seiontint’s war; it has boes

|| war in which all bave had & part. The sclentite,

—L  burying their old professcnal competition ia the

der=nd of & common cause, have shared groaily and

~ learsed much. It has beon exhilarating 1o work in

edlesiiva pa ip. Mow, for many, this appoans 1o

be approaching an end. What aro the scientists 1o do
next

For the biologists, and particularly for the modisal
scientists, there can be litthe indevison, for their war
wnrk hos hasdly required them to leave the old puthe,
IMuny indocd have been able 1o carry on their war ro-
peareh ia their familiar [lﬂl!llh‘lﬂr Inboratorios. Thelr
objociives remain much the same.

It is the physicists who have boon thrown most
violently off strido, whe have lefl academic pursuits
for the mauking of strange destructive gadgeis, who
have hud 1o devise new methods for their unantici-
pated nssignments, They have dong their part on the
devices thut made it posible o turn baek the encmy,

have worked in combined oTort with the phys-

joists of our allioa. Thoy have folt within thomselves
the stir of achiovement. Thoy have boen part of a
great team. Now, as pence approachcs, one asks whore
they will find objectives worthy of their bost.

1

O- wriat lasting benefit has boen man's use of science
end of the now instruments which his resoarch brought
into existence? Fimt, they have ineroased his control
af his matesial envirenment. They have improved his
food, his clothing. his shelter; they have increased his
seeurity and relensed him parily from the bondage of
bare existence. They have given him incroased kaowl-

odgo of his own biclogica] procosscs so that be hag had
& progressive fresdom from d&c.:-:nndmi:.p_rnuud
span of life. They sre iluminating the Intersctions of
his physiclogical and peychological fuactioss, giving
tha prombe of an improvied mental healih.

Sconca hes provided tho ewifllcat ecmmmuonication
botwosn individunts: it has provided & record of ideas
and has cnabled man to manipulaic and 10 make ex-
trects from that revord s that knowledge evolvis
pnd endares throughout the Bife of & reoe rather than
thet of an individuat, :

‘Thero is & growing mountaln of rescarch. But there
Is ineroasod evidenca thet we are being borsed down
today as spocislization extends. The investigater is
stageored by the findings and conclusions of thousznds
of other workors — conclusions which ho cannot find
timo 1o grawp, much loss 1o romombar, a8 thoy spEpenr.
Yot spocialization bocomes Incrossingly nocessiry for
progross, and the ellart to bridge botweon disciplines
i correspondingly suporficial,

Profossbonally our mothods of transmitting nnd re-
vigwing the results of research nre generations old
and by now are totally Inadequate for their purpose.
If the aggrogate time spent in writing scholorly works
and in reading them ecould be evaluated, the mtio
betworn these amounta of time might well bo startling.
Thoss who corcientiously attempi to keep abreast of
eurront thought, even in restricted fields, by closo
nnid eontinuous reading might well shy awny from an
ednsmination caleulated to shaw how much of the provi-
ous month's offorts eould bo produced on eall. Men-
del's concept of tho laws of genctics was lost to the
warld for a gencration because his publication did not
m;hthnh#whmn:?lhhaf:mpin:mdﬂ-
tending it; snd this sort of catastrophe i unidoubt-
edly being repeatad all about us, as wruly signiicant
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nitainmente booome lost in the mes of tho incon-
soqguential,

Thee dlitfiralty socms 1o bo, not so much that we pub-
Yish wnsduly im vicw of the extent and variety of grvseni-
day intorests, but rathor that puldimiion has boes ex.
temidid far Leyord our prosent ability 1o make feal wee
of the reord. The summation of human experience
in briag expanded at 3 prodigious rate, asd the peans
we e for thnuding through the comeguent maze 1o
Wie momentarnily important item is the mme as was
wnarl in 1ho dayw of sjuare-rigeed ships,

Bt there are sdgne of @ change as new and
inst rurientalitios eome into use. Photocells rapalbie of
seving things in a physical senae, advarced phntog-
raphy which ean record what is seen or even what i
ity therminnie tubes capable of controlling potent
fisrees unaler the guitlanes of lews power than o mos-
fuidtn uses o vibeate ki wings, enthode my tubes
reniluring visilile an oeeurrence so briel that by eome-
pirisan w microsecond ia a long time, relay combine-
tiona whirh will euery out invalved sequencos of miove-
manls maore relinlily than any humin eporstor and
Uiwusanals of times ok fast — thore arg plenty of me-
chanioal sids witl which 10 offect & trandormution in
wciratific roounds

Two centuries ago Leibnitz invented & ealealuting
mechine whis h emlerliod mant of the essential fosturos
of reoeat keyloand devices, but it could pot thea coma
into ww. The connomios of the situsticn were ageinst
i the labor involved in coast recting it, before the days

Fomass prvdietion, excoeded the labor to be saved by
hﬂ.ﬁ!ﬂlhlﬂﬂm[ﬂlﬂﬂhdﬂpﬁa
cated by sulicient uso of pencil and paper. Moscover,
it wuskl have born subect to frequent bovakdown, so
that it roukl not have been depended upon; for at that
tme snd g after, complesity and uarcliability wens

s with remarkably

Ialdage, ovon EUOEIOUE Support
for his time, could not produce his great arithmotieal
machine, [lisiden was sound enough, but corstruction
andd maintenanes costs wero then too beavy, lad a
I'harsols been given detailed and t designs of an
autcmaolsie, and haid he undemstood complotely, it
wotdd have taxed the resources of his kingdom 1o have
fashioned the thousands of parts for a single car, and
lI:h‘“ ear would have broken down on the fisst trip to

ixa,

Muchines with interchangeable parts can pow be
constructed with great economy of effort. In spite of
much complexity, thoy grlnm. relinbly, Witness the
bumbio typowriter, or the movie camera, or the autc-
molile. Elsctrical contacts have censed to stick whea
thorotizhly understond. Note the automatis
exchange, which hus hundrods of thousands of such
contacts, and yet i reliable. A spider web of metal,
wenbed in s thin glass container, & wire hoatod 10 bril-
lamt ghm, in short, the thormionie tubs of radio sots,
*= mavde by 1he hundred million, tossed about in pack.

Aov, plugged into sockets — and it works! [is goma-
1ocr faris, the procise looation and alignment favoived
in it construction, would have icd & master
erallaman of the guild for months; now it §s beilt for
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thirty conte. Tho world has arrived at an age of cheap
complot doviees of greal reliability: end something is
bound 1o come of i1,

2

.'!\ kmoaun, i it i to be owlul o seienes, mist be
seatinwindy extendol, it must be stored, and aboveall
it passt be conwalted, Todsy we make 1he rerord con-
vemtieaally by writing aad photography, followesd by
prisnting: bt "n}-}muj on il on wat dicks, and
oa magneile wires. Even if utterly now reconling peo-
erdues 4o nof apiear, Lheee Present ofes are coctainly
i the peocvs of modification and extensina.

Centainly progress in platlagraphy s mot goiog 1o
stop. Fastor material Ehihnlﬂ. more Aitonmalic cams
oris, finersgminal semsitive compounds 1o allew nn
extenslon of the minlenmer blen, wre all imminent.
Lot s project this trend uhond to a logieal, if not in-
avitable, outeame, "The cameri Kound of the fature
wairs on bix forchead n lump o livtle lanser 1hin & wal-
nut, 11 takes pleiuros 3 millimotors square, later 1o bo
}lm]u:lnd or cnlarged, which afior sll involves only 4
actor of 10 boyond proscent practios. The lens i of
universul focus, down (o any divtance sconminodated
by the unzided eyw, simply beomuwes it i of short focal
kmgnh. There is & bailladn pholooell oa ibe walsut
wuch as w]m have on at quhwm:n. 'Hﬁ
autematioally adjusts expmure & wide range
Hlemination. 'Iﬂlﬂhﬂu in the walnut for & husdred
erpnmuis, and 1he spring for operating ite shutter and
shifling its film s wound once for all when the film
clip @ ioserted. It produces its result ia fuell color.
It may well be stcroosoopie, and recond with Lwo s paoed
glam gyes, for striking improvements in eterecscopic
Gechnbqo are just arvund the corner.

The cord which trips its shutter may reach downa
man’s aleove within casy reach of his fingers. A quick
squecze, and the picture bs taken, On a pair of ondi-
nary glasses is a square of fine lines near the top of ona
lens, where [t is out of the way of ordinary vision,
When an object appoars in that y it is lined up
for s plcture. As the sclentist of the future moves
about the laboratory or the field, every time ke looks
ut something worthy of the record, ho trips the shut (or
and in i goss, without even an audiblo click. Is this
all fantastie? The only fantastic thing about it is tha
idea of making as many pictures as would result from
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‘h%is"!.fi':mnd ¥ It is already horo
in two forms. 'i‘-'ﬁqpim * made his Civil War pie-
tares, tho plate had to be wet st the time of exposure.
Now it has 1o be wet during development instead. Tn

the futuro porhaps it noed not be wotted at all. There

have long i

which form a pieture ut sothstiiis
operaied.

alreedy there ss soon as the camera has bosn
AR eTpoduie 1o ammonia gas destroys the
dye, and the plctere can then be 1aken out into the
Hght and cxamined, The is pow slow, bat some.
oo may spood it up, and it has mo grain diScwitios such
a3 now Liop photographic rescarchees basy. Often it
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AS WE MAY THINK

wotld be advantageous to be able to snap the camera
¢ and ta look nt the plelure immodistely.

Anather process new in use b also slow, and more or
lest elumsy. Far AGlty yoar imprognated papers have

&L overy point where on
eleciriznl contact gouchos them, by resson of Lhe chens-
ice] clange thus peoduced in an jodine compound in-
elnded in the papor. They have bein used 1o make
recgrds, fur & polnlef moving across Lhem can lave a
trail tehind, I the eloctrical potential on the palnter
i veriod as it moves, the lino booomes light or dark in
sccordance with the potential,

->_'jT_-.-_"1_-.-'[|nrr|_ a now wed in {pegimile epemiscon,
The paintes draws 4 st of closely spaced lines seroes
the paper ane afler another, As it moves, ils patentinl
s variod in accondance with i varying current received
aver wires [rom a distant station, where thase varizs
thons are produced by o photosell which s shmilasly
seanning & picture. At every instant the dorkness of
the line bolng drawn is made equal to the darkness of
the point on tha piciure being ebserved by the photo-
ecll, Thus, when the wholo picture hes been covered,
a ruplied appodrs at the rocaiving ond.

A spone fisell can ba just as well lookod over line
by line by the photocell in thix way as can & photogmph
of the seone. This whale npparmius constiiutes & cun-
e, with the sdded feature, which can be dispensed
with if desired, of making s picturs at & distanee. It
i slow, and the pleturo i poor in detail, Siill, it doss
give enother provess of dry photography, in which the
picture s finished as soon as it = taken,

Tt would bo o brave man who would predict that
such o process will always remain clumsy, slow, and
faulty in detril. Televidon equipment today transmits
sixteen reasonably pood pictures a second, and it in-
volves only. 1w essential dilferences foom the process
diseribed above. For one, the rocord &5 mads by a
moving beam of cloctrons raither than 2 moving
[ointer, for the ronson that an olectron beam can swoen
aeross Lhe picture vory rapddly indoed. The other oif-
ferenee mvelves merely 1he wee of n sereen which glows
momentarily when the clecirons kit, rather then a
chemically treate] noper or film which is permanently
altered. This speed i neosssnry in telovision, for mo-
tlon pictures cither than stills are the ohject.

Use chemically irented film in place of the glowing
scroen, allow the appnmius 1o FMOsMIL ono picture
only rather thun a seecouicon, und a rapid enmeen for
dry photography results, Tho tronted Glm aoeds 1o
be far fuster in netion than present examples, but it
probebly eould be. More serious i the objection that
thin schome would invelve putting the film inside a
varunm chamber, for oleciron bonms behave normally
only in such o rarefied covieonment. This difficulty
could b avoided by nllowing the dectron beam to
play on one side of a partithen, and by pressing the
il apainat the olker side, i this partition were such
2 to allow the electrons 1o go throegh porpendicelar (o
ie rurface, and fo prevent thom from spreading out
5 ava. Such paritions, in eruds form, could cer-
talaly be construeted, and they will handly haold ap
the general development.

“sheet cight and onc-hall’ by cleven inches. Oneo it is
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Like dey photogrnphy, :I'.EI-EMEU'.EE!IE.F wtill has \
& long way to po. The basiz scheme o ucing the
size of the record, and examining it by projection mther
than dircetly, hus possibilizies too great to be ignored.
The cu:::hlmunn of optical peajeetion and phato-

znhic reduction is already producing soma resulls in
microlim for scholarly purposes, and the potentialities
are hishly mgmestive. Today, with microfilm, redue-
tions by & linear factor of 20 can be omployed and still
produce full elarity when the material & resnlarged
for exnmination, The limits are scl Ly the graininess
film, Hn\--w;ll.-nm nfll-p-np:nhﬂhm.nndihn
oy of the light saumes empluyed. All af thess

. Mg
micly improving.

..an,. 1= g lingas EIE of 100 for future use. Conslder
film af the same thichaes as paper, olihough tsinner

filmn will eertainly be usuble. Even undor these eondi-
tions there would be a total fagter of 10,000 between
the bulk of the ordinury record on books, and its
microfilm replicn. The Encyelopedia Britanniza could
bo reduced to tha volume of a matchbox. A libmry of
a million volumes could be compressed into one ond
of o desle, IT the humnn ence hos produced sineo the
invention af movable type i tetal recard, in the form
of magnzines, newspnpers, books, tructs, adveriising
blushs, coerespondenes, having a volume corgesponding
to & billion books, the whole nlfuir, assembled and
compressed, could be lugged off in & moving van.
Mere compression, of souns, s not ensugh; ane necds
ot enly to make and siore s record but alio be pble 1o
consult it, and this up-m. of the malter comes later.
Even the modem t libeary is nol gencrally com-
sclted; it is n at by a ﬁ:nm
Comprossion is imporiant, r, when it comes
1 . The matensl for the micrafilm HBritanmioa
cost a nickel, and it could be mailed anywhere
for s cent. What would it eost o print a million copies?
To print & shoet of newspaper, in a large edition, costs
= small fraction of a cont. The entire material of the
Brifanniza in reduced mierofilm form would go on a

LT =t

exs

available, with the photographic reproduction meth-
ods of the future, duplicatos m Iu:n quantities could
probably be tumed out for a cont apieoo beyond the
cost of materials, The prepnration of the original
copy? That introduces the next aspect of the subject.  f

T ,,4.5..1,,}

o MAEE th plylhl il or tap n

(oA Ahp e/ ve Ay s pol or 0 8

eorrcetign, followed intricaie process of L

satti inting, andBdistribution, ﬁg%%\
« Will the author tha

Tuture cease writing by hand or typewriter and tulk

dimectly to the moord? Ho dovs so indireetly, by talk-

fnp 10 a stenographer or & wax cylinder; but the o @
ments are all present if he wishos to have his talk 7
directly produce a typed record. All honeeds todois ™'

w0 take advantape of existing mochanims and 10 alter 77
e language




{13

At areeent World Fair a machine culled 'od:}m

by woere . “Hown. A giel siroked its keys and it emitted Tecogniza-

*T et s cspeveh, No human vooal chords entered into the
proceslurealany pednt ; the keys simply combined some

- whcirivally peodenced vibrations and passed these on 1o
a loudspeaker. In the Dell La there is 1he
ennn s il this machlne, eallad & ., The lowl-

spraker is replaced by a mi “which picks up
souned, Speak to ity anil the eorresponding kovs move.

verce fo This may Le oae element of 1he pestulat e
ke Theanker vicmenl W alnd In the @onatypd, that
Fanewlal deseonoeriing devioe e isually al
T pehlie mertings A girl srokes its keyw languidly and
ploaelee Fo Lke aliut the mom and safnelimis &1 Lhe spoaker
fcrsgT with & disquicting gare. From it emerges & 1yped strip
which rorords in o phonctically simplified language a
revnund of what the spoaker is supposed 1o have spid.
Later this strip v rotypeod into ordi language, for
s i its paseent form it i intelligible . 10 tha initis
yige Tr ated. Unmibine thesa two olements, lot the Voodor
serigt rian the stenolype, and the result is & machine which

f‘lHJﬁ'ﬂ t}"tﬂ 'H'l_h:ﬂl-.lhﬂ LiTH

. Our prosent languagos are not espocially adapred to
thix =ort of mechanization, it is true. It is strangs that
spresal the inventors of univiersal languages have not seizod
e upon the idea of producing one which better fitted
4. , the technique for transmitting and recording spoech.
For Mechanization may yot foree the beue, especially in

the seientific ficld; whereupon sciontific jargoa would
"\, Fnme siill less intelligible to the layman.

Mo mn mpow pieture 8 fatore investigator in hix
labaratory. Tlis hands are froe, and be i not anchored,

wie oF d A= hee moves alout and olsorves, he phatograpl and
fatam B commenie Timo s automstically reeorded 16 the
weee PP b o rocosds togethor. I bo poos inlo the feld,
¥ sanivpd e may be connceted by radio 10 his reconder. As he
for ot pandors over his notes in the ovening, be aguin talks
eollaatih his cogrunents into the rocord, Tlis typed record, as well

s b Pt odin, may both bo in miniature, so that

i he |imimu themn for examination,
Much necids (o ooeur, however, between the oollons
ties of data and sbsorvations, the extraction of paral-

tnanigvialin 1l material feam the existing rocord, and the final jn-
;‘;1 sortion of new material into the gonoral body of tie
I cammman reeosd urs thaught 1 I T
temass s Chapiesksibsuiute, Butfereative thoe and essons
¢ _—tinlly gi@Enitive i very dilferent things, For

{ tha nd may be, powerful mechanical

iudy,
% n column of fizures B o repetitive thought

proves, unl it was loag ago properdy relegaied to the

L A% ihing, True, the maching is somotimes controllod
wins e it by a koyboarh, and thought of a sort entens in reading
#r i s 0 it Hml‘ L L '.'._._'m:.' 1|

even 1his i avoslable. Machines have been made
- - which will read Lyped fzures by phatocells and then
ek =T depress the corrsponding keys; thoso are combina.
tens of photoodls for scanning the eleciric cir.
( = for sorting the consequent variations, and rolay
© aruits for interpreting the result into the action of

s to peall the keys down,

Adbihis eomplication @ peodod because  Tthe elumsy
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p ¥.
way in which wy have bamgd to write figurs. 17 wo ;
thems poaat maally, simply by the configuratjon .wy...h'
of a sct of dots on & curd. the automatie reading mock.
anivn would become comparatively simple. In fact,
if the dots are holes, we have the punched-cand machine o)
long ngo produced by Hollorith for the parposes of ths i J
cunssax, and now o throughout buniness, Some typos
of complex businesses oould handly operate without I
these mackines, |
Adiing @ oaly ooe opemtion. To perfor nrithe !
meticu] compmtation vidves also sitldraction, malti- ,.-Lj
pliution, pnd dividon, and in sddision some method
For vemporary stormge of rosults, rersoval from starage |
'r‘I. -W
-!'3 L
bodily from ono to another, Both forms are very wse-
ful; but as far as complex computations sre concerned, ;
both are still in embryo, —g—"

Eor furt ber manipulai lun, and rocording of fins nesults
by printing. Machinos for theso purposes are now of
twor Lypees s koyboand machines for accounting and the
like, manuslly controllod fur the inserilon of dats, and
wuzlly astomatically cantrolld as far an the sequenca
of operations is concerned; and punchedeeand machines
'r which wparate operations amn waueally delegatad 10
wries of nmchines, and the eards then transforred
Hagid eloctrical counting appearsd scoa afier the
;h”phﬁt foud it dﬁﬂml:h 10 rount m“rnr-..
their own purposes the physicists promptly cone
strucied therminale-tubo equipment capablo of eount- .
ing eloctrical impulsos at the rate of 100,000 a second. i
The advanced arithmetical machines of 1he future .

will be electrical in nature, and they will perform sz ofie
10K timmes presont spoeds, or more. prait

Morcover, they will bo far more verestilo than pros- o fer
et commercial machines, so that they may readily be ad

adapied for a wido varioty of oporations, will ba
controlled by & contrel eand or film, they will scloct
their own data and manipulato it in sccordance with
the instructions thus inscrind, they will perfarm com-
plex arithenotical compuiations mt execedingly high
speods, nod they will record rosulis in such form as to
be roadily uvailuble for distribution or fur luer further
manipulution, Such mackines will have enormous ape
petites, One of them will take instructions and data
from a whols roomflul of girls armod with simple kay-
hoard punches, and will doliver shoels of eamputed
results evory fow minutes, There will always ba plonty
of things to computa in the detailed affuire of millions
of people doing complieated thing.

- .

4

reativy ed caly with the
Ad Lae manipulation therealter m repetitive in nature
and henoe a (it matier to bo relozaied 1o the mach
Not 0 much has been done ol ines, bm-'
mhﬂﬂdiﬂflﬁihﬂik.um;iLLu;mM‘
-'q_.li':u‘.
- N,
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L ! *2 of the ceonomies of the situntion. The nseds that s, whonover thought for a time rung alung nn
2 PR Swan, ond the extensive market obviously secopred proove — there 1 nn opportunity [or the
el _.-1 £ z=itred the advent of mess-produced arith-  machine. Formal logic used to be a keen instrument
T | meiical machines just ax soon as production methods In the hands of the washer in his trying of students”/ Ly = |
e K were sufficicatly advaneed. JT ity T seils, It ds readily possible to construct a maching | manip |
":'.f"r ' With machines for advanced analysis no such situg-  which will manipulate premises in sceordanes with AT R
Hitw F thnﬂfﬂudiinuhm_.md.hmmwm formal logie, simply by the elever e af relay eirouits, -
Yowier tha 1ig [ s mpylating data  Put a sot of premises fnto such a device and turn the ,
nre zmall part of the population. There am, evank, and it will rendily paes out eonclusion alter
sameves, muciine lor solving differential equations — esdiclumion, all in. accordanoe with lomieal liw, nnd with
dpreigi- end urctional end Integral equations, for that mattrr.  no more alips than would be expucted of a koyboard
otie LSRN Tlzrs are mny speeia] machines, such as the harmorie adding machine,
Computes wedl  ooibour which prodicts the tides. There will be Lagic can become enormously difficalt, and it would
wrice, i, SRay more, appearing eerlainly Smt in the hands of undoubtedly be wall to produce more assurance in its
Lo pri t and in small numbors, use, The machines for higher analysis have usaaliy
| I ssientific reasoning were limited to the logical  bean equation solvers, Idess are beginning to appear
higher- | proccsed ef arithmetic, we should not get far in our  for equati rmers, which will resrsangn the
4 Y | undesstanding of the physical world, One might as  relationship axpressod by an equetion in necardance Fob
e ¢ well sltempt 16" grusp the game of poker entirely by with striet and rather advanced logie, Progriss ie *: bl
' | the useof the mathomatics of probability, Tho sbacus, inhibited by the exccedis erude way in which "
with its beads strung an pamllel wires, led the Asske wathematicians cxpress their ro itionshipe. They om- 4. vy
w6 positional numemtion and the concept of 2ero many ploy o symbolism which grew like Tapsy nned ho e
L canturies before the rest of the wodd: and it was & lictle consistency; & strangs fact in that most logienl
b {  welal tool — so usefid that it still exists, fiald.
b It ia w far ery from the ahacus to the modern Loy- A new svrabali probably positional, must B
> ! wocounting machine, It will be an oquul step j‘--:r:-n'.iy pm- u-uai reduction of mathematical trans  soadids
3 to the arithmetical machine of the future, But even formations to machine prowases. Than, en beyond thie ¥
a this now maching will not take the scientist where ha  strict logic of the mathematician, lics the application it
- w7 needs to po. Reliel must be securod from laborious  of login in everyday affuirs. We may soma day elick I 't
5 detailed manipulation of higher mathematics as well,  off nrguments hine with the sume n=syrnce 'E: i
- _if the usors of it are 1o free their braing for something THat We now enter sule on a ensh register. But the _:H.
< " _more than repelitive detailed transformiations in ac-  machine of logic will not ook like a cash rogister, WY
¥ " cordinée with established rulca. A mathematicion is  even of the streamlined m
f ﬁmﬁnﬁﬁﬂﬂfﬁmip&hﬂ figures; often S5 much for the manipulation of ideas and their
i hocannot He is not even o man who can readily per-  inseriion into the mecord, Thue far wo seem to be 19, con
© form the tmnsformations of cquations by the use of  worse off than before—{or wi can encrmously extond __r;"",-,
©  ealeulus, Ha is primarily an individunl who is skilled the record; yet even in jts present bulk we kardly |~ mare, 7s
(e 4o I8 the use of symbolic logic on a high plang, and espe-  conault it. This fs & much laeper matter than murul_-u-| g & ¢
ekt i intuitive judgment in the choice the extraction of dats for the purposes of scientitie | #1/%
dogeutE * of the manizy e ¢ employs, fi rosearch; it involves the entire process by which fan | SR
hights {~ All'elae he s ® Lo turn over to his moch-| profits by K iaheritines o ired fingwledes, T —
e 1 | | mnism, just as confidently as he tuens over the o= immie Sction ol Lse i seleciion, and hore we are ha ting |/ Jefocs;m
rarpdird i pelling of his car to the intricate mechanism under the ﬁﬂm of fine thoughts, and i1
/ i < UnTy Then Will mathomatics be pracucally effce-  the aceount of the expericnce on which they are bised, ol
::ﬂ i tive in bringing the growing knowledze of atomisties to all encused within stone walls of seceprable architee. ;{"m y
e the weful solution of 1he advanced problems of chom- * tuml form: but if thie scholar can get at only one a week { =
L Estey, metallurgy, and biology, For this reason thern by diligent senrch, his syntheses are not likely to kegp |
ill come more muckings to handls advanced mathe-  up with the eurrant seene,
muaties lor the scientist, Some of them will be suffic Seleetion, in this broad sense, is & stone adz in the
ﬁr ThﬂF Bizirre 10 suit the mast fastidious connoisseur  hands of a cabinetmaker. Yet, in & narrow sense _
o presant artifuets of eiviliztion, in other areas, something has already been done me- -
; S ehanically an ar.*l-::'!:im.!T}m personnel officer of o T J:'I.ﬂrr
= factory drops a stack of a few thotsand om oyce cardy | S §lead
5 Into a selecting mechine, sets o oode in accordunce with | EXpeples
o an extablished convention, and produces in o hort | F4
AR sciontist, however, is not the only persen who  time a list of all employees who Live o Trenton und | A4FT™
munipulates date and examines the world =) I know Bpanish. Ewven such devices aro mueh too dow | Fredds

- v the use of lagical processes, although he somer

}  <eserves this appearance by adopting into the fuld

| ¢ #oyone who becomes logieal, much in the manner o
- wiich a British labor leader is elevatod to knighthood.
Wiicnever logical procosses ol thought are employad —

wacn it comes, for example, 1o matching o set of Engor
prints with ono of five million on fila, Selection devices
of this sort will soan bo speeded up frorn their present
rate of reviewing datn at a fow headred o minutbe,
By the use of photocells and micrafilm they will survey
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THE

fnpms at the e ol s eesand o seeond, and will print
it aluigdirniem of ihees slvtal,
This o stvss, bemvver, i simn s seboet ion 1t prooeads
by eansiining in v every oo of & e set of Rens,

creeds rupdilly snd aliost usersingy 10 (he sekoried o e e Libearaes, bul that b snather sty AL any

( wipd Ly (sekinmg out e which have errlain spocilied

chormcterstws. There = soolher form of seloction

: last ilbastrated Doy Ul amromatie telephone exrbange.

i v ¢ You disl & oumler snd 1he machine sedeeis and fos.

skl [t ooe ol & million powille stativas, [t dors

dades pot e wver Chem all, Tt pays altention only 1o a class

defelie given Ly a fra oigi, thea onl to u subclwn of this

fr;. . given by 1l werend it mmal s ong and thes peo.
ﬂ"ﬁ-hj

o

staticn. I rerpuines a few soonnds to make the sdees
teun, altlesugh the process could b spaoeded up if e
ervemedd apmad we e crenomically warmmnted, ]fltt-ﬂ-
sary, it eoahd b nade extremely fast by substitating
thwipionietule suitching fur mochanical switching,
st the full sedoction oould be G D
husd ot b of @ s, N one wou o

Tl ey moesary to make this change in he 1ol
plesne systeom, Lot the general ilea is applicable else-

a e Ll 1 Ll . =
va “qEﬁ;-ﬁlir the prosale problem of the great degmriment

R
R d

0

grare, Every timn & oha
/musnlacr of things 1o b doae. The laventory aceds to

rove sale is maile; Vhere are &
e resial, ihe sabesman needs to be given erodin for

[ the s, 1o poneral sovounts nood an eatry, and, maost

siatssle | imperiant, the customer oovds to be chargal. A contral

thage
g -
]

ir

Ceqtend=
BT
) el et

reltimt
Felection

Fildars
v Phed
er
Rapid
Selec fior

\

| ihe profsr recapl s pan

evseeds ddevioe s lovn developed in whirh avech of
this work is done convenieatly, The saloeman placs
o 5 stani] 1he custanse’s identifeation cand, bis own
wanl, sl ihe rand 1aken from the sribcke sald —all
praschesd cands, Whea ho pulls a lever, contarts ure
grsades Hhrough ihe hodes, machinery al i contral point
ke the norcsary compytations and onifidos, amrd
for the salesman 10 s
1o the customer,

But there may be ten thousand charge cistomerns
doing basiness with the store, and before the full
wperation can o completod somcone has 1o schoct the
right card and insert it 5t the contral office. Now

i foom can slido just the proper card into jesi-
then 10 an instant or iwo, and roturs i afierwand,
Anithir dilficuly oceum, howover, Someono mis

rened a totn] on the cand, wo that the maching can add =

its computor item o i, Conveivably the eards might
b of the dey phatigraphy type | have desoribd,
st bt mls eoneld e ke poid by photorell, and the
prew tesiad optenal by un eleetmn beam,

The cards may be in miniature, so that they accupy
little sgmoe. They must move quickly. Thoy pecd
oot bue drunsfernal far, but merely into poaitin s that
the plustocedl and roconder cun on thenn Posls
tis il duts can enter (he data, At the end of the month
2 machine ean readily Le made to road these and 1o
peind an ondinary B With wobe seleetion, in which

s techanieal parts an involved in the switches, lile
time meed bo occupld i beinging the eomect eanld
isto we — & sccond should suflice for the entire op-
eration. The whole recond on the cand may bo made
by magnetic dots oh & stec sheet if desrod, instesd of

VTLANTIC MOXTHLY

dots 1o b alevrved optically, falfowing the schenie
by which [Maleen beag ago ut speech on @ magnetio
wine, This owibal has the advaniage of sinypdicity
e ease of crusuee, By wsing photography, hwever,
ofe van arrange t peojoet 1he recond in enlarged form,
and ot & distancy by using the procoss comaman in
television evpuigament. —

{lae can evmsnded l:rl;l;d webortion ol this form, and
distant projciion for other purposei. To e able fo
an

BCaAl O e, Wl

R, a8 BUIECE AT B MERY WA Y,
Fule, blare LAy oW soine interesting combinal oo g
aibbe. One might, ke oxampde, sjwak (o 8 micnoghone,
in 1he manner desoriled in cunncction with the spoochs
controlbed typowriter, and thus make his scloctions
It woald eertainly Loat the weual file cherk.

'~

1 (6)

s peal hanrt of the madier of sdeciion, howaver,
g shvror than a lag In the adoption of mechanivma
uf idvelopment of deviees for
jnle ia prtting at the record ia

g may sorl are placed @ slomge,
TEey are filed alphalatically o aumerically, cnd in-
formaiion i found (when it ki) by tracing it down [rom
sulcluns to subeclus 11 can be in only ane place, unless ©

1l a
Ok iLoiR, WGReOVET, (0

path wil
Han i

2,

The human mind dors not work that way. Tt \
oralos by peociation, With ono ilem in its Erasp, it |
nzgm fmstantly to the net that is suggested by the ase |
socsation of thoughts, in accordence with some intricato |
web of vrails curried by the oolls of the brain, 11 haa
other charscieristios, of counse; trails that are not
frequently followed sre prone to [ade, items are not
fully pormanent, momory s transitory. Yol tho spoed
of nction, the Intricacy of trails, the detnil of mental
pbetures, s awe-inspiring beyond all else in nature

Man cannoi hope fully te duplicate this mental
process artificinlly, but ha wrtn.‘lniy ought to be able
tes Jearn Feom B, Inominor wiys he may even improve,
for his roenrds bave ndotive permancncy. The fim:
Idva, however, to bo drvn from the analogy eoncerna
seleetinn, Selection by mssociation, rather than by
inddoting, may yet be mechanized. One eannot
thus 1o equal the speed snd Hovibility with which the
mind follows an asoeiative trail, bot it should bo possi.
Lie 10 beat the mind dechively in regard to the per-
manceos and oarity of the items revarrccted from |
BT .

Currm

"wralder a fﬂﬁ#ﬁm g individual ?l’hm-_
& sori of private . i noecs
& name, and, to coln one &1 rendom, ~ memex ™ will ca,
A memex iv s device in which an individaal sores all

his Losals, reconds, snd commuaications, and which iz

ﬁfﬂ fenm

duplicuios are wsed; one has lp_hu'n-nl.'h_ul'._an" P
b H. ?.tz
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AS WE MAY

rized w0 that it moy be eonsulied with exeoed-
#d and flexibility, It is an enlarged intimats
!ement-1n his memary.

it convamts of o deslk, and while it can presumably

s uirated feam o disinnes, bt is primarily the picce
ol i cmiiure at which be works. On the top are slanting
rur ol peenal sereens, on which material enn bo projected
{ ..n:m_nium n.mling There is o keyboard, wnd n.1l
" lhuttara and levers Otherwiss it looks like on ondis-

J dps’ -

In ane end ig the sicred matorinl, The muier of

alic is well taken enre of by improwed microdilm. Galy
a umadl purt of the interior of the memex s devoicd
l el the rest to mechanism, Yot if the user in-

eried G000 pages of material a day it woeuld 1ake hie
Santdrods of yvenrs w Gl 1he represitary, so he cnn be
profligete and enter materid frecly,

“fost of the memex contents ang I'IIHI.'I.']'I.IL‘h.HJ.HII'.I Miber

s ready for insertion, Books of all sorts, picturcs,
current punu:lunh NEWSpRDCT, AT thus sbinined
end deapped into ploee.  Business eorrespondencs
talies the sume path. And thore is provision for direct
entry, Onthe topof the memex is a transparont platen,
On this are placed longhand notes, phatographs,
momoranda, ull sorts of thinge, When ane is in plase,
the deprossion of a lever enuses it 1o be photographed
onto the next blank space In o section of the memex
film, dry photography being employed.

There is, of courss, provision for o r.rl'u.ulmlmll of tha
record by the wsinl scheme of Indexing. I the weer
wishos to eonsult o certain book, he taps s codo
o the keyhoard, and the titls page of the book
promptly appenrs hefore him, projected onte one of
Lix viewing positions. Froquentilyv-used eodes are moe-
mionie, s Lthat he seldom eonsulis his oode book: but
when b does, u single tap of o key prajects it for his
e, Moresver, ho has eupplomentsl lovers On de-

. Heeting one of these levers 10 the right he rens | browgh

the book beloro him, ench pege in turn being jne-
Jeetod o a spocd which just allows o recopnising gloncs
at el IF b deflects it further to the right, he steps
throuzh the book 10 prges ot o time; sl further ot
100 pagmes ot o tinse, Deflection w the el gives him
lee smmee eonirol Lockwnnds,

A speciul button transfors him immedimely o the
first page of the index. Any given book of his Li-
benry can thus b called up and consalied with [ue
grenter fveility thon iF it were tnken from a shell, As
ho hes pevern| peojertion positions, be ean leive one
item o opostea while be ealls up another, He can
mdd marzinal notes and somments, taking advaniagm
of one possible tyvpe of dry phbtography, and it could
aven be arranged g0 that he can do this by a stylus
scheme, sueh e s now employved in the tdautograph
goen in milroad woiting rooms, just as though be hid
the phystenl pupe beforo him,

¥ mechunisms and pgadgeiry.
[
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“ 5 | s te Ther
?'; ::.'I'rr.[!u nn |.rr.||:r||;:r]:|.u.h- £teq, _I-.Ep,.,-,‘_.'.-pr_ 16 aswocialive | o eekd
indoxing, tho basie idia of which is o provision Whershy | s
any item moy bo siused pt will to seleel immodiatedy | s
and sutomatienlly another. This & the essential fae | ==
ture of the mamex, The process of tying Lwa dlons | S6e
topethor 3% the important thing, Jeleck .

When the wser is butlding o trail, ho names i, insers
the nami in his code book, nnd taps it out an ks key-
koard, Befors him are the tvo flems to b joined, | ARsEzs
projected omnto n.rlj'nfrnl: viewing positions, At tha = "%

Lattom nf vech there are B pembes of blank ewdas

Rrecns, and 8 poimier I8 set o indicile oo of those an

cach flem. The iser tape a wiasle Ll.*. and tha flems

rre penmanently joined. In each sodla BdIEE NPOATE. |

the code waird! Out of view, bat obso in the code spars, |

) :n.-u:rl;l.d a st of dots {or phu‘tuuull viewine; and o

ekt item these dots by their pml.lmm :E{'ﬂj_.,n:rh lha

index numbor of the other item, Ty,
Therealter, ot any timo, when one of theso Nemsis £ oo

in wiew, the othor can be instantly resilled merely

by tapping n button below the eorresponding ende

gpace.  Moreover, whon numerous Jiems hive e

!.Eul,-x joined together to form o teail, they can be re-

viu'.w:-cl i Lari, mp;rﬂf or slowly, h:.' delleeting n lever Il

Hise that used for turning the pages of a buck. It is

cxmetly as though the physical items had been gath- |

erod together from widely separnted sources and bousd |

topether to form & new book. 11 8 more thon this, fur |

any item can be joined into aumorous Tradks,

The owner of the memex, lot us say, is intvresied in
the origin nnd propertics of tho bow and seroow, Soe-
cifically he i= studyving why the short Turkish Low was
apparently superior to the Enslish long bow in the
shirmishies of the Crusades. He has dozens of possibly 2
periinent books and artides in his memes, Fist he |
rurs through an encyelopedie, Ands an interesting bul
hutehy article, louves it projected. Nexi, in o histary,
he finds snother pertinent ftem, and thes e Lwo Loe
gether. “Thus he goes, building a 1=l o many iteos.
Ocensiennlly he inscrts a comment of bis ewn, ether |
linking it into the muin tmil or joining it by o side Leail
to & portieslar item. When it becomes evident that
the clastic properiies of available st erinls had oo great
deal to do with the bow, he branches off on o side Lrail
which takes him through textbooks on elnsricity and
tibles of physical eonstants, Ile inscrts o page of
longhand anelysis of his own, Thius ke builds g teal
of his interest through the mose of materials availalla
to him.

And his Leails do net fade. Severnl vears lator, his
talk with a frend tums 1o the queer ways in which a
people resist innovitfans, even of vital intereat, Hae o
an cxample, in the faet that the outennged Europeans
sl fuiled to edopt the Turkish bow. In fuet ho bas o
{rail on it. A tooch brings up the code book, "np=-
ping & few keys projocts the hend of this trail. A lover .
rians throwgh it al wiil, stapping ot interesting jtems,
waing off oo sldo excursions, It is an interesting Lradl, |
pertinont to the discission, So he sels a reproducor |
in nction, photogrphs the whole teail out, and posses |
it 1o his fSend for insertion in his own memex, thora
1o bé lnked into the more gonoral teail. § - -
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y IIl'l"ll"’flm\:l.l.'lr now ferms of enevelopeding will appesr,
ready-mdic with & mesh of assoeiative trails running

vt tirnineh then, mady to bo droepped inte the memes
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wnck there amplified, The Inwyer hns at his touch the
assotinled spininms and dieivions of his whobe experi-
erped, anil of the experience of [rieadi and authorities,
The petent mitornoy hes on eoll Lhe milllons of fsued
petenis, with fumalinr {mils to evory point of his
eliont’s intorsil. The pliysioin, puzelsd by n podese’s
renvtiong, strikes the teall estnblizhel in stodying an
earlier similar cse, and runs mpidly through analogous
casg histrries, with side rneferences 1o the clussics for
the portinent anatamy ind histology, The chemist,
strugeling with the synihesis of an srganie compaund,
s all the ehomical liteenture befars him in his lnb-
ormtory, with trails following the unslopies of com-
paunds, and side truls o their physica] and chemical
bedinvine,
Tl historinn, with a vast chronologieal aceount of
a pewple, poarcilels 31 with o skip tenil whiel stops
only an the salfent itema, nnd enn follow at any time
comtemporney teails which lond him all aver civilization
at n portieulnr opach, There B & new profession of
trail blugers, those who find delight 5 The tisk of catab-
Tishing usoful tenils through the enormous mass of
the common recsrd ST hae inherilances (mm the mostor
" smes, not only his additions wo the world's record,
e For hi= -:Ii:a:nllluu thi entire scaflolding by whi
" . ¥
hus sedenes may imploment the ways in which man
produses, stares, and consilis the record ol the rice,
It might be siriking to sutline the instrumenealities of
the Future more specineulardy, rother than o siick
chosely to methods mnd clements now known and un=
dergoing mpgd developmont, as has been dose hers,
Technjonl diffeultios of all sorts hnve been iznored,
cerlainly, but alsn ignored are means a8 yot unknown
which may como wny day to accelorto tochnical prog.
ress as violently os did the advent of the thermionic
tiabsr, In erder that the picture may not be (oo come=
monplace, by reason of sticking lo present-day pat-
terns, it miy be wiell 1o mintion enc such posikility,
not to ¥ but meredy 1o sugmest, for pophecy
lisie] o extcision of the known has substanco, while
proplicey founded on the unknown is only o doubly
invalved gues. BT b
our stops in ereating or absorbing materinl of the
record proceed throngh ane of the senses — the taceile
velien wi fawch koys, the oral when wo sposk or listen,
the visual when we read. Is it not possible thot soma
duy the path ey be eatablished more direetly?
| We know that when the eye sees, all the consequent
'informntion I isinsmitted 1o the bmin by means of
"electrieal vibeitions In the channel of the optic nerve.
" s is an exoct analogy with the electrical vibrations
ch opeur in U enble ol & telovisson sat; thoy convey
the picture feam,the photocells which see it to the radia
trarsmitier frome which §t s broudeast. Wo know

IrF'L'h-.'u imipulses which
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fursher that if we can approsch that cable with the
proper instruments, we do not pesd 1o towch 0% e
can pick up those vibrations by electrical Industion and
thus discover and reproduee the soene which is being
transmmittod, just as a telephane wire may be tapped for
ik mesanmn

——— T ——
fow In the nem nerves of &

Lypist convey 1o her finmers the teanslaged Infarmiatiss
which reachos hee eve or siir, inoaedar that the fiag
iy b enisod to miriko the proper hoye Might oo

\theso cutrenis Do intercopiod, elther in tha arigise]
form in which information is sonveyed to the heais,
or in e marvedously metnminephosed form in whisl

\ghay then procoed 1o the band? = Fd

By bone conduction we alrendy introduce sounds
inta the aerve chinaels of the deaf in arder that they
may hear. Is it not possible thol wo may learn o intro-
dora them without the present eombarsomoncss of
first transforming elocirieal vibsatbons to mechanfeal
ones, which the human meghanism promptly trans-
[orms back 1o the eleetrical form? With o couple of
eletisodes an tha shull the encephalograph now pro.
cuces pen=and-ink trmecs which bear some rolution to
the cleatrienl phenomenn geing on in the bruin ftsall,
True, the record 18 unintelligible, oxcopt as it points
out eertain gross mislunctioning of the cerobral moch-
rndsm; but whio would now place bownds on where such
& thing may bead?

In tha outside warld, all forms of intelligence,
whether of sound ar sight, kave been roduced to tha
form of varying eoreents in an eleetrie clrouit in order
that they may be transmirted. Inside the human frmme
exnctly tho spmpe sort of prooess ccours. Must we ol
wuye transform 1o mechanieal movements in onder to
procoed from ene elestrieal phensmenon to another?
It is a suggestive thought, but it hardly warrants pro-
diction without losing touch with reality and im-
modintatees: ——— ., . . .

Presumobly moan's spirit should be elevated if ke
enn botter roview his shady past and analyse moss
eomplately and objectively his present problems, Ha
has built a civilization so complex that he nesds to
mechinize hiy rocords more fully if he {3 to posh hi
experiment to its logicnl conclusion and not messly
beeome bogped down part way there by oweriaxiss
his limited momory. His oxeorsions may be mars
enjoynhle if ho can rencquire the privilage of forpatiins
the manifold things he does not need to have immedis
ately at hand, with some nssurance that he can find
them again [ thoy prove imporient.

The ppplications of scionce have built man & well
suppliod housa, and nre toaching him to live healthily
therein. They have onnbled him to threw moeses o7
people acninst one another with cruel weanone Thes
oy vol allove him truly to sopampnes the preat reoord
and to prow In the wisdom of miee sxperionea. mx
porish in conflict bafore ha learns to wisld that record
for his true pood. Yet, in the application of sciones L
the noeds anil desires of man, it would seam to ba ¢
singuinrly unfortunalo staga at which to torminedc
the process, or to lose hopa s to the auteoms.
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