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PREFACE

The reader of this volume will perhaps be Gisappointed in not finding
a given special method explained as fully as he would desire. It is
regrettable that this 18 the case. If it is realized that almost three
thousand different and unrelated requests have been handled by this unit
in the past four years, and that the tools required for these requests had
to be created, then perhaps it will be understood why each particular appli-
cation was made brief. "

Anothér problem to be considered is the experience level of the reader.
Two camplex and heretofore separate fields have to be brought together,
both with their own limitations, and both pushing into the fields of re-
search. A campromise was found at the point where the meteorologist could
g0 no further, and the machine technician could go no further, without
becoming intimately acquainted with each other's problems.

If further details about a specific problem are required, it is
recammended that use be made of the files of Data Control Urit, which
contain the complete history, including wiring diagrams, sorting pro-
cedures, etc., for each request.

Morvover, this report is intended to present only a system of methods
which facilitate the steps from the qualitative to the quantitative. Many
ways are offered for attaining this purpose, and they all should lead to
not only a more complete description of the weether and climate, but in the
end to a physical explanation.

Thus a new field in the science of meteorology has been opened, the
field of applied theory and meteorological engineering. This is & field
where all branches of meteorology, mathematics, and electrical engineering
meet with one cammon gozl, that of solving the problem of the mechanics of
the earth's weather.

The writers of this volume, who worked as a team in its preparation,
are indebted to all those who spent thought and care in the writing of
pProcedures, and to others who have worked with this unit and took careful
notes. Without these it could not have been written. Particuler indebted-
ness 1s ecknowledged to the International Business Machines Corparaticn,
many of whose manuals were used in the description of the functions of the
mechines and cards.

Just es this book was written as a team, and the individual and
developmental problems of the rast were solved as a team, so will it
be necessary that the meteorological and climatological problems of
the future end the continued development of this modern technique be
conducted in a gpirit of teamwork and cooperation. Such has been the
keynote of the unit throughout its histary.
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CARDS
1. Card Design. .

a. To a casual cbeerver paesing through a roecm in which
machines are compiling wcather data, the most impressive sight 1s the
operation of the clectiric sorting and.accounting machincs; just as
the operation of large machinus, punch presses, milling machines and
various typus of drills tends to be the moot impressive sight to visi-
tors in a machine shop. The punched cerd is given very little attention
and is passed by unnoticed ir the same manner as the tools and Jigs and
dies of manufactures planrts are passed by. To onec who is interestecd in
the dctalls c¢f operation, heowover, these scemingly unimportant items
assure a leading role. For, just as the forme of the dies and Jigs deter-
.mine the shape of th¢ finished manufactured product, so the punched cards
control the electric acccunting machine &nd cause it to produce accurate
and complete analyscs and statistical reports.

t. The purpose cf creating a unit card containing woather
information 18 tc¢ establish a singl: rccord of a condition, which may
Te speedily sorted and re-scorted by means of automatic machincs for
the prepsratiecn of various analyses and reports on the electric account-
ing machines.

¢. The importance of the cerd in a successful installation
cannct bo stressed Us0 much. The card is, In reality, the basic uni
in the machine mcthod of weatner statistics. It 1s the medium which
actuates the varicus machines and pleys a part which is essential and
impcriant as that of any machine in the coperation.

d. The =zpplication of tabuiating machince and espscially the
design of the tebulating cards around which the aystem has bucn devel
opcd, afcrds a wide range of ingenuity  The various climatic and
stutigtical roccrds which ars campiled by msans »f the puncred card
method reach into practicaily every phase of modern weather tochniques.

&. Thc cards thomsclves reflect this wide variety of weather
applica®ions and rercly arc two identical card forms used for different
scurcee, regerdiess of the similarity of the tabulaetion rcequired.

f. In order to be able to des’gn thce mest ¢ffective card fer
a particular applicaticn, it 1s essential, first, that the preliminary
requirenmonts of good card design be recognized. Cne of the primary
raquisites 18 a goneral knowladgc of the observing practicc arnd the sta-
tistical mcthods belng cmpioyod in order to approciatc fully not only
the presunt needs of the protlem but 1ts future possibilities. ‘It is
2iso rga@ential to kave a gororal knowledge of the rulcs governing the
aosign of weather records arnd documents so that the proposed plan for
use of accounting machines may be instailszd to effect a maximum with
8 minimum of change and disruption of the associated recerders. The
third faster ia a knowiedge of the opcration of all units in the tabu-
iAating mochine line of products 3o that the work may be accomplished
¥with a ainimum amount of sifort. Lastly, it Is esscntial that the-
person whe dssigns and approvee the card form which is proposcd has
&1 accureds detalled knowledgr of the special problem to which the
earda arc boing applicd.-
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&. Although there are many basic principles governing the
designing of card forms, it must always be remembered that good sound
camon sense and practical experience will contribute much to ths
pelection of the one best way to do the work.

h. The first step in card design is to determine the data
which will be needed fram the card in order to meet the regquirements
of the contemplated record routine. In order to accamplish this, all
of the following factors must be considered in the order presented.

(1) Of all the factors affecting card design, the most
important are the requirements of the finished re-
ports that are to be prepared. These reports should
be kept in mind constantly so that all necessary
information may be included in the card and arranged
toc factilitate their final preparation. The factors
so determined may be considered as the desired or
ideal card requirementa. Cartain modifications
may then be required to conform with any of the
limiting conditions discussed later.

(2) The factors next in importance ere determined by the
sources of the original information. These must be
studied to sece whether all the desired data ere
available on thec original documents to be used in
punching. If not, or if too much labor is re-
quired to get them on these documents, it will be
neceasary to reviee the list of card data, or use
other meteorclogical factors which will accamplish
a similar purpose. A study of the source will fur-
thor show whether certain available data can be
conveniently included in the card and a new use
devised which was not originelly planned, or which
may be nceded in the future. At this polint, also,
a study of refserence punching should be made so
tha* the card may be identified with the original
rocord from which it is punched, if this 1is
necessary.

2. Coding.

a. MNumerical codes have long been recognized as the most
concise and accurate method of idenmtifying individual items and
groups of related items. Their advantages are espocially obvious
whoen observed in connoction with the sorting and classifylng opera-
tions of machinc systems.

b. The proper designing of codes 1s therefore en inherent
part of the Data Control Unit, and is of paramount importancc in
determining the most efficient prevaration of the required reports
end tabulations. In general, the coding requirements follow thc same
peth as fundamental card dcsign. The actusl coding practice has
of nscessity been so voluminous that this paper cemnot be concerned
with the details of the actusl codes used. Howsver, a few of the
types of codes used are emmerated bolow: :



(1)

(3)

Scquence Cadcs - The simplost form of coding that

can bc utilized is the scqucnce method. It con-
sists of the simple assigmment of rumbers, starting
with 1, to a list of items or eclcments in eny order.
The sequence method docs not provide for any classi-
fying of groyps and cannot be uscd where such rc-
quirements exist. A scquoncc codc always rcquircs
memorization or decoding; therefore, thc original
1ist to be numbercd should be arrangcd in somc logi-
cal order tc aid in this proccss. The sequence method
of coding, duc to its simplicity and unlimitcd cxpan-
sion, has becen mistakenly applicd agein and again to
long lists of itcms or stations, with the rcsult that
therc can be no quick grouping by any classification,
and rcferencce must bc mede to group lists. The last
threc digits of the Intcrnational station numbers are
a good cxamplc. The Army system of station numbcrs
for punched card data, avoids this pitfall by group-
ing stations by latitude and longitudc thercforc
avoide repetive and non-grouping of station numbers.

Block Codcs - This tcrm applics to codes which uti-
lizc groups or blocks of mumbers in scquence to
reprosent classification. Block coding provides

a methcd of coding classcs wherc the number of
digits must be limitcd, as it provides morc groups
with lcss digits than any othor class coding plan.
Expansion is also provided in a limitcd way by the
rescrvation of vacant numbcrs in cach group. The
first digit of thc Intcrnational station numbering
system is an examplo.

Group Clegsification Codcs - Group clessification
codes arc thosc codes in which major and minor
classification arc ropresented by the succecding
digits of thc numbers, end aro tho most cfficicnt
for ordinary coding problems. In this typc of code
all digits cxcept the last rcprescnt a definite
clessification in such a way that a machinc sort
on thc purticular digit represcnting any dcsired
classification will accomplish a camplete scpara-
tion. The automatic control featurc of the tabu-
lator can be used throughout, and sorting is
rcquircd only as fer as the diglit which reprcscents
tho group or controls ncudcd for any given roport.

Significant Digit Codcs - This torm has boon applicd
to codcs whercin all or same of the digits renresent
tomperature, preossurc, wind velocity, or amount of
precipitation or any other clement which has been
tronsferrcd bodily into the code. In onec scnse

this %s not actual coding, as these cloments dctor-
mine the mumbers without coding, except for ncga-

"tive quantitics which do roquire a simple code. The

primery objeoct of significant digit codes is to
eliminate or reducc thé work of docoding by providing
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(5)

—

o code mmber that ic directly readable, and can be
used meothematically., ' :

Self Coding Cards. Such specialized cards as tho
WBAN Card No. 1 are self coding, as the mmbers
printed on the card are replaced by the more common
meteorological symbol. Every effort is made by

such o design to oliminate reference to code sheets,
mamials, etc., and to reduce the work required to
punch such o card by untreined key punching personnel.



MACHTNES

1. General. Almost ell types of International Business Machincs
are used by tho Data Control Unit, The function of each mechine and
the menner in which it is used depend upon the functions of other
mechines in the step-by-stop processing of punched cards.

2. Koy Punches. a. General, The IBM machinc wkich of neccseity
must be used first in any punched card opcration is the key punch, with
which date are punched into the desired columns of the cards, Scveral
typos of key punches have been developed, but thres are used by this

unit.

b, The aimplest of all IBM machines is *he Type 00l Key Punch, the
non-eclcetric, portabls, end the compact kcy punch which is uscd in the
field for in-station punching of Air Force and Weather Burcsu observations,

(1) This mechine hes twelvc porforating koys, one for cach
punching position of a cclumn, Tcn keys are numbered
from 0 to 9, Tho slcventh is marked "X" and punchos
directly above the O, It is uscd to record o detail or,
at times, it may be arranged to cause a fiecld to be
skipped in which no information is to be punch:d, The
tvelfth key hes no distinguishing merk, but punches a
hole in the position directly above the "X", A space
key 18 also provided on the upper right corner of the
koyboard which, when depressed, advenccs the card onc
column without punching a hole, An edditionsl key on the
upper loft corner of the keyboard, whon depresced, re-
lecacs the carriage for its return to the point where
the card can be romoved,

(2) Each individual card is placecd by the operstor in the
carriage of the machine prior to punching. This is
accomplished by placing the card on the bed of the
mechine aftor the carriage hns been releesed to the
extreme left, and then inserting the card to its proper
position in the mechine by pressurc against the thumb
lever,

(3) As cech key is deprossed the carriage automatically ad-
vances onc c¢olumn; except when X-skipping is effected.
In that event the card may advance several columns to

~ somc predotermived point governed by the size ~nd position

of the skipped fields, When the proper information has
been recordod, the operator removes tho punched card,
inserts ano*ther blank card, end repeats the process on
another obsorvation,

(4) Several features have been included in the dosign of the
machine to fecilitate the punching oporation. A carriage
stop is provided so thet punching may bu bogun at any
column of the card, After each key hc.. boun depressed,
tho card column punched becomes visiblc to the operator,
parmitting one to see whet has been punched,

p



(5) When necessary, morc than one key may be depressed to

Ce

effect simultaneous punching of two or more .holes in

t+he same colum. This punch, like all numerical key
punches, may be built to punch one or two identical cards
in a single opcrations Change from one - to two -~ card
capacity can easily be made.

The key punch which is most used within the Data Control Unit,

‘however, is the Type 016 Motor Drivé Duplicating Key Punch.

(1)

(2)

(3)

(L)

The keyboard of this machine is exactly like that of the
Type 001 punch. In this machine the holes are perforated
by the action of an electromagnet, which is governed by
the closing of an electrical contact by the depression

of 2 key. It naturally follows that very little effort
is required and that three fingers can advantageously

be uscd to utilize the touch system of opcration. As
each punching key is depressed the card is automatically
advanced to the next punching position and the column

"just punchad becomos visible, thus permitting the operator

to sce what has been rccorded.

The punch is equipped with automatic card feeding and card
ejecting devices, which arc so arranged that after a
punched card has been ejected, a card from the magazine
is automatically fed into the punching position. Cards
may be also fed into the punch by hand from the left with-
out removing or in any way disturbing those in the maga-
zine. The notor drive key punch is equipped with a key
interlocking device which prevents the accidental punching
of more than one hole in a single colum. If it is de-
sired to punch more than one hole in a single column,

the space-key mey be depressed and held down while the
regular numericsl keys are being struck far the holes re--
quirad for the column. This key interlocking device may
be made permenently inoperative for certain keys or com-
binations of keys.

This type of punch is provided with a means for skipping
certain groups of colums, similer in function to a tabu-
lar dcvice on 2 typewritere. The key marked ®X", operating
in connection with an especially cut skip bar, opcrates
this mechanism. It is necessary to provide a separate
X-skip bar for each design of card with different colum-
nar arrangement of fields if this type of skipping is to
be employed. The depression of the WX® key punches a
hole in the X-position of the first column of the field
being skipped.

In this machine is 2lso incorporated the duplicating de-
vice, which pernits the automatic transcription of common
data to more than one card, and the subseguent manual
recording by an operator of specific detzil pertaining
to en individual card. &11, or any portion, of the
punched data appearing in a tabulating card may be
automaticzlly reproduced in other tabulating

6



cards by this device at a speed of ten columns a
second, This duplicating feature is extremely useful
as an automatic coding device, Muster cards mey be pre-
punched with all the codes pertszining to any given
grovp of observestions, such as year, month, and day,
when hourly observotions are being punched, This card
may be placed in the mester card bed or the duplicat-
ing punch to effect the automatic transfer of these
codes in punched form to the dstail cefds., The dupli-
cating feeture is also extremely valuable for repro-
ducing cards which may heve become mutilated by excess-
ive or inproper handling, The automatic dupliceting
mechanisn serves as a medium for the accurgte and rap-
id trcnscerintion of data from ths dameged card to the
new tubulating cerd which is to replece it, The card
from which deta are to be trenscribed is pleced in the
master card bed, and the dupliceting door is closed

by pushing it down to the letched position. This
raiscs a set of brushes which will cormplete an elect-
rical circuit through the punched holc appearing in
each column of the master card, and results in the
eutomatic successive operetion of the propcr punching
keys, after the card to be nunched has been fed into
the machine. All duplicated dote arc transcribed from
a column of the master card to the corresponding column
of the d:-tail card, No trensferral of punched data to
other columns is possible,

de The other type of keoy punch which is used by Data Control
Unit is the Type 031 .ilphebetic Dupliceting Key Punch, This machine
is very similar to thc Type 016 punch, in that it is motor driven
end thet the duplicating feature is also present, However, in eddition
to the numerical keyboard of thc Type 016 punch, the Type 031 punch
is equipped with an alphsbetical keyboard arranged like a typewriter
keyboard, Thus, in addition to performing all thc functions of the
Type 016 punch, it is capeble of rccording alphsbetic information in
tebuleting cards in such a manner that complobe words end names, to-
gether with numorical dete, cen subsogquontly be printed by the
Llphabetic Accounting Machine, The accounting machine opcrotion ne-
cessitates the punching of tro holes in s single column of the card
if the printing of en slphabctic character is to be ciffccted, The two
holes appearing in each column of the alphabetic description are
punched simultaneously by the depression of a singlc alphabetic key.,
The keys of both kcyboards are interlocked to prevent the eccidental
simulteneous depression of two keys.

3, Verifier, e. Genersl, In the punched-cerd method of re-
cording and summeriging weather data there eare meny procedures of es-
teblishing and maintaining accuracy, Of these, one of the most impor-
tentis the mothod of koy verification which esteblishes the accuracy
of the punchcd card irmediately following its preperation. The term
"verification" ce used here is limited to the proving of the accuracy
of the punching of the card, Because of the important part played
by the card, it is esscmtial thet its accurccy be established as carly
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as possible by some ecccpted system of verificstion. The punched card
method has only one menuel trenseription of data. Consequently, dnly

one verifying operetion is roquired. The theory of key verification

is idonticcl with thet of any checking procedure--thot repetition of

work by a diffcrent person revecls any errors which may have been made by
- the person who originally performoed the task, Such e method of verifie
cation is essentially a compzrison of the original datr with those recorded
on the punched card, Key verificetion reduccs the humrn clement hezard in
the checking procedure end gives definite assurance thet the punched hole
records are correct, Key verificetion cen be effected et a speed equel %o
or in meny ceses, greetcr then thet of the punching operation.

b. The Electric Punched Holc Verifier (Type 052) was developed simul-
tenecusly with +he development cnd applicetion of the eutomatic feeding eond
¢jecting mochanism for punching equipment, The operrtion of the electric
verifier is exrctly like thet of thc motor driven key punch. It is the
function of the machine which is differenty as eech key is depressed, a
smell plunger goes through the hole in the card end permits the ecard to ad-
vence ono.column. If a key is dcpressed that does not correspond to the
hole punched in the cerd, the operatoer readily senses theo increased pressurc
on the key and the feilure of the cerriage to advance, thus becoming aware
of en error, Comperison of the punched card with the originel dets is then
mede to determine whet correction is necessary. Naturally, an error cannct
be corrected in a card which is mis-punchcd. The card must be punchad agein,
meking the correction during the re-punching of the card.

L. Sorters, a. Gcnercl, After o group of cerds have been punched
and verified, they must be sorted into the classificetions desired before
any other processing can be accomplished,

b. (1) The Type 080 Horizontel Sorter affords & speedy and accurate
method of arrenging cards into eny deaired sequence. This
mechine autcmetically arrenges punched cards into numerical
order or intc groups of similar elessification in numerical
sequence or other predetormined orders. The sorting opcretion
is performed at the speed of 400 cards per mimite for each
column sortcd, 411 of the steps in the operation of the hori-
zontel sorter are simple, making it e unit extremely easy to
operate, In certain operations of Date Control tnit, howcver,
the proper sequence of colwm:ns to sort, and the proper dis~
position of cards which have been sorted, require the operator
to be very alert, despite the simplicity of the mechine,

(2) Cerds must be placed in the feed hopper and the stert button
depressed, after the sorting teush hes been set on the column
to be sorted, Thirteen pockets reccive the cards during the
sorting operstion--one pcckot is for the rcjected cards
(those heving no hole punched in the column being sorted) end



each . of the other twelve pockets corresponds to one

of the punching positions on the ¢ard,. Cards are
antomatically teken, cne at & time, from the bettom

of the pack and fed past the sorting brush which deter-
mines the pockets into which they are to be deposi‘ed.
Contimiously turning rollers then carry the csrds to
their proper pockets where they are stacked, The
machiné will automatically stop if a pocket becomes too
full, or if the supply of carde in the 1'eed hopoer is
exhausted,

(3) An electric counting mechan’sm may also be attached to
© the sorter, which regigters "1M" for each card thct pesves
the bruch. The counter does not uffect the normal speed
or operation of the machine. By prograssively sorting
across a nuperical rleld from the units posi*ion to the
highest position punched, and taking thc sorted cards
ot of the *welve pockets in the proper order, a group
. of eards will be sorted in numeric order. This reaquires
one sort ver colurn, To sort eiphabetic information,

two scris per column are required, since *two holes

are puwiched in the same column of the card, Various
short cuts in sorting are somctimes used when the card
velume is extremely largce, such as block sorting; i.c.,
Tirst sorting on th. eolumn at the extreme left of the
ficld, «nd then sorting each resul!:ing group in thc
normal menner, Thus, in sorting s largc number of caids
by station number within region, it would be best to
sort by rugion first, snd then sort by station number
within region, sorting the cerds for cech rugicn sep-
arately, In this menncr one large group of the cntire
deck is made ready for further processing while *the
sorting of the balanc: of the deck is continusd,

¢. The Card Counting Horizontel Sortcr (Type 075) is designed
for the purpos: of counting the holes punched in wny or sll positions
of & given column of a cerd, and also to register the number of
cards not purched in the column, It will simultaneouely group all
cards of similar clascificstion and srrangs such classification in
numcrical sequence in the same menner s the Type 030 sorter., The
counting mecheniem is cquipped vith fiftcen adding counters of five
digit eczpacity eech, onc for ench of the twelve punching positions,
one for unpunched cards (rejects), one for sub-totels, and onc for
rrand totrls, A1l counters can bz clear«<d in e single opcreation,
The grend total mey be allowed to accumulate if desired, however,
while clearing tho othcor counters, This machine is equippad with
switch:s which allov the machinc to count the cards but not actually
seperete them into the pockets; it can also sort the cards without
counting them; or it can sort end count in all proper counters
similtanecously,



5. Reproducer. a. Gencral. Among the marked advances made in
the punched cerd method of handling data are the machines which can
antomatically transcribe repetitive data. Originally, the copying
of punched holes had to be done by a mamual or semi-autamatic mothod.
The automatic punching of repetitive data means increased speed and
accurccy in tabulating procedure. The Type 513 Reproducing Punch is
a valuable machine in the Data Control Unit because it can perform the
functions of reproducing, gang punching, and summary punching, thereby
eliminating the neccssity of having more than one machine to perform
all three operations. Reproducing and gang punching cen be performed
at the some time as summary punching; and, whilc a card is being punched
from e counter of the accounting machine, it can be punched from mastor
cards in the reading and punch units of the typu 513 punch.

b. Features of the Reproducer. There are two feed mechanisms, one
in the reading unit and one in the punching unit. The feeding is contin-
uous, and if either hopper should became empty, or if a card should fail
to feed, the machine will zutomatically stop.

(1) Six Punch X brushes are the first card station of the
punching unit, end they can be set to read any six columns
of a card. The punching mechaniam follows, and there are
80 punch magnets corresponding to the 80 card columns.
Since there is & scperate punch for each column of the card,
and since each card passos the punch dies with its top
edge first, the "12" position is the first punching to
take place. All "12" positions are punched at one time,
followed by the "11" positions, etc., through the last,
or "9" position. Thus, the card is punched campletely
in twelve stations of the card cycle. The 80 Punch
Brushes, which read the holes that have been punched
and campare against the reading of the camparing brushes,
represent the last card station in the punch unit.

(2) TFive Reading X brushes are the first cerd station of the
reading unit. They can be set to reed any five columns
of a card. Eighty Reproducing Brushes are the noxt card
stetion, which read the information to be punched and
transmit this information to the punch megnets, which
activate the punching dies as described above. The 80
Compering Brushes are the last card station in the
reading unit.

(3) There arc two stackers, ons for each unit, with a capacity
of 1000 cerds. If either stacker should be filled to
capacity, the machine will automatically stcp.

(4) Gang punching and reproducing operations are done at the
rate of 100 cards per minute. Summary punchlng requires
1.2 seconds per sumary cerd. All gpeeds are constant,
regardless of the number of columns to be punched. The
time required for summery punching ie in addition to the
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total print and reaeﬁ tiﬁe of the accounting machine
involved,

(5) The operation of the Type 513 Punch is controlled by
a single panel automatic plugboard, The board can be
either fixed or manual,

¢. Gang Punching. Gang Punching is the operation whereby identical
information can be copied from a master card into a group of detail cards,’
Although the gang punching is usually column for column, with the use of -
a clage selector, information may be punched into columns other then those
punched on the master card, Any number of master cards can be interspers-
ed throughout the set of detail cards, The information which is to be
punched will chenge sutomaticelly each time & new master card feeds into
the machine, Cards which have been geng punched can be verified for the
accuracy of the punched data., It is eslso possible to varify cards which
sre about to be gang punched to insurc correct association of master
end detail ccrds. An example of interspersed geng punching as used
by Date Cortrol Unit is the punching of relative humidity velues into
the detail cerds (hourly observeations) after those detail cards have
been properly sorted behind master cards containing the correct relative
humidity value for each tempcrature and dew point tempcrature.

d. Reproducing. Reproducing is the opcretion whereby all, or eny
pert, of the informetion which is punchcd in one set of cards can be
punched into snother sct of cards., The information cen be transcribed
cither in the original or in en altercC sequence, At the same time
as the reproducing operation, the cards can be verified for accuracy
of the punchod deta, Any discrepancy between the punching of the
original and ncw cerds is indicested to the operstor by cn autometic
mechine stop, & signal light, and a compering megnet indicator. Ome
of the large projects of Date Control Unit is the streight reproducing
of the ceptured German weather punched cards, the "Kopenhagoner
Schlussel® decks Therc are about seven millien of theso cards to be
reproduced, When this opcration is completced, the United States will
havc o vast store of obscrvations teken by the German weather service
in Burope end the Middle Fast during the war ycars, The cariginal cards
will t+hen be forwarded to other allied nations for their rcproducing,

e. Summary Punching. The manual punching of total cards from
deta appearing in tcbulated rcports wes formerly a time-consuming
operetion, Summary punches automaticslly prcpare total or new belence
cards simultaneously with the-accumuletion of totals and printing of
reports, Theae summery cerds are utilized to reduce the volume of cards
in the current filc in order to speed up thc tebulation of leter weather
summerizations, With the connector cable attached to the accounting
machinc, informetion cen be summary punched from the counters, FPlus
or minus totels cen be identified by X punching in any desired column
of thc summary cords The primary example of this function of the



reproducer as used by Data Control Unit is the punching of summary
cards as the six basic surface weather summaries are produced from
Army Form 94-A and WBAN No,l cards (hourly observations), whereby

the file is reduced from 31 cards to 1 summary card, Thus, when
later months of record are added to the files, it is unnecessary

to re~tabulate all the detail cards for the earlier periods of record,
Summary cards are cut for each month of record, and only the summary
cards are tabulated to produce the final reports,

6, Collatore a., GCeneral, The fundamental advantage of the IBM
methods in the weather data summarization is the use of an IBM card as a
unit record, These IBM cards can be arranged early in any sequence
required for the summarization of the information punched in them,
Prior to the introduction of the Type 077 Collator, the sorter was the
only machine available for autometic arrangement of cardsg in order to
file one @roup of cards with another, the two were placed together and
sorted on a common control field, -This procedure is 1deal if neither
set of cards is in proper sequence, but if the groups are already in
sequence, they will be sorted a second time, In mersing cards by the
sorting method it is necéssary to sort on each individual column of the
control field separately., The collator has been designed to improve
this situation by filing together, on one run through the machine, two
groups of cards which are arranged in correct sequence, The speeds
at which various operations are performed on the collator vary from a
minimum of 240 to & maximum of 480 cards per. minute, depending on the
particular application involved, Either feed, when operating independ-
ently, will feed cards at the rate of 24,0 per minute,

b, Functions of the Collator, The appljcations of the collator
generally can be-classified according to one of the following groups,
In any operation, however, only numerical information can be handled,

(1) The collator can be used to file two sets of cards together,

This operation is referred to as mergingj that is, two sets

of cafds are filed or merged together according to a control

field, For example, corrected cards for observations found

in error by the machine checking processes can’be filed into

the deck of cards containing errors originally, so that the

entire deck will be in proper order, This eliminates sort--
ing-all the cards again by'station nugber, year, month, day,

ahd hour, a 13 column sort, 3

(2) To the basic merging operation can be added the selection
of particular cards. This operation is used un prepering
the Army Surface Weather Records Status Report whereby
corrected cards arc filed into the major deck, and those
cards in error which are being replaced, are selscted from
the major deck,
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(3)

(L)

(5)

At the time this filing or merging opcration is dons,
the collator can perform another function, that of

'checking the sequence of onc of the scts of cards.

Checking the scquence will detormine whother any cerds
in the group have been filed in the wrong place. If

a cerd 1s out of order, thc machinc will stop and the
error will be indicatod to the oporator by a recd light
(Error Light). This opcretion is also uscd in merging
the corrected cards into the major deck, a8 given 1n the
cxample above, for then the order of the large deck is
again checked for correct ordcr.

Another function of the collator is the matching of two
scts of carde according to a contrcl ficld. Fer example,
a station-month of hourly observation may be matched
egeinst a master dack to insurc that cvery hourly
obscrvetion is prescnt in the deck. Those mester cards
for which there arc no corresponding detail cards will be
selected, and similarly, should a mastcr cerd be missing
fram the deck, the deteil card corresponding to that
master card will also be selected. The tasic decks are
not merged, but filed scparately.

The fifth classificetion includes a varicty of opcrations
possible on the collator based for the most part on mul-
tiple cclumn selection. A file of cards, which is not
in any particuler scquence, can be scarched for a spoci-
fic contrcl number or for cards over or under a spocific
control numbcr, such as obscrvations wherc the tompera-
turc is over or under & spocific valuc. It is also
possible to sct up two limits for a control ficld, an
upper and lower, and to sclect zll cards between these
two limits. Cards on which one filld excecds another
ficld zlso con be selocted. This function is used to
comparg dotail cards against a mester deck, checking
each observation to insure that thc dew point tcmpera-
ture is between the range allowed by the dry and wet
buld tempcratures. Cards on which onc field cxcecds
anothcr field can also bo sclocted. This might be used
to detcrmine that the cloud amount in each individual
cloud ficld is not groatcr than the total cloud amount
reported.

c. Principle of Operation. A collating opiration, whether manuzl
or automwtic, 1s accompliehed by mecans of ccmpuring two control numbers.

(1)

If the two sets of carde to bc morged are in numcrical
scquence, the number on the first card of one group ccn
bo comparod with that on the firet card of the sccond
group. The ccmperison will have cne of thrce resultas:
tho number on the first cerd is lower than that on the
sccond; the number en the sccond card is lower than thet
on the first; or the mumbers on the two cards arc equel.
Tho card of the lower mmber is placed in front of the
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(2)

merged file; the comparison then continues and the
two files are arranged together in an ascending

numerical sequence.,

In a manual collating operation, the cards from the
two files are compared and placed tngether in proper
sequence, Through the use of the collator this opera-
tion becomes fully automatic. The two sets of cards
are placed in the machine and the control numbers

are read from the punched holes in the cards inte

a comparing unit. In this comparing unit the two
contrcl numbers are compared, and the result of the
comparison is used ‘m turn to direct the machine to
file the cards together in their proper sequence.

d. Machine Features. (1) The collator contains two separate

(2)

(3)

(L)

feed units; the lower feed unit is referred to as

the Primary Feed unit and the upper as the Secondary
Feed Unit. Cards placed in the primary hopper are
called primary cards, and those placed in the second-
ary hopper are called secondary cards.

ks cards are fed from the primary feed hopper, they
pass two reading stations. Each reading station
consists of 80 single brushes, one brush for each
card column. The brushes of the first reading sta-
tion are called the Primary Sequence Brushes and
those at the second reading station are called the
Primary Brushes, A8 cards are fed from the second-
ary feed hoppsr, they pass only one reading station,
the Secondary Brushes, which consist of 80 single
brushes, one for each card column.

After being rcad by the brushes, the cards pass into
one of four pockets or stackers., Each pocket will
hold 1000 cards, and is equipped with a contact to
stop the machine when the pocket is full. Pocket 1
is for selected primary cards: Pocket 2 is for merged
cards; and Pockets 3 and 4 are for selected secondary
cards. Primary cards can enter either Pocket 1 or

2, but not 3 or L. Secondary cards can entcr only
Pockets 2, 3,and L. If tvo sets of eards arc to be
merged, the merged cards will fall in Pockct 2.

The basis of the automatic operation of the collator
is found in the units which compare the control in-
formation punched in the cards and which then di-
rects the movement of the cards according to predeter-
mined conditions. These conditions vary with the
specific application involved. The plugboard is the
medium through which the comparing units are con-
trolled, and the medium through which the results

of thesc comparisons are in turn directed
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to control the movement of the cards in accordance
with the requirements of the specific epplication.

The torminology used in describing the various plug-
hubs is based almost entirely upon the functions which
these plughubs perform in the operation of merging two
groups of cards. A discussion of thc plugboard how-
ever, is beyond the scope of this reporte

7. Multiplying Punch. a. General. One of the most valuable
mechines uscd in research projects at Date Control Unit is thoe Autamatic

Multiplying Punch.

This machine permits the completc mechanization of

many routines which formerly neccesitatcd mamuel celculeting and key
punching oporaticns  Thce Type 601 Multiplying Punch automatically multi-
plics factors punched in tabulating cards, cdjusts the products to the
nearcst decimal point desired, punches the resultant products inte the
cards, and accumulatces product totals.

b. Functions of the Multiplier. (1) Genecrzl. The machine

congists of a cerd reading unit; multiplying, trans-
ferring, =nd storing countcrs; and a punching unit.

The principle underlying the multiplying operation ie
axtremcly simple. As each card feeds into the machine,
the multiplicand and multiplicr arc rcad from the card
end s¢t up in the machine. The multiplication operation
is then performcd and the cerd fccds into punching
poeltion., The product of the multipiication is trans-
mitted to the punching mechenism and simultancouely is
rcgistercd in the summery courntcr. While the ceard is
being punched z2nd ejocted, the reading oporation is
®cing performed for the next card. The machine is
equipped with an automatic plugbocrd which mekes it
entirely flcxible for the recading, multiplying, and
punching of data es desircd.

In multiplying operaticns, the muitiplicand factor is
alweys sct up from individunl cards. The nultiplier
fector, howcver, may be sot up under either the Indi-
viduzl Multiplier Mcthod or thc Group Multiplicr Method.

{a) The Individual Multiplicr Mcthed provides for set-
ting up thc multiplicr factor frem the individual
cards in thc samc manncr as the multiplicand
facter. It 1s usod whon the multiplicr hes becn
punched in cuch card. This cperation is used to
obtain cross products in any Job requiring the
computation of corrclation cocfficients, for
cxample.

—~~
o
~

The group multiplicr mcthod provides for sctting
up cormon multiplicrs for greoups of detzail cards.
The multipliors aro set up from X-master cards

- serted in front of the groups of detall cords to
be cxtendcd by tho cammon multiplicrs. This
oprrotion is used when computing mcans of clements
in large projocts, such as computing the mean of
see level pressurc. The sum of daily prossure
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values is punched into the cards, and this total
of all cards which have the same mumber of obser-
vations ie multiplied by the reciprocal of that
mmber, thus actually obtaining the gquotient: sum
of pressures divided by the mmber of observations.

(3) When it is imperative that the operation of the multi-
plying punch be checked, one of the following methoda
may be usged: .

(2) Reverse Celculation Switch. This autamatically re-
verses tho position of the multiplier and mmltiplicand
without re-wiring those fields. The second run of the
cerds is not just a repetition of the first, but in-
volves & different and entirely independent calculation.
Therefore, when cards are re-extended, any error which
may have occurred in the first multiplication will be
detected in the second because a different total will
have been accumulated in the summary counter.

(b) Comparative Check Method. Under this method of check-
ing, the detail cards are re-extended. Camparison of
the summary counter totels provides a proof of the
extending operation. The emount accummlated in the
summary counter is checked egainst a tabulation of
the punched products in an accounting machine. Thie

provides a proof of the punching, operation.

el ! R

(¢) Parallel Balance Method. ' In this method, the ariginal
extending and punching operatien is repeated, the
product being punched in a different field. The
proof of both extending and punching operations 1s
accomplished by balancing the totale of the two
product fields in separate counters of an accounting
machine. : )

(4) Digiting Method. Extonsions and punching of exten-
gions may be checked simmltaneously by either of the
two mothods known as progressive digiting, or
digiting without sorting. '

(e) Group Total Extonsion Metliod: This method of check-
ing may be used whore multipliers are set up on &
group basis. Undeh thid methdd, the detail cards
aro extended only ohte, ¥ proof of both oxtending
and piinching operations, the cards are tabulated in
an accounting machine, controlling on classification,
indicating multipliers, and adding multiplicands
nnd products. The totals of the multiplicands are
extended by the common multipliers, and the results
checked ngainst the product totals. This method
elso provides o proof of the correct insertion of
mester cards. ' :
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: ¢. Automatic Cross-Footing Multiplying Punch. In addition to
the foregoing features of the Multiplying Punch, this machirz is arranged
to perform certain cross-adding and cross-subtracting operations, either
in combination with multiplying operations, or separetcly, as required.
The results of such computations are punched in the card, and totals
or net totals of the results may be accumuleted in the summary counter.
In addition to performing the recgular multiplying functionms, this mochine
is capeble of performing tho following cross~footing operations, vhich
are expressed hers as formulae, The lettors &, B, G, and D represcent
fields in a tabulating card; E represents the total or net total to be
computed and punched. \

PN
+ 1+ X 5 *
W @ E 9w
P+ + o+

Qoo

+
o

LI TN T I B B

t 1 1 i

In combindtional multiplying and cross-footing operations, the factar

A ma2y be set up 2s a group multiplicr. With the Additional Cross-
footing Device, numecrous other forrulce can be accomplished. 1f one

or more of the fizlds to be cross-zddcd have extra decimal positions
which are to be dropped in the -total, it is possible to #dd thesc
zmounts and adjust the total to the necrest whole number in the units
position. This is accomplished by the use of the 1/2 pickeup, a

feature which is used to round off fractions by adding 1/2 unit in which
every decim2l position is desired.

8. Interpreter., a. General, Through the use of the Type 552
Interpreter, it is possible to print, entirely eutomatically, descriptive
words and numercls directly upon the punched-card record, thus tronslat-
ing the holes in the card into printed information which can ezsily be
rezd. This printed information facilitctes the imvnual filing and pulling
of cards,

b. Features., The machine is equipped with a horizontal feed
similar to that of the sorter. Cards foed at a speed of 60 cardsper
minute, Interpreted characters may be printed a2long the top of the card
above the ®12® pesition, or between the "12% and "11" positions, accord-
ing to the setting of the printing position. There is only one set of
brushes on this machine, consisting of 80. From this set comc the zone
znd numerical impulses for alphabetical printinge. When X-punching is
recorded over & numerical field, and it is desired to interpret only
the numerical informstion, the X-Eliminetor must be used. With this
feature, only the impulses for the numerical positioms will recach the
type bars, The printing mechanism consists of 60 type bars, 2ach bar
containing 38& positions - 10 mmerical, 26 alphebetical, and 2 special
characters, The printing c2pacity 13 60 characters in one line on the
card in one ru. If 60 colums of interpreted informztion zre sufficient,
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the printing mey be ccromplished on onc run, If it is nececsery to
interprct more than 60 columns, the cards must be run through sgnin,
using thc other printing position for the additional interpretation,
It is neccssary to rewire the plugbeard to meke the second run, 4£11
sctups and sctup chenges ere eccomplighed through fhe use of en auto-
matic plugboard.

Ce Operation, .4s the cards nre fed, "l2%'s first, under the
single set of brushes, the type bars are positicned to the nroper
groups of type corrceponding to the 12", 11", "O", or numerical zone
selcctod, The cerd continucs to move undor the brushes to read the
numericel punching, thus pesitioning the typ: bsrs in the proper
printing position within the group elready selected, Thus, when
the card rceches the propasr stage of the feed cycle, the bars are
oectiveted, end the informetion printed on the cerd,

9. Electric Lccounting Machine. a. Genersl, The final step
in processing weather datoe on punched cards is necomplished with the
use of the Electric iLcccunting Mechinc, commonly called the Tsbulator,
The Tebulator is o combincd adding, subtracting, end printing mechine,
Punched cards passing through tnis mechine actusts the various counters
and printing mechanisms. The tabuletor is so designated thet it provides
complete flexibility in the arrangenient of the compilod ¢nd printed
data on the report form. The machine is entirely automatic and cperates
at the maximum speed of 150 cards per minute, Summary cards can bo
punchod simultanecusly with the printing of reports, This mnchine, which
hendles cither numericel or alphebotical infermation, is the most complex
end most flexible IBM mechine which the Data Control Unit uses,

b. Card Feced, (1) Generel, The cerds, placed in thc fced hopper
of the tsbuletor, pass two sets of brushes., The brushcs
reed the information which is punchaed ond cen direct the
type bars or adding mechaniem to print or sccumulcte the
data, Aftcr pessing the two reeding stetinn, the cards
enter the strcker,

(2) Brushecs. Ench reeding station consists of 80 wire brushcs,
one for oach cerd column, At the first resding stetion are
the uppsr or cuntrol brushes, snd at the second reading
station are the lower or add brushes, A punched hole in
any colum ellows the corresponding brush to ccntect the
conductor roll, This contact completes an electricel circuit
and the clectrical impulse aveilsble from this circuit can
be uscd to actuate the typu bars or adding mechanism, The
type cof impulse cmitted is controlled by the timec at which
a ccntact is made during a eard eyclc., Unpunched pesitions
on a card geparete tha brushes from the contect roll sc that
no impulses can bc e¢mitted by the brushes. The purpcse of
the upper set of brushes 1s to read the card as it passes.
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the first reading station in order to determinc what
is to be done with the information punchcd in the cerd;
that is, should 1t be printed, added, subtracted, or
campared with information on the preceding card? Then
when the card reaches the lower sot of brushcs, the
i~formation is road to be printed, added, subtracted,
cr compercd.

(3) cCard Cycle. Thc time required for thc rcoding of e cord
by o sct of brushes is rcferrcd to as 2 "card cycle" or
a "feed cycle" The term "list cycle" implice  printing
or the possibility of printing information punched in a
card during a fced cycle. The terms "tetal or ruset
cycle" infour the possibilitics ef printing totals fram
counters. During o total cycle, cards will not feod
through the machinc. The specd of the tebulators used
by Datz Control Unit is 80 carde per mimute for list
cyclea and 150 cards por minutc during tabulation,
except the completely mumeric machincs which list or
tobulate at the rzte of 15C cerds per minute.’

c. Plugboard The basis of the autamctic ovpcrction of the tebu-
lator can be found in tho plugboard and the contralling switchcs. The
rlugboard fits intc 2 rack on the left side of the machire.

(1) Plugbocrd wiring is similer in principle to thc opera-
tion of a telophone switchboard in that cicctrical
impulsos arc picked up end directed to specific places
in the machinc. Bocause ‘of the fact that the plug
bonrd acts as the "brain" of tho machize, fluxibility
of mach‘ne opcration is cbteined. By meking varlous
copnections on the plusboard, sthe operstor dirccts the
mochne and tclls 1t whicl operctions te perform.
Thorefore, once a kncwledge of the plugbozrd is gained,
the opcrator can produce innumercblce reports.

{2} As the dbrush makcs contact through the punched holc with
the contact reoller, the impulsc which is produced travels
to the piugboard. By mcans of oxternal wircs, this im-
pulsc cam be dirccted to & typc bar, counter, or
camparing reley, or can be zliminated cntircly. Hubs
on the plugboard crc diwided into two claseifications,
inlet and outlct hubds, depending on thisr function.
Scmc hubs can be imlets cr outlets, depernding upon
speccific conditions. Gencrally, outlets give the signal
and inicts do the werk. ;

d. MTypc Bars. The print unit of the machine is rcforred to es
the type barse; it cen perform throc functions: 1listing, printing totals
arnd printing oymbeols. There arc 88 type bers on the tcbulateors used by
Ddata Centrol Tnit, 43 ¢f which arc able to print both alphabetic or
numoric informetion, and 45 of which cen print numcric informetion only.
A1l typc bars have pleced for ¢ spocial character which will print under
cortanin desired conditions. 1In a listing operation, the upward movoment
of the typo bars is synchronized with tho roading of a cerd. As the
drusk 18 rcading frgm the "9" w0 the "127 position, the bers arc moving up.
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As soon ag a brush senses a punched hole, the type bars stop moving.
After the brushes have read all of the punching positions, the type
bare have been properly positioned for printing. Each type bar has a
hammer which, when moved forward pushes out the printing type located
at the printing pesition. The firing of these hammers against the type
var causes printing to take place. All of the: hemmers are fired at one
time. ~The Alphemerical type bar, containing alphabetic and numeric
positicns, is zoned into position as the card passes the upper brushes,
depending upon the "12", "11", or "O" punch present in the card. Then
a8 that card passes the lower brush, the. type bar is moved into the
proper print’ng position within the selected zone. Since the numeric
type bars capnot print alphabetic information, no guch zoning can take
place- ‘ :

o. Cmunters. The functions of addition and subtraction are per-
formed by accumilators called counters. There . are 80 such counters in most
of the tabulatars ugedvat this Unit, with the exception of one, which has
120 cqupters. The Size of the total is not limited by the number of count-
er positions in a group, as“they are arranged within the machine, for two
or more grgups not necessarily adjacent may be connected or coupled to-
gether ta act as a single unit. There are four basic steps in plugging
for accumulation:

(1)‘ What information, that is, card columns, is to be
' accumulated? The field to be added is connected from
. the lswer brushes to the counter entry hubs.

(2) Which cards are to be added, subtracted, or eliminated?
Each counter group has o series of plus and minus hubs.
Whenever the pius hubs are ‘mpulsed, the ceunter will
add. An impulse in the minus hubs will tell the counteri
to subtract. An outlet hub, called "Plug to C", and
given to the counters by certain copbrol punches in the
cards, will tell the counter when to add or when to sub-
tract. o

(3)  When is the total desired, trat is, L8 1t a sub-total orj
final total? ‘Each counter has a counter total control
hub which, when Impulsed, will restore all the wheels
of that counter group back to zero. Clearing the countes
mekes it poss:ble to primt the total held by the ceunteri
and to restere tiat counter back to normal. This infor-

- matign can be given te the counters from the comparing |
relays if desired, or from control punches in the cards.

(4) Vhere skould the total.be printed? Fach counter has a
row of hubs labelled counter tgtal exit hubs, at which
‘the impulses for total printing are avallable. These
hubs are piugged to the type bar total entry hubs for
tptal printing: The type bars are gelected according
to the position or the report where the total is to be
printed. Information entering the ccunters may also be
1listed from each card, so that the total might appear
below the report column of data being added or sub-
tracted. '
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f. Autamatic Control Autametic control is the function by
means of which the machines can distinguish the cards of one classifi-
cation froem those of another. The cards in a single class<ficaticn
are referred to as a control group, ¢.g., all cards for a single station-
month in a weather tabulation. The mechine by the use of the upper and
lower sets of brushes can reed et one time the holes punched in two
auccess ve cards. Each card when it ie at the upper brushes is compared
with the preceding card which is at the lower brushes. When a card
pzgses the lower brushes, it is compared w!th the succeeding card which
18 ot the upper brushes. Thus, each card passing through the machine,
ezcept the first and the last, is compared both w'th the card ehead of
it and the card following it. If the fields are the same, thus indica-
t'ng that the cards are of the same control group, the machlne will
contirue tc feed coxrds. Vhen the punching in one card does not compere
with the punchirg in a fileld n the card preceding it, the machine will
cutcmaticelily a*op to print the totals for the control grcup. There can
te three c.asses of Contrel Groups: minor, intermediate, and the major.
The contrcll.ng of the comparing relays *s occempiished by external wires
in tre plugbcard.

g. L’ sting and Tabulat:ng. List'ng is the printing cf informa-
tion from eash ndividusl curd os it pesses tarowi bk the reading unit of
the machine. A card can be listed only during 2 "list" cycle, which in-
volves ayrchronous cperat on of recding and printing units. When a
ma-hine is set to LIST by positioning the LIST-Tat switch, every card-feed
cyzle 18 a 1 st cycle and the information punched into the cards mcy be
printsd in any desired form except that the punching of clphabetic infor-
mation is 1:mited to the f ret 43 type-bars of the type 405 Tabulator.
Tabulabvion '8, of course, an cccumulation of informction in counter groups
from which totals may be pr nted for any desired classification When the
rochine is set to TABULATE . the first card-feed cycle ‘s a list cycle
vk ch enubles the ident'fying ‘nformation for eack classificstion to be
rrirted. Autamatic control of desired ciassificat on causes the machine
to pr nt or "cleor” the total cccumulsted in the ccunters. The counters
o th s mackine may be controlied to ndd, subtract or elimirate the &ccum-
iobion of numerical nformation according to the method in which the
sountars ure controiled. The counters may clso be controlled to print
totula at the end of any cne of four totel clase’flcation - - minor,
‘nterirediate, rajor or flnal.

L. Seisctcra. Class Seiectors zud "X" Distributors. The con-
rei of counters to add subtract or eliminzte numerica’ ‘nformation is
sccempiished bty means of the select orn of the impulge which causes the
ccuntors to operate. The selector 18 a sw'tch-like mechanism which mey
ve ccatroiled by specific punches in cng or more card columns  When tie
control punching s sensed, the solectcra chanmel the counter impulses to
«dd  subtract or eliminale the coutro!led datu as desired and the counters
ﬁil; funct!on in 2 normal morner when the selectors gre not controlled or

icked-up", i.e., the counters may bc controlled to eliminzte, subtract
on curds cuate’ning spec fic control punching arnd add all other cards or
rorfore :ny cambination of these functions. The means of contrel by selec-
toc.. affords o wide var ety of permissable operct ons that could rot be
Stherwise accompl”shed. In eddition tc the control of r~ourter ‘mpulseg,
8~ 2ctors can be used to saloct punched data at each reading stat:.on for
a@ditfon, subtraction or indicetion; to select the printing of totals by
¢lies so that more than one class of totals may be printed -n the same type
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bars on successive total cycles; to selcct the tntegrated relationships of
punched data in multiple columns so that cards in error may be listed and
all other cards mey pass through the machine at tabulating speed; to
clossify punched data and 2dd "1" in various counter groups, thus permit-
ting the tabulation of frequencies of° occurrences of various classificatien

1. Dig't Selectors. As previously mentibned, the control of
information or impulses may be accomplished by selection dependent upon
specifi¢ control punching. To afford meximua flexibility in such control
the mechines are equipped with digit selectors which permit the selection
of any ore, cr eny combinations, of the twelve possible punched positions
of thc ~ard for contrel of the selectors. Through these digit selectors,
any card coiumn or combination of card columns may be read from elther
read ng stoticn for select’on control, tho limitations toing dependent
upcn the operation. These digit selectors may also be used as omitters
when impulsed with a Unit Constant Impulse.

J. Summary Funching. At the same time that new reports are pre
pared, summery punches cean sutcmatically punch the totals that are printed
in the report. This permits subscquent tabulation from summary cards
without necessitating a re-run of the original or detail file. Summary
carding usuclly reduces thc detail card volume greatly and such practices
genorally result in o ceonsiderable saving of time if subsequent tabula-

t ons are desired In a surmary punching operation thc summary punch

is attached to the accournting machinc by the connector cable which trans-
mits the courter totals of the accounting machine ou each control change.
Tic plugbocrd of the summary punch contains plug-hubs corresponding to
the counter totzl ox’ts of the accounting machine from which the totale
arc wircd tc the punchmegncts for punching into any desired card form.
Indicative infermation is wired into @ counter of the accounting machine
and 2dded snce for cech control change cnd is transmitted through the
connocter cotie io the summery punch in the scme manner &8 other totals
The accounting machinc is <qu’pped with summary punch switches which per-
mit thce puaching of r sumary card on either a miner, intermediate or
major control change; only onc class of total can be summerized. Also,
informatior. can be gang punched into summery cards while summery punch-
ing. The cornector ccble ceuses on interlock of thc two machinos and
both mechircs must be switchced on to operate; if thc feed hopper of
cither meca*ne is cxhoustcd or either machine falls to feed both machines
will stop wutomatically '

10 Speoc’al Dovicos. a. General  Tho requirements for the
rachine process ng of compicx climatclogicel studies for military class
ifi{cation quickliy exccodod the cnpaclitles of practically all types of
"gtandard” TBM oqu pment then in usc. It was found that, in practically
21l requosts the rcquirements were such that would necessitatec pre-
proccssing for group class ficatlon ar edditional runs through the
maching creoting the problom of time sacrifice ar of obtaining eddi-
tionzl equipmecnt which wculd also requ re edditiomal porsonncl. The
probicma cucount.red were carcfully considercd by experieaced mochine
techniciens =nd IBM represcntatives to determine thc mget cfficient
solutiong. Rocommondot!one wore made &nd instellation camploted on
numorcus spccici dovices whosu purpose and functions aro enumcrated
in leter paragrepke. It may be peinted out here that the addition of
thosc speeizl devices, cenociclly, on the elpbabetic eccounting mechine
i1 m~ny cascs doubloed the capacity of the meckhine and const’ tutcd o
grcet saving “n perscnncl and timc roquired for thedr operation.



d.  Autamatic Reproducing Summary Punch-Type 513. To the standard
wutamatic reproducing summary punches were added two additional column
splits increasing tho caopacity to ten, a gang punch emitter, two ten-
position class selectors, twonty positions of double punch and blenk column
detection and 27 columns of mark sensing. The additionzl column splits
provide a total of ten positions for control of "X" or "12" punching or
elimimtion and pormit the summary X-punch control of tecn counter groups
in net-balence summary punching. The gang punch emitter permits the punch-
ing of any of the twglve card positions in any column of the cerd on cach
cerd cycle; this devico has a spociel advantage in thet punching may be
added to & card column containing previously punched data without "lacing”
the punching into succeecding cards. The selectors afford greater floxi-
b1lity 1n rcproducing, geng punching and summary punching, as control cen
be accomplished to reproducc or gang punch data into a single card field
from threc cord fields, to offsct gang punch and caompare, and to control
the punching of true or comploment values in non net-balance summary
punching. The mark scnsing device pormits the punching of data into e
cerd that hes becn marked with a epecial pencil. Information can be trens-
.cribed onto o cord and subscquently punched into the same card, thus
elimineting thc mamal key-punching of data from e source document. The
double punch and blank column detcction device ie used in conjunction
with mark scnsing to check that all marked columns have bocn punched and
are not doublo-punched; such errors will cause the machinc to stop znd
indicate thc orror by a red light. This dovice is also uscd in cortain
checking oporatijons in the auditing of cards rocecived from Army weather
stations.

¢ Type O77 Collator. The limitations and capaclity of thc colla-
tor have becn cxpandcd greatly by the addition of the collator counter
dovices and thce splitting of the single 16-position selector and scquence
unite into four U4-position units with switches enabling the use of any
combination of tho four units. The collator counting devicc makcs possible
certain collating oporations which involvo o count of cards and saves the
prc procesging wh'ch would othorwisc be rcquired for such operations.
Through usc of this dovice, it is practicablo to inscrt & fixcd or variable
numbcr of cards behind a singlc mester card; to inscrt initiel or over-
flow hooding cerds for continuous form listing and two column consecutive
numbor checking. The split sequencc and seloctor units pcrmit increased
capacity for a varicty of operations, for oxamplc, any of cight numbers
mey be solccted at onc time; combincd oporations such &8 scquence checking
and the sclection of given mmbers; the seloection of given numbers and a
givon range of mumbers; the sclection of a range of numbers within a range
of numbcrs ond many other spocific oporations thaot would requirc descrip-
tion too dctailed for 1nclu8ion in this paper.

d. Type 601 Muitiplying Punch The wartimc requircments of
woather statistice includcd many research problems, the solving of which
noccegitatod thousands of computztions. Meomuel computation wae too slow
and therofore imprectical in view of the time requirecments. Such problems
preacntod a chellenge to the ingermity of meteorclogists and machine tech-
nicizng; who were scarching for fawmulas and mothods of computing accurate-
1y such difficult consopts as ballistic winds, long range forocasts,
corrclotions of wosatheor slements, 6t¢. Tho moro simplc sounding rcquirc-
ment of the computing of relstive humidity from the tomperature and dow
point, becames camplox whon the mmber of obsorvations is only one fiftieth
the volumn of the possibilitios ann the oquations arc curvilinor.
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The modified 601 multiplying punch was mspplied to these problems. It is
able to multiply two or more factors in the samo card, whose products

do not exceed twelve positions, and punch their products into the seme
card, or to add or subtract and punch sums or differences also into tho
same card. To accamplish division, the reciprocal of the multiplier 1is
uscd. However, oven though the type 601 multiplying punch is faster than
manually operated computers, its speed is slow, relative to other IBM
equipment. It was observed that frequently a re-run of the cards through
the multiplier was necessary, due to the twelve position limit on sums or
products, and that there was the possidility of a product “"overlap" in the
multiplicetion of two or more multiplicands by a single multiplier, which
of course is dependent on the number of positions in the cambined factors.
The solving of weather equations by machine also interposed the problem
of adding or subtracting factors algebraically. These and many other
problems were carcfully studied by experienced machine techniclans and
IMM engincers. An installation was made of unique devices, which added
groatly to the capacity and flexidility of these machines. These dovices
were additional crossfooting and class selectors, which permitted the
introduction of additional factors into the summary products counter for
crossfooting, and control for the addition or subtraction of the right
hand components counter, controlling on the algebraic sign of the factors.
Also balance control was added, which permitted the conversion of cample-
ment totals and "X" punching to identify positive ar mogative products.
The addition of four extra counters in the right and left hand componsnts
counters expanded their product capacity to 16 positions. The split
multiplication device provides dual control of the right and left hand
camponents counter exits, and permits the trensferring of products which
would normally overlap in the multiplier, of two or more factors at one
tims. With the above device, 1t is possible to multiply four 2-position
multiplicands by one 2-position multiplier, where normally, only two
2-position multipliconds can be multiplied by one 2-position multiplier,
thus doubling the capacity of the machine for this type of operation.

A checking device permits the checking of the product against a second
camputation for "zero balance". All correct cards are identified by 2
"12" overpunch, end cards in error ccuse the machine to stop, so that they
may be inspucted. This device insures the maximum accuracy of the punched
product. These machines are also equipped wvith a decimal accumulating
device which permits tho correction, or rounding off, of a group product
total, which is accurate to within one half of one unit of the right hand
significant digit. However, even with the flexibility of these machines,
the wide range of requirements presents many problems, whose solution are
impractical on present day cquipment. A representative sample of these
problems has been brought to the attention of IBM representatives for
presentation to their engineering staff with the hope that they will
favorably consider engincering new and special equipment with the required
feetures for the solution of such problems. The new type 602 calculating
punch, with direct division, 1s o closer approach to the problem, but is
g8t1ll far short of the ccmplete statistical machine.

e. Type 552 Intorpreter. The interpreters arc equipped with a
digit emittor. The digit emitter is uwsed primarily to print identifying
information on cards without sacrifieing card colwmms to punch such
informetion as card deck number, summary mumber, etc.
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f. Type U405 and 416 Ascounting Mochives. To tho accounting machines
wore added four additional digit selectors; the six 10-position class
sclectars were split:into twelve 5-position solectors, and six additional
5-position selectors.were ddded, making a total of cighteen class selec-
tors. The X-distributors were split, making a total of sixteen singls
position selectors with "ZFS" pickups, instead of eight triple-position
selectors with only "X" and digit pickups, thus quadrupling the capacity
of tho machine for multiple column seloction. The four 8-position counter
groups were split into L-position groups, increasing the counter groups
from 16 to 20. Two column splits were a&dded, which increassd the selcc-
tion variations of analogues to 2 maximum of six systems. The card-cycle
transfer device was added to 80 counters, which permitted the performance
of such operations as first and last card indicatiéh, oight fiscld cross-
footing, group multiplication, determining the maximm and minimum values
of a control group, sumation of absolutc differenccs, the solving of
simultaneous cquations, and meny other complex problems. All machines
were-equipped with demountable type bars, meking it possible to produce
climatological listings ueing wecether symhols and characters fram the
codod data in the punched card; this is of particular advantage in the
editing of punched cord data cgainst original weather records. A re-
conversion circuit has been addod, which permits the ceonversion of cam-
plement progressive totals to truec figuros and the subsequent rcconversion
to the camplement for further progression of totals. The description of
the advantoges of these special devices could be expanded, but it soon
becames obvious that by the addition of this extra equipment the solution
of many problems is simplified, and that hitherto impossible operations
become commonplace.
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OPERATIONS

l. Gensral. a. Thue for we have discusced thc two components uvon
vhich machino methods of weathor gtatistics are basod, cards and machines.
Volumes could bo written concerning the detail of opero.tions vorformod. by
those commoncnts; tochnical files of Data Comtrol Unit can testify to that.
For the nurpose of this peper; however; an attompt vwill be made to dos-
eride the major oporation o tha tnit vhich wil) eatiefy thc reader.

b. The functions of Date Comtrcl Unit can bost be divided into
tvo cateyaries - routine and ppetial operations. Routinc opcrations are
concerncd wit. thc coding or ecditing, vunching, and chetking orf Air Force
veatier observatlions, both svrface and upper wlr, and thc summarizction
of thesc obpervations into a uniform groun of weathcr curmorice. The
svecinl ovsrations consist moinly of prenaring weather statietics to fit
the needs of individuel voers, for such purnoses as the regular summaries
do not suffics.,

£. SBoutine Operations. a. GCenoral and FWigtorical

(1) ‘he incomtion of c progrim of rout’nc mrmarics tvas
mde neeegsory by the "'reqvent roquoests and sroving
éomand for svrmerise o) A'r Torco wonther dala.

That buch a summurizat”on wrosram bc accamlishe

by munched card methods ves dictated by the Jacts

that renctitive use of the cortein clements ol the
ovecrvations vould be rcquircé and thet, since at tre
timo most Air Forcc rccords were of short neriod of
rocord, ‘roquont rcsurmarizations to cxicnd ihe rccords
would be reqv'rcd. Also, it was anticipated and even-
tuzlly bocame rcal’ty that inter-rclationshins of
scvoral stetions would be stvdicd in conncetion with
gpccial rcaunegts.

(2) Tae vrorram itself was aimed at gettin: as much 2a
possidble, if not all Air Force hourly weathor dzte
into unched card Torm end vrovarin certain stan-
dard sumnaries whicr would fill the sreater nart of
the reqe. roments for climatic informatlon. This
involved the collection, from the world-wide field,
o* thc pource documents, theiv coding into form
suiteble for puncring on cards, thc vunching, the
verifyins, o7 the runching, the summarizing of the
cards ard tho tremcndous amount ol record koepin~
associated with the control of thousands of stut’on-
months of rccord and millicns o runched cards.

{3) In the early stages, tho prorream involved saac 13,00C

" station months of record arnd the U million or so
Tunched ocards vwhic: were to be derived thereirom.
Thru the war years the passare of t’'me arc tho cynen-
sion of USAF ectivities has resultod in the incrcase
o7 the mmber of stat!on nonthe livolvsc to some
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26,000 station momthe of record, *“rom vhich same
20,000,000 nmuncled carde have been medc.

Initially tiho woeathisr records werc all collccted in
Washinston and there turncd over to the Statistics
Division of the U. S. Weathcr Burcav vhich then cam-
plotely nrocoescd the data, operating on transfcrred
Amy funds. - The data ves forwarded from Vashington to
Pittebursh wrere it was coded. It was then sent to
New Orlcans wnere the data wes nunchod and swmarics
crépared. The coding, Turching ard surserizing con-
sumed. the meajor portion of the cfforts of same 300
eoplo.

arly in 1945 the Army changed its reporting fram

Form S4 to WBAR-10A in joint agreement with the Navy
and U. S. Weather Bureau. At that time the WBAN punched
card forms had not as yet been created and the In-Station
Punching Program was barely beginning to take form on
paper. This necessitated the continued use of the Form
ol card forms and these were and are used for all Army
weather records covering the period thru December 1945.
Beginning with the records of 1 January 1946 the WBAN
card forms have been used. The same form of final sum-
maries are prepared fram doth card forms.

b. The Card Forms

(1)

(2)

(3)

In setting up the program to be operated on a punched
card basis it was neceesary to design two detail card
forme. One of these cards contains the hourly obser-
vation and the other contains the Summary of the Day
jnformation. When Form WBAN-10A came into use, another
card was added, the 6-hourly observation.

Once & station's records had been summarized and it
beceme necessary to add to the period of record if

only the detail cards were available, 1t would mean

thaet the initial detail cards would have to be included
with the new ones in the processing to obtain summaries.
This meant duplication of the initial effart - a very
undegirable feature. To greatly reduce this duplication,
summery cards were designed. Each of these would contailn,
for one of the standard summaries, the summarized informs-
tion from one of the hours of each day of a calendar
month. Using theee summary cards it meant that in re-
summarization the original machine processing is only

one thirtieth duplicated since 24 cards will furnish the
hourly summary information for & celendar month of 30
days in place of 720 howrly detail cerds.

The Hourly Observation. These cards (Form Sh-A and
WBAN 1) are by far the greatést portion of all cards
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- (5)

(6)

(7)

(8)

punched fram Air Porce weabther records. It is from
thesge decks that most weather summaries for Air Force
ingtallations are. prepared. For each record observa-
tion the complete eirways observetion 1s punched,
containing the following elemente: celling height,
sky condition, cloud forms, heights and amounts,
visibility, weather, obstructions to vieion, pressure,
temperature, dew point, and wet bulb tomperatures, and
wind velocity. The WBAN 1 card contains more informa-
tion than the Form 94A, due %o more camplete observing
practices which were ostablished with the use of the

" new reporting form. '

The Six-Hourly Observation. These cards (WBAN 2) con-
tain all the weather data transmitted via teletype for
synoptic maps which arc not included in the correspond-
ing hourly observation, such as gix-hourly maximum and
minimum tomperatures, pregipitation and snowfall amounts
snow depth, and three-hourly pressure change and ten-
dency.

' The Summary of Day Information. Thesec cards (Form 94B

ard WBAN 3) contain only information which applies to
the weathor from midnight to midnight: maximm end
minimm temperatures, procipitation and snowfall
amounts, meximum wind velocity, hours cof fog, ctc. As
in the comparison between Form 94A and WBAN 1, the
WBAN 3 card is more camplete than Form 94B, due to
rccording practices.

Winds Aloft. All winds aloft observations presently
being recorded are punched on a standard card form,
WBAN 4. Wind direction and speed are punched for stan-
dard levels above sca-levcl. As is the case with
surface observations, different card forms werc used
prior to the use of WBAN reporting forms.

Rediosonde Observations. Pressure, temperature, rela-
tive humidity, and wind velocity at standard constant
pressure levels are punched on the WBAN 5 card. Due
to the length of each obsurvation, reporting data at’
meny atandard levels, as many as eight cards may be
required to punch a single observation.

The "A" Swmary Card. Inasmuch &s summary cards are
necessary to avoid excessive repetition of effort in
preparation of routino summaries, a standard card form
weas developed. "The cards for all routine surface sum-
marica follovw the samc pattern, end each contalns the
seme informetion as is shown on the final tabulation,
but far a single station-year-month-hour. (An exceptior

. to this is made in the case of surface wind sumaries,
~ which are not prepared by hour, dut by wind direction.)
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(9)

The "B" Summary Card. For the temperature eummaries

propared, the frequency and sums of temperatures are
punched in semi-anmual cards. For the precipitation
and snow depth summaries, the frequency of observations
falling within the various cless intervale of the sum-
maries are punched by month; these cards also contain
the totel precipitation emounts for each month.

¢. Punching, Editing, and Checking. (1) Gencral. At some

(2)

(3)

point early in the proceseing of a newly punchcd card,
a check must be made to determine the accuracy of trane
cribing the data to the card. It has been custamary
practice to check the accuracy of key punching of all
cards by verifying them on machines similar to key
punches, machines which simply test for the punchod
hole instead of punching it. This method is used for
many card forms punched by Data Control Unit. Due to
the volumc of WBAN 1 cards, however, elaberate machine
methods have beon devised, so that complete mamial veri}
fication 1s no longer necessary. This method searches
not only for punching errors, but for observing errors
as well.

During the war, time was the major factor in getting
weather data onto punched cards for the tabulation of
staff studies, intelligence information, and for the
solution of other Weather Service problems. On a pecce
time basis, the major factor in most operations bocomes
that of cost. It has been found by time-study and cost
accounting that in the past about half of the expendi-
turcs of this unit have gone into the punching at the
original observational cards. Under the old procedure
the original Army weather records (Form 94 and later
WBAN-10A) werc mailed to the Data Control Unit, wherc
a largc crew of trained key punch operators encodud
and punched the weathcr observations. Toward the end
of the war, the Air Veather Service, foreseeing a
necossary roduction in the cost of operations, formu-
lated plans to heve the obsorvations punched in the
woather stations by the weather observers. Numerous
difficulties were encountered: the procurement of
key punches, designing a card that would simplify its
punching by inexperienced personnel, yet contain all
tho climatologically important parts of the observa-
tions, training personnel in the field to think in torms
of punched holcs together with written materials, and
the establishing of a system for supplying those sta-
tions with key punches and cards.

Only selected stations bogan punching their own obser-
vations in the early part of 1946. Now all stations
in the continental United States are participating in
tho program. Stations outside the Zone of the Interid
contimie to send their original records to the Data
Control Unit where the cards are punched by key punch
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(5)

operators. Through months of experimenting with the
in-station punching progrem, it appecars that its cstab-
lishmont has decided advantages over the former method
of obtaining the date on punched .cards. Since the
obaerver not only has to write the cobservation on the
original record, but punch it as woll, this doublse
scrutiny enables him to catch his observational ertors
easier than heretofore. When the obsorvers have had
sufficient experience in recording data in punched card
form, their accuracy will probably equal that of a
trained key punch operator. The lesser cost of punching
cards by thig method has already been mentioned, the
reasons being that the Type 001 punches are cheaper
than the electric punches, which are used in a tabula-
ting unit, and that the existing key punch operators
are mede avalilable for other important punching work.

For years the accuracy of Army weather observations was
checked at Group Heedquarters. This was a tedious Jjob,
involving visual inspection of all the elements of cach
observation, mmbering 720 hourly odbscrvatlons per
month per station. This function has becn assumed by
the Date Control Unit. It is expected that the woather
records will continue to be checked by the chief ob-
scrver, or other supervisor, in the individual weather
stations to remedy obvious errors; this checking will
asslst in in-station training programs and in maintain-
ing observer efficiency.

The first step in determining the accuracy of the sur-
foce weather observetions is the editing. The editing
procedure consigts of preliminary visual checks by the
manual checking section to verify the completencss and
correctness of all entries oxcept those in columns 1-30
in the body of the form. Columns 1-30 are scenncd only
for flagrant discrepancies and amissions, since the
date punched from these columns are chccked more in
detail latcr by International Business Mochines.

(a) Entry Check. Each shcet is reviewed for proper
entries of station name, station number, latitude,
longitude, date, height of barometer, end the time
meridian for rcporting. The station name and date
on each sheet are indispensablo for a statistical
racord of this nature

{b) Time Check. Since the records forwarded have
originated from all parts of the world, it is
obvious that the time differences are many and
.varied. For this reason, all incoming records
must include the correct meridional time, which
is verified by using the standard 15 degree longi-
tudinal differences from O degrees, or Greenwich.
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(e)

(4)

(e)

Six-Hourly Check. The additional data recorded at the
six-hourly periode are checked against the record obser-
vations. Time headings are checked on all six-hourly
reports insuring that a eix-hourly interval is actually

" observed. A check is made to dstermine if meximm

temperature or minimm temperature entered is simply
copied from hourly observations, or whether it is
measured from mex/min thermometers. This will be noted
vhere all maximum and minimm temperatures agree exactly
with the temperatures at the appropriate record observa-
tions. The observations will be considered correct if
this condition occurs occasionally, but not i1f it occurs
in all cases. Bnow depth is checked as this entry is not
likely to increase fram one observation to the next unless
snowfall has been entered for that period in record or spe
lal observations. The presence of blowing or drifting sna
however, may cause the snow depth to increase without
actual snowfall. The precipitation entries should contain
scme notation other than 0.00 if the entries under “Presert
Weather” for record or special observetions indicates
occurrence of rain, snow, snow pellets, drizzle, or asso-
ciated phenemena.

Summary Check. All stations recording "Summary of the
Day" information must have been in operation during

the entire 24-hours. A summary card can not be punched
campletely if there are not 2U-hourly observations
entered on the form. It 18 posesible for a station to
have recording instruments that measure maximm and
minimum temperature, 24-hour precipitation, 2i-hour
snowfall and extreme wind speed, so that these entries
may appeer on the form without having 24 record observa-
tiong. Maximum Temperature and Minimm Temperature in
the Summary should agree with the highest maximm and
lowest minimum reported by 6-hourly observetions. Tem-
peratures should be to the mearest whole degree Fahren-
heit and include only the period from 0000 to 2359 local
time. (Should not include data of previous day). Pre-
cipitation occurring during the day should be entered
to the nearest hundredths of an inch. "Present Weather"
columns will indicate whether or not an entry should be
made. The record is considered only fram 0000 to 2359
local time of the present date, and no previous observa-
tions should be considered. The amount of snowfall from
midnight to midnight is reported to the nearest tenth of .
an inch 1f any occurrence 1s noted in column, "Present
Weather".

Total Cloudiness Check. When the entry of total cloudi-

nesg has been left out, the eppropriate entries will be
made in celumm 29.
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(6) A mmber of machine tests have been designed to inspect
each hourly observation tc determine if it is consistent
.within 1teelf and-if it adheres to the instructions of

- T 1-235, "Weather Station Handbook for the Obgerver'.
These observations which fail the machine tosts are
1igted, and the listing routed to the marmual checking
unit, where they are compered visually with the original
reports. Cards routed to the tabulating section for
machine processing are checked in six separate opera-
tions, 1in which the following elements are checked:

(a) Tompcrature - wet bulb - dew point. Not only is
" relationship between these temperaturcs tested

(1.c., that the.wet-buldb tomperaturc lies botween
the dew point and air temperaturce in proper order)
but the computed dew point temperature is checked
to dotermine .if it lies within thc renge allowable
for the obscrved air temporaturc and wet-bulb
temperature. These ranges were computed for two
standard elevetions from the psychrametric teblos
and punchcd in two mester decks. The dock corree-
ponding to the elevation ncercst that of the
station being testod is matched against the hourly
observations on the collator, and thosc obssrva-
tions apparently having dcw point temperatures in
crror are sclocted and investigated by the manunl
cheeking unit. Tho master deck contalns all ex-
pected cambinations of wet-buld and air tcmperaturc

(b) Cloud emount - type - height. The cloud field
checking accamplished by sorting progressively
.across the cloud ficlds from low to high clouds.
Sight checking is combined with sorting to detect
and eliminatc cards with inconsistencics due to
incorroct obscrving or coding and punching prac-
ticos. Since thoe cloud fields on the WBAK Card 1
total 23 of the 63 columns used for the actual
woather data, 1t could be expected that they core
the source of most difficulties in coding, punching
and chocking of observations. This has proved to
bo true, and the test describud bricfly herein is
8o camplex that no method has been devised at
proscnt to perform this checking procodure on the
tobulator. It is bolieved to be cconamicelly
. impossible to chock these ficlds on tnc tabulators
used by the Data Control Unit, despite the many
non-standard devices attached to the machines for
othor camplicated operations.

(¢) Vind direction and visibility codes. The hourly
obsorvetions are checked on o tabulator to find
impossible punchue for wind direction, such 18 NSW
or EN, and to find 1llegal visibility valucs, such
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(£)

»s 3 1/2 or 18 miles. Only those visibility values
thrt can be roported sccording to TM 1-235 are
#llowed to pess. These errors are also listed and
routed to thz menual checking unit for analysise.

Sky condition - total cloud amount - ceiling. The
symbols and welues for sky condition are checked
agrinst the reported ceiling and total cloud amcunt
for agreement according to TM 1-235. If sky condi-
tion is reported as "cleer®, total cloud amount of
zero tenths must be given. ("Few® is punched as
zero on the card.) Similerly, sky conditions of
tscattered", Wbroken®, end "overcast® must have
total cloud smounts of one through five tenths, six
through nine tenths, and ten tenths, respectively.
(Ninc plus is punched as ten tenths.)

Visibility versus weather conditions and obstructions
to visione This is en elaborzte checking procedure
accomplished in one run of the cards through the
tabulator to detcrmine that the visibility value
reported is in agrecment with the weather and/or
obstructions to vision observed, according to TM
1-235., For every observation where the visibility

is equal to or less thsn six miles some type of
westher or obstruction to vision must be recorded.
This test rcquires thc comperison of nine columns

on the card (weather and/or obstructions to vision)
against three columns (visibility), and necessitates
the use of practically every non-standard device on
the alphabetical accounting machinc. This check is
designed to detect - mot only those observatlons wnich
are inconsistent with the provisions of TM 1-235,

but also to focus attention, for scrutiny, on obser-
vations which, while they sre sllowable, appeer to

be very unlikely.

Station pressure - sea level pressurec, Cerds =re

1isted in chronological order on the tsbulator, =2nd

using the consecutive number control device, dupli-
cate and missing cards are indiceted. These errors
are referred to the manual checking unit, where
missing observations are supplied, and duplicates
inspected to detcrmine which is correct. (When
duplicate cards occur, uswslly one is in error,
sving been loft in the file by mistake,) At the
same time, the machine is checking the continuity
of pressure from hour to hour. ks it lists the
current sea-level and station pressure, it also
lists the difference between two sdjacent pressurcs;
if this differcnce bctween pressures at two ¢ onsecu-
tive hours is unreasonably larger then adjacent
dif ferences, these observations are serutiamized for
errorss
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‘The manpal check procedure for JJBAN-10k is supplementary
"t0 the machine check performed by the IBM machines.

The etrors and inconsisteancies pointed out by the mach-
ine check are corrected at this time and are summarized
on the Drror Summary Form provided. When the manunl
check is performed, the clerk has available the sctual
Fform WBAN~10A in question, the tabulated error listing
and the pressure listing, ¥hen the tabulated error
listing is prepared on the IBM machines, the cards

which Have been proven to be correct dec not print. The

cards which may have errors dc print in a form very
much like a teletype weathcr report. The tabulated
error listing is the basis of most of the manual check.
The remarks of the incorrect or incomplete observation
will frequently give useful data. The manuzl check
clerk compares such observetion on the tabulated error
listing sheet.against the criginel observation on the
Form WBAN-10A. . Punching and observational errors are
designated and corrected on both the listing and tne

"form. Where there is no apparent crror, the test num-

ber designating the type of error on the listing sheet
is encirecled. dhen errors are found on the form, when
not appcaring on the listing, the observation is cor-
rceted on the form, end the date and time arc noted at
the bottom of the last obscrvation on the listing.

-Error Summary. The punching and observational errors are

summerized and entered on error summary form., The re-
marks contain information about errors outstanding and
reccurrent found thrpughout the period, illegible and too-
light handwriting end other pcrtinent comments, After
all observations for a month have been proccsscd
through the machine and menurl tests, a tally of all
errors noted is madc. This summary is furnished to
Group Commanders who inform th: various Station Weather
Officers of the accuracy of obsvrvational techniques at
their respective stations, It is hoped that not only
will this information in itsclf bring to th2 attention
of the observers the type of error most frejuently

m=de in order to render tham more carcful, but that the
rclative status of the observimg and punching accuracy
of cach station within Weathcr Groups will inspire the
personnel of the lower ranking stations to improve
materially their technigues. It is further desirced to
use this information 2 a guide in planning or revis-
ing training programs in obscrving and punching methods.

Routine Summarics. (1) 1In designing summcries to be
prepared routincly, an attempt was made to furnish the
clements of observation most ’requently requasted, in
ranges most often desired and in such mamner that a

‘majority of climatic questions can bc answored by re-

ference to these standard summaries for the given statim.

- The pagsage of time and hundreds of requcsts for informa~-

“tien hatve proven that the summrics eventually arrived

at have fulfilled this requirement,

~ (2) There axé‘tﬁq main divisions of the summary. The larger,
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referred to as Part A, is a collection of six tabulations
prepared from the hourly cards, The second or Part B

consists of five tabulations prepared from summary of

the day informztion. In addition to these summaries pro-
~red by machine, a recap summary is hand prepared and
shows percentage frequency by month of 2ll elements of
the A summary.

(3) The A summary is in six parts, as stated above, and con=~
sists of the following for each station completed:

(2) Flying Weather - This shows by month and by hour
within month the numbcr of occurrences of closed,
jnstrument and contact weather classifications and
also, for those obscrvations in which the visibility
was less than one mile, shows the number of occur-
rences of obstructions to vision in the category of
fog, smoke and haze, blowing snow or dust, precipi-
tation and unknown, Shows number of obscrvations
with visibility less then one mile and also total
number of significant observetions.

(b) Ceiling Height - Shows by month and by hour within
month the number of eccurrences of ceilings in each
of the ranges of 0-4,50 ft., 4,51-950 ft., 951-2050
ft., 2051-3050 ft., 3051-5250 ft., 5251-9750 fi.,
9751 ft. and over. Shows also the number of signi-
ficant observationse.

(c) Visibility - Shows by menth and by hour within
month the occurrence of visibilities falling within
the ranges, in miles, of 0 - 1/8, 3/16 - 1/L, 5/16=
1/2’ 5/8 - 3/149 1-2 l/}-b 2 1/29 3 - 6’ 7-9, 10
and over. Shows total number of significant obser-
vations,

(d) Sky Conditions - Shows by month and by hour within
month the number of occurrences of sky camditions
reported as clear, scattcred, high broken or over-
cast with or without lower scattered, low broken
and low overcast. Also shows total significent
observations, Distinction between high or low in
this case is whether 2t ar above 10,000 ft. or
below 10,000 ft.

(e) Veather Conditions = Shows by month and by hour
within month the number of occurrences in prescnt
weather of thunderstorms, rain and/or drigzle,
freezing raim, snow and/or sleeby hail. Also gives
total number of observations with precipitation and
total numbor of significant cbservations,

(f) Surface Winds - This swmwnry is prepared for each
month and for overall amnual. The wertical spread
is by wind direction to 16 points and the horizontal
spread shows the ogcurrence of observations falling
into the velocity groupe, in miles per hour of 1-3,
L-12, 13-2l;, 25-31, 32-b, L7 and over, Shown zlso by
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dircction is th2 number of observations of L mph and
over, total significant observations and totel of
a1l velocities which is later divided by totcl ob-
servetions to show average volocity by dircction. The
numbcr of cccurrcnces of calm is also shown.

(b) The B summary is in five parts each of which requires but

Ceo
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a single sheet., The summary parts are as follows:

(a) TFrequency of Daily Maximum Temperzture - Shows for
cach month and annually the frequency of occurrence
of meximum temperature by two-degrze ranges. Also
shows total number of significant observations and
the sum of the temperatures from which is computed
and entered the average daily value by month and
rnnually.

(b) Frequency of Daily iinimum Tcmperaturcs - Shows mini-
mum tzmperatures distributed in same mammer 2s indi-
cated abowve for moximum,

(¢) Frequency of Daily ioan Temperaturcs - Shows mern
temperaturcs distributed in same manncr as for maximum

(d) Frequency of ‘D-ily Precipitation Amounts - Shows by
month ~nd annually the frequency of occurrence of 2l
hour precipitetion amounts in the intervals, in inches
of zero, tracc, .01, '.02-.05, 06-,10, .11-,25, .26~
«50, .51-1.00, l.ol-Q 50, 2+51-5,00, 5.01-10.00, 10.01-
20.00, over 20,00, Also shows by month and ennually
the number of signlficant observations and th: sum of
the prccipitation amounts from which are computed and
entered the mean precipitation amounts, Also shovn is
the mezn number of days per month 2nd annuully in
which .0l inches or more of },x‘onpltatlon occurred.

() Irequency of Daily Snow Dcpths - Shows by month and
annually. the frequency of occurrence of amounts of
snow on the ground at 0800 IST in the intervals of
Cel=0+5 in., O, 6-1.0 in., 1.1-2,0 in., 2.1-€.0 in.,
€.,1-12,0 in., 1-2 ft., 2-3 ft., 3-L ft., L-5 ., 5-
10 ft., over 10 ft. 4Also shown are total numbcr of
daily observations and th¢ mean number of days per
month and per yeer with a mecsurablice depth,

‘nz2logue Seleection. (1) Anrlogue selcction is a method of long

range foreccsting, and is the processing of choosing weatha
maps from the past which are similar in scveral respects to
the current map, on the theory thet like causes produce
like results, Howewver, sea-level pressure is the sole fac-
tor considcred.. &nalogues are selccted daily upon reeeipt
from the Mester Anslysis Gentral in Washington of the
eriteria defining the currcnt map.

A file of weathar maps, known as the Daily Jymoptic Scrics
of ‘Historiccl Weather ¥zps of the Northern Hemisphere, wos
congtricted from weather information traded among notions,

- from information in-shipts logs end data on rceord zt the

Unitod States Weather Burcau, and it consists of one map

‘por day from Janunry 1399 through June 1939, 2 pcriod of
“forty and one+half years. In order to search this file

b1



(3)

(4)

(5)

rapidly for maps eimilar to the current day's, & plan was
devised of coding and punching a description of each map
into IBM cards. Since the B0 columns arc insufficient %o
describe the map of the entire Northern Hemisphere, the
map has been broken down into six overlapping major divi-
sions: Atlantic, East Atlantic, Northwest (Contincntel),
Pacific, Asia, and West Asia. Each of these subdivislons
has been further subdivided by meridians and parallels into
73 zones, which, when punched, leave six columns of the
card for the date, and one column far jd.ntification of the
major divisilon.

Aftor analyzing tho current map, the forecaster in Wash-
ington places over it & transparent template, showing all
the eresl subdivisions. He notes the losation and inten-
sities of the major pressure cells. This information is
tranamitted to the Data Control Unit, where & portion of
the analogue card deck 1s run through the tabulator in
geerch for cards with identical data. Ordinarily about
two months of each year's cards are used, approximately
one month of every year before the current date, and one
month after. The cards pass through the tabulator with
no apparent result, until the machine detects a card con-
taining the correct criteria. At that point, it stops
and lists the date of that map aimilar to the current ono,
whereupon the cards mntinue to feed through the machine
until another card is detected that meets the requirements.
Scome days as many as two hundred maps arc listed, and some-
times no maps at all are selected. These dates are trans-
mitted to Washington where the forecasters visually check
the historical maps, choosing the ones which most closely
rescmble the current map for aid in meking thelr long
range forecasts. In the cases where & great mmber of
maps are selected, only a few dates are transmitted,
twenty at the most for each analogue, using the most
recent dates, since date coverage is better on the later
maps of the series. If no maeps ere selected, the criteria
are altered slightly, by the forecasters, and the deck is
re-run.

Tn addition to selecting msps which fit the current

mep with respect to certaln pressure pystems, the machine
1ndicates the degree of similarity to the current map by
the use of additional systems, cslled options. Thus,
meny meps mey be selected which are sinmilar in general

to the current mep, but of these, some mApS mAy MOre
closely approach the current pattern. As many es three
options are usually furnished by the forecasters.

When the Data Control Unit was in Washington, the Forecest
Branch simply telephoned their eriteriam, the cards were
tebulated, and the dates telephohed back to the forocasters.
The toletypewriter 1s now weed as a chesper method of cam-
munication. The use of a Model 19 ‘tape-cutiing teletype-

writer and IEM Type 060 Card-Po-Tape Machine permits swmary
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cutting of cards during anzlogue selection, containing the
analogue date and area. Thege cards are used to cut =
teltype tape with the Card-Te-Tape machine, which is then
used for tranemission of the messcge, thus eliminating the
chance of manual tranecridbing error. The time required t- -
select analogues for four arcas (Northwest North Amecrica,
Continental North America, Atlantic, and Pacific) is
usually slightly under two hours, including receipt of
criteria fram'Washington, and transmission of the final
results. ‘

f. Controls. (1) General. The term “controls", cs we use it,

(2)

refers to the card deck: numbers, listings, tabulations,
etc., employed by this unit in effectively governing the
flow of work on various proJjects and in disseminating
information to interested agencios, regarding status of
projects, volume of data available, etc. Large scale pro-
Jects as, for cxarple, the routinc surface swmary progren,
came to involve millions of items of information which may
procecd through seven or elight stagee in processing and
thereby undergo constant change in status. In order to co-
ordinate and steor such a program to fruition it becomes
nccessary to know how meny and what stations are involved,
what period of record is coverud, thoe stago of completion
at which the various units of date have errived, where the
data may be physically located,how long it would take to
camplete tho processing of a given station or group of
gtations and things of similar nature. It also becomes
nccessary that affiliated agencies be furnished with the
same up-to-date information in order that they moy intclli-
gently conduct their own programs and mcke their requests-
for information logically. With the status of many items
constantly changing and with rmltiple copies required, the
adoption of punched cerd methods 1s most logical. Also, in
the casc of static volumes of date and punched cards, the
volume of data is grest and i1s so varied thet in order
merely to catalog the data and know its physical location
it is desircble to have it indexed in many ways such as
mmerically by station number, alphabetically by etation
name, geographically, according to datz content, according
to source, etc. To do this by hand means wzllowing through
the information many times whereas in the punched card
mothod the data is gons through but once ond complete in-
formation for cech unit recorded. It is then possidble to
index and cross rcference in any nmumber of ways mechanicall;
thereby cffecting tremendous savings, timc, money, and
effort. All of these controls then are nothing more thon

_ 1tems requircd in good mcnagement. .Their preparation and

upkeop consums 2 to 3% of the machine time end personncl
effort of Data Oontrol Unit and thoir value, in preventing
duplication and wostod effort as well as soving management
time, is a large multiple of the cost.

Ma jor Controln of the‘Dnta Coﬁtrol Unit. The Data Control
Bnit amplqu a.fuirly large mumber of devicea in the cca-
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trol of ite projects and data. A few. of the mare impor-
tant ones will be briefly discussed below:

(a) VWeather Fle Control.

1

This control is designed to be an index of the
punched card library. It was originally set

up to keep track of what weather cards were
available in the Pentagon. With the Data Con-
trol Unit's move to New Orleans the files of
cards bocame scrambled and so the control was
disrupted. As time and personnel permit the
loose ends will be picked up and the index will
be extended to include the entire Master Punched
Card Library which involves more than 100 million
punched cards. The index itself contains the
station mumber and names of all stations for
vhich there are punched cards, together with
indicgtion of the card deck identification,

total mmbor of years in the record, the earli-
est year, the latest year, the mmber of obser-
vations per day, the card volume and the card
tray mmber. This control serves the purpose of
collecting into one document information which
gives a camplete listing of all the stations for
vhich there are punched card data, tells through
card deck identification what elements are in the
cards, gives the period of record, the usual
muber of observations per day, what the card
volume is and exmctly where the cards ere to be
found. The cards are obtained originally cnd
added to the deck by mmboring the trays of a
block of card file cabinets in which cards have
been filed in some logical, predetermined order.
Then for each tray 1s codsd & line of information
relative to what cards are in the tray. This
infafmation is then key punched and verified.
Mcchine work on this control consists of sorting
the file control cards into various orders and
listing on multiple-part paper. Revised listings
are prepered by sorting or collating new cards
into the deck. New lietings are made only as

the need is indicatod by the volume of new data
to be added. '

(t) Inventory of Air Force Weather Records. At the
time this control was initiated the Date Control
Unit had on hand frem variops stations such items

as:

LTS

Hourly records an Foem 9.

Hourly records on WBAN-1QA.

Hourly records in notedooks {AAF in Great Britein)
Winds aloft on Yarm 201
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Winds aloft on Form WBAN 20.

Pibal graphs (WBAN 20A)

Pibal summary sheets (WBAN 22)

Older rawin forms.

Rawins on WBAN 20.

Rawin grapns {WBAN 20A)

Reyin sutmary sheets (WBAN 22)

Various rabal data.

Raodb data on forms both dvrior %o and cfer
the inception of WBAN forms.

- 6-Hourly sbservabiens-4{Foras 2) -
Monthly summorics (Form 1).

Barograph, microbarograph, thermograph
and hygrograph traces.

INEE  KRIRIEIS o101 owr

With such a veriety of records .rd the desirability of
knowing for each station Just what reccrds are avail-
able, what period of rcvcord is covored, whether the
month ie nearly camplete for days, whether 2h hourly
obscrvations were taken per day cnd for upper air
stations the number of runs per doy, it then becanes
apparent that the index will be nore flexible and morv
sasily kept on punched cards. Further, the information
can te roro readily furaished- %o other agenclies and
readily appended or rcvised. The inventory shows for
every Air Force station from which date heve been re-
ceived the station's nurber as agsigned by Data Control
Unit, the location by name, the airfield namc¢ 1f any,
and, by calendar month, all of the various types of
data received. It shaws for thoe hourly observations
if the month is represgnted by less than 21 deys, or
if there are fewer than 2k observations per day, or
both. It also shows for the upper elr stations the
usual number of runs per day and the tctal mumber of
observations available. The inventcry serves as 2
ready, eingle-volume, apd fairly currcnt source of
information for this apd other units as to Just what
deta ere avallable for each operating looetion at
which the UBAF has had weather facilities. The origi-
nal deck vf-cards for the -invemtewy were obtained by
coding and punching the information which had been
kept entirely by hand in Waghington. New cnrds arc
added from time to time by punching fram ccde sheots
which are made up daily, vased on the current receipts
ag checked in at the records section. In preparing a
report oach new card rust have punched into it a1l the
other infprmation for the station m@nth. The new
details epd the main deck are then collated and the
nev cards cutamaticclly filed into pooition. Cords in
the mein deck which have the same identification as
same of the new .cerds are cutamatically removed. The
cards are. then listed and in eddition a count of 1 is
put into counters for eaeh momth of each type of date.
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(c)

Minor totals are then made by station so that the
mumber of months of each type of record is glven.

Surface Weather Records Report. This report ls
designed to furnish camplete information on the
gtatus of each unit of data (a gtation-month) in
the routine surfece swmearizetion progran. It wes

‘necessitated originally because date werc being

coded and punched in Pitisburgh and same punching

‘and all the surmarizing done in New Orleans while

the program was being menaged from Washingtoen.
Because of special request and priority indicetions
which had to come from Washington, based on field
requirements, it was necessary to know what data
for each station was availeble and how far 1t hed
advanced in the processing in order.to establish
suspense dctes and sdvise the field when certain
1tems could be furnished. The report also served

in a menner as a progress report fram the processaing
units. The frequent reference to the report has
dictated its contimience. The report shows for each
unit of data by station what of the following opere-
tions in the processing have been campleted.

Receipt of records in New Orleans.
Microfilming of record.

Punching. '
Verifying.

A" gummary card punching.

"A" summary preparation.

"B" summary card punching.

"B" summary preparation.

I Col~31 O] 4w PO

It further shows by station the number of months of
record which have campleted each phase. The report
furnishee this unit with the information necessary
to proper guidance of the entire program. And
gince copies can readily be furnished and kept up-
to-date for other units it supplies them with e
resdy source of information as to what Army hourly
data are available, whether routine surmaries have
been prepared and for what period. It also gives

a rough idea of how soon routine summaries can be
prepared, based on the status of the records, or
vhether special summaries are posslble by reason
of the fact that the records have been processed

to a point where cards have been punched and are
ready to go. Cards are preparsd by punching from
status code sheets prepared dally by the supserviaor
of each phase who enters tho neceasary information
relative to the units which have campleted that
phase during the day. The report is prepared by
collating the new details with the main deck and
thereby placing new information in the deck and
replacing the card for a given station-month with
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a now card whore necessary. Thoe deck is then listec
with the digits indicating the campletion of a
phase being spread horizontally. Minor totalses ore
given by station showing the mumber of station
months having completed each phase

(3) A rumber of othor controls are maintained by the Dete
Control Unit by punched cerd methods but involve smellor
projoots or are less detailed or voluminous. Samc ex-
amples of these are:

(a) Winds Aloft Btatus.

(b) Porscnnecl Timc Study.

(c¢) Machinc Timc Report.

(d) WBAN Error Analysis Report.
(e) Moster Nome Cerds. |

3. Spocial Operations. a. General. A largc portion of machine time
is devoted to special projocts and requests. These Jjobs have becn likcened
to a production linc, upon which line are manufacturcd trairning ships,
fightors, very heavy bombers, and helicopters It is impossible to fare-
soe fram day to day Just what type of assambly will be next. This great
divergence of type of préoject mekee the work interesting, but very demond -
ing. A nimble mind, end e lot of expocrience, bdack-breaking work, plus a
forgiving soul, arc 211 that are required.

b. Climatological Studios. (1) Since this unit is the only
sourcd in the Air Force for climatological summariecs
involving machine tabulations, rcquests ere received
fram a great many officzs, both militory end civilien.
Requests from military agencies are corrcctly routed
to this unit through Headquarters, Air Veather Service.
Civilizn requosts are usunally forwarded to the U. S.
Weather Burecu, tho only exceptions being those eapec-

_1ally wuthorized by Headquarters, Alr Woathor Service.

(2) Just as the mmber end type of units requesting such
dato. are varied, so ere the requests. It is imposasible,
in a poper of thie naturc, to describe the meny differ-
cnt types of climatological summaries which have been
preparcd in the last few years. Also, the cize of each
Job may vary fram one requiring only & simplc refcrence
to a weather record, to onc roquiring the tabulation of
several millions of cards, involving thousands of man-
and machiné-hours of work.

(3) Sﬁmequ the more frequent types of requeste ere emumcr-
ated below:
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(a) Flying Wcather Wind Rose Date: Wind summaries
prepared separately by contact, instrument, and
closed weather conditions.

(v) Air Traffic Survey Meteorological Data: Summarics
for the last calendar year of temperature, pre-
cipitation, relative humidity, flying weather
conditions, and winds.

(c) Alternate Airport Studics: Summcries showing the
percentage of time that conditions at nearby fields
are instrument or contact simultaneocusly with closed
conditions at the primary field.

(d) High Level Radar Bambing Studies: Summaries show-
ing the probability of cloud cover over targets,
with contact conditions at the take-off base.

(e) Upper Air Wind Rose Data, at various lovels eloft.
(f) Mean Temperatures and Dew Points.

(g) Mecan Relative Humidity: 8ince relative humidity
is not reported hourly by Air Force weather sta-
tions, it must be camputod for each obsorvetion
fram temperature and dew point, a lengthy mochine
operation.

The above list is very abbreviated. Indeed, this whole
volume could be devoted to special requests alone, as

the technicel files of Data Control Unit can testify.
With the use of punched carde and machines, the variety
of such climatological summaries can bo limited only by
the amount and type of data availeble and the imegination
of ell intercsted people.

c. Joint Army-Navy Intelligence Service Reports. (1) Comprehon-

(2)

sive climatclogical studies of large sections of the
carth are periodically requirced by the Joint Army and
Navy Intelligence Service. The entire report is lengthy,
covering all types of information about the area con-
cerned. One chapter of each report 1s devoted to
woather statistics, and thia one chapter is often 2
volume in itaelf, depending upon tho aveilability of
data for the area.

Date for such foreign areas are gathored from whatever
gources are aveilable, usuelly publicetions, yearbooks
or daily bulletins published by fercign govermments 1n
sarlier years, borrowed from the Weather Buroau Library
or the Lidrary of Congress. Synoptic end summery of day
observations are coded when aweilable, into standard
forms, if possible, or into new card forms if no similer
data had ever been punched by Data Control Unit. For
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the normal JANIS report, about half a million observa-
tions are coded and punched, requiring several thousands
of man-hours. Coverage is attempted usually for from
twenty to sixty stations distridbubed throughout the area
with as long a period of record as is possible, up to
ten years. Both surface and upper air observations are
used, when available.

(3) After coding, punching and verifying, the cards are put
through a comprehensive summary program in the machine
section, now requiring severel thousands of machine
hours 1in processing and tabulating. Most often tempera-
tures airs in degrees Centigrade, which must-be summarizel
in ¥ahrenh=it, or wind speeds in meters per second,
which mue* be converted to miles per hour, etc. Thias
recuircs ingenuity on the part of these who plan and
carry out the mechine surmarization end of the project.
Usuaily it is possible to convert such units directly
in the tlabulation of the cards, avoiding a separate
step, but it involves eleborzte criteria and difficult
ccnirot pencl wiring for the IBM mechines. Almost
twonty soparate smuammaries woald be produced for the
1doel JANIS report, if al. types of ders dociredl were

volletln., Usually, about fifteen of the ~roanurles
arc tahviiated.

(4) Actc~ f2bulation, such sumnariees rust be computed, con-
ver.ing the raw frequencies into percantages, or into
wan rvmber of days per menth, ete. This slep involves
mexry mna-hours agaln before tne Tinal result ie accam-
ritencd. In one particuler JANIE, morc than 4700 pages
of sumaries were prepared. The average probadbly is
about 3000 pages.

(5) Such computed summaries are finally forwarded to Head-
guarters, Alr Weather Service, where the Writers
Soction of Military Climetology write the final clima-
tology for inclusion ¥n the published report.

d. Research Studies. (1) Research with the assistance of
Data Control Unit coneists of weather statistical data
prepared inv campliance with requests for data for use
in meteorology or other fields. This soction will
vresent a description of projccts belicved to camprise
research at this unit, both in Washington and New
Orleans. The deacription will not include the manner
of accamplishing the work by means of tabulating equip-
mont, but will explain anly what results were obtained
gince the use of the equipment is explained in other
soctlions of this paper. Two kinds of research are
treated, one pertaining to research data used to assist
forecasting analysis with rules of thumb for a amall
geographical area, and the othor pertaining to research
data used to develop gensral rules or thsaries of fore-
casting.
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(2) Emmeration of the local studies follows:

(a) Frequencies of wind force intervals at Tokyo,

" Jopan, (CL 888) were tabulated by wind direc-
tion according to three high altitude bombing
criteria based on sky coverage. Surface winds
wore converted to gradient winds by a multiplier
of 1.5. Whether direction was altered to cam-
pensate for backing due to surface fraction is
not known et this unit, the work having been
campleted in Washington.

(b) Persistence of gradient wind at Iwo Jima and
Nohe (CL 1226) was expressed by probabilities
in percentages that the gradient wind for one
day - -11 persist for a given mumber of days,
or that one day will be followed by a certein
secquence of daily gradient wind regultant over
a given period. Gradient winds were tabulated
to obtain frequencies distributed horizontally
by eight overlapping 112 scctare (DDyg = 16-04,
0B-06. 0408, OBo10, 0B-12, 10-1k, 13°16, and
1#-025 and vertically by two overlapping inclu-
sive groups (F> 5 and F > 6), greater than 24
miles per hour, and greater than 31 miles per
hour.

(c) Precipitation forecasting equipations for the
western Pacific Ocean areas (CL 1571) wore
derived fram totals by month of product of each
daily precipitation amount by each other daily
precipitetion amount.

(d) Precipitation and pressure studies in the Cari-
bboan area (CL 1753) used tabulations by month
of 6-hourly precipitation amounts, of pressure,
and of wind vclocity at 9000 feet.

(¢) Fog and stratus studies for San Antonio, Texas,
(cL 2448) using both observeddata and 1tems
coded from synoptic maps, was an objcctive
arproach to the prediction of fog and low stro-
tus botween O400 and 10CO each morning, one, eix,
and elghteen hours in advance.

(3) Emmeration of the general studies follows:
(a) TFor goneral research on the formation of stratus
dim-nal heating curves for San Dlego, Burbank,
ané Cokland (CLe 1017, 1028) were obtsined by &
plo* from & tabulation of dry-bulid hourly vempera-
tures by season. ‘

(b) The effect of water vapar on radar operation at
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(c)

(a)

(o)

(£)

Tateno, Japan (CL 1350) was estimated by an
analysis of the probably water vapor content of a
column of air for s:;x types of air mas (cP, mP,
nT, ncP, mT, and .

t4 ) ,c?; msg
The constituent elements considered indicative of
water vapor content, cloud type, and cloud amount,
precipitation, and radiosonde relative humidity,
were combined in 15 ways to determine intervals of
water vapor content for the separate air masses.

Ballistic wind computations (CLe 1393 and 1k92)
were used to derive mean wind veloclties, by season
and altitude, by means of a rectilinear curve of
regression: y = ax + b, determined by the least
squares method, where x - mean veloclty and y =

a retio of the wind at each level tc the wind at
bambing level (3, 6, and 9 km) fram a tabulation
of punched cards processed by the multiplier
nmachine.

Center of Gravity (pressure laminas) distribution
of latitudinal, longitudinal, and pressure para-
metere (CL 1535) as described in report Weather
Division Forecast Section, I March 1945, subject:
Center of Gravity Analogue Technique, and used ‘o
index map type, were arranged by sorting and cumm-
lative tabulating into deciles to facilltate
statistical manipulation.

For research on the land and sea breeze in Puerto
Rico (CL 1537), resultant winds (F) were obtained
fram punched cards multipliei in accordance with
the formula F = w csc [tan “1(u/v)], vhere u = the
x-component and v = the y-component of the wind
between levels, both calculated from elevation,
elevation angle, and azimuth angle, read by
theodolite.

Camputations of correlation for North Atlantic
monthly mean pressures from 1899 to 1539 daily
maps woighted latitudinally and longitudinally by
14 sete of coefficilente to form series of products
deeignated orthogomal polynamials (CLs 1896, 2009,
2019, 2059) were accamplished by accounting
machines. The monthly mean pressure values of each
of 14 orthogonal polyncmials were correlated, with
each of the 1 valuea for each day, within a season
and zone, classified according to 41 (later 15)
types of pressure distridution. Correlation co-
efficientg obtaimed by & simplification of the
mothod of lsast squares were reduced in value by a
divisor which prevented any such coefficient fram
exceeding unity in absolute value. Coefficients
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of the polynomials were selected to place the
axes of pressure variables at right angles to
each other.

(g) Pressure center track study for the Narthern

Remisphere (CL 2056) places on punched carde for

- every day (1899-1939) each weather system existent
designated by the date of origin or of first
appearance of the system. Systems are identified
by frontal criteria and type of pressure conter.
Direction criteria and type of pressure center.
Direction of movement and location are also in-
cluded. Tabulation by 5° and 10° geographical
coordinate squares of frequencies, intensities,
“direction, and speeds of these systems is planned.

(h) Forecaster stability study (CL 2078) used punched
cards to divide forecaster scores in the Short
Range Verification Program into 8 groups (2 groups
for each typc of forecast) of 10 staggered wecks
each, in the calculation of variances between
gections of the groups determined by splitting
each group of forecasters into quartiles according
to mmbor of forecasts in order to determine the
stability of & forecaster (reliability of his fare-
castg), with relation to the mumbor of forecasts
and to his standing. Originally thc variancos
were to be used as woights in the scoring of the
above Short Range program.

o. Northern Hemispherc Map Project. (1) As an aid to roesearch
studics by military and civilien agencics, 1t is
the plan of tho Alr Weather Service and Unitod
States Woather Bureau to publish a continuation
of the Daily Synoptic Series of Historical Weather
Maps of the Northern Hemisphere on a current basis,
both the surface map and 500 millibar chart. In
addition %o the printed analysis of the daily
weathor maps, it is desired that a listing of the
date from which the maeps are spotted should also
appoar. It might scem at first glance thet this
should be an oasy task, but the difficulties en-
countered are mmerous.

(2) Tho first attempt to present these data wes made
: by photographing the actual signals as received by

teletype, after being arrenged on the page for
publication. This, howsver, d1d not prove satis-
factory, mainly because it was almost impossible to
1dentify the stations with only the three-digit
International Index Rumber, and because the date woro
in a great varioty of codes, and still contained
garbled and duplicete material.. It was therofore
decided to opply the punched card method to the
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(3)

(&)

(5)

(6)

solution of the problem.

The first difficulty to be overcome was thc identifice
tion of tho reporting station by its three-digit
station number. This wee done with thc help of two
publications: the AACS Weather Transmission Handbook
and the Radio Weatheor Aids to Navigation. For stations
not listed in either of thesc books, information cor-
cerning the location is obtaincd fram wheatcver other
source is availeblc. For stations without index
mmbers, arbitrary numbers must be cssigned. Mastor
name cards, containing namc and number arc punched and
listed alphabetically, and mumerically within area,
prescnting a complecte stetion list for 211 stetlons
reporting rogulerly. Only stations tht rcport consis-
tently are used for the listing.

The synoptic obscrvations as reccivod via teclctype in
the Master Anzlysis Central, Washington, arc scnt to
Data Control Unit, where they are cdited by a staff of
clerks so that the data apnear in uniform codes. The
observations are then punched into cards. The cards
are listed by day in numeric order within aresa, the
data appearing in the fivo-digit groups, so familiar
to meteorologists. The maps and the date for each day
in the month are published in one book, with the stn-
tion lists appearing as en index.

The United States Weather Burcau code is used cs a dbasirc
for editing observations, but separate codes ars uaed
for lend and ship stations. Editing of surface reports
consists of three main stepe: correcting obvious trans-
mission or observetion errors; assigning to the thrce-
digit Internationzl Index Number an additionzl two-
digit code so thet statlons moy be sorted under their
regpoctive countries; and reducing the various land
codes into one standard code for columnar listing.

(The problem of converting temperotures is handled by
machine operation, but the indication of the presence
of €cntigrade values must be done manually.)

Proparing upper oir telotype reports for card punching
anG listing is similar to the preperation of the sur-
foece reports. Corroection of orrors and designation of
station mumbers is handled the same way. In cdditdion,
pidbal stations that use elphabetic dusignators must be
asgligned mumeric ones. This vory oftcn entails consid-
erable research into lists of stations and maps to gct
the corrvet numeric designators. In the uppor air
reporte, the -codos used aro toc various anc dissimilar
to attempt to reduce them to ono code, such as is done
for the surface reports, but all obscrvations ere given
a mumoer, indicating the type of obscrvation and code
used. Thesc codes with thoir interprctation are given
in tho preface to ths dota. ,
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(7) After t{g cards have been punched and verified, they
must be drocessed by machines. Land and ship obser-
vationg gust be separated. Cards for land stations
that co, gain various codes are reproduced, so that all
may be , ¥eted in columner order as one code. Selected
hours o-‘observatione are made, duplicate observations
ére remf wed, and listed separately for further camperi-
son, ant all observations matched egalnst the master
deck that only those reporting consistently are
listegex fhe above description of machine procedures
ie only a very brief outline; the actual processing
involves almost fifty distinct steps, much too campli-
cated to discuss in this paper.

(8) A proof listing is then made. This, together with, the
listing of duplicate observetions, is checked by the
editing section for both machine error and meteorolog-
ical dependability. In this operation the use of good
common sense znd meteorological experience are requisites.
Carde 1in error are indicated, repunched, and finzlly the
entire month's cards are listed for publication.

(9) Throughout cur experience with this project, it appears

that machine methods are better in several important
rospects than other methode formerly used to prepare

such data for publication. The arrangement of data
into uniform codes and the manner of identification of
stations used are far superior to the haphazard way
found in the original teletype reports. The amount of
work required to prepare one day's observations, however,
is quite extensive, and only with a large staff of edi-
tors and checkers, all familiar with the meteorological
codes, and an efficient amd closely coordineted tabula-
ting machine section, cen it be done. '

f. Ceptured Enemy Weather Records. (1) General. Reprcsecntatives
of Date Control Unit werc sent to both Germany and Japen
at the end of the wur, to survey and obtain coptured
encmy weather rccords. The Germer. Weather Service had
doveloped the punched card technique to tho point wicre’
their work was epproximately on the level of ours, as
of 1945. Conscquently, there were a great many punched
cards available to the United States fram this source.
The Japanese Weather Service wes doing e small amount
of work with punched cards, but their progress along
these lines was practically nil, and no punched cards
WOrc c*pturad

(2) German Records. (a) Two important card decks of
weather observations wore eaptured, one now in
the posscssion of the British, and the othor at
Data Control Unit. It is plenncd that the British
dock (called Mcteorclogie) will be reproduced by
them for their use, and the original deck forwardsd
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(b)

(c)

(d)

(e)

2., ’ N
to this unit for further reproduction for our

use.. -The deck in New Orleans (called Kopenhegener

Schluessel) will be reproduced three times by
Data Control Unit, one deck for ‘our use, one for
the British, and one to replace the deck for the
GerMans, since the original deck 13 1n such poor
condition.

There are approximately seven million cards in the
quenhagener Schluessel deck, a net weight of
about twenty-one tons. The main reproducing prob-
lem 18 to get the cards through the machines.
Despite a supposedly waterproof packing, the cards
were recelved after their ocean voyage in a water-
logged state. It was also learned that they were
left standing outside in the weather for a mmber
of weeks, before being shipped to the United States.
Their condition would be bad enough if they were
merely damp, but as much as half an inch of water
vas found in some of the cartons upon arrival.
These cards must be allowed to dry, and even then,
gome became so warped that they will not feed
through the reproducer, or they feed partly
through, causing & jam which stops the operation.
Badly warped cards and demaged cards must be re-
produced memually on the key punch machine, a
method much slower than that of the reproducing
punch.

Another difficulty is that the cards are slightly
thinner than cards made in the United States, so

" that two cards often feed into the machine simul-

taheously, ceausing & Jjem. This was ovorcame by
having the card feed aperture narrowed 8lightly on
the reproducers being used for this Job.

Many of the German cards are off-punched, that 1is,
the holes in the card are not parallel to the edge
of the card. This causes faulty reproduction, thus
making the work go even slower. At times, the
reproducer stope (for incorrect reproduction)

about every five or six cards. TYet scme of the
cards are in good cnough condition that several
hundred cards feed through the machine without
stopping 1it.

In addition to the cards, microfilm of the source
material has beon obtained, numbering almost 700
reels of film. These films contain the quivalent
of our WBAKR-10A, and will prove valuable as &
gource of data in years to came. The Kopenhagener
Schluessel cards and accampanying microfilm con-
sist of records gathered by the Germans in occupied
countries during the war, and will eventually be
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used for producing varied climatological summaries
far a mmber of Ruropean and Middle East stations,
not obtainable fram any other source available in
the United Btates.

(3) Japanese Records. Since no cards were available fram
Japan, an effort is being made to obtain weather records
fram the Central Moteorological Office for punching, to
£111 in gape in arees and poriods of record for which
the United States has no data. Two representatives wore
sent to Japan to arrange the program of punching these
data, since it was deamed impracticel to transport the
original records to the United States. The 20th Statis-
tical Control Unit is punching such observations in Tokyo
forverding the campleted cards to Data Control Unit. A
mmber of Type 001 key punch machines wore Porwarded to
the 434 Weather Wing, in Tokyo, with the intention of
ueing Japansse nationals as key punch operatars. It 1s
expected that a valuable group of cards will be obtalned,
but no estimete of the card volume can be made at this
writing.

g. Future Projects Contemplated. The following are a fow appli-
cations of this valueble tool, the punched card, to furthor weather studies.
The sheer volume of statistical camputations necessary to campile enough
datae to prove or disprove a theory in the field of metecrology, 1 so enor-
mous to dismay the person who is faced with hamd tabulation. Kow for the
first time it is possible to oxplore the many paths that will eventually
lead us to the best answer. A new field of applied metearology has devclopod
fram the war, that of the meteorological engineor, who tronslates tho archi-
toct's idea into the asoclid structure of applicetion.

(1) Computation of socondary land fields. (&) It is possible
and feasidle to campute the chanccs in a hundred of
finding socondary fields which have coilings and
visibility above minimms when the primary landing
field is closed. In this cperation a time lag can
bo introduced which would permit the slowest or
fastest aircraft to reach this second ficld, and/or
require that the second field remain above minimms
for any specified length of timeo.

(b) The moteorological explanation of this condition is
that due to the arographic effect, under cortain
vind strcams a station will de subjectod to up-
slope winds while another station, due to its
locality, will heve downslope winds,

(¢) This information is particularly valuablc in tho
Arctic and sub-Arctic rogions, where during tho
course of a flight tho Aurore Borcalls may com-
plotoly interferc with redio reception. It would
also be valuablec for Flight plamning to meke gaso-
line gllowance for alternate airports.
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(2) Computation of the igochronic coofficient for Analogucs.

(a)

(v)

The present method of selecting annlogues, although
a valuable tool in the hands of the forecaster, has
certain limitations. Tho most ocutstanding is its
inability to match systems with different accel-
erations. That is, if the analoguc selected has
gystens undergoing deceleration while the current
nap has gystems accelerating, the present method is
upoble to camponsate for this effect. If, however,
the historical naeps have previocusly computed velucs
for acceloration or deceleration, and threc currecnt
maps are campared egainst these values, it will be
posgible to determine whether, for example, five
analogue maps mist be used for the next five days,
or whether four or six are necessary. This will
place the emphasis on the behavior of the systems
rather than on the preclse location of the systems.

The present IBM equipment can be adapted to handle
simple behevior patterns, but for more advanced and
miltiple correlations, a machine will have to be
built using electronic counters and memory tubes in
order that thie information will be available within
one hour after basic data are received from the fore-
casters. The requirements for such a machinc and
basic design are being prepared. This machine will
also embrace features which will énable this unit to
handle more voluminous and complex tabulatlens in s
shorter time than they are now. being done.

(3) Computations of roughness parameter. (a) The roughncss

(®)

peranmcter is a factor, peculiar to each station,
wind direction, and speed, which when empirically
derived gives the height of the turbulence inversion.

This derived figure ennbles a forecaster to tell the
critical specd for each dircction at which redia-
tional, advectional, or ground fog will 1ift to low
stratus, the height to which 1t will 1ift, and the
upper limit of welocity. at which no fog will form,
regerdless of radiationel effects. Thesso values
can be shown in graphical form for cach wind dircc-
tion, 1.e.

' ~{a

/ +« No strotus

+

£ / \

"; o Stratus
m -

Wind NKE
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(c) If the temperature - dewpoint depression and eky
" copndition indicate the liklihood of radiational
fog, then by forecesting the gradient or geo-

strophic wind by Petterssen's mothod or any
desired means, the height of the celling will be
detormined by the roughness paramster far that
field and that direction. Since the roughness
perameter will be derived fram actual cases of
wind and celling height, such factors as adla-
betic cooling, or heating, lake effocts, etcetera
will be included in the curve. '

(3) This method has boen used to a limited degrooc
from hand camputed curves by Eastern Air Lines
for & mumber of years end has been found to be
very sccurate for stations within 200 miles of
the coast. By using machine methods a longer
period of recard can be used, with resulting
greater accuracy of curve definition. Machine
epplications of this sort take one tenth the
time of hand tabulations. -

(k) Single or multiple station study. {a) Each weathor
station has peculiarities of exposure, terrain
and location which meke it a different forecast-
ing problem from any other station, irrespective
of distence to that other station. By means of
IBEM equipment 1% is possidle to guide the rescarch
worker in his efforts to solve these peculiari-
ties. For example, if one is {nterested in the
courses of low visibility so as to formulate
forecaating rules, it is possible to select out
21l those cases, where low visibilities did not
occur, and eliminate the greater bulk of materiel
to be handled and concentrete only on those cases
whore low visibilities did occur.

(b) By making o frequency distribution of elements or
difference in elements, one can further rofino
the search and on this first run, through the
tabulator, find the positive or nogative depen-
dence of these elements. It is also feasible to
check interdependence between stations for the
seme or different elements, thus proving or
disproving rapidly the existonce of scattered
Key Stations.

(c) Since all metecrologicel elements are mors or
less dependent upon one another, and that degroe
of dependence is a variable Dbetween stations, a
new forecaster who has hald little or no experience
working at a station, will unless otherwise ad-
viged, bring with him a eum of his previous
expérience, which may lead him to0 erronoous
conclusions, until he gains experience at this
now station. If, however, a comprehensive study
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that is uniform within the weather service, is
prepared for each station, then when a man is trans- -
ferred he will be able to tell wherein this new
station differs from the old, and how much the
difference is, and the reason for this difference.

(5) Comparative flyability for U. S. stations. (a) The

(6)

(»)

Time

(v)

()

(d)

standard summary of Army stations includes a summary
of contact instrument and closed weather based

upon similtansous celling and visibility observa-
tions. With this information it is poasible to
make a listing by months in order of flyability of
all Air Force sirfields.

This listing could also be prepared on an annual
basis, or a summation of all months, or years of

~operations.

of fog formetion curves. (a) Similarly to the
explanation in paragraph (3), curves can be com-
puted showing the time fcg formation as derived
from such factors as temperature - dew point
depression at sunsect. These curves can also be
refined by such ccrrective factors as the amount
of insolation, camputed from the hourly cloud
smount .

These curves can be constructed in several ways,
by using only temperature - dew point depression
and time of fog formation, with a corrective
factor for insclation, or the insolation factor
can be made part of the curve.

The time that fog forms is a function of the radia-
tion and of advection of moist air. The radlation
portion is a sum of positive radiation during the
day and is proportional to the hours of direct
surlight, and the nega*tive radiation during the
night. These two radiations are functions of the
amounit and thickness of thae cloud layer. The
thickness of the cloud layer can be spproximated
from the cloud type. The temperature and dew point
are indicative of the alrvection factor, and the
difference tLetween the Lwo shcow the amount of
radiational cooling that is necessary to produce

fog.

These curves together with the roughness parameter
curves, onable a iorécacter to give a very good
estimate of the time thut fog will occur, and
whether the fog that dose occur, will be ground
fog or stratus, and if it 1s stratus at what height
1t will form.

P



(7) Ccmputations of grodient wind fram unanelyged dade.

(a) The isobaric weather map ropresents tho contour

- 1lines of the hills and valleys of the alr mass
‘that lies over the earth's surfacc. Tho distance
botween the isobars is inversely proportional to
the slope of this pressure surface.’ These iso-
baric lines are approximatos of this surfaco, &8
they are eketched in by hand by visual inspection
fram the prossure values, as reported by the stations.
From these lines thse equation 2w simd X i8 applied
to determine the gradient or goostrophic wind. This
wind 1s the wind at the lowest lovel at which tho
surface friction has no effect. The arithmetical
value of this wind may better bo dctermined by
referonce directly to the pressures reported by
surrounding stations, rather than to the sketched
lincs.

(b) The slopc of a plane surface can be campletoly
defined by meane of three points on that surfaca.
If values of the slope of this surface are correcl-
cted sgainst roughness pearametor, then more
accuracy can be expected from then, than by going
through an intermediate approximate step of draw-
ing the pressure ficlds. Thesc values can be
presented either by namograms OT in tabular form.

(¢) These correlated veluss, 'if computed for foreign
areas will also enable rsconnalssance aircraft by
taking three pressure readings while flying in a
"u" gheped pattern, to make a gradient wind fore-
cast, for an arca without actually flying ovor
that terget area. The above of course, a8SULeE
that the pressure plancs are laminar, which is
not strictly true; thereforc, the linits of
accuracy will decreasc with altitude.

(8) Pressure Center Track Studles. (a) This unit hes o
deck of cards which, when checked give for ecach
high and low in the Northern Hemisphoro, for cach
day from 1899, to June 1939; the location, inten-
gity, axis, type, speed in the past 2k hours,
speed in the noxt 24 hours, and the acceloration
or decelcration of each system, as well o8 the
date, latitude and longitude of the agystecm on
the first date it was located. With theso cards
the following studies can be prepcred:

1 TLocations of zomes of acceleration or
doceliration on the earth's surface.

2 TFrequencies of ﬁighe'ﬁnd.lovs of various
intcnsitics for 5 equarcs.

%



3 Origin of highs and lowe crossing &
specified areca. .

1=

Velocity roses for each 5° square.

5 Characteristic weather by area for
oach type of system.

6 Paths of various systems from & point
of origin.
7 Construction of new Analogue card decks.

-

8 Route studiocs to determine most satisfactory
flight path or ship route.

9 Military studies involving sea condidions.

(b) This dote would most satisfactorily be shown by
means of charts, although the tabular form would
necessarily have 4o be prepared first. Therefore,
the results could be used by meteorologlists beforc
the cherte were prepared.

(9) Now upper air normals. (a) Priar to 1946 upper air
data was campiled on e basis of constent levels,
Aftor that timo, data has been raocarded by means
of constant pressures sloft. The previously com-
piled normals do not reflect these now values,
therefare, the past date rust be recomputed, 4o
allow campariscn with the current observational
_practice.

(b) These normals should be shown by means of charts,
8o that the information may be readily inspected.

(10) Upper Air Flight Path Analysis. (o) By the use of
data obacrvod over the oorth during the war, 1t is
now possible for the first time to pregcribe
optimum flight paths for aircraft operating over
large orcas outgide the U. S. Thesc paths could
be found not only with rospect to best horizontal
location but also the best altitude to fly.

(b) The rumbor of possible routes erc so mumerous, it
would be better to lonve the datas in tho tabuler
form, and requost informstion fran a central agency
who could take this information and interpret 1t
for the user. ;

(11) Camparison of normal wind rose datc with overcaest wind
freguencies.

{a) Prior to the development of radar winds eloft and

-1



radio direction finding equipment for winds aloft,
it was not possible to observe with any dogreec of
regularity the winds above an overcast; as & result
the upper levels wind normals were distorted, due
to the fact that they could only be observed during
good weather. But with the use of radio wind data
it is possible to camputc the factor of distortion
due to bad weather. With this corrective figure,
nev frequencies can be computced which are nearer

to tho true normal.
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APPENDIX

Samples of the Uniform Summaries

The following illustrations show for a typical Air Force stotion
o samplc page from each type of the uniform summarics doscribed on

page 35.

The A Summery bogins with the rccapitulation sheet, which shows
the percentage frequency by month of all parts of the A Surmary excopt
Surface Winds. The annual summery of Surface Winds is shown, and each
of the other five summeries is represonted by the month of January.
Thcss conslst of summeries of

1. Flying Veather
2. Ceiling Helght
3. Vieibility
4, Weether Conditions
5. Sky Conditions
The camplete B Summary is shown, since it consists of but four
pages. Summaries are shown for each month and anmually for

Maximum Temperature
Minimum Tempcrature
Moan Temperature

. Snow Depth
Precipitation Amounte

WVEwW
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